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Motivation

A Image and Video Compression
I Raw Visual Signaluge Amounts of Data Rate

I Compression Technologies
A Spatial Redundancy: Discrete Cosine/Wavelet Transform (DCT/DWT)
A Temporal Redundancy: Motion Estimation and Compensation (ME/MC)
A Statistical Redundancy: Huffman Coding and Arithmetic Coding

A New Challenges
I Heterogeneous Environmerg.Diverse Devices
I FrameBased Approacts.ContentBased Approach

A New Technology Trends
I Scalable Codin@ncoding Once, Decoding Multiple Times
I ObjectBased Codin@ontentBased Retrieval and Indexing
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Introduction Motivation
Related Work
Research Objectives
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Related Work

A Embedded Image Coding
I Still Image Coding Standard®EG, JPEG2000
i Embedded Wavelet Image CodimyW SPIHT, SPECK, EAB@), TCE

A Scalable Video Coding
I PastVideo Coding Standart#PEGL/2/4, H.261/2/3,H.264/AVC

I Technologies Considered within MPEG/VCEG SVC.
A H.264/AV@ased JSVMs.Waveletbased SVC

A ObjectBased Coding

I DCT SchemekPEDCT and SBERCT in MPE&

I Wavelet Schemes
A Image Object CodinGAZTE, OBPIHT, OBPECK, SArp
A Video Object CodinyOW, 3D SPIHT with AROSDIBESCOT
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Research Objectives

A Coding Efficiency
I To minimize the distortion under a given bit budget

i Distortion Measurement
A Objective Evaluation: PSNR
A Subjective Evaluation: Visual Reconstruction

A Scalability Functionality

I Quality Scalability

I Spatial Scalability

I Temporal Scalability (for video)
A ObjectBased Coding

i Still Image Object Coding
I Video Object Coding
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Part I ObjectBased Scalable Wavelet Image Coding using Wavelet Packet Transform
using Directional Wavelet Transform

Outline

A Part | ¢ ObjectBased Scalable Wavelet Image Coding
A using Wavelet Packet Transform
A using Directional Wavelet Transform
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Part I ObjectBased Scalable Wavelet Image Coding using Wavelet Packet Transform
using Directional Wavelet Transform

General Framework of Image Object Coding

2-D Wavelet Transform Modeling and Arithmetic
and Quantization Ordering Coding

Bitstream

¢

A Three Stages
I Transformation and Quantization
A Wavelet Packet Transform, Directional Wavelet Transform
I Modeling and Ordering
A New Context Classification aquadtree Ordering
I Entropy Coding
A Classical Context Adaptive Arithmetic Coding
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Part I¢ ObjectBased Scalable Wavelet Image Coding using Wavelet Packet Transform
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Context Classification

A Modeling

i BitplaneCoding
A refer to AppendixA

Significancélodel
A the significance bit fonew coefficient given a threshold
A 9 contexts for Zero Coding in JPEG2000

SignModel
A the signbit for newly identified significantoefficient
A 5 contexts for Sign Coding in JPEG2000

Magnitude Refinementodel
A the refinement bit for significantoefficientin previous threshold
A 3 contexts folRefinementCoding in JPEG2000

A Traditional Significance Modeling

I Based on Context Template
A 3x3 template in JPEG2000: too small to exploitthe correlation
A Larger template: more complicated context extraction
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Context Classification

A Proposed Significance Modeling
I Based on Context Classification

Significance Probability Estimatio
by 9X9 FIR filter (Append)

Context Classifier based on optim:
scalamuantizerusingLloydMax

Context Adaptive Arithmetic Codin
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Part I¢ ObjectBased Scalable Wavelet Image Coding using Wavelet Packet Transform
using Directional Wavelet Transform

Quadtree Ordering

A Ordering

T itis preferable to encode and transmit the most significant coefficients as early as possible.

A Quadtree Ordering Based on Complete Quadtree Representation
T which offers an elegant way to effectively trace down to the location of significant coefficients

B Best basisnode
B INSIDE node
O OUTSIDE node

(b)
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ShapeAdaptive Wavelet Packet Transform {&/#T)

A Wavelet vs. Wavelet Packet

A

(@) (b)

Figure : (a) Wavelet Packet Transform, (b) Corresponding Wavelet Packet Tree (Basis)

A Best Basis Selection for SYPT
I new cost function based on quadtree representation
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Experimental Results

A Test Conditions
I Foreground objects of the frame 0 from the CIF sequefggsendixC)
i Five decomposition levels afdhubechie®/7 filter
i Bit costs are only for texture coding, excluding shape coding

