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Rc Re
—0 Bijtstream C —0 Bitstream E

(Second Enhancement Layer) (First Enhancement Layer)

037 0000000000o000od

O000000000000000 (3-19) 0000000000000 00nOg levelO
O01<level <mOIOO0O0OD0OOOO0OOOMPEG200000000000000O000ODO
gbooobobogboboobobooboboobobobooobobooboboboobg
0000000000000 000o0oooo0ooooOn ((run,level)OBepyr(u,v)) 00
goboobooooboooooboooboboobooobobooboooon

3.5.2 000000000000000d4

oo oooobbobooooboobooooboboooooboooouoaa
037000000 Bitstreem ADDOOODODOOODO S00000000000
0000 MPEG-200000000 (Bitstream B)OOOODOOOOOOOO S,e0000O
000000000 MPEG200000000 (Bitstreem D)0000OO0O0O0O0O0O0O0O
0000 (Bitstreem E)0 00000 Bitstrem DO Bitstrem ED0OOOO0OOOOOO
RpORpO0OD0OO

000000 3200000000000000 15[Mbps] 000000 0ODODOO Bit-
streem ADOOOOO0OBIitstreem DOOOOO0O0O0OOO 4[Mbps| 000 OO Bitstream
BOOODOODOOOOO 50(Rs—1)[Mbps] 000000000Rec+Rp+Rg000 10
003000000000000 3800000380000 4[Mbps]00D0O0O0OODO
gogooodaoood

03s8Uilblidbobboobobuoobbioobbuooobboobobuoooo
00000 4Mbps|] 000000000 COOODODOUOODOOOOOOOODODOOOODO
gooddaobodsatouddlioogoooaooooooboooooonoooooda
guggoboodobuoodgobbooonboobooobbooobnbooooooa
goooaoaao

oo 30b0boobobooubboooboobbuoubn Re+Rp+Rg0O0OU0ODODOODOO
goooboobuoobobuoobn RgUbbobboobooboboobuoboobg
gooooooobobobbbodoooooon

gggboboobbodagbbooubbboodobbooobboooobboaoa
guoooboodogbboooboboobbooobooobbooooobooobnoboa
gogooooooooooooooooooooigdudduduuuuuuuoououa
godooodaooboobobbbobddodooouoooubbooboboodouoooon
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i . Tt ]
e X e X e e i s s R e s e e e e e e S e
Input Bit Rate
i Method 1 --—+---
Method 3 ---x---
Method 1 Direct
' ! | Method 3I Direct S
4 6 8 10 12 14
Rg [Mbps]
(a) Bus
| T I | I |
"/#_‘_’4—_———+__‘_+_N—+\‘~+\
- %’11’/+ ‘\F\‘\\‘F |
I e e e s s s e s Y e S e e ]
i Method 1 ---+--- 4
Method 3 ------
Method 1 Direct -
L ! | Method 3| Direct o
4 6 8 10 12 14

Rg [Mbps]
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3.6 DUOO0oooooooooooogn

gboo34000000000000DO0DO0O0OODOO0O0ODLOOOODbODOOn
o0ooOooOobDCTOOODOOODOOOODOODOOOOOO 8.5.10000000000
gbooboboboboboboooboboboboboboboobooooooooobog

3.6.1 00000000 00000000O0O0

000000 DCTOO20000000000000000 Q,0000000000
00000z0000000000000620000000000000020000 (O
00000)k, 00000 P(k)0D00D0 (322)00000000

(k1+3)Q1

Pi(k) = / p(z)de (322)
(k1—-3)Q1

0000000000 pz)00 (3-23) 000000000

1 2y
e o
V20

p() = (3-23)

00000000 p(x)0x=000000000000000000000001000
gobboooobooooooooooooboooooooobbodz>00000000000
0000000000000 0000O0100DCTOOOOODOODOOOO Ry[bit/sample]
00 (324)000000000

Ri(Q1) = Z Pi(k1) L(k1) (3-24)
k1=0

O0O0O0L(K)O0O0O00O0D A000000000000O0O0O0O0O0OOMPEG-2000
000000000000000000000000000000000000000 (O
00)wn0000000000 k000000000 (run,k)000000000000
000D00000000000 L(k)0000000000000000000 run000
0000000 L(x) 0000000000 (run,k)00000 len(run,k)0000000
000 L(k)0000 (3-25)0000000 [77]0

63
Z {P(0) }""" x len(run, k)
L(k) = mn=0 (3-25)

> {P©

run=0

0000k =000000000n00000000000000O0000O L(k)=00
goo

o0obo00obO0b0O0O0 mOODOOOOOODOOD @ UDOO000OO0ODOODOOOO
000000003300 00000 Q0000mO0 Q0000 (34)00000 (3-5)
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0000000000000 k00 (3-1)0000 (32)00000000000ODOOO
(3-19)00 (320000000 mO00000O00 k,kODDO/O0OOO0O0DOODOOOOODO
000000000000D00000 R0OO (326) 000000000

Ryea(Q1,m ZH (k1) x {L(k1) — L(0) } +
" (3-26)
D Pi(k) x {L(ky) — L(ko) }
k1=m+1
0 (324)00 (326) 0000000000 10000000000000 Ro(= Ry —
Ryeq)[bit/sample) 00 (3-27) 00000000

[e.o]

Ry(Q1,m) = Y Pi(ky) x L(ky) (3-27)

k1=m+1

0000000000000000000000000 Rgfelbit/sample) 000000

1. 001

ooi1gooooooooooooobobooooooooooboboOoooDbO MPEG-2
gbbogoboobuooboooboobuooboobbobbobobooboondgd
0000000000 1000000000000 Ryge,00(3-28)00000000

Raigp(Q1,m) =Y Pi(k1) x L(ky — ko) (3-28)
k1=0

2.00 2000 3

gb2000 30000000000 00O00bO0DbO0obO0bO0bOO0OmbOD0OO0O0O0
ooooooobpoobokr <mUdOOooooboobooboooooobooboo
gooooooboobood mOboboooboobobbooboobooooo
gboboobooboooo

