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1. INTRODUCTION 

  A stereo image pair consists of two separated views of a 

3-dimensional scene captured and recorded by two cameras, 

corresponding to the left and right eyes of the human visual 

system. One scene becomes left image and the other becomes 

right image as shown in Fig.1. The current standard image 

compression techniques that used to code the two constituent 

images independently can reduce data storage. Nevertheless, 

due to a stereo image pair essentially depicts the same scene 

from two different points of view, independent coding of both 

images of a stereo pair is redundant. Therefore, the data 

storage of both images can be reduced more by adding the 

disparity estimation and compensation techniques into the 

coding method.  

Fig.1 A stereo system. 

  Up to present, the motion estimation techniques are 

classified into four main groups [1], i.e., gradient techniques, 

Pel-recursive techniques, block matching techniques and 

frequency-domain techniques. Gradient and Pel-recursive 

techniques are typically used for analysis of image sequences. 

Frequency-domain techniques are based on the relationship 

between transformed coefficients of shifted image. The block 

matching techniques, based on the minimization of a specified 

cost function, are most widely used in coding applications. 

From these mentioned techniques, we have observed the 

quality of motion estimation that uses block-matching 

technique on the time-frequency domain. We have applied this 

technique to stereo image compression and studied its 

performance. Here, the time-frequency domain is obtained  

from multiresolution wavelet transform.   

  There are two distinct types of motion compensation. The 

first one is forward motion compensation and it is the result of 

coding a frame based on a previous frame in the actual 

temporal sequence. The second one is symmetrical technique 

that uses a subsequent frame in the sequence to act as a basis 

frame for prediction. These two techniques can be used 

separately or in conjunction with one another. The disparity 

estimation for monoscopic video can do by spatial disparity of 

two consecutive frames or by setting one frame as reference 

for the frame series. The essential of monoscopic video 

consecutive frame has majority similar background and 

changes only when the movement occurs. However, the 

disparity displacement of stereo image, unlike motion 

displacement, is caused by the slightly different view at the 

entire left and right image [2]. Thus, the compression 

technique for stereo image should be slightly different from 

monoscopic image. Fig.2 shows the block diagram of the 

procedure of Wavelet-based disparity estimation that used in 

our performance study in this paper.   

Fig.2  Procedure of Wavelet-based disparity estimation.

. As can see from Fig.2 that the Discrete Wavelet Transform  

(DWT) is applied to the left and right image at the first step. 

The DWT’s results of both image will passed to disparity 

estimation. This part will make compensation in order to find 
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the difference between wavelet coefficients of left and right 

image. As shown on the uper part of Fig.2, the DWT’s result 

of only left image will be encoded by Set Partitioning In 

Hierarchical Trees (SPIHT) coding. Here, the wavelet 

coefficients for a given bit rate of left image is encoded. 

Similarly, the disparity compensation of the right image is also 

encoded by using SPIHT coding. Simultaneously, the disparity 

vector is encoded by entropy coding. The related work on  

stereo image compression study can be found in [3]. 

2. THE MULTIRESOLUTION WAVELET-BASED 

DISPARITY ESTIMATION 

  The basic technique used for disparity estimation is 

searching and comparing between the reference pixels in each 

region. At this stage, the tradeoff between the searching 

efficiency and the image quality is the most important. 

Though, an acceptable image quality is achieved when small 

size of the search space is used, but it takes long time for 

searching and uses huge memory space. On the other hand, a 

poor image quality is occurred when large size of search space 

is used, but the searching time is shorter. From this fact, it is 

not good to use only one disparity-block size with every 

wavelet subband. Therefore, we applied scaling block size for 

disparity estimation search in multilevel wavelet coefficients 

instead of using constant disparity-block size. In addition, we 

have  also performed the comparing study on the processing 

time between the constant disparity-block size and the scaling 

disparity-block size as discussed in section 4. 

2.1 Wavelet transform 

  The wavelet decomposition is a multiresolution 

representation of a signal by using a set of basic function that 

generated by the dilation and translation of a unique wavelet 

function ( )t as shown in Eq.(1). The corresponding 

wavelets are 

,

1
( ) ( ).a b

t b
t

aa
                           (1) 

  where , ( )a b t  is a wavelet with scale factor a and shift 

factor b .

