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Abstract— Medical image fusion techniques have been extensively used in clinical diagnosis. Scaling based 

techniques are well known techniques in multimodal image fusion, the generalized scaling has static scale value 

selection which brims the quality of fusion. In this Optimum Spectrum Scaling (OSS)  is applied for medical 

image fusion using conventional Gray Wolves Optimization (GWO) algorithm. The GWO algorithm, indulges 

swiftest and dynamic scale selection. The spectrum technique, contrary to conventional spatial domain and 

transform domain fusion algorithms in terms of image contrast and edge quality. The optimum mask caters more 

information in the multi-modality fusion. The proposed OSS is tested for MR-SPECT, MR-PET, MR-CT and 

MR: T1-T2 of brain images.  

Keywords— (Medical image fusion, Multimodal image fusion, Scaling based techniques, Generalized scaling, 

Optimum Spectrum Scaling (OSS), Gray Wolves Optimization (GWO) algorithm, Spatial domain fusion 

algorithms, Transform domain fusion algorithms, Image contrast, Edge quality, Optimum mask, MR-SPECT, 

MR-PET, MR-CT, MR: T1-T2, Brain images). 

I. INTRODUCTION 

Image fusion using optimization techniques is a 

process of merging two or more images into a single 

high-quality image that contains the most relevant 

information from each of the original images. The 

optimization process is used to ensure that the final 

image preserves the most important features of the 

original images while minimizing artifacts and 

distortion. 

         The optimization process involves minimizing a 

loss function that quantifies the difference between the 

fused image and the target image. The loss function can 

be tailored to specific applications and can include 

measures of pixel-level similarity, perceptual 

similarity, and structural similarity. 

       Several optimization techniques can be used for 

image fusion, including gradient descent, genetic 

algorithms, particle swarm optimization, and Gray 

Wolf Optimization. Each technique has its advantages 

and disadvantages, and the choice of technique depends 

on the specific application. 

Gray Wolf Optimization is a relatively new 

approach that uses the social behaviour of gray wolves 

in the wild to optimize the fusion process. In this 

technique, a population of gray wolves is initialized, 

and their behaviour is used to update the position of the 

candidate solutions. 
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     Overall, image fusion using optimization techniques 

is a powerful tool for generating high-quality images 

that combine information from multiple sources. The 

choice of optimization technique depends on the 

specific application, and each technique has its 

strengths and weaknesses. 

In image fusion using GWO, the process involves 

merging two or more images into a single high-quality 

image. The algorithm begins by initializing a 

population of gray wolves, which represents the 

possible solutions to the image fusion problem. Each 

gray wolf is assigned a fitness value, which is 

calculated based on the quality of the fused image. The 

algorithm then uses the social behavior of gray wolves, 

such as hunting and leadership, to update the positions 

of the wolves in the search space. 

      The GWO algorithm uses three types of wolves: 

alpha, beta, and delta. The alpha wolf is the best 

solution found so far, the beta wolf is the second-best 

solution, and the delta wolf is the third-best solution. 

These wolves lead the rest of the population towards 

better solutions by updating their positions based on 

their fitness values. 

       In image fusion using GWO, the fitness value is 

calculated using a combination of measures such as 

entropy, mutual information, and spatial frequency. 

The algorithm optimizes these measures by adjusting 

the fusion parameters, such as the fusion rule and the 

weighting factors. 

         Overall, image fusion using GWO is a promising 

technique that can produce high-quality fused images 

while minimizing artifacts and distortion. This 

technique has shown to be effective in a range of 

applications, including medical imaging, remote 

sensing, and surveillance imaging. 

I. LITERATURE REVIEW 

 

          Ebenezer Daniel (2018) [3] proposed a 

homomorphic wavelet fusion which is called optimum 

homomorphic wavelet fusion (OHWF) using hybrid 

genetic-gray wolf optimization (HJ-GWO) algorithm. 

It consists of logarithmic and wavelet domain 

information of input images. 

     Velmurugan subbaiah paravathy and Sivakumar 

pothiraj(2019) proposed a median filter and DWT for 

the fusion of images by using a novel fusion rule. we 

apply a median filter which is used to remove the noise 

present in the input image. Then, we apply a discrete 

wavelet transform on both input modalities. 

     Yonghong Jiang and Yaning Ma (2020) proposed 

an optimum homomorphic wavelet fusion using 

hybrid particle swarm and ant colony optimization 

methods. It applies on MR- PET, MR-SPECT, MR 

T1-T2, and MR-CT image fusions. The usefulness of 

such modalities is presented, suggesting plausible 

hybrid modality combinations which could greatly 

enhance image fusion. 

       Satya Prakash Yadav, Sachin Yadav(2020) It 

discussed the dispositions in the medical image fusion 

techniques for the achievement of incisively desired, 

quality images focused on fusion. It also discusses the 

involvement of various medical entities like medical 

resonance imaging (MRI), positron emission 

tomography (PET), and computed tomography (CT). 

