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Abstract: 

Digital image processing involves the manipulation and interpretation of digital images with the aid of a computer. The Fast 

Fourier transform was applied to demonstrate how to solve two related technological problems in the fields of papermaking and 

printing using Image, a public domain Java image processing program. By converting a digital image of a multifunctional office 

paper surface from the spatial- into the frequency domain followed by an appropriate filtering, it was possible to identify and 

separate two different types of patterns – non-periodic structures such as formation, and periodic structures such as fabric marks. 

Data compression is an important tool in digital image processing to reduce the burden on the storage and transmission systems. 

The basic idea of data compression is to reduce the number of the image pixel elements directly, say by sampling, or by using 

transforms and truncate the transformed image coefficients, so that the total number of picture elements or its coefficients are 

reduced. The image information now requires lesser storage and also lesser band width for transmission. The main advantage of 

discrete Hartley type transform is, it is a real transform. Discrete cosine transform also has similar performance as that of discrete 

Hartley type transform. An algorithm for compression using FFT method is also presented. Fractional Fourier transform gives 

extra degree of flexibility. It helps to improve image such as Image sharpness, filter and watermark.  

 

Keywords: Digital Image, Image Compression Techniques, Fourier Transform, Matlab. 

 

I. INTRODUCTION 

 

Data compression is the art or since of representing 

information in a compact form i.e. reduces the size of the data 

to reduce storage space and transmission bandwidth [21]. 

Modern digital technology has made it possible to manipulate 

multi-dimensional signals with systems that range from simple 

digital circuits to advanced parallel computers [22]. With the 

rapid increase in computer processing power and data storage 

capacities, accompanied by a constant decrease in hardware 

and software prices, complex scientific and engineering 

problems can now be solved in a very short time period using a 

typical personal computer. Fourier transform is a mathematical 

tool frequently used in a number of technical fields, as diverse 

as applied mechanics, biomedical engineering [4], image- and 

sound compression, NMR and MR imaging and partial 

differential equation solving [5][18]. The objective of the 

image compression is to minimize the redundancy of an image 

and to store or transmit data through the network in an efficient 

form. It is also used to reduce the size in bytes without 

affecting the quality of the real image. It has been classified 

into lossless and lossy image compression. In lossless, original 

image is exactly reconstructed after the decompression 

process. It is mainly used for artificial images which are icons, 

clip arts, comics or technical drawings. In lossy, original image 

is not confirmed after the decompression and accuracy. But 

reconstruction is traded with efficiency of compression. It is 

mainly used to compress multimedia applications such as 

image, audio and video which are used for activity of internet 

and media. The most important work is reducing redundancy 

and irrelevancy. [23] Digital processing is the use of computer 

algorithms to perform image processing on digital images. It 

allows a much wider range of algorithms to be applied to the 

input data and can avoid problems such as the build-up of 

noise and signal distortion during processing.  

 

IMAGE COMPRESSION: 

 

Image compression is minimizing the size in bytes of a 

graphics file without degrading the quality of the image to an 

unacceptable level. The reduction in file size allows more 

images to be stored in a given amount of disk or memory 

space. It also reduces the time required for images to be sent 

over the Internet or downloaded from Web pages. [29]. Digital 

image processing comprises of many sub areas, some of them 

are image enhancement, image restoration, image encoding, 

and data compression [19]. All compression algorithms are 

applied to raster or bitmap image as their size is comparatively 

very large as compare to vector image. Thus when we talk 

about image here it should be considered as raster. Images 

generally consist of redundant information which can be 

classified as statistically redundant or visually irrelevant [24]. 

Image applications are widely used, driven by recent advances 

in the technology and breakthroughs in the price and 

performance of the hardware and the firmware. This leads to 

an enormous increase in the storage space and the transmitting 

time required for images. This emphasizes the need to provide 

efficient and effective image compression techniques [25]. 

Digital image processing is the use of computer algorithms to 

perform image processing on digital images. It is a method to 

convert an image into digital form and perform some 

operations on it, in order to get an enhanced image or to extract 

some useful information from it [1] [26]. 

