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ABSTRACT 

This paper presents a method for image-based shift 

measurement and investigates solution for the mismatched 

bands of egyptsat-1 satellite. A tiny error in measuring sub 

pixel shift leads to an incorrect image focusing. Different 

methods, using frequency approach are conducted with 

different Tukey window sizes for measuring the sub pixel 

shift. The present method use an aim to select most important 

frequency for three parameter; horizontal, vertical and rotation 

with different window size. To test the present method; we 

used the SPOT-5 satellite data with known displacement. The 

obtained results are acceptable, and might solve Egyptsat-1 

problem of mismatches between its bands. Bands 1, 2 could 

also be used in super resolution reconstruction methods  

General Terms 
Image processing, Remote sensing 

Keywords 
Spot-5; sub-pixel shift; Tukey windows; window size; super-

resolution 

1. INTRODUCTION 
The Egyptian satellite (Egyptsat-1) is the first earth 

observation satellite to Egypt. It was launched in April 2007, 

based on micro-satellite technology. The satellite is intended 

to image certain areas of ground and transmit its images to the 

ground data receiving station. That satellite is consists of four 

payload subsystems; Multiband Earth Imager (MBEI), Middle 

IR Earth Imager (MIREI), Store and forward communication 

and command and data handling. Beside the extend 

observation capabilities (+/-35 degree) off-nadir cross-track 

satellite pointing. It provided imaging in each of the modes 

Panchromatic (PAN), Multispectral (MS) and Infrared (IR). 

The characteristic of Egyptsat-1 data are as follows, according 

to A. Kolokolov et al [1]; the spatial resolutions of the MS 

and the PAN bands are 7.8 meters. The spatial resolution of 

the Mid-Infrared band is 39.5 meter [2], [3], and the spectral 

resolutions are as shown in following Table (1). 

  Table .1 The Spectral resolutions of the Egyptsat-1 Data 

 

 

 

 

 

 

 

Receiving station has received images of Egyptsat-1 since 

2007. While images were being analyzed, found bands 

unregister between them. Bands unregister have showed since 

2010, show in fiuger.1. After had analyzed images, bands 

mismatched [4].Comprehensive analysis was being assessed 

some method by previous literature [4, 5]. In previous 

analyzes were analyzed only the vertical and horizontal. But 

in this method you will be using a new factor of rotation. In 

order to do the precise analysis, must be analyzed three 

parameters; horizontal, vertical shifts (Δx and Δy), and a 

planar rotation angle φ [6, 7, 8]. 

             

 

 

 

 

 

 

 

 

 

 

 

                        (1)                                            (2) 

Fig 1: (1) Egyptsat-1 Bands (Green, Red, Near Infrared); 

(2) Clarify the mismatch between Bands (green and 

magenta between edges shows problem)  

duo to shift between bands,  aliasing have been explained 

after combination bands . Figure.1.2 show this result. The 

next section will be explained aliasing phenomena.   

 Aliasing and Circular Extension 

 The described problem shift in egyptsat-1 bands estimation 

methods work perfect on noise-free images. Practically 

images are degraded by noise and aliasing, which often causes 

failure of the image registration Assume the images, with 

maximal frequency fmax, are sampled at frequency fs.    

    With   fmax   fs   2fmax and all f =  
  
  
 .                    (1) 

  This setup does not satisfy the Nyquist criterion (fs > 2fmax) 

greater than or equal, and therefore aliasing artifacts been 

present in the sampled images. But, as fs > fmax, the signal is 

free of aliasing and thus the same in all images (up to shift 

and rotation effects) at frequencies 

     -fs + fmax < f < fs - fmax.                                         (2) 

Bands Description Wavelength (µm) 

Band1 Green 0.51-0.59 

Band2 Red 0.61-0.68 

Band3 Near Infrared 0.80-0.89 

Band4 Panchromatic 0.50-0.89 

Band5 Mid Infrared 1.10-1.70 
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therefore, the image shift estimation based on these 

frequencies and use the complete frequency content to 

reconstruct the high resolution image accurately. This 

principle has already been applied to image registration [9, 

10].Another cause of artifacts in the Fourier transform of 

images is the fact that they are (in general) not circular. When 

computing the FFT of an image, it is circularly extended, 

which causes strong artificial edges in the spatial domain 

image. In the frequency domain [10], this mainly causes 

artifacts around the two axes. In order to eliminate this effect, 

we multiply the images by a Tukey window prior to shift 

estimation [11]. Tukey window functions yield lower root 

mean square error (RMSE) [12]. The border lines of the 

image all have zero value and the image is successfully 

circularized. This paper uses proposed technique; variable 

Tukey window from two pixels to 300 pixels. Then, calculate 

the Sub-Pixel shift between pixels it is required to calculate 

the rotation between them to get the correct robust result [13]. 

