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Abstract 

  

Many a times when images are taken from different sources or viewpoints or sensors at different time and angles, they 

need to be compared so that the differences can be found when these images are aligned together. This task can be 

effectively performed using image registration. One example of this is in medical field where an image taken prior to the 

operation is aligned with the one taken during surgery or operation. The principle objective of this paper is to provide a 

simulation framework in order to perform image registration efficiently with the help of affine transforms based on 

normalized cross-correlation. 
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1. Introduction 
 

1
 Evaluation and analyzing of images by large systems 

virtually require image registration or a similar framework 

as an intermediate step. Image registration is one effective 

tool where alignment of one image with the other is 

performed in geometrical and photometrical manner. In 

other words image registration is the process of overlaying 

two or more images of the same scene at different times, 

from different viewpoints and/or from different sensors. It 

geometrically aligns two images – the reference and the 

sensed image.  

 Image registration is a crucial step in all image analysis 

tasks in which final information is gained from the 

combination of various data sources like image fusion, 

change detection and multichannel image restoration. 

The objective in hand is to register images of the same 

scene which are obtained from different viewpoints and to 

gain a larger 2D view from the scanned scene. One of the 

major applications of this method is image mosaicking 

which is combining or stitching together individual images 

of an area to form a larger image of the whole scene 

(Barbara Zitova). 

 The paper demonstrates the use of normalized cross-

correlation to find the position of match between two 

images i.e., the base and the sensed image and the 

utilization of affine transform to translate the sensed image 

to bring it into the coordinate system of the base or 

reference image. The assumption made here is that the 

sensed image under consideration has only translation in 

horizontal and/or vertical direction with respect to the 

reference image.  

 Image registration finds extensive application in stereo 

imaging, remote sensing and more importantly in medical 
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field called image mosaicking for example magnetic 

resonance (MR) measures water content in the body and 

CT measures x-ray absorption. Bone is brightest in CT and 

darkest in MR, combining MR and CT you get 

information content of water and bone as well, which 

helps in diagnosing the patient in a better manner (Rafael 

C; Sridhar). 
 

2. Literature Survey 
 

Image registration methods: a survey, Barbara zitova, 

department of image processing, Czech republic, image 

and vision computing, Elsevier publications. 
  

This paper aims to present a review of recent as well as 

classic image registration methods. Image registration is 

the process of overlaying images (two or more) of the 

same scene taken at different times, from different 

viewpoints, and/or by different sensors. The registration 

geometrically aligns two images (the reference and sensed 

images). The reviewed approaches are classified according 

to their nature (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 re-

sampling. Main contributions, advantages, and drawbacks 

of the methods are mentioned in the paper. Problematic 

issues of image registration and outlook for the future 

research are discussed too. The major goal of the paper is 

to provide a comprehensive reference source for the 

researchers involved in image registration, regardless of 

particular application areas. This paper gives a survey of 

the classical and up-to-date registration methods, 

classifying them according to their nature as well as 

according to the four major registration steps. Although a 

lot of work has been done, automatic image registration 

still remains an open problem. 
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A Method for Image Registration by Maximization of 

Mutual Information, Yutaro Yamamural, Hyoungseop  

Kim. Kyusyu Institute of Technology, Tobata, Japan 
 

In this paper some techniques are proposed to find a 

geometrical transformation that relates the points of an 

image to their corresponding points of another image. It 

deals with multimodality image registration techniques are 

proposed in the medical imaging field. Especially, CT and 

MR imaging of the head for diagnosis and surgical 

planning indicates that physicians and surgeons gain 

important information from these modalities. In this paper 

new method for automatic registration of head images by 

computer which obtained CT and MR images employing 

maximization of mutual information. The mutual 

information registration criterion allows fully automated, 

highly robust registration of multimodal images. The 

primary objective of this study is to increase accuracy of 

the registration and reduce the processing time. The steps 

followed in this paper for image registration are: 

i. Preprocessing and initial registration (i.e. the size of 

image is usually not same and helpful in removing some 

noise normalize the size of image). 

ii. Summation of intensity projection with weight (In the 

next step, initial point is detected by using center of 

gravity of each image as an initial registration). 

iii. Final registration (the registration is performed 

employing maximization of mutual information). 

