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ABSTRACT 
Over-complete signal decomposition has been shown 

to be an efficient technique for coding disparity 
compensated residual images in stereo image pairs. This 
paper presents a residual image coding scheme based on a 
recently proposed MP-based coding scheme called SOW. 
The proposed scheme decomposes an orthogonal 
matching pursuit process into two stages. In different 
stages, dictionaries of different nature are used. 
Simulation results show that the proposed scheme can 
significantly reduce the computation effort while 
maintaining a similar ratedistortion performance as 
compared with SOSU. 

1. INTRODUCTION 
Stereo imaging is being studied actively due to its 

capability in providing stereoscopic pictures with high 
resolution and great sensation of reality[l]. As it carries 
much more information than a single image, it takes more 
data bits to represent it and hence an eficient encoding 
algorithm for its representation is necessary. 

A stereo image pair contains a left image and a right 
image, and they are usually compressed in different ways. 
In general, one of them, say, the left image. is encoded 
with typical image coding techniques such as P E G  and 
then its encoded version is used as a reference image to 
encode the right image by utilizing the characteristics that 
there are very strong correlation between the two images. 

The utilization of the correlation between the two 
images in coding a stereo image pair can be different in 
different approaches[2-7]. However. they are in common 
in a way as follows. In general, the image to be coded is 
estimated with the reference image. The estimation can be 
block-based[2-5] or region-based[61. The estimation enor 
of the image, which is termed as compensated residual 
image, is then coded with conventional image coding 
techniques. 

In conventional stereo image coding algorithms, a 
compensated residual image is typically encoded with the 
discrete cosine transform (DCT) 11-31 due to its 
simplicity, low coding overhead requirements, and 
suitability for hardware implementation. However, this 
simple scheme suLfers from several limitations such as 
blocking artifacts on the reconstructed images and poor 

compensation ability for the mismatched areas. 
Accordingly. Matching Pursuit (MP) has recently been 
applied to solve the above-mentioned problems and 
pmvide better compensation ability[4]. Matching Pursuit 
expands the disparity compensated residual image with an 
overcomplete dictionary of basis vectors. The superior 
performance is achieved at a huge cost of complexity. 

In (71, Sea and Azi-Sadjadi introduced a block- 
based coding scheme called SOSU to encode a disparity 
compensated residual image. Two major conuibutions 
were made in this scheme. First it makes use of 
orthogonal matching pursuit (OW) instead of MF' to 
successively approximate the residual image with an 
overcomplete dictionary, which improves the coding 
efficiency. Second, an adaptive dictionary composed of an 
extended set of neighboring blocks of the best matching 
block in the reference picture and a set of typical edge 
blocks is used in the successive approximation. This 
allows a more flexible and accurate representation of the 
block of interest with a few basis vectors. However, the 
gain in coding performance is achieved at a cost of 
computation effort. 

In this paper, based on SOSU, we proposed a Two- 
stage Orthogonal Matching Pursuit algorithm (TSOMP) to 
reduce the computation effort without sacrificing the 
coding performance. The paper is organized as follows. In 
Section 2, some background infomation of SOSU is 
provided. The proposed TSOMP scheme is then presented 
in Section 3. Section 4 provides some simulation results 
for performance evaluation. Finally, some concluding 
remarks are given in Section 5 .  

2. BACKGROUND 
In SOSU, the right image is partitioned into a number 

of non-overlapping blocks of equal size. Each block is 
lexicographically ordered to form a column residual 
vector e, . This vector is then iteratively decomposed into 
a weighted sum of vectors selected fmm a dynamic 
dictiomy Cl . Let Zckl is the residual vector after the k'h 
iteration and = Zo . At a particular iteration k, R basis 

vector in Cl , say g(kl, is selected as follows 
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wbere Z:k)is the transpose of FCk,.  The residual vector 

Z(k) and the dictiouav are then updated with the selected 

b ( k ) .  'Ilus selection process involves a number of inner 
products and repeats until a palticular criterion is satisfied. 
Accordingly. it contributes significantly to the complesily 
of the scheme. Comparativcly speaking, the realization 
effort paid for other activities is neglectable. 

