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ABSTRACT 
Image Fusion is the process of combining information from two or more images of a scene into a single composite 
image which is more informative for visual perception. Image processing plays a vital role in the medical field 
because most of the diseases are diagnosed by means of medical images. In this paper the image fusion based on 
wavelet and curvelet transform using ANFIS algorithm is used to get more accurate results with improved image 
quality. MR (Magnetic Resonance) images are used for the fusion purpose. The result generated by ANFIS algorithm 
is compared to PCA technique of image fusion using wavelet and curvelet transform. The parameters like RMSE 
(Root Mean Square Error) and PSNR (Peak Signal to Noise Ratio) are used to evaluate the performance measures. 
Keywords: Image Fusion, ANFIS, Wavelet and Curvelet transform, RMSE, PSNR. 

1. INTRODUCTION 
The sensor technology is developing very fast, people obtain images in more and more ways, and the types of image 
fusion are also increasingly rich, such as the Image fusion of same sensor, the multi-spectral image fusion of single-
sensor, the image fusion of the sensors with different types, and the fusion of image and non-image. The aim of image 
fusion in general is to use images as redundant or complementary sources to extract information from them with higher 
accuracy or reliability. Image fusion is becoming challenging field and it is used in medical imaging, military and 
satellite imaging. The three different traditional data fusion are feature level, pixel level and decision level. It comes 
under the fusion of data categorization. 
1.1 Image Fusion 
Image fusion is the process of combining information from two or more images into a single image in computer vision. 
Multi-sensor [1] Image fusion is the process of combining images and to get more informative images than any of the 
input images. In remote sensing applications, motivation for different image fusion algorithms is given by the increasing 
availability of space borne sensors. High spatial and high spectral resolution is required in a single image processing. . 
The fused image can have complementary spatial and spectral resolution characteristics [2]. However, sometimes while 
merging the standard image fusion techniques can distort the spectral information of the Multi-spectral data. Two types 
of images are available in satellite imaging. The panchromatic image acquired by satellites is transmitted with the 
maximum resolution available and the multispectral data are transmitted with coarser resolution, which is two or four 
times lower [4]. 
1.2 Image Fusion Techniques 
In Image fusion techniques the wavelet, curvelet and discrete wavelet transform are discussed here. 
1.2.1 Wavelet Transform 
Wavelet transforms is that in which the transformation should allow only changes in time extension but not in shape or 
structure. The changes in time are affected by choosing suitable basis functions [10]. This transform can handle point 
discontinue well than STFT, it is not optimal up to curve. Because the wavelet basis is isotropic and the curve have 
direction so it take lot of coefficients to account for edges.  
1.2.2 Curvelet Transform 
Motivation: The time frequency analysis is decomposed a signal to several orthogonal bases. We can quantize the signal 
to the summation of different basis with different coefficient. With the approach, it is easy to analysis the signal and there 
are some benefit [6] : 
 Data compression: Few coefficient with correspond basis dominant the signal. Quantize with those dominant 

coefficient can reach data compression. 
 Feature extraction : Basis with large coefficient is the feature of the signal.  Checking those basis is useful in pattern 

recognition. 
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Image restoration: For all bases are all orthogonal, it is easy to restoration image without effect of dependent 
Every transform has different basis in time frequency with differnet tiling. 
Edge Detection  
An edge is a property attached to an individual pixel and is calculated from the image function behavior in a 
neighborhood of the pixel. Edge Detection is also regarded as a vector variable (magnitude of the gradient, direction of an 
edge). The purpose of edge detection in general is to significantly reduce the amount of data in an image [7].                
1.2.3 Discrete wavelet transform 
The transform of a signal is just another form of representing the signal. The information content present in the signal 
does not effected in it. The Wavelet Transform provides a time frequency for representing the signal [8]. The multi-
resolution technique used in it which shows that different frequencies are analyzed with different resolutions. The 
Discrete Wavelet Transform (DWT), which is based on sub band coding, and also found as fast computation of Wavelet 
Transform. It is easy to implement and reduces the computation time and requirement of resources. Wavelet transform 
fragmented a signal into a set of basic functions. The wavelets are basis functions. 
                                                             
