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Abstract- Image fusion is the process of integration of two or 
more source images into a single fused image. The resultant 
fused image is used to retain the important features of the 
source images. Color image fusion is the process of 
integrating one or more color images to enhance clarity of the 
image. The application of color image fusion simplifies object 
identification and helps in better cognition. In the existing 
system, image fusion is done on gray scale images by using 
Discrete wavelet Transform (DWT) and Discrete Cosine 
Hormonic wavelet transform (DCHWT) techniques. In the 
proposed system, image fusion is done on color images by 
using the Curvelet Transform (CT). Curvelet technique is a 
multi-scale and multi-directional decomposition technique. 
The performance assessment of the proposed method was 
conducted on Lytro multi-focus image dataset. Experiments 
are conducted to show the effectiveness of the proposed system 
over existing system. 
 
Keywords- DWT-Discrete Wavelet Transform, Discrete 
Cosine Hormonic wavelet transform (DCHWT), Curvelet 
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I. INTRODUCTION 
 

Image fusion has become a widely used tool for 
increasing the interpretation quality of images in various 
applications like getting an ‘all-in-focus’ image from a given 
set of multi- focus images or multispectral image based 
applications such as medical diagnosis, surveillance, and 
remote sensing. The main objective of any image fusion 
application is to retain all the important visual information 
found in the input images without introducing any artifacts. In 
general, advantage of data fusion is the increased 
dimensionality of the data space which in turn can increase the 
quality of the deduced information and reduce the ambiguity 
and vulnerability of the system. 

 
Image fusion can be applied in robot vision, image 

classification, concealed weapon detection and detection of 
tumors in medical images. The fusion of images is performed 
on images acquired from different instrument modalities. In 
this paper, the images are decomposed using multi-resolution  

transform based techniques and the method of pixel averaging 
or maximum selection rule is applied for fusion. 

  
II. LITERATURE REVIEW 

 
Subitha.V, Jenicka.S.et.al (2013) presented color 

image fusion. Color image fusion is the process of integrating 
one or more color images to enhance clarity of the image. The 
application of color image fusion simplifies object 
identification and helps in better cognition. Wei Huang, 
Zhongliang Jing.et.al (2007) proposed a method to assess 
focus measures according to focus measures’ capability of 
distinguishing focused image blocks from defocused image 
blocks. Several focus measures were studied in this paper as 
the measures of image clarity, in the field of multi-focus 
image fusion. Mamta Sharma, Sarika Khandelwal.et.al (2016) 
proposed a scheme to convert the image data from spatial 
domain to transform domain. Decompose the transform data 
into four parts that is LL, LH, HL, HH part. This 
decomposition Process again applies in LL part at two levels. 
After this three level decomposition we combine the input 
image data by applying average method using DCT and get 
fused data.  
 

Mamatha M., Padmavathi N.B.et.al (2016) proposed 
a image fuion technique. Medical image fusion is a method in 
which the information from many images of the same picture 
are registered and combined into single fused image, which 
provides more information, compared to each single source 
image and it provides more reliable result for the observers. R. 
Bhavani, et.al (2017) proposed multi focus image fusion and 
DWT based fusion technique is used. A coefficients based 
selection algorithm is presented. Source images are 
decomposed by DWT, two different window-based fusion 
rules are separately applied to combine the low frequency and 
high frequency coefficients. The coefficients in the frequency 
domain with maximum sharpness focus measure are selected 
as coefficients of the fused image, and a maximum 
neighbouring energy based fusion scheme is proposed to 
select high frequency sub-bands coefficients. 
 

III. SYSTEM DESIGN AND IMPLEMENTATION 
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The proposed work consist of three modules, they are 
I. Separate RGB bands  
II. Curvelet transform 
III. Image Fusion 

 
1. Block Diagram 

 
This proposed system was implemented by 

MATLAB software. Block diagram of the proposed approach 
is given in Figure 1. 

 
Figure 1. Block diagram 

 
The RGB bands of source images are separated as the 

pre-processing step. Then the multi-resolution curvelet 
transform is applied to the spectral bands. The third step 
explains the fusion of curvelet coefficients using fusion rule. 
Finally inverse transform is performed to obtain the fused 
image. 