Table 2.1: PSNR comparison for the foreground object of Akiyo

Coder Bit Rate (bpp) | PSNR (dB)
SA-DCT 1.0042 37.09
SA-ZTE 0.9538 38.06
OB-SPIHT 1.0 39.35
OB-SPECK(bin) 1.0 37.55
OB-SPECK(ac) 1.0 40.00
OB-EZBC 1.0 40.19
SA-Tarp 1.0 39.58
OB-CCAQO 1.0 40.73




Part I¢ ObjectBased Scalable Wavelet Image Coding using Wavelet Packet Transform
using Directional Wavelet Transform

Experimental Results

Table 2.2: PSNR evaluation for the foreground objects, in dB

Image Object

Akivo

Bream

Bit Rate(bpp)

0.25

0.5

0.75

0.25

0.5

0.75

OB-SPIHT

29.45

33.59

36.64

24.22

26.89

28.86

OB-SPECK

29.84

34.15

37.35

24.49

27.21

29.33

SA-Tarp

29.50

33.53

36.71

24.46

27.32

28.99

Case 1

29.88

34.42

37.69

24.56

27.48

29.45

Case 2

29.91

34.54

37.85

24.59

27.50

29.51

OB-CCAQO

29.93

34.55

37.87

24.65

27.61

29.75

Image Object

Chil

dren

News

Bit Rate(bpp)

]
o

0.5

0.75

1.0

0.25

0.5

0.75

OB-SPIHT

B
—_—

23.03

25.19

27.31

25.06

29.19

32.43

OB-SPECK

23.86

26.20

28.24

25.26

29.56

32.83

SA-Tarp

Laf Lo

23.81

26.33

28.18

25.28

29.37

32.01

Case 1

e

23.95

26.53

28.48

25.44

30.04

33.35

Case 2

1| ~1| =1| =1

(=]

23.98

26.57

28.51

25.60

30.29

33.52

OB-CCAQO

24.13

26.74

28.62

25.62

30.30

33.56

*Case 1: dyadic wavelet transform, instead of wavelet packet transform
Case2: the entropy criterion as a cost function for best basis selection
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using Directional Wavelet Transform

Motivation and Objective

A Motivation

I Natural images often contain richly directional attributes
A such as linear edges, in neither horizontal nor vertical direction
I 2D wavelet transform involves two separable 1D transform
A separable 1D horizontal/vertical transform
A large magnitude in those highequency coefficients of edges

I Lifting ScheméSweldens1996]
A an efficientimplementation of DWT with low memory and complexity

A Obijective

i To exploit the directional attributes of the image object for the
purpose of more efficient waveldiased image object coding




Part I ObjectBased Scalable Wavelet Image Coding using Wavelet Packet Transform
using Directional Wavelet Transform

Problem Statement

A Different Lifting Scheme&gppendixD)
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@) (b) (©)
(a) Conventional Lifting, (b) Adaptive Directional Lifting JADLWeighted Adaptive Lifting (WAL)

\\/

A Problems existing in ADL Schemieg2007]
I Mismatch between predict and update step
I Interpolation favoring only horizontal/vertical direction
I Invariant interpolation filter coefficients for all images
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Weighted Adaptive Lifting (WAL) Scheme

A Weighted Function

fi(x,)= zk W, X [m+Am, ,,n+An, ], under the constraint W,= Wi =1 (3.10)

dlm,n]=x_[m, n]+21_ pi QWX Im+Am, .n+An, | (3.14)
clm,n]=x,[m,n +Z » lewjld m+Am,,,n+An,,| (3.15)

A Directional Interpolation - -
TABLBDirectional Interpolation Filter

(h5.h2) 4\ bilinear Y, (-4,-5,65,25;5,-12)/64
(h hy ho hl)»‘ Telenor 4-tap Yo (-8,-10,50,50;10,8)/64
% (-12,-5,25,65;5,-4)/64 s @ ®

YA N T Y

A Adaptivelnterpolation Filter (AIF) ]

W, =argmin E[(x,[m,n]+ ) p, > W,x [m+Am, n+An )], for —L<I<L-1,  (3.19)
This minimization problem can be solved by the Wiegdepfequation(AppendixE)
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ShapeAdaptive WAtbased Wavelet Transform

A Weighted Adaptive Lifting in ObjeBased Coding

I works well for single lifting stage, such as (6,6);3filters

I over/underweighted problems for multiple lifting stages, such as-& filter
A overweighted problem: only for update step
A underweighted problem: both for predict and update steps

A Arbitrary-Shaped Weighted Predict Operatof;

x Reason: some pixels are located outside the object

(paired pixeldg candh, )

Case 1: both of kg , hy > inside object: no problem

Case 2: oneof <hg, hy > inside object: symmetric extension .,

Case 3: both of Ky, , hy (> outside object: padding o e o
)TN T T T
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ShapeAdaptive WAtbased Wavelet Transform