                                               Wavelet approach                                                    Curvelet approach 
                                   (More coefficients are needed)                                      (Fewer coefficients are needed) 

                                                                    
 

Figure 1: Wavelet and Curvelet approach 
1.3 Applications of Image Fusion 
Remote sensing techniques are proved to be powerful tools for the monitoring of the Earth’s surface and atmosphere on a 
global, regional, and even local scale, by providing important coverage, mapping and classification of land cover features 
like vegetation, soil, water and forests. It has been used in many fields of remote sensing, such as object identification, 
classification, and change detection. The following paragraphs describe the recent achievements of image fusion in more 
detail. 
1.3.1 Object identification 
The feature enhancement capability of image fusion is visually apparent in VIR/VIR combinations that results in images 
that are superior to the original data. To maximize the amount of information extracted from satellite image data, useful 
products can be found in fused images [9]. A Dampster-Shafer fusion method for urban building detection was presented 
in 2004; multi-spectral aerial imagery had been used. Apart from buildings the classes, ‘tree’, ‘grass land’, and ‘bare soil’ 
are also distinguished by a classification method of data fusion. Identification of linear objects such as roads also benefited 
from image fusion techniques. Image fusion is playing fundamental role in these applications specially. 
1.3.2 Classification 
Classification is one of the key tasks of remote sensing applications. The classification accuracy of remote sensing images 
is improved when multiple source image data are introduced to the processing [9]. Image fusion methods will lead to 
strong advances in land use/land cover classifications by use of the complementary of the data presenting either high 
spatial resolution or high time repetitiveness. 
1.3.3 Change detection 
Change detection is the process of identifying differences in the state of an object or phenomenon by observing it at 
different times. Change detection is an important process in managing and monitoring natural resources and urban 
development because it provides quantitative analysis of the spatial distribution of the population of interest. Image fusion 
for change detection takes advantage of the different configurations of the platforms carrying the sensors. The merging of 
these temporal images enhances information on changes that might have occurred in the observed area. 
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1.4 Artificial Neural Networks 
The ANFIS is the combination of ANN (Artificial Neural Network) and Fuzzy logic. These are composed of 
interconnecting artificial neurons (programming constructs that mimic the properties of biological neurons). They may 
either be used to gain an understanding of biological neural networks and for resolving artificial intelligence queries 
without necessarily creating a model of a real biological system [10]. The real biological nervous system is highly 
complex: artificial neural network algorithms attempt to abstract this complexity and focus on what may hypothetically 
matter most from an information processing point of view. The basic architecture consists of input, output and hidden 
types of neuron. In these networks, the signal flows from input to output units in a feed-forward direction. The processing 
of data can extend over the multiple layers, but there is no feedback connection. Feedback connections are present in 
recurrent networks. Contrary to feed-forward networks, the dynamical properties of the network are to be needed. In some 
cases, the activation values of the units undergo a relaxation process such that the network will evolve to a stable state in 
which these activations do not change anymore. 

 

   X1         Teach/Use 

 

  X2   

  Output Y 

                 

                Xn   

 

