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New image registration method based on the physical forces  
 
 

Abstract. In this paper, we propose a new method for image registration and template matching in which the registration parameters are translation 
and rotation. This method is based on the physical forces. The assumption is that images are like charged materials that attract each other, which is 
a unique feature of the proposed method. In this case, one of the images moves in the same direction as the applied force and the other one is still. 
The movement of the image continues until the resultant force becomes zero. This approach does not estimate the two parameters separately, but 
they are estimated simultaneously leading to a better optimized set of registration parameters. We compare the computation cost of this algorithm 
with other area based methods. In conclusion, we show that the approach is successful and yields to better results than mutual information and 
correlation-like methods.  
 
Streszczenie. Przedstawiono nowa metodę rejestracji obrazu bazująca na sile przyciągania. Założono, że obraz może wytwarzać siłę przyciągania. 
Przedstawiono symulacje i potwierdzono że proponowana metoda daje lepsze rezultaty niż metody korelacyjne. (Nowa metoda rejestracji obrazu 
bazująca na sile przyciągania) 
 
Keywords: Image registration, Pattern recognition, Area based methods. 
Słowa kluczowe: rejestracja obrazu, rozpoznawanie wzoru. 
 
 
1.Introduction 

Image registration is determining the geometrical 
transformation that brings two sets of data into coincidence 
in the same coordinate system. Image registration plays a 
critically important role as a preprocessing step in many 
computer vision applications and image processing. Zitova 
et al. [1] [2] presented a survey of recent image registration 
techniques covering different application areas. They 
classified registration methods into two categories: the 
area-based methods and the feature-based methods. 
Unlike feature-based methods, area-based methods deal 
with the images without attempting to detect special objects. 
In this paper, we proposed a new algorithm that takes the 
area-base approach. 

 The first category of area based methods is cross-
correlation. This method is a classical area-based method 
that exploits the image intensities directly [3], without any 
structural analysis [1]. 
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This measure of similarity is computed for window pairs 

from the reference and sensed images and its maximum is 
searched. The window pairs for which the maximum is 
achieved are set as the corresponding ones. The CC based 
registration can also be successfully applied when slight 
rotation and scaling are present. There are generalized 
versions of CC for the more geometrically deformed 
images. These methods compute the CC for each assumed 
geometric transformation of the sensed image window [4], 
and they are able to handle even more complicated 
geometric deformations than the translation-usually the 
similarity transform. Berthilsson [5] tried to register in this 
manner even affinely deformed images. The flatness of the 
similarity measure maxima (due to the self-similarity of the 
images) and high computational complexity are two main 
drawbacks of correlation-like methods. However, despite 
these limitations, the correlation like registration methods 
are still often used; particularly, on account of their easy 
hardware implementation, which makes them useful for 
real-time applications. 

Fourier methods are the second category of area based 
methods. Fourier methods are preferred when an 
acceleration of the computational speed is needed or the 
images are corrupted by frequency-dependent noise. These 
methods exploit the Fourier representation of the images in 

the frequency domain [6] [7]. The phase correlation method 
is based on the Fourier Shift Theorem [6] and it was 
proposed for the registration of the translated images. 
Furthermore, it computes the cross-power spectrum of the 
reference and the sensed images and the location of the 
peak in its inverse is searched [1]. 
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The method shows strong robustness against the 

correlated and frequency dependent noise and non-uniform, 
time varying illumination disturbances. The computational 
time savings are more significant for large images. 
Moreover, the application of the phase correlation in 3D is 
described in [8]. 

The mutual information (MI) methods are the third group 
of the area-based methods. They have appeared recently 
and represent the most powerful technique in multimodal 
registration. The MI, originating from information theory, is a 
measure of statistical dependency between two data sets. It 
is particularly suitable for the registration of images from 
different modalities. MI between two random variables X 
and Y is given by 
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where H(X) =-Ex (log (P(X))) is entropy of random 

variable and P(X) represents the probability distribution of 
X. The method is based on the maximization of MI [9]. 

