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Fast SVC Multi-Layer Encoder Control: Preliminary Results on
Theoretical Rate-Distortion Function

Student : Ruen-Shiu Tsai Advisor : Wen-Hsiao Peng
Institute of Multimedia Engineering

National Chiao Tung University

ABSTRACT

In this thesis,a fast mode decision for SVC multi-loop encoder control is proposed based
on statistics analysis. In conventional bottom-up encoder control,enhancement layer(EL)
coding is characterized by its uneven distribution of rate-distortion loss relative to single-layer
coding. for trading off the coding efficiency of the base layer and the enhancement layer,a
multi-layer encoder control method was proposed. In our previous study,a modified scheme of
multi-layer encoder control is presented to provide a new decision criterion which are more
predictable and consistent with different choices of the weighting factor. Continuing from
previous study,we proposed an two-stage and context-adaptive algorithm with the help of
temporal information. Experimental results show that proposed fast mode decision algorithm
can save approximately 71~79% of total encoding time compared to conventional multi-layer
encoder control,with only little degradation in the rate-distortion performance. The results
also show that the proposed algorithm is more stable and,because the RD- performance is
closer to exhaustive search.

Described below and above are independent,n this thesis,we also study the theoretical
analysis of mode decision. Previous fast mode decision is usually based on statistics analysis
rather than theoretical analysis. We study the theoretical analysis of mode decision for
H.264/AVC and SVC,propose a formulation between bit allocation and distortion,and add the
factors of mode decision .Look forward to extending to multi-layer encoder control. This

research is in progress
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Chapter 1. Introduction

1.1. Background
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Figure 1.1 The definition of MB Pair (from Lin’s thesis)
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1.2. Problem Statement
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Chapter 2. SVC Encoder Control

2.1. Introduction to SVC

2.1.1 Concept

Scalable Video Coding (SVC)&_Joint Video Team (JVT)Z?H.264/AVC % 257 ezt
FRE N hERE > B HE 5 ¥AE - - BSVC Bitstream&_d - BBLfr— B &~ Bt
gELs#tle s > H P & 27 57 A, 2 ¥ B IR Bitstream A 4 &R K ehF B oo
SVCA # = f3] jx v 3 14

I. 7 B ¥ 3 1 (Spatial Scalability): 7 I f247 &R ek 2. B endp B 12 8.5 d 2§ Bt en
Inter-Layer Prediction (ILP)# i % F T o

II. PFEF ¥ 3 1 (Temporal Scalability): && B & 383 &7 F & = crpF IR R HE o

I % 7+ 3 12 (Quality Scalability) = SVC? $#£ &7 & f&> iz o

® o F & ¥ 3% (Coarse-grain Quality Scalable Coding, CGS): ¥ MARARL 5 — &
F BV A s BLITELE 5 a2 i & -

® ¢ FFa ¥ Y (Medium-grain Quality Scalable Coding, MGS): & & Z & & ¢
BT FFH ek > 2 Ftte SAHNFTT I AN -

access unit access unit

Figure 2.1 Multi-layer structure with Inter-Layer Prediction for spatial and temporal

scalable coding [1]
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2.1.2  Inter-Layer Prediction
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A. Inter-Layer Motion Prediction

% A %% & «“MB- Inter-coded » * EL MB~ #Inter-coded - #iz % ] » EL MB¥ it
B BLApH = MBMVii i p & MV 7]?]3- = Inter-Layer Motion Prediction ° %
Inter-Layer Motion Prediction » SVC# 2 & f&7 ¢ § ¥ 3%:

BLSkip Mode:

A SVC¥ eh- B Rrehmode type > i A2 K|Figure 2.27 ffpath 2 o &BL» i *
Inter coded i/ ™ » — AR AL & base mode flageisyntax elementic # 71 2 F & * iofd
mode ° #*% f* mode type » ¥7F 9% & T 3N (motion information)?'?ﬁ\BLB" 53 e
WELT B AL D ﬁ%l » B s enF i Inter Prediction modes#t # ik S #cP| E &P~ * BL

Inter-Layer Motion Prediction:

% base mode flag% >0 > ¥ motion prediction flag% >+1 > )*j'*u{/f 4% B Figure. 2.2.
® gpath3 o 3% 2 mode type » ELgMotion Vector Predictors (MVP)E_ikBL® % » EL

B. Inter-Layer Intra-Prediction

% base mode flag% *+1 > ¥ Ap ¥ &%+ & EIntra-coded » & PF ciMBFE B > 3¢ £
A2 BlFigure. 2.2¢rpath 1 > & * 7 45 k& £ 42 {& (intra-signal > & 3 IR A ciMBen3g Bl & o
2t 3 7 fInter-Layer Prediction® 4% £ % IntraBL -

C. Inter-Layer Residual Prediction

— féflagi f % residual prediction flag W}tﬂl‘ ‘v 2 ELsHMB syntax > {7 4% B] Figure.
2. Zm% > F 51 7 H_F @@ * Inter-Layer Residual Prediction o v # 1438 * 4 H.264/AVC
*~ ifj*up IMBA i 0 » i * A SVCP FreMBA| 5 0 residual prediction ﬂagi"“lﬂ—*»
54K 0 %= MBef| 425 T8 I AMBTER] > @ £ FI L BT &
M ELT S8 o



2.2. SVC Encoder Control

SVC¥ eninter-Layer Prediction & 3% — =X # it 3
- Bl wREEBRT T2 22>Edom WASVCY > %mid ¥ 7% % @
N fh o APRGTH - 1 BN 0§ 0 %4 K doresidual signal f245 £ § {7 Residual
Predictionsrds 1F » K gF fL sl fofd b L2 PFRR = s M o

SVCendats ¥4 » €_r4bottom-up processsi= ;% » » TI,%—ELBLQ L ELY%Fg - frH -
& H.264/AVCH A= % » ELi % € 7 7 #2204 E fo%B4F £ © bottom-up process#-
% Section 2.2.1.¢ /i % o &MLEC:R-D& if i* I 48 > ¥ 12 4 BLArELZ [ chihs »xit i
B ¥ 7 el Vg 0 2 1 &Section 2.2.2¢ 4 5 0 BERMLECH it
it 7 0 &t BLAcEL2 B tafi i A v - ERmEP L §

#% (Motion Compensation, MC):% ] e

» e

2.2.1 Bottom-up Encoder Control

JSVM [2] 58 324 P #1da i 60> ?}Q"L"L SR IR g W e ) R RS g
TR = K- Kl o @ Ac® Sag DR AT AL ST T S P R A} T R AL

min Di(pilpi-1...po)
5. t. 2.1)
Ro(po) + Ri(pi|po) +...4 Ri(pilpi-1...po) £ Rei

DfrR;» % % £JSVM* % ik cDistortionfrRate » R ;% 7 % 1% e ~ *T4|Rate o 35
iFaccess unit > 7 L » BLeSn g $-¥cp,i&- 27 & % ¢widely-used Lagrangian approach >

po = arg min Do(po) + Ao - Ro(po) (2.2)
{po}
3 ¢ XLPELseh B > 2 p i d 7 AEHpo S £ (6 hDistortionfrRate > Ao

Lagrange multiplier » v 5 & &+ *7iE % 50 E 1 %4QP, > fBLAp I » &5 BELi%
B S ¥ep G d T oo V3

Min Di(pi|pi-1...po) + Ai -Ri(pi|pi-1. .. po) (2.3)

{pi|pi-1...po}

F & - TELichS i F & iR Sdip,, to py R ° B T o BLehdag o frﬁ - K
kG- FRePPFIE > ELsenfnfB il 67 £ 2 E 0 F1 L ERABLA%RE S 5 0 ¥ 7 A4
BLiAS i 1 @ 7 & @ if * > ELn%48  ELE 47 11 % BLiKgg > 58 ok § 7L Eg%:«_;g
BEd & EEFEL{rBLO M scic » A 5B 32 8-€ T ) &R o
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2.2.2  Multi-layer Encoder Control