                                  
                                             Figure 2: Architecture of Neural Network 

Feed Forward Neural Networks 
Feed-forward ANNs allow signals to travel in one way only; from input to output. There is no feedback (loops) i.e. the 
output of any layer does not affect that same layer. Feed-forward ANN associate input with output [12]. It is used in 
pattern recognition. This type of organisation is also Known as bottom-up or top-down. Single-layer perceptron, 
multilayer perceptron and radial basis Functions are types of feed forward neural networks. 
Single Layer Perceptron 
It is the simplest kind of neural network, which consists of a single layer of output nodes; the inputs are fed directly to the 
outputs via a series of weights. In this way it is considered the simplest kind of feed-forward network [12]. Then, the 
product of the weights is integrated by adding and the input is calculated at each and every node. If the value is above 
some threshold (typically 0) the neuron fires and takes the activated value (typically 1), otherwise it takes the deactivated 
value (typically -1). Neurons with this kind of activation function are also called artificial neurons or linear threshold 
units. 
Back Propagation 
It is a supervised learning method, and is a generalization of the delta rule [12]. It requires a dataset of the desired output 
for many inputs, making up the training set. It is most useful for feed-forward networks (networks that have no feedback, 
or simply, that have no connections that loop). The term is an abbreviation for "backward propagation of errors". Back 
propagation requires that the activation function used by the artificial neurons (or "nodes") be differentiable. 
1.5 Fuzzy Logic 
Fuzzy logic is an approach based on "degrees of truth" to compute rather than the usual "true or false" (1 or 0) Boolean 
logic on which the modern computer is completely based. The concept of Fuzzy Logic (FL) was conceived by Lotfi Zadeh, 
a professor at the University of California at Berkley, and presented not as a control methodology, but as a way of 
processing data by allowing partial set membership rather than crisp set membership or non-membership. FL is a 
problem-solving control system methodology that lends itself to implementation in systems ranging from simple, small, 
embedded micro-controllers to large, networked, multi-channel PC or workstation-based data acquisition and control 
systems. It can be implemented in hardware, software, or a combination of both. It provides a simple way to arrive at a 
definite conclusion based upon vague, ambiguous, imprecise, noisy, or missing input information. Its approach to control 

Neuron 
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problems mimics how a person would make decisions, much faster. This kind of process is used in artificial computer 
neural network and expert systems. 

2. RELATED WORK 
In this paper the existing work using PCA technique is introduced with wavelet and curvelet transform. The literature 
survey related to this work is also discussed here. 
2.1 PCA (Principal Component Analysis) algorithm 
Principal component analysis (PCA) is a novel scheme for dimension reduction and is used for image fusion [11]. It is 
also a vector space transform used for reducing the Multidimensional data sets to lower dimensions. The PCA algorithm 
for the fusion of images is discussed as follows. 
 Generate the column vectors from the input image matrices. 
 Calculate the covariance matrix of the two column vectors produce. 
 The diagonal elements of the 2x2 covariance matrix contain the variance of each column vector with itself, 

respectively. 
 Calculate the Eigen values and the Eigen vectors of the covariance matrix. 
 Normalize the column vector corresponding to the larger Eigen value by dividing each element with mean of Eigen 

vector. 
 The output values of the normalized Eigen vector act as the weight values which are respectively multiplied with 

each pixel of the input images. Sum of the two scaled matrices calculated in the 
Previous step will be the fused image matrix [12]. 
This work has been showed in curvelet transform for the image fusion and after studying this technique, the comparison 
of ANFIS is done with PCA algorithm. PCA technique shows low image quality and to enhance the image quality ANFIS 
algorithm is used. 
2.2 Literature  
Candes et al. (2000) [9] 
proposed the medical images with Wavelet and Curvelet transform based approach for the fusion of digital image. Here 
its looked at the selection principles about low and high frequency coefficients according to different frequency domain 
after Wavelet and Curvelet Transform. Medical images have several objects and curved shapes, it is expected that the 
curvelet transform would be better in their fusion. The simulation results show the superiority of the curvelet transform to 
the wavelet transform in the fusion of digital image and MR and CT images from entropy, correlation coefficients and the 
RMSE point of view. In vision, the fusion algorithm proposed in this paper acquires better fusion result.  
Narasimhan et al. (2012) [13] 
proposed performance evaluation of image fusion using the multi-wavelet and curvelet Transform. In fusion algorithm, 
the input images from two different modalities such as CT and MR are initially registered and then transform into Multi-
Wavelet transform and Curvelet transform are applied on the input images. The images produced from different medical 
imaging methods such as Computer Tomography (CT) and Magnetic Resonance (MR) images are merged to get a new 
fused image to improve the quality of image for diagnosis. Finally the resultant images are fused using various fusion 
techniques Principal Component Analysis, Laplacian Pyramid etc. Results are evaluated and compared according to four 
measures of performance the Entropy (H), Root Mean Square Error (RMSE) and Peak Signal to Noise Ratio (PSNR). 
Loganathan et al. (2013) [10] 
proposed a hybrid learning mechanism that utilizes the training and learning neural networks to find parameters of a 
fuzzy system based on the symptoms created by the mathematical model. The main aim of this work is to determine 
appropriate neural network architecture for training the ANFIS structure in order to adjust the parameters of learning 
method from a given set of input and output data. The training algorithms used in the work are ANFIS and Runge-Kutta 
Learning Algorithm (RKLM). The ANFIS shows the better results than the other algorithm. 

