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Abstract ― A lifted wavelet-based compression scheme 
with effective image-column random access for coding im-
age datasets is proposed. This image dataset compression 
scheme is based on the approach of a lifted wavelet trans-
form combined with embedded block entropy coding. This 
approach is adapted to compressing the image datasets 
used for image-based virtual environment navigation and 
facilitating a column random access mechanism. A specific 
data structure is designed to achieve efficient compression 
and accommodate column random access. The code stream 
syntax is constructed to efficiently assemble bit streams 
corresponding to the designed data structure. The two-
level index tables in the code stream are used to assist ran-
dom access. This image dataset compression scheme fea-
tures a proper compromise between the coding efficiency 
and the random access flexibility, and thus ensures fast in-
teractive image rendering. It reduces the decoding delay, 
simplifies the implementation of a random access mecha-
nism and easily facilitates real-time image decoding. Ex-
perimental results of the software implementation of this 
image dataset compression scheme show its superior cod-
ing performance over the standard JPEG and JPEG 2000 
schemes. 
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I.    INTRODUCTION 
    
    An image-based virtual environment navigation 
system can provide users with realistic and immersive 
exploration experiences of real-world environments 
by making use of image-based rendering (IBR) tech-
niques. IBR takes image datasets rather than conven-
tional geometric models as primitive inputs to synthe-
size photo-realistic novel views. The image datasets 
constitute the fundamental database for image-based 
virtual environment navigation. They involve a large 
amount of data. Compression of the image datasets is 
crucial to reducing the required storage space and 
transmission bandwidth and putting image-based vir-
tual environment navigation into practical use. 
    Wavelet transform proves to be an effective and ef-
ficient technique for image and video sequence com-

pression. The ability to provide spatial, temporal and 
quality scalabilities makes wavelet transform more at-
tractive for some applications with scalable coding 
requirements. However, wavelet-based compression 
schemes have complex implementation structures due 
to the use of filter banks for wavelet analysis and syn-
thesis. The development of the lifting scheme [9] 
greatly alleviates this problem. It leads to faster, 
memory-saving, in-place wavelet decomposition and 
reconstruction and makes wavelet transforms more 
feasible for practical applications. For this reason, the 
lifted wavelet transform is adopted in JPEG 2000 [4] 
as a standard coding technique for still image com-
pression. The wavelet transform needs to combine 
with an effective entropy coding approach to form an 
efficient compression scheme. Embedded coding is a 
desired feature of the entropy coding algorithms to 
obtain the target output bit stream rates and control 
the distortion of the compressed images. Shapiro [7] 
developed the embedded zero-tree wavelet algorithm 
(EZW). It is based on the hierarchical subband de-
composition of the wavelet transform, and generates a 
fully embedded bit stream by assembling codes in or-
der of importance. Said and Pearlman [6] offered an 
alternative exposition of the EZW principles. They 
proposed a new extension and implementation of 
progressive embedded encoding through set partition-
ing in hierarchical trees (SPIHT). 
    Compression of the image datasets used for image-
based virtual environment navigation is quite differ-
ent from the conventional problem of generic image 
and video sequence compression. Some special re-
quirements for compressing the image datasets need 
to be satisfied. The interactive mode of image-based 
virtual environment navigation requires fast image 
synthesis enabled by efficient random image access 
and decoding. Some compression schemes for image 
datasets have been proposed based on the wavelet 
transform. Luo et al. [5] presented a wavelet-based 
compression scheme for coding concentric mosaic 
image datasets. To support random access to the 
coded image dataset and minimize the relevant com-