A. Schwarz’s MLEC

Explicit Bit Allocation (EBA) » &_# 14 4 fird i F 31 (motion information)fr |4 7 31
(residual information)sH= 7% » ¥ * & [S]RE F#7F T4 c EBAchF B E A7 1 7
IR F M G R TS REFFRLETT AR E L o e ABL{rEL
2 BER-DAcic P MAR G A B A R RE > A ied B R FREFT AR 5 ASVC
¥ - BEBAR AL » EBAR RS-0 T A2 > & €33%%F EMLECe 2 eh@d o

51 S JRBUECH % B > § — f6.% 45 > 2 4L 5 EBA » @ EBA i B v 3 fenfiim
T o PFEHBLICELE 1 Sdb S lceh 2 2 S A3V AR AT o A & - A
BT OBE O SRB ek d]E  BAO N R A B A Ky e B AR (g
heng a A O GRS KPR a8 BA DAL 0 7 BLAA- KT G oh

KL AR Bl T G E

Min (1 = w) -« (Do(pa) + Ao - Ro(po))
{po > p1|po}

+ w- (Di(p1ipo) + A1 - (Ro(pe)-+ Ri(p1po))) (2.4)

Eq. (2.4)e0% — 35 o % = 38 2K BUEC 48 % ¢ £ 57 &BL{rEL2 B 20 € -
BEFFwe[0; 1] 4] FBLAcEL2 FFerfgfim o 5 7 ER-Daeit tw=0pF ¥ 1 & 3]
BUEC#%ic » BLE ik i pF £ B 1 Eq. (24) 5 A7 & £EL & fli- R 4r L% Eq.
(23).3 &AL+ L7 1 BUEC - §w = 1P » BLéjdie s #HELen S fich 14 5
23 4 BFIBLAT R oPT CUR S G F g A H i SMB ok 3F mode 5 S S8k -
¥ sRg o » ¥ AR L A iAMotion Estimation?s % i% Mode Decision MV %3k o
MLEC 5 i 1§ |18 42 e.Schwarz et al. in [3]% © F @ ¥ hfg i - > Eq. (24) > & 5]
it Cartesian product space 1% #PofcP) e MLEC R 387 1 g3k & 11 7 dcif eh 5 p R
F iR A

min(1l — w)Do(po) + wDi(p1|po)

s. t.
(1) (1 =w) x (Ro(po)) < RB
(2) (w) x (Ro(po) + Ri(pi[po)) < Re . (2.5)
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Rp A BL#7*4| i = Rate > @ Rg&_EL#7*34] e+ Rate = &Eq. (2.5)7 (2)e" 4]
w=0pF 25 & e i i&*‘ﬁ‘lE‘*‘iisﬁ(iJRE"leE' TAo d] g "L F]F 07 @ e o
R EAPEFIRLE BB L P RSl FlL ot U T E R R F - LR
B i+ EF A 5|3 ;li'ﬂt‘ eR-Drxae » PR 7 2 FARH e & o

TR PR A T IR R-Dtar 0 Lin Rds o5V A E,_k?.i{’ R RGBT > 11 Y -
B %«@MLEC,’@E@;‘#&FJ%E - BATHE KRR o AT - B} &9 B¢ Himoh
& ¥ e R & MLEC:9[7]¢ >~ 3 ¥Motion Estimation/Mode Decisions5% +

?’bﬂ
e d SRl I

S &
5} l\‘i‘.

B Lin’s MLEC

FlZEqQ 2555 PG FlawnRitm 5 2% > 50 BRI Linetal &
TMLEC# E 7 ¥ — BRDO;YF o fizBa K 4] ¢ > #73 JoMLECH 387 * 427
ke s PR i LR R o N0

min(l — w)Do(po) +. awDi(p1|po)

s. t.

(1) Ro(po) < RB

(2) Ro(po) + Ri(pi|po) = Re (2.6)

DifeRi4 W] 24 _% ik 074 Z & {rRate » Rg#BL:7F #Rate » Rg £ EL P $Rate » £
£ Fl+ w €[0;1]##IBLIrELF e sae o gt > 4255 ¢ » £ F]lF wi % ¢ 7 % Rate
g id bR AE 4] P 0 (e B E FBLCELhF 2 iR 2R EF A e 4ot - % 0 iMLEC
R AT KT g AL B £ Tl e g a B F|BUECHR-Dazsg *4] » F]t o A& T BLAr
EL.mmodeB??rﬁ»H T @ 13 1 i OR-D costd #ic 5 AL A

Min (1 = w) + Do(po) + Mo+ Ro(po) (2.7)
{po- p1|po}

+ w-Di(p1|po) + X1+ (Ro(po) + Ri(p1|po))

fipdo] LAz s EL¥ 7 * Eq. (2.3). % i& fimodei:- X > Di(pi)frRi(pi) % 7+ 7 #7
i # ¥ € PisDistortionfrRate  p i fh S8 ¥ MAAR 5 %14 IR & MBA] & mode
gl & F AR F Fl SMEPF & %1k R AMBed fi o £ o AP 10T o 50 it BL ME
FuEAE 0 R VO = V1

min(1 = w) -Do(wo) + w-Di(vo) + (Mo + A1) - Ro(vo) (2.8)
{vo s v1|vo}
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21 55 e1Sum of Absolute Error (SAE) - § base mode flag % **0FF » ® motion prediction flag

01> ELeMVE_E # % BLMV > & 12 258 & 7 Ri(pi|po) = Ri(vi — wo) » % 77 E #
BK v =wvo - & Ri(p1|po) = Ri1(0) =0 -

tEq. (2.7)® > - 2Mode Pair- =& &% - 2MLECe# L F i o 5d X Tw=0" %

R Fed © A BLI S soi ke 1Y 0 A = 2% ¥ BEL% B4 )’j*u{;m » Ri(p1|po)ik

z%’a‘& % O(EL mode®_skip mode) » § w3 1pF » BLe % #ic & 4 HEL %8 »ay itk & 1

@m 3 % gBLenEZE 4 E 0 #7120 Ro(po)#iE # % 0(BL mode 5 Skip mode) -

2.3. Comparison and Summary

T A BLECHfeMLEC s 20 fi i 38, %

® 4BLECY > BLir#h@seil £ 8 - K 5 Ad> RELAT & F & %uff »cir df
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MLECHrLin’s MLEC#— & L% » #Re EMLECH % p 3258827 b o 2 242
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Chapter 3. Fast Mode Decision Algorithm
for SVC Multi-layer Encoder Control

AW R NP FE 2 2 ASNRV A A BCGSA - X 3 Inter8x4 Interdx8 -
Interd4x4 2 % Intra8 » iz mode4rTable 3.1:p % » BL + 3 77fém0de ’ EL" 7 94&mode -
ERCR N HE T £ 5 56 2 Mode Pair o @ 1t ) m;‘iazbﬂ PR+ 3Rt 4oFigure 3.1%77% >
i ¢ LB~ HELpF F M mode 4 #(Temporal Mode Score, TMS) » & TMS:E 1 & if §
mode# i Paired mode » 2R {5873 BVFE 2 o F - ¥MB pairdfF % = {4 0 { FTTMS
B B - RframedEE 218 { A TTMSemode F o A 9rdg 112 7 5 2 % T#

7 dominant mode > @ & f|* ELF P~ {# TMS ¥ :£ # fe ¥4 efmode > @ ¥ # - ﬁframe#ﬁ?zsz
F = s > { Armodetd I > F]yt it Esequencet B 12 I 47iE 4% e ftcimode » A E 2 L

B S TMS 3t 5 2 % fomodets & 4 1 12 2 { 37TE 48 B #iceh™ 2 %A Section 3.2.1 Fr
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Table 3.1 test mode condition