    Hikmat Ullah, Yaqin Zhao, Fakheraldin Y.O. 

Abdalla, Longwen Wu(2021) It is based on the 5 stage 

fusion using techniques like image enhancement, color 

space transformation, image decomposition, fusion 

rules implementation and final image reconstruction. 

The main objective of this work is to provide a 

comprehensive overview of medical image fusion 

methods with theoretical background and recent 

advantages. 

    Pydi Kavita, Daisy Rani Alli, Annepu Bhujanga 

Rao(2022) Neural network and optimization 

techniques helps in improving the quality of the fused 

image. It applies on DWT, LWT, NCT, Fusion Image, 

Fuzzy Types. 

II. METHODOLOGY 

The methodology for image fusion using hybrid 

optimization technique typically involves the 

following steps: 

 

 Preprocessing 

 Feature Extraction 

 Hybrid Optimization 

 Fusion 

 Postprocessing 

 Evaluation 

 Optimization Refinement 

 

Preprocessing: The input images are preprocessed to 

remove any noise or artifacts that may affect the 

quality of the fusion. This may involve techniques 

such as filtering, segmentation, and registration. 

 

Feature extraction: The relevant features of the input 

images are extracted to be used as inputs to the 

optimization algorithm. This step may involve 

techniques such as wavelet transform, principal 

component analysis (PCA), or other feature extraction 

methods. 

 

Hybrid optimization: The hybrid optimization 

algorithm is applied to determine the optimal weights 

or scaling factors for the input images. This may 
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involve combining two or more optimization 

algorithms, such as genetic algorithms and particle 

swarm optimization, to improve the efficiency and 

effectiveness of the optimization process. 

 

Fusion: The optimal weights or scaling factors are 

applied to the input images to generate the fused 

image. This step may involve techniques such as pixel-

level fusion, feature-level fusion, or decision-level 

fusion. 

 

Postprocessing: The fused image is postprocessed to 

enhance its quality and remove any artifacts 

introduced during the fusion process. This may involve 

techniques such as filtering or sharpening. 

 

Evaluation: The quality of the fused image is 

evaluated using objective metrics such as peak signal-

to-noise ratio (PSNR), structural similarity index 

(SSIM), or mutual information (MI), as well as 

subjective evaluation by experts or users. 

 

Optimization refinement: The hybrid optimization 

process may be refined based on the evaluation results 

to improve the quality of the fused image. This may 

involve modifying the optimization parameters or 

using a different combination of optimization 

algorithms. 

 
The above methodology for image fusion using 
optimization or hybrid optimization techniques is a 
systematic and effective approach to generate high-
quality fused images from multiple input images. The 
preprocessing step ensures that the input images are 
suitable for the fusion process by removing any noise 
or artifacts. The feature extraction step extracts the 
most relevant features from the input images for use in 
the optimization algorithm. The optimization step 
determines the optimal weights or scaling factors to 
combine the input images and generate the fused 
image. The fusion step combines the input images 
using the optimal weights or scaling factors to generate 
the fused image. The postprocessing step further 
improves the quality of the fused image by removing 
any artifacts introduced during the fusion process. 
Finally, the evaluation step quantitatively and 
qualitatively assesses the quality of the fused image. 
The optimization refinement step can be used to 
improve the optimization algorithm and further 
improve the quality of the fused image. Overall, this 
methodology can be applied to a wide range of image 
fusion applications, including medical imaging, remote 
sensing, and surveillance. 

 

         Block diagram for image fusion using GWO 

 

Gray Wolf Optimization(GWO) 

Optimization refers to the action of making the 

best or more effective use of situation. 

 

About Gray Wolf Optimization 

Gray wolf optimization (GWO) recently 

developed swarm intelligence based on the 

hunting mechanism. It imitates the behavior of 

gray wolves in nature to hunt in a cooperative 

way.  In this, optimum spectrum scaling is 

applied. The gray wolf optimization has various 

steps. They are 

 Initialization of gray wolf 

position 

 Fitness Function 

 Encircling the prey 

 Hunting 

 Attacking the prey 

 Search for prey 

 

1.Initialization of gray wolf position 

Multimodal image fusion tests the number of 

iterations and population values using a trial-

and-error methodology with a preset limit of 50 

iterations and 50 scale values. 

 

 2.Fitness Function 

 The Mutual Information (MI) is considered as a 

fitness function which is a maximization 

function. It is used to provide the amount of  

information retained of an image. Fitness 

function is also known as Evaluation Function. 

 

3. Encircling the Prey 

 The prey is circled by the grey wolves as they 
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chase it before they attack. Equations contain the 

mathematical expressions. 

                                                                   

 

 

         4.Hunting 

Gray wolves has the intelligence to locate their 

prey and surround them. Typically, the hunt is 

directed by the alpha. The beta and delta would 

be useful in a bundle as well. Following the 

alpha in prey position information are beta and 

delta. 