 

Remotely sensed Images Registration Based on Wavelet 

Transform Using Affine Invariant Moment, Aiye Shi, Min 

Tang, College of computer and information engineering 

HoHai University, China 

 

This paper presents an accurate and automatic feature-

based method for registration of remotely sensed images. 

The proposed method uses the redundant wavelet 

transform to obtain feature points. Firstly, modulus 

maximum of wavelet coefficients of reference and sensed 

images are detected based on multi-scale multiplication, 

respectively. Then, affine invariant moments are 

calculated using a circular neighborhood area centered on 

the detected modulus maximum point. After that, 

corresponding feature points are detected by minimum 

distance rule with the threshold in the Euclidean space of 

the invariants. Finally, the transformation parameters are 

obtained by least square method. Also, the center spline 

function is used as interpolation function when wrapping 

the sensed image to reference image. 

 

Face Image registration methods using Normalized Cross 

Correlation, Jaeyeon Lee, Yun-Koo Chung, Department 

of Computer Software & Engineering, UST, Daejeon, 

Korea. 

 

This paper demonstrates the critical problem that the 

intelligent service robot can know family to provide the 

service. The most common method to recognize people is 

face detection. This recognition technique is difficult to 

cover the user recognition perfectly since the real 

environments include the variations likes illumination and 

distance. Especially the distance between user and robot is 

always changing. Generally, the home service robot 

mounts the low resolution camera, the more a distance 

between a robot and a user become distant, it is very 

difficult to obtain the good result by common adaBoost 

face detection methods. Normalized Cross Correlation 

(NCC) is used to detect the exact face in the low resolution 

face image. 

 The automatic face detection process involves finding 

the face, locating in it some features and based on these, 

geometrically normalizing the face to match some 

template. This is the face registration process. Face image 

registration from a detected face image is one of the most 

important bottlenecks for stable recognition system. 

Especially, intelligent robot environments include the 

varying distance and changing lighting condition in 

accordance with place. AdaBoost face detector finds 

numerous different sized variants from the one face image, 

even if that image has only one person. For the face image 

registration, we have to normalize face image based on 

position of face. 
 

Comparative Analysis in Satellite Image Registration, Reji 

R., Vidya R., Saintgits college of Engineering, Kerala, 

India 
 

This paper demonstrates a comparative study and analysis 

in satellite image registration. It deals with improving the 

geometrical consistency of satellite images. In point based 

techniques control points are selected manually and 

registration is performed using cross correlation. In edge 

based image registration is emphasized on corner features. 

Two pairs of optimal matching corners were selected from 

matched corners as control points and transformation is 

applied. In contour based approach contour points are 

extracted from image and based on the contour points 

registration is performed. The localized error and 

matching error is analyzed. 

 Satellite images are used for the detection of natural 

sources and monitoring of Geo environment. To acquire 

better coverage the area spanned by the satellite should be 

small important applications of satellite images are for 

land use or land cover monitoring. Through Image 

registration techniques we are finding a proper geometric 

transform between two images that can align 

corresponding points in them. It is the foundation of 

applications, such as image fusion, medical image 

processing, remote sensing and three dimensional (3D) 

image reconstructions. The increased volume of satellite 

images reinforces the need for automatic image 

registration techniques 

 Typically, we are having one image called the base 

image or reference image and is compared with the sensed 

image. Our objective of image registration is to bring the 

sensed image into alignment with the base image by 

applying a spatial transformation to the sensed image. The 

differences between the sensed image and the base image 

might have occurred as a result of terrain relief and other 

changes in perspective when imaging the same scene from 

different viewpoints.  

