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ABSTRACT 

Medical image fusion is a method that concatenates different features of multimodality images into a single 

image. The fused image is used to make accurate decisions for doing further treatment by the doctors. In medical imaging, 

neurologists require the ability to fuse brain tumor images. Computer Tomography (CT) scan provides detailed cross-

sectional views of all types of tissues. Whereas Magnetic Resonance Imaging (MRI) scan, a non-invasive nuclear 

diagnostic procedure for imaging tissues. And Single Photon Emission Computational Tomography (SPECT) scan 

handovers, a nuclear medicine imaging technique using gamma rays to show blood flows in organs. Also, Positron 

Emission Tomography (PET) delivers a three-dimensional image of metabolic activities in tissues and functions of organs. 

We obtain scanned images of these technologies and fuse it together. Adaptive Histogram Equalization and Anisotropic 

Filtering is an applied in the pre-processing step to remove noise present in the images. Bee colony optimization method is 

used for fusion which gives best results compared to conventional algorithms. PSNR and entropy value is calculated to 

show the robustness and efficiency of the system developed. 

 
Keywords: anisotropic filtering, bee colony optimization, computer tomography, magnetic resonance imaging, single photon emission 

computational tomography, positron emission tomography. 

 

INTRODUCTION 
The demand for image fusion for image 

processing applications has been drastically increased due 

to limitations like optical limitations, an improper image 

capturing and lack of clarity and quality with a single 

image sensor. Any segment of information will be useful 

only if it conveys the actual content with clarity and 

quality. Image fusion implies integration of multiple 

images acquired by multiple sensors with the intention of 

providing a better perspective of a scene that contains 

more information. This extracts the useful information 

from several images and combines it into a single image. 

Image fusion involves a blending of the complementary as 

well as the common features of a set of images which give 

superior information for both subjective as well as 

objective analysis. The integration of multi-source images 

offers immense potential for further research as each rule 

emphasizes on different characteristics of the source 

image. Fusion of images is more suitable for 

human/machine perception and for object detection in the 

field of remote sensing and diagnosis in case of medical 

imaging. Images are obtained from different imaging 

systems like CT, MRI and PET play an important role in 

medical diagnosis and other clinical applications by 

imparting a distinct level of information. The accurate size 

and location of brain tumor can be detected. For example, 

CT is commonly used for visualizing dense structures and 

is not suitable for soft tissues.MRI, on the other hand, 

provides better visualization of soft tissues and is 

commonly used for detection of tumor and other tissues 

abnormalities. Therefore the fused image obtained from 

different information is sufficient for clinical diagnosis 

and treatment. This information includes the size of tumor 

and its location, which enables better detection when 

compared to the source images. 

EXISTING SYSTEM 

Wavelets methods are widely used in most of the 

articles but in this method, the distortion occurs between 

fused and original images since it doesn't preserve original 

data during decomposition modules. Genetic algorithms 

require loads of data so it takes time. New kinds of 

algorithms like iterative fuzzy and neuro- fuzzy doesn't 

have proper pre-processing like noise filtering and 

enhancement before fusion so the resultant fused image 

obtained from this technique are obtained with  noise and 

not more accurate. These existing systems hold valid only 

for patients with age above 25 years old since the older 

ones will have well- developed Brain tissues. But for 

children, the brain tissue is not well developed so the less 

accurate; noise image cannot identify the actually affected 

cells.  

 

PROPOSED SYSTEM 

This proposed techniques deals with Pre-

processing, Image Fusion, Segmentation, and 

Classification of Brain Images. Pre-processing is done 

using Adaptive Histogram Equalization and Anisotropic 

Filter. The pre-processing stage includes image 

enhancement and Filter. Adjusting Brightness and 

Contrast is achieved in the first level of image pre-

processing that is image enhancement, and the second 

level is noise removal. Image Fusion is done using (BCO) 

Bee Colony Optimization Image fusion techniques which 

allow the integration of different information sources. 

Segmentation is implemented with Active contour method 

on the fused image so that it can be classified. Image 

segmentation is commonly used to discover objects and 

boundaries (lines, curves, and so forth.) in images. 

Classification is done with Artificial Neural Network. The 

classified image is used to calculate grade level of tumor 
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and we separate them with respect to their grades like grade 1, grade 2 and so on. 

