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Abstract : Medical image fusion is the process of registering 

and combining multiple images from single or multiple 

imaging modalities to improve the imaging quality and 

reduce randomness and redundancy. Image fusion increases 

the clinical applicability of medical images for diagnosis and 

assessment of medical problems in neurosurgery. Multi-

modal medical image fusion algorithms and devices have 

shown notable achievements in improving clinical accuracy 

of decisions based on medical images for neurosurgery. The 

two stages of any classical image fusion method are image 

registration and fusion of relevant features from the 

registered images. The registration of the images requires a 

method to correct the spatial misalignment between the 

different image data sets. The problem of registration 

becomes complicated in the presence of inter-image noise, 

missing features and outliers in the images. Previously the 

problems are rectified by using so many segmentation 

algorithms, but they are not optimized. So a optimized image 

fusion technique is proposed where ultrasound(US) and MR  

images are fused. Fusion of ultrasound(US) with MR has 

many advantages in diagnostics and interventions. In this 

proposed system, a new idea is introduced where the 

ultrasound(US) and MR  images are fused and then 

registered by Robust Patch based cOrrelation Ratio 

(RaPTOR) algorithm to obtain a clear images that gives a 

better understanding to doctors while doing neurosurgery. 

Robust Patch based cOrrelation Ratio (RaPTOR) performs 

registration of 3D volumetric US and MR which calculates 

the local correlation(CR) values. In this work along with 

RaPTOR a cuckoo search optimization technique is 

proposed to get a more accurate and very less error 

probability images which acts as a guide in surgery process. 

 

Keywords : RaPTOR, MRI,  

 

I. INTRODUCTION  

 

Digital image processing is an area characterized by 

the need for extensive experimental work to establish the 

viability of proposed solutions to a given problem.  An 

important characteristic underlying the design of image 

processing systems is the significant level of testing & 

experimentation that normally is required before arriving at an 

acceptable solution. This characteristic implies that the ability 

to formulate approaches &quickly prototype candidate 

solutions generally plays a major role in reducing the cost & 

time required to arrive at a viable system   implementation. 

Biomedical Engineering (BME) deals with the 

application of engineering principles and techniques to 

medicine. The design and problem solving skills of 

engineering are combined with medical and biological 

sciences to improve healthcare. Prominent biomedical 

engineering applications include the development of bio-

compatible prostheses, various diagnostic and therapeutic 

medical devices, and analysis of various physiological 

parameters by using certain software. 

The term fusion means in general an approach to extraction of 

information acquired in several domains. The goal of image 

fusion (IF) is to integrate complementary multi-sensor, multi-

temporal and/or multi view information into one new image 

containing information the quality of which cannot be 

achieved otherwise. The term quality, its meaning and 

measurement depend on the particular application. Image 

fusion has been used in many application areas. In remote 

sensing and in astronomy, multisensory fusion is used to 

achieve high spatial and spectral resolutions by combining 

images from two sensors, one of which has high spatial 

resolution and the other one high spectral resolution. 

Numerous fusion applications have appeared in medical 

imaging like simultaneous evaluation of CT, MRI, and/or PET 

images. Plenty of applications which use multi sensor fusion 

of visible and infrared images have appeared in military, 

security and surveillance areas. In the case of multi-view 

fusion, a set of images of the same scene taken by the same 

sensor but from different viewpoints is fused to obtain an 

image with higher resolution than the sensor normally 

provides or to recover the 3D representation of the scene. The 

multi-temporal approach recognizes two different aims. 

Images of the same scene are acquired at different times either 

to find or evaluate changes in the scene or to obtain a less 

degraded image of the scene. The former aim is common in 

medical imaging, especially in change detection of organs and 

tumors, and in remote sensing for monitoring land or forest 

exploitation. The acquisition period is usually months or 

years. The latter aim requires the different measurements to be 

much closer to each other, typically in the scale of seconds, 

and possibly under different conditions. 

 

II. PROPOSED METHODOLOGY: 

 

 
 

Figure 1: Proposed Block Diagram 
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At first the MRI image is read from the data base. As small 

amounts of noise are present in the image if we remove this 

noise directly then there is a chance that loses the clarity of 

the image. So add external salt & pepper noise to enhance the 

levels of noise in the image. Now the image is applied to the 

median filter to remove noise. We are using median filter as it 

is expert in removing salt & pepper noise. This filter removes 

salt & pepper noise along with the small traces of noise 

present in the image. Now the noise removed image is 

enhanced using contrast limited histogram equalization 

(CLAHE). Now the US image is taken and above procedure is 

repeated for enhanced us image.  

        Now the images are divided into patches to calculate the 

correlation ratio between the patches of MRI and US images. 

The so thus obtained registered and fused image is applied to 

Particle swarm optimization for detection of tumor.   

 

A) Input Images: 

 MRI image from database is given as input for 

processing. The database consists of effected images and 

unaffected images. US image from database is given as other 

input for which pre-processing and segmentation and 

optimised algorithms are performed. Ultrasounds are sound 

waves with frequencies higher than the upper audible limit of 

human hearing. 

 

B) Pre-processing: 

Image preprocessing can increase reliability of an optimal 

inspection.The noise is added in the input image because the 

less amount of noise is also removed by adding the noise. The 

noise added is Salt & Pepper Noise Image enhancement 

operations can also work with the values of the image pixels 

in the neighborhood and the corresponding values of a sub 

image that has the same dimensions as the neighborhood. 

Median filtering is a nonlinear process useful in reducing 

impulsive, or salt-and-pepper noise. It is also useful in 

preserving edges in an image while reducing random noise. 