Ry(Q1,m) = Pi(ky) x Ly(ks) (3-29)
k=0

0(329)00000L4y(k)0D0O00OOOO0O0ODOOOOODOOOO0 KKODDOOO
0000000000000 0O000OOO0O0OOoDOOoOOOOoUbLDOOOO (3-25)0
000000000 0ODOOO00OO0O0OO0O0O000 leng(run,k) 00000 (3-30) 0O
gbooogd

63
Z {P(0)}™" x leny(run, k)
Ly (k) = M=t—— (3-30)

> {P@©)3™"

run=0
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0(330)000000 (325)0000 Ly(0)=00000

000000k >mO0000000000 (3-31)000 AkOOOOO0AKODD
0000000000000AKOO0000000O lenyes{Ak(k, ky)} 000000
00 Ryes|bit/sample] 00 (3-32) 000000000

_ Q2 1

o0

Rres(lem) _kl:Zerlpl(kl) (332)

X lenyes{ Ak(ki, k2)}

000000000000000 Ryyp,00(3-29)00 (3:32)000000 (3-33)
googoo

Rair(Q1,m) = Ry(Q1,m) + Rpes(Q1,m) (3-33)

00 200000000000000000 MPEG20000000000000000
0000 len’? = len(run,k) D00 D00 len'2h(AK) DD0D00AKDOODDODD
sfsisfs)isfslsls

00 30007en®

B (run, k) 0 len(AK) DDODODODO000D00000000000
ooooooo

3.6.2 0000000

361000000000000000000000000000000006 = 10.00
Q=2000000 mDO000 Ry(Q1,m), Rairr(Qr,m), Ru(Q1,m), Ryes(Q1,m) OO
000 3-90000m=00000000000000000000000000000
000 R 000000000000 100000 Ry 0000k <mO0000000
000000000 R,0000k >mO000000000000 R,.,000000

0390000010 m=10010000000000000 Ry+ Raipy 00000
000000000000000R,00R,000000000000000000000
00000 mO000000 R,0O00O0O0O0O00O0OR,.,,00000000000000
000000000000 00000000000000000000000000000
0000000000 R, 000000000000000000000000000

002000300k >mO0000000000000000000000000000
00000000000000000000000000000000 R, 0000000
0000000000 38-900000000000000000000000000000
000000000000000000000000000000000 k> m(k #0)
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000 1/4000000000000000
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Output Bits [bit/sample]
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Output Bits [bit/'sample]
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L B B e W B B s == == =
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m
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AT R
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Ryt —=--
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Rres 8~
Rot+ R — %~
B e e e T
0 5 10 15 20 25 30
m
(b) Method 2
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"

(c) Method 3
039 mO00000000000 (Q =2)
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ook <mUOd0000D0O0O0OO0CO0O0OO0OO0ODOOOOOOOOOOODOOODOOO
gooooboooboobobon Ry00b0o0ob0ob0obooobobos3gbobogon
O0mUO0000000 Re+Rypy 0 ROODO0O0O0O0O0000000O0O0O0O0O0OCCOCO
gogbodgbbooooogboobbooboboobuooboon
O00mO000Q00000000000RROmO000000000000 Re+Razyr
gooob 31000000 310000 00000000DO0O0DOOOOODOOOOD
gbogobuobobooboboooabooboobobobooboboobabg
ggboogobogboaoo
gogboboboboooobobouoooobbboooobbobouoooobooboboooabn
gubbobbooooobobooooobbouoooobobboobobbooobbobog
gbbobobgoobobdobobobobumuboboboboobobobobaoo
ggbogobuoobuooobboooboboobbooobooooboobobooogobooo
MPEG-20000000000CO0O0OCOOOOODOOODOOODOODOOOOODOOODO
goog
goboboboboobobobobomoboooobobOobO0obOobOobOobbon
000o000O0O00DOoooOoO0obOO00oDooOOobobOOoOoboooobCcTODODOOOOO
goboobooooboooboooooboobobooboobbooboobooooong

3.7 000

00000000 /0000000000000000000000D0O0ODOO0O000
gobooooboooboobooobbooobbooboooobooooboooboooboo
gbooboobooboobobooooboobobooboboobooooboog
goboopoooooooboooooooooo

O000oooO0/Ooo0o0oo0ooO0o0ooOoUooOoooOooDbOoDOoUooOoOo
gobooboboooooobobooooobbobooooboboooobobboooooboobog
O0O00O0000ooOOoOO00DOOo0OooOooOoOoDoDoOOOo DbCTOODOODOOOODOOOD
gobobobooooooobooooobboboooobbooooobobboooooobog
gbobooobooboooboobobboboobobooooboooboboobg
MPEG-20000000000CO00OOO0DOOODOOODOOODOODOOOOOODOODO
gbooobooboboobobbobobbobobobobooboboobobobobg
gbooobooboboobobobooboboobobooooboboobobg
gboooboboobooboboooboboboobobooboboobonooobg
gobooboooobooobooooobooboboobooboboobdg

O0oo0o00oo0ooOoU0oo0ooOo0LOOoO0ooOOo0oOO/OoDoo0ooooo
goboogobbooobboobbooobboobooobooooboooboooboo
gbooboboboobobooboboboooobooooboboobooobobg
00000000 /00000000000000000000000D0O0O0D0OO00O
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R+ Ry [bit/sample’],,-*’"
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o N N o 0
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Ry+ Ry [bit/sample‘]__,-*”

14
12

10

(c¢) Method 3

0 3-10: (Ry,m)00000000O0ODOOO

gbogboboobouogbobooooobobobuooboobobobuoobobbobg
gbobobuoobobooboboooobobobuoobobooboboobabg
gbogbobuboboobobuoobooboboobobooboobooboanbg
ggbodgbboooboogboobboobooboobooboon
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0

4.1 0000

g3dbgbubooboubobobubobobooooboboobobuooboboooon
gooobooogoboooobooboooboobooooboooobooobobo200
gboooboboboobooboobooboobooooboboboobo 20000000000
gbobobuogboboobobuoobobooboboobobuoobobobaobg
gboobobooboooobobobobooooboooboobuooobooboobg
gbooboboooobobobpbobooboooboboboobobonooobonbg
gobooboooboobooooboobobooboobobooobg

gboobooo3popouooo200000boooobobobbobobobonoon
goboobooobobooboooboobooboobbooboobboobooboooo

4.2 000000000000000000

gobbo0b4-100000000O00000O0DOO0ODODOOO0OODOO0ObObOODDO
gobooboooboboobooooboboobooboon