 

II. FOURIER TRANSFORM 

 

Fourier transform (FT) is named in the honour of Joseph 

Fourier (1768-1830), one of greatest names in the history of 
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mathematics and physics. Mathematically speaking, The 

Fourier transform is a linear operator that maps a functional 

space to another functions space and decomposes a function 

into another function of its frequency components. The 

formulae used to defined Fourier transform vary according to 

different authors (Arfken, 1985, Krantz, 1999 and Trott, 2004). 

[27]. Fourier transforms have been widely used in image 

processing applications, such as image analysis, image 

filtering, image reconstruction and image compression. Until 

recently, there was no definition of a Fourier transform 

applicable to colour images in a holistic manner. The idea of 

computing the Fourier transform of a colour image has only 

recently been realized. It is possible to separate a colour image 

into three scalar images and compute the Fourier transforms of 

these images separately. In this paper we are concerned with 

the computation of a single, holistic, Fourier transform which 

treats a colour image as a vector field and application of this 

transform to colour image filtering such as low pass filtering 

for smoothing and high pass filtering for sharpening [28]. The 

Fourier transform of an image is a breakdown of the image 

into its frequency or scale components. Such filters operate on 

the amplitude spectrum of an image and remove, attenuate, or 

amplify the amplitudes in specified wavebands. Any function 

that periodically repeats itself can be expressed as a sum of 

sines and cosines of different frequencies each multiplied by a 

different coefficient is called a Fourier series. A simple filter 

might set the amplitudes of all frequencies less than or more 

than a selected threshold to zero [17]. The Fourier transform 

produces another representation of a signal, specifically a 

representation as a weighted sum of complex exponentials 

[22]. The Fourier Transform (FT) is a mathematical operation 

used widely in many fields. In medical imaging it is used for 

many applications such as image filtering, image 

reconstruction and image analysis. It is an important image 

processing tool which is used to decompose an image into its 

sine and cosine components.  The output of the transformation 

represents the image in the frequency domain, while the input 

image is the spatial domain equivalent. In the frequency 

domain image, each point represents a particular frequency 

contained in the spatial domain image [2] [3]. FFT based 

Image processing has reached a bottleneck where further speed 

improvement from the algorithmic perspective is difficult. But 

some real-time application demand faster Fourier 

transformation than what is currently available. Should we stop 

our journey for questing Faster Fourier Transformation 

technique due to algorithmic limitations? That triggers the 

mission for a faster way to compute the Fourier Transform 

based image processing technique. [30]. Fractional Fourier 

Transform is a new time-frequency analysis tool which is 

developed in recently. Fourier Transform is the generalized 

form of already existing Fourier transform. In essence, the 

signal makes the representation on the Fractional Fourier 

domain while this is the integration of signal information in the 

time domain and frequency domain. It is a relatively new 

technique not only is closely linked with the Fourier 

Transform. It is also is very meaningful with other time-

frequency analysis tools. Various applications like differential 

equations, filter design, signal analysis and pattern recognition 

field [8], fractional Fourier transform [9][11][12][14][15] can 

be applied. Most applied research of Fractional Fourier 

Transform is focused on the linear FM signal estimation, 

detection and filtering aspects. Fractional Fourier Transform is 

less in image processing application. Image processing of 

Fractional Fourier Transform is only limited to the chirp digital 

watermark detection of image [10][13][16]. Therefore, 

exploration of Fractional Fourier Transform in image analysis, 

Image Compression, watermarking in image have great 

significance [20]. 

 

III. MATLAB AS A TOOL 

 

MATLAB based image processing [7] is a very convenient 

platform and very easy to construct an algorithm. An image is a 

matrix of pixel values. MATLAB considers every input as a 

matrix. For this reason MATLAB provides an easy tool for 

image processing as a user can easily access each and every 

pixel value from the image matrices and edit it. Moreover there 

is an „image processing tool box‟ [8] built in MATLAB for this 

purpose [31]. 

 

IV. RELATED WORK  

 

Basic vectors we need for coordinate system and point as linear 

combination of orthogonal basis vectors. 