3. METHODOLOGY 
The methodology of work starts with the overview of ANFIS algorithm and implements the wavelet and curvelet 
algorithm on input MR medical images. The result of using an enhanced ANFIS algorithm interpreted on the basis of 
different quality parameters. The results with proposed algorithm are compared with the PCA technique. The result 
acquired by the proposed algorithm proved better quality of the fused image. Algorithms used for the proposed work are 
as given below: 
A. Wavelet transform algorithm 
B. Curvelet transform algorithm 
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C. ANFIS (hybrid learning algorithm) 
A. Wavelet Transform Algorithm 
The specific operational procedure for the wavelet based image fusion approach is now summarized as follows: 

1. The two input images are registered initially. 
2. Each input image is analyzed and a set of wavelet Coefficients are generated. 
3. The maximum frequency rule is used for the fusion of wavelet coefficients. 
4. The inverse wavelet transform step is performed (The fused coefficients are subjected to the inverse wavelet 

transform) to obtain the fused image. 
 The graphically representation of the algorithm is shown in fig.3. 
 

 
 
 Figure 3: Wavelet Transform based Image fusion 
B. Curvelet Transform Algorithm 
The algorithm for fusing images using the Curvelet transform is explained as follows: 

1. The two input images are initially registered initially. 
2. Each input image is then analyzed and a set of Curvelet coefficients are generated. 
3. The maximum frequency rule is used for the fusion of Curvelet coefficients. 
4. Finally the Inverse Curvelet transform (ICVT) step is performed (The fused coefficients are subjected to the inverse 

Curvelet Transform) to obtain the fused image. 
 The graphical representation is shown in fig 4. 

 
                                                                Figure 4: Curvelet transform based image fusion 
C. ANFIS algorithm 
ANFIS is known as Adaptive Network Based Fuzzy Inference System. It has rules and membership functions. The ANFIS 
approach learns the rules and membership functions from data. ANFIS is an adaptive network. An adaptive network is 
network of nodes and directional links associated with the network is a learning rule - for example back propagation.  It’s 
called adaptive because some, or all, of the nodes have parameters which affect the output of the node. These networks are 
learning a relationship between inputs and outputs.  

 
                                                                         Figure 5: An ANFIS architecture 
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A Two Rule Sugeno ANFIS has rules of the form: 
111111 ryqxpfTHENBisyandAisxIf   

222222 ryqxpfTHENBisyandAisxIf   
For the training of the network, there is a forward pass and a backward pass. We now look at each layer in turn for the 
forward pass. In forward pass the input vector propagates through the network layer by layer.  In the backward pass, the 
error or bug is sent back through the network in similar manner to back propagation. 
The functions of all layers are described as follow: 
Layer 1 
The output of each node is: 

2,1)(,1  iforxO
iAi 

 

 

 )(,1 xO i Essentially the membership grade for x and y . 
The membership functions could be anything but for illustration purposes we will use the bell shaped function given by: 
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Where iii cba ,, are parameters. These are called the premise parameters. 
Layer 2 
Every node in this layer is fixed. This is where the t-norm is used to ‘AND’ the membership grades - for example the 
product: 
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Layer 3 
This layer contains fixed nodes which calculate the ratio of the firing strengths of the rules. 
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Layer 4 
In this layer the nodes are adaptive and perform the consequent of the rules. 

)(,4 iiiiiii ryqxpwfwO   
The parameters in this layer ( iii rqp ,, ) are to be determined and are referred to as the consequent parameters. 
Layer 5 
There is a single node that computes the complete and overall output. 
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Typically, the input vector is fed through the network layer by layer. In this way the whole output is aggregated at the end 
and helps in improving the image quality.

