
Object-Based Scalable Wavelet
Image and Video Coding

LIU Yu

Department of Electronic Engineering

The Chinese University of Hong Kong

Email: yuliu@ee.cuhk.edu.hk

http://www.ee.cuhk.edu.hk/~yuliu

Object-Based Scalable Wavelet Image and Video Coding 1LIU Yu,  Ph.D. Oral Defense,  June 20, 2008

Ph.D. Oral Defense, June 20, 2008



ÅProf. NGAN King Ngi (Thesis Advisor)

ÅMembers of VSPC Lab
Prof. TSUI Hung-Tat and Prof. BLU Thierry

Fellow Students and Colleagues

ÅThesis Committee
Prof. CHAM Wai-Kuen (EE, CUHK)

Prof. LEE Tan (EE, CUHK)

Prof. HANG Hsueh-Ming (CSIE, NTUT)

LIU Yu,  Ph.D. Oral Defense,  June 20, 2008 2Object-Based Scalable Wavelet Image and Video Coding

Acknowledgment



ÅIntroduction

ÅPart I  ςObject-Based Scalable Wavelet Image Coding

ÅPart II ςObject-Based Scalable Wavelet Video Coding

ÅConclusions & Future Work

ÅQ & A

LIU Yu,  Ph.D. Oral Defense,  June 20, 2008 3Object-Based Scalable Wavelet Image and Video Coding

Outline

Introduction
Part I ςObject-Based Scalable Wavelet Image Coding
Part II ςObject-Based Scalable Wavelet Video Coding

Conclusions & Future Work



Å Image and Video Compression

ïRaw Visual Signal: Huge Amounts of Data Rate

ïCompression Technologies

ÅSpatial Redundancy: Discrete Cosine/Wavelet Transform (DCT/DWT)

ÅTemporal Redundancy: Motion Estimation and Compensation (ME/MC)

ÅStatistical Redundancy: Huffman Coding and Arithmetic Coding

ÅNew Challenges
ïHeterogeneous Environment vs. Diverse Devices

ïFrame-Based Approach vs. Content-Based Approach

ÅNew Technology Trends
ïScalable Coding: Encoding Once, Decoding Multiple Times

ïObject-Based Coding: Content-Based Retrieval and Indexing
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ÅEmbedded Image Coding

ïStill Image Coding Standards: JPEG, JPEG2000

ïEmbedded Wavelet Image Coding: EZW, SPIHT, SPECK,  EZBC, Tarp, TCE

ÅScalable Video Coding
ïPast Video Coding Standards: MPEG-1/2/4, H.261/2/3, H.264/AVC

ïTechnologies Considered within MPEG/VCEG SVC:

ÅH.264/AVC-based JSVM vs. Wavelet-based SVC

ÅObject-Based Coding
ïDCT Schemes: LPE-DCT and SA-DCT in MPEG-4

ïWavelet Schemes

ÅImage Object Coding: SA-ZTE, OB-SPIHT, OB-SPECK, SA-Tarp

ÅVideo Object Coding: VOW, 3-D SPIHT with AROS, 3-D OB-ESCOT 
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ÅCoding Efficiency

ïTo minimize the distortion under a given bit budget

ïDistortion Measurement
ÅObjective Evaluation: PSNR

ÅSubjective Evaluation: Visual Reconstruction

ÅScalability Functionality

ïQuality Scalability

ïSpatial Scalability

ïTemporal Scalability (for video)

ÅObject-Based Coding
ïStill Image Object Coding

ïVideo Object Coding
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Å Three Stages

ï Transformation and Quantization

ÅWavelet Packet Transform, Directional Wavelet Transform

ïModeling and Ordering

ÅNew Context Classification and QuadtreeOrdering

ï Entropy Coding

ÅClassical Context Adaptive Arithmetic Coding

Part I
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ÅModeling
ïBitplaneCoding

