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ABSTRACT: Linear algebra plays a crucial role in image processing,
providing a powerful mathematical framework for manipulating and
analyzing digital images. This article provides a brief introduction to
basic linear algebra concepts and techniques commonly used in image
processing, including matrix operations, linear transformations. It discuss
how these tools can be used to perform operations such as image
filtering, compression, registration, and segmentation, and illustrate their
use with concrete examples. This work highlight some of the key
challenges and open problems in the field of linear algebra and image
processing, and suggest future directions for research in this area. This
overview aims to provide a broad perspective on the role of linear algebra
in image processing, and to stimulate further research in this exciting and

rapidly evolving field. For numerical simulation, MATLAB is utilized.

1. INTRODUCTION

Image processing is the manipulation of digital images
using mathematical operations and algorithms. It
involves acquiring, analyzing, enhancing, and
interpreting images using computer algorithms and
software tools. Image processing techniques are used
in a wide range of applications, including medical
imaging, satellite imagery, security and surveillance,
and computer vision.

The process of image processing typically involves the
following steps: Image acquisition: The first step in
image processing is to acquire the image using a
digital camera or scanner. Preprocessing: The acquired
image may contain noise or artifacts, which can affect
the quality of subsequent processing steps.
Preprocessing techniques such as filtering and noise
reduction are used to enhance the quality of the image.
Segmentation: Segmentation involves separating the

image into meaningful regions or objects. This can be
done using techniques such as thresholding, edge
detection, and region growing. Feature extraction:
Features are the characteristics of the image that are
relevant to the analysis. Feature extraction technigues
are used to extract features such as texture, color, and
shape from the segmented regions. Classification:
Classification involves categorizing the segmented
regions based on their features. This can be done using
techniques such as machine learning and pattern
recognition. Post-processing: Post-processing involves
refining the results of the classification step. This can
be done using techniques such as image morphing and
image fusion.

Image processing is a complex field that requires a
strong understanding of mathematics, computer
science, and signal processing. It has numerous
applications in various industries, and its importance is
only expected to grow as technology continues to
advance.
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Linear algebra is a branch of mathematics that deals
with the study of linear equations, linear
transformations, and wvector spaces. It provides a
powerful framework for representing and solving
problems that involve systems of linear equations, such
as those arising in physics, engineering, economics,
and computer science.

Linear algebra deals with various mathematical objects
such as vectors, matrices, and linear transformations. A
vector is a mathematical object that has both
magnitude and direction, while a matrix is a
rectangular array of numbers. Linear transformations
are functions that map vectors to vectors in a way that
preserves the linear structure of the vectors.

Some of the key concepts and techniques of linear
algebra include: Systems of linear equations: Linear
algebra provides a powerful framework for solving
systems of linear equations using techniques such as
Gaussian elimination and matrix inversion. Vector
spaces: Vector spaces are mathematical structures that
are used to model phenomena that involve vectors.
Examples of vector spaces include Euclidean space,
which models physical space, and function spaces,
which model the space of functions. Eigenvalues and
eigenvectors: Eigenvalues and eigenvectors are
important concepts in linear algebra that are used to
study the behavior of linear transformations. They are
used in a variety of applications, such as image
processing, signal processing, and quantum mechanics.
Matrix operations: Linear algebra provides a powerful
set of tools for performing operations on matrices,
such as matrix multiplication, transposition, and
determinant calculation.

Linear algebra is a fundamental topic in mathematics,
with applications in many areas of science and
engineering. It forms the foundation of many advanced
fields such as machine learning, computer graphics,
and optimization.

Linear algebra plays a crucial role in image processing
as it provides a powerful framework for representing
and manipulating digital images. In image processing,
images are represented as matrices, where each
element in the matrix corresponds to a pixel value in
the image. Linear algebra operations such as matrix
multiplication, addition, and subtraction can be applied
to these matrices to perform operations such as
convolution and filtering, which are commonly used in
image processing.

