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SANTE FFT IMAGING

About the program
Sante FFT Imaging is a program that removes pattern noise from images (DICOM, jpg, tif, png and bmp). The program
uses the Fast Fourier Transform (FFT), convolution low-pass filters in frequency domain or/and direct frequency
deleting to eliminate the pattern noise.

System Requirements
Fourier is an aristocrat and loves fast computers, large amounts of memory and 64 bit systems.
• MS Windows 10/8.1/8/7 64 bit
• Intel i3 1.3GHz (or better)
• 4GB memory (the more, the better)
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The Fourier transform
The Fourier transform is a mathematical tool used to transfer an image from spatial domain to frequency domain. In
the frequency domain we can view the power spectrum of the image, that indicates how much a frequency
participates in the image construction.
The image

The power spectrum of the image

In the center of the power spectrum (the bright star) there is the low frequency information of the image (the solid
color areas of the image) and in the edges of the power spectrum there is the information of the high frequencies (the
details of the image). The white color indicates that a frequency participates a lot in the image construction, the black
color indicates that a frequency is missing. Of course, low frequencies are more common in any image and for that
reason in the center of the image there is the bright white star. If the image is smooth and without pattern noise, the
power spectrum is smooth as well. If it contains pattern noise, then there are stars and lines in other places and not
only in the center of the power spectrum. These stars and lines represent the frequencies of the pattern noise and
they indicate that there is strong existence of this noise in the image.
The spectrum of an image without pattern noise

The noisy image

The spectrum of an image with pattern noise
The arrows indicate the stars and lines of the pattern noise

The power spectrum of the noisy image
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With Sante FFT Imaging the user can delete the extra frequencies (stars and lines) of the pattern noise directly. After
that, the pattern noise has eliminated from the image without losing the details (the high frequencies) of the image.
The processed power spectrum

The processed image

Comparison between original image (left) and processed image (right) in magnification
The left image has pattern noise (horizontal lines)
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The user interface

The user interface is divided in 5 parts:
1. The menu bar
2. The toolbar
3. The main window
4. The Image/Power Spectrum selection tab
5. The image coordinates indicators
1. Menu bar
The menu bar contains the commands of the program.
2. Toolbar
The toolbar provides shortcut buttons for the most useful commands of the program.
The program allows the users to add and remove toolbar buttons, so it fits their tastes and preferences.
3. Main window
The main window is the working area of the user. The main window displays the loaded image (Image mode), or the
power spectrum of the loaded image (Power Spectrum mode). The user can select the mode of the main window from
the Image/Power Spectrum selection tab (4). In the Image mode the program can display the original image, the
processed image or both the images. The user can use the View menu commands to select the content of the Image
mode. The Power Spectrum mode is the working mode of the program. In this mode the user can modify the power
spectrum to eliminate the pattern noise of the image.
4. Image/Power Spectrum selection tab
If the tab "Image" is selected the main window displays the loaded image (Image Mode). If the tab "Power Spectrum"
is selected the main window displays the power spectrum of the loaded image (Power Spectrum mode).
5. Image coordinates indicators
When the user moves the mouse cursor over the image, these indicators show the coordinates of the image's pixel
under the cursor.
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The user can use the View menu commands to select the content of the Image mode (original, processed, both)

The image view

The power spectrum view
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Customize the toolbar
The program allows the users to add or remove toolbar buttons, so it fits their tastes and preferences. Any toolbar can
be quickly customized with the "Add or Remove Buttons" submenu available from the chevron button when it is
docked or with a special button in the toolbar caption when it is in the floating state.

By selecting the menu item "Customize" a dialog box appears and allows the user to drag-and-drop buttons from the
dialog box to the toolbar. It allows also the user to drag buttons out of the toolbar, to remove them.
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The low-pass filter

The dialog box of the low-pass filter design allows the user to design a filter that eliminates the high frequency noise.
This filter is named "low-pass" because it allows the low frequencies to remain the same and at the same time the
high frequencies are destroyed.
The zero value of the horizontal axis of the filter’s diagram represents the center of the image and the 100% represents
the edge of the image. In the center of the image there are the low frequencies and in the edge of the image there are
the high frequencies, thus the zero value of the diagram also represents the low frequencies and the 100% represents
the high frequencies.
In the vertical axis the value "1.0" indicates that the frequencies will remain the same and the value "0.0" indicates
that the frequencies will be destroyed. As the value "1.0" is in the center of the image, the low frequencies will be
remained the same. And as the value "0.0" is in the edge of the image the high frequencies will be destroyed. For the
intermediate vertical axis values the corresponding frequencies will be decreased accordingly.
By selecting the cut-off frequency of the filter, we select which frequencies will me remain the same and which
frequencies will be destroyed. We select the cut-off frequency according to how long the extra stars of the pattern
noise abstain from the center of the image. The filter must have a zero or a near zero value in the position of the
pattern noise frequencies.
The degree of the filter determines the slope of the diagram, namely how fast the diagram goes to the 0.0 value.
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The diagram shows the filter from the center to the edge of the image, this is the half dimension of the image. We
design the half filter because the power spectrum is symmetrical in horizontal and vertical axes, and we can use the
same half-filter for all the 4 quadrants of the image.
The 2D filter is a circular filter and it is applied to the rows and to the columns.
The 1D filter is a linear filter and it can be applied in rows or in columns or in both.
Before the low-pass filter application