putational expense, Wu et al. [11] proposed the pro-
gressive inverse wavelet synthesis (PIWS) scheme. 
As an effort to further exploit the cross-image redun-
dancy and improve the coding efficiency of the wave-
let-based compression scheme, a smart rebinning 
scheme is presented in [12]. Girod et al. [3] applied 
wavelet transform for coding light field image data-
sets. They developed a novel approach with a dispar-
ity-compensated lifting scheme. EZW and SPIHT are 
important embedded coding techniques widely ap-
plied in wavelet-based compression schemes. They 
exploit the inter-subband redundancy to enhance the 
compression efficiency. However, this restricts the 
random access flexibility to coded image datasets. 
Taubman [10] developed an image compression algo-
rithm of embedded block coding with optimized trun-
cation (EBCOT). It partitions the decomposition co-
efficients in each sub-band into blocks and provides a 
potential of random access to code blocks.   
    A lifted wavelet-based compression scheme with 
effective image-column random access for coding 
image datasets is proposed in this paper. The pro-
posed scheme follows a JPEG 2000-like approach 
based on the framework of a lifted wavelet transform 
combined with embedded block entropy coding. This 
approach is adapted to compressing the image data-
sets used for image-based virtual environment naviga-
tion and facilitating a column random access mecha-
nism. The random access to image datasets at the im-
age column level is the  key requirement for com-
pressing image datasets for efficient interactive image 
rendering in quite a number of image-based rendering 
techniques, such as rendering with concentric mosaics 
[8], plenoptic stitching [1] and image rendering based 
on panoramic image datasets [2]. A specific data 
structure is designed to achieve efficient compression 
and accommodate column random access. The code 
stream syntax is constructed to efficiently assemble 

bit streams corresponding to the designed data struc-
ture. The two-level index tables in the code stream 
are used to assist random access. A tradeoff between 
the compression efficiency and random access flexi-
bility is reached. The proposed compression scheme 
reduces the decoding delay, simplifies the implemen-
tation of a random access mechanism and easily fa-
cilitates real-time image decoding due to its inde-
pendent intra-image coding feature, although some 
coding efficiency is sacrificed because no inter-image 
redundancy is exploited. This image dataset compres-
sion scheme has a simple implementation structure 
compared to some other schemes like the modified 
MPEG family.  
    This paper is organized as follows. After this intro-
ductory section, Section II gives a discussion of the 
lifted wavelet-based compression scheme with image-
column random access for image-based virtual envi-
ronment navigation. Simulation results of a software 
implementation of the proposed scheme applied to 
compressing sample image datasets are provided in 
Section III, compared with the results of JPEG and 
JPEG 2000 schemes. Finally, some conclusions are 
drawn in Section IV. 
 
 

II. LIFTED WAVELET-BASED COMPRESSION 
SCHEME WITH COLUMN RANDOM ACCESS 

 
    The proposed image dataset compression scheme is 
based on an efficient lifted discrete wavelet transform 
algorithm combined with embedded block entropy 
coding. This scheme is adapted to facilitate spatial 
random access required by image dataset compres-
sion. A block diagram depicting the structure of the 
lifted wavelet-based image dataset compression ap-
proach is shown in Fig. 1. Raw format image datasets 
which are intended to be used as basis 
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        Figure 1.  Block Diagram of the Lifted Wavelet-Based Image Dataset Compression Approach 



images to synthesize novel views are taken as the in-
put of the compression scheme. The preprocessing 
process performs operations on input image datasets 
for image conversions. DC level shifting is carried 
out, if necessary. Inter-component transformation is 
conducted to exploit the redundancy between image 
components. An efficient wavelet kernel is applied to 
transform image samples into decomposition coeffi-
cients. This wavelet transform is factorized into lift-
ing operations. The resulting decomposition wavelet 
coefficients are quantized in the uniform scalar quan-
tization process. Then, the quantized coefficients are 
partitioned into rectangular blocks of proper size. 
Each quantized coefficient block is independently en-
coded with an embedded arithmetic entropy encoder. 
The bit streams from all code-blocks are assembled 
into a code stream to produce the compressed image 
dataset output. The rate of the output code stream is 
controlled by changing the values of the quantization 
step sizes and truncating the bit streams of code-
blocks.  
 
