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Abstract—This Paper aims to develop the image fusion technique using Curvelet and 

Wavelet Transform using optimised scaling technique using Hybrid -Genetic Grey Wolf 

optimisation algorithm. The MRI images with two modalities are fused in a controlled 

environment using the optimised scaling variable while inverse transformation portion of the 

wavelet transform based image fusion technique. Matlab based simulation is carried out using 

the Hybrid Genetic Grey Wolf optimization technique which optimizes the scaling variable. 

The performance of curvelet transform based optimised scaling technique for image fusion is 

found to be better compared to wavelet transform based implementation. The results were 

found to be satisfactory. 

 

Keywords—Image Fusion, MetaHeuristic Methods, Wavelet Transform, Curvelet Transform, 

Genetic Algorithm, Grey Wolf Algorithm. 

 

1.INTRODUCTION 
 

Image registration is the task of overlaying two or more images of the same subject taken at 

different times, from different viewpoints or by different sensors. The goal of registration is 

to find a function that maps points of one image to the corresponding points of the other 

image, providing a geometric alignment between the images. This process compensates the 

motion of the subject or some difference between the sensors, allowing the images to be 

compared and analysed in a common reference frame. The process of enhancing the image 

for better visualisation of intricacy of the image gathered from different modalities is called 

image fusion. Medical applications which need better visualisation of images for diagnosis of 

different medical complexities needs these image processing technologies. Although different 

image fusion methods are adopted the wavelet based imagefusion techniques have taken 

centre stage as applied in  [1].Optimization techniques that are used while the reconstruction 

of the image from the wavelet decomposition is observed in [2].The hybrid meta heuristic 

algorithms include the advantages of the different optimization algorithm to get a better 

optimized search parameter.  One such is hybrid Genetic-Grey Wolf Algorithm i.e developed 

in [3] that uses the advantage of both genetic algorithm and grey wolf algorithm to optimize 

the parameter that would obtain a better search results in the search domain. This paper uses 
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the image fusion quality metrics based optimisation implementation in the reconstruction 

process of the transform domain.  

This paper is organized as follows. Section -II describes details of the optimised image fusion 

algorithm. Section – III deals with details of the optimised Curvelet transformed image fusion 

algorithm. Section -IV indicates the results and discussion of the implementation. Finally 

Section V is summarized by the conclusion and References. 

 
2.OPTIMISED IMAGE FUSION 

 
 
Fusing the image in the transform domain is advantageous since the space and the frequency 

details of the image is considered while image fusion is carried out. Different transform based 

image fusion method is discussed in the previousintroduction section. The implementation 

discussed in [4] is a optimized transform based method where wavelet based fusion is applied 

and optimised while reconstructing the image. The optimisation algorithm controls how much 

the transform domain image need to contribute to create the reconstructed image which gives 

the fused image with good quality. The quality metrics acts as the objective function for the 

optimisation algorithm. The scaled amount of the different transform domain components 

form the fused image. The scaling fraction needs to be optimized in a way it can fuse the 

transform domain components of the image with higher image fusion metrics. Thus the image 

fusion metrics like the mutual information and joint entropy are used to find a composite 

image fusion metrics that would act as the objective function. The Fast-Feature mutual 

Information (FMI) method introduced in [10] is described to quicker in terms of finding the 

image fusion metrics and also represent the higher quality of image fusion. 

 

3.HYBRID GENETIC ALGORITHM- GREY WOLF OPTIMIZATION 
 

 
Genetic Algorithm and Grey Wolf Algorithm are both biologically inspired methods that is 

combined to obtain a hybrid method that comprises of the efficient local searching capability 

of Grey Wolf Optimisation algorithm with the efficient global optimisation capability of 

Genetic Algorithm (GA). 
 
3.1  Genetic Algorithm  

Charles Darwin formulated an idea that, despite its apparent simplicity, could explain the 

design of all biological organisms on Earth. This idea is known as evolutionary theory. The 

principle of the evolutionary theory, or Universal Darwinism, expresses that necessary and 

sufficient conditions for evolution are variation, selection and heredity. “What Darwin 

offered the world was design out of chaos without the aid of mind.”[5] The words (GAs) 

denotes to a group of population-based adaptive algorithms motivated from Darwin’s theory 

of evolution concluded by John Holland in the 1970s [6]. Each individual, or genome, in a 

population can be a structure of all variables in a problem, or in other words, each individual 

represents a particular location in the search domain. Hence, GAs can be seen as a 

optimization method that finds the best set of variables that solve a problem. Major operators 

of GAs are natural selection and crossover (also called recombination). Individuals with 
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advantageous qualities are more likely to be selected and become more common in the 

population. Because of the stochastic nature of GA, it is likely to have more than one solution 

for a particular problem. 

3.2 Initialization 
A number of individual solutions are randomly created at the beginning. Initial population 
size varies between several hundred to thousands of individuals based on the problem 
complexity. The initial population may be seeded in a particular region, where the probability 
of finding optimal solutions is large. 
 
