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Abstract— Many digital imaging techniques in medicine 

combine multiple images for analysis. Using these techniques, it is 

essential to align and register images prior to addition, 

subtraction, or any other combination of the images. An area 

based method for registration is proposed in this work. A 

technique for image registration using mutual information, cross 

correlation and mean squared difference has been developed. 

This technique consist of three main steps: extracting feature 

points in the reference and the sensed images, establishing the 

correspondence between the feature points of the images, and 

estimating the transformation parameters which map the target 

image to the reference one. Wavelet transform and oriented 

laplacian pyramid is used for feature extraction and features are 

matched using mutual information, cross correlation and mean 

squared difference. The obtained results of mutual information 

based method are compared with cross correlation and means 

squares techniques. The proposed algorithm is evaluated using 

several images brain images.  Performance of these methods is 

evaluated using PSNR. 

 

 Keywords: Cross-correlation, Image Registration, Mutual 

Information, Oriented Laplacian Pyramid, Wavelet Transform, etc. 

I. INTRODUCTION  

Medical imaging is used in large number of applications that 

use different imaging modalities. The imaging modalities 

depict different kinds of information on a part of the human 

body involved in that application. Data obtained from the 

separate images is usually integrated, since information gained 

from two images acquired is usually of a complementary 

nature. This integration can be done by registration of these 

images. The purpose of registration  is to supress or remove 

geometric distortions between referenced and sensed images. 

It is a crucial step in all image analysis tasks in which final 

information is gained by combining various data resources. 

For example the individual modalities such as x-ray Computed 

Tomography (CT), Ultra Sound (US), Magnetic Resonance 

(MR), etc., do not  provide enough contrast  and information 

to reliably segment all tissue types in images acquired of 

human patients when used individually. Because of these 

problems, much attention has been directed towards 

registration methods in recent years. Image registration 

methods can solve some of the inherent problems of 

monomodality images and voxel-based classification 

algorithms. Rigid multi-modality registration methods allow to 

register images of the same patient, but from different 

modalities. The result is that registered images contain more 

information in each voxel, thus making e.g. the segmentation 

using standard classification algorithms easier [1]. 

Image registration is the process of overlaying two or more 

images of the same scene taken at different times, from 

different viewpoints, and/or by different sensors. Reference 

and sensed images are geometrically aligned using 

registration. The approaches of registration are classified as 

area based and feature-based and according to four basic steps 

of image registration procedure: feature detection, feature 

matching, mapping function design, and image transformation 

and resampling[2]. It’s a fundamental task in image processing 

used to match two or more pictures taken, for example, at 

different times, from different sensors, or from different 

viewpoints. Virtually all large systems which evaluate images 

require the registration of images, or a closely related 

operation, as an intermediate step. In this paper area based 

image registration using mutual information is proposed. 

II. LITERATURE REVIEW 

In medical image registration it is crucial to define a 

metric that can measure the similarities of two image. 

Mutual information (MI) is an intensively researched 

metric because of its favorable characteristics and good 

results [2,3]. This information theory based metric is 

fully automatic, and no predefined landmarks are 

needed. A method using co-occurrence matrix is 

proposed by Rueckert et al. [4] proposed a method using 

co-occurrence matrix. Q. Du et al. [5] proposed the 

method, they combined the wavelet transform with the 

traditional calibration MI approach, registration criteria 

makes use of the maximization of the MI. A fast 2-D 

rigid registration scheme is proposed by A. Quddus et al. 

[6] for image retrieval applications. Multiscale wavelet 

representation in combination with MI is used for 

facilitating matching of important anatomical structures 

having multiple resolutions. S. Gahankari et al. [7] 

detailed a method based on steerable wavelets for 

medical image registration. Steerable wavelets were used 

to overcome limitations of conventional wavelets for 

multiscale and multi orientation image representation. N. 

Azzawi et al. [8] proposed a method which extracts 

salient edges and control points (CP) of medical images 
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using nonsubsampled contourlet transform (NSCT). 