Some algorithms in computer science are inspired by 
natural phenomena such as Genetic Algorithm, Neural 
Networks, and Ant Algorithm. The proposed algorithm 
which is introduced in this paper is inspired by the 
mechanics and the electromagnetic. In this method, we use 
the electrostatic force between charges and define an 
equivalent force between the image pixels from the 
reference and the sensed image. By this definition, similar 
pixels absorb each other more than dissimilar pixels. By 
means of this virtual force and other mechanical rules, an 
algorithm for registration of two images is developed.  

The proposed method is described in section 2 and the 
simulation results are given in section 3. We discuss about 
the method in section 4. Finally, section 5 is devoted to 
conclusion. 
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2. The Proposed Method  
2.1. Introduction to the Method  

This section presents the main idea of the proposed 
method that will be discussed in details in the next parts. In 
this method each of the images is considered as a charged 
object, supposing that the sensed image is able to slide on 
the referenced image. In each step, the sensed image 
moves to its counterpart in the referenced image and gets 
closer to it (Fig 1 and Fig 2.B). 

The question is that, how the amplitude and direction of 
the force is obtained? In other words, how the translation of 
the sensed image is estimated?  

To explain the answer it should be mentioned that the 
initial position of the sensed image is chosen randomly. In 
addition, a physical model is used to estimate the 
movement vector in each step. In this model, every pixel is 
considered as a charged point. The pixels of the referenced 
image apply forces to the pixels of the sensed image. 
These forces have been defined in a way that the pixels 
with the same color attract each other. So, by this definition, 
the sensed image attracts its counterpart and moves 
towards it. Therefore, the sensed image gets closer to its 
counterpart in each step and finally they match.  
 

2.2. The Force between the two images  
Consider a pair of grayscale images, A and B, where B 

is the sensed and A is the referenced image. These images 
are shown in Fig 1.  Here, we attempt to find the translation 
parameters and the rotation angle. First an initial position 
for the image B is chosen then the forces are computed to 
detect the correct position of B. 

To compute the resultant force between the images the 
following equation is used:  
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where f(p,q) is the force between p and q. 
So, the resultant force for each point of the image B 

should be computed, and then all these forces summed up 
to obtain the resultant force. 

 

 
Fig 1. Image B slides on the surface until it matches with its 
counterpart. 

 
It is supposed that every pixel in an image is a point in 

its respective object, and the gray level of a pixel is 
considered as the charge of the respective point. Therefore, 
based on these assumptions the force between the images 
was computed. 
In electromagnetic, the force between p and q is [10]: 
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where Q1 and Q2  are the charges of the points p and q, k 
is a constant, and d is the distance between p and q. 

 Although we use electrostatic force, the same 
formulations are not applied. Therefore, it is suggested that 
the magnitude of the force between p and q should be 
calculated as follows: 
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where F1 is a function of the pixel values of p and q, F2 is 
the force that makes the similar objects closer to each 
other, and finally F3 is the friction force. Direction of F(p,q) 

is the same as the direction of vector qp


(Fig 1). 
If p and q have the same gray level, F1 must have the 

maximum value. In this method the following equation was 
used for F1  
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where Cq is the gray level of q, Cp is the gray level of p, 

and 1a  and 2a  are constant. This equation suggests that 
if the pixel values of p and q have a significant difference, 
F1 becomes negligible. Based on this definition, the similar 
parts attract each other.  

According to Eq. (5), the closer charges apply more 
force to each other. We suggest Eq. (8) for F2. This function 
increases when the distance between p and q decreases.  
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where 3a  is a positive constant that avoid the division by 

zero and d is the distance between p and q . 
For better convergence of the algorithm, it is supposed 

that friction increases when the similar parts are close to 
match. The friction can be useful here because it decreases 
the movement when the similar parts are close to each 
other. In order to add the friction to our formula, we assume 
that there is a surface between the images. In this case, we 
have vertical (fv) and horizontal (fh) forces which vertical 
force causes the friction. Fig 2.A shows this situation. 

