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Abstract

In fractal image coding, the main consuming time 
is the process of finding the best matched domain 
block in a large domain pool for a given range block. 
In this paper, we propose a fast algorithm for fractal 
image coding based on the following lemma and fine 
granularity successive elimination (FGSE). The lemma 
describes the relationship between fractal image 
coding and FGSE.  This algorithm can decrease about 
half domain pool before range-domain matching 
computation and further improve the speed by 
combining with other fast algorithms of fractal image 
coding. Simulation results show that our algorithm 
takes less coding time, has absolutely the same fidelity 
measured by PSNR as that of Saupe’s and achieves 
super quality compared with Fisher’s algorithm. 

1. Introduction 

Since the fractal theory was introduced into the 
field of image coding by Barnsley in 1988 [1], fractal 
image coding was noticeable in the field of image 
compression due to its advantages of resolution 
independence, fast decompression and high 
compression ratio. In 1989, the first automatic fractal 
image compression scheme was presented by 
A.E.Jacquin [2]. The scheme is based on the 
representation of an image by a set of iterated 
contractive transformations for which the 
reconstructed image closed to the original image is an 
approximate fixed point.

But it suffers from a long coding time and limits its 
practical application. For example, for an  image, 
the number of arbitrarily sized square sub-regions is of 
order  and the exhaustive search for finding the 
optimal mappings is of order . In order to 
overcome this drawback, many speed-up algorithms 
were proposed in past twenty years. These algorithms 
were mainly classified into three directions: reducing 
the size of domain pool 
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[2][3][4] (the range block is only 
compared with the domain blocks in the same class 
classified by the feature of the block such as mean and 
variance [3]), eliminating the domain blocks unmatched 
with the given range block based on the variance of the 
blocks or error function inequality [5][6][7][8] , and 

improving the search speed by exploiting the kd-tree 
data structure [9][10][11] . However, most of these 
algorithms can significantly reduce the required 
computation only at the expense of more or less 
degradation in the reconstructed image quality. 

Recently, Zhu presented a fast optimal block 
matching in motion estimation, named as FGSE [13]. It 
is featured by providing a sequence of fine grained 
boundary levels in an aim to reject a checking 
candidate as early as possible, thus it can reduce the 
computational complexity. However, FGSE can not be 
directly used in the fractal image coding, because 
FGSE is determinant by the sum of absolute difference 

 while fractal image coding is estimated by the 
least squares error of a range and domain block 
approximation . The relationship between 

 and  will be introduced in Section 3. 
Furthermore, in fractal image coding, the size of range 
is different from that of domain blocks and the 
absolute value of contrast scaling 
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s  must be less than 
1. However, in motion estimation  these conditions 
don’t need to be satisfied. And Simulation results 
described in Section 4 show that the quality of the 
proposed algorithm is the same as that of Saupe’s. 

The rest of this paper is organized as follows. In 
Section 2, the basic fractal image coding scheme and 
FGSE are briefly reviewed. Our algorithm is given in 
Section 3. Simulation results of the new algorithm are 
described in Section 4. Finally, we summarize this 
paper in the concluding Section 5. 

2. Review of fractal image coding and 
FGSE

2.1 The basic fractal image coding scheme 

Nowadays, almost all of the improved fractal 
image coding algorithms are derived from the basic 
fractal image coding scheme. So above all, we will 
introduce the scheme and the procedure of it is shown 
in Fig. 1 [12].

In the scheme, firstly, the original image is divided 
into range blocks and domain blocks. Range blocks are 
non-overlapped and the collage of them could cover 
the whole image. Domain blocks could be overlapped 
and the size of them is larger than that of range blocks. 
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Then, the best matching domain block is to be 
searched in a large domain pool  on the premise of 
the following equation for the given range block R .
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       (1) 

Apparently, the process of finding the best matches 
is time-consuming. And last, the necessary parameters 
are stored in order to decode. 

2.2 FGSE

Block matching method is widely used for motion 
estimation in video coding due to its simplicity and 
regularity. The conventional full search algorithm is 
the simplest block matching method, but its extremely 
large computation complexity makes it unpractical. 
Many fast block matching algorithms have been 
developed and FGSE is one of these algorithms. It is a 
fast optimal block matching in motion estimation, uses 
the following equation, a sequence of fine granularity 
scalable boundaries , to eliminate checking 
candidates.  

lBV
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where , the sum of the absolute difference, is the        
matching error. As level l  increased by 1, there is one 
more sub-block of size  being partitioned into 4 
smaller sub-blocks of size 
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means that boundary value  tends to become larger 
as level l  increases, and all boundary values are less 
than or equal to the matching error SAD . And a large 
partial boundary values calculated at level 

lBV

1l  can be 
utilized in establishing boundary values at level l .
Thus it can greatly decrease the computation 
complexity and eliminate the unmatched blocks as 
early as possible. Moreover, the algorithm is lossless. 