Moreover, techniques such as Singular Value
Decomposition (SVD) and Principal Component
Analysis (PCA) are commonly used in image
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compression and feature extraction, respectively. SVD
can be used to decompose an image matrix into its
principal components, while PCA can be used to
extract features such as texture, color, and shape from
an image.

2. LITERATURE REVIEW

The main problem with existing methods in taxonomy
prediction, OTU clustering, and denoising is the
tradeoff between computational time and accuracy.
The length of short reads has a huge impact on this
challenge. Furthermore, the best performing tools often
may not be open-sourced and free.

NGS technologies provide short reads and huge
sequencing depth at a much lower cost. Hence, recent
metagenomic projects shift to focus on the sequencing
of only a single or combination of two or more
hypervariable regions. Therefore, specialized tools are
needed for highly accurate taxonomic classification of
species using these short length sequences.

Linear algebra provides a powerful framework for
representing and manipulating digital images in image
processing, and a strong understanding of linear
algebra concepts is essential for developing effective
image processing algorithms.

"Linear Algebra and Image Processing" by Richard A.
Berg, which was published in the Journal of Chemical
Education in 2005. The article discusses how linear
algebra is used in image processing, including topics
such as image filtering, convolution, and principal
component analysis [1].

"Applications of Linear Algebra in Image Processing:
A Review" by Rahul Goyal and M. K. Soni, which was
published in the International Journal of Scientific
Research in  2015. The article provides a
comprehensive review of the applications of linear
algebra in image processing, including topics such as
image enhancement, compression, and segmentation

2.

"Image Processing with Linear Algebra: A Hands-On
Approach” by Gilbert Strang and Todd Kopriva, which
was published in the SIAM News in 2019. The article
presents a practical introduction to linear algebra for
image processing, using examples and MATLAB code
to demonstrate how to perform operations such as
image filtering, compression, and denoising [3].

"Introduction to Linear Algebra for Image Processing”
by Alina Cohen and Leo Grady, which was published
in the IEEE Signal Processing Magazine in 2019. The
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article provides an overview of the fundamentals of
linear algebra, and how it is used in various image
processing  tasks, including image filtering,
convolution, and segmentation [4].

"Linear Algebra for Image Processing” by Volker J.
Schmid, which was published in the International
Journal of Mathematical Education in Science and
Technology in 2017. The article discusses the role of
linear algebra in image processing, and provides
examples of how to perform matrix operations such as
convolution, transformation, and compression [5].

This article examines the fundamental principles of
linear algebra in image processing, with a focus on
medical imaging, based on review articles.

3. METHODOLOGY OF LINEAR ALGEBRA IN
IMAGE PROCESSING

Array and matrix operations are essential mathematical
operations used in various fields such as mathematics,
engineering, physics, and computer science. They
involve manipulating arrays and matrices, which are
structured collections of data.

An array is a collection of data elements of the same
type, arranged in a contiguous block of memory. Array
operations  involve  performing  mathematical
operations on these data elements, such as addition,
subtraction, multiplication, and division.

A matrix is a rectangular array of numbers arranged in
rows and columns. Matrix operations involve
performing mathematical operations on these matrices,
such as matrix multiplication, matrix addition, and
matrix inversion. Matrix operations are used in various

applications such as image processing, signal
processing, and optimization.
Array and matrix operations are important

mathematical concepts that are widely used in many
fields. A strong understanding of these concepts is
essential for solving problems that involve in image
processing.Homogeneity and additive

In image processing, a linear operator is a
mathematical function that maps an input image to an
output image using a linear transformation. Linear
operators are used to perform a wide range of image
processing tasks, such as filtering, convolution, and
edge detection.

Linear operators have the property of being linear,
which means that they satisfy the following two
conditions:
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3.2.

If we scale the input image by a constant factor, then
the output image is scaled by the same factor.

Homogeneity

The mathematical equation for homogeneity of a linear
operator T applied to an image f(X,y)in image
processing can be expressed as:

Y(kf(x,y) = KT(f(x,y)) )
where k is a scalar constant and f (X, y)is the input

image. The equation states that if we scale the input
image by a constant factor k, then the output image
obtained by applying the linear operator T to the
scaled image is also scaled by the same factor k .

