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ORIENTATION ESTIMATION WITH APPLICATIONS TO IMAGE 
ANALYSIS AND REGISTRATION 
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Abstract: In this paper, a novel method for image orientation angle determination is proposed. The method is 
based on the use of parameters of scattering ellipse of an image gradient field. Various problems with application 
of the proposed technique are considered. The results of the experiments for determining the predominant 
direction of an image are presented. Three methods of image orientation angle (OA) estimation are compared. It 
is shown that the method based on scattering ellipse technique is more precise than the histogram-based 
methods. The term of the "backlash" of image rotation algorithms is submitted and a method for “backlash” 
estimation is proposed. The “backlash” can be used for determination of the quality of arbitrary rotation algorithm. 
It is also shown that the proposed technique can be applied to the problems related to the Horizon line tracking.   
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Introduction 

 
Image registration is the process of determining the correspondence between all the points in two images of the 
same scene. Registration of the images is requires in image analysis applications that involve two or more 
images of a scene. The reference and the referred image could be captured at different times, using different 
devices, from different angles etc.  
The principal problem which is being solved by image registration methods is to find a geometric transformation 
such that the referred (or template) image becomes similar to the reference image. Successive solution of this 
problem depends on prior knowledge, available about possible type of deformations of referred image, which 
could be arrived due to the method of image capturing. Therefore there are huge numbers of image registration 
methods, described in the scientific literature. We can refer to [1-2], devoted to the survey on image registration 
methods and applications as well.  
The most of registration procedures include image rotation operation, which is performed by the appropriate 
interpolation technique. The rotation can be performed in two ways. The first way is based on the scanning a set 
of possible values of rotation angle and performing the image rotation at each value. Then the image of maximal 
similarity with the reference image is considered as a referred one. The second way is based on preliminary 
estimation of the difference of orientation angles of the reference and referred images, and rotation the referred 
image at that angle.  
There are a variety of techniques in the literature to estimate orientation angle, including methods using image 
gradients [3], directional histograms [4], discrete Radon transform [5, 6], modified Radon Transform [7] etc.  
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In this paper, the second way is considered, therefore a technique for image OA based on using scattering ellipse 
of image gradient field and related parameters is proposed. The gradient field is obtained by Sobel operator.  
The proposed method is based on determination of the scattering ellipse of an image gradient field. The main 
axis of that ellipse is used for image predominant direction angle determination. In the present paper, the results 
of various experiments are given, which allows to compare different estimators of image rotation angle, some 
rotation methods and determinate the “backlash” of rotation algorithm. 

Method 

 
The method originates in a new approach to the problem of image quality assessment, described in [8]. 
According to that approach the measure for quality assessment is based on the usage of the image gradient 
magnitude distribution. Such measure gives the results similar to the human visual system. But the image 
gradient field also contains information on image orientation, notably the dominant direction (see, for example, 
[3]).  
Let )}n,m(I{I =  be a Gray Scale image of size NM× , where )n,m(I  is the pixel intensity with 

coordinates )n,m( , 1M,...,1,0m −= , 1N,...,1,0n −= . Let’s denote by matrixes )n,m(GH  and 

)n,m(GV  the horizontal and vertical gradients of an image at the point )n,m( , by )n,m(F  the gradient 

magnitude, and by )n,m(A  the gradient angle, where 
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Consider the gradient field as a two-dimensional sample from random variable with the elements   
 
     )]n,m(G),n,m(G[)n,m(G VH= .          (3) 
 
Define the scattering ellipse of gradient field (3) as the solution of equation with respect to the variables 
( )VH g,g  [9] as follows   
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where Hµ , Vµ , Hσ , Vσ  are the sample mean and sample standard deviation of the horizontal and vertical 

components of the gradient field, HVρ  is the correlation coefficient between them, C  is a constant. The large 
axis of the ellipse coincided with the line of orthogonal regression, and the slope angle α  is determined by 
formula as follows  
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We assume that the angle α  is measured from the horizontal axis anticlockwise as it is shown in Figure 1.  
 

 
Figure 1. An image scattering ellipse and the orientation angle. 