 

(9)   
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 (10)  cosffv    
 
f and α are shown in Fig 2. From the (4) and (6) 

equations it can be inferred that fv increases when d 
decreases and when fv increases friction increases too. So, 
the following equation for F3 is proposed. 

 

(11)   
dF 3  

This means that when the points are close to each other 
the friction force increases due to the increase of the 
vertical force - which is against the movement. As 
previously was discussed, these functions are different from 
their physical counterparts. They are obtained 
experimentally. For instance, based on the physical rules 
the friction is subtracted from the force and resists the 
movement. However, in our formulation we need a force to 
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stop the movement completely when we get the matching; 
moreover, dissimilar pixels should not apply force to each 
other. Therefore, these forces are multiplied. 

Now for the purpose of obtaining the resultant force for 
one point, we should sum all the forces that apply to that 
point (see (12)). 
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In the Eq. (12), the force that applies to the pixel p of 

image A is computed.  
 

 
Fig 2. A: Two images with a surface between them; B: The 
reference and the sensed image and a surface between them 

 
Finally to obtain resultant force for the image, Fp should 

be calculated. 
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In other words, for each point in A such as p, first the 

resultant force that applies to p is calculated. Then all of 
these forces are summed to obtain the resultant force that 
applies to A. 
 
2.3. Estimating the Movement  

After finding the resultant force, the next step is to 
estimate the movement and the rotation angle. Then we 
slide (move and rotate) image B on the surface until it 
matches its counterpart. In the proposed method, 
translation and rotation parameters are calculated using the 
resultant force. Therefore, we don’t need a full search of 
rotation and translation to find the best match, because the 
magnitude and direction of force may give the translation 
and rotation size.  

To estimate the translation, the resultant force between 
the images should be normalized. 
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where x is the movement vector and m is a scalar used 

to normalize vector F . White vector in Fig 3.A shows the 
estimated movement vector and Fig 3.B shows the new 
position of the sensed image. 

 

 
Fig 3. A: Estimated movement vector, B: New position of sensed 
image after applying the estimated vector 

 

 
 

Fig 4. The moment of a force (Torque) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5. Some pixels of the sensed image (Image B). Point C is the 
center of the image B.  

 
2.4 Estimating the Rotation Angle  

To estimate the rotation angle, the moment of the forces 
or torque should be calculated. The assumption is that the 
image rotates around its center point; then the torque is 
calculated by multiplying the distance by the vertical force 
(Fig 4). So, after computing the resultant forces of the point 
the torque is calculated using the following equations: 
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(17)   
 sinFr




                        

where 


 is the torque vector that is perpendicular to the 

plane, r


is the lever arm vector (vector from the axis to the 

point of the force application), and F


 is the force vector. 
Furthermore, “×” denotes cross product and θ is the angle 
between the force vector and the moment arm vector. If 

r


and F


has the same direction, 


 becomes zero and the 
image dose not rotate. For example, in Fig 5 the forces that 
are applied to the pixels p and q, make the image rotate; 
but the moment of the force that is applied to s is zero.  

However, the sum of the moments produces the 
resultant moment; then the rotation angle is estimated using 
the resultant moment (Fig 5). So, the Eq. (18) is used to 
estimate the rotation angle of the image A. 
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where τp is the moment of Fp (the resultant force that is 

applied to pixel p of the image A), θ is the estimated angle, 
and J is a scalar used to normalize the moment. J is equal 
to the number of the pixels of the image A. 

After estimating the movement and the rotation, image B 
moves to a new position and again the forces are 
computed. This process will be repeated until the resultant 
force is equal to zero. However, the direction and the size of 
the movement depend on the resultant force. The flowchart 
of the proposed method is illustrated in Fig 6. 