Impulsive or salt and pepper noise can occur due to random 

bit error in a communication channel.  

 

C) CLAHE: 

It was originally developed for medical imaging and has 

proven to be successful for enhancement of low-contrast 

images such as portal films. The CLAHE algorithm partitions 

the images into contextual regions and applies the histogram 

equalization to each one. This evens out the distribution of 

used grey values and thus makes hidden features of the image 

more visible. The full grey spectrum is used to express the 

image. Contrast Limited Adaptive Histogram Equalization, 

CLAHE is an improved version of AHE, or Adaptive 

Histogram Equalization. Both overcome the limitations of 

standard histogram equalization. A variety of adaptive 

contrast-limited histogram equalization techniques (CLAHE) 

are provided. Sharp field edges can be maintained by selective 

enhancement within the field boundaries. Selective 

enhancement is accomplished by first detecting the field edge 

in a portal image and then only processing those regions of the 

image that lie inside the field edge. 

 

D) Segmentation: 

Automated image segmentation, which aims at automated 

extraction of object boundary features, plays a fundamental 

role in understanding image content for searching and mining 

in medical image archives. A challenging problem is to 

segment regions with boundary insufficiencies, i.e., missing 

edges and/or lack of texture contrast between Regions of 

Interest (ROIs) and background 

 

III. Optimization  

Optimization is an iterative procedure in which 

iteration refines the parameter value based on the fitness 

computation. Optimization always provides best parameters 

for proper alignment of moving image. Some of the 

optimization algorithms that are used in image registration are 

gradient descent, quasi-Newton, nonlinear conjugate gradient, 

stochastic gradient descent methods, Kiefer-Wolfowitz, 

Robbins-Monro, simultaneous perturbation, adaptive 

stochastic gradient descent, preconditioned stochastic gradient 

descent, Genetic algorithm, and Particle swarm optimization. 

 

Particle Swarm Optimization (PSO): 

 Particle swarm optimization (PSO) is a 

computational method that optimizes a problem 

by iteratively trying to improve a candidate solution with 

regard to a given measure of quality. It solves a problem by 

having a population of candidate solutions, here 

dubbed particles, and moving these particles around in 

the search-space according to simple mathematical 

formulae over the particle's position and velocity. Each 

particle's movement is influenced by its local best known 

position but, is also guided toward the best known positions in 

the search-space, which are updated as better positions are 

found by other particles. This is expected to move the swarm 

toward the best solutions. 

 PSO is originally attributed 

to Kennedy, Eberhart and Shi and was first intended 

for simulating social behaviour, as a stylized representation of 

the movement of organisms in a bird flock or fish school. The 

algorithm was simplified and it was observed to be 

performing optimization. The book by Kennedy and 

Eberhart describes many philosophical aspects of PSO 

and swarm intelligence. An extensive survey of PSO 

applications is made by Poli. Recently, a comprehensive 

review on theoretical and experimental works on PSO has 

been published by Bonyadi and Michalewicz. 

 PSO is a metaheuristic as it makes few or no 

assumptions about the problem being optimized and can 

search very large spaces of candidate solutions. However, 

metaheuristics such as PSO do not guarantee an optimal 

solution is ever found. More specifically, PSO does not use 

the gradient of the problem being optimized, which means 

PSO does not require that the optimization problem 

be differentiable as is required by classic optimization 

methods such as gradient descent and quasi-newton methods. 

 

IV. Simulation Results  

In this work, the MRI & Ultra Sound images are fused and 

particle swarm optimization technique is used to produce an 

image that helps the neuro-surgeons in detecting the brain 

tumour. For the generation of the final optimised image, the 

MRI and Ultrasound images are subjected to some operations. 

The Output of each operation is as follows. 
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Figure 2: Input images.(a) MRI   (b) US image 

 

Figure 2 Shows the MRI & US brain input images of a person. 

These images may contain small amounts of noise. It is 

difficult to remove those small amounts of noise as the clarity 

of the image decreases due to removal of small amounts of 

noise. So the image is further processed. 
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Figure 3: Noiseless images.(a) MRI   (b) US image 

 

Figure 3 Shows noise removed MRI & Ultra Sound images 

through median filter. Median filter is used to remove the salt 

and pepper noise in the images, this removes large amount of 

noise in images. Along with the salt and pepper noise internal 

noise present in the image is also removed. 

 

       Figure 4 : MRI & Ultra Sound images lying on the 

same plane 

Figure 4 shows the MRI & Ultra Sound images that are lying 

on the same plane after enhancement, ready for registration. 

 

 
 

Figure 5 Registration of MRI & Ultra Sound image using 

EMO 

Figure 5 shows the registered image of MRI & Ultra Sound 

image using PSO.PSO registers the MRI & Ultra Sound 

image to generate a new image. As the image is not clear , 

PSO optimization technique is used for proper detection of the 

tumor. 

TABLE – 1: Stastical Analysis 

 
 

V. Conclusions 

The field of medical diagnostics and monitoring 

using medical images faces several technological, scientific 

and societal challenges. The technological advancements in 

imaging technologies have resulted in improved imaging 

accuracies. The ability of image fusion techniques to 

quantitatively and qualitatively improve the quality of 

imaging features makes multi model approaches efficient and 

accurate relative to unimodel approaches.  

In this system, a new idea is implemented where the 

ultrasound(US) and MR  images are fused and then registered 

by PSO algorithm to obtain a clear images that gives a better 

understanding to doctors while doing neurosurgery.  
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