
 

 

 

 

 

REFINEMENT OF DIGITAL 

IMAGE USING FOURIER 

TRANSFORMATION METHOD 
íéÛÎ†Ö]íéÂ^ß’Ö]…^ÛÎù]…ç‘ íéÊ]†ÆçiçËÖ]…ç’Ö]æ

 

 

 

 

 

 

 

 

 

 

…çjÒ‚Ö]Œ…‚¹]
Ü¾^Ò‚fÂá^Û×‰

ÏjÖ]‚ãÃ¹]IÍ†ù]ÌrßÖ] 



(52)………………......………. REFINEMENT OF DIGITAL IMAGE 



REFINEMENT OF DIGITAL IMAGE  …….......…………………(53) 

 

REFINEMENT OF DIGITAL IMAGE USING 
FOURIER TRANSFORMATION METHOD 

‘íéÛÎ†Ö]íéÂ^ß’Ö]…^ÛÎù]…ç íéÊ]†ÆçiçËÖ]…ç’Ö]æ 

…çjÒ‚Ö]Œ…‚¹]
Ü¾^Ò‚fÂá^Û×‰ 

ÏjÖ]‚ãÃ¹]IÍ†ù]ÌrßÖ] 



í‘ø¤]V

@@@@@@@@@@òîàÓŠÛa@òîÇbä–Ûa@‰bàÓþa@‰ì•@ò¦bÈ½@ïç@szjÛa@aˆç@¿@òß†‚n½a@òÔíŠİÛa@~
òCCîÏaŠËìmìÐÛa@‰ìCC–ÛaëL@@æìCCØm@CCÛa@òCCÐÜn‚½a@òîCC†äa@ÞbØCC‘þa@µg@òÏbCC™g@@¿

@@@@@@@@@@“íì’nÛa@Ýr·@òîÔÏc@Âìİ@óÜÇ@ðìn¤@Ûa@ð…bßŠÛa@ôìn½a,Noise@@@ŠCÌÛa@
@@@@@@@@@éCÏˆy@ëc@“íìC’nÛa@ÝîÜÔm@ìç@òa‰†Ûa@êˆç@åß@N@@@@@@@@@@ÞbCa@¿@êˆCç@‰ìC–Ûa@ÝCîÜ¤@

@@@Ší‰ìCÏ@Ýíì¤@òÔíŠ@âa†‚nbi@ð……ÛaL@@@@@@ÝC–−@ÝCîÜznÛa@åCß@òCäîÈß@òCÜyŠß@¿ë@
–Ûa@pbßìÜÈß@Þì–§a@ŠÌÛ@ìØÈ½a@Ší‰ìÏ@Ýíì¤@óÜÇòîãbq@òîàÓŠÛa@ñ‰ìN@

òÏìÐCCC–ß@åíìCCCØm@@“íìCCC’nÛa@ÒˆCCCy@ŠCCCÌÛI@h@H@òCCCí…byþa@ŠCCC•bäÈÛa@pa‡
Šßþa@âa†‚nbiïÛbnÛa@Zh = Ones (256) @µg@òíëbß@æìØm@Ûa@…bÈiþa@pa‡@

@@@@@@@@@@@@@@…bCÈiþa@pa‡@Ší‰ìCÏ@ÝCíì¤@òÏìÐC–ß@Ýr·@Ûa@òîîöŠÛa@òÏìÐ–½aRUV@F@RUV.@
@@@@@@@@@CÔjmë@ŠÐC•@áîCÔÛa@óİÈm@òÏìÐ–½a@Š•bäÇ@œÈi@@@@@@@@òCàîÓ@pa‡@ôŠCþa@ŠC•bäÈÛa@ó

†yaë@~@@@@@@@@@@@Ší‰ìÏ@Ñî@åà™@b@ò÷ÏbØ½a@Š•bäÈÛa@Éß@lŠšm@òÏìÐ–½a@Š•bäÇ@Ý×
@Šßþa@kyg = Img_fs. * h@@Ší‰ìCÏ@Ñî@æìØí@Òì@lŠšÛa@òîÜàÇ@wmbã@

@@@êˆCCç@lŠCCšÛa@òCCîÜàÇ@kjCCi@òCC‘ì’½a@òybCC½a@ÞaŒCCm@ÒìCC@ÙÛˆCCÛ@†CCí†¦aN 

bi@…ìa@æìÛ@ë‡@æìØí@énÛa‹g@@ðˆÛa@“íì’nÛaïöŠ½a@Ší‰ìÏ@Ñî@åà™@‹‰. 