  Let ( )t be a low pass scaling function and ( )t be an 

associated band pass wavelet function. Then, the 

two-dimensional wavelet decomposition can be constructed by 

using the separable products of ( )t and wavelet function ( )t ,

The discrete two-dimensional wavelet transform [4] of the 

image size M N pixels in function ( , )f x y , in one level 

decomposition can be written as follow;

2( , )
(( ( , ) ( ) ( ))(2 ,2 ))

N M z
Af f x y x y N M        (2) 
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  The implementation of the decomposition in Eqs.(2)~(5) is 

similar to subband decomposition as shown in Fig.3. The 

output of the analysis system is a set of four / 2 / 2M N

sub-images: the so-called Af (LL), 1D f (LH), 2D f (HL)

and 3D f (HH) subbands, which correspond to different 

spatial frequency bands in the image. The LL subband is a 

coarse (low resolution). The HL, LH and HH subbands 

contain details with vertical, horizontal and diagonal 

orientations, respectively. The total number of pixels in the 

four subband is equal to the original number of pixels, MN .

Fig.3 Wavelet decomposition of an image ( , )f x y .

2.2 Disparity estimation and compensation 

The advantage of this search technique is to reduce the 

number of search location and the number of search pixels. 

We use wavelet transform of left image LI as a reference.

Then, the wavelet coefficient of right and left images, i.e., 

RI and LI  are divided into non-overlapped m n blocks. 

The corresponding block in LI is found by the applied mean 

square difference (MSD) from [5] as shown in Eq.(6). The 

entire pixels in the same block is assumed to have the same 

disparity estimation. 

            

(6)

  where 

( , )F i j is the m n macroblock being compressed, 

( , )G i j is the reference ( )m n macroblock, and 

( , )dx dy is the search location motion vector. 

The values taken by ( , )dx dy are specific to the definition 

of the search space. The search space parameter is generally 

called p. The search space is then defined as an (n+2p) by 

(m+2p) area. It is therefore an area p above, p below, p to the 

left, and p to the right of the block being compressed. We 

generally represent the search space in set notation given by 

dx={-p,+p} and dy={-p,+p}.

Since each block contains objects as various distances, the 

estimated disparity vector for any feature will be in error. 

,x x xd d d                                   (7) 

where xd is the estimated disparity, xd is the true or actual 

disparity, and xd  is the disparity error [6]. 

2.3 SPIHT coding 

A wavelet image can be represented as a tree structured 

spatial set of coefficients. A wavelet coefficient tree is defined 

as the set of coefficients form different bands that represent 

the same spatial region in the image. Fig. 4 shows a tree-level 

wavelet coefficient tree structure. Arrows in Fig.4 identify the 

parent –children dependencies in a tree. The lowest frequency 
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band of the decomposition is represented by the root nodes 

(top) of the tree. Similarly, the highest frequency bands is 

represented by the leaf nodes (bottom) of the tree. Each parent 

node represents a lower frequency component than its 

children.  

The SPIHT coding is based on the idea of using multipass 

zero-tree coding to transmit the largest wavelet coefficients (in 

magnitude) at first. A set of tree coefficients is significant if 

the largest coefficient magnitude in the set is greater than or 

equal to a certain threshold; otherwise, it is significant. 

Similarly, a coefficient is significant if its magnitude is greater 

than or equal to the threshold; otherwise, it is insignificant. In 

each pass the significance of a larger set in the tree is tested at 

first: if the set is insignificant, a binary “zero-tree” bit is used 

to set all coefficients in the set to zero; otherwise, the set is 

partitioned into subsets (or child sets) for further significance 

test. After all coefficients are tested in one pass, and the 

threshold is obtained before the next pass [7]. 

Fig. 4 Inter-band spatial dependency 

 in wavelet decomposition. 

Then, the output disparity vector of right image is encoded 

by entropy encoder and the others is encoded by using the set 

partitioning in hierarchical trees. 

3. CONCEPT THEORY 

As mentioned in section 2.2 that the advantage of this 

search technique is to reduce the number of search location 

and the number of search pixels. Then the main idea in the 

hierarchical search algorithm is to form several low-resolution 

versions of the frame to be compressed.  

