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Abstract 
This paper proposes a method to improve the 

performance of Fractal lmage Compression (FIC) 
technique by combining FIC (lossy compression) and 
another lossless method (in this case Huffman coding 
is used). This proposed method takes advantage on 
each techniques, the high compression ratio that can 
be provided by FIC and the infinite peak-to-peak 
signal to-noise ratio (PSNR) that can be provided by 
lossless compression method. The experiment results 
show that with this hybrid FIC, we can get an infinite 
PSNR (no data losses) with higher compression ratio 
comparing to usual lossless method. It is expected that 
this method is suitable for compressing aerial 
photograps in terms of image reconstruction quality, 
compression ratio and processing time. This 
improvement is considerably interesting because we 
can save the storage space and data transmission time 
without any data losses. 

1. Introduction 

Nowadays, the use of aerial photographs is 
increasing, especially for city planning, or monitoring 
the existing area in a country. The information 
contained in an image data, especially in aerial 
photographs, has inevitably enormous numbers of bit 
representation. This fact causes problems in storage 
media capacity and time required for data 
transmission. To solve this problem, we need to 
choose a suitable image compression method. The 
method we choose should be the one that has three 
basic characteristics : 
a. The ability to provide high compression ratio. 
b. The ability to maintain the whole information in the 

original images (no data losses). This point can be 
determined by its high value of peak-to-peak signal 
to noise ratio. 

c. Short processing time. 

Basically, image data compression can be 
concerned with reducing the number of bits required 
to represent images without any appreciable loss of 
information [I]. This compression process can be 
possibly done because of redundancies in image data. 

There are two types of compression method : 
a. Lossless compression 

This method retains the whole information 
contained in an image. This method allows an 
exact reconstruction of the original image. 

b. Lossy compression 
This method causes data losses. 

FIC is a lossy compression method, so there will 
be data losses in compressed image [2]. The peak-to- 
peak signal to noise ratio (PSNR) will have a low 
value. This is the weakness point of FIC, concerning 
our objective to compress aerial photographs. 

But, beside the weakness point in its PSNR, FIC 
has the advantage in term of its ability to provide a 
very high compression ratio. Compression ratios of 
10,000:l have been claimed by researchers in this 
field [3]. 

2. Basic Concept of FIC 

FIC is an emerging technique for compressing 
images [4]. This method takes advantagcs on self- 
similarity within images and see it as redundancies 
that can be reduced. lmage blocks are then seen as 
rescaled and intensity transformed approximate copies 
of blocks found elsewhere in the image [S]. It yields a 
self-referential description of image data. 

The basic idea of FIC is a copy machine that 
reduces the image to be copied by a half and 
reproduces it three times on the copy, as in Figure 1 
[2]. Then we feed the output image back as input. The 
infinite successive of this iteration process in a 
feedback loop will converge to a final image that will 
not change anymore by the process. This final image 
is called attractor. 

input image copy machine output image 

Figure 1. A copy machine that makes three reduced 
copies of the input image 

The final result of the process above is determined 
by the way the input image is transformed. Different 
transformations lead to different attractors. Such 
transformations called affine transformations can be 
used to skew, stretch, rotate, scale and translate an 
input image. Storing images as collections of these 
transformations could lead to image compression. 

A typical feature of all attractors formed this way 
is that in the position of each squares in an image, 
there is a transformed copy of the whole image. Thus, 
each image is formed from transformed and reduced 



copies of itself and hence it must have detail at every 
scale. That is, the images are.fractals. 

2.1 Self-similarity 

The property of objects where magnified subsets 
appear similar or identical to the whole and to each 
other is known as self-similarity. This property is a 
basic characteristic of fractal. Figure 2 shows another 
type of self-similarity, that is local self-simi1arit.y. 

Figure 2. Local self-similarity within an image 

Figure 2 above shows two areas with different 
scale which are self-similar. This image is formed of  
properly transformed parts of itself. However, these 
transformed parts d o  not fit together to form an exact 
copy of the original image, so we must allow some 
error in our representation of  an image as a set of self- 
transformations. It means that the encoded image as a 
set of transformations is not an identical copy but an 
approximation. Hence, FIC is a lossy compression 
method. 

Self-similarity is a type of redundancies in an 
image which is trying to be reduced or eliminated by 
FIC technique. 

2.2 lterated Function Systems (IFS) 

Fractal coding used in this image compression 
process is based on the mathematical theory of 
Iterated Function Svstems (IFS). IFS is used to 
represent a set of contractive affine transformations. 
These affine transformations are used to show 
relationship between parts of  an image and define the 
intricate details of a picture. Compression can be done 
because the system only stores the transformation 
coefficients. 

Figure 3. Affine transformation 

3. Encoding-Decoding Process 
There are always two main processes in image 

compression techniques : encoding and decoding. The 
encoding process is more complex comparing to 
decoding process. 