4.2.1 000000000000000000000

O0000000000000000000000D0000 (Bitstreem A)DOOOOOO
00000000000 00000000 (Bitstream B)DOOOOOOOOOODOOOOO
O0000000000000000000 (Bitstreem C) 000000 OOO f[-]DD
0000 (41)000D0OO0oDOo

F |Bitstream A] — Bitstream B + Bitstream C (4-1)

Bitstreaem CO £, 00 £, 000 nO000000O0OCOOOOOOCOOOOODOOO
O00000FEO0000000000O0O0BIitstream COOOO0O (42) 000000

Bitstream C = E1®oE,® --- E,_19E, (4-2)
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Bitstream M,

Bitstream C
T Enhance Layer
Input
I e P o Merger ——>0 uum »
H Merged Stream
Output
H e Base Layer
A5 H Bitst R Input
s P £ itstream
» Ex H 2 4
EK+1 SR 1Y
T Enhance Layer Enhance Layer
. Output K
Bitstream A . Input :
Layerering |  [aiasoiodgsd hugps [0 08B P o—> Merger M—-(JS-;.F
Original Stream Transcoder Ogtrgst ream
oot i o R bce LayerI
Base Layer .
l Output Bitstream R | Input

A

Bitstream M,

04-1: 00000000000000000000000000O

4.2.2 000000000000O0000000O0000000000400

Bitstream CO0000000000000000000000000000000000
O00E,E,---E,000000000000000000000000000000E,0
0E,(1<k<n)0000000000000000000000 Bitstream Ry 0000
0000000 S[-]000000Bitstream Ry 00 (4-3) 000000

Bitstream Ry = & |Bitstream C, 1, k
= 1@ - B 1D E (4-3)

0 (4-2)00 (4-3) 00 Bitstream CO0 00000000 (44) 0000000000

EteoEe - B, 10FE, — E® - @E (4-4)

Bitstream C Bitstream Ri

Bitstream B 0 Bitstream R; 0 00 0 00 0O 0O Bitstream A O Bitstream BO DO OO O
00000000000000 Bitstreem M; 00000000000000 (41)000
0000000000000 771000000 (45)000000

BitstreamM, = F! [BitstreamB, Bitstreale}

= F! [BitstreamB, FioE,® - Ep_1® Ek] (4-5)

4.23 00000000000000000000000

Bitstreeam COO 0000000000000 OOOO (45)000000 Bitstream M
goboobooooboooboooobooboboobooboboobd
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Bitstrem COOOOE, 000 Ex 00 E, (k<2 <n)000000000000O
000000000 Bitstreem R, 000000 (46) 0000

Bitstream Ry = & |Bitstream C, k+1, x
= Ex1©Ep2® - Ok, (4-6)

0200000000000000000000 Bitstreem Mo ODODOODOOOOOOO
0o0o0ooboooboobooobOoOD Bitstrem BOOOOOODOOOOOOOODOO
Bitstream M; OO0 OO0 0O0OBitstreem Ry 00000000000 0000O0O00O0O0O0O0OO
00000 Bitstreem Mo OOOOOOO0OO0OO (47)0000

Bitstream My = Fi [Bitstream My, Bitstream Rg}
- Fl [f—l [Bz'tstreamB, B @~-€9Ek], Bo1 ® - ©E|  (47)

Bitstream Mo 000000000000 OOOODOOBIitstream Mo O By 00 E, OO
0000000000000 00000000000O0BIitstream BOOOO ;00 E, 0O
000o000oo0o00oo0oo0U0nD 4700 @8)LoOoUoOooLoOO

BitstreamM, = F~! |BitstreamB, F1® - ®E, O Epp1 ® -+ Ep1 ® E, ] (4-8)

gbooobdgbgoboobobuooboboooboboobobuooboboooon
0000000000 0000000000O00000D0OD0O000 (Bitstream B) OO OO
000000000000 00000000000000O0O000ODOO00O00O0O (Bitstream
C)0o0000O00000O0OO0OO0OO0OD0O0OO0O0O00O0OOOOOODODOOOOOOOO
O0bDoOO0bD0o0boOooobodooooOdBitstream COOODOOOOOOODO E;O0
guobdbuogbobbdbuoobobooboobobbobuoobobobobaooboo
ooooOooo0oo0oDOo0obOoOgJPEG, JPEG20000 000000000000
0000000000 [oOo0000ooooo0o0ooooooooo

4.3 0000

gooobbobooboboobooboooobobobooboboooboboooon
gogoogooo

4.3.1 0000000000000000000400

ooboooobooooo ppOoooooobooboooobbD M OOOODDOO
ooooooo0o0 M, OO000mOO0O0D0OOCOOOOMBOOOOOO (49) 00000
MBOOOOODO (410)000000000O0OODO

M@, if (m =
{2m><MQ1+1 if (m#0)
MQ@Q2(m) = (m+1)x M@y (4-10)

MQg(m) =
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m#00000 MQy(m)D00 MQy(m—1)0000000000000000000
oooooooooooooo B, B Y 000000000000 00000000
00 (0000)000000000000

3.30000000000B;(u,0) <mO0000000000000000000000
0000By(u,0) >mO00000 By(u,v) 00000 000000000000000
0o0B™ 0000000 (uv)00000 (411) 000000

(m) 0 if Bi(u,v) <m
B (u,0) = . (411)
Q [Bl(u’v)7m:| Zf Bl(U,U) >m
ooooooB™ 00000 (uv)00O000 (412)000000
0 if Bi(u,v) <m-—1
BV (u,v) = S htwy) (4-12)

Q[Bl(u,v),m—l] if Bi(u,v) >m—1

O0000Q[-|0000000000038.300000 (413)0000000000 (4-13)
gboboboboboboMBOODODODOOOOMBOODODOO

k 1
{71 + —J for Intra MB
2m 4+ M@Q; 2
9] [k m— 1} -1, (4-13)
{ i 1/2J for Inter MB
ml

000000000 000000000000000B™oRB™ 000000000
0000000000000000 B[00 (414000000000

)1 if ©#0 .
BM_{O e (4-14)
00000 XO000000 (415000000
B[X(0,0)] --- B[X(l,0)] .
B [X} - ; ; ! z,f Xlu,v) #0 (4-15)
0 if X(u,v)=0

