APPLICATIONS FOURIER TRANSFORMS IN IMAGE PROCESSING:
Abstract:
This research investigates the physical applications of Fourier transforms particularly in image processing with keen attention to discrete Fourier transforms. Image processing and analysis is an integral part of everyday life as images are being analyzed, and compressed for television broadcast, use on the internet as well as for personal use. The research will mainly concentrate on the application of DFTs on images. This includes the mathematical formality of the translation. The research then explores how various applications of Fourier transforms are achieved through manipulation of information in these stages. This research paper also covers other fields of study involving Fourier transforms that may be pursued in the future. 
Introduction:
Fourier transform involves the conversion of spatial domain processes into the frequency domain. Fourier transforms are important and work by helping to analyze all aspects of an image. This can be achieved by converting the spatial domain of the image into frequency domain. The human eye when in spatial domain can only perceive images. This is mainly because images are dynamic and have varying amounts of brightness and contrast. The spatial domain representation of the image is natural to the eye and makes perception easier. However, in order to be able to analyze effectively an image it is important to convert it to frequency domain. This is mainly because a DFT allows all parts of the image to be converted into frequency domain. Fourier transforms have wide applications in image processing that include analysis, compression, and filtering.
Discrete Fourier transform is a Fourier transforms for sequences with finite lengths. Discrete Fourier transform has a discrete argument that can be stored in a finite number of infinite word length locations. These discrete Fourier transforms are used in working with digital images. Much as the discrete Fourier transform may not have all frequencies for the formation of an image, the frequencies are adequate in fully capturing the spatial domain of an image. When the image is converted into the frequency domain, it is important to note that the image size does not change. This is mainly because the number of pixels is the same in both the frequency and spatial domain. This implies that the conversion does not change the size of the image.
For a two-dimensional image with variation in brightness for instance, the sinusoidal variations can be captured by a Fourier term. The Fourier term contains two aspects. The Fourier term has both magnitude as well as phase. The positive magnitude corresponds to the dark and bright parts of the image. This helps to represent the light and dark regions of the image. The negative magnitude of the image indicates contrast in the image. Contrast helps to differentiate the light and dark regions of the image. The phase represents how the waves contrast reversal, for example, changing from bright to dark. The phase of the wave represents how it is shifted relative to its origin. The sinusoid can be shifted to the left or right.
Background: How it works 

As stated earlier, Fourier transforms work by converting an image from spatial domain to frequency domain. Given a square image with the dimensions N by N,  the images two dimensional discrete Fourier transform can be given as;
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Equation 1: Equation representing the discrete Fourier transforms
Where;

F (k, l) represents points in frequency domain 
f (i, j) represents the image in spatial domain
F (k, l) is the frequency domain of the image. The equation converts f (i, j) from the spatial domain to F (k, l) which is in the frequency domain. It is possible to convert the Fourier transform back to the spatial domain. This can be given by: 
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By plug formula (1) in to right hand side of formular (2) 
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So the above simplifies to f(a,b).




Equation 2: Equation representing the inverse discrete Fourier transforms
Where;
f (a, b) is the image in spatial domain
F (k, l) is the image in frequency domain


Equation 1 above helps to convert a spatial domain series into frequency domain. This equation is used for the application of Fourier transforms in image processing. This ideally converts the magnitude of the entire spatial domain while ignoring the phase since phase is not important when in frequency domain. Equation 2 on the other hand converts an image from the frequency domain into spatial domain. In this case, both magnitude and phase are important in order to attain the correct spatial domain representation of an image. The main application of equation 2 is the conversion back to spatial domain once the analysis has been completed.
APPLICATIONS 

