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Abstract – In order to achieve fast computational speed with good visual quality of output video, we 
propose a frequency domain based new fractal video compression scheme. Normalized cross 
correlation is used to find the structural self similar domain block for the input range block. To 
increase the searching speed, cross correlation is implemented in the frequency domain using FFT with 
one computational operation for all the domain blocks instead of individual block wise calculations. 
The encoding time is further minimized by applying rotation and reflection DFT properties to the IFFT 
of zero padded range blocks. The energy of overlap small size domain blocks is pre-computed for the 
entire reference frame and retaining the energies of the overlapped search window portion of previous 
adjacent block. Quadtree decompositions are obtained by using domain block motion compensated 
prediction error as a threshold to control the further partitions of the block. It provides a better level of 
adaption to the scene contents than fixed block size approach. The result shows that, on average, the 
proposed method can raise the encoding speed by 48.8 % and 90 % higher than NHEXS and 
CPM/NCIM algorithms respectively. The compression ratio and PSNR of the proposed method is 
increased by 15.41 and 0.89 dB higher than that of NHEXS on average. For low bit rate videos, the 
proposed algorithm achieve the high compression ratio above 120 with more than 31 dB PSNR. 
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1. Introduction 
 
Video compression using fractal transform is a new 

approach to video coding. Jacquin [1] proposed the first 
algorithm for image compression using block wise fractal 
coding. It reduces the affine redundancy existing in various 
parts of images by using a self - similarity feature which 
can give high compression ratio and fast decompression 
[2, 3]. Lin [4] described a frequency domain based image 
coding method for best matched solution. Video 
information is characterized by its large storage 
requirement and it is also difficult to transmit raw video 
data efficiently. Fractal video compression seems a 
favorable method to achieve high compression ratios [5]. 
But fractal codec is not popular because of its 
computational complexity and time-consuming search for 
the best-matched block in a pool of domain blocks. In 
order to overcome the above difficulties a fast quad-tree 
based normalized cross correlation using FFT is proposed 
for fractal video compression to improve the encoding 
speed and to achieve optimal performance. 

Cube-based [3, 6, 7] and frame-based [8, 9] fractal 

compression methods are used more frequently for video 
compression. In cube-based compression a video is divided 
into groups of frames, each of which in turn is partitioned 
into three dimensional (3D) domain and range blocks. It 
has high computing complexity and low compression 
ratio. In the frame based compression, each frame is 
encoded using the previous frame as a domain pool. The 
current frame is related to the previous frame which 
introduces and spreads the error between frames. It may be 
used to obtain a high compression ratio. Wang proposed a 
fixed block size hybrid compression algorithm [10] and an 
adaptive partition instead of fixed-size partition [11], which 
merges the advantages of a cube-based and frame-based 
fractal compression method. Another hybrid coder scheme 
which combines neighborhood vector quantization with 
fractal coding to compress the video as a 3D volume [12]. 
For low bit rate videos, fractal approach [13] is used in 
those areas where the residual error between two 
consecutive frames is exist.  

Circular prediction mapping (CPM) and non-contractive 
inter-frame mapping (NCIM) is proposed by Kim [14], to 
combine the fractal sequence coder with well-known 
motion estimation/motion compensation algorithm that 
exploits the high temporal correlations between the frames. 
In CPM/NCIM, domain block is of the same size as the 
range block and each range block is motion compensated 
by a domain block in the previous frame. The main 
difference between CPM and NCIM is that CPM should be 
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contractive and iterative for decoding process while NCIM 
is non-contractive and non iterative since the decoding 
depends on already decoded frames. A new object based 
CPM/NCIM with quadtree partition is introduced by zhu, 
[15] in which alpha map is used to segment the image into 
objects and each object is encoded independently.  