Obviously, the number of inner products involved in 
searclung a basis vector in R is directly propoltional to 
the number of elements in R . In SOSU. the dictionary is 
combined with tw-o sets of basis vectors. One conies from 
an extended set of neighboring blocks of the best 
matching block in the reference picture and the other 
comes from a set of typical edge blocks[8] as shown in 
Fig.1. The nature of the two sets is completely different 
and their targets are different. If a block is better 
represented with an element of one of the sets, it will be 
unlikely that it can also be represented with an element 
coming from the other set. Hence. one can reduce the size 
of the dictionary by, at each iteration, selecting one of the 
sets as the dictionary to search the best basis vector for the 
current residual vector. 

The selection cannot be achieved with a simple 
classification of the residual vector as both the residual 
vector and the dictiomy change every iteration in OMF'. 
Besides_ it is difTicult to find a simple criterion to classify 
a block into the corresponding classes. In the following 
Section, a inodification to SOSU is made to achieve this 
goal. 

- 

3. TWO-STAGE OMF' 
Fig.2 shows the proposed Two-stage Orthogonal 

Matching Pursuit (TSOMP) stereo image coding system. 
The left image is first encoded with a typical image 
coding scheme such as P E G  and the reconstmcted left 
image is used as the reference image for coding the right 
image. The right image is partitioned into nonaverlapping 
blocks of equal size. For each block, a searching region is 
defined in the reference image and, from the searclung 
region llie best-matclung block of the block is located 
subject to the MSE criterion. The disparity vector of the 
block is then determined. The best-matching block is 
subtracted from the block of interest to produce a disparity 
coinpensated residual block. 

(a) Encoder 

(b) Decoder 
Fig2 A stereo image coding system using Two-stage 

Otihogonal Matching Pursuit (TSOMP) 

Fig.3 Flow diagram of the proposed Two-stage OMF' 

The disparity compensated residual block is 
lexicographically ordered to form a coluinn residual 
vector Zo. This vector is then successively approsimated 
with O W .  The dictionary R used for the approximation 
is composed of two sets of basis vectors and both of them 
are defined as in [7]. Let R, be the set contains the basis 
vectors extracted from the support region inside the 
searching region and Re be the set of lexicographically 
ordered edge blocks shown in Fig.1. Unlike SOSU, only 
one of them is used to search a basis vector at each 
itention. Fig3 shows the flow diagram of Uie proposed 
scheme 

At a particular iteration k, either 0, or 0, is 
selected to be A .  the active dictionav for the iteration. A 
basis vector in A . say &, ~ is selected as follows. 

scheme 
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where is the residual vector after the kth iteration 

and F(o, = Z,, . After b(k, is detennined, the residual vector 
is updated to he 

where 

- 
‘(k) =‘(k-I) - a ( k ) b ( k )  (3) 

(4) 

The basis vector 

remained in a, and C2, are updated with 

is then dropped and all elements 

At the end of each iteration the relative marginal 
improvement in distortion, AI, , which is defined as 

4 = (llz(k-,) 11’ - llz(k) llz)/ll~(k-lj II’ (6 )  
is computed to judge if one should switch the dictionaries 
for next iteration. They are switched when AI, is less 
than a predefined threshold T, as it implies that the basis 
vectors in the active dictionary are not suitable for 
representing the residual vector any more. 

The active dictiomy for searching the first basis 
vector is selected to be 0,. This is based on ow 
observation that, for typical stereo image pairs. the first 
basis vector obtained in the successive approximation 
usually comes from Re when n is used in our 
simulations. 

