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1. Introduction 
 Fuse different image modalities  Registration 
 Intensity based approach 

Search space 
Similarity metric 
Search strategy PSO as global optimization approach 

 They propose a PSO improvement for registration 

2. Image Registration Process 
 Rigid body transformations 

A. Similarity Metric 

 Normalized Mutual Information IN global optimization 

B. Optimization of the Metrics 

 Global <> Local 

3. Image Registration using PSO 
A. Modifications  to the PSO Algorithm 

B. PSO Approach for Registration Utilizing Initial 
Position 

I. Hybrid PSO with crossover 

II. Hybrid PSO with crossover and 
subpopulations 

III. PSO with constriction coefficient and relaxed  
convergence criteria. 

 

 

 

 

 

 

 



PSO 

 In PSO, at each iteration, the 𝑖th particle 𝑥𝑖 , 𝑖 = 1 … , 𝑁 , (N is the number of 
particles) moves by addition of a velocity vector 𝑣𝑖 , which is a function of the 
best position (the position attaining the lowest objective function value) found 
by that particle, ( pi, for personal best) and of the best position found so far 
among all particles (g , for global best). 
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Modifications to the PSO Algorithm 

1. Mutation and crossover (add ES/GA operators) 

 

 

 

 

2. Group the particles into subpopulations  

   k-means clustering 

 

2. Constriction coefficient 
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PSO Approach for Registration Utilizing Initial Position 

 Users of biomedical image registration systems can choose an accurate initial 
transformation. 𝑥𝑖𝑛𝑖𝑡  
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PSO Approach for Registration Utilizing Initial Position 
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PSO Approach for Registration Utilizing Initial Position 

 It was found that the PSO-ES hybrid and PSO incorporating the constriction 
coefficient produced the highest percentage of correct registrations among all 
PSO techniques tested.  

Therefore, the modification utilizing the initial orientation was applied to those 
methods, resulting in three algorithms. 
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Methods 

 Data 
 Obtained through the NLM-NIH Visible Human Project 

 BrainWeb database at McGill University 

 Initial Orientations 
 In the registration experiments, each 2-D image was oriented at 10, 15, 20, and 25 voxels from 

ground truth translation.  

 Registration Controls 
 Normalized mutual information was computed by using 64 histogram bins 

 Optimization Techniques 
 Eight PSO techniques were used to perform the registrations. For comparison, registrations 

were also performed on seven ES techniques. 

 Results were compared on the following merit measures: 

1.  Accuracy, as measured by the ratio of correct registrations to all registrations. A registration is 
considered to be correct if the Euclidean distance from the ground truth translation and final  
translation is less than 2 voxels, and if the maximum absolute value of the three rotation errors is less 
than 2o . 

2. Efficiency, as measured by the mean number of function evaluations for correct registrations for each 2-
D image registered to a 3-D volume. 
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Results 
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Results 
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Discussion 

 The proposed modifications to the velocity update were designed 
specifically for image registration.  

 

 Similarity metric functions are often characterized by many local 
optima. Although the constriction coefficient prevents the 
particles from straying out of the space of feasible solutions, the 
particles have a greater probability of being drawn out of local 
optima by the additional Xo term.  

 

 Although this term improved registration accuracy, in other 
applications, there may be no prior knowledge of the location of 
the global optimum. 
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