 
 

Image orientation angle determination 

 
In this section the results of some experiments, using the technique above, are given and analyzed. 
Let I  be an original image, αI  be the image I  rotated by an angle α  using certain rotation algorithm.  
Described method of image orientation angle estimation can be applied to certain problem, which is arisen during 
the registration process, such as: 

• determination of an image orientation angle with respect to some prior fixed direction; 
• determination of difference between orientation angles of two different parts of an image;  
• determination of the rotation angle shift between two different images of the same scene; 
• error analysis of different rotation algorithms; 
• Horizon line tracking, etc.  
•  

 
 

   
              =α 65°                =α 18°             =α 136° 

  

Figure 2. Determination of the predominant direction of the images. 
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Experiment 1. Determination of the predominant orientation angle of an image. Three images with predominant 
orientations, which could be distinctly estimated by visual analysis, are shown in Figure 2. Using the above 
described method we estimate the angle values which are given below the images. We can see that these values 
quite correspond to the visual estimation results.   
 
 

 
 

Figure 3. Pisa Tower. The chosen parts of the image are separated by rectangles. 
 
 

Experiment 2. Determination of the Pisa Tower leaning angle. It is known that the Pisa Tower is leaned at an 

angle of 5.5 degrees (see Figure 3). We can estimate this angle by subtraction of orientation angle T

^
α  of the 

Tower and orientation angle T

^
α  the building on the left of the Tower.  

 
Appropriate areas of image are chosen to increase the estimation precision, as it is shown in Figure 3. The left 
part is of size 450x180 pixels, and the right part is of size 450x620 pixels. As a result of estimating by formula (5) 

we obtain °=α 5.90B

^
, °=α 1.85T

^
, °=α−α 4.5T

^

B
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Comparison of orientation angle estimating methods 

 
In this section we compare different methods for OA estimation. Image rotation is performed by algorithm, 
described in [10]. 
 

Experiment 3. Error determination for orientation estimation algorithm. Let 0

^
α  be the orientation angle of original 

image I . Rotate the image I  by an angle α  and estimate the orientation angle r

^
α  of the image αI . Angle 

0

^

r

^
α−α  can be interpreted as the error of orientation estimation algorithm. This approach allows comparing 

various estimation algorithms by values of mean-square error (MSE) at different rotation angles.  
 
  

Table 1. Samples of texture images and histograms given by algorithms 2 and 3. 
 

1 

     

2 

     

3 

     
 
 
In this experiment we compare three methods of orientation angle estimation: 

• Method using the scattering ellipse orientation (Method 1); 
• Method based on histogram of individual gradient angle (Method 2); 
• Method based on histogram of the gradient magnitude, whereby for the angle α  (Method 3), by formula 

as follows 
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where )n,m(A  is the gradient direction, determined by formula (5).  
Table 1 shows samples of selected images and corresponding histograms (rows 2 and 3) determined by above 
specified algorithms. It can be noted that the algorithm 3 provides the histogram with less variation; therefore it 
can be considered as more precise estimation of the rotation angle.   
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Table 2. The mean square error of rotation angle estimation using different methods. 

 
Angle α , 
degree 

Estimation method 
1 2 3 

5 0.739 3.250 3.540 
10 1.283 4.366 3.810 
15 1.651 4.573 4.419 
20 2.132 4.034 6.965 
25 2.342 6.888 6.271 
30 2.544 8.562 6.365 
35 2.477 7.522 7.265 
40 2.273 5.028 5.405 
45 1.934 4.414 3.282 

 
 
Rotation of 15 selected images by angles from 5º to 45º by discrete of 5º was performed. The results are given in 
Table 2. We can see that the algorithm 1 is the most precise and MSE is equal to 1-2 degrees, while other 
algorithms are worse.  
 