In this article, a fast normalized cross correlation 
algorithm for fractal video coding is proposed. It is based 
on the combination of two concepts, i.e. quadtree 
decomposition and the normalized cross correlation (NCC) 
applied in the frequency domain using FFT. Quadtree 
partitioning scheme provides a good level of adaption to 
picture contents. The optimal block size decreases the 
motion compensated prediction error without increasing 
the large computations. Cross correlation is evaluated in 
faster manner by using FFT and the correlated coefficients 
of all domain blocks are calculated in a single computation. 
In addition to this, substantial reduction in computation for 
eight isometry transformations is achieved by applying the 
rotation and reflection DFT properties on the IFFT of zero 
padded range blocks. Motion estimation speed can be 
further increased by two ways, pre-computing the energy 
of reference frame according to the smallest block size and 
other by retaining the energies of the overlapped search 
area of previous block because two nearby range blocks 
shared more than 50 % of blocks energy of each other. This 
method will improve the subjective quality of the video as 
well as the coding efficiency. The structural similarity 
(SSIM) index [16] distortion measure is more consistent 
with human perception to measure the video quality as 
compared to Peak Signal to Noise Ratio (PSNR).  

Most of the fast algorithms reduce the computational 
complexity at the cost of the accuracy of motion estimation. 
The full search algorithm obtains the optimal result of 
exhaustive searching for the best matching block. In this 
paper, we try to achieve better performances of video coder 
in terms of three parameters, i.e. speed, compression ratio 
and output quality.  

The rest of the paper is structured as follows. Cross 
correlation related and other fractal video coder are 
compared in section 2. The basic fractal block coding for 
the image is described in Section 3. Normalized cross 
correlation for motion estimation is presented in section 4. 
The proposed fast fractal video coding including quadtree 
partitions and new fast fractal prediction algorithm is 
explained in section 5. The experimental results and 
comparative study of the proposed algorithm with existing 
algorithms are presented in section 6. The conclusion is 
outlined in section 7.  

 
 

2. Related Work 
 
FFT based fractal image coding was proposed by 

Hannes [17] to speed up the encoding computations. The 
collage error between the range and domain image is 

measured using five different inner product operations. 
Each inner product implementation uses the FFT based 
cross correlation operation. In [17], the quantized gray 
level transformation (s and o) parameters are calculated for 
each domain block to determine the college error. The 
mean subtracted normalized cross correlation using FFT 
is presented in [18] to find similarity between range and 
domain block. The computation of energies of mean 
subtracted overlapped domain blocks is computationally 
intense. Fractal image coding point of view, single 
computation of domain image is required for all the 
range blocks. However, in frame based fractal video 
coding search area of all range blocks are different and 
overlapped with other search areas.  

Fractal video coding using a new cross-hexagon search 
(NHEXS) algorithm is proposed [19] for higher motion 
estimation speed for searching stationary and quasi-
stationary blocks. Initially, it uses two cross shaped search 
patterns and then large/small hexagon-shaped Patterns in 
the subsequent steps. NHEXS employs halfway stop 
technique and modified partial distortion criterion (MPDC) 
to minimize encoding time. Video sequences are also 
encoded by region-based approach [20] using NHEXS. The 
regions can be defined according to the previously computed 
segmentation map and are encoded independently of each 
other. Object based stereo video compression using the 
combinations of shape-adaptive DCT and fractals is 
introduced in [21]. Mobile videos are compressed using 
fractal, [22] in which genetic algorithm and particle swarm 
optimization techniques are used to improve the quality of 
video and speed up factor respectively. For low bit rate 
videos, intercube correlation search in the spatial and 
spatial-temporal directions is presented in [23] to increase 
the coding performance. Motion and non-motion wavelet 
subtrees of each inter frame are coded separately using a 
fractal variable tree with set partitioning algorithm [24, 25], 
which is suitable for low bit rate videos. 

Based on the idea of [18] fractal image coding, fractal 
video compression without mean subtracted NCC using 
quadtree partition is proposed in this paper. The best 
matched domain block having high NCC value may have 
large average gray level difference. This difference is 
reduced to zero or very small value by selecting proper 
fractal encoding parameters. Fractal based video com-
pression algorithm operating in the frequency domain, pre 
computing and re-using the energies of adjacent overlap 
search areas to speed the encoding process are the main 
features of our work.  

 
 

3. The Fractal Block Coding 
 
Fractal image coding is based on the theory of the 

partitioned iterated function system (PIFS) [1]. It 
consists of a set of contractive transformations, when this 
transformation is applied iteratively to an arbitrary image it 
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will converge to an approximation of the original image. 
Images are stored as a collection of transformations will 
result in image compression. 