 
 

 
 

 
 

Fig 6. The flowchart of the algorithm 
 
3. Simulation Results  

Having explained the algorithm, the next step is to 
evaluate the performance of the proposed registration 
approach and examine the precision of the registration. In 
this regard, we try to have enough examples to show that 
the proposed algorithm works properly.  

Therefore, the images of the Camera man and Lena are 
considered as the referenced images. The referenced and 
the sensed images are shown in Fig 7 and Fig 8. Then, the 
sensed images with different rotation angles from different 
parts of the referenced image are chosen. Both of the 
referenced images are 200×200 and the sensed images 
60×100. It should be mentioned that in all of the following 

experiments, 1a , 2a , and 3a were 0.04, 0.7, and 2.5 
respectively, which they were obtained experimentally.  

For each experiment first a reference, a sensed image, 
and an initial situation are chosen for the sensed image. 
Then the algorithm is run and the translation and the 
rotation of the sensed image are calculated in each step. In 

this case, if the translation is less than 3 pixels or the 
rotation is less than 3 degrees, the algorithm is terminated. 
Finally, the number of the steps and registration errors are 
reported. Tables 1-2 demonstrate twenty experiments that 
the sensed image, the referenced image, and the initial 
position of the sensed image are different in each 
experiment. 

The first position of the sensed image is described as 
initial value. Moreover, x and y show the initial coordinates 
of the sensed image and θ is the degree that the sensed 
image should rotate to match its counterpart. The resultant 
force is calculated and the registration parameters update in 
each repetition of the algorithm. Consequently, the 
algorithm is repeated until the variation of the registration 
parameters becomes negligible (less than 3 pixels for x and 
y, and less than 3 degree for the rotation angle). 

Tables 1-2 indicate that the proposed algorithm works 
properly. Clearly, the algorithm is converged in all of the 
twenty experiments and the average of the number of the 
iterations is 7.5. Despite of the fact that error of 3 pixels and 
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3 degrees is relatively high value, the proposed method can 
be quite useful. This is because obtaining the exact position 
from the approximate position is not so hard.   

 
Fig 7. A: The Camera man (Reference Image) B-D: The sensed 
images 

 
Fig 8.  A: Lena (Reference Image) B-D: The sensed images 

 
Some steps of an experiment are illustrated in Fig 9. In 

this Fig the referenced image and the position of the sensed 
image are shown after first, fourth and sixth iterations. In 
this case the rotation angle is 27 and the number of the 
iterations is 5. If we run the algorithm after the 5th iteration 
the sensed image does not move anymore. 

 
4. Discussion of proposed method  
4.1. Computation Reduction  

In this section we try to confirm the proposed method to 
reduce the computation, and as a result, the algorithm 
becomes faster. The main idea is that it is not necessary to 
calculate the force between each pixel of the referenced 
and the sensed image. Therefore, some pixels are chosen 
instead of all.  

 
 
 
 

Table 1. The simulation results for images in  Fig 7 (Camera Man) 

Sensed 
Image 

Initial value Number 
of 

iterations 

Error 

x y θ 
ex 

(pixel) 
ey 

(pixel) 
eθ 

(degree) 
B 73 50 11 4 2 0 0 
B 123 120 11 12 1 0 0 
B 150 80 11 3 1 1 0 
B 163 105 11 7 1 2 2 
C 163 105 27 20 1 1 1 
C 123 70 27 7 0 1 0 
C 27 50 27 7 0 1 0 
D 50 90 90 10 1 3 0 
D 42 120 90 9 1 0 0 
D 100 60 90 11 2 0 2 

 
Table 2. The simulation results for the images in Fig 8 (Lena) 

sensed 
Image 

Initial value Number 
of 

iterations 

Error 

x y θ 
ex 

pixel 
ey 

pixel 
eθ 

degree 
B 84 73 -15 4 0 0 0 
B 113 100 -15 5 1 0 0 
B 123 130 -15 9 0 1 1 
B 154 40 -15 7 0 1 1 
C 124 129 35 8 0 2 0 
C 76 85 35 5 0 0 3 
C 88 113 35 4 0 0 0 
D 81 83 -60 7 2 0 0 
D 71 123 -60 8 0 1 1 
D 86 130 -60 6 1 0 2 

 
Fig 9. (a) The initial position of the images. The positions of the 
images after (b) one (c) four (d) six iterations. 