DFT and image filtering
Fourier transform therefore can be used for filtering operations. The process involves imputing an original spatial image, obtaining its Fourier transform and then reconstructing it pixel to pixel. Filtering of an image involves making up the image with lesser detail by reducing the spatial frequencies. It is useful because it can possibly motivate image compressing.
 One kind of such filter is a low pass filter; this filter allows the low spatial frequencies to pass while cutting off high frequency. Since the low frequency spatial components are found at the center as shown earlier, the given radius is chosen from the DC point depending on the desired filtration to be achieved. After setting up a particular radius, the frequency outside that radius is omitted. Application of the inverse Fourier transform to the obtained Fourier image produces a filtered spatial image of the original. The image appears blurred, the brad smooth regions of low frequency are preserved while the sharp details and edges are omitted. 
Another is the high pass filtering. The same radius used in the low pass is used to define the boundary of the selection of the frequencies. In the case of high filtering however, the opposite of the low pass operation is done. The low frequency components are eliminated while the higher frequency components that further from the center are retained. The filtered image can then be produced spatially and is observed to have the crisp edges. The low pass and the high pass images are complementary. Each contains information lacked by the other. Combining these two images therefore produces the original image with all the details, pixel to pixel.
Another type of filtering is called band pass filtering, this preserves the components of a spatial image within a selected band of spatial frequencies between the, between the low cut off and the higher cut off. We use this because it can image compressing and also denoising.
Image compression
The most common form of image compression is the JPEG (joint photographer’s expert group). This works either by reducing the number of bits per sample or by discarding some of the samples. This method much as it reduces the size of the file compromises the quality of the signal. When a signal is passed through a Fourier transform the resulting data values are different in their data carrying value.

In compressing an image, the image is broken down into 64 pixels each 8×8 pixels. Using a set of 64 basis functions, the discrete cosine transform of each of the 8×8 group is obtained. The numerical value for each group is replaced by a smaller number representing the coefficient of the basis function since these numbers are smaller; a smaller number of bits are required to represent them. Each value in the group is therefore truncated to lower number of bits. Since the number of bits stored is smaller than that of the original image, the image is said to be compressed. 

During the uncompressing process the inverse Fourier transform of the reduced number of bits. The image produced is therefore just an approximation of the original. The final step in data compression involves a variable bit length encoding called the Huffman encoding. It uses lesser bits to represent the values that occur more frequently than those that occur rarely. The 64 encoded values are then converted to a linear sequence of values rather than an array of values.
The other method of compression involves discarding some of the 64 values. Most of the signals information is usually contained in the low, frequency components. This implies discarding some of the high frequency signal compromises the quality of the signal only a little. Even removing 75% of the highest, frequency components only reduce the quality a little with the error in reconstruction looking not more than noise.
Other applications
Other applications of Fourier transforms in image processing include image reconstruction and image analysis. Image reconstruction may be used in medical imaging in the reconstruction of tomographic images. Computed tomography is used to produce two dimensional images of internal body organs in different planes by recording many angles around it. One method of reconstruction such images are by back projection that is; one dimensional projection is collected along various directions providing information on the total attenuation along the paths. Image analysis involves the representation of the geometric aspects of the spatial image and other properties such as contras and color in sinusoidal frequencies. This representation makes it easy to examine various aspects of the spatial image while in the Fourier domain. 
Future directions of study

Future study may be directed in holography in which case it can be studied on many applications. Such applications include such fields as;

Laser holography-this uses a coherent beam of light to produce a three dimensional image by the use of interference, diffraction and light intensity recording. This is used in art, data storage, holographic interferometry and interferometric microscopy.
Computer generated holography- this involves the use of computer to digitally generate holographic interference patterns. A holographic image can then be generated by digitally from the interference pattern by computing the interference pattern and the printing it. The holographic image can also be given as a 3D display. 
Holographic brain model- this is of particular importance in cognitive sciences in terms of the neural processes in the brains image processing. The holographic brain model posits that the images in the brain exist in frequency form or in a Fourier space and through inverse transformation, the images are projected to a three dimensional space as a spatial image. Like the CGH, the brains, image formation requires no real object for it to project an image in the three dimensional space. This model may be used to further the development of artificial neural networks.
Conclusion
Generally Fourier transform as served as an important mathematical instrument for various physical applications. Of the many applications image processing has been one of the most important applications of furrier transforms. It involves mapping the components of a spatial image into sinusoidal form. The image in the frequency form can then be retransformed to a spatial image. Through the process of transforming the image into frequency form, the image can be manipulated in various ways so that a desired result can be obtained after retransformation. In the frequency form the image can also be studied mathematically. Through this process image processing can be achieved and image filtering, reconstruction, analysis and compression can be achieved.  
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