After the low-pass filter application
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The band-reject filter

The band-reject filter is very similar to low-pass filter, but instead of high frequencies, it eliminates the middle
frequencies between the low cut-off frequency and the high cut-of frequency. This filter can protect the image details
in high frequencies if the frequencies of the pattern noise are in the middle part of the power spectrum.
2D band-reject filter

1D band-reject filter
applied in both rows and columns
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Direct frequency deleting
The user can delete directly the frequencies of the pattern noise with two ways:
1. With the usage of the brush tool and clicking on the pattern noise stars.
The original power spectrum

With some of the stars of the pattern noise deleted
(with the brush tool)

2. By selecting an area with pattern noise with one of the selection tools and pressing the <Delete> keyboard button.
The original power spectrum

With some of the stars of the pattern noise deleted
(with the free hand selection tool)
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The mixed technique
If the pattern noise is very close to the center star, an application of a low-pass filter can drive to a blurred image
because the filter will delete the fine image details except of the noise. On the other hand, deleting directly the noise
frequencies can drive to a rough image. The user can use a mixed technique, he/she can delete with the brush the
stars that are too close to the center, and then he/she can apply a low-pass filter with a cut-off frequency far away
from the center to eliminate the rest of the pattern noise without fine details losing.
The original power spectrum

The power spectrum processed with the mixed technique

SANTE FFT IMAGING

Work with the power spectrum
In the color images the program displays three power spectrums, one for the red channel, one for the green channel
and one for the blue channel. These power spectrums usually are identical and for that reason when the user deletes
a star in one power spectrum, the program automatically deletes the same star from the other two power spectrums
as well. Also, it applies the low-pass and band-pass filtering in all the spectrums. If the user wants to process only one
power spectrum he/she can uncheck the checkbox on the upper-left corner of the other two spectrum's window and
the program will ignore these power spectrums. The program always applies all the modifications only in the power
spectrums that have their checkbox checked. With this way the user can process one, two or all the three power
spectrums according to his/her needs. In the monochrome images the program displays only one power spectrum.
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How to use the program (the workflow)
1. select the menu command "File Open" and open an image file (DICOM, jpg, tif, png, bmp).
2. select the menu command "View Power Spectrum Window" and enable the spectrum window.
3. select the menu command "FFT Design Low-Pass Filter" design and apply a low-pass filter on the power
spectrum.
4. select the menu command "Tools Brush" and delete some of the pattern noise stars.
5. select the menu command "FFT Create Final Image" to create an image according to the power spectrum
modifications.
6. select the menu command "View Image Window" to view the final result.
7. if you are not satisfied from the processed image, select the menu command "Edit Undo" and begin from the
start the same procedure, change the filter or delete more (or less) stars and recreate the final image.
a. The user can select the step (3) or the step (4) or both, according to the characteristics of the pattern noise.
b. The user can select the brush size with the menu command "Options Brush Size".
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Image printing
The user can use the menu command "File Print" to print the DICOM image to a regular paper Windows printer.
With this command a dialog box appears and allows the user to configure the Windows printer.

The user can use the menu command "File DICOM Print" to print the DICOM image to a DICOM network printer.
With this command a dialog box appears and allows the user to configure the DICOM printer.
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The user before printing, must configure the DICOM network printer by pressing the “Configure” button of the
above dialog box, or by selecting "Options DICOM Printer Setup". A dialog box appears that allows the user to
insert the AE title, the IP address and the IP port of the DICOM printers. The program supports up to 8 DICOM
network printers.
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Batch processing (Sante FFT Processor)
If the user has many files with the same characteristics, he/she can batch filter all the files within a folder. The user
can design a filtering strategy with Sante FFT Imaging and then with Sante FFT Processor he/she can apply the filter
in all the files of a folder. With the dialog box below, the user can select the type of filtering (low-pass filter or direct
frequency deleting). The dialog box of Sante FFT Processor allows the user to insert the designed low-pass filter. Also
offers 4 rectangles for the direct frequency deleting.