This property of homogeneity is a fundamental
property of linear operators and is essential in image
processing for scaling and normalization operations. It
ensures that the response of the linear operator is
proportional to the input image intensity and not
affected by changes in the image intensity range.
Figure 1 shows the resulting homogeneity image for
various k values.

Image with k = 2

Original Image

Image with k=3

Image with k = 4

Figure 1. The Resulting Homogeneity Image for
Various k Values

3.3. Additive

If we add two input images, then the output image is
the sum of the two output images.

An additive linear operator is a type of linear operator
used in image processing that adds a constant value to
each pixel in an image. The mathematical equation for
an additive linear operator can be represented as:

g(xy) =f(xy) +c 2)
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where g(x,y)is the output image, f(X,y)is the

input image and c is the constant value added to each
pixel in the input image

This equation shows that the output image is obtained
by adding a constant value ¢ to each pixel in the input

image f(X,y).

Additive linear operators are commonly used for
brightness and contrast adjustments in images. By
adjusting the value of ¢, we can control the overall
brightness or darkness of an image. A positive value of
c will increase the brightness, while a negative value of
¢ will decrease the brightness.

Original Image Image with ¢ = 20 added

Image with ¢ = 40 added

: S mr' ™y F :
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g

Figure 2: The resulting addition image for various ¢
values

It is important to note that additive linear operators
only affect the brightness or intensity of an image, and
do not affect its color or saturation. To adjust color or
saturation, other types of operators such as
multiplicative operators or non-linear operators may be
used.

Figure 2 shows the resulting addition image for various
c values, here ¢ values are positive.

Figure 3 shows the resulting addition image for various
c values, here c values are negative.

3.4.

Averaging is a common linear operator used in image
processing. It involves computing the average value of
a group of pixels in an image, and replacing the group
of pixels with this average value. This can be useful
for reducing noise in an image, as well as for
smoothing or blurring the image.

Arithmetic Operation- Averaging the Images
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The averaging operation can be expressed
mathematically as a convolution between the image
and a kernel. The kernel is a small matrix of weights
that specifies the way in which the averaging operation
should be performed. The size and shape of the kernel
can be adjusted to control the degree of smoothing or
blurring in the resulting image.

Original Image

Image with ¢ = -20 added

Figure 3 :The resulting addition image for various ¢
values

Averaging can be implemented in various ways in
image processing. One common approach is to use a
rectangular kernel with all weights set to 1/ (kernel
size). This kernel is called a box filter, and it simply
computes the average value of all pixels within a
rectangular window of a fixed size. Another approach
is to use a circular or Gaussian kernel, which assigns
higher weights to pixels closer to the center of the
kernel. This can produce a more natural-looking blur
effect, as the blurring is more gradual and less blocky
than with a box filter.

Averaging is a simple yet powerful linear operator that
can be used to improve the quality of images in various
applications. It is widely used in computer vision,
image analysis, and digital signal processing, and has
many variations and extensions that can be applied to
different types of images and signals.

The mathematical equation for averaging an image
using a linear operator in image processing can be
expressed as

3% Y) == 30,(x,Y) ®

While taking expectation
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Noisy Image (oc=0.1)

Noisy Image (oc=0.2)

Noisy Image (o= 1)

Figure 4: Images with Gaussian Noises

By taking the expectation into account, the image's
noise component is zero. As a result, it displays the
original images. The range of the standard Gaussian
noise is 0 to 1. If more images are used for analysis,
the outcome will essentially be the same as the original
image. Figure 4 shows the images with noisy
environment. Figure 5 shows result of averaging the
images.

Original Image

Result of Averaging 5 Images

Result of Averaging 7 Images Result of Averaging 10 Images

Figure 5: Result of Averaging the Images
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3.5.

Image subtraction is a fundamental operation in image
processing that involves subtracting the pixel values of
two or more images to obtain a new image. The
resulting image represents the difference between the
original images. Image subtraction can be used for a
variety of purposes, such as object detection, motion
detection, and image enhancement.