 
This suggestion comes from the fact that the energy of 

the low frequency in an image is high and we have not so 
many changes in an image. As a result, adjacent pixels 
probably have the same color. So, first some pixels from the 
images randomly are chosen using uniform distribution, and 
then the forces between these pixels are calculated. 
Assuming that αA and αB are the percentage of the 
selected pixels of the reference and the sensed image, 
respectively, the algorithm becomes (αA*αB)-1 times faster. 
The reason is that the number of calculated forces reduce 
to (αA*αB) of its original value. 

In addition, pixels which are far from each other apply 
negligible force; therefore, it is not necessary to calculate 
the force between these pixels. In this section, the force 
between two pixels is ignored providing that the distance 
between them is more than 40 pixels.   

The performance of this method is reported for the 
different percentages of the selected pixel in tables 3 and 4. 
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The performance of the algorithm under different 
situations is evaluated. In case that the ratio of the selected 
pixels is about 8% for the sensed and 2% for the referenced 
images, the performance is acceptable. Therefore the 
computation is reduced and the algorithm is about 500 
times faster. As it is seen in tables 3-4, the number of the 
iteration and the errors does not change under this situation 
so much. 

 
Table 3. Errors of the different percentages of the selected pixels. 
The reference image is Cameraman and the sensed image is Fig 
7.B.  

Referenced 
Image 

(%) 

Sensed 
Image 

(%) 

Number 
of 

iterations 

Error 
ex 

(pixel) 
ey 

(pixel) 
eθ 

(degree) 
20 100 4 1 0 0 
10 40 4 1 0 0 
5 25 5 1 1 0 

3.5 20 5 1 1 0 
2 10 5 0 1 1 
2 8 5 0 1 1 
1 4 6 2 1 1 

0.5 2 7 2 2 1 
0.2 1 

8

- - - 
 

Table 4. Errors of the different percentages of the selected pixels. 
The reference image is Lena and the sensed image is Fig 8.D.  

Referenced 
Image 

(%) 

Sensed 
Image 

(%) 

Number 
of 

iterations 

Error 
ex 

(pixel) 
ey 

(pixel) 
eθ 

(degree) 
20 100 4 0 0 0 
10 40 4 0 1 0 
5 25 5 1 1 0 

3.5 20 5 1 1 0 
2 10 5 0 1 1 
2 8 5 0 1 1 
1 4 6 2 1 1 

0.5 2 7 2 2 1 
0.2 1 

8
- - - 

 
4.2. The Order of the Algorithm  

We begin this section by observing that the 
computational cost of the proposed algorithm stems mostly 
from the computation of the force between the two points. 
This case is the valuable computationally, because it is the 
most repeated process. However, the other steps in the 
algorithm have negligible cost. 

Suppose that B (sensed image) is an x×y image and A 
(referenced image) is an m×n image. the force between q 
and some point in A should be calculated. Eq. (19) gives 
the total number of the computation. 

(19)   kyxmnn BAPA     
 
where αA and αB represent the ratio of the selected 

pixels for the reference and the sensed image, k is the 
number of iterations, and nPA is the number of the 
calculated forces between the two pixels. Therefore, nPA is 
proportional to the square of m and n. 