Mode Types Base Layer Modes Enhancement Layer Modes
Inter MB Type Skip Skip

Inter16x16 Inter16x16

Inter16x8 Inter16x8

Inter8x16 Inter8x16

Inter8x8 Inter8x8
Intra MB Type Intral6 Intral6

Intra4 Intra4
Inter-layer Prediction Type BLSkip

IntraBL

C ML-MB pair )
v

ELEFETMS

:

BRI mode

Y

MEER R

v

EHT

CF — FH ML-MB paD

Figure 3.1 /% & i PLELILAZ R
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3.1. Analysis of Mode Distribution

3.1.1. Mode Distribution in MLEC

B £ » MLEC 3_23"(}%5“&75 PEEZEY PR RARAA PRI RLFFZT v
i A BSNRE 2§ (b chdpfBocii > mBic A2 7 - Be 23 B SELNHSVC
Bitstream © P[3# crimode § & f:Table 3.1. /e B % 2+ 11 4vig » MLEC & BL{rEL % & 4=
KRR N HF - £ 5 562 Mode Pair ©

Table 3.2 test video sequence

QCIF Sequence 4CIF Sequence
Soccer Soccer
Foreman Harbour
Footman Crew

Mobile
Crew
Harbour
Ice

Table 3.3 training sequence
QCIF

Akiyo
Carphone
City
Coastguard

Highway
Stefan
Walk
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H 1 |yl

Figure 3.2 Directly stored modes in the enhancement layer

Table 3.4 location score in reference frame

1|21
2 (4.2
L | 2pcd

Table 3.5'mode score

mode score
Skip mode 0
Inter16x16 1
Inter 16x8 2
Inter 8x16 2
Inter 8x8 4
BLSkip Follow BL
mode

Table 3.6 Example
Skip mode 16x16 BLSkip

And BL mode 16x16

16x16(Intra4) 8x8 16x8
8x16 8x16(IntraBL) 16x16(Intral6)
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TMS(E) = 1*A+2+*B+1+xC+2+*D+4*E+2+«F+1+xG+2+«H+1x*]I
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i%ﬁlfﬁ?TMS)’j&{ﬂ v ¥ - B+ o B8 D~ Hfel:iaMBez = # * 500 chlntra mode ©

0«14+1+«24+1*x1+0*x2+4x442+x2+2x1+0x2+0+x1 = 25
Round[25/11%16)] = 36

T EI?H?TMS)*]%{%’ E 7] 5 * ¥ g Intra moderis %5 B 3 4t Inter mode =gk A Rk ik o
M 1leh? K/va\i*{lntermode?'i/»\ GEE Ao RS 2 E 2 T L AT B R G
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«— city w=0.5 skip
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B ¥ LR & e 0 F TMSBrers & > Skip mode = & » 4% % 4% ] 7 ; Figure 3.4
F_4 Zlnter 16x16 27 Fp e TMSPF cri o4 (5o B R total 7R % d 40 > & 'F% dt Inter16x16
ETMSd | 3] % chis 5 @ - A2 > LG — LAe ko RS F prprentE 14> & Figure 3.4~7
P e fRBL % total 7RIE W A Inter] 6x8frInter 8x16.4) A TMS =322 +- FF 3 B B cfs 5 »
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Weight = 0.5 16x8
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total w=0.5 16x8
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3.1.2. Update of Mode Distribution Probability
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3.2. Proposed Fast Mode Decision Algorithm
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Step 1
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Chapter 4. Experiments and Analyses

4.1. Test Conditions

bt STk e A UR B R oA S 4EE 0 2 B e i % 1 AISVM
9.12.2[6]7 # F iF > £ § T QCIFH: 5 {3 BACIFH 2% eripl 3 » sequeene » # ¢ # 37 &
A7 R iz B it #75 oF % ©2.8GHz Intel &4t ~ %< > 17 860 CPU > and 8GB
=848 > @ Table 4.1 H_p|3R 1% 2 chim &

Table 4.1 :test condition

Prediction structure IPPP

Inter-layer coding CGS

structures

resolution: QCIF :15~7.5~3.75
frame per second 4CIF :60

Frame number QCIF-15-(150-130-120)

QCIE-7.5-(75 » 65 » 60)
QCIF-3.75-(37 » 32 » 30)

4CIF-60-30
Intra period -1
Search range 32
Search mode Table 3.1
QP Fixed QP setting
QPg=122>28 > 34
QPg=QPg+6
Motion Estimation Formula (2.6)
Entropy coding CAVLC
Inter-Layer Residual available

Prediction
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4.2. Comparison of Fast Mode Decision Algorithms

d RGN FEZEVAMN S SOOEP TV AL FHIFEETRFR
‘Qﬂ’mklk‘ih"rllé.%-—r j\m:‘? P;%E'*K r]&QP'TxE‘_f‘r LLﬁ'&’ 1 ]l & :i; %%ﬁ:ﬁ%ﬁﬁ‘)%%]}\
Foom o #km,?ﬁ‘ﬂ,z/,,\ w] §_Lin sh-id i§ B 2 o Schwarz et al. [3]5h4-# % 5 2 » i@
AAEFE Y ALl )& 3 Hwmn R o mT REBFT T R D RITEILRE P
Pt
1. &2 fF T QP2 T » % T ix ™ frame rate iF 7 {21k i ¥ 2
2. £FARPF K & F L4 QP 247 & fr frame rate » ¥ %% Table 4.1
3. 2 AR T2 T T iditime saving
MR Y RS R AT

APSNR = (P-ig i & i# ¢7Y — PSNR) — (ic/ 5 45% Y — PSNR)
ARate = [(P-i# 7% & 2 chRate — JCA;V40F o Rate) / Jit/% 38 #F <1 Rate]
x100%

time saving = [ A N FF FRF = PR FAE2FRT) / A EFEFRF] x100%

4.2.1 Experiment 1

A2 ATk P R B 2 fiE 4% EL fe ¥t mode BF 0 1 * temporal F e T
B o F % temporal T3 eAp B 1E 7 53 0 B4e frame rate (R MPE o Bl E B2 £F B )
* temporal P F 3 kg P EL fie ¥t mode- % 7 WM g8y & F % 1 3K Ztesting sequence
coframerate 5 3.75° F ¥ R A FREFORE o T BAF KRk FEE ol & o
BIFE RO %S S o Table42~44 -
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Table 4.2 frame rate =3.75  BL, EL QP = 28,22 average

Algo. W BL EL
Rate PSNR Rate PSNR
0 0 0 0 0
proposed 0.25 1.36554| 0.01032| 0.82324| 0.04585
0.5 0.96161 0.038 0.57094, 0.02323
0.75 1.81138] 0.27368| 0.70137,  0.0246
1 0 0 0.00955 -0.0023
0 0 0 0 0
0.25 -0.4855| -0.0998 0.65049 -0.0564
Lin 0.5 1.8746 -0.256| 2.60373 -0.224
0.75 2.37178] -0.1393| 2.67437| -0.2466
1 0.0235 0 0.00275 0
0 0.45795|  0.00378 0 0
0.25 0.27025|  -0.0182| -0.0032| 0.02672
Schwarz 0.5 0.35568| 0.02162| -0.0069 0.00947
0.75 0.95922| 0.31287| -0.0347| -0.0041
1 19.0574|" 0.57242| 0.49511]| -0.0005