A variable number of pixels (2:300 pixels) have been used to 

eliminate the edge effects [11, 14]. This change in the number 

of pixels used clarify what is appropriate for use in the 

calculation process. Figure.2 shows the calculation steps of 

Sub-Pixel shift with calculated rotations. 

2. IMAGE SHIFT ESTIMATION 
Frequency domain approach allows us to estimate the 

horizontal and vertical shift and the planar rotation separately 

from the most important frequencies of images. Given a 

reference image f1 (x, y). Its shifted and rotated version f2 (x, 

y) would be represented as follows: 

      f2 (X) =f1 (R (X+∆X)),                                               (3) 

  With   
 
               

  
  
     

         
          

         

Where    the Horizontal shift    is the Vertical shift and R is 

the rotation angle. In this case, the images will be measured 

for displacement and rotation angle. Bernd Jähne, and Steven 

T. Karris application of the Fourier Transform properties on 

our measured images to calculate displacement and rotation 

angles [15, 16] as follows: 

F2(u) =         
      

      

         =             
      

     

         =     
                

      
                              (4) 

Which depend on the shifts and is a rotated version of        . 
It is therefore possible to estimate the relative rotation angle 

between two images first (i.e., Egyptsat-1 mismatch bands).  

then apply the inverse rotation to the Fourier transform. The 

(phase) shift can be computed from the resulting image and 

the reference image. 

2.1 Shift Estimation (Horizontal & 

Vertical)  
A shift in the image plane corresponds to a phase shift in the 

frequency domain. For an image f1 (x) and its shifted version 

f2 (x), with Fourier transforms F1 (u) and F2 (u), respectively, 

are given by: 

F2(u) =       
            

      
       

               =       
    F1 (u)                                                 (5) 

Thus, the difference between the phases of the two Fourier 

transforms is a plane in u-v space. Horizontal and vertical 

shifts can therefore be directly computed as the slope of this 

plane in horizontal and vertical direction, respectively. This 

phase difference is only approximately a plane. therefore one 

can solve this problem by estimating the plane parameters 

from the data with a least squares method to make the 

estimates more robust to errors. 

2.2 Rotation Estimation  
An image was rotated an angle which produced rotated image 

.to estimate the rotation angle between the two images 

(Egyptsat-1 mismatch bands), the computed correlation 

between the reference image and rotated versions of the 

second image estimates the rotation angle between the two 

images. The estimated rotation angle is the angle for which a 

maximum correlation is obtained [17]. The main 

disadvantages of this method are its computational cost and 

the interpolation errors that result from every rotation [18]. 

The rotation angle between|F1(u)| and |F2(u)|  will be 

computed as the angle θ for which the Fourier transform of 

the reference image |F1(u)| and the rotated Fourier transform 

of the image to be registered |F2 (Rθu)| have maximum 

correlation. This implies the computation of a rotation of 

|F2(u)| for every evaluation of the correlation, which is 

computationally heavy and thus practically difficult. If |F1(u) | 

and |F2 (u)| are transformed into polar coordinates, the rotation 

over the angle θ is reduced to a (circular) shift over θ. It can 

compute the Fourier transform of the spectra |F1 (u)| and |F2 

(u)|, and compute θ as the phase shift between the two [19, 

20]. 

3. THE PROPOSED METHOD  
In this method, Fourier transform is used to calculate weighty 

range of frequencies based on the hypothesis that the analyzed 

signal is noise free and the selected frequencies followed the 

following equation: 

       
                       

        
 >                                      (6)                                       

 

Where N is the number of pixels, F(w) is the Fourier 

transform image, Std is the standard deviation of Fourier 

transform, Mean is the average value of a signals and fN-1 is 

the most important frequencies.  