Computing the order of the proposed algorithm, the next 
step is comparing it with another method such as the cross 
correlation and the mutual information methods. In order to 
use full search, the CC for each assumed geometric 
transformation of the image B is computed. Therefore, the 
similarity measure (CC or MI) is calculated for the window 
pairs from the sensed and the reference images and also its 
maximum is investigated through full search. Accordingly, 
the window pairs for which the maximum is achieved are 
set as the corresponding ones. 

 The number of x×y rectangles in an m×n rectangle is 
)1()1(  ynxm [12]. If the angle between the 

sensed and the referenced image is not zero, the total 
number of the geometric transformation of the sensed 

image is binstynxm  )1()1( . Using CC as 
similarity measure we have: 

 

(20) binsCC tyxynxmn  )1()1(         

(21) binsCC tyxnmn    ynxm  ,     

where tbins is the number of the angle bins and nCC shows 
approximately the number of the computations.  

The cost of a single computation of the MI of two images 
depends on the number of pixels in images, x×y, and also 
on the number of the bins used to form the histogram. The 
computational cost relative to the number of histogram bins, 
nbins used in the computation, is (nbins)2. When used for 
image registration, the total cost is then a function of the 
number of steps where the MI is computed. This value is 
about (m-x+1)×(n-y+1)× tbins. [11] 

(22)     binsbinsMI tynxmnyxn  )1()1()( 2
 

(23)  binsbinsMI tnmnyxn  )( 2
  ynxm  ,  

The equations (19-21) prove that the computation cost 
of the proposed algorithm does not depend on tbins unlike 
the other two algorithms. Furthermore, αA*αB is 
insignificant (about 0.001) and k is approximately 8.   

The comparison of the computation required by the CC, 
MI, and PA (the proposed algorithm) registration methods is 
given in table 5 (the assumption is that nbins=32, k=8 and 
tbins=180). The values are the number of the calculation 

such as summing and multiplying. As a result, the 
computation cost of proposed algorithm is acceptable. In 
the case that the computation cost of the proposed method 
is more than that of the fullsearch, the proposed method is 
useless.  

 
Table 5. The number of the operations for the cross correlation 
(CC), the mutual information (MI), and the proposed algorithm (PA)   

Size of 
Referenced 

Image  

Size of 
Sensed 
Image  

Number of Operations (×106) 
(Full Search)  

CC MI PA 
200×200 60×100 16120   20160 480 
200×200 120×150 12960  14400 1880 
100×150 70×70 2116 2980 380 
100×200 30×50 2835 6615 240 
 

4.3. Comparison of the Proposed Algorithm and the 
Steepest Decent   

This section looks at the comparison of the algorithm 
with the two optimization methods, in terms of the 
computation and convergence. 

When we search for the maximum value of the CC or 
MI, we can use the Steepest Decent instead of the full 
search. Regarding the search strategy, steepest decent has 
less computation than full search but the main drawbacks of 
it is the local maximum. Then, the Steepest Decent is used 
as the search strategy and the CC and MI as the similarity 
measures. As a result, the Steepest Decent is faster than 
our algorithm but the region of the convergence for the 
algorithm is quite larger. So, the following experiment 
evaluated the robustness of the algorithm concerning to the 
starting point. 

The following procedures were followed for the purpose 
of this study: First, a reference and a sensed image were 
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chosen. Then, for each pair of the images, 5 different initial 
positions were considered and in each case the algorithm 
was run. So, for each algorithm the computation time was 
reported. The approach was implemented on the Pentium 
Core2Due processor, 1 GB RAM, 1.8 GHz PC in a 
MATLAB environment. 

In addition, the size of the step of the Steepest Decent 
algorithm was 3. In other words, the registration parameters 
increased and decreased by 3 units in each step, and the 
best answer was chosen by using the similarity measure. 

Tables 6-7 show the simulation results for the Lena and 
Cameraman images. In these tables, ∆θ, ∆x, and ∆y 
indicate the differences between the initial position and the 
correct position of the sensed images. The sign“-” in the 
tables shows that the algorithm did not converge.  