ByOoBy~'0B[]0000000000 (416)00 (417)0000

() (0 o] — 0 if Bi(u,v) <m .
6[32 (e )] _{ 1 if Bi(u,v) >m (4:16)

(m=1) (1] — 0 if Bi(u,v) <m—1 .
5B (,)}—{1 T B o (4-17)
0 (417)00 (416) 000 (418) 0000

B [Bém_l)(u,v)] -B [Bém) (u,v)] =

{ 1 if Bi(u,v)=m (4-18)
0 if Bi(u,v) #m
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oo 000w booobooooooboon Bim)DD (419)000000

B£m)(u’v) _ { Bl(uvv) Zf Bl(uav) =m (419)
0 if Bi(u,v) #m

0 (4-18)00 (419) 000 (4200000000
B [Bgm‘”} - B [BQ“’] - B [Bf]“’] (4-20)

0 (420)000B™ Y0000 By(u,v) =mO000000000000000000
0B™ 000000000000 000000000B™ 00000000000000
00000mO0000000000000000000000000000m0 100
D000000B 00mO0000000000000000000000 (4-20) 00
000000000 (421) 0000

Bpﬁmﬂ [BW] }:B[“lﬂ (4-21)

0000m=00000 MQ,=M@ 00000000000000000000000
000000000000000000000BY =B,00000 (421)0000 m=1
000000000000 B 0000000000 (422)000000
m—1
BB =8B =8 [B"] + > B[B"] (4.-22)
1=0
1<i<mO00!00000000000000 B{™ 000000000 B;00OO
00000000 B™oooooooooooo (421)000B™ Y oooooooo
B™Ooo00m—1,m—-2,-.-21000000000000000000000000
oooooooooB™ooooooooooooB™ Y, B Y ... B® BV oooo
D00 B{™ 0000000000 (0!000000000)0000000mO00000
00000000000
0000000000000000000000 (0000)0000000000000
D0000000000000000000000000000000000000000

4.3.2 0000000

000000000000 MBOODOOOOOOOOOOODOOOOOOOOOOOO
00000000 MBOOOOOOOOOOOOOOOOODOOOOOODOOOO00OO0OO
OMBOODOOOOOOOOO

000000000 MQ,0000 mO0 (49)00 (410)0000000000000
0000000 mmee 0 MQ, 0000000000000 000O000O00000000
0000000000 MQua D0000MQ1 < MQa(m) € MQumae; 10000 mO0O
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00000000 mpe, 0000000 (4900 (41000000000 DODODODODDODO
MBOm=000000 MQ=M,UUO0O0O0DOODOO mOOOO0OOODOOOO
0423)000000000 423)00000000000MBOOODOOODOOOOO
MBOOOOODOOOODOOO

M -1
Ogmggﬂi‘gl for Intra MB
(4-23)
0§m§%—1 for Inter M B
M@
000000 mype 00O (4-24)DDDDDDDDD
M —1
M for Intra M B
2M@n
Monasr = MO (4-24)
—nr or Inter MB
{ M@ J /
MPEG-200 MQuae =310000000000000mme 00 (425)0000
15
{ J for Intra MB
M@
Momaz = a1 (4-25)
—1 or Inter M B
{MQlJ /

4.4 000000000000000O0000

ggbobooobobougobbooobbooobobooobbooobooonbn o3
OO000DOO0000DoO0OO Bitstreem COOOOODOOOOOODOOOOOOOOOO
ggbodgboobobooooabob3baobbooan

4.4.1 00000000000000O0

000000000 420000000000340000000000000B3(u,v)=0
00000 Bi(w,v) DOO0OOO0ODOOOOOOOOOODOOOOODODOOOOOODO
00 By(u,v) #00000 Bi(uw,v) 00000000 O0DOOO0OO 340000000

By(u,v) =000000 Bi(u,v) 0000000000 0B(uw,v)DO00OO0OOOOOO
00000000000 ooooooodBi(u,w) <mO000 Be(u,v)y=000000
000Bi(u,v)=1,2,---mO0000mO0000O0OOO0OOOOOOOOOOOOOO
Ooobooobobdblevel DODODODODODODODO remn000B 00000000
0 Bi(u,v) <level DD O0OD0O000O00O0DOO0OOODOOOOOOOlevel=20000
oo bbb oobb1bob0 OO bOobobbOOOOD
gobogg
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Base Layer ... -
(Bitstream B) 0.2) (7. 1) (0, 1) (9, -EpR

B,
2D LB L e,
~|ele)e ! i "
Re-Quantize | 0 (1/ 0 ° I '@‘ T Mgi
MQ, =2 ol e11) o ! :
MQ2=8 | i !
(m=3) 6] !

vB: (uVv) —

..... > (11 l) (li _1) (11 1)" (01 2 |

(0, L)EOR | |

Mu i

. i

E 1

3 E, > Mux [

E, i

-- Enhancement Layer Coder—--—=--—=--—=--—--—--—-—s-—sr s — e — e
EOR : End_of_Runlength

Enhancement Layer (Bitstream C)
E; - (1,1)(1,-1)(1,1) (0,1) EOR
E, - 0, 2)(7,2) EOR
E, 0,2,1,0(2,3) (1,-3) EOR

042 000000000000

1. /U 0000000000 0DO0OO0DO0DbD0ObODO0O000ODbUODOobDbODbOD
level0O00O0OO0DO0OOO Bi(w,v) D0OD0O0OO0 3000000000000

2-1. By(u,v) <levelO OO
gobodbodbb e l0bbobobOod.obboonbg

2-2. Bi(u,v) > level 00O
3.0000

2-3. Bi(u,v) =level0 00O
0000 c000 ren00000000000O0O (run,leve) 000000000
00000000 c0o0000000runO By(u,v) 000000 By(u,v) < level
gobodboobbood3.oonog
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. J000bobo0oboo0oDob0ob0obobOoUooobOooDoOOobOOoDOoDbOoDo
000 Endof Runlength 0000000

4. level =maxlevel OO0 D0 0000O000O00Olevel0 1000000000000
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Scan

s 1. 00b00booooogabobognon

1 (0,2) (0, -3) (0, 1) EOB
Q> —> (2,1)EOB

> (0,1) (2, 1)EOB

Enhancement Layer
— E(0)
—_ E)