3.1 Encoding 

In this process, we firstly partition the image by 

some collections of non-overlapping range blocks Ri ; 

then for each R, ,  seek from some collections of 

image pieces a domain block Di that has a low rms 

error when mapped to Ri . The task of a fractal coder 

is to find a domain block Di from the same image for 

every range blocks Ri such that a transformation of 

the domain block is a good approximation of  the range 
block. The domain size is larger than the range blocks. 

If we have known the Ri -Di  pairs , then we can 

define the coefficients of the appropriate affine 
tranformations. Finally, we get the transformation 

W = UW;  that code the image approximation. 

Figure 4. lmage partitioning 
(a).Domain blocks (b) Range blocks 

lmage Partitioning Method: 
Quadtree Partitioning 

One important step in FIC is partitioning an image 
into range blocks and domain blocks. The objective of  
this process is to search self- similar parts in an image 
that can be related by affine transformations. How an 
image is partitioned directly defines the quality and 
the coding time. 

Figure 5. Quadtree Partitioning 

An example of image partitioning method is 
quadtreepartitioning. In a quadtree partition, a square 
in the image is broken up into four equal-sized sub- 



squares when it is not covered well enough by some Huffman Coding 
domains. This process repeats recursively starting 

The basic principle of Hufman coding is as 
from the whole image and continuing until the squares follows: data that occurs the most is coded with the 
are small enough to be covered within some specified 

shortest number of bits and data that occurs the least is 
rms tolerance. Other image partitioning methods are coded with higher number of bits. The resulting codes 
HV partitioning and triangular partitioning. 

are unique. 

3.2 Decoding 5. Experimental Results 
Decoding process is much simpler. Starting from The aerial photographs that will be examined here 

any initial image, we repeatedly apply the Wi until we are g-bit grey scale images. 

approximate the fixed point. For each wi , we find the 

domain D i ,  shrink it to the size of its rangeRi ,  

multiply the pixel values by s i ,  add oi and place the 

resulting pixel values in the position of range Ri which 

is determined by the orientation information. This is 
one decoding iteration. This process is iterated until 
the fixed point is approximated, that is, until furher 
iteration doesn't change the image or until the change 
is below some small threshold value. 

4. Hybrid Fractal lmage Compression Method 

As mentioned earlier, FIC is a lossy method. Figure 8. Landscape image 
Meanwhile, aerial photographs need compression File size : 737,280 bytes 
technique that can retain the whole information exist Resolution : 1,024 x 720 pixels 
in an image data. To  solve this problem, we can 
combine FIC with other lossless method, such as b. Airport 
Huffman coding. 

Figure 6. Block Diagram of Hybrid FIC Method 
( Fractal - Huffman Compression System ) 

Compressed image : b and e 
Compression Ratio = number of bits of an aerial ~ h o t o e r a ~ h  

number of bits b + number of bits e 
lmage error = d = a - c 

decoding - 
+ 

Huffman 

image 
reconstruction 

Figure 9. Airport image 
File size : 262,144 bytes 

Resolution : 5 12 x 5 12 pixels 

The formula to measure PSNR : 

Figure 7. Block Diagram of Hybrid FIC Method 255' 
( Fractal - Huffman Decompression System ) pSNR=lolOg~o M-jN-1 

-CCI / ( X , Y ) - ~ ( X , Y )  l 2  
The objective of this hybrid com~ression system is Am X = O  =o 

to take advantage from each techniques, that is, high 
compression ratio that can be provided by FIC and where 
lossless method that can be provided by Huffman f ( x ,  y )  = original image coding. Finally, we can get a lossless method with 
higher value of  compression ratio comparing to usual g(x ,  y )  = image reconstruction 
lossless method. M x N = image resolution 



Table 1. Experimental result of FIC method 
for aerial photographs 

References 

From the tables above, we can compare the 
compression ratio achieved in hybrid FIC-Huffman 
system and Huffman coding. 

We can see that hybrid FIC-Huffman system has 
( 9.73 1 4.04 ) = 2.41 larger values of compression 
ratio for landscape image and ( 9.17 1 4.24 ) = 2.16 
larger values of compression ratio for airport image 
comparing to Huffman coding. 

The result indicates that hybrid FIC - Huffman 
system is suitable to compress aerial photographs. The 
proposed method, hybrid FIC - Huffman system, is 
lossless, which means that there won't be any data 
losses and the compression ratio is larger than usual 
lossless method. 

6. Conclusion 

1. An image compression system for aerial 
photographs is supposed to be a lossless method 
with high values of compression ratio, so  the 
system can retain whole information exist in the 
image without wasting too much storage space. 

2. FIC is a lossy method with a very low PSNR but 
it can provide a very high compression ratio. 
Meanwhile, Huffman coding has a very low 
compression ratio but it can provide an infinite 
PSNR (lossless method). 

3. By combining FIC and Huffman coding, we can 
get a new system that takes advantage on each 
techniques, that is, a very high compression ratio 
that can be provided by FIC and infinite PSNR 
that can be provided by Huffman coding. So the 
whole system is lossless with higher values of 
compression ratio comparing to usual lossless 
method. This hybrid FIC - Huffman system is 
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