 

 
 

Figure-1. The block diagram of the proposed method is shown in. 

 

Initial process 

The images we are going to fuse will need to 

match with each other in terms of size. If the two images 

are of different sizes then the fusion cannot be done. So 

the initial process is a must-do process. 

 

 
 

Figure-2. Resizing and cropping of the input images in 

initial processing. 

 

 

 

 

PRE-PROCESSING  

 

NEED FOR PRE-PROCESSING 

Before attempting for fusion or segmentation the 

images need to be completely clear from the noise and it 

should be in the right contrast to brightness ratio. 

The pre-processing module does the basic 

processing regarding the image. This module has two sub-

modules namely: Enhancement and Filter. 

 

Enhancement- Adjusting Brightness and Contrast. 

a. As gray images, these two have Brightness and 

Contrast pixel values, both ranging from 0 to 250. 

b. Adaptive Histogram Equalization is used to equalize 

both brightness and contrast at the same time with an 

average value. 

In Adaptive Histogram Equalization, we set an 

NBINS Threshold value, so that, at each pixel, we 

calculate the average signal rate corresponding to the 

NBINS Threshold value. After this step, we equalize the 

brightness. 

 

Filter- Removing Noise. 

 

a) The image is filtered to reduce the noise of the image. 

For that, the anisotropic filter is used, so that the 

image is filtered without much compression loss. 

Then the image is enhanced for brightness. 

b) In anisotropic Filter, it takes a center value and forms 

a 3x3 matrix at each image, and according to the 

center value, it suppresses the noise at all positions. 

Detection 
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IMAGE FUSION 
Image fusion is the method of combining 

applicable information from two or more images into a 

single image. The resulting image might be more 

informative than any of the input images. In remote 

sensing applications, the increasing availability of space 

borne sensors offers a motivation for different image 

fusion algorithms. Several conditions in image processing 

require high spatial and excessive spectral resolution in a 

single image. Most of the available device isn't always 

able to offering such facts convincingly. Image fusion 

techniques permit the combination of various information 

sources. The fused image can have complementary spatial 

and spectral resolution traits. But, the standard image 

fusion strategies can distort the spectral information of the 

multispectral records at the same time as merging. 

 

HOW FUSION IS DONE WITH BEE COLONY 

OPTIMIZATION 

 

a) We are required to fuse both the Pre-Processed 

images, for that, the Bee colony optimization method 

is used. 

b) In this, a colony is formed by taking a random pixel 

first on both images, the pixel value is noted and then 

the surrounding neighbor pixel values from the top, 

bottom, left and right pixels are taken on both images, 

noted and stored.  

c) Create a new masking image with the top and bottom 

layer. The top layer represents MRI and the bottom 

layer represents CT or vice-versa. 

d) The stored values are placed at the bottom layer and 

the top layer is    the type of colony to the 

corresponding pixel value. 

e) Now add the four values of pixels from MRI 

separately and the four values of pixels from CT 

separately. 

f) Values and near values obtained as a result of addition 

are searched throughout. If it finds a result value or a 

near value of the result, it will take the position of that 

pixel and it takes the values of that pixel's top, bottom, 

right and left pixels. Now, it will fetch it to the 

original pixel position. The same happens to the pixel 

present in the next layer. 

g) After finishing all the pixels, it will merge both the 

layers and divide it by two. Now, you will get a new 

value that is formed into a new image. That is the 

fused image.  

 

SEGMENTATION 
In computer imaginative and prescient, image 

segmentation is the method of partitioning a digital image 

into multiple segments (sets of pixels, also called super- 

pixels). The purpose of segmentation is to simplify and/or 

change the representation of an image into something that 

is greater significant and simpler to investigate. Image 

segmentation is commonly used to find locate objects 

and boundaries (lines, curves, and so on.) in Images. 

greater exactly, Image segmentation is the procedure of 

assigning a label to each pixel in an image such that pixels 

with the same label share certain similar characteristics. 

 

HOW SEGMENTATION IS IMPLEMENTED WITH 

ACTIVE CONTOUR 

 

a) The segmentation is done on fused image so that it 

can be classified. 

b) Given, the point of a region of Interest. 

c) Cluster formation is done according to the value of a 

region of interest. We form clusters node with 

neighbouring values. 

d) Use of Active Contour method, here an initial point is 

marked by the user and within the energy of the 

region, the points are extended as lines which form 

boundary edges. The fused image is segmented with 

the active edges of the image which uses a long range 

and orientation-dependent interaction between image 

boundaries and the moving curves while maintaining 

the edge fidelity. As a result, this method has a large 

capture range and is able to detect sharp features of 

the images. 

e) Now the pixels at that region are fetched into a new 

classified image. Finally, the classified image is taken 

for grade evaluation.  