Table 4.2~4.4 » %5 75 testing sequence 13- 325 % o d 3+ F % 1 4 L% temporal
FAR M A B PF o ¥ EL #7398 B mode shR2 58 LR EL ks - d B %7 UF R H
v Ak i anE % 0 2 APSNR frARate £ %] %-0.1db 122 1 %2 p > @ B @ gy
ZEFAANSFER T2 TRAFTNLF IO I REEOLE > A HRE
ARate = ** 1%fc/APSNR -] #+ 0.1db % B4 F 2 d ok d hF R T AR B % T
i) —fg d A w5 2t frame rate %) PFo B Ei 1% temporal 0F Ik 3R] 1 fe ¥ e mode >

v

FEotH s A fEIFE 2 (A ari o
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Table 4.3

frame rate = 3.75

BL, EL QP = 34, 28 average

Algo. W BL EL
Rate PSNR Rate PSNR
0 0 0 0 0
0.25 0.80199| 0.03288 0.78872| 0.05307
proposed 0.5 1.1745| 0.08638 0.39673 -0.004
0.75 2.12879| 0.30258 0.48461 -0.0311
1 0 0 0.01717] 0.00178
0 0 0 0 0
0.25 -0.7878 -0.0866, 0.87939, -0.0473
Lin 0.5 1.74561) -0.1699 1.7372 -0.1813
0.75 1.41335 -0.289| 2.00933 -0.177
1 0.09838 0.00067, -0.0089 -0.001
0 0 0 0 0
0.25 0.72751 0.0721| 3.31254| 0.52952
Schwarz 0.5 1.13033| 0.17052| 0.95834| 0.11525
0.75 222873 0.58032| 0.37929 0.02445
1 42.929" 1.20445| 2.45252| -0.0024
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Table 4.4

frame rate = 3.75

BL, EL QP =40, 34 average

Algo. W BL EL
Rate PSNR Rate PSNR
0 0 0 0 0
0.25 0.41097 -0.012] 0.64901, -0.0235
proposed 0.5 1.93217| 0.12255] 0.56954| -0.0136
0.75 0.67418 0.376 0.1672| -0.0159
1 0 0 -0.0491] -0.0031
0 0 0 0 0
0.25 -2.0389| -0.1354] 0.98084| -0.0516
Lin 0.5 1.54448 -0.1349| 1.00985| -0.1255
0.75 -0.2268 -0.0272| 0.62247 -0.074
1 0.08037| 0.00023| 0.00495 0.00042
0 0 0 0 0
0.25 2433 0.1402| 7.24584 0.6944
Schwarz 0.5 3.5708 0.34952| 2.62716 0.17268
0.75 10.2432]  141533| 0.97144| 0.02358
1 55.6968  1.62115| 3.98235| 0.00853
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4.2.2 Experiment 2

FORTH B FE G AR KD aR

ik
Wil &AM T ihsequence # I AL TEE
e d

SRR FRK Ls Tabledl o igig

B2
A
(¢

2
= FF
_,E_K

Hb fﬁfﬂ

Table 4.5 framerate=15 BL, EL QP =34, 28
Algo. w BL EL
Rate PSNR Rate PSNR
0 0 0 0 0
0.25 0.42565| 0.02387, 0.5862| -0.0028
proposed 0.5 1.3534 0.1186| 0.34711| -0.0001
0.75 1.21758 0.29581| -0.0772| -0.0083
1 0 0 -0.001 -0.005
0 0 0 0 0
0.25 -0.9715 -0.073| 1.07948| 0.05939
Lin 0.5 1.03855 - <0.0502| 0.59915 -0.0242
0.75 1.37777°-0.0512| 0.66825| -0.0429
1 0.17946/ -0.0033 0.04071| 0.00189
0 0 0 0 0
0.25 1.2176/ 0.06876| 8.16225 0.97633
Schwarz 0.5 1.32389, 0.16707| 2.74839| 0.30409
0.75 1.15166/ 0.58824| 0.28262| 0.09091
1 28.8637]  0.6791] 2.72067| 0.02494
B% Tabled.5 » i _@ﬁﬁ%iﬁ&%@’ﬁ$aﬁ@m&¢am@;oﬁ
W& iEqe Lin’s j§ & 2 »xic £ % % > (2 Schwarz’s jf & /2 ¢h Rate 7 Ft gk V=

Z’l)o
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Table 4.6

frame rate = 7.5

BL, EL QP = 34, 28

Algo. W BL EL
Rate PSNR Rate PSNR
0 0 0 0 0
0.25 0.62801 0.0202| 0.56364| 0.00969
proposed 0.5 1.00861| 0.11049] 0.09596, 0.00391
0.75 1.75192| 0.33627| 0.22185 -0.0058
1 -0.012] -0.0001] 0.12383 0.0025
0 0 0 0 0
0.25 -0.7108 -0.0777, 1.04037, -0.0456
Lin 0.5 1.1943| -0.0952| 1.07327 -0.0835
0.75 1.94561| -0.1195 1.4452| -0.0945
1 0.1249 -0.0003| 0.07604| 0.00167
0 0 0 0 0
0.25 1.28928|  0.07393| 5.39084| 0.73173
Schwarz 0.5 1.096/ 0.18351) 1.39064, 0.18613
0.75 2.01323| 0.57317| 0.37491 0.059
1 48.1896/ 1.02899 2.68818| 0.02233

T
(\n

Table 4.6 » Lin’s ;% & ;2 fv Schwarz’s ,%’7, ,2 ’ .iR—D oAy
w2 B EL R e ahd o 2k F LR

LML 0 AR

, ’&_“Tﬁ’*mﬂtﬁ‘l 5 {f‘

=

A AT A RS g ? 5 oo A Figure 4.1 ® 0 12 hit ratio o R-D it v # o
P & hit ratio 4% B 17 R-D »Tic %4537 GTAK 3V #9%F ~Figure 4.1 » ¥ 12 'ﬁ IwEE A
1 fe0pFé P R8T 3ITE » 2 F @ weight 0.25~0.75 Z L FFé P F <o P & & weight
0.25~0.75 \F’“Bé? » FlE YN R LERTER c R RE 2 AR LT RIEAE A
R-D iy > AR5 2 5 LB v Ay o Ak R B UE g R T EL R AR adE

weight
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frame rate = 15 BL,EL QP = 34,28 for BL

frame rate =15 BL,EL QP = 34,28 for EL
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frame rate = 7.5 BL,EL QP = 34,28 for BL frame rate = 7.5 BL,EL QP = 34,28 for EL
1.00 - 1.00
\
0.95 -
—_— 0.98
o < ©
0.90
0.96
£ ie] °.
o 0.85 e &
£ £ v
0.94
0.80
—e— proposed ] —e— proposed
0.75 4 ©— Schwarz 0.02 ©— Schwarz
v— Lin v Lin
0.70 T T T 0.90 , . :
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T &7 hit ratio

Figure 4.1(a)(b)(c)(d) & & weight 2
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4.2.3 Experiment 3

il JE g éf & BF4E O R-D ri 0 B S § &S o time saving  Table 4.7 ®
> % T

£ time saving:

Table 4.7: & & 7% i+ 2. T > testing sequence 7-T }2 Time Saving
Format /Frame Rate QPg/QPg

Proposed Lin Schwarz

QCIF /3.75 QPg:28 » QPg:22 77.24514 74.9001 78.24258
QPg:34 > QPg:28 | 77.62963 76.48772 78.95085
QPg:40 > QPg:34 | 76.95936 77.52308 78.68517
QCIF/ 7.5 QPg:28 > QPg:22 76.5156 75.95822 77.884

QPg:34 > QPg:28 | 75.99884 76.86205 78.56844
QPg:40 > QPg:34 | 78.88088 79.07185 79.20268
QCIF / 15 QPg:28 » QPg:22 74.24251 73.8715 81.25331
QPg:34 > QPg:28 | 78.50109 76.37538 82.97111
QPg:40 > QPg:34 | 77.67027 78.03382 81.56794
4CIF / 60 QPp:28 > QPg:22 72.91371 71.75903 75.76203
QPg:34 > QPg:28 | 7236085 71.52953 74.16106
QPg:40 > QPg:34 | 73.95595 73.46076 75.00302