Determination of the “backlash” of an image rotation algorithm 

 
Experiment 4. Determination of the “backlash” for rotation algorithms. The term “backlash” we introduce to 
describe the results of application of various methods of image rotation, when at first the image is rotated by an 
angle α , and then it is rotated in backward direction by the same angle. In ideal case the last image will coincide 
with the original image. But because of distortions due to inevitable application of certain interpolation or other 
processing technique these images will differ. This difference we call “backlash” of rotating algorithm.  
The “backlash” of estimation algorithm includes the following steps: 
Step 1. Rotate image I  by an angle α .  

Step 2. Estimate the rotation angle by subtracting the orientation angles of images αI  and I . Let 
^
α  be the result 

of subtracting.  
Step 3. Rotate the image αI  by an angle α− . Let α−α,I  be the resulted image. 

Step 4. Estimate the rotation angle of image α−α,I  by subtracting the orientation angles of images α−α,I  and I . 

The result b

^
α  of subtracting is interpreted as the “backlash” of rotation algorithm. 

We consider three algorithm of image rotation: 
• Using B-spline interpolation technique by [10];  
• Using Bi-linear interpolation technique; 
• Using Cubic spline interpolation technique. 
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The MSE of “backlash” for each rotation algorithm applied to the same 15 images are collected in Table 3. We 
see that there are no significant differences between MSE values for these algorithms, in spite of the differences 
of used interpolation technique. We also can note that the MSE values don’t depend on rotation angle.   
  

Table 3. MSE of “backlash” for various rotation algorithms. 
 

Angle 

b

^
α , 
degree 

Algorithm 

1 2      3 

5 0.418 0.592 0.696 
10 0.439 0.618 0.706 
15 0.442 0.639 0.658 
20 0.441 0.623 0.638 
25 0.439 0.661 0.650 
30 0.438 0.632 0.712 
35 0.439 0.644 0.661 
40 0.439 0.642 0.804 
45 0.441 0.623 0.673 

 
 
Experiment 5. Determination of the “backlash” for rotation angle estimation algorithm. Here the same 15 images 
above are rotated using the Algorithm 1 by different angles. Table 4 includes the MSE for specified estimation 
technique applied to “backlash” determination.   
 

Table 4. MSE of the “backlash” for different estimation methods. 
 

Angle α , 
degree 

Estimation method 
1 2 3 

5 0.696 4.960 1.299 
10 0.706 2.179 1.847 
15 0.658 2.844 2.031 
20 0.638 4.496 2.062 
25 0.650 4.998 0.935 
30 0.712 4.398 0.433 
35 0.661 5.054 1.346 
40 0.804 4.313 0.968 
45 0.673 5.500 1.118 

 
 
We see that the method based on scattering ellipse properties is better. 
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Horizon line tracking 

Experiment 6. Horizon line tracking is an important task for certain applications of image processing methods, 
such as structural interpretation of seismic images, underground object tracking, coast line determination by 
remote sensing, flight control of small unmanned aircraft etc. In these cases the central problem is image 
orientation angle estimation. The knowledge of image orientation angle allows to rotate the image anticlockwise 
at that angle and to get the image of “normal” orientation, i.e. as if it was taken in the horizontal plane.  
An image example containing the sky-ground border (or Horizon line) is shown in Figure 4a. The predominant 
direction of orientation is estimated by proposed method and resulted to ~60°. A fragment of the image after 
rotating by angle of 60° counterclockwise is shown in Figure 4b. The residual orientation angle of Figure 4b is 
equal about 1°. 
 
 

  
        a         b 

 
Figure 4. Image with sky-ground border taken at unknown viewpoint. a – original, b- a fragment of rotated image. 

 
 

Conclusion 

 
In this paper, a new technique for image orientation angle estimation is proposed. The idea is based on using the 
slope angle of the main axis of the scattering ellipse of image gradient field. By using the proposed technique 
some problems related to image orientation determination are considered and the results of numerical 
experiments are described. Two more methods of orientation angle estimation based on gradient angle histogram 
are compared with that. The effectiveness of the proposed method is shown. The term of image rotation algorithm 
“backlash” is submitted and a method for “backlash” estimation is proposed. The “backlash” method is used for 
determination of the quality of arbitrary rotation algorithm. It is also shown that the proposed technique can be 
applied to the problems related to horizon line tracking.   
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