(54)………………......………. REFINEMENT OF DIGITAL IMAGE 

I. Abstract 
The method is used here to process a digital satellite 

images, further a photography digital image and many 
morphology shapes in grayscale mode with horizontal lines 
which is formed noises to reduce or delete it. We analyze the 
images here with the frequency domain using the Fourier 
transformation, the result can be displayed as image, once 
the manipulation has been in completion, an inversed 
Fourier transformation is conducted in order to obtain the 
image information again.  

In order to remove noises, matrix (h) is first made, with 
ones values for each it’s elements  using the following 
command: h = ones (256); whose dimension equals to that of 
the matrix to save the Fourier transformation result, which is 
256 x 256. Once certain part of the matrix has been given the 
value zero, while the other remain to have the value one, 
each of the elements of the matrix is multiplied with its 
respective elements of the image Fourier spectrum with the 
following command: g = img_fs.* h; the multiplication will 
result in a new Fourier spectrum where the noise area has 
been removed because it has been multiplied by zero. The 
removed area is displayed in black color in the visualization 
of the Fourier spectrum. 

II. Introduction 
Digital image processing is an important example of 

applied numerical computing. There are at least the 
following three reasons why people want to compute with the 
numbers in an image: 

1. Enhancement: improving or changing a picture in some 
way. 

2. Compression: reducing the storage required, usually to 
economize on storage or speed up transmission. 
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3. Recognition: automatically recognize objects, like 
faces or missile installations. Clearly, this application is 
in its early stages. 

This assignment will have you computing with the 
elements (pixels) of digital images. 

The method used in digital image processing with Fourier 
Transformation may in general be classified into two, which 
are spatial domain and frequency domain methods. In the 
spatial domain method the processing is conducted by 
directly manipulating the pixel value of an image, while in 
the frequency domain method the digital image information 
is first transformed through Fourier transformation and 
then the Fourier transformation result is manipulated. Once 
the manipulation has been in completion, an inversed 
Fourier transformation is conducted in order to obtain the 
image information again.  

The frequency domain method can be used to solve certain 
problems that are hard to solve using the spatial domain method 
[1-5]. 

III. Fourier Transformation 
The Fourier transformation of f(x) is defined as follow: 
 

[ ]∫
∞

∞−

−= dxuxjxfuF π2exp)()(  
 

……………….. (1) 

where 

j = 1−  

On the contrary, if F(u) has been known, the f(x) can be 
obtained using the following inverse Fourier transformation:  
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The two equations above are known as Fourier 
transformation pair. If the f(x) is a real number, the F(u) is 
usually a complex number that may be further analyzed as 
follow:  

 

F(u) = R(u) + I(u) 
 

 

……………………………………….. (3) 

Where R(u) and I(u) are real components and the F(u) is 
imaginary component. Also, the equation is frequently 
written as follow:  

 

F(u) = | F(u) | ejφu 
 

 

……………………………………….. (4) 

where | F(u) | is the magnitude of the F(u), which results 
from: 

 

| F(u) | = [ R2(u) + 

I2 (u) ]1/2 
 

 

……………………………………….. (5) 

 

φ(u) = tan-1 [ I(u) / 

R(u) ] 
 

 

……………………………………….. (6) 

The magnitude function | F(u) | is also referred to as the 
Fourier spectrum of the  f(x), and the φ(u) is the phase angle 
of the F(u). 

If the f(x) becomes discrete, the discrete Fourier 
transformation equation is:  
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And 
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Since in the digital image processing the data used is in 
digital/discrete form, the two equations above can be used to 
conduct transformation and inverse Fourier transformation 
[6][7]. 

To analyze the image of the frequency domain, the 
Fourier transformation result can be displayed as image, 
where its intensity is proportional with the magnitude of the 
| F(u) | or the Fourier spectrum. However, since the dynamic 
range of the Fourier spectrum is usually very wide, before it 
is displayed as image, it must be transformed into: 

 

D(u, v) = c log (1 

+ | F(u, v) | ) 
 

 

……………………………………….. (9) 

Where c is a constant. Subsequently, it is the D(u, v) value 
that is displayed as the image. The D(u, v) value will have a 
narrower dynamic range than the | F (u, v) | [8 -10]. 