 

X=a1v1+…..+anvn 

 

Where v1, v2,….vn are linearly independent orthogonal vectors 

For 2 dimension matrix R2 {I, j} are represented the values of 

2D matrix where I represents the x coordinates values of image 

pixel and j represents the y coordinates values of image pixel. 

For 3 dimension matrix R3 {I, j, k} are represented the values 

of 3D matrix where I represents the x coordinates values of 

image pixel, j represents the y coordinates values of image pixel 

and k represents the z coordinates values of image pixel. The 

standard basis for images is the set of unit vector corresponding 

to each pixel. The standard basis is not the only one can use to 

describe an image. The Coefficients of sum is equal to 

projection of 1 onto new basis. These are the coordinates of the 

image in block pace. Binary-valued, rectangular wave pattern of 

basis doesn‟t capture real image gradients well and that are 

represented sinusoidal pattern of image. Use smoothly varying 

sinusoidal patterns at different frequencies, angles for basis 

images. 

 

 
Figure.1. Sinusoidal basis 

Fourier Transformations also work with sines and cosines basic 

functions to the transform coefficients determine the 

amplitude. The Fourier basis uses the family of complex 

sinusoidal functions with increasing frequencies are also 

displayed in following formula. 

 

 
 

F(x,y) is the coordinate system in the real domain and spatial 

domain. This F(u,v) is transformed function for fourier 

domain. So, essential we are trying to do represent any given 

function as a combination of sines and cosines waves of 

different frequencies. So, the coefficients which would tell the 

amplitude of waves involved which is shown in following 

figure. 
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Figure.2. Sine amplitude waves of coefficients values 

On the basis of this sine amplitude waves of coefficients in 

figure 2 is represented the initial value of sine coefficients and 

same we are represented different waves in sines amplitude 

like f(X)=sin(X)+1/3sin(3X) +1/5sin(5X) +1/7sin(7X)+….. is 

for square wave in 1-D. Figure 3. Sine amplitude waves of 

square values represented in below. 

 

 
Figure.3. Square sine amplitude waves of coefficients 

values 

 

V. EXPERIMENTS AND RESULTS 

 

The performances of Integrated Coding with the concept of 

Fourier transformation are represented with following blocks. 

We are generated the five number values and coefficients of it 

and represented matrix blocks using with ones and zeros 

functions. The single values are represents fast Fourier 

function with a simple value for find out the coefficient vector 

values. Then, we generate 8 X 8 matrix using with ones 

function and represented fast Fourier 2 function for coefficient 

matrix values. We are using fast Fourier shift function for 

representing center coefficient values. Then for generating an 

array containing n copies of a rows and columns we are using 

repeat function with its same result value. Then using with the 

zeros function assigning all values as null parameter and 

represent the block size value which is represented in figure 4. 

On this simple sinusoidal bases represent with the fast Fourier 

transformation which is displayed in figure 5. Then we are 

shifting the center value with the first occurrence that 

represents in the figure 6. Finally, we are applied log value of 

absolute coefficient values which is displayed in figure 7 and 

figure 8. Figure 7 is represented the occurrence value using 

unit8 function. Figure 8is represented the absolute and 

logarithm values using mat2gray function. 

 

 
Figure.4. Simple fourier block 

 

 
Figure.5. FFT function applied on simple blocks 

 

  
Figure.6.Fftshift Function Representation 

 

 
Figure.7. Unit8 results represented 



International Journal of Engineering Science and Computing, April 2017         10770                                                                 http://ijesc.org/ 

 
Figure.8.Log Method Representation 

 

VI. CONCLUSION AND FUTURE SCOPE 

 

It has been concluded that Fast Fourier Transformation has 

greater degree of flexibility it can adapt according to problem. 

It can be used in different image application. Fourier analysis 

is a powerful tool even when periodicity is not directly a part 

of the problem being solved. Fourier analysis can be used to 

remove noise from a signal or image. Interpretation of the 

complex Fourier Transform is not always straightforward. In 

Future, different lossy and lossless algorithms can be used to 

improve the performance of the compression ratio and quality 

of the image. 
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