2. Modules Description 
 

Separation of RGB bands 
  
Color digital images are made of pixels, and pixels 

are made of combinations of primary colors represented by a 
series of code. An RGB image has three channels: red, green, 
and blue. The red channel provides the contrast map i.e. 
contrast information of the image. The green channel contains 
the most detail of the image while blue channel is responsible 
for the noise parameter.  Red, green and blue bands of a 
sample image are shown in Figure 2. 
 

 
Figure 2. RGB separation 

 
Separation of RGB bands is done as the pre-

processing step for reducing the complexity and increase the 
speed of computation. Since the green channel contains most 
of the information, it is used for further processing.   
 
Curvelet Transform 
 

Curvelet transform is also a multi-resolution 
decomposition technique. The 2D-FFT is applied on images to 
obtain the Fourier samples. The Fourier samples are wrapped 
around the origin. Finally the image is reconstructed by 
performing the inverse FFT transform.  
The Curvelet Transform includes four stages: 
 
 Sub-band decomposition 
 Smooth partitioning 
 Renormalization 
 Ridgelet analysis 
 

Curvelet Transform is a new multi-scale 
representation most suitable for objects with curves. The 
curvelet transform open us the possibility to analyse an image 
with different block sizes, but with a single transform. The 
idea is to first decompose the image into a set of wavelet 
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bands, and to analyze each band by the ridgelet transform. The 
block size can be changed at each level scale. 
 

Curvelet transform is a directional multi-scale 
transform with frame elements indexed by scale and location 
parameters. Curvelet transform is a multi-scale pyramid with 
many directions and positions at each length scale, and needle-
shaped elements at fine scales.  
 

The first generation curvelet transform originally 
developed in the continuous domain is through multi-scale 
filtering, followed by a block Ridgelet transform on each band 
pass image. The ridgelet transform has limited directional 
features; it only works for line singularities while the curvelet 
has superior directional representations. Due to its 
computational complexity and high redundancy this technique 
is seldom used for image compression but find application in 
image denoising, image fusion etc.  
 

In order to reduce the computational complexity of 
the first generation curvelet transform, second generation 
curvelet transform was introduced. Second generation 
wavelets was defined directly via frequency partitioning 
without using the ridgelet transform. It uses the scaling law in 
its construction .That is why we can decompose an image at 
different scales and angles to represent more curvilinear 
objects and have better edge representations. 

 
Figure 3. Decomposition of the curvelet transform 

 

Figure 3 shows the default curvelet tiling. 5-scale 
decomposition is shown. Each scale is divided into  

  wedges, where j is the scale number. Scale 
locations are denoted by yellow markers.  
 

 
Figure 4. curvelet transform framework 

 
Figure 4 shows the framework of curvelets. In the 

middle, the sub-sampled image which corresponds to the mean 
is visible.  The rings of this illustration refer to the different 
scales of the decomposition. Throughout all scales, slices 
indicated by the red triangle unify similar directions. For each 
scale, and each direction, several locations for the structures 
are possible that are captured by the single images. It is 
obvious that the main structures of the original image still can 
be recognized in the coefficient images. However, each single 
image indicated by the green rectangular highlights special 
parts of the original image according to scale and direction. 
 
Fast Discrete Curvelet Transform: 
 

`There are two simpler digital versions of second 
generation curvelet transform. They are  

 
1. FDCT via USFFT 
2. FDCT via Frequency wrapping 
 

The first FDCT is based on unequally-spaced fast 
Fourier transforms (USFFT) and the second FDCT is based on 
the frequency wrapping Fourier samples. These two 
techniques handle the translation step with different choice of 
spatial grid. The FDCT using wrapping method is faster than 
usfft. So, in this work wrapping method is used. The algorithm 
of FDCT via wrapping is as follows: 

 
Step 1:Take FFT of the Image. 
Step2: Divide FFT into collection of Digital Tiles. 
Step 3: For each tile 
 
 Translate the tile to the origin 
 Wrap the parallelogram shaped support of the tile         
 around a rectangle centered at the origin. 
 Take the inverse FFT of the wrapped support. 
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 Add the curvelet array to the collection of curvelet  
 coefficients. 
 