It can be inferred from these two tables that when the 
sensed image and its counterpart are close to each other, 
the MI and CC get converge faster than the proposed 
algorithm. However, when the images are not close to each 
other the proposed method converges unlike the other two 
algorithms. Therefore, the advantage of the proposed 
method over the other methods is the large region of the 
convergence. 

 
4.4. Convergence   

 The purpose of this section is to show; intuitively, that 
the convergence is guaranteed. In other words, after 
several iterations, the registration parameters are obtained 
independent of the initial position of the sensed image. 

Fig 10 shows the CC graph of the images of Fig 8.B and 
Lena. As it is seen, there are several local maximums and 
the Steepest Decent is sensitive to these maximums. 

Tables 8 show the simulation results for the Lena and 
Cameraman images. It is observed from Table 5 that the 
region of the convergence of the proposed algorithm is 
quite larger than the other two algorithms. 

 
Table 6. The comparison of the algorithms for the image, Lena, and 
the images of Fig 8. 

Sensed 
Image 

∆x ∆y ∆θ 
Computation time 

(second) 
CC MI PA 

 Fig 8.B 5 5 15 1.9 1.3 2 
Fig 8.B 12 15 15 1.2 - 2.1 
Fig 8.B 20 70 15 - - 4 
Fig 8.B 35 15 15 - - 1.1 
Fig 8.B 20 20 15 1.6 2.7 2.5 
Fig 8.D 10 27 25 - - 3.9 
Fig 8.D 10 12 25 - 3.7 4 
Fig 8.D 5 10 25 1.7 3.2 3.2 
Fig 8.D 15 35 25 - - 3 
Fig 8.D 25 35 25 - - 3.2 
Fig 8.C 10 20 35 - - 5.4 
Fig 8.C 10 5 35 4 - 4.8 
Fig 8.C 5 5 35 - - 4.2 
Fig 8.C 5 0 35 - 5.0 4.4 
Fig 8.C 5 15 35 - - 5 

 
Table 7. The comparison of the algorithms for the image, Camera 
man, and the images of Fig 7. 

Sensed 
Image 

∆x ∆y ∆θ 
Computation time 
CC MI PA 

Fig 7.B 5 5 10 1.4 2.1 3.2 
Fig 7.B 15 5 10 2.1 3.6 3.8 
Fig 7.B 10 15 10 1.7 3 3.8 
Fig 7.B 20 25 10 - - 3.2 
Fig 7.B 40 45 10 - - 4.1 
Fig 7.D 10 0 15 1.3 1.8 2.4 
Fig 7.D 10 10 15 1.7 - 2.8 
Fig 7.D 15 15 15 - - 2.4 
Fig 7.D 5 10 15 1.4 1.7 2.2 

Fig 7.D 20 20 15 - 3.1 2.1 
Fig 7.C 0 0 27 1.9 3.8 1.9 
Fig 7.C 5 10 27 - - 1.9 
Fig 7.C 5 5 27 3.5 4.8 1.9 
Fig 7.C 45 50 27 - - 4.2 
Fig 7.C 25 20 27 - - 2 

  
Fig 11 and 12 show quiver graphs. Every vector in the 

quiver graphs shows the movement vector when the 
smaller image situated in the place of the vector. In fact in 
order to obtain Fig 12 we run the proposed algorithm for 
19×20 (the number of the vectors) times and each time the 
smaller image is situated in a different place. In Fig 12, the 
movement vectors are obtained from the proposed 
algorithm; on the contrary, in Fig 11 they are obtained from 
the Steepest Decent. As it is seen, there is a few local 
maximum for the proposed algorithm. So, in this example 
the convergence is guaranteed and it does not depend on 
the position of the smaller image. In other words, unlike the 
other two algorithms, it moves to the correct position 
independent of the initial position of the sensed image. 