 3.1 Algorithm Level Design  
In the design phase the flow chart of the methodology is discussed. ANFIS is the enhanced algorithm than the existing 
algorithms. It starts by loaded first image then preprocessing is done. Now, the second image is loaded i.e. MR image. 
After that ANFIS algorithm is applied. Then, wavelet and curvelet algorithms are applied. Now, the results are 
compared by using two parameters (RMSE & PSNR) with the existing results. The flowchart to graphically represent the 
steps of proposed algorithm is shown in Figure 6. 
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                                                        Figure 6: Flow Diagram of methodology 
3.2Parameters Used 
3.2.1 PSNR 
PSNR is the ratio between the maximum possible power of a signal and the power of corrupting noise that affects the 
fidelity of its representation. The PSNR of the fusion result defined as follows: 

`                      

 
Where  is the maximum gray scale value of the pixels in the fused image. Higher the value of the PSNR, better the 
performance of the fusion algorithm. 
3.2.2 RMSE  
A commonly used reference based assessment metric is the Root Mean Square Error (RMSE). The RMSE between a 
reference image R and a fused image F, is given by the following: 

                                                                          
Were R (m, n) and F (m, n) are the reference (MR) and fused images, respectively and M and N are image dimensions. 
Smaller the value of the RMSE, better the performance of the fusion algorithm. 

4.EXPERIMENTAL SET UP AND RESULTS 
To see the qualitatively as well as quantitatively performance of the proposed algorithm images of jpg format has been 
used. The image fusion of the medical images is done with the existing technique i.e. Wavelet and Curvelet technique and 
the enhanced ANFIS technique. The images shown in the fig.7 (a) and 7(b) are input images and fig 7(c) shows resultant 
image using ANFIS algorithm. In this paper ANFIS algorithm is used to acquire the better image quality than the 
existing results. This technique has significantly improved the results. 
 

                                                                         
                            
                                                    Figure 7: (a) I1 Input image       Figure 7: (b) I1 Input image 
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                                                                Figure 7(c): Result image using image fusion 
 
The Table 1.1 shows the results of the Image fusion based on curvelet and wavelet based using the ANFIS algorithm. The 
improved results using the proposed technique are highlighted to show the comparison. As shown in Table 1.2 the Image 
fusion using the techniques (wavelet and curvelet transform and ANFIS proposed method) is applied on the images. The 
PSNR and RMSE using proposed method is a very good improvement as compared to the existing technique. 

                      Table 1.1: Comparison table of the image fusion techniques using parameters with the existing values                       

 
 
 
 
 

 
 
 
 
 
 

 
   
 
 
 The table result proved that the proposed technique enhance the result of the fused image. 
4.1Graphical Representation 
The figure 8 shows the comparison of the proposed algorithm to the existing algorithm. Here, the RMSE having low 
value and PSNR shows higher value by applying proposed algorithm. 
 

 
Figure 8: Column-chart of I1 image 

IMAGE     

NAME 

PREVIOUS VALUE 

OF RMSE 

PROPOSED 

VALUE OF RMSE 

I1.JPG 4.6226 3.7329 

IMAGE  

NAME 

PREVIOUS VALUE 

OF PSNR 

PROPOSED 

VALUE OF PSNR 

I1.JPG 33.5805 34.9447 
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5. CONCLUSION 
Image fusion process is greatly enhanced by using ANFIS algorithm. This research has presented a new trend in the 
fusion of MR images which is based on wavelet and curvelet transform with ANFIS algorithm. The experimental study 
shows that the application of wavelet and curvelet transform with ANFIS algorithm is superior to the existing technique. 
A comparative study has been made between the existing work and the proposed work. From the results it is concluded 
that the proposed algorithm enhances the performance with higher PSNR and lower RMSE value. The study on this 
research can be extending to work on more than two images simultaneously. Also in future more parameters like by 
enhancing the number of pixels quality can be considered. This study can further apply new formulas or algorithm for the 
enhancement of parameters in fusion of images land reducing time for execution. 
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