J€_Table 4.7 # » 2%~ #% 112 /% 5 ;2 T 32 time saving ;"a 72%~78% > Lin’s ,fﬁg *
71%~79% » Schwarz’s j# & i# 74%~82% « @ 43 1t k5 » = ﬂ R mE’*F’“ Ha
5> Schwarz’s s B iz PR3t H s A B A2 R g B2 fr Lin’s £ 7 % °F1gure
42~3.% 1 7 testing sequence QCIF #: ;' 77 football - Mobile 77 Rate-PSNR & %> ¢ 2
TR FEEE T3 T o B TR V49 F Rate-PSNR curve st i o ST UEF Kih
Ak P B R ol R SV E el & 2R BT o
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Y-PSNR[dB]
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Figure 4.2.The Rate-PSNR curve of QCIF sequence
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Figure 4.3. The Rate-PSNR curve of 4CIF sequence
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Chapter 5. Theoretical Analysis on SVC
Rate-Distortion Function

~

b G ER DT - R RAY S F A RO kel AR 2 7 & R-D kit
BATRANIEF DR T T4l o RO RBapER o Ra 2 S H B P AR 2
fed R g ko R FE i L TOIR kY 0 oA B H gk frd e s R
AT RO B AR R AR R BT R A AL 2 HRL TR ek &
F ¥ A BB IR A T RA PG EIEBEES AN AKDFE ok RSB
A7 i 7@ * & H.264/AVC {r SVC 3 Mode Decision » 3 % #-pL 4 at ¥ ] MLEC -

o

5.1. Theoretical Model

H.264/AVC #. Mode Decision PF - 12 Lagrangian Cost 5 A ¥ & # > £ 3%
min{D(p)+AR(p)} 57 mode & {7 $a#S ° 31% ¥ ¥ sequence 57 Mode Decision » 4 QP %
SEATHEF L mET g @ QP O FFE BT F hmigIne o AT - B
MB 7% QP % [ ¥ it 3£ 3% 7 — thih mode St 2V P8 & A pULim A 11T 1L g Tlie
Bt o @ H264 5 A#aut ¥ 1SV 4er 3 ¥ Mode Decision 7 # é‘3f5rﬂhlter-Layer
Prediction #+] > & ** EL 4 BL 7 QP % i* & #x % residual signal c4p B 1% » -2 & 7 7
{7 Inter-Layer Residual Prediction - BU'mode - ELimode #_% 4p Ir + ¢ 22 % residual signal
AR o B AT A 47 ¢ F IR EL o BL'éh QP £ #4fr BL mode % {7 Inter-Layer
Residual Prediction F* ¢ # 2% EL 7 Mode Decision °

5.1.1. Theoretical R-D functions of Single-Layer Hybrid Coding

4o Figure 5.1 #77¢ » H.264/AVC 1 Block-Based Hybrid Video Coding 7 # & ¥f Inter
mode & 7 ¥ g PF > L ¢ _reference frame P~ 18 3f R BL T 3+ & 1) residual signal » 2% {s @
ﬁ*] residual signal i DCT v quantization f ¢ coefficient o #% i7® £ IZ 2 & 47 PF g ig 4t
H A 511 ¢ Step 1 d WILG A TR G LR Y FED res1dua1 signal » 2 F &
residual % 2 2 B > 710 H %:}&%ﬁ i Inter mode 7 spatial domain residual covariance
model’ ] % % & DCT domain residual variance’ Step 2 /i % covariance e DCT 3% = = »
&@3é+Rwa%,ﬁ»QPm%,ﬁ%mKDﬂg%;ouH%4§gﬁgwﬁ

SVC % Inter Prediction P % 7 Inter-Layer Prediction %41 » #-% 5.1.2 343 Inter-Layer
Prediction ¥} residual covariance model %258 o % Table 5.1 % & 7 2#H A 475 & a— &
symbol °
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Step 1 Step 2 Step 3
Inter prediction DCT Quantization |——F—>
Figure 5.1 Inter Prediction = residual signal % #5 /i #2 B8]
Table 5.1 symbol definition
I intensity of current frame
I intensity of reference frame
ng(s) quantization noise at point s in current frame in base layer
fig(s) | quantization noise at point s in reference frame in enhancement layer
fig(s) | quantization noise at point s in reference frame in base layer
Vg block motion of current MB mode in base layer
Vg block motion of current MB mode in enhancement layer
v(s) true motion of s point
S; two dimensions position,s; = ( 1j, C; )
Se block center
af intensity variance
o2 motion variance
o2 noise variance in Single-Layer
ot noise variance in L Layer
the correlation between true motion of s; and s;
llsi sill1
the correlation between quantization noise of s; and s;
lls sill1
T the correlation between quantization noise of s; in EL and s; in BL
Py
r(s) the residual signal of s point
D(s) the distortion of s point
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| ris;)—1 |
(s, %O | \

>

Figure 5.2 H.264/AVC ¥ residual signal B~17 = ;2 7 &, B

d S h %55'? Z & 3+ & Rate-Distortion (R-D) ¥ #hk# % » #7i * 1 R-D function F &
MB ¥ 7 [ i+ ¥ chresidual variance > & # < 4-%F Inter mode #IZ % 4 17 #7120 J1* Tao et

al [10]#7#% & ;N Jg 3% 7 spatial domainsresidual covariance

E[r(s)r(s;)]
= E[(I(s,) =1 (s, +v(s.)) = sy + S NI (5,) =L (5, +(5.)) = 1(s, +v(s.))]
= E[(I(s, +v(s,)) = I (s, +V(s,)) = 7i(s, + ¥(5.)))
(I (s, +v(8,)) =1 (s, +v(s,)) = (s, +v(s,)]
= E\ [E,[(I(s, +v(s,) = I (s, + ¥(s,)) = i(s, +(s,))) (5.1)
(I (s, +v(5)) =1 (5, +(5,.) =715, +¥(5,))]
= E [Ry; (s, +V(s)),8, +V(s,)) — Ry (s, +(s,), 5, +(s,))
R (s, +v(s)), 8, +V(s,)) + Ry (s, +(s,), s, + V(s )]+ E[A(s, +v(s,))a(s, +v(s,))]

[ls;=s Hl Hsz =scll

461 _ "I m (1+ [Is =52l p

)_l_pHS] SzH]
%,_/
(B)

(4)

2538(5.1)¢ 4o Figure 5.2 ¢ #95F > % - fok = B & 388 d AT ahigk:

r(s)=1(s,)—I(s, +v(s,)) —ii(s, + v(s,)) (5.2)

I(s;) = i(si +v(s;)) (5.3)

40



2 39(5.2)7 residual signal AR 430 Hde 2 SERIUELNL B > d 3 reference frame %
e ¢ i {5 ehsignal 0 #7121 % 4 g noise e 58 o 2 34(5.3) € 1944 true motion FHE_& o
@ 1(s;), v(s;) E T % #1945 Law of Total Expectation® % = i % ;% ¥ £ ¥} intensity 3+ &
HREEE Hmotion BEH Y E;F e B E NP EXK intensity frnoise 2 B 5 b #45
Tao et al[10]%+ 3 1 intensity F¥ 4p B |4 criBk

< s s, —s; I

E[I(s)I(s )] =R; (s,,5,) =0; (1—72) (5.4)
2RGDFI BEN G EEAT  OGEENEY - BHF o He AT pk R
Am @

E, [Rjj (s, +v(s)), 5, +v(s,))]

_ 201 ||S1 +V(S1)—S2 +V(S2)||§
=Eylo;( z )]
(v (s) = v, (s,)— X)2+(vy(sl) - v,(s,)— Y)2

=E,[o:(1- ' e : )]

(5.5)
oy {1—%(|| 5, -5, [ 20 [ (801 + 26, [v, (5,))

+2YE, [v,(5)]1-2VE, [v)(sy)]+20,-4p, " 0, +20,)}

flsy

Il's,—s, ||2 +40' -4p; 52”‘0'57

K

=o’(l- )