The intuition of this method is that if we suppose F(w) are 

normally distributed, we pick the frequencies that contribute 

to the Fourier transform “Significantly” at greater than 0.005 

level (we miss an important frequency with a probability less 

than 0.005) . After pick up the significant frequencies [21], 

finally use amplitude of Fourier transforms to approximate the 

true signal in Tukey windows. The following simulations will 

also give clear demonstration of our procedures using Spot-5 

and Egyptsat-1 satellite data. The next steps will explain how 

the proposed method operations:  

 Peak value: Get the peak value from the two images 

for N size of Tukey windows.  

 Mean value: Calculate Mean value from (x0 ,yo) to 

(xn-1, yn-1),      
 

     
          
       then, calculate 

RMS value for the mean values x, y.  

 Standard deviation (δ): Calculate δ for N samples in 

Tukey window (xi, yj).  

    
 

   
           
    ,  
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      and calculate RMS 

value for   value of x, y. 

 Calculate Rotation (R): compute the Fourier 

transform of the spectra two images, and compute R 

as the phase shift between the two selecting 

frequencies in Tukey window. 

 Calculate Shift (Horizontal & Vertical): Multiply (R-1) in 

image_1 R-1f1(x, y) = f2 ((x+∆X), (y+∆y)) then get ∆X, ∆y 

values. 

4. MATERIALS  

4.1 Data sets 
Two types of data are used Spot-5 and Egyptsat-1. In Spot-5 

the displacement values in the horizontal and vertical 

direction are defined in the SPOT-5 mission [4, 20]. The 

second type Egyptsat-1 in which the displacements are to be 

measured 

4.1.1 Spot-5 
The French satellite Spot-5 which was launched in 2002. It 

has a resolution of 5 m for the panchromatic band (HRG 

instrument) with an unchanged swath of 60 km [14]. 

Extracting the 2.5 m from 5m images requires a special 

technique. We have used tow scenes definitely shifted (0.5, 

0.5) with characteristics are shown in Table 2, as simulation 

method. 

Table.2 Spectral characteristics of the Spot-5 Data. 

 

4.1.2 Egyptsat-1 
The image acquisition was on March 2010 and it consists of 

three bands (Green, Red and near infrared). Their 

characteristics are shown in Table 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2 Workflow diagram of the proposed Sub-Pixel shift 

based different Tukey window size method 

Table.3 Spectral characteristics of Egyptsat-1 

5. RESULTS 
The previously reported method was tested in a simulation 

setup as well as in a practical experiment. The goal of the 

simulation was to evaluate the performance in a controlled 

environment with exact knowledge about the shift and 

rotation values from selected most important frequencies. This 

method is very interacting in biomedical imaging, remote-

sensing, surface inspection and face recognition [21]. In the 

first step used satellite images with known sub-pixel shift 

Spot-5. And in the second step we used Egyptsat-1 satellite 

images to calculate the sub-pixel shift. 

 

 

 

Images Image_1 Image_2 

K 113 113 

J 289 289 

Description Panchromatic Panchromatic 

Wavelength(µm) 0.48-0.71 0.48-0.71 

Spectral mode A B 

Processing level 1A 1A 

Acquisition date 16/06/2008 16/06/2008 Bands Band1 Band2 Band3 

Description 
Green Red 

Near 

Infrared 

Wavelength 

(µm) 
0.51-0.59 0.61-0.68 0.80-0.89 

Processing 

level 
1A 1A 1A 

Acquisition 

date 
31/05/2010 

X 

(:) 

y (:) 

End 

Calculate for each image: 

Xpeg, Xend, Ypeg, Yend 

Compute the least squares the slopes of the 

phase difference plane R=[x,y,1]/[v] 

Calculate deltaX, deltay=-[R(2) R(1)].*image size/2/pi 

Display ∆X, ∆Y 

S=FFT1/FFT2  & 

Calculate angle (S) 

 

v (:) 

Calculate rotation between 2 

images in window 

Image_1 Image_2 

Select frequencies in Tuky windows 
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5.1 Spot-5 Results  
The previous algorithm mentioned in section 3 in order to 

simulate the sub pixel shift using a couple of panchromatic 

images (2000×2000 pixels) of spot-5, by using different 

window sizes on shifting image. Figure 3 shows the two 

images which have "-0.5, 0.5 pixels" shift between them. 