The original image of size M1 × M1 is initially 
partitioned into non-overlapping range blocks (Ri) of each 
size N×N {i=1, 2 ….M1

2/N2}. Similarly, the same image is 
partitioned into overlapping domain blocks (Dj) of each 
size 2N × 2N as a domain pool with ‘k’ pixel shift in 
horizontal and vertical direction {j=1, 2…(M1-2N+1)2}. 
For each range block, locate the best matching domain 
block from the domain pool and then apply contractive 
mapping which minimizes the mean squared error (MSE) 
between range and contractive domain block. A range - 
domain mapping consists of three operations sequentially 
on each domain block of size 2N× 2N such as, 1) Spatial 
contraction of the domain block by down sampling or 
averaging the four neighboring pixels of disjoint group 
forming a block of size N × N. 2) Take 8 geometrical 
transformations of each block which includes 4 rotations 
with 90 degrees and 4 reflections. 3) For each geometrical 
block perform contractive affine transformation on the 
grayscale values to minimize the MSE. The error between 
range and domain block is given by Eq. (1) and scaling 
factor‘s’ and brightness factor ‘o’ of an affine transfor-
mation are given by Eq. (2) and (3) respectively.  
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Where n is the number of pixels in the block and ri, di are 

the pixel values of the range block and contractive domain 
block. For each range block, the parameters which need to 
be stored as a fractal encoded data are the coordinates of 
domain block along with s, o and geometric transformation 
index. Coefficients of s should be in the range of -1 to 1 to 
make sure that the transformation is contractive.  

 
 

4. Normalized Cross Correlation for Motion 
Estimation 

 
In fractal video coding, finding the best-matched domain 

block with proper affine transformation is achievable if the 
blocks are structurally similar. Applying the NCC as the 
similarity measure to motion estimation leads to more 
uniform residuals between the range and best domain block. 
It can improve the coding efficiency and subjective visual 
quality in video compression. Hence, the structural 

similarity (SSIM) is a more appropriate for quality 
measurement of the human visual system. NCC operates 
on the macroblocks (MB) of the two consecutive frames of 
a moving sequence [26-29]. Motion estimation is done by 
taking the MB (R) from the current frame and this MB is 
shifted pixel by pixel across the search window (W) of the 
reference frame. To find the motion vector of each MB 
using the NCC is defined as 
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where x∈{0,1,2, ……., 2V}and y∈{0,1,2, ……., 2V} 

This calculation is repeated for each pixel location 
across the entire search window. CR,W(x, y) represents the 
NCC matrix between the current MB and reference search 
window. If the window area is ±V pixels in the both 
directions from the same position of R, then the size of the 
CR,W(x, y) will be (2V+1, 2V+1). The coordinates xm and 
ym of the maximum correlation value in the NCC matrix, 
C(xm,ym) = max(CR,W(x,y)) can be used as a motion vector 
of the R. In Eq. (4), numerator part is the cross correlation 
of two blocks and the denominator represents a 
multiplication of square root of energies of two MB’s. 
NCC method is more robust under uniform illumination 
changes and less sensitive to noise, but computationally 
intense and time consuming. For identical regions, it may 
give a high NCC value for the best match, but with large 
average gray level difference.  

 
 

5. New Fractal Video Coding 
 
All blocks based motion estimation methods attempts to 

find the block with smallest MSE as a matching criterion. 
Similarly, in fractal video compression the block with 
smallest MSE after performing geometrical and contractive 
affine transformation on each domain block is taken as a 
best matched block. It can be interpreted as a kind of 
motion compensation technique due to unavailability of 
error frame. Video sequence exhibits a high temporal 
correlation so range-domain mapping becomes more 
effective if the size of range and domain block is same 
even though the size of domain block is always greater 
than range block size in fractal image coding [8].  

Intra frame coding makes a great impact on decoded 
video quality and compression ratio. If inter frame motion 
vector prediction is based on good quality reference frame 
(previous frame) then prediction error will be low. But for 
subsequent frames this error monotonically increases due 
to cumulative process. So after some interval of frames this 
problem can be resolved by inserting intra frame. To get a 
better quality reference frame at lower compression ratio, 
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intra frame is compressed by using 8 8×  DCT transformation 
/ quantization techniques [30]. 