> = (0,3)(0,-1) (0, -2) (1, 2) EOB — E(2)

— E(3)

b(i) #00000 2() 00000000 0OCODOOOOOOO 30000000 OOOOO
O000(v) 0000000000000 00O0000 ME/M@Q 000000 z2¢)00O
oobooooooooooboobooooo coboooobooobboooooobooo

Step2: 000000O00OO00O0O

Step 200 CUO NOOOOOOODOOOOOOOOOODOOOODOODOOD (DOO
O0000o000oO0oO00OoOoO0O0)0DoOoOO0U0OO00DOOOOoUDOO NODODODOOOO

ggboogobod

cOo00oUo0ooooooO.0000000ODOD0OO0OO0 E, (0<n<N)OOOUOStep
1000000 CcO0000Ccoo0f ¢(j) b NOOODDODOOOOOOODOOODOOO
oodndooboOo0oooobob0 p,00bobobooob00ooCcono Eg0EO0---0EN— 00

oooo (s:3)00000Ooon

Eo= {c(0), ¢(N),

Er = {c(1), ¢c(N+1),
E,= {c(n), ¢ (N +n),
En_ = {C(N—l), C(N—l—N—l),
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E,0kO00000 e,(k)00000en(k)00 (5-4)0000
en (k) =c (kN +n) (5-4)
00000000000 NOOOORn kO jO000000000C0OO (:5)000000OO

n= j mod N

-1

O000|e/0 000000000000 emodpD a0 pO00000O0O0O0OCOOOO

0(3)000000 Ey, -+, Exy100000000000O00O0OO0DODOOOOOO
gbooboboobobooooboboobobobobobooooboboobobg
gooooo

5.3.2 D000000000000O00

0000000 NOOOODOOOO0O000O00000000000000000000
5200000000000

BO E,(n=0,1,---N—-1)0000000000 XO0O0O0OO0OO SteplO Step20
2000000000000Step 1000E,, -+, Ex.y00000 COO0O00O0OStep
2000BOCO0OO000 XOOOOOOOOOOOOOOOO

Step1l: DODOOODOODOODOO

0000000000 E,(n=0,1,---N—1)00 (5-6)0000

¢

Eo= {e(0), e(l), - e(k), -}
Ei= {e(0), e(), - ea(k), -}
(5-6)
E,= {ey(0), en (1), e (k) e}
Ey 1= {eny-1(0), en-1(1), --- en-1(k), ---}
E, 0000000000 (:7)0000 G, 0000000000DDDOO
G(): {60(0)70707“'7 60(1)70707"'7 60(2)70707“'7 """ }
N N N
G1: {0,61(0),0,'”, 0,61(1)707"', 0,61(2),0,"', ...... }
N N N
Gn_1= {0,0, -, en_1(0),0,0, - en_1(1), 0,0, - en_1(2), -~ }
\ N N N
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Enhancement Layer

E(0) ———(0,2) (0,-3) (0, 1) EOB ——> | 2|3 1 ‘

E(l) =——(2,1)EOB > ¢

E(2) ——(0,3) (0, -1) (0, -2) (1, 2) EOB —> |
E(@) =———(0, 1) (2, 1)EOB

Step 1 : : _ :
G
~{2[o]o]o[=[o]o[o]x0]o]o]6]0 o o6 0 o o]0 o] [ — -
G = T T T T

o|0 ofoJofofofi]ofofofelofo]ofe]o]ofoo] | = =

0

C
0
X
— 8 1 6
Merged
Bitstream
(s]ofofo]o]o]o[6]5]o]o]o]o]o]o|o]o]o[a]o]o]o]o] [ ]

T Calculate Original Value

B
--------------- > (2]ofo]ofofofof1)fs]ofofofo]ofofofofof1]ofofofo] | |

Base Layer

0520000

G,0;000000g,(;)00000g,(j)00 (5-8)000000000

i) = { en(k) for j=kN+n (58)

0 otherwise

Gy, -, Gy, 00000 (59 000E,,---, Ey.,00000000CO000000

N—-1
n=0

Step2: 000000OO0D0OOOOOOO

Step2000Step 100000 COODDOOOOOODDOOOOOODOODOOO
b0 BOOODOODODODODODODOD XOoOoooo

00000000000 0O0O0OO0OO0OO0O ME,MEOOO z@ODODDOODODODODODOOO
BOOOOOOOODOOODOOOOOOLOOODODOOODOO30bOUOoDLDOoOODbDOobODOO
0 BOOOODODOOOOODODOOOOOOODOOOOOOOODOOODOOOO B*OB*O
10000000 yHOOooDooooooo
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E(0) ———(0, 2) (0, -3) (0, 1) EOB ———> | 3 0 E,

E(1) =— (2, 1)EOB > 3 0 E;

olo|o|lo]|O]| E,

E@@) =——(0, 1) (2, 1)EOB > E,
\

0 0

053 000000000000

gboobobobob0o Xooooooooooooooooo

p(()000000bGE)=000002.00b3)£000003.00000000
z(i)=c¢(j) 000 X0 i0000 ¢j)00000,;0 10000040000
(i) =b*(j)000 XO0i0000b(j)00004.0000

=W b=

oboogd:0100000:>6300000000000001.0000

gbooobdgobogboobobuoboboooobobobobooboboooon
2000000000000000DO0DOO0DODODODODLODOODOODOOODODOOODODOOOO

00000 (5800 E, 000000000000 COOOO0OOOODOOO NOND
gooboooobobobONDnODODODOOOOOOODODODOOODODOD
gbogboboobooboboobobooboboboobobooboooboboo
guobboooobobooobboobbbooobbooobbooobbbodab s3000
gobooboooboooooobobonD p,=00000000000D0O0O00D0O00DO0ODOD
gogbodgbogbooobooaobboobuooboobbodobuoobo

54 0000

ggbogubooouogoobodnoboubbbodbbooboooboooobod
gooogooooooooobooobbb s—-10bbbudddddguuoouoooaa
4[Mpsbit/sec] D000

5.4.1 0000000000000

ooooooooooooooooboboOoboo0oobbooboOooDOog MPEG-200
ggboogobogboaooo
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051 0000000000000000