NSCT was used to decompose MR images, and then 

extracted Edge and CP from bandpass directional 

subband of NSCT coefficients. Then MI was adopted for 

the registration of feature points and translation 

parameters are calculated by using particle swarm 

optimization (PSO). A method of medical image 

registration based on MI of multi-scale Harris corner and 

feature points was proposed by J. Zhao et al. [9], it 

effectively improves sensitivity of noise and the 

situation of being trapped into a local minimum to MI 

registration.  
J. Sarvaiya et al. [10] proposed a template-matching 

algorithm, for image registration based on Normalized Cross-

Correlation (NCC) using Cauchy-Schwartz Inequality relying 

on similarity measures. Turcajova et al. [11] detailed the use 

of cross-correlation calculated from LFCs to register affine 

transformed images. An intensity-based image registration 

technique was proposed by J. Kim et al.[12] , a correlation 

coefficient was used as a similarity measure. Relative to the 

ordinary sample correlation coefficient, this similarity measure 

reduces the influence of outliers. N. Nichat [13] proposed a 

registration technique for area matching in high-resolution 

images using orthogonal Haar / Walsh transform and mean 

squared difference (MSD). Computational time required for 

WALSH transform is less than HAAR transform and the 

RMSE values are comparatively higher for WALSH 

Transform. M.  [14] proposed two ways for cancer diagnostic 

where the displacement of normal and abnormal breast tissues 

under external stress are calculated using  image  

registration technique. In the first way displacement is 

calculated by finding the local translation of intensity centers 

of gravity (ICOG).In the second way translation parameters, 

rotation and scaling parameters are estimated. A few control 

points are used to estimate displacement parameters in a 

minimum mean square sense. In image processing, oriented 

filters play a key role. Freeman [15] addressed the problem of 

synthesizing exactly steerable filters and has shown how the 

steerable filters allows use of a small set of such filters and 

still treat all orientations in a uniform way. Perona [16] 

addressed the problem of calculation of the best steerable 

approximation for a given impulse response. H. Greenspan et 

al. [17] proposed a oriented laplacian pyramid (OLP), they 

derived the optimal set of steering coefficients for a given 

overcomplete discrete representation, thus generating a 

steerable representation. This oriented pyramid has 8=3 

redundancy, it can be transformed into a steerable one. The 

OLP scheme is a variation on the Burt and Aderson pyramid 

[18,19]. It is  computational efficient and compact and  lead to 

minimal hardware requirements Filters which are made from a 

bank of orientation-selective bandpass filters,  like Gabor 

filters can be used for the initial feature extraction phase of 

many image-processing tasks. These tasks include edge-

detection, motion-flow analysis and texture recognition. 

This work is based on area based image registration, here for 

feature extraction two different schemes are used namely 

wavelets and oriented laplacian pyramid filter. We compare 

these two scheme with each other. We also compared feature 

matching scheme (i.e. MI) with cross-correlation (CC) and 

Means squared difference (MSD). 

III. METHODOLOGY OF IMAGE REGISTRATION 

Generally, the majority of registration methods consist of the 

following four steps: feature extraction, feature matching, 

transformation of the models and resampling the image. 

 

3.1 Feature Extraction 

Salient and distinctive objects such as closed-boundary 

regions, corners, edges, line intersections, etc. are detected in 

this step. A set of feature points are extracted from both 

images. For further processing, these features can be 

represented by their control points. In this work we are using 

area based technique for registration. Wavelet transform and 

Oriented laplacian pyramid are used here for extraction of 

features.  

 

3.1.1 Feature Extraction Using Wavelet Transform 

Wavelet transform is a kind of multi-scale signal analysis 

method. Wavelets decomposes signals into approximate and 

detailed coefficients which allows the signal to be described in 

several levels from the coarse level (lowest resolution) to the 

finest level (highest resolution) [20].  

 

(a) 

 

 

 
(b) 

Figure 1. a)Two-dimensional wavelet decomposition ,b) Two layer wavelet 

decomposition for a 2-D signal 
 

As the signal is two-dimensional, the decomposition is also 

two-dimensional. The results are approximate component LL, 

horizontal component LH, vertical component HL and 

diagonal component HH. Two dimensional wavelet 

decomposition is shown in Figure l.  

 

International Journal of Engineering Research & Technology (IJERT)

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV4IS010370

(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Vol. 4 Issue 01,January-2015

357



Every time images after wavelet are decomposed into sub-

block areas which are  of the original size and contain the 

wavelet coefficients of corresponding frequency, equivalent to 

choose one point from every two points in horizontal and 

vertical direction respectively. When the new sub-block areas 

go into the wavelet transform again we focus on LL. The 

spatial distribution of wavelet coefficients corresponds well 

with the spatial distribution of the original image. Figure 1 (b) 

is two layers wavelet decomposition for a 2-D signal.First the 

algorithm reads reference image and input sensed image. Then 

images are decomposed by using Haar wavelet and the 

approximate coefficients are extracted to perform image 

registration. Block diagram for  image registration using 

wavelet transform is shown in figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Block diagram of wavelet based image registration using MI,CC, 

MSD 

 

3.1.2 Feature Extraction Using Oriented Laplacian Pyramid   

In this approach sensed and reference images are decomposed 

into sets of lowpass and bandpass components using Gaussian 

and Laplacian pyramids, respectively. The Gaussian pyramid 

consists of lowpass filtered (LPF) versions of the input image, 

each stage of the pyramid is  computed by lowpass filtering 

and subsampling of the previous stage. The Laplacian pyramid 

consists of bandpass filtered (BPF) versions of the input 

image, each stage of the pyramid is constructed by the 

subtraction of two corresponding adjacent levels of the 

Gaussian pyramid. The oriented pyramid is formed by 

modulating each level of the Laplacian pyramid with a set of 

oriented sine waves, followed by another LPF operation using 

a separable filter is as shown in Figure 3. 