IV. Research Methodology  
To implement an image processing with the frequency 

domain method, we write a program using MATLAB. In 
broad outline, the program will follow the following steps: 

1. Opening digital image files. 
2. Displaying digital images. 
3. Conducting Fourier transformation to images. 
4. Displaying the Fourier spectrum of the images. 
5. Transforming the Fourier transformation results. 
6. Displaying the transformed Fourier spectrum. 
7. Conducting inverse Fourier transformation. 
8. Displaying the processed digital images. 
The MATLAB has provided us with some functions that 

can directly be used to help accelerate program writing. The 
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MATLAB functions that are very important in writing the 
program are among others[10]: 

1. IMREAD 

It is used to read an image of a file. If the image is of 
grayscale format, it will produce an array of two dimensions 
containing the intensity information of the image. It supports 
BMP, JPEG, TIF, PNG, HDF, PCX, and XWD formats. 

2. IMSHOW 

It is used to display an image on screen. 
3. IMWRITE 

It is used to save an image in a file. It is the inverse 
function of the IMREAD. 

4. FFT2 

It is used to conduct a Fourier transformation to an array 
of two dimensions, the resulting is obtained it’s also formed 
an array of two dimensions. 

5. FFTSHIFT 

It is used to shift the Fourier transformation result that 
enables and easy to visual analysis of a Fourier spectrum. 
Since the Fourier spectrum is periodic in nature, the shift 
does not influence the resulting image as the inverse Fourier 
transformation is conducted. 

6. IFFT2 

It is used to conduct inverse Fourier transformation to an 
array of two dimensions. 

The first steps made are to read an image file that will be 
processed and to save the graylevel information of all its 
pixels in a matrix. The commands used are: 

nmfile = ‘Sky_1.bmp’; 
img = imread(nmfile); 
Subsequently, a Fourier transformation is conducted and 

it is continued by shifting the Fourier transformation result 
that its visualization result is more observable and easier to 
analyze. Therefore, the commands used are: 

% Fourier Transformastion with FFT 
img_f = fft2(img); 
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img_fs = fftshift(img_f); 
The command imshow is then used to display the image and 

its Fourier spectrum. However, since the dynamic range of the 
Fourier spectrum is very wide when the Fourier spectrum will 
be displayed, a process must be followed using the command 
below. 

img_spectrum = log(1+abs(img_fs)); 
The process will narrow the dynamic range that it can be 

more clearly displayed on the screen and easier analyzed.  
 In order to remove noises, matrix (h) are first made, 

whose dimension equals to that of the matrix to save the 
Fourier transformation result, which is 256 x 256. The 
matrix (h) is initialized by giving it the value (1) for each of 
its elements with the following command: 

h = ones (256); 
And then,  a part of the matrix that indicates the area 

where the noises are in the image Fourier spectrum is 
transformed into zero using the following command: 

% Choose the frequency area to filter 
% to remove noise. 
for xi = 1 : 256, 
for yi = 1 : 256, 
% Noise results from the frequency that forms  
% the vertical line in the center of spectrum  
% The value of the area will be removed by  
% multiplying it with 0. 
if (yi > 127) & (yi < 130) & ((xi < 123) | (xi > 134)) 
h(xi,yi) = 0; 
end 
end 
end 
The aforementioned commands are valid only for the 

noise in the image we used. If the noise of the Fourier 
spectrum of other image is in different area, the values of the 
commands must be modified according to the noise area of 
the Fourier spectrum that will be removed. 

Once certain part of the matrix has been given the value 
zero, while the other remain to have the value one, each of 
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the elements of the matrix is multiplied with  its respective 
elements of the image Fourier spectrum with the following 
command: 

g = img_fs.* h; 
The multiplication will result in a new Fourier spectrum 

where the noise area has been removed because it has been 
multiplied by zero. The removed area is displayed by black 
color in the visualization of the Fourier spectrum. 

The next step is to conduct an inverse Fourier 
transformation of the new Fourier spectrum to obtain the 
image information again with the following command: 

result = abs(ifft2(g))); 
This command is used for the resulting image information 

is of the pixel data type of 8-bit or 256 gray level that equals 
to the original image. Followings are the examples of images 
with their respective Fourier spectrum.  