00000 MP@ML(N=15, M=3)
000000 100 15 [Mbps]
0000000 TM5 0 O

OO00oO0oO0oDOoooogoo ber

0000O0DCTOO
(00000000 OFF)

gooooooo Bus, Table Tennis
ITU-R BT.601 4:2:0 Format
gooooooo 0000 704 pel x 480 line
0000 352 pel x 240 line
ooooooo 150 [Frame]

oboobo NOOOoDoooooooooooooooog 40000

0540000 300040000000 0D00DOOOODODOON=100DD0OO
gobobooobogi2sgbbogoobboooboboonobooobobooooon
gbooboboobooooboboobboooboboboboooboobooboobg
o000 Xoboooooboooooboooobobo Xooboobooooooboo
gobe3dbobboobOe3bd0des4ibbooobbooobboonobooobn
gooboco NOOODOODO E,000D000D0DE,00D000O000DOOODOOO
|64/N| 000000000 NOOOOOOOOOOODOOODOOoOoDoDOoooooo1oo
gobooboooobooobooobboobobooobooboobbooo

4000000000000 0O000O0DOO0DOO0O0O0ODOODOO0ObOObO0O0OOn
goooboobooboooboobooobooobogbpoooboobooboUoo N
gbooboobooboooobbooobooobobooboboooobooboobg
goooboobbooooobob NODOODOobOooooboobo NOODbOobooo
gbooboboboobobooobobooooobooooboobooboobobg
gooobooMBOODODODOOOoOoODoboboooDoboobooobobobooooo
gooboboooboboboobobooboboobobooboboobooboong
gbooobobooobooboboooobobboboboboobobooobooboobog
gooboboooobobooboboobobobobobooooboboobobg
goNUOOOooooooooooooobouoooboobooboooobooooooog

5.4.2 00000000000

ogboobgoobooboooo N=400000000000000D0OD 1000000
gbogbobogouobbooboobooogboboobobobuobbooobang
gbobobobobobobobobob s20004000000000000DO

0000005500560 0000000000000000000 4[Mbit/sec] 0O
O04[Mbit/sec) D0 0000000000 OOOODOOOOOOODO 5500 5-60000
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14

sl ODDOOO0DDOOO0bODbOoOobOoOobboOooDd

13

12

11

10 -

Total Bitrate [Mbps]

Bus

e |
Table T‘ennis o

5 1
0 2

4 6 8

10

Number of Enhancement Stream N

() 00000 O000: 10[Mbit/sec]

12

Total Bitrate [Mbps]

20

[
o]
T

[
(=2}
T

Y
o

[N
IS
T

[
N
T

[
o
T

Bus

) ‘ ‘ ‘ Table T‘ennis

©

2 4 6 8 10
Number of Enhancement Stream N

(b 00O DODOD0D00: 15[Mbit/sec]

054 00000 NDOODODODODODODOODODOODO

0 o5-2.00000000000

gooooooo
100 (200 (300 (400
Case 1 E, E, Es E;
Case 2 E, E, Eq E,
Case 2 E, E Eq E;
Case 4 E; E, E, Eg

gboobobooboboooboboobobooboboobobooogooboobg
gbooboboobobooobobooboboobboobboooboobooboobg
gbooboboobooboboooobooboobooboobobooboboobobg
gobooboogoboboooooboobooboobboobd
gbobobdob45.300000000000000000O000O0DO0ODLOOOOODOO
gbooobooboboobobooobooobobooboobooooboobobg
gbooboboobobooobboooobooboboobooboooboobooboobg
gbooboboobobooooobgobobobobobobobooooboboobobg
goboobooooboobooobobooboobboobooboobbon

5.5 U0O0O0OO0O0OO0O0n0

5.5.1 0000000D0000O000000

000000000 HDD)UODODUDODODDODODUOOOD RAIDODODOODOOOODOOOOO
goobobobooooEDDOODbODbODbDObDODUODHDDODODODODODOD
0000000000000 0O000O0O000O0O00O0ODOOoORAIDIODODOOOOOOOO
l1lgoobobooboobooboobooboobooboobooboobooooboog
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345

34

335

325
32

Total SNR [dB]
Total SNR [dB]

315

30.5

30

29 1 1 1 1 1 1 1 1 295 1 1 1 1 1 1 1
2

Bit-rate [Mbit/sec] Bit-rate [Mbit/sec]

(a) Bus (b) Table Tennis
055 000000000000000 (00000000 10[Mbit/sec])

38 37

37 B 36 |

36 | .
35 |
34+
34+
33
33|

Total SNR [dB]
Total SNR [dB]

32
32

31 | 31

30 g 30 -

29 1 1 1 1 1 1 29 1 1 1 1 1 1

2 4 6 8 10 12 14 2 4 6 8 10 12 14
Bit-rate [Mbit/sec] Bit-rate [Mbit/sec]

(a) Bus (b) Table Tennis
056 000000000000000 (00000000 15[Mbit/sec])

ggbodgbooobooaobooboboobooaood
gbobooboobooooboobooobobooobl1ioobooboob NODDOODODOo
gbogbobuoooboboobobuoobobuoboboboboooboboobabg
00100000000000000p(0<Sp<L1HOOOOUONDOOOOOOOOOO
000000000000000 PN 00000000000000000000000

5.5.2 [0000000000000000000000000

NOOODOooDooooooooboboooooooooo NOODOooooobooogo
goooNODbOobOobobooboooobobobooobobooobobpooboboo
gobooboogbobooboon

gooobobooooboboboobooooboboboobobooobobooooon
gbooboboboobooboboooobooobonoooboooboooobobobg
OO00OOo00oOoOooobDCrToooOOoU0OooOoOO0O0oDOoOO00obObOOo0bObOOoOboooOooo
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ooooDbCcrTooboboooooooooooooobooobbooobbooobooooooD
gbogbobuoobobobouobboubbobuoboboboobobobobbabd
gbogbobuobobooboobuobboboboobobooobooboobabg
DCTOOOODOOobODOOoOoDOOoOobOOoobLbOOoobOOooDOOobobOoLODOOoDbOO
gooobobbooobooooboooobobbooboooobo1ooobobogon
gbogboboboboobobuooobaobooboboobobobooboobang
gbogbobuogboboobobuooboboobobooboboobooboobabg
gogbodbbooobouogboobobooobboobuoobboobuoabobooondgd