 
5.1 Quadtree partition 

 
Quadtree partition [31] makes a large impact on the 

calculation of compression ratio and encoding speed of 
video compression. Here, 3 levels of quadtree partitioning 
are employed with block sizes from 16× 16 to 4× 4 pixels. 
The current frame is initially partitioned into bigger size 
(16 × 16 pixels) range blocks, i.e. level-1and then each 
block is partitioned as shown in Fig. 1 (b). Partition 
criterion is based on the prediction MSE error between 
range and domain block as per Eq. (1). If the MSE of the 
bigger size range block is smaller than a predefined 
threshold, then save the fractal code and process the next 
block. Otherwise, that block is further partition into 4 
quadrants i.e. level-2. The above procedure is repeated in 
each quadrant until the MSE becomes smaller than the 
threshold or 4 × 4 pixel block (level-3) is created. The 
algorithm is processed sequentially and iteratively on a 
block basis starting from top left to bottom right of each 
frame. Each subsequent partition of 16× 16 block size is 
represented by code as shown in Fig. 1 (a). In general, it 
takes on an average 1 bit or 5 bits per 16 x16 block size. 
Quadtree partitioning information is encoded separately 
using the following procedure to substantially save the 
number of bits required to denote quadtree level.  

If the matched block size is 16× 16 then it is denoted by 
index ‘0’ and the next range block is encoded. Otherwise 
assign index ‘1’ and further partition the block and go to 
the next step. 

If the matched block size is 8× 8 then it is denoted by 
index ‘0’, otherwise it is denoted by index ‘1’ and this step 
is repeated for the next 3 blocks of size 8x8. Here, the 
block indexing ‘1’ represents that block is further 
partitioned into 4 quadrants as shown in Fig. 1(a) i.e. 
process all four child blocks (at level 3) one-by-one if the 
parent block (at level-2) index is 1. 

5.2 Fast fourier transform based computations 
 
To calculate the DFT, Cooley and Tukey has invented a 

Fast Fourier Transform (FFT) algorithm [18, 32]. The most 
commonly used FFT algorithm operates on the principle of 
divide and conquers approach. When the algorithm is 
dividing the transform into two sequences of size N/2 
recursively in each sub sequences then it is called as radix-
2 FFT. If the input signal x(n) consist of N number of 
samples then the DFT is given as 
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The direct computation of equation (b) requires on the 
order of N2 complex arithmetic operation. While FFT 
offers a major reduction in computational complexity to the 
order of [(N/2)× log2N]. Due to incredibly reduction in the 
complexity, FFT is more efficient than DFT to produce the 
same result. Using the separability property of DFT, 2D 
FFT can be computed by performing 1D FFT on row wise 
followed by column wise transformation. FFT algorithm is 
also used to determine the convolution or correlation of 
two sequences with significant reduction in complexity. 

 
5.3 Frame based fractal video coding  

 
Current frame (ft+1) is initially partitioned into non 

overlapped range blocks of size 16× 16 pixels. In fractal 
coding if the number of domain blocks is more, than the 
probability to get best matched block with contractive 
affine transformation will be more. In this paper search 
area is selected as ±8 pixels in both horizontal and vertical 
direction from the same location of the range block. The 
search window is defined on the previously decoded frame 
(ft) i.e. reference frame. The flow diagram of the proposed 
fractal video coder is shown in Fig. 2. 

In video sequences, most of the blocks can be observed 
as stationary or non-motion block. The NCC matching 
process may find the wrong matched domain block if the 
range block is homogeneous. To avoid this problem, it is 
verified whether the range block is stationery or 
homogeneous in the beginning itself and then these blocks 
are coded separately. The early termination of the search 
process, in case the range block is homogeneous or 
zero/non-zero motion with zero luminance factors is 
employed. It significantly reduced the computational cost 
for determining the motion vector as possible. Otherwise, 
fractal parameters with MSE error E2 for each block are 
determined from the fast fractal prediction algorithm. If the 
isometry transformation index is no change, i.e. t=0 then 
that block is again checked for exact self-similarity and 
MSE (E1) is calculated. Final fractal information depends 