There are many different pixels angle in the images that will 

affect in analysis horizontal and vertical shift in the results as 

show in Figure 4-a. But in this part of the analysis we needed 

to use the difference in the rotation between the two images to 

empower the testing of robust. The robust test will yield 

construct an accurate shift values that can be used in super 

resolution reconstruction process [22, 23]. The output from 

the analysis of spot-5 satellite images explains Figure 3 that; 

for satellite images with known Sub-Pixel shift, when we use 

the values of rotation it gives results closer to reality. And 

with the change of the window size, it is became clear that the 

several 100 pixels output of Sub-Pixel shift horizontal and 

vertical fixed at value (-0.5, 0.5 pixels). Figure 4-b shows the 

difference in the rotation between the two images of the spot-

5. 

5.2 Egyptsat-1 Result  
Egyptsat-1 image shown in Figure 5, (2000×2000 pixels) 

clearly shows the bands mismatch problem very strongly. 

This problem gives inaccurate image results in the field 

(image processing) of remote sensing. The analysis process 

gives results that are close to reality as shown in the output 

(figures 6,7, and 8). The three bands of Egyptsat-1 were 

analyzed and the results were as follows: 

5.2.1 Bands 1, 2 
The results of analyzing Bands 1, 2 and are shown in Figure 6 

(a), (b) by following the steps outlined in Figure 2. Results 

show that the difference in rotation between the two bands are 

(-2.5, 1.7) and also shows the importance of rotational account 

to access for robust analysis and it is illustrated in Figure 6-b. 

In addition to, changes as a result of using the Tukey window 

to get to the most suitable value becomes true solution 

because it reduces the effect of speckles that produced beside 

edges. Figure 6-a shows that the most appropriate value that 

has been reached is (100), which then stabilized. Shift bands 

described in horizontal and vertical are stabilized at (0.3, -

0.6), this is shown in Figure 6-a. 

5.2.2 Bands 2, 3  
The results of Bands 2, 3 showed that the rotation in this part 

is limited between (-3, 3) and it is illustrated in Figure 7-b. 

But increasing the rotation values led to instability and 

brought stability after 250 pixels, as shown in Figure 7-a. The 

result after stability were "0.6, -0.3". 

5.2.3 Bands 1, 3  
The results here showed that the rotation had a high value 

(2.4), but then receded between (0.9, -1) as shown in Figure 8-

b. Decline of values led to the stability of the rotation too fast 

to measure the difference and this happened before 50 pixels, 

as shown in Figure 8-a. Also, the figure shows that there is no 

difference between Band 1 and Band 3. 

 

 

 

 

 

 

 

Fig 3. Two images with sup-pixels shift of "-0.5, 0.5" 

pixel 

(a) 

 

(b) 

  

Fig 4: Shows: "(a) Result of spot-5 Sub-Pixel shift (delta.x, 

delta.y),  (b) Result of rotation variation between images" 
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   (a)                                        (b) 

 

 

 

 

      (c) 

Fig 5: Egyptsat-1 bands: (a) Band-1 Green (b) Band-2 Red 

(c) Band-3 Near Infrared 

(a) 

   (b) 

Fig 6: shows "(a) Result of Egyptsat-1bands 1, 2 

Sub-Pixel shift (delta.x, delta.y), (b) Result of rotation 

variation between images" 

         

 

(a) 

(b) 

Fig 7: Shows "(a) Result of Egyptsat-1bands 2, 3 

Sub-Pixel shift (delta.x, delta.y), (b) Result of rotation 

variation between images". 

     (a) 
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 (b) 

Fig 8:Shows "(a) Result of Egyptsat-1 bands 1, 3 

Sub-Pixel shift (delta.x, delta.y), (b) Result of rotation 

variation between images" 

6. CONCLUSION  
This paper found a proper solution to the mismatches between 

the Egyptsat-1 satellite Bands. The proposed method is to 

select the most important frequencies for all bands using 

different sizes of Tukey window and to calculate the optimum 

rotation and Sub-Pixel shift at every window size. the results 

show more accuracy in estimation of small planar motion 

parameters, using the proposed algorithm .also results show  

Increasing the value of the rotation affect the final solution to 

calculate the Sub-Pixel shift, and also describes the problem 

of mismatches occurred from band-2, As band 1 ,3 are 

identical. Consequence, this method could be used in image 

registration to reconstructing a super resolution images for 

Egyptsat-1. 
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