5.6 000

goobooNOOobDoooobgoobobuobooobooooboboboboobooo
gboooboboobobooooobgobobobobobobooooboboobobg
gboob30bb4000000000000DO0DOO0OO0ODODOOODODOO0ODOY
O00OoO00ooogDbDCTOOOOOOOODOOOoOODODOOODObOOUODODOOOOD
gbooboboooboobobobooboboobobooooboboobobg
gboobooboobooboboobooboooboooboobooboboooboobobg
gobooboogoboooboooooooboboon

goooboboboobobobooboobooooboboobobooobobooooon
gboobobooboboobobooboboboooboboobobooboboobobg
goboobooooboobooobbooboboobooboobboobooobbon
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60

Joooooodoogbogbougboggn
Jooooogod

6.1 0000

gbooobobuooboboobobobuoobobooboboobuobbobobon
gbogbobuoboboobobobuoobobuobboboboooboboobabg
O00000O000oOo000ooO00ooOOo0oooOOoOooOoTCP/IPOOODOOOOOO
ooOoTCp/IPOOO0OOO0O0OOOOOCOOOOOOOOOOOOOOOODOOOOOD
goboobooooboooboooobooobboobooobd

6.2 TCP/IPOOO0O0O0ODOOO0OO0OOOOOOOOOOOOO

TCP/IPOOOO0DOOOOOODOOOUOOOOOOUOOODOOOODODOUOOODODOO
gbooboooooboboobobooboboboobobooooboboobobg
000000000 (boobo)b0oU00oooU0ooOo0ooOOoOoDOoUOOoOoUOoOo/ObODo
0000000000000 000000000000ODO0OD0OD (DOO0D)OOoUOOo
goboobooboboobooobobooboobbooboooon

gooobbooobobooboboooobobonooboobobooobobooooon
goobobbooooobooooooobbbooobobboooobboooooobog
gobooboooooooooobobooooobbbooooobobboooooobog
gboboobogoboboobobboobooboboobobooboboobonbg
gbooooboooboboboboobobbobonobooboooooobooboong
goboooogoboooon

O00000000000000 Rybit/sec] 000D DOO00DOOOOR,Dbit]0O0OO
gboobobooboooobo1oboobooobobooboooooboooboobg
0000000000000 0000R,bit]000000O00OO0D 1000000000
gboobobooooboobdopobooobobooboboobobooboobobg
OOooOoooOoTCp/IPOO0O0DOOOOOOOOOOOOOODOOODOODOOUODOOOO
goboobooooboobooobboobobooobooboobbooboooon
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o000 TCp/IPOOCOOOOOODOOOOOOOOOOOODODOODOOOOOOOO
guobbobbooobooboooobbobuoooobobbooobobobooobobobog
gbogbobuoboboooobuobbooboboobobooooboboobabgd
OO00OOMPEG-1O00O0U0O0O0OOO0OO0OO0O MPEG-2PSO0OO0ODOODOOOOOOO
oobooooboooooobobooooogob scrRooboooooooboooobooo
oooOoO0obooO0 MPEG-1O00O000DOOOOOMPEG-2PSOODOOOOSCRODO
oobooooooooooobooooooobbooooooboooo scroooboobooo
gogbodgbboooboogbooboboobboobuooboon

6.3 0UUO0O0O0O00O0O0000000000000

O00ooo TCp/IPOOOOODOOOODOOOODOOOODOOOODOOOOOOOOO
goboobpooobooobooooboobbooboobboobooboon

6.3.1 000000000

TCP/IPOO0OO0O0OO0OOOOOOOOOOOOO Rylbit/sec]000O0O0OOOOO
gbooboboooobobooboboboboobobooooboboobobg
000000000 00000D Rylbit/secDO0O00D0O0OO0DOOOOOOODODOOO

0000000000000 000 RrU000OO0ATsec]D000O0O0OOODOOOO
O000O00O0ODODODOOOO0OOO Ry -Ar bit] 00 00000O0O0O0O0OOOODOOOO
00000000 RyODODOUUOODOOODUOORy-Ar [bit)00000O0O0OOOOOODO
Atlsec) 000000000 O0ODODOODO RyOO (6:1)0D00O0O0O0DOODO

_RT-AT

Ry At

(6-1)

00000000000000000000 1 |byte](=8 [bit)) D0 O0DOO00O0O0OOOO
000000000000 00000000000 ¢byte)00000D00OO0DDO:O00OO
0000000000000000:000000000000000C0O0O000000A0
T(i)jsec] 00 O0OO0DO0DOOODOO7¢) OO (6:2)D0O00OODOOOO

SCR(®i") i—4
-7 " Fam
/0000000000000000 SCR(System Clock Reference) 000000000
00000000000 SCR(W)0D00000 SCROODODUOODOOOOOODOD fOO
00000000000000000 (bOO0D0D0b0000)000 MPEG-10000
0000 f=90000Hz]0O MPEG-200000000 f=27000000Hz] OO0O0O0OO0D0OOOO
oooo

7(i)

(6-2)

*0000000000000 system_clock_reference.base 0000000000000 0OOOOOOOOO
O000ooo0o0oooooooooo
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Ar[sec] 0000000000 DODO0OODODOUOOOOODOOODOODOOODOODOON 41,19
O0000#040SCROODODODODOO0O0O0O0OO0O0O0OODODOO0OATOO (6:3)000

gooooo
_ SCR(iy) — SCR(iy)

AT 7 (6-3)
0 (61)00 (6-3)000 (6:4)0000
Ryx  SCR(i1) — SCR(iz) (64)

Rr At- f

0000000 10400000000 SCROODO0OO0OOO0OO0OO0OO0OO0OO SCROO
oad SCR(il)DSCR(il)DDDDDDDD(6-4)DDDDDDD RyOOOOOOOOOO
000000 Rp,OOO RN/RTDDﬁDigDDDDDDDDDDDDD 200 SCROOO
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD(6'4)
Oo00oo0ooooodoq o0 «»00000000000000000000000A0
0000000 ooOooooUooo SCROUOOoUoooooUooooooooooo

gooooooooooooooooooooooooo TCP/IPDDDDDDDDD
0000000000000 000000000000 SsCROODOOOOOOOoOoOOoO
DDDDDDDDDDDDDDDDDDDDDDDDTCP/IPDDDDDDDDDDDDD
gooooooooooooooooooboboooooo