 
Block R1      Block R2 

(a) Code of R1: 10010 and R2 : 0 

 
Level-1         Level-2         Level-3 

(b) Quadtree Partition 

Fig. 1. (a) Code of two range blocks, (b) 3 Level quadtree
partition 
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on the minimum of two MSE errors E1, E2. If the range 
block cannot find a good matching domain block within 
the given MSE error threshold, then it is divided into four 
quadrant blocks and each sub blocks are encoded 
separately. Since the depth of quadtree is 3, so the two 
error thresholds are set i.e. th1 and th2. The algorithm 
proceeds iteratively from level 1 to level2 and from level2 
to level3. It terminates when either the given threshold 
condition is satisfied for all the sub blocks or smallest 
block size has been reached. 

For each and every range block, all the fractal parameters 
including the quadtree indexing need to be encoded. The 
encoded information can be used for storage or transmission 
of sequences. We encode the position or motion vector of 
domain block with respect to range block using 5-bit 
codeword. 5-bits and 7-bits are used for quantized value 
of s and o parameters respectively to give good quality 
output. Finally, use 3-bit codeword for all the isometry 
transformations.  

 
5.4 Fast fractal prediction algorithm 

 
Range block ‘RL’ (size N× N) and the search window 

‘WL’ (size (N+16) × (N+16)) are the two inputs for fast 
fractal prediction algorithm. Computational complexity of 
NCC can be reduced by implementing the numerator of 

Eq. (1) in the frequency domain using FFT. But, the 
primary requirement of cross correlation in frequency 
domain is that two input blocks must be of equal size. The 
range block size is increased by padding zeros on the left 
and down the side of the block and makes it equal to 
search window size. Cross correlation operation is the 
complex conjugate multiplication of two frequency domain 
components (range block and search window). This complex 
conjugate term additionally increases the complexity. It is 
minimized by taking the inverse FFT instead of forward 
FFT of one of the input. If the input signal is real then its 
conjugate of the FFT is equal to IFFT of same input with 
constant multiplying term. Without using this constant also 
final required NCC result will not differ. Numerator of Eq. 
(4) using 2D-FFT (FFT) and the same equation as a NCC 
matrix is given as Eq. (6). 
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Where m = {0,1,2, …., M2-4} and n = {0,1,2, …, N2-4}, 
' 1tf − - The previous reconstructed frame of size M2× N2. 
Where ||RL|| represents the square root of energy of 

range block and ||WL|| is the 2-norm matrix (size 17× 17) 
of search window according to the size of range block. 
Start pixel location of gL and WL are same from g and ft-1 
respectively. Each x and y coordinates location, ||WL(x,y)|| 
or ||WL|| represent the energy of corresponding overlapped 
domain block of size N× N. CRL,WL is the NCC matrix with 
size 17× 17 and Re{.} represent the real part of the NCC 
array block. The coordinates (xm,ym) of Eq. (7) denote the 
position of highly correlated block and can be used as an 
estimation of motion vectors. MSE will be minimized by 
selecting the highly correlated domain block. This 

 
Fig. 2. Flow diagram of the proposed fractal video coder
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correlated domain block is used to match with range block 
using the scaling and brightness parameters at different 
isometry transformations as per Eq. (1). If the scaling and 
brightness parameter values are outside the predefined 
ranges, then select the next correlated block and repeat the 
procedure till they satisfies the conditions |s|<=1.0 and 
|o|<=255, so that fractal parameter can be quantized 
effectively. Fig. 3 shows the flow diagram of fast fractal 
prediction algorithm which returns all the fractal parameters 
along with the MSE error of the particular range block. 

This proposed algorithm has the difficulty of applying an 
isometry transformation to the individual domain blocks 
since it operates on entire domain image (search window) 
and uses the frequency domain. Hence the isometry 
transformations are proposed for the range block. IFFT of 
original range block and FFT of search window are of 
equal size due to padding zero of range block. IFFT of the 
isometry transformed range block is expressed in terms of 
IFFT of the original range block using the rotation and 
reflection properties of 2D IDFT [32]. This helps to 
minimize the IFFT calculations and increase the searching 
speed of the algorithm.  