3.3 Selection 
 

A new generation is breaded from the existing population by selecting few from the 

population.The selection is stereo-typically based on fitness, thus the fitter an individual is, 

the more likely it is to be nominated. A weak individual still has a chance to be selected, and 

this helps to keep the variety of the population high. Two popular selection mechanisms are 

roulette-wheel selection and tournament selection. 
 
3.4 Algorithm 2 Pseudocode for a GA  

Initialize population  
Repeat for all individuals to decode chromosome (create phenotype) evaluate individual 

end for if satisfactory result obtained then halt else place a copy of the best individual in new 

population (elitism) repeat. 

Select two individuals, perform crossover with probability Pc, do mutation, new two 
individuals are updated until completed replace the old (parents) population with the newone 
(children) end if until termination criteria are met. 

 
3.4 Roulette-wheel selection:  
Individual i with fitness ‘fi’ is selected with probability, where N is the number of population.  
Tournament selection: An individual is selected if it wins a tournament among a few 

randomly selected individuals. The performance of the tournament selection depends on 
couple of parameters: tournament size (k) and the best individual probability in the 

tournament (p). 
  
In uniform crossover the cutting point’s count is equal to the genes count minus one, and 

each gene is exchanged with a fixed probability, normally 0.5. In case ordered chromosome 

is used then swapping will lead to invalid order hence crossover method must be particular to 

get the correct order. The crossover is customarily applied with the probability pc of the 

offspring may be generated only by mutation (asexual reproduction).  
 
3.5 Grey Wolf Algorithm 
 

Introduced in [16] Grey Wolf Optimizer is based on the concept inspired by Grey Wolf 

hunting method. Their hunting method adopts the hierarchy of leadership and a hunting 

method that involves prey searching, prey encircling and attacking them. The optimizer 

developed from this behaviour involves the similar hierarchy comprising the different types 

of hunting wolves named as alpha, beta,delta and omega according to the ferociousness of 

their attack. 
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The hybrid of the GA -Grey wolf algorithm is obtained by using the objective function of 
image fusion parameters like mutual information, normalised mutual information to be 
maximised while fusion. The grey wolf algorithm takes care about the optimization of the 
objective while the intermediate parameter of randomness is populated using genetic 
algorithm. 
 
3.6 Image Fusion Parameters 

The image fusion parameters include the mutual information (MI), which calculates the 
amount of feature information transferred from the source images into the fused image. Joint 
probability distribution function (JPDF) is an essential factor in calculating MI; thus, a 
suitable method of estimating the JPDF is also proposed. 
 

4. RESULTS AND DISCUSSION 
 
Matlab based implementation of the optimised transform based image fusion is applied and 

the results are obtained with the hybrid GA-GWO based image fusion. The brain MRI images 

are used with both the tissue and the bone based images.The fused image is optimised to have 

the blend of both the tissue and the bone in way it is represented to depict both the tissue and 

the bone part evident in it. The paramaters that is used for the optimization of the algorithm is 

as defined in Table I.  
                                                                       TABLE I  

           HYBRID GENETIC-GREY WOLF OPTIMIZATION PARAMETER 
 

Table 
Optimization 
parameters  

Head Parameter Description GA  GWO 

1 Population Size 20  30 
     

2 Iterations 30  50 

 

The two input images that are given for fusion is given in Figure 1. The fusion of these two 

images are optimized using the optimization algorithm discussed above with wavelet 

transform and results obtained are shown if Figure IV which in the middle of the optimisation 

process. 

 

                                            

                                                Fig 1:Input images for fusion 
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The below diagram shows the fused image during process. 

 

                                                        
                                                   Fig 2:Fused image during process time 

The below figure 3 and figure 4 represents the wavelet transform of the given two input 

 
Fig 3: wavelet transform of input image 1 

 

 
Fig 4: wavelet transform of input image 2 
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Here figure 5 shows the best fused image using wavelet transform 

 

                                                
                                        Fig 5:Fused image of wavelet transform 

 

Table II depicts the Mutual Information (MI), Normalised Fast Mutual Information and 
Joint Entropy values obtained from the both wavelet and curvelet algorithms are used while 
Hybrid Genetic -Grey Wolf Optimisation Algorithm on the transform domain image fusion 
algorithm. It is observed that the curvelet transform based optimised MI is found to be 3.8 
while that of the wavelet transform based is around 3.4 thus making curvelet transform based 
optimized image fusion to be dominant in performance. 

 

                                      
 

The below figure represents the fused image during optimization and after optimization 
 

                                      
  Fig 6: Fused Image during optimization                         Fig 7:Fused Image after optimization 
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5.CONCLUSION: 
 
The transform domain based optimisation algorithm for the image fusion implementation is 

carried out. The Matlab based simulation thus carried out has performed better than the 

previous Wavelet based implementation. Thus it can be inferred that the image fusion method 

using the proposed optimization based method works satisfactorily. The proposed simulation 

is in par with the recent literatures. 
 