 

 

 
 

 

 

 

 

 

 

 

 
 

V. Results and Discussion 

Figure 1:  Four satellite images with different horizontal noises. 

Original 
Image 

Fourier 
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Fourier 
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which is 

Original 
Image of IFFT 
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We describe an algorithm to digital satellite Image 
processing using Fourier Transformation method in 
frequency domain to delete noise as horizontal lines as 
follow: 

1. Initialization 
2. Loading of image. 
3. Fast Fourier Transformation (FFT) to image. 
4. Shifting image. 
5. Partition of the working area to four parts, which are 

named  (h1, h2, h3, and h4) to locate images, such as: 
a) h1 to show the original image,  
b) h2 to show the Fourier spectrum with dynamic range 

compression,  
c) h3 to show the original image after using inverse 

Fourier transformation,  
d) and h4 to show dynamic range compression from 

Fourier spectrum. 
6. Showing the image. 
7. Dynamic range compression to show the Fourier 

spectrum. 
8. Showing the Original Image. 
9. Showing spectrum Fourier from this image. 
10. Choosing frequency area which will be filtered to 

delete noise. 
11. Noise from the frequency with the shape such as 

vertical lines. 
12. The value in this area will be deleted by multiply by 

nol.  
13. Compression range dynamic from Fourier spectrum 

to show Fourier spectrum as image. 
14. Showing Fourier Spectrum which is filtered. 
15. Inverse Fourier Transformation. 
16. Show the resulting image. 
17. End. 
We implement this algorithm by MatLab, since the 

written program has been tested for some image files with 
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various kinds of noise as observable in their Fourier 
spectrums.  

Case 1: 
In the following images the upper left image is the one 

with the noise of horizontal lines, while the upper right image 
is its Fourier spectrum. A vertical line with bright color 
representing the noise of the image is displayed in the 
Fourier spectrum. 
 

 

 

 

 

 

 

 

 

 

The lower right image indicates the processed Fourier 
spectrum image. The process is conducted by multiplying the 
spectrum value of the chosen area by zero. The chosen area 
is the part with bright color that forms vertical line because 
it is this part that represents the noise, while the area in the 
center of the spectrum is not removed because it contains the 
information of the image itself. If the area in the center of the 
spectrum is also multiplied by zero, the resulting image will 
be dark. Once the chosen area is multiplied by zero, it 
appears that the cooler of the area turns into dark. 

 Subsequently, an inverse Fourier transformation is 
conducted that the image like the lower left one is obtained. 
It appears that the image becomes clearer because the noise 
of horizontal lines has been removed.  

Figure 2: Case study for a digital satellite image. 
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Case 2: 
In this case the principle remains the same and the 

difference lies in the noise as represented by the presence of 
vertical bright color of the Fourier spectrum and the image.
  
  

 

  

 

 

 

 

 

 

 

 

 

 

 

Once the chosen area of the spectrum has been multiplied 
by zero, an inverse Fourier transformation is conducted and 
it appears that the resulting image becomes much clearer 
than before. 

It is clearly observed from the two cases above that the 
digital image processing with frequency domain method 
refines the images with certain noises. 

Such noises that can be removed or reduced using this 
method are the ones that produce certain pattern in their 
Fourier spectrum such as straight line. If the noise is 

Figure 3: Case study for another digital satellite image 
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distributed and has irregular form, it will be difficult to 
choose the area causing the noise. 

VI. Conclusion 
From the two cases study and many other examples of 

digital image which is presented here, and when we applied 
the Fourier transformation method with frequency domain, 
we conclude that, this method can be used to solve certain 
problems that are hard to solve using another method such 
as spatial domain method. The digital image information 
obtained here by transformed first using Fourier 
transformation and then the Fourier transformation result is 
manipulated. Once the manipulation has been in completion, 
an inverse Fourier transformation is conducted to obtain the 
image information again. The noises that can be removed or 
reduced using this method are the ones that produce certain 
pattern in their Fourier spectrum such as straight lines, 
which is clearly can be seen from the resulting images. 
Generally, the written program has functioned well to 
manipulate these digital images by deleting the noises that 
will be chosen in an interactive manner. 
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