A further number of computations to compute the energy 

of the search window are significantly reduced by using 
pre-computed and reusing the energy of overlapping search 
area. The energy g(m,n) of the reference frame ' 1tf −  is 
calculated and stored according to the small block size and 
acts as a look-up table. As the range block size changed 
from level 1 to level 2 or 3, energy of search window gL is 
selected from the look-up table and computed with 
respective larger block size with minimum computations. 
Two adjacent range blocks (R1 and R2) share their more 
than 50 % search areas as shown in Fig. 4. If the two 
adjacent blocks are of the same size, then reusing the 
energy of first block overlapped search regions for the next 
block will be beneficial to avoid unnecessary computations.  

 
 

6. Experimental Results 
 
The proposed NCC based fast fractal video compression 

algorithm is simulated and tested on 7 real video sequences 
(‘Foreman’, ‘Carphone’, ‘News’, ‘Paris’, ‘Tennis’, ‘Bus’, 
‘Highway’). The tested videos are gray-level image 
sequences [33] with the size of 352 × 288 pixels. Range 
blocks are formed according to quadtree partition criteria 
with minimum and maximum block sizes of 4× 4 pixels 
and 16 × 16 pixels respectively. A search area on the 
reference frame is ±8 pixels in both vertical and horizontal 
directions from the same position as of range block on the 
target frame. Along with proposed method, CPM/NCIM 
and NHEXS algorithms are also implemented to compare 
their performance. The prerequisite information like 
quadtree partition with block size, two thresholds and the 
encoded bit length for fractal parameters are the same for 
all the implemented algorithms. In CPM/NCIM method 
first 3 frames are set for CPM and the remaining frames are 
using NCIM. All the three methods including proposed 
method are implemented in MATLAB 7.14 and simulated 
on PC (Intel Core i5-2400 CPU, 3.10GHz, 3.16GB RAM). 

The output reconstructed frame ˆ( )f  quality in 
comparison with original frame ( f ) is measured by PSNR 
as per Eq. (8) 
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Table 1 shows the comparison of average coding results 

of the first 60 frames of each of five video sequences. 
The result shows that the proposed method improves the 
compression ratio (CR) 2.5-9 times, PSNR 4 - 8 dB more 
and encoding time 16-34 times in comparison with 
traditional CPM/NCIM. Similarly, CR is increased by 6-28, 

 
Fig. 3. Flow diagram of the fast fractal prediction algorithm

 

 
Fig. 4. Overlapped search area of two adjacent range

blocks 
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encoding time by 1.2 -3.4 times and obtained slightly 
better PSNR in comparison with NHEXS algorithm. The 
proposed algorithm is also compared with Zhu’s region-
based algorithm [20] in terms of compression ratio and 
PSNR of the first 15 frames of each video sequence as 
shown in Table 2. 

In fractal video coding all the pixels of domain block are 
modified by applying s and o parameters. Due to this 
there may be large MSE between the original frame and 
reconstructed frame. The proposed algorithm determines 
highly correlated, i.e. structural similar block which improves 
the subjective visual quality. Wang [16] introduced SSIM 
index for measuring the similarity between the two images. 
SSIM indexing is more consistent with human visual 
system and more effective for measuring the quality of 
images than traditional method like PSNR. The overall 
quality of the image using SSIM includes three component 
measures, i.e. luminance, contrast and structure as shown 
in Eq. (9). It is calculated within the local window that 
moves pixel by pixel over the entire image and the average 
of SSIM is used to evaluate the overall image quality. In 
this paper, window of size 11x11 pixels using a Gaussian 
weighting function with a standard deviation of 1.5, for two 
local windows x and y are used. The SSIM is calculated as 
follows: 

 
 ( , ) ( , ) ( , ) ( , )SSIM x y l x y c x y s x y= ⋅ ⋅  (9) 
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Where µ and σ2 are the mean and variance of the 

window block, σxy is the covariance between x and y, C1, 
C2 and C3 are constants. SSIM index value is bounded 
between 0 to 1, if x = y the SSIM index value will be 1.  