2GHHF - BENIPRRE NG F D BENRN IR BE R AT ]
%&%‘J—ﬂé"’ ’ TF3:\""( 81— S2 = (I7 y),—g (luy)f’s" ’:\il/_f'; ’ V(Si) = (VX(SI) Vy( ))ﬁ v V‘(( 1) \Y(Si)f—; Kjf
W ¥ = B E NI Tao er al [10]%F 5 1 motion ¥ 4p Bf 1 ik 4o ¢

E[V(s)V(s)]= R, (s,,5)=0p, " " (5.6)

)5 motionvector P H E L 00 AU F F A F e BEN - ANNGDFT BE

;97 iR 5 ¥ s;fr s, @ B quantization error 2. [ ¢ correlation LBk

Elii(s, +v(s,))ii(s, +v(s, )] = p" "o (5.7)

41



¢ WALt PIEGK A_F] 5 quantization error € F| i EHES BB M L g R %
e A7 P 285 )% 0 @ B ¢ gh quantization error £ variance 3K &

2
o;f=QSﬁ (5.8)
12

;93 (5.8) & [11]% &_scalar quantizer # uniform quantization P¥ quantization error {v
Qstep 2 FF el (258 > BEARe R IR #T4 8 » LfpE * oM B3 ) ARV R He

A IR LR 0 S S

Step 2:

*#Hh=2 it * DCT @ # * 32 8 &0 KLT(Karhunen-Loeve Transform) » %] 3 (&d 250
(5.1)\%L b 4t % e spatial domain residual covariance §d & &7 2 $# 12 e0 frequency
domain residual variance > H & 2L % :f:tx‘i‘ ) gfﬁvﬂi;}é JREE QISP B A=OPAR S RIS S RIE A J
R4-H.264/AVC — % * DCT & {7123 & 15 o #-4x4 ¢ spatial domain residual f= DCT

domain residual 7 raster scan order % 5T 4o ;

r(s,) ris))

S— r(fz) D= r’(fz) (5.9)

(1) 7’(316)

rifer & %] 4 57 spatial domain v DCT domain % i i % ficoefficient>S fv D % 77 16x1
smatrix 0 4e% NP S - A DCT #4k € 5 14T B %

r(s,) r'(s)
US—D —> L]'(§) _ r%ﬁ) (5.10)
(1) r'(s16)

U & - i 16x16 matrix » # 3-8 = ;2 £ f1* 2 20 4x4 DCT matrix ' Kronecker
Product 3+ 8 {4 B~ » @ {345 [11]% @ B % > 1% 2T HEN Q7 #2585 8 I

spatial domain residual covariance ## 4% =¢ DCT domain residual covariance
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r(s,) r'(s))

UxE 7”(:92) [r(sl) F(sy) - ’"(516)] xU"=E r’(:gZ) [l”'(Sl) r'(s,) oo 7”’(316)]
7(8,) '(S16)
(5.11)
Step 3:

Single-Layer Coding Y% %38 % QP PF- @ MB &7 Rate {r Distortion > #7123,
A 354 % & - 35 MB Rate {r Distortion e77 2 > iz42 4] * f)-k ®IL > i) K T ILep
FAv@Em all1]¢ 3 {#Fmanip » 3 oo

o 2 2xg’ = j—Ini
Alloeation kit — :

2inZ
Waterline
", \H- .'l' .:-'
s k:"’ .
\\-I
InA W20 2 w07 )
L ] o &
22
Figure 5.3 |-k TIZ L4 B
In2In2x0? xgl)—In A .
JfA<2In2x¢& x0;
r(s,) = 2In2 (5.12)

0,if 1>2In2x &’ xo’

Bk o 38 (5.12)¢ @ A 91y &ha? @R T Hee? ¢ % coefficient £ distribution
ML ERFREAEN i*u'v“ e g B coefficient enix < fie 8 > 4 Figure 5.3 » 33 A
)J'* dofe 3 B K a0 oK e b e coefficient ,ﬁiéz}ﬁox“m s R TE R A e it o
i $|= B coefficient ¢ Rate & 4] * Rate-Distortion Function 3* & 4p ¥} /& ¢ Distortion » {

¥ 12 > MB Level (9 R-D B % o
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4

FRE T @ % keI 2 BT ORRIEH A 7T R B Rp 'fm}s};rﬁ
£ @3- B MB i if 3xa $fs R-D > ¥ 11 & & Distortion 7% {4 ¥t— B MB #a
fe ¥ B E i o B PF AR B ch coefficient FF & S m AR BE 1 > @ #78p) ek E it R-D

™

| =

min R s.t. D < D_, where

256 256
2R(D) XD,
R — i=1 D — i=1
256 256

& fenTHD2 T o % fob IR E TR 4o & Ak sty pixel #TE & 0
TR #712 fstep 2 ¥ & * DCT #- Spatial domain residual variance ## = 3T 7 #& 4p b |41
% & & if 9 Rate-Distortion Function = = R-D
I Rate-Distortion Function 4= :

DCT domain residual variance - ¥ 3] Rate & 3
B % > i343 3k DCT coefficient #_ Gaussian distribution, 2

R(D)= —1og2<—) (5.13)

D, =270 g} (5.14)

i

F & i o i 7 258 (5.13)(5.14)i2 = H - DCT coefficient FF < R-D B 142 #7124 4o

5]k 232 ¢ {8 erpixel level e DCT coefficient Rate &~ » = ;%(5.14) ¢ ,T*u 18 3] pixel

level 72 DCT coefficient £ Distortion » :& @ $ 11 MB Level ¢77 Rate §= Distortion ©

p o ¢ Frde i@ B~ 7 MB Level 7 Rate {- Distortion» @ Single-Layer Coding E=d b
& ¥ 1B 34 QP = Rate v Distortion > & # I35 4 7 fdg st i iw o i 2% 2 QP
{$ 8 1 4p ¥ & <9 Rate fv Distortion - F] % QP i % /& %_7 Single-Layer Coding % #§ {s £
%5 #trigaiE 2 QP e Distortion 1R 3% 5 12 + Distortion fr quantization error

B 4ot T NG a4 T

Qstep®
= — 5.15
B (5.15)

2 5%(5.15)4vig QP {v Distortion =ff % > ;t#f_] T_% QP 3+ 3 Distortion » #% {5 #-i5] K
7 J2 pixel level coefficient ¥ &1 Rate & » = 3%(5.14)1F 3| pixel level coefficient 9
Distortion » #X {4 3+ & T 35 4o % I 35 Distortion ¥ 11 v QP 3+ ¥ 7 |« Distortion —
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o frs,*]v/e% 7 © & 17 iE QP s Rate °
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5.1.2 Theoretical R-D functions of Multi-Layer Hybrid Coding

Figure 5.4 SVC *# Inter-Layer Residual Prediction 7+ &, B

BIT A 474t # 3| Multi-Layer» {- Single-Layer £ W] &3t 7 5¢ ¥ 4 g — B & coph 7
% F {7 Inter-Layer Prediction ¥ > ij*uia BHRIIFY KT A 4ok il R Inter-Layer
Prediction > 7"?&#\-‘" H264 7 5 % gk & k& B chBf ™ o 4o Figure 5.4 %57 > & EL coded
reference frame # MC B~{¥ 3¢ p|2n L > ™2 EL current frame 7k 430 543 TR 5L » B
¥ EL ¢ residual signal » 4=% 7 % g Inter-Layer Prediction » ¥ 7 & @ﬁ%] EL ¢ residual
signal - i&{= Single-Layer Prediction § FF ;4= % % J& Inter-Layer Prediction > ﬁé’s—@ﬁ% EL =
residual signal -3 BL 7 coded residual signal » &% 7 232 #%h A 475 & 7 4 K BL
current frame fr reference frame ¢ = £H quantization error °