 

All other agents in the grey wolf family are 

treated as gamma in the present edition of GWO, 

which advances the three best search agents 

Alpha, Beta, and Delta to the next level. The 

mathematical formulas are provided in Eqs. 

 

 
 

 
 

     

 

5.Attacking the Prey 

As the victim stops moving, the grey wolves 

attack it to end the hunt. The grey wolves need to 

reduce the value of an as they approach their 

prey (according to mathematical convention).  

 

6.Search for Prey 

The alpha, beta, and delta positions are typically 

used by grey wolves to guide their search. To 

find prey, they separate from one another; to 

assault prey, they congregate. In order to force 

the search agent to diverge from the prey, we 

perform mathematical modelling of divergence 

using random values greater than 1 or less than -

1. The C vector is thought to be the result of 

barriers that naturally emerge in wolves' 

pathways during prey pursuit and prevent them 

from approaching prey calmly and swiftly. The 

distance between each search agent and the prey 

is updated. 

 

Benefits of Gray Wolf Optimization (GWO) 

in Image Fusion: 

The benefits of using Gray Wolf Optimization 

(GWO) in image fusion include: 

Improved quality: 

GWO helps in finding the best combination of 

images that results in a more informative fused 

image with improved quality, compared to 

individual source images. 

Efficiency: GWO is a fast and efficient 

optimization technique that can find optimal 

fusion parameters in a short time, reducing 

computational time and cost. 

 

Robustness: GWO is robust to noise and other 

image distortions, making it useful in scenarios 

where image            quality is compromised. 

 

Flexibility: GWO can be applied to various 

types of image fusion problems and can be 

customized based on the specific requirements of 

the application. 

 

Simplicity: GWO is easy to implement and does 

not require a priori knowledge of the fused 

image, making it suitable for various practical 

applications. 

 

Overall, using GWO in image fusion leads to 

high-quality fused images that contain more 

information than individual source images, 

making it useful in various applications such as 

medical imaging, remote sensing, and 

surveillance. 

                              4. RESULTS 

Image fusion is the process of combining two or 

more images of the same scene to create a single 

image that contains all the information present in 

the original images. One of the key challenges in 

image fusion is to find a suitable method to 

combine the images that preserves the relevant 

information and minimizes the loss of data. 

Recently, Gray Wolf Optimization (GWO) has 

been proposed as a method for optimizing the 

parameters of image fusion algorithms. 

Performance Matrices 

The examination of the combination strategies is 

finished by relying on the boundaries that are 

assessed during the interaction. As the 

parametric qualities are further developed the 

proposed procedure is supposed to be really great 

for combination. A portion of the significant 

boundaries is examined underneath. They are 

standard deviation (sexually transmitted disease), 

Entropy (E), Mutual Information (MI), Standard 

Deviation (STD). 
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5. CONCLUSION 

 

      Image fusion is the process of combining two 

or more images of the same scene to create a 

single image that contains all the information 

present in the original images. One of the key 

challenges in image fusion is to find a suitable 

method to combine the images that preserves the 

relevant information and minimizes the loss of 

data. Recently, Gray Wolf Optimization (GWO) 

has been proposed as a method for optimizing the 

parameters of image fusion algorithms. 

      The performance of the proposed image 

fusion method was evaluated using several 

quantitative metrics, including entropy, mutual 

information, standard deviation, and Edge 

Strength.  Furthermore, the visual inspection of 

the fused images showed that the proposed 

method was able to preserve the important 

features of the original images and produce a 

fused image with better contrast and more details 

compared to the traditional method. 

      In conclusion, our results suggest that Gray 

Wolf Optimization is a promising method for 

Images Entropy 

Min 

Entropy 

Max 

Entropy 

Mean 

CT1,MRI-T1 2.8845 4.9898 5.4145 

CT2,MRI-T2 3.0002 5.1113 5.0538 

CT3,MRI-T3 2.0807 5.0775 4.9588 

CT4,MRI-T4 2.2422 5.1254 5.0529 

CT5,MRI-T5 2.4425 5.1848 5.1131 

Images MI 

Min 

MI 

Max 

MI  

Mean 

CT1,MRI-T1 1.389 1.4486 1.4243 

CT2,MRI-T2 1.4176 1.4825 1.4584 

CT3,MRI-T3 1.2161 1.2988 1.2841 

CT4,MRI-T4 1.2631 1.3504 1.3365 

CT5,MRI-T5 1.3124 1.4002 1.3837 

  Images STD 

Min 

STD 

Max 

STD 

Mean 

 CT1,MRI-

T1 

44.0626 83.0521 76.342 

CT2,MRI-

T2 

44.016 83.04 76.17 

CT3,MRI-

T3 

40.388 80.935 70.347 

CT4,MRI-

T4 

40.289 80.214 70.006 

CT5,MRI-

T5 

40.745 80.12 70.562 
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optimizing the parameters of image fusion 

algorithms, and it can lead to better fusion results 

compared to traditional methods. However, 

further research is needed to evaluate the 

performance of this method on other types of 

images and datasets. 
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