CLASSIFICATION 

Classification is implemented with artificial 

neural network. Back propagation is initiated for better 

results. It creates a hidden layer where it performs deep 

search linking so that it forms a network.  

 

Determine the structure of B-PANN 

Step 1: Number of input neurons 

Step 2: Number of output neurons 

Step 3: Back Propagation classifier 

 

Input images Feature vector Recognition 

3.1) Learning rate 

3.2) Number of hidden neurons 

3.3) Number of epochs 

3.4) Activation function 
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Step 4: Classification phase (training and testing with 

Back-Propagation classifier) 

 

INPUT 

A set of input features of brain images to be 

classified Processing (Back-Propagation Algorithm). 

 

OUTPUT 

The final classification output. 

 

END 

 

RESULT ANALYSIS 
The Classified image is used to calculate like 

Brain tumor stage and we separate them with respect to 

their grades like grade 1, grade 2, and grade 3 and so on. 

The quality of the fused image is evaluated by Entropy 

calculation. The process time is calculated and the values 

of RMS and PSNR are derived from fused image.  

 

 MSE (mean squared error) 

 RMSE (root mean squared error) 

 PSNR (peak signal-to-noise ratio) 

The unit of PSNR is dB (decibel). It takes values 

from 0 to infinity  

If the value is high, the image quality is 

excessive. Assume that the original image is Soriginal, and 

the damaged image is Snoisy. Then these values would be 

as follows: 

 

 

 
 

 
 

In the case of an 8-bit image, MAX=255. 

It is found that this method takes less time than 

other techniques. On comparing with other algorithms 

fusion, using Bee colony optimization PSNR, Entropy and 

RMS value are better, which is shown in t table 3.1 below. 

  

 

 

 

 

 

 

 

 

 

Table-1. Comparison of performance of images. 
 

 Entropy MSE PSNR 

Figure 1 6.6799 2.5603e+03 14.0479 

Figure 2 6.8322 7.6416e+03 9.2990 

Fusion result 5.7868 7.1796e+03 9.5698 

Figure 3 9.7969 2.5603e+03 14.0479 

Figure 4 9.3282 1.5028e+03 16.3618 

Fusion result 9.6783 7.0024e+03 6.2788 

 

 
 

Image-1. (MRI scan) before applying adaptive histogram 

equalization. 

 

 
 

Image-2. (CT scan) before applying adaptive histogram 

equalization. 
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Image-1. (MRI scan) after applying adaptive histogram 

equalization. 

 

 
 

Image-2. (CT scan) after applying adaptive histogram 

equalization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-2. Comparative study of performance efficiency 

of algorithms. 
 

Algorithms Entropy MSE PSNR 

PCA 0.012 8 15.38 

DWT 0.007 241 15.95 

SWT 0.07 475 21.35 

Curvelet 0.07 419 21.94 

FUZZY Logic 4.6007 9.0840 57.9985 

ANFIS 5.5714 2.2497 82.2448 

Bee Colony 

Optimization 
9.6783 7.0024e+03 6.2788 

 

CONCLUSIONS 

Thus, the proposed method uses ANN (Artificial 

Neural Network), Bee Colony Optimization technique and 

Matlab applications to achieve the desired goal. The 

primary products or images used for fusion are taken from 

common x-ray CT (Computed Tomography), MRI 

(Magnetic Resonance Imaging), PET (Positron Emission 

Tomography) and SPECT (Single-Photon Emission 

Computed Tomography) scans by which the desired fused 

image containing accurate information is obtained. 

Applications where image fusions are mainly used include 

medical imaging, microscopic imaging, remote sensing, 

computer vision, and robotics. The factors for image 

fusion techniques may vary based on the instruments and 

technologies concerned. These techniques may be 

effectively used to detect brain tumors more clearly and 

accurately on a daily basis if implemented successfully. 

This may be used in diagnosing effective treatment by 

radiologist in the field of medicine 
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