3. The proposed algorithm 

As mentioned above, FGSE can not be directly 
introduced to fractal image coding. In this section, we 
introduce the lemma to describe the relationship 

between fractal image coding and FGSE, avoid the 
effect of the s  on the matching error by normalizing. 
And thus we can use the inequality and FGSE to 
eliminate many unmatched domain blocks in advance.  
Lemma:  Let )(R  and )(D  be the normalized range 
block R  and domain block D ,  and  be the 
pixel intensities at location  in 
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Proof: The optimal contrast scaling s  and luminance 
shift  can be achieved by (1). o
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where R  and are the average of the pixel intensity of 
the range block

D
R  and the contracted domain block .D

Based on the (1) and (3), we can get 
2
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From (3), (4), we obtain 
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By the well-known Cauchy inequality, we get 

2

1 1

2
2 )(

4
1),(

N

i

N

j
ijijijij drdrIRRDRE ,

N

i

N

j
ijij drIRRDRE

1 1

22

2
1),( ,

and      SADIRRDRE
2
1),( .               (5) 

The proof is completed. 
In FGSE, if 16NN , the number of partition is 
5L . And then we obtain the following inequality [13]
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 is the size of the  sub-block at level l .
And  may be  or 
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depending on sub-block index k  and level .l
This implies that we can obtain a total of 5 

boundaries and SAD  is calculated at level 5. Fig. 2 
shows the partition process of a block. And the rule of 
the partition is to do the partition sequentially from left 
to right and top to bottom subject to that smaller size 
of sub-blocks will not be partitioned further until all 
the other larger sub-blocks have been partitioned.  

Combine (5) and (6), we get: 
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For any range block R , 0
2
1 CIRR is

always correct. From (7), for any range block R  and 
any domain block D , we notice that, if  is 
small enough, and then SAD  is small enough. 
Whereas if they differ greatly, then  might be 
too large for 
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R  and  to constitute a close match. In 

other words, (7) implies that the range block 
D

R  and 
the domain block  can not be closely matched unless 
their s are as close as possible. The procedure for 
evaluating one range block in our algorithm is 
summarized as follows: 

D
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and initialize level .0l

2) Calculate the boundary value . If ,
go to step 5). Otherwise, set .

lBV TolBVl

1ll
3) Repeat step 2) until . If , go to 
step 5). Otherwise, calculate .

5l TolBV5

),( DRE
4) If , go to step 5). Otherwise, 
update  with .

min),(),( DREDRE
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5) Check the next domain block by repeating the 
above steps. 
For all the range blocks, we repeat the above 

procedure to search their matched domain blocks. 

4. Simulation results

In order to evaluate the efficiency of the above 
algorithm, we perform computer simulations on a PC 
with Pentium 4 3.00GHz CPU. Lena, Peppers and Girl 

)8512512(  are used for evaluating this algorithm. In 
this experiment, the proposed algorithm combines with 
Saupe’s algorithm [9]. The domain step is 8 pixels and 
the dimension of feature vector is 16. Consequently, in 
FGSE, we partition the block to five levels as shown in 
Fig. 2. For the purpose of comparison, the Saupe’s 
algorithm [9] and the Fisher’s algorithm [3] are also 
implemented. 

In Saupe’s algorithm, the number M , approximate 
nearest neighbors returned per search, has an effect on 
the simulation performance. Thus we study the 
influence of M  on the proposed algorithm and 
Saupe’s algorithm and the result is described in Fig. 3. 
From this figure, it is obvious that the encoding time 
of our proposed algorithm is always lower than that of 
Saupe’s and the number is much bigger, our algorithm 
is much faster.

Fig. 3 for the number M of the nearest neighbors returned 
per search/time comparison on Lena image 

And when the number M  is 100, the compared 
results for the three algorithms are listed in Table 1. 
From this table, it is obvious that the peak signal-to-
noise ratio (PSNR) of the proposed algorithm is 



absolutely the same as that of Saupe’s and greater than 
that of Fisher’s algorithm. The speed of the proposed 
algorithm is more than twenty percent than that of 
Saupe’s and nearly one and a half time as that of 
Fisher’s.

Furthermore, we study the number of domain 
blocks needed to be computed between the proposed 
algorithm and Saupe’s algorithm as  and the 
result is shown in Table 2. From this table, it is 
obvious that the matching computation of the proposed 
algorithm is only half as that of Saupe’s. So it greatly 
decreases the encoding time. 
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V. Conclusions 

This paper presents a fast search algorithm for 
fractal image coding. First, by using the Cauchy 
inequality, a relationship between  and SAD  is 
derived. Then, using this inequality property, the 
algorithm can remove many unmatched blocks by 
FGSE and hence dramatically speeds up the search 
process in fractal image coding. Simulation results 
show that the proposed algorithm is betterment for 
Saupe’s algorithm and can combine with other fractal 
algorithm to improve the encoding speed further.  
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