Image registration system using oriented laplacian pyramid is 

shown in figure 4. In this approach sensed and reference 

images are decomposed using oriented laplacian pyramid. 

Then MI or CC or MSD is applied on reconstructed images 

and output image is improved by using refining filter. 

 

3.2 Feature Matching  

Area based matching is used in this work. Area-based methods 

put emphasis on the feature matching step than their detection. 

Various area based methods are correlation methods, fourier 

methods, optimization methods and MI based methods and 

mean squared difference. In this work MI , CC and MSD these 

methods are used for feature matching.  

 

 
Figure 3: Block diagram of the oriented pyramid generation 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Block diagram of oriented Laplacian Pyramid based image 

registration using MI,CC, MSD 

3.2.1 Mutual Information  

The MI, is a measure of statistical dependency between two 

data sets. Method used here is quite similar to method used by 

[3][21] . MI of two images is a combination of the entropy 

values of the images, both separately and jointly. Entropy is 

low when distribution has only a few large probabilities; for a 

uniform distribution, entropy is maximum. The entropy of an 

image can be obtained by estimating the probability 

distribution of the image intensities. A normalized joint 

histogram of the gray values is calculated to estimate the joint 

probability distribution of two images. The marginal 

distributions are obtained by summing over the rows, 

respectively, the columns, of the joint histogram. The 

definition of the mutual information I of two images A and B 

combines the marginal and joint entropies of the images in the 

following manner: 

 

I(A,B) = H(A) + H(B) - H(A,B)  (1) 

 

Here, H(A) and H(B) are the separate entropy values of A and 

B, respectively. H(A;B) is the joint entropy, i.e., the entropy of 

the joint probability distribution of the image intensities. 

Correct registration of the images is assumed to be equivalent 

to maximization of the mutual information of the images. This 

implies a balance between minimization of the joint entropy 

and maximization of the marginal entropies. The joint entropy 

is minimal when the joint distribution is minimally dispersed, 

this corresponds to registration.  
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3.2.2 Cross Correlation 

Normalized Cross Correlation (NCC) is often the adopted for 

similarity measure due to its better Robustness. The 

normalized CrossCorrelation of two images is given by- 

 

                 (2) 

It is a basic approach for image registration and  the simplest 

but effective method for similarity measure. This similarity 

measure is computed for window pairs from the reference 

image and sensed image and its maximum is searched. The 

window pairs for which the maximum is achieved are set as 

the corresponding ones. 

 

3.2.3  Mean Squared Difference 

The Root Mean Square Error computes the mean squared 

pixel-wise difference in intensity between image A and B over 

a region. The formulae for calculated image matrices are: 

 

     
             
where, f (x, y) is the input image data and f*(x, y) is block of 

the reference image. M and N are the matrix dimensions in x 

and y, respectively. Here the root mean square error is used to 

compute error between transformation result of each block of 

reference image and input image. Matching accuracy is done 

based on the root mean square error (RMSE). Accurate 

matching must have value of RMSE which is close to 0. For 

images with moderate differences in content, the registration 

accuracy is, in general, good with an RMS error of one pixel 

or less. 

 

3.3 Transformation and Resampling  

 In this step of registration, mapping functions type and 

parameters, which are responsible for aligning the sensed 

image with the reference image, are estimated. Here affine 

transformation is used as a mapping function. The parameters 

of the mapping functions are computed by means of the 

established feature correspondence. While transforming points 

from one image to another, interpolation is usually required to 

estimate the grey value of the resulting point. Finally, for 

resampling Bilinear interpolation is used. Quality of registered 

image is improved by using a sharpening filter to enhance the 

edge information of the registered image. 

 

4 FLOW OF REGISTRATION SYSTEM 

Image registration using wavelet based and oriented laplacian 

pyramid based feature extraction  are described in this section: 

 

4.1 Wavelet based image registration using mutual 

information or cross correlation or mean squared difference 

Here, features are extracted using wavelet transform and for 

feature matching any one method out of  MI or CC or MSD, 

can be used at a time. 

 

 

 

 

Step 1: Sensed and reference images are taken as input. 

Step 2: Haar wavelet is applied on sensed  and  reference 

             images.  

Step 3: LL subband of both images is extracted. 

Step 4: LL images of reference & original images are rescaled  

            to 256*256.  