A. Lifted Bi-orthogonal Daubechies 9/7 DWT 

 
    The discrete wavelet transform is a powerful tool 
for image compression due to its capability of effi-
cient image representations with inherent scalabilities. 
In this proposed compression scheme, a two-
dimensional separable discrete wavelet transform is 
applied for each individual basis image in the image 
datasets by utilizing the bi-orthogonal Daubechies 9/7 
wavelet transform kernel for its high performance in 
image compression. The wavelet transform is factor-
ized into a lifting operation structure for fast compu-
tation and memory saving. The lifting operation of a 
one-dimensional forward bi-orthogonal Daubechies 
9/7 wavelet decomposition is depicted in Fig. 2. The 
input image samples are represented by Si (i: 0, 1, 2, 
…) on the left side. The high-pass and low-pass wave-
let decomposition coefficients are output on the right 
side. The actual output of high-pass coefficients are 
modified by a weight Kh = 1.230 174 105, and the 
low-pass coefficients are modified by Kl = 1 / Kh . 
The lifting coefficients are represented by Wi (i: 1~4). 
Each level of wavelet decomposition results in four 
sub-bands of decomposition images with halved reso-
lution in both the horizontal and vertical directions. 
The input image samples are extended periodically 
and symmetrically beyond image boundaries to en-
sure the lifting operation working properly at the 
boundaries. In order to further decorrelate the de-
composition coefficients, Mallat or dyadic decompo-
sitions are utilized for additional decompositions in 

the low sub-bands. With N levels of wavelet decom-
position, the compressed image can be reconstructed 
at N +1 different resolution levels.  
 
 

 
 
 
B. Uniform Scalar Quantization 
     
    The decomposition wavelet coefficients in each 
subband are quantized by using a uniform scalar 
quantizer with a central dead-zone. The image sam-
ples are assumed to follow a Laplacian probability 
distribution. The uniform  scalar dead-zone quantiza-
tion is suitable for this feature of image sample distri-
bution based on the requirement of the rate-distortion 
optimization. The width of the dead-zone is twice the 
quantization step size. The quantizer step size for 
each subband is decided based on the contribution of 
the quantization noise in the subband to the overall 
mean-squared error (MSE) . The more the quntization 
noise in the subband contributes to the overall MSE, 
the smaller the quantizer step size is for quantizing 
the decomposition coefficients in that subband. The 
quantizer scales the decomposition coefficients to 
quantization index values.  

W 4

W 4

W 4

W 4

W 4

W 4

W 4

W 4

W3 

W3 
W3 

W3 
W3 

Input 
Samples 

Intermediate 
     Data 

High-Pass 
Output 

W3 

W3 

W3 

W1

W1

W1

W1

W1

W2

W2 

W2

W2 

W2

W2 

W2

W2 

W1

W1

W1

S0 
 

 
S1 

 
S2 

 
S3 

 
S4 
 

 
S5 

 
S6 

 
S7 
 

 
S8 

W1 = -1.586 134 342 

W2 = -0.052 980 118  

W3 =  0.882 911 075  

W 4 =  0.443 506 852

Low-Pass 
Output 

  Figure 2. Lifted 9/7 Forward Wavelet Transform



 
C. Data Structure for Facilitating Column Random 
Access 
 
    The quantized decomposition coefficients in each 
subband are partitioned into code-blocks. These 
code-blocks are organized into a hierarchical struc-
ture for achieving efficient coding performance and 
facilitating the required random access. A uniform 
size is chosen for code-blocks in all subbands at all 
resolution levels. A certain number of horizontally 
connected code-blocks in the same subband constitute 
a code-block set. The width of code-block sets is 
same in all subbands at the same resolution level. 
Code-block sets at different resolution levels are al-
lowed to involve different number of code-blocks. 
Code-block sets with the same horizontal position in 
the same subband constitute a block-set cluster. A 
cluster group consists of all the block-set clusters with 
the same horizontal position in all subbands at the 
same resolution level. Bigger sizes of code-blocks re-
sult in a more efficient representation of decomposi-
tion coefficients, but constraint the flexibility of ran-
dom access to partial image data.  The selection of 
the code block size  is a tradeoff balancing the coding 
efficiency and the random access flexibility. The 
choice of the code-block set size is usually aimed at 
making the block-set clusters at different resolution 
levels corresponding to the same size in the original 
image to easily facilitate partial spatial image random 
access at the image column level.   
 