In Table 2 even though the PSNR of the proposed 
algorithm for ‘Paris’ video is lower than that for the region 
based algorithm [20] but SSIM is the second largest among 
all videos. In this particular video sequence entire frame is 
moving in the left direction from 6 to 7 pixels, so almost all 
the range blocks are modified structurally with s and o 
parameters. The best match may give a high NCC with 
large gray level difference, due to that MSE may increase. 
The average PSNR for ‘Bus’ video sequence is low, whereas 

Table 1. Comparison of average fractal coding results of video sequences 

Compression Ratio (CR) PSNR (dB) Encoding Time (Sec.) Video 
sequences Proposed CPM/NCIM NHEXS Proposed CPM/NCIM NHEXS Proposed CPM/NCIM NHEXS
Foreman 70.84 28.46 64.64 33.47 29.29 33.11 2.88 46.81 3.76 
Carphone 129.27 47.86 112. 50 36.19 32.18 35.58 1.80 25.54 2.27 

News 356.56 38.86 328.42 38.63 30.48 38.18 0.93 33.11 1.18 
Paris 44.39 11.82 24.75 30.88 24.11 28.56 4.14 105.48 13.98 

Tennis 62.52 18.54 56.21 31.58 28.09 30.67 3.51 66.47 4.84 
 

Table 2. Comparison of average compression ratio and 
PSNR of 15 frames 

Compression Ratio (CR) PSNR (dB) SSIM Video 
sequences Proposed Region  

Based [20] Proposed Region  
Based [20] Proposed

Foreman 66.00 62.53 33.42 32.31 0.9386
Paris 45.52 45.83 30.61 33.74 0.9557

Highway 265.30 82.76 37.44 35.38 0.9708
Bus 19.30 15.22 28.08 29.56 0.9097
  

(a) 

 
(b) 

 
(c) 

Fig. 5. frame to frame comparison of performance using 
NHEXS and proposed algorithm: (a) Encoding 
time; (b) PSNR and (c) Compression ratio 
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the SSIM index is better. However, for the remaining 
videos CR and PSNR using the proposed method are better 
than region based [20] method. It is also observed that 
compression is very high for low bit rate videos with good 
quality of output video.  

Frame by frame comparison of encoding time, PSNR 
and CR for the first 15 frames of ‘Foreman’ video are 
shown in Fig. 5. Performances of the proposed method are 
better than NHEXS algorithm with respect to all the three 
performance parameters. Original and decoded 11th and 
12th frame of ‘Foreman’ video with SSIM and CR are 
shown in Fig. 6. The CR-distortion performances of the 
proposed video coder on the Foreman, Tennis and Carphone 
sequences are shown Fig. 7. The provided PSNR and 
compression ratio are averaged over all the first 60 frames. 
It is observed that higher compression ratio of more than 
100 can be achieved by little sacrificing of the video 
quality by 1 to 2dB. 

 

7. Conclusion 
 
In this paper, a new fractal video coding method with 

fast normalized cross correlation is presented to increase 
the encoding speed and improve the coding efficiency. 
Three level quadtree partitions and fast NCC computation 
as matching criteria are used. In this approach, the sizes of 
range block and domain block were kept same to exploit 
temporal correlation in video sequences. The proposed 
method improves the subjective visual quality of decoded 
video from human perception point of view. Experimental 
results show that the proposed scheme can raise the 
encoding speed by 14.19 to 34.6 times, compression ratio 
by 2.49 to 9.18 times and decoded video quality is 
improved by 3.5 to 8.15 dB in comparison with CPM/ 
NCIM. The speed of the proposed method is 21 % to 70 % 
higher than NHEXS algorithm and it also improves PSNR 
and compression ratio on an average by 0.89 dB and by 
15.41 respectively. In this method, a high compression 
ratio of more than 100 can be achieved with good quality 
video output and significantly less encoding time.  

The computation complexity of NCC limits the number 
of quadtree levels because at each level different size of 
FFT and cross correlation computations are required. The 
speed of the proposed algorithm will be further improved 
by finding the gray level transformation parameters and the 
denominator calculations of NCC in frequency domain. 
Another way, each level of quadtree partition requires 
different FFT computation for different sizes that can be 
designed using multirate processing properties. 
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