Step 5: MI / CC/ MSD is calculated. 

Step 6: Maximum of MI/CC or minimum MSD is calculated. 

Step 7: Control points of the reference & original images are 

            matched. 

Step 8:Bilinear interpolation is used to map the control points 

of the original image to the transformed. 

Step 9: Registered image is refined. 

 

4.2 Oriented Laplacian Pyramid  based image 

registration using mutual information or cross correlation or 

mean squared difference 

Here, features are extracted using wavelet transform and for 

feature matching any one method out of  MI or CC or MSD, 

can be used at a time 

Step 1: Original and reference images are taken as input. 

Step 2: OLP  is applied on sensed and reference images. 

Step 3: Reconstructed images of reference & sensed images 

            are rescaled to 256*256 if  required.  

Step 4: MI / CC/ MSD is calculated. 

Step 5: Maximum of MI/CC or minimum MSD is calculated. 

Step 6: Control points of the reference & original images are 

             matched. 

Step 7:Bilinear interpolation is used to map the control points 

            of the original image to the transformed. 

Step 8: Registered image is refined. 

 

IV. RESULTS AND DISCUSSION 

Experiments were carried out using ten brain images. Test 

images were obtained from Brainix [22], simulated MRI 

database. The complete scheme was implemented in 

MATLAB. In the first method, features are extracted using 2-

level haar wavelet decomposition and features are matched 

using three different techniques (MI, CC and MSD). Examples 

of wavelet based image registration are shown in Table 1. 

Difference between reference image and registered image is 

found, mean and standard deviation  values are provided and 

time required for registration are shown in Table 2. 

Similarly, in second method oriented laplacian pyramid is 

used for feature extraction and extracted features are matched 

using three different techniques (MI, CC and MS) same as that 

used in first method. Examples of oriented laplacian pyramid 

based image registration are as shown in Table 3. Its mean, 

standard deviation values and time required for registration are 

provided in Table 4. Performance of proposed work is 

measured in terms of PSNR for registration. Values of these 

parameters are enlisted in Table 5 and same is represented in 

Figure 5. 

 

 

(3) 
(4) 
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V. CONCLUSION 

A technique for image registration using mutual information, 

cross correlation and mean squared difference has been 

developed. This technique is based on three main steps: 

 
Table 1. Results of Image Registration using Wavelet Transform 

 

Sensed 

Image 

Reference 

Image  

MI   CC  MS  

Registered 

Image 

Histogram Registered 

Image 

Histogram Registered 

Image 

Histogram 

        

        

        

  

Table 2. Results for  image registration using wavelet transform 

Images MI CC MSD 

Mean STD.DEV Time Mean STD.DEV Time Mean STD.DEV Time 

Ex.1 4.8953 14.7018 0.56595 4.9266 14.6811 0.41614 4.1186 9.3783 0.47597 

Ex.2 9.0673 24.631 0.53115 9.9835 26.3243 0.31184 6.9225 13.5106 0.34679 

Ex.3 20.4929 51.688 0.59725 22.7704 56.7011 0.33713 20.0227 42.6041 0.33036 

 
Table 3. Results of Image Registration using Oriented Laplacian Pyramid 

Sensed 

Image 

Reference 

Image  

MI CC  MS  

Registered 

Image 

Histogram Registered 

Image 

Histogram Registered 

Image 

Histogram 
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Table 4. Results of Image Registration using Oriented Laplacian Pyramid 

 

 

 

 

 

 

 

 

 

Table 5. PSNR for  Registration UsingWavelet Transform and Oriented Laplacian Pyramid 

Images 

MI CC MS 

OLP Wavelet OLP Wavelet OLP Wavelet 

Ex.1 72.241 23.9483 70.3045 23.9136 72.1863 27.347 

Ex.2 68.275 20.5614 67.5559 19.9225 81.6849 26.3609 

Ex.3 62.3921 11.9829 60.2277 11.3584 70.4911 22.0186 

 

 
 

Figure 5. Representation of PSNR for registration using MI, CC, MS  

 

extracting feature points in the reference and the sensed 

images, obtaining the correspondence between the feature 

points of the images, and estimating the transformation 

parameters which map the target image to the reference one. 

Wavelet transform and oriented laplacian pyramid is used for 

feature extraction and features are matched using mutual 

information, cross correlation and mean squared difference. 

The proposed algorithm was evaluated using several images.  

The obtained results of mutual information are compared with 

cross correlation and means squares techniques. The results of 

this work seems to be better for oriented laplacian pyramid  as  

compared to wavelet transform based technique. Furthermore, 

the results are more challenging by the technique of mean 

squared difference using Oriented laplacian pyramid as 

compared to mutual information, cross correlation.  
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