D. Embedded Entropy Block Coding 
 
    An embedded entropy encoder is used to inde-
pendently generate a progressive bit stream for each 
code-block. Subbands are independently encoded 
from each other. Although some coding efficiency is 
lost because no inter-subband redundancy is ex-
ploited, this increases the flexibility to combine the 
bit streams of code-blocks in different orders in the 
code stream according to the requirement of applica-
tions. Binary arithmetic bitplane coding is applied in 
the embedded entropy encoder. The binary symbols 
in each bitplane are encoded together with their prob-
ability estimations. The probability estimation of each 
binary symbol is adaptively updated according to its 
history and present state. Three sub-bitplane passes 
are involved in the encoding process of each bitplane. 
These three passes are performed in a fixed order ac-
cording to their contributions to the distortion reduc-
tion. The multiple-pass bitplane encoding accommo-
dates more efficient and more accurate bit rate con-

trol. Truncating the code stream to control the rate is 
allowed at the boundaries of the sub-bitplane passes. 
Encoding one block results in one arithmetic code-
word. Subband code-block coding creates embedded 
bit streams and assists the localized random access 
and scalable coding.  
 
E. Code Stream Syntax  
 
    All bit streams from the code-blocks are assembled 
to form a single output code stream. The code stream 
syntax is constructed to efficiently organize bit 
streams based on designed data structure. The code 
stream of an image dataset starts with an image data-
set header followed by coded data of basis images in 
the image dataset. The image dataset header involves 
information of the image dataset, the camera informa-
tion, global encoding parameters and the setup infor-
mation for starting the decoding process. An index 
table indicating the start points of each basis image in 
the code stream is also involved in the image dataset 
header. There is an image header for each basis image 
in the coded image data part of the code stream. The 
coding parameters for the whole basis image are put 
in the image header. Also, an index table indicating 
the start points of all the cluster groups in each basis 
image is involved in the image header. The coded im-
age data consisting of arithmetic codewords from all 
the coded-blocks in a basis image follows the image 
header. The two-level index tables are used to assist 
image column random access.   
 
F. Random Access and Selective Decoding 
 
    A mechanism of image-column random access to 
the image dataset in the code stream is accommo-
dated in the scheme. A tradeoff between the compres-
sion efficiency and the random access flexibility is 
reached. In order to decode an image column at a cer-
tain required resolution level, all the relative cluster 
groups at all lower resolution levels need to be ac-
cessed and decoded. For the bi-orthogonal Daube-
chies 9/7 wavelet kernel adopted in this scheme,  five 
columns of high-pass decomposition coefficients and 
four columns of low-pass decomposition coefficients 
at one level lower than the required resolution level 
need to be accessed and decoded to reconstruct one 
column image at the required resolution level. For 
each  column of coefficients at the lower resolution 
level, five columns of high-pass coefficients and four 
columns of low-pass coefficients at one level further 
lower need to be reconstructed. This process contin-
ues until the lowest resolution level is reached. Usu-



ally the maximum number of resolution levels in-
volved in such a process is 5 or 6. It is important to 
correctly locate to relevant columns in the cluster 
groups at different resolution levels to reconstruct the 
image column at the required level. This is the key 
consideration in designing the data structure and 
choosing the size of different structure elements in 
this scheme. The total number of accessed coefficient 
columns is bigger in the case that the constructed  
columns are on or near the cluster boundaries.  
 