6.3.2 0000

(1) 000000
0000000000000006-10000000000000(000)00000
(000D0D0O0)00 TCP/IPOOOOOOOOO0O0O00O0000000000O0O0OOOO
000000000000000000000000000 TCP/IPOOOOOO0000
00000000000000000000000000000000000000000
0000000000000 PCOO000O0O00OOOO0O00OO0OOOO00PCOO00OO
0000000000000000000 6-10000

............. R+
[ 28 &L
Transcoder ) )—++ Receiver
D T . TCP/IP Chunnel D
- i Actual Time -
Storage Storage
@ Clock
Server PC Client PC

061000000
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06-1: 000 PCODO0O
CPU Pentium IIT 933[MHz]
00O SDRAM 256[MByte]
3Com O 100BASE-TX
Ethernet Card(PCIO O)
Vine Linux 2.5 CR
(kernel 2.2.20)

NIC

(O

062 0000000000000000

ooood MPEG-1 System
ooooon 2000 [kbit/sec]
0oooo PESOOO0D 2048 [byte] (0 0) O
gooon 1000 =1PESOOOO (ODO)
O0ooooo 0 62 [sec]
goood MPEG-1 Video
000000 1500 [kbit /sec]
Gor OO N=15 M=3 (0 O)
ooooooogd 4:2:0 SIF Format
goood 0000 352 pel x 240 line
0000 176 pel x 120 line
0000000 29.97 [frame/sec]
oooon MPEG-1 Audio Layer II
HHHPbOHHnE 0ooooo 128 [kbit /sec]

O 1PESO00O0OO =1000000000000

(2 D0000ODOoOooOoOoDO

0000000000000000000000000000 (Canopusd O MVR-D2000)
gboooboboooboobobobooboboobobooooboboobobg
gobooboooobooboooboboobooboobD e-20000

00000oOoooooooOoCoboObobODbDOoOooooscROdOoOoooooDoOoOOoOboOoOod
0000000000000 00e20000000000000000 PESODDOOOO
001000=1PESOO000=100000000C000000O0ODOOOOOODOODOOO
goooboobobooooboobooobobbooboboboboooobobooon
OO0 SsCROOOOOODO

0000000000000 D00000000000 Ry [bit/see)DOOODOOODOODO
000000000 SCRO SCR,ODO SCROODOCODOODOOODODOODODOODOOO
0000000000000 00O00oDoOO0DbOOo SCROoOoooOooDoDoOoobooOo«0o
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Pack & PES Data Picture Header

(2048 byte) Pack & PES
Header

‘IIIIIII

Picture Data

, > | [byte]

062 0000000000000000000000000000

000000000000000000 SCRO SCR(y)O0O (65)000000000O

SCR(i) = 8}_: L i — i) (6-5)

in

ge2000000bogboobobooooboouobobuobuoobooboboann
oono SCRyO0bobooboooobbooooouonbo uobbooboboooboboobooboon
oobDoooooooPESOOO0OOOOOO PESOOOOODOOODOODOODOOO
gbbodbooooboboboboobobobbobooboobobooboooon
oobooooooooooboo pPESOOOO0ODOODOOOOOOOOOODOODOOO
0000000000O0O000+:000000 (65) 000000 OD0UO0DOOOOOOOO
oooooscrROooooono

6.3.3 0000

oo0ooooogoooooogoog scrRogoogno

000000000000000000 Ry O 1500, 1250, 1000, 750, 500, 250[kbit /sec]
00000000000000000000000 RyOOO0OO0O0O000000000
00000000000000000000000000000000000000 T[sed
00000000000 SCROODOOOOOOO6-3000000000 6-3000 SCR
0000000000000000 fH 0000000 (sec]) 0000000000

06-3000SCROODDOOOSCROINONONONONONONOOOOOOOOOOOOONOODO
000000000000000 R, 00000 RyOOOODOOOOOOOOOOOOO
00000000000000000000000R,0Ry000000000000OO
00000000000000000000000000000000000000000
00000000000000000000000000000

0000000 Ry0OOOOOO0O0000000O0O0Ry000000SCROOOOMO
00000000000000000000000000000000000000000
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Decoded SCR [sec]

Decoded SCR [sec]

Decoded SCR [sec]

60

50

40

30

20

10

ged DOOOO0DOOO0OOOODODOOOOOOODOOODOOObDDbOOODd

80

10 20 30 40 50 60
Transcoding Time [sec]

(a) R = 1500 [kbit/sec]

70

60

50

40

30

20

10

80

T T
=234 [kbps] —&—
=437 [kbps] ---8---
=690 [kbps] -- -
=874 [kbps] .

1092 [kbps] --&--
1316 [Kbps] -+ -

Ry
Ry
Ry
Ry
RN:
RN:

10 20 30 40 50 60
Transcoding Time [sec]

(c) Ry = 1000 [kbit/sec]

70

60

50

40

30

20

10

T T
=234 [kbps] —&—
=437 [kbps] -
=690 [kbps] --
=874 [kbps]

1092 [kbps] --&--
1316 [Kbps] -+ -

Ry
Ry
Ry
Ry
RN:
RN:

10 20 30 40 50 60
Transcoding Time [sec]

(d) Rr = 500 [kbit/sec]

Decoded SCR [sec]

Decoded SCR [sec]

Decoded SCR [sec]

Transcoding Time [sec]

(b) Ry = 1250 [kbit/sec]

80 T T
R\=234 [kbps] —&—
Ry=437 [kbps] --
70 R\=690 [kbps] ---o--- E
R\=874 [kbps] .
R\=1092 [kbps] --&-
60 R\=1316 [Kbps] -~ - o
50
40 g
30 | - —
el -
20 ....ll'.. B
. —
l-.....
10 | ......I.. 7
O Il Il Il Il Il
0 10 20 30 40 50 60
Transcoding Time [sec]
(d) Ry = 750 [kbit/sec]
80 T T
R\=234 [kbps] —&—
R\=437 [kbps] ---m--- ..ll
70 R\=690 [kbps] ---o--- ]
R\=874 [Kbps] e ....l"
R\=1092 [kbps] --&- o
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