A Arbitrary-Shaped Weighted Update Operator

x  Reason: does not fulfill the constraint conditiod w,, =1

x  Solutions to over/undeweighted update problems
c[m,n]=x,[m, ”]+Z . J{,B Z,Wﬂd m+AmJ,,n+Anj7,]+}/j} (3.26)

I Case 1) oveweighted: with the normalizedparameters

1 1 e e
ﬂ_le__pﬂo:WO,}/_l:}/O:O, if W21 and Wy>1  (327)

I Case 2) oveunderweighted: with symmetricextension compensatgoarameters

ZWWO Bo=1Ly,=y,=0, if W,>1 and W,<1
1

- 7 (3.27)
ﬂ —lﬂo W :}/— 70:07 l.f l77—1<1 and I?021

L 0

b=

i Case 3) undeweighted: with the inversedirection compensategarameters
ﬂ—l :ﬂo = 1:7]' = (1_VVj)DAZm—)2(m+j)+1(d)[m+.j7n]7 l.f 17—1 <1 and 17() <1
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Experiential Results

A Test Conditions

I Two Platforms: ObjeaBased JPEG2000 and ObjBased CCAQO
I Three decomposition levels, 54ap and 9/#ap filters
I Only transform module is replaced by different wavelet transforms

A SADWT (Wavelet), SWPT(Wavelet Packet), S¥AL (Direction Wavelet)

OB-JPEG2000 Platform OB-CCAQO Platform
Image Bit Rate 5/3-tap filter 9/7-tap filter Image |Bit Rate 5/3-tap filter 9/7-tap filter
Objects (bpp) SA-DWT | SA-WAL || SA-DWT | SA-WAL Objects (bpp) [|SA-DWT|SA-WPT |SA-WAL||SA-DWT |SA-WPT |SA-WAL
0.125 25.83 25.90 26.86 26.91 0.125 26.77 26.77 | 26.82 26.84 26.84 | 27.00
Akiyo 0.25 29.21 29.68 29.89 30.16 Akiyo 0.25 29.42 2042 | 30.25 30.12 30,12 | 30.46
Foreground 0.5 33.21 33.96 34.09 34.48 Foreground | 0.5 33.57 3357 | 34.25 34.48 34.48 34.79
1.0 39.29 39.71 40.10 40.12 1.0 39.53 39.53 | 40.35 40.60 40.60 | 40.65
0.125 21.68 21.69 22.06 22.09 0.12f 21.84 21.86 | 21.86 22.30 22,42 | 2237
Bream ).25 23.31 23.73 24.44 24.48 Bream ).25 23.83 23.85 23.98 24.53 24.82 24.63
Foreground 0. 26.17 26.70 27.09 27.28 Foreground | 0. 26.02 26.31 26.61 27.45 28.00 27.59
1. 30.80 30.89 31.64 31.67 1. 30.56 30.86 | 31.03 31.91 32.55 | 3195
0.125 32.15 32.20 32.76 32.95 12 32.40 3240 | 32.61 32.42 3242 | 32,50
Foreman ).25 35.70 35.89 36.39 36.49 Foreman . 36.02 36.02 | 36.36 36.35 36.35 | 36.44
Foreground 0. 39.84 40.11 40.54 40.66 Foreground . 40.00 40.00 | 40.54 40.77 40.77 | 40.96
1. 44.25 44.34 45.23 45.31 1. 45.18 4518 | 45.54 45.89 45.89 | 45.93
12! 26.47 27.73 27.80 28.93 12 27.39 27.39 | 28.97 27.80 2778 | 28.73
Foreman . 30.11 31.75 30.82 32.65 Foreman . 30.22 30.22 | 32.52 30.82 30.84 | 32.68
Background . 33.68 35.36 34.31 35.97 Background . 33.36 33.36 35.57 34.26 34.40 36.04
1 38.14 39.35 38.76 39.81 1. 37.61 37.61 39.70 38.76 38.81 39.99
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Experiential Results

Visual comparison of the reconstructed Foreman foreground object at bit ratedp@wvith
9/7-tap filter on OBIPEG2000 platform.

N o 7; J .';‘, - _' A
(a) SADWT, PSNR=36.39 dB, (b) SAWAL, PSNR=36.49 4B g
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3-D ObjectBased Scalable Wavelet Video Coding

. : : 3-D ShapeAdaptive Directional Wavelet Transform
FEI S QlEsseReer Selelle WarEE Ve el Fast IHBgnd I\/IFL)JItPResqution Motion Estimation

Outline

A Part Il ObjectBased Scalable Wavelet Video Coding

A 3-D ObjectBased Scalable Wavelet Video Coding
A 3-D ShapeAdaptive Directional Wavelet Transform
A Fast InBand MultiResolution Motion Estimation
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