- ¥ Inter mode i~ +7 > % 4 £ Inter-Layer Residual Prediction ] * Tao et al.[10]
38 % 1! residual variance fr covariance #* i %4 g EL mode f= BL mode> ~ = EL 4+ BL mode
ket 8 AR o 4o T 2R
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Different mode:

E[(ry(s) =1 (s) =y (s))(r; (5,) =1 (5,) = 115(5,))]
=E[(L(s,+vy)—1(s,+vy) =1 (s, +v,)+7i,(s, +vy)—ny(s)))

(I(sy +v,) =1 (s, +v,) = fip (s, + v )+, (s, +vy) —1,(s,))]

= EM[E,[I~(S1 +vB)I~(s2 +v‘,3)—1~(s1 +vE)I~(s2 +v,)

—I~(s1 +v3)i(S2 +vE)+I~(s1 +VE)i(S2 +v.)]]+ E[noise] (5.16)
= E\ [Ry (s, +vy,5,+vy) = Ry(s,+vy,s,+vy)

=Ry (s, +vy,8, +v;) + Ry (s, + v, 5, + v, )]+ E[noise]

801

I —Lm (1 - pl5e=5sly + E[noise]

)

% EL 4 BL # ¢ mode F¥ > 3k EL v BL 45 ! <5 block motion FK #_true motion
2516)° F - BENRETEK > Fadls 8 b+ o so e IE:

rE(Sl)_rB(Sl)
= 1(s,) =1 (s, +v,) =iy (5,49, ) —[1(s0) — I (5, + V) =71, (s, + V)] (5.17)

= I(s,+v,) =1 (5, +v,) = Tig(s; + v, )+ (s, +V,)

2538(5.16)¢ g - BENTF S ELF F Inter-Layer Residual Prediction P# #74%% |
en§_# i {4 eh BL residual signal> #7278 % 4 J& BL current frame OP i = quantization
error o % = 1 ¥ 3% d >t 3K residual signal v quantization error 2. & fb = > #7123 HE
TR 3F 5 % o F1EL v BL e QP ¢ # 3F quantization error [ 4p B |+ > ¥ BE{c gL jEE
» AR EFF > 700N ¥ quantization error correlation E_& 5

R") (s.5)=p, 0,0, (5.18)

238 (5.18)mR £ AL ¢ s e Ly ¥ s, % quantization error ¥ 51 correlation 0 Ly Ly
% 5t Layer» ¥ it » B & E 4 %] % 7+ BL & EL e current frame- 4- % £_% Layer eireference
frame » B § % 7 5 B & E » £ BL & EL tireference frame  # 5 I & 22 7 | & 51 noise
MARR S R e o #7002 8 (5.18) ffe & ¥ noise AR B BB po ko T o Aok B B K B oy
% 5% 0 F]P ¥ -2 58(5.16) ¢ “E[noise] & T =
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E[noise]
= Ry (5,5,) + Ry (5,5,) + Ry (51,8,) = Ry (5, + v, +vp) = R (5, + v, +v) (5.19)

+vp—

s,=vglh [lsy+vg=s;=vell
O' O- =P, O-EJI;’

n

— A=l 2 llsy =521k llsy =5l 2 lIs;
- pn O—E +pn O-E +pn Op -pn'

d *t % currnet frame ¢ X Bk noise {r reference frame * % B noise 4P B 1 = i
MERBER S 00 28Gl6)HF = BENERBEANGA) Fe BESNT L7 o0
(5.5) »

The same mode:

E[(ry(s,) = rp(s,) = ny (s (5,) = 15 (5,) = 15 (s,))]
=E[(I(s,+vy)—1(s,+vy+v, ) =7 (s, +Vy +V )+1,(s +Vy)—n,(s))

(I(s, +vy) = L(s, +vy +V,) =71, (5, + vy +v,) +ii5(s, +,) —1,(s,))]

= EM[E,[IN(S1 +vB)I~(s2 +vB)—I~(s1 +v, +vn)1~(s2 +v,)

—I(s,+ v, +v ) (s, +vy)+ (s, +v, +v,)I(s, +v, +v,)]]+ E[noise] (5.20)
=E [R; (5,4 vy, 8, +vy) =Ry (s,+ vy +v,,5, +vy)

—R (8, + vy +v,,8, + V) + R8s+ v, 4, .5, + v, +v,)]+ E[noise]

40', .
E, [x, 1+ E[noise]
z MESEY)| ]

[ —
()

239(5.20)7 3k EL = BL 4p = mode 2. & F 7 Inter-Layer Residual Prediction i
¥ —,’f-! residual covariance » % — B ¥ ;84345 0 T BE > Bendls) R E k|3 o s R IR T
Z
4

J& BL QP i# = £ quantization error:

1 (8,) = rg(s))
=I(S1)_1~(Sl+VE)_ﬁE(S1+vE)_[I(S1)_IN(S1+VB)_ﬁB(S1+vB)] 501
:j(sl+VB)_j(S1+VE)_ﬁE(S1+VE)+ﬁB(S1+VB) 21

=I~(sl +VB)—i(S1 Ve v )= (s, vy +v )i (s, +Vy)

1% EL4eBL 7 QP 7 I > #7147 i3 MC # émotion » ¥ &t # F > ¥, 5 % & motion
- BREW R BE ve= (T Yn) o ¥ 2 B % ;N EEXK residual signal fr
quantization error > > F=Z BEFNIRFLONGA) > Fr BENAT LT 258065 [

Elnoise]' &t 8 B2 511 T 2 5%
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Elnoise]
= Ry (5,,5,) + Ry (5,,5,) + Ry (s,,5,)

s, +vB)—R(”~)(S1 +V5,8, +V, +V,)

_pn)
R (s, +vy+v i

n’

- 2 - 2 - 2 - gy —
— pll‘sl 3k GE +pll\sl 53l O-g +p\’151 53l O-B _E[pHsl SVl ]O-E_GB _E[p\’lfl 53—V, ]O-E'UE

'
n

(5.22)

237(5.22)% > Un = (TnsYn) » T Unam 0 4l Rl BB B PE G S 0 - BB 4 TP

o E A~ 47 ¢ F 7 Inter Prediction FF Multi-Layer Scalable Coding fv
Single-Layer Coding 7% %] » #.*" Multi-Layer Scalable Coding &/ % % Jg Inter-Layer
Prediction. - fr#-#t Single-Layer Coding %n#§ B #2174 %] ¥ 3 Figure 5.2 ciistep 1 » 2R {8
¥ B i {7 step2 {r step3 e
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5.2. Theoretical Data and Model Analysis

F] % 3K fAp P sequence 12t iF
A F TR e Bk L Table 5.2
e g &4+ Mode Decision #7%] % & {7 4 7 >

B 141 * model & {7 { Flwmenfz R o

5 s 9710 I8 2 A 47 PF 4535 B mode 7"9 e mz"&&
T8 A 4 R Bk T
BRI /u»\#‘rm'*%frﬁ?v ri,mq\@ ;; L,

5 f Table 5.3 °

Table 5.2 : "% F ALiplsdig &

H.264/AVC

f247 & * ) frame #&

QCIF :15~7.5~3.75
CIF:30~15+75

mode i # 16x16 ~ 16x8 ~ 8x16 ~ 8x8
Intra ¥ #p -1

HF §F 32
#F A i Full Search

Table 5.3 12224 & 47 P 15 2
Single—Layer Coding Multi-Layer Coding

intensity variance o7 100 1000
motion variance &2, 25 100
Positive number K 150 150
correlation between two 0.9 0.9
motion Pm,
correlation between two noise | 0.3 0.3
in EL pn
correlation between two noise | 0.6 0.6
between EL and BL .,
Motion Rate rational value No Motion Rate
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5.2.1 Experiment 1

PR B BELEIL S~ 17 ¢ QP # Mode Decision 982 58> I # Single-Layer 3 &]+ o7
B ERLIL o THA A 45 S Bic ) K %5 Table 5.3 1K %o @ % R-D B8 E
f # Mode Decision FF - {7 5T/ N #%F > © ¥ sequence ¥ & — 5k frame 35457 F mode
pF& 1 pixel (T 2 R-D o