 The overall performance of registration methodology 

depends on the following aspects such as specific 

applications, sensor characteristics and the imaged areas 
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nature and composition. It is unlikely that a single 

registration scheme will work satisfactorily for all 

different application. From this we can infer that a 

different registration scheme can be applied for different 

applications. There are three types of error which occur 

during image registration techniques, 

i. Localization error: It is the movement of the control 

point co-ordinates due to the in accurate detection is called 

localization error 

ii. Matching error: It is the measure false match when 

establishing correspondence between control point 

candidates is known as matching error. 

iii. Alignment error: It occur due to multiple reasons it 

depends on mapping model selected, and if there is 

rotation between images or images of different resolutions 

are considered. 

 

2.1 Proposed Methodology 

 

The main objective lies in detecting a segment or area of 

image where both sensed as well as the reference image 

are alike or same. This comes down to finding a small area 

in the sensed image where the sensed and the reference 

image is highly correlated.  

 The area of convergence is obtained by using 

normalized cross correlation, by which we attain the 

segments which are matched one another.  

 After obtaining the coordinate of this area or segment 

with respect to the reference image using the peak location 

of cross correlation, the coordinate of the sensed image 

with respect to the reference image is calculated. 

 

3. Concepts of Cross-Correlation and Affine 

Transform 

 

In this chapter we study how cross correlation helps in 

identifying the similarity between the two segmented 

blocks, and the co-ordinates where there is similarity 

between two images,  either of the images are translated to 

that point.  

 

3.1 Normalized Cross-Correlation 

 

Cross correlation is the measure of similarity between two 

different signals. It will have the maximum value which is 

equal to the energy of the signal when both signals are 

same. As the amount of similarity decreases, the cross 

correlation value also decreases and prominent peaks in 

the results cannot be found. Normalized cross correlation 

between two images is given by equation (1).  

 

 (   )  
∑ [ (   )     ], (       )  -   

*∑ , (   )        - ∑ , (       )  -
 
+   

          (1) 

 

Where,  

f(x, y) is the reference first image(taken as reference 

image), 

t(x, y) is the second image (sensed image) 

  ̅ is the mean of the second image. 

 u̅,v   is the mean of first image. 

f(x, y) in the region under the second image. 

Normalized cross correlation assumes the second image to 

be smaller in dimension than the first image (Anil K, 

2011). 

 Normalized autocorrelation gives values between -1 to 

1 depending on the similarity between the two images. 

Images are similar when the absolute value of the 

normalized cross correlation approaches 1. When the 

value is 1 then both images are the same. 

 Here, the sensed image is segmented into many non-

overlapping square windows or segments of atmost the 

size of the overlapping areas of the reference as well as 

sensed images. The normalized cross correlation between 

this segments and the reference image is found out and the 

segment whose cross correlation peak  value equal to one 

is considered are the maximum similar segment. Fig.1 is 

the normalized cross correlation of the two images. 

 

 
Fig.1 The normalized cross correlation of the two images. 

 

In the fig. 1, the peak corresponds to the location of the 

maximum match point with respect to the first image i.e., 

reference image. Since the peak value is 1 which means 

that this corresponds to cross correlation of two similar 

images. 

 

3.2 Affine Transform for translation of sensed image  

 

Once the location of the maximum matching position of 

the sensed image with respect to the reference image is 

obtained from normalized cross correlation, the problem 

now confines to translating the sensed image to this 

obtained location. This is done using affine transform. 

Equation (2) is the affine transform matrix for translation 

of a 2D image (Rafael C).  

 

[
 
 
 

]   =   [
    
    
   

] [
 
 
 
]                 (2) 

 

x′ & y′ are the coordinates after translation of x & y. tx is 

the amount of translation in x-direction and ty is the 

amount of translation in y-direction. tx & ty obtained from 

the normalized cross correlation is put in the above matrix 

and the transform is performed on the sensed image to get 

the translated image which is nothing but the registered 

image. Its coordinate will be aligned to the reference 

image.  

 Fig. 2 and 3 are the two input images (sensed and 

reference images from top to bottom). It can be observed 
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that the sensed image has some portion in common with 

the reference image, without which this algorithm fails. 