Figure 5 shows the decomposition of curvelet transform 
for sample image at scale=5. 

 
Figure 5. Representation of sample image in curvelet domain 

 
3.   Coefficients Organization 
 
 The original source images were decomposed into 
frequency domain by using fast discrete curvelet transform. 
According to the rules of decomposition, we can get the scale 
number (nscales =log2n - 3, where [m, n] = size (image). After 
decomposition, the original image was divided into three 
levels: Coarse, Detail and Fine. The low-frequency 
coefficients were assigned to Coarse, which is the most inner 
level. The high-frequency coefficients were assigned to Fine, 
which is the outermost level. The middle-frequency 
coefficients were assigned to Detail. From the viewpoint of 
statistics, the characteristics of curvelet coefficients can be 
summarized as follows: 
 
1) Most image energy is compacted into the lowest sub-

band. The rest energy was spread     over other sub-bands, 
reducing from low frequency to high frequency. 

2) The maximum value of coefficients focused on the first 
level. 

3) The minimum value of coefficients focused on the last 
level. 

4) With the increasing number of scale, coefficients include 
more zero. 

 
Fusion Rule 
 

The trivial image fusion techniques are as follows: 
 
Average Method: 
  

In Average method, the resultant image is obtained 
by averaging every corresponding pixel in the input source 
images. 
 
Select Maximum/Minimum Method: 
 

This is a selection process where, for every 
corresponding pixel in the input source images, the pixel with 
maximum/minimum intensity is selected, respectively, and is 
put in as the resultant pixel of the fused image.  
 

Since most of the energy is confined at the coarse 
level, the fusion rule of Select Maximum method is used for 
this level of coefficients. The other level coefficients are fused 
using Average method.   
 

The final fused image obtained using both average 
and selected maximum method is shown in Figure 6. 

 
Figure 6. Final fused image 

 
IV. RESULTS AND DISCUSSIONS 

 
Here we measure six parameters for image quality 

metrics. In this report we use Curvelet transform technique for 
image fusion. By using this technique we measure six 
parameters for coloured image. Theoretically, for parameters: 
API, SD, AG, Entropy and Correlation higher the value better 
is the quality of the fused image, whereas for FS, lower the 
value better is the quality. 
 
1. Average Pixel Intensity (API) or mean (F): An 

index of contrast. 
 

 
 

2. Average Gradient (AG): A measure of sharpness and 
clarity degree. 
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3. Standard Deviation (SD):  This is the square root of 
the variance, which reflects the spread in the data. 
 

 
 

4. Entropy (H): An index to evaluate the information 
quantity in an image. 
 

 
 

5. Fusion Symmetry (FS) or Information Symmetry: An 
indication of how much symmetric the fused image is 
with respect to source images. 
 

 
 

Where, 
MIF- Mutual information of fused image 
MIA- Mutual information of source image A 
MIB- Mutual information of source image B 
 
6. Normalized Correlation (CORR): A measure of 

relevance of fused image to source images. 

 
 
Table 1. Result of multi focus image using proposed 

Curvelet based Fusion method 

 
 

Table 2.  Comparison of proposed color image fusion 
method with gray scale image 

 

Table 4.2 shows the comparison results of existing 
and proposed fusion techniques. The parameter API is 
118.0940 for boy image in the proposed system while it is 
93.1836 in existing system. The results prove that the 
proposed fusion method shows better performances than 
existing system. 

 
V. CONCLUSION 

 
In this work, single multi-resolution method is 

applied with novelty to integrate the color images of the same 
scene taken at different focus. The color image fusion process 
uses different multi-resolution methods to explore the 
complementary characteristics of two source images. The first 
step is to separate the color bands from the source image and 
then green band is selected for applying curvelet 
transformation. In second step, the curvelet coefficients are 
obtained using fast discrete curvelet transform via wrapping 
method. Finally, the coefficients are fused to form the final 
fused image using fusion rule.  From the experiments, it is 
evident that performance of the proposed fusion method is 
better than the existing multi-resolution method. 
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