QCIF ice framerate 15 Maodel
40

40

354
354

30 4

30 4 25

PSHR
PSNR

25 1 &

—— 16x16
«— 168
+ Bx1B
—a— B

20 ! | T . T 10

‘ ‘ .
00 05 10 15 20 25 30 0.0 0.2 04 oe 08
Pate Rate

(a)QCIF ice frame rate (b)) & 7
Figure 5.5 Rate-PSNR curve

Figure 5.5(a)® =+ B 2% 7 % QP 7 Rate-PSNR » % 7 * i +* f& » ¢ — i%¥ Rate-PSNR
curve i QP B Ig 5 5o BLEF S T4z d B} » § QP 2+ pF » 16x16 mode 57 PSNR %
%% Rate 3 & 55 > #7TipPFizEH 16x16 it 7 B E b rcic o APl g1 > BL%
¥ ¢ B o PSNR 45317 37 P ¢ 548 8x160 A7 % QP d ~ %) pF o gibrbrenE i H s &
| pmimode o ik A 47 Y X T ORI EE ABS > F1 5 2 5%(5.15) ¢ Distortion 4§ QP
@ e o 2702 Figure 5.5(b)® 4p ¢ QP T n@k > #7F Rate # > ¢ mode )]*uiﬁnl% ST Ae B
#mode » BLE = ¢ BIP > P A QP {4 PF € iEH 16x16 0 QP d < %] PF o Brbriet
#FH s modee AT AE Y A7k 1120 model ¥ 12 A QP R PFHEE A Ap i F B IR
Mode Decision °

12 model ~ 47 QP ¥+ Mode Decision =382 5% gLz 2 35(5.1)e(A)$R ~ » F] & block

center =% ¢ “imode # FF @ F £ %|e &7 F mode FFK T %¥ep,,, 02,07, K- > F"J 16x16
t(A)FRA e ¢ B~ 0 8x8 e k-] v (B)FN A4 R % I reference frame QP #25H ~ ] »
(A)fe(B)FR & ertp 3 v- &P Bg B2 58 F Mode Decision° § QP %] B> (A)FR A Edi~ - (B)
fi-] > 3 mode PF e covariance v ) F £ B < QP < FF o (B)IRA Bkt o BEA
e mode 7 covariance ‘" | £ £ %] o it {7 DCT #&# > B) B F¢ & ¢ 2DC &E >

R IR
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syta s,ta sy+ta o s ta du+a d1,2 d, - due

S, ta  s,ta s, ta d,, d,, d,
Ux| 85, +a s,+a sy+a : xU'=| d,, d, d, : (5.23)
Si6,1 t+a S16,16 +a d16,1 d

16,16

£(5.23)" sup > dap & 77 mfﬁ;{) 4 (5.1)5(A)R% & » * 4 Jg noise = spatial domain
residual covariance f= DCT domain residual covariance > 5 7 f§ i* % £ E 42 > #{(B)F A =’§r§
Bk 5 a2 7@ DCT s £ 8¢ A DC & 47 4 reference frame QP %+ P >DCT domain
7 DC B¢ { * > 4% BEI4p ke o Distortion» DC £ ~ ¢ DC &% & { %«
Bit-Allocation » i&m 3 = MB ¢ & § % ¢« Rate -
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5.2.2 Experiment 2

BI2 k4 7 ¢ F {7 Inter-Layer Residual Prediction’ #.% BL mode ¥+ EL # mode
Decision 38 550 &_F foF % H-wdg iz BLmode 7 Fr pF> 3 ¥ § 7 — #& < BL residual
signal » d ** EL 9 7 Inter-Layer Residual Prediction p¥ & /g 33 BL residual signal > # 7+
g %] BLmode # F @ i-3 7 — & 11 BL residual signal > & @ 82 %% Mode Decision > #] SVC
# * BUEC » £+ %_BL mode > £ /- %_EL mode > #*7/Z = BL mode H 7 2. * L& F {7
Inter-Layer Residual Prediction 7 EL mode R-D #%it » @ #f % ¢ ¢ Rate % 7+ Residual
Rate » # ¢ 7z Motion Rate -

BL 16x16 BL 16x8
38 1 38
36 36
o o
5 5
2 2
34 4 34 4
—e— EL 16x16
3 4 —e— EL 16x16 32 EL 16x8
EL 16x8 EL 8x16
EL 8x8 —=— EL 8x8
T T T T T T
0.8 1.0 1.2 14 0.8 1.0 1.2 1.4
Rate Rate
(a) (b)
BL 8x8
38 q
36 q
x
z
7]
a
34
—e— EL 16x16
%2 EL 16x8
EL 8x8
0.8 1.0 1.2 14
Rate
(c)

Figure 5.6(a)(b)(c) = BL mode # 2. * # F EL mode 7 R-D #x it
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Figure 5.6 * > BLmode @ (5% % > %1 EL %% F 1 Inter mode & § {7 Inter-Layer
Residual Prediction 7 Rate-PSNR & 42 > figure ® %7 7 § BL mode # — & P¥ > Mode
Decision =g B P &8 2 fe o o @ 5 chlicdyp 787 02 cndB % o

¥ model i& {7 4~ 47 > & _model P fZ§# Figure 5.7 chig % o BLE 2 58(5.16)(A)
Fh4 2 ¥ g 4 EL fv BL mode sblock center = ¥ F25(A) & > § mode i £ (HAX
< T A_16x8 fr 8x16 TE_,T&%% v % A_16x16 - 16x8 > Tﬁ_iﬁ»}fﬁﬁ‘ﬁi']‘ 7> @ 4p P mode
IR 4 R 2 58(5.20) 0 B g S r i epiE 0 B @ F S %38 4 0] EL 4o BL mode
% ¢ ¥ EL mode = BL mode 7 block center sijE#f o
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5.2.3 Experiment 3

QP Difference (QPD)# 7+ EL v BL & QP thZ {8 » }* F % & LR A 36~ 73 )
32 25 4 47 ¢ QPD % Inter-Layer Residual Prediction 782 58 - %] & QPD Ar residual signal
a3 - TR E 0§ QPD /) hpFiE > EL fr BL iaresidual signal 4p B 2.3 > &P §
{7 Inter-Layer Residual Prediction ¥ ic ¢ ¥ 3| { 4 7 R-D #ziv o 4 QPD fx = p¥ » EL {r
BL ¢ residual signal 4p B 1433 > i pF iz F {7 Inter-Layer Residual Prediction 7 R-D % it ¥
it # vt Single-Layer Codinge #7141 & % § {7 Inter-Layer Residual Prediction’ 4 %] B~ QPD
EA 246 Rrvtfo Hs K 30 Table 53 N % - % > @ ~F % ¢ o Rate & 7
Residual Rate » # ¢ %z Motion Rate -
BL% Figure 5.7 > 3% QPD ehig4%-| » & £ EL £ 5|4p F 7 PSNR » R Rate 7%
ARG 0 F 2 R e e R EERAE S S o

BL 16x16 EL 16x8

m BL 16x16 EL 8x8
40
- gggi —e— QPD2
%1 QPD6 38 QPD 4
QPD 6
36 36 4
['4
= g
@ 1)
o o
34 34 4
32 4 32 A
30 T T T T 30 T T T T
0.8 1.0 1.2 1.4 1.6 1.8 0.8 1.0 12 14 1.6 1.8
Rate Rate
(a) (b)
BL 16x8 EL 16x8 BL 16x8 EL 8x8
40 40
—e— QPD2 —— QPD2
| QPD 4 QPD 4
* QPD 6 % QPD 6
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5.2.4 Experiment 4
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5.2.5 Experiment 5
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Chapter 6. Conclusions
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