


Figure 18. The high-pass filtered image with noticeable grainy noise before
SVD process, where the high-pass filtered image was produced
by subtracting the low-pass filtered image from the noisy input
image (see Figure 6). The Gaussian convolution mask size used
for the low-pass filtered image is 33 x 33 pixels with standard

deviation equal to 4 pixels.
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Figure 19. The high-pass filtered image with grainy noise removed after
SVD process, where the high-pass filtered image was produced
by subtracting the low-pass filtered image from the noisy input
image (see Figure 6). The Gaussian convolution mask size used
for the low-pass filtered image i1s 33 x 33 pixels with standard
deviation equal to 4 pixels.
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Figure 20. The output image which is the combination of the low-pass filtered
image with the noise suppressed high-pass image (see Figure 6).
The Gaussian convolution mask size used for the low-pass
filtered image is 17 x 17 pixels with standard deviation equal to 2
pixels. The SVD noise suppression algorithm here used the

following scaling factor: b = (a; 2 - 012 )/ a; 2, where O; is the
averaged singular value of the pure noise source.



Figure 21. The output image which is the combination of the low-pass filtered
image with the noise suppressed high-pass image (see Figure 6).
The Gaussian convolution mask size used for the low-pass
filtered image is 25 x 25 pixels with standard deviation equal to 3

pixels. The SVD noise suppression algorithm here used the

following scaling factor: b; = ( a; 2 4 O‘i2 )/ g 2, where o; is the
averaged singular value of the pure noise source.
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Figure 22. The output image which is the combination of the low-pass filtered
image with the noise suppressed high-pass image (see Figure 6).
The Gaussian convolution mask size used for the low-pass
filtered image is 33 x 33 pixels with standard deviation equal to 4
pixels. The SVD noise suppression algorithm here used the

following scaling factor: b; = ( a; 2. 6i2 )i iy 2 where o; is the
averaged singular value of the pure noise source.
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Figure 23. The output image which is the combination of the low-pass filtered
image with the noise suppressed high-pass image (see Figure 6).
The Gaussian convolution mask size used for the low-pass
filtered image is 33 x 33 pixels with standard deviation equal to
4 pixels. The SVD noise suppression algorithm here used the

following scaling factor: b; = ( a; e Gi4 )/ a;*, where o; is the
averaged singular value of the pure noise source.
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Figure 24. The output image which is the combination of the low-pass filtered
image with the noise suppressed high-pass image (see Figure 6).
The Gaussian convolution mask size used for the low-pass
filtered image is 33 x 33 pixels with standard deviation equal to 4
pixels. The SVD noise suppression algorithm here used the

following scaling factor: b; = 1.2 ( a; - °i4 )/ a;4, where o, is
the averaged singular value of the pure noise source.
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Figure 25. The output image which is the combination of the low-pass filtered
image with the noise suppressed high-pass image (see Figure 6).
The Gaussian convolution mask size used for the low-pass
filtered image is 33 x 33 pixels with standard deviation equal to 4
pixels. The SVD noise suppression algorithm here used the
following thresholding formula for the scaling factor bj :

b; = 0.0, if a; < 1.2 6;; b;= 1.0 otherwise, where O; is the

averaged singular value of the pure noise source.



Figure 26. The output image which is the combination of the low-pass filtered
image with the noise suppressed high-pass image (see Figure 6).
The Gaussian convolution mask size used for the low-pass
filtered image is 33 x 33 pixels with standard deviation equal to 4
pixels. The SVD noise suppression algorithm here used the

following scaling factor: b; = ( ai3 Gi3 )/ 3, where o; isthe
averaged singular value of the pure noise source.
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GLOSSARY

Brightness: The value associated with a pixel representing its gray value from black to white.

gonvolution: The mathematical operation whereby image processes are implemented. See Section 1.3.1
age 12).

Convolution coefficient: A numeric value defining the weight that a pixel within a convolution kernel
takes on in an image process. See Section 1.3.1 (page 12).

Convolution kernel: The size of the pixel array used in the calculation of an output pixel in an image
process. See Section 1.3.1 (page 12).

Density: A deposit (e.g. of silver or dye) formed in a photographic emulsion as a result of exposure and
processing. The optical density is defined as the logarithm of the opacity.

Digitization: The act of sampling and quantizing an analog video signal.

Display: The means by which an image is viewed. A television monitor is a typical display device.

Edge enhancement: Any operation that accentuates edge details within an image.

Film grain noise: The grains of silver compose the developed image. The silver grains are randomly
distributed with respect to their size and shape, they are randomly located in distance from one another in the
film emulsion. They behave randomly under condition of exposure and development. This inherent
randomness in silver grain formation results

in a type of noise referred to as film grain noise.

Gray level: The brightness value assigned to a pixel. A value may range from black, through the grays, to
white.

high-pass filter: An image operation that enhances high spatial frequencies or attenuates low frequencies
in an image. This operation is used to bring out details difficult to see in the original.

Image analysis: Any image operation intended to numerically tabulate some aspect of an image.

Image coding: Any image operation used to reduce the amount of data required to describe the content of
an image.

Image operation: Any algorithm for evoking a quality enhancement, analysis, or coding upon an image.
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Image process: Any method for implementing an image operation.

Pow-pass filter: Any operation that enhances low spatial frequencies or attenuates high frequencies in an
image. This operation is used to bring out elements of an image difficult to see in the original.

Pixel: The fundamental picture element of a digital image. Also, the coordinate used for defining the
horizontal spatial location of a pixel within an image.

Quantization: The act of converting an analog pixel brightness to a digital quantity.

Raster scan: In raster scan display, the refresh memory is arranged as two- dimensional array. The entry at
a particular row and column stores the brightness and/or color value of the corresponding(x,y) position on the
screen in the simple one-to-one relationship, each screen location and menory location is referenced by an
x-coordinate and a y-coordinate. The top row of memory corresponds to the top scan line, etc., the image
refreshing is done by a sequential raster scan through the buffer by scan line.

Registration: In many image processing application it is necessary to form a pixel-by-pixel comparison
of two images of the same object field obtained from different sensors, or of two images of an object field
taken from the same sensor at different times. To form this comparison it is necessary spatially to register the
images and thereby correct for relative translational shifts magnification differences, and rotational shifts, as
well as geometrical and intensity distortions of each image.

Sampling: The chopping of the analog video signal into discrete pixels but not including the quantization
process.

Spatial: Pertaining to the two-dimensional nature of an image.

Spatial filtering: The set of image operations allowing the attenuation or accentuation of spatial
frequencies within an image. Such operations include low-pass and high-pass filtering.

Spatial frequency: The concept dealing with the rate of brightness change in an image. Brightness
fluctuations occurring in close proximity to one another represent high spatial frequencies, whereas regions of
relatively constant brightness represent low spatial frequencies.

Weighted average: The mathematical operation used in spatial convolution to compute the result of each
output pixel based on an input pixel and its eight neighbors. Each pixel and its neighbors are multiplied by
their respective convolution coefficients as defined in the convolution mask. The results are summed, yielding
the weighted average.