Å refer to Appendix-A

ï SignificanceModel
Å the significance bit fornew coefficient, given a threshold

Å 9 contexts for Zero Coding in JPEG2000

ï Sign Model
Å the signbit for newly identified significantcoefficient

Å 5 contexts for Sign Coding in JPEG2000

ïMagnitude RefinementModel
Å the refinement bit for significant coefficientin previous threshold

Å 3 contexts for RefinementCoding in JPEG2000

ÅTraditional Significance Modeling
ïBased on Context Template
Å3x3 template in JPEG2000: too small to exploit the correlation 

ÅLarger template: more complicated context extraction
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ÅProposed Significance Modeling

ïBased on Context Classification
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Å Ordering
ï it is preferable to encode and transmit the most significant coefficients as early as possible.

Å Quadtree Ordering Based on Complete Quadtree Representation 
ï which offers an elegant way to effectively trace down to the location of significant coefficients
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Figure. (a) Quadtree structure of best basis, (b) Complete quadtree representation of wavelet coefficients of arbitrary shape object



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

(a) (b)

ÅWavelet vs. Wavelet Packet

ÅBest Basis Selection for SA-WPT
ïnew cost function based on quadtree representation
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ÅTest Conditions

ïForeground objects of the frame 0 from the CIF sequences (Appendix-C)

ïFive decomposition levels and Daubechies9/7 filter

ïBit costs are only for texture coding, excluding shape coding
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Case 2: the entropy criterion as a cost function for best basis selection

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



ÅMotivation

ïNatural images often contain richly directional attributes

Åsuch as linear edges, in neither horizontal nor vertical direction

ï2D wavelet transform involves two separable 1D transform

Åseparable 1D horizontal/vertical transform

Ålarge magnitude in those high-frequency coefficients of edges

ïLifting Scheme [Sweldens1996]

Åan efficient implementation of DWT with low memory and complexity

ÅObjective
ïTo exploit the directional attributes of the image object for the 

purpose of more efficient wavelet-based image object coding
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ÅDifferent Lifting Schemes (Appendix-D)

ÅProblems existing in ADL Scheme [Ding2007]

ïMismatch between predict and update step

ï Interpolation favoring only horizontal/vertical direction

ï Invariant interpolation filter coefficients for all images
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ÅWeighted Function

ÅDirectional Interpolation

ÅAdaptive Interpolation Filter (AIF)

This minimization problem can be solved by the Wiener-Hopfequation (Appendix-E)
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ÅWeighted Adaptive Lifting in Object-Based Coding 
ï works well for single lifting stage, such as (6,6), 5/3-tap filters

ï over/under-weighted problems for multiple lifting stages, such as 9/7-tap filter

Å over-weighted problem: only for update step

Å under-weighted problem: both for predict and update steps

ÅArbitrary-Shaped Weighted Predict Operator
× Reason: some pixels are located outside the object

(paired pixels h0,k and h1,k)

ï Case 1: both of <h0,k  , h1,k > inside object: no problem 

ï Case 2: one of <h0,k  , h1,k > inside object: symmetric extension

ï Case 3: both of <h0,k  , h1,k > outside object: padding
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ÅArbitrary-Shaped Weighted Update Operator

× Reason: does not fulfill the constraint condition

× Solutions to over/under-weighted update problems

ï Case 1) over-weighted: with the normalizedparameters

ï Case 2) over-under-weighted: with symmetric-extension compensated parameters

ï Case 3) under-weighted: with the inverse-direction compensated parameters
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ÅTest Conditions
ï Two Platforms: Object-Based JPEG2000 and Object-Based CCAQO

ï Three decomposition levels, 5/3-tap and 9/7-tap filters

ï Only transform module is replaced by different wavelet transforms

ÅSA-DWT (Wavelet), SA-WPT(Wavelet Packet), SA-WAL (Direction Wavelet)
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(a) SA-DWT, PSNR=36.39 dB, (b) SA-WAL, PSNR=36.49 dB

Visual comparison of the reconstructed Foreman foreground object at bit rate 0.25 bppwith 
9/7-tap filter on OB-JPEG2000 platform. 
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