 

 
 

Fig. 2 The input image i.e. the sensed image 
 

 
 

Fig. 3 The input image i.e. reference image 

 

The image in fig. 2 is the sensed image and in the fig. 3 is 

reference image. This is fixed since this algorithm needs 

the sensed image to be towards the right side of the 

reference image. Since normalized cross correlation needs 

one of the images to be of smaller size than of the other, 

the sensed image is segmented into square sub images of 

maximum size equal to the overlapping portion of 

reference image and sensed image. The correlation 

between each of the segments and the reference image is 

found till maximum correlation of 1 is obtained (Reji R et 

al). 
 

4. Implementation 

  

Below given is the Algorithm flow and the flowchart. The 

input images (reference and sensed) is the one given in the 

fig. 2 and 3 (Sridhar). 

 

4.1 Algorithm 

 

1. Read the reference image and the sensed image using 

imread command. 

2. A value (depending on the overlapping area of sensed 

and reference image) for “window size” is chose for 

segmenting (dividing into square segments) the sensed 

image. 

Each of these segments will be used further for obtaining 

the normalized cross correlation with the reference image. 

3. From the first segment of the sensed image obtain its 

cross correlation with the reference image. If the cross 

correlation value for this segment is equal to 1 then go to 

step 6 
4. If the previous segment’s cross correlation with the 
reference image is not equal to 1 then take the next 
segment of the sensed image and find its cross correlation 
with the reference image. 
5. If the cross correlation value is equal to 1 then go to 
step 6 else repeat the step 4 for next segment. 
6. For the segment which gives max cross correlation, 
find the value of x_ peak and y_ peak which corresponds 
to the x-location and y-location respectively of maximum 
point of cross correlation. 
Take the position if segment/window in the sensed image 
in terms of window size as shift_ x in the x-direction and 
that in y-direction as shift y. 
7. To find the position (x, y) of the segment of the sensed 
image with respect to the reference image. 
x= x_ peak-window size 
y=y_ peak-window size 
8. To obtain the final position of the unregistered image 
to be translated to, update (x, y) as : 
x= x + shift_x*window size  
y= y + shift_y*window size 
 

4.2 Flowchart 

 
 

5. Implementation Results 

 

In this chapter we notice how the code is executed for 

different images and the steps involved in deriving the 

final registered image. 
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Fig. 4 is the image i.e. registered image after normalized 

cross correlation and an affine transform. It can be 

observed that the alignment of the image has changed 

without any data loss or stretching or deformity.  
           

 
 

Fig. 4 shows the image i.e. registered 

 

Fig. 5 is the registered image overlaid on the reference 

image. The faded portion corresponds to the positions 

where only one of the images is present, while the clear 

portions correspond to the common portions of reference 

and sensed images. 

 

 
       

Fig. 5 is the registered image overlaid on the reference     

image 

 

The next subsequent pictures show registration techniques 

applied on different images which are correlated to one 

another by some extent. 

 

 
 

Fig. 6 shows the reference image 

 
 

Fig. 7 shows the unregistered image 

 

 
 

Fig. 8 shows the sensed image which was unregistered is 

being registered 

 

 
 

Fig. 9 shows the registered image overlaid on the 

reference image. 
 

Conclusion and Future Work 
 

Image has been registered for the purpose of image 

mosaicking. Image registering using normalized cross 

correlation gives very good results when the sensed image 

contains portions of image which is overlapped with the 

reference image. In this algorithm change in viewpoint due 

to translation is considered.  

 The future works can be upgraded such that this 

algorithm can be extended for sensed images which have 

rotation as well as translation. Algorithm can be modified 
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for an exhaustive search for various rotation angles of 

sensed image for each translation parameter of the sensed 

image. From maximum cross correlated rotation angle as 

well as from the translation parameter, affine transform 

matrix can be obtained to register the image. Since this 

approach depends on the correlation of sensed image, this 

cannot take care of shear in the sensed image or when 

sensed image doesn’t have any overlapping portion with 

the reference image. 
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