Fig.5 Disparity estimation for multiresolution  

wavelet transform. 

In this paper, we introduce a 3-level biorthogonal 4.4 

wavelet transform in two cases comparing with constant 

disparity-block size. In the first case; we implement the size of 

square block disparity (SBD) estimation and compensation by 

varying its values from 4x4 (p=2), 8x8 (p=4), and 16x16 

(p=8), pixels for wavelet detail coefficients level 3, 2 and 1, 

respectively, as shown in Fig.5 and Fig 6. And because of 

ideal stereo geometry, the disparity displacement between the 

left and right image is horizontal difference, which means that 

the disparity displacement is more consistent along the 

horizontal direction than the vertical direction [2]. Thus, we  

also perform the experiment on the second case. That is we 

implement the size of rectangle block disparity (RBD)  by 

varying its values from 4x8 (p=2), 8x16 (p=4), and 16x32 

(p=8), pixels for wavelet detail coefficients level 3, 2 and 1, 

respectively. 

                       (a) 

                       (b) 

Fig.6 The search area G and block-matching size F in disparity 

estimation techniques for each level of wavelet detail 

coefficients in case : (a) SBD (b) RBD. 

4. IMPLEMENTATION AND RESULTS 

  The 128x128 pixels of “Fruits” and, 128x128 and 256x256 

pixels of “Room” are used as the test stereo image in our 

experiment. The peak signal-to-noise ratio (PSNR) is choosed 

as the performance metric for investigating the compression 

quality of reconstructed image. The average PSNR is defined 

as follow. 

   
2

10

255
10log

( ) / 2
avr

L R

PSNR
D D

,              (8)

  where LD and RD denote the mean-square-errors (MSE)  

applied from[6] of the reconstructed left and right images,

respectively. The MSE is defined as Eq. (9). 

Table 1 Comparison time for disparity estimation process

        of constant disparity-block size 8x8 pixels, SBD

        and RBD techniques at 0.7 bpp. 

Images 

Constant

disparity- 

block size

(8x8 pixels) 

(sec.)

SBD time 

(sec.)

RBD time

 (sec.) 

Fruits 128x128 0.8006 0.7500 0.4060 

Room 128x128 0.8120 0.7631 0.4220 

Room 256x256 3.5940 3.5160 2.1720 
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  where ( , )f x y  and ( , )f x y , 1 x N , 1 y M are the

original image and the reconstructed image with size 

N M , respectively. 

Table 2 The results of RBD coding for the 128x128  

“Room” and “Fruits” image pair at several bit rates.  

image; bpp 
PSNR of

left image 

PSNR of

Right image 
PSNRavr

Room; 0.5 32.1588 31.9382 32.0457 

Room; 0.7 33.7944 33.8091 33.8018 

Room; 0.9 35.0845 34.9542 35.0184 

Room; 1.1 35.5448 36.4754 36.5098 

Fruits; 0.5 33.0674 32.8890 32.9363 

Fruits; 0.7 34.3004 33.9336 34.1092 

Fruits; 0.9 35.4360 35.0965 35.2596 

Fruits; 1.1 36.3575 35.8799 36.1056 

(a) (b) 

(c) (d) 

 Fig.7 RBD coding results for the “Fruits” image pair,  

(128x128 pixels each) at 0.9 bpp.  

(a) Original left image, (b) Reconstructed left image, 

(c) Original right image, (d) Reconstructed right image. 

5. CONCLUSIONS 

The square block of disparity estimation and compensation 

are wildly used for stereo image compression. In this paper, 

the adaptive block scan size for multiresolution wavelet

coefficients are utilized. The advantage of this search 

technique is to reduce the number of search location and the 

number of search pixels. Moreover, from stereo characteristic, 

the left and right cameras geometric generate the disparity 

displacement in the horizontal correlation more than vertical 

direction. Then, we also apply non-square block size for 

disparity estimation. All of these techniques not only speed up 

the time of experiment but also give good quality of 

reconstructed image in both visual quality and measure 

quantities. 

(a) (b) 

(c) (d) 

Fig.8 RBD coding results for the “Room” image pair,  

(256x256 pixels each) at 0.9 bpp. 

(a) Original left image, (b) Reconstructed left image, 

(c) Original right image, (d) Reconstructed right image. 
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