III. SIMULATION RESULTS 
 
    The proposed image dataset compression scheme is 
implemented in a software codec. The sample image 
datasets used for testing the image dataset compres-
sion scheme and obtaining simulation results are two 
cubic panorama image datasets: Lab and Corridor. 
Each cubic panorama image consists of six images 
corresponding to six sides of a cube. The cubic pano-
rama image datasets can be used to synthesize novel 
views in image-based virtual environment navigation 
based on specially developed rendering techniques. 
From image dataset compression point of view, we 
connect the six images in a cubic panorama to form a 
rectangular image. It is the combination of a top view, 
a bottom view and a horizontal view. After the con-

version, the Lab image dataset consists of 128 RGB 
images of resolution 3072x512, and the Corridor im-
age dataset consists of 912 RGB images of resolution 
3072x512. The horizontal views of the Lab and Cor-
ridor image datasets are shown in Fig. 3. The simula-
tion results of the proposed image dataset compres-
sion scheme are obtained by working on these two 
image datasets. 
    Currently, the majority of image acquisition 
equipments use JPEG format to record the captured 
images in compressed form in the storage media, and 
JPEG 2000 as the new image compression standard is 
expected to be widely applied in the future. There-
fore, the results of JPEG and JPEG 2000 used for 
compressing the sample image datasets are also pro-
vided to be compared with the results of the proposed 
image dataset compression scheme.  
    Table 1 shows the results of different compression 
schemes used for coding the Lab image dataset. The 
coding performances are compared by setting the 
code stream rates (bits/pixel) of different schemes at 
the same value and obtaining average peak signal-to-
noise ratio (PSNR) results for comparison. The re-
sults show that the proposed lifted wavelet-based im-
age dataset compression scheme denoted by WIDC in 
the tables outperforms the other two schemes. Espe-
cially, it provides a significant performance im-

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Horizontal Views of the Sample Image Datasets in Use 

                                             (A) The Lab Image Dataset 

                                       (B) The Corridor Image Dataset 



provement compared with the JPEG scheme. Table 2 
shows the results of coding the Corridor image data-
set. The range of the code stream rates is extended at 
both the lower rate end and the higher rate end. Again 
the results show that the proposed scheme provides 
better PSNR performance than that of the other two 
schemes besides supporting the random access 
mechanism for image dataset compression.  

 

 
IV. CONCLUSIONS 

 
    In this paper, a lifted wavelet-based compression 
scheme with effective image-column random access 
for coding image datasets is proposed. The image 
dataset compression scheme follows a JPEG 2000-
like approach based on the framework of a lifted 
wavelet transform combined with embedded block 
entropy coding. It features a proper compromise be-
tween the coding efficiency and the random access 
flexibility, and thus ensures real-time interactive im-
age rendering. Although some coding efficiency is 
sacrificed because no inter-image redundancy is ex-
ploited with independent intra-image coding, it re-
duces the decoding delay, simplifies the implementa-
tion of a random access mechanism and easily facili-
tates real-time image decoding. The proposed com-
pression scheme is significantly less complex than 
some other schemes because no motion estimation 
and compensation are needed. It can satisfy to a large 
extent almost all the requirements for image dataset 
compression except for extremely high compression 

ratios. Experimental results of the software imple-
mentation of this image dataset compression scheme 
applied to compressing sample image datasets 
showed that this proposed scheme achieves superior 
coding performance over the standard JPEG and 
JPEG 2000 schemes.  
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Table 2. Compression Performance Comparison  
                  for the Corridor Image Dataset 

             Average  PSNR in dB    Rates 
(bits/pix.) 

  JPEG JPG2000 WIDC

1.41 bpp   46.01    47.20  47.41

0.33 bpp    40.73    42.65  42.79

0.23 bpp   38.42    41.76  41.92

Table 1.  Compression Performance  Comparison  
                        for the Lab Image Dataset 

             Average  PSNR in dB   Rates 
(bits/pix.) 

  JPEG JPG2000  WIDC

1.23 bpp   41.23    44.30   44.55

0.69 bpp   38.63    41.43   41.64

0.48 bpp   36.85    39.69   39.82
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