The successive approximation repeated until 
I( Z(x )  [ I 2  <T, is satisfied, where T, is a predefined 
threshold which controls the quality of the reconstmcted 
image block. The disparity compensated vector 2, is then 
approximated to he 

(7) 

where N is the total number of selected basis vectors. 
The index of 6(kl in Cl and its associated weight 

a(,) are paired up to form the kth  atom parameter of 2o . 
All atom parameters and the disparity vector of the block 
are encoded with entropy coding. At the decoder, these 
parameters can he recovered and used to reconstruct the 
left reconstructed image with the reconstructed right 
iinage as shown in Fig.2b. 

4. SIMULATION RESULTS 
Simulation was camed out to evaluate the 

performance of the proposed coding system. The scheme 

proposed in [7] was also evaluated for comparison. In 
both cases, the dictionaly is of size 126 where 64 is the 
size of Q, and 62 is the size of Q, . In the simulation, we 
set the search region for disparity estiination to he left 
margin 48, right margin 8, upper margin 3 and lower 
margin 3 .  Note that more margin was given to the left side 
in the left image since an object in the left image is 
typically shifted to the left side with respect to the right 
image. A support region of size 15x 15 was defined as in 
[7] and the block size was chosen to be 8 x 8. Atoms were 
coded with the probabilistic model proposed in 191. 

Fig.4 shows two s t e m  image pairs used in our 
simulation. Room is synthesized while the other is M ~ U I ~ .  
A study was first made to investigate the probability of 
having an element in Cl, as the first basis vector during 
the successive approximation of a disparity compensated 
residual block. In ow simulation, we found that the 
percentage of blocks whose first basis vectors came from 
Q, were 72% for Room and 72% for Hcklraip 
respectively. This supports that Q, should be used as the 
active dictionary of the first iteration. 

Fig.5 shows the rate-distoriion performance of 
various schemes. The evaluation of the distortion 
performance was based on the peak signal to noise ratio 
(PSNR) of the reconstructed right unage. In pariicular, it 
is defined as 

(8) 
where D is the original right image and b is the 
reconstructed right image. Fig.6 shows the rate- 
complexity performance of various schemes. The 
complexity is measured in t e m  of number of inner 
products involved in encoding the right image. As a 
matter of fact, in the realization of the schemes, more than 
91% of the computation effort was paid for computing 
inner products of vectors. Each curve in the Figures was 
obtained by varying the value of T, when a pallicular 
scheme was simulated. 

SOSU-E and SOSU-I are, respectively, Se0 and 
Azimi-Sadjadi’s original scheme171 and its variant where 
0, is not included in Cl. TSOMP(x) is the proposed 
scheme, where x is the value of T, used. By comparing 
SOSU-IE and SOW-I, one can see that including R, in 
n can significantly improve the ratedistortion 
performance at a cost of complexity. The rate-distortion 
performance of the proposed scheme is vely close to that 
of SOSU-IE. However, the cost for the same improvement 
in ratedistoeion performance is much lower than that 
required in SOSU-E. As seen in Fig.5, the increase in the 
computation effort is only 60 to 70% of that required in 

It was also found that the performance of the 
proposed scheme was not sensitive to T, . However, as 

PSNR = 2010g,,(255/1~ D - 6 1)) 

SOSU-IE. 
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Fig.5 and Fig.6 show that the best performance of the 
proposed scheme was obtained at T, =0. I, tlus threshold 
value is suggested for the proposed scheme. 

5. CONCLUSIONS 
In this paper, a two-stage OMP algoritlun for coding 

stereo image residuals is proposed based on a recently 
proposed stereo image coding scheme[7]. This algoritlun 
can achieve a similar ratedistortion perfomnnce at a 
reduced cost of complexity as compared with 171. In 
particular. around 30-40% of the computation effon 
required in [7] for achicving the gain in ratedistortion 
periommnce as compared with consentional coding 
algoritluns can be reduced. 

(a) Roo171 

Fig.4 Testing stereo image pairs (Left. Right): (a) Room, 
(b) Hckiraip and (c) Clif 

Fig.5 Rate-complexity perfonnance of various schemes 

Blin.mpl 

Fig.6 Rate-distortion performance of various scllemes 
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