 
Table 8.  Comparison of the region of convergence 

Reference 
Image 

Sensed 
Image 

Region of 
Convergence (%) 

CC MI PA 
Lena Fig 8.B 44 12 84 
Lena Fig 8.C 40 20 92 
Lena Fig 8.D 36 16 84 

Cameraman Fig 7.B 44 24 76 
Cameraman Fig 7.C 56 20 80 
Cameraman Fig 7.D 48 16 84 

 

 
 
Fig 10. Cross-correlation graph for the sample Images 

 

 
a 
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b 

Fig 11. Quiver graph for (a) MI algorithm (b) CC algorithm.  
 

 
 

Fig 12. Quiver graph for proposed algorithm 
 
5. Conclusion 
This study presented an image registration algorithm 

based on the physical forces. The method used some of the 
mechanic principles as friction, mass, and resultant force to 
estimate the registration parameters.  

We assumed these images as charged materials but 
with the opposite charges. So, they attract each other and 
the virtual forces helped to find the registration parameters. 
Consequently, the smaller image moved to match the 
bigger one. For better convergence of the algorithm we 
supposed that the friction increases when the images are 
close to matching the position. The experimental results 

show that this new approach is very effective in terms of 
speed and region of convergence. 
 

REFERENCES 
[1]  Barbara Zitova´, Jan Flusser, “Image registration methods: a 

survey ,”   Image and Vision Computing, Vol 21, pp.977-1000, 
2003. 

[2]   L.M.G. Fonseca, B.S. Manjunath , “Registration techniques for 
multi-sensor remotely sensed imagery”,  photo-grammetric 
Engineering and Remote Sensing 62 (1996) 1049–1056. 

[3]   W.K. Pratt, Digital Image Processing, Third Edition, Wiley, New 
York, 2001. 

[4]   A.wong, David A.Clausi, “ARRSI:Automated Registration of 
remote-sensing images”, IEEE Transactions on Geoscience 
and Remote Sensing , Vol. 45, No 5 ,MAY 2007. 

[5] R.Berthilsson, “Affine correlation” , Proceedings of the 
International Conference on Pattern Recognition ICPR’98, pp. 
1458–1461, Brisbane, Australia, 1998. 

[6]   R.N. Bracewell, The Fourier Transform and Its Applications, 
McGraw-Hill, New York, 1965. 

[7]  A. Abche, F.Yaacoub, A.Maalouf, E.Karam, “Image Registration 
based on Neural Network and Fourier Transform" , IEEE EMBS 
Annual International Conference, 2006. 

[8]   L.Lucchese, G. Doretto, G.M. Cortelazzo, “A frequency domain 
technique for range data registration”, IEEE Transactions on 
Pattern Analysis and Machine Intelligence 24 (2002) 1468–
1484. 

[9]   P.Viola, W.M. Wells, “Alignment by maximization of mutual 
information”,International Journal of Computer Vision 24 (1997) 
137–154. 

 [10]   D. Cheng , Electromagnetic Field and Wave, 2nd Edn, pp. 
348–350. 

 [11]  A. Cole-Rhodes, L. Johnson, J. LeMoigne, “Multiresolution 
Registration of Remote Sensing Imagery by Optimization of 
Mutual Information Using a Stochastic Gradient”, IEEE 
Transactions on  Image Processing , VOL. 12, NO. 12, 
DECEMBER 2003 

[12]   R. P. Grimaldi. Discrete and Combinatorial Mathematics: An 
Applied Introduction. Addison-Wesley, New York, 2nd edition, 
June 1989. 
 

 
Authors:  
Amin Sadri, Department of Electrical Engineering, Iran University of 
Science and Technology, a_sadri@elec.iust.ac.ir 
Ali Asghar Beheshti Shirazi, Department of Electrical Engineering, 
Iran University of Science and Technology, abeheshti@iust.ac.ir 
Masoomeh Zameni, Department of Computer Engineering, Iran 
University of Science and Technology, zameni_m@comp.iust.ac.ir 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