REFERENCES 
 
 [1] L. Wang, B. Li and L. F Tian, “EGGDD: An explicit dependency model for multi-modal 
medical image fusion in shift-invariant shearlet transform domain,” Information Fusion, vol. 
19, pp. 29–37, Sep. 2014.  
[2] Y.Lifeng, Z. Donglin, W. Weidong and B. Shanglian, “Multi-modality medical image 
fusion based on wavelet analysis and quality evaluation” Journal of Systems Engineering and 
Electronics, vol. 12, no.1, pp.42–48, Mar. 2016. 
 [3] P. Chai , X. Luo and Z. Zhang “Image Fusion Using Quaternion Wavelet Transform and 
Multiple Features” IEEE Access , vol. 5, pp. 6724 – 6734 , Mar. 2017.  
[4] X. Xu, Y. Wang and S. Chen “Medical image fusion using discrete fractional wavelet 
transform” Biomedical Signal Processing and Control, vol. 27, pp. 103–111, May. 2016. 
 [5] Z. Zhu, Y. Chai, H. Yin, Y. Li and Z. Liu “A novel dictionary learning approach for 
multimodality medical image fusion” Neurocomputing , vol. 214, no. 19, pp. 471–482, Nov. 
2016.  
[6] C. I Chen “Fusion of PET and MR brain images based on IHS and LogGabor transforms” 
IEEE Sensors Journal, vol. 17, no. 21, pp. 6995 – 7010 , Nov. 2017. 
 [7] J. Du, W. Li and B. Xiao “ Fusion of anatomical and functional images using parallel 
saliency features” Information Sciences , vols. 430-431, pp. 567–576, Mar. 2018. 
 [8] C.T Kavitha and C. Chellamuthu “Medical image fusion based on hybrid intelligence” 
Applied Soft Computing vol. 20, pp. 83–94, Jul. 2014. 
 [9] X. Xu, D. Shan, G. Wang and X. Jiang “Multimodal medical image fusion using PCNN 
optimized by the QPSO algorithm” Applied Soft Computing vol. 46, pp. 588-595, Sep. 2016. 
[10] Y. Liu, X. Chen, H. Peng and Z. Wang “Multi-focus image fusion with a deep 
Convolutional neural network” Information Fusion vol. 36, pp. 191–207, Jul. 2017. 
 [11] G.Bhatnagar,Q.M.JWuandZhengLiu“Humanvisualsysteminspired multi-modal medical 
image fusion framework” Expert Systems with Applications vol. 40, no. 5, pp. 1708–1720, 
Apr. 2013.  
[12] S. Dasand M. K Kundu, A Neuro-Fuzzy Approach for Medical Image Fusion, IEEE 
Transactions on Biomedical Engineering, vol. 60, no. 12, , pp. 3347–3353, Dec 2013. 
 [13] E. Daniel, J. Anitha and J. Gnanaraj “Optimum laplacian wavelet mask based medical 
image using hybrid cuckoo search – grey wolf optimization algorithm”, Knowledge-Based 
Systems vol. 131, no. 1, pp. 58–69, Sep. 2017. 
 [14] E. Daniel,J.Anitha,K.KKamaleshwaran and Indu Rani, ”Optimum spectrum mask based 
medical image fusion using Gray Wolf Optimization,” Biomedical Signal Processing and 
Control, vol. 34, pp. 36–43, Apr. 2017. 
[15] Gu, Qinghua ,Li, Xuexian, Jiang and Song. (2019). ”Hybrid Genetic Grey Wolf 
Algorithm for Large-Scale Global Optimization” Complexity pp. 1-18,Feb 2019. 
 [16] E. Daniel, ”Optimum wavelet-based homomorphic medical image fusion using hybrid 
genetic-Grey Wolf optimization algorithm”, IEEE Sensors J., vol. 18, no. 16, pp. 6804-6811, 
Aug. 2018. 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue I, January-2020

ISSN NO: 0039-3347

Page No:64



 [17] D. C. Dennett, ”Darwin’s Dangerous Idea: Evolution and the Meanings of Life”, Simon 
and Schuster, June 1996. 
 [18] J. H. Holland, ”Adaptation in Natural and Artificial Systems: An Introductory Analysis 
with Applications to Biology, Control, and Artificial Intelligence”, University of Michigan 
Press, 1975. 
 [19] Haghighat, Mohammad, Ali Aghagolzadeh and HadiSeyedarabi, “A non-reference 
image fusion metric based on mutual information of image features”, Computers Electrical 
Engineering 37 (2011): 744-756. 
 [20] M. Haghighat, M. A. Razian, ”Fast-FMI: Non-reference image fusion metric”, Proc. Int. 
Conf. Appl. Inf. Commun. Technol. (AICT), pp. 1-3, 2014. 
 

Studia Rosenthaliana (Journal for the Study of Research)

Volume XII, Issue I, January-2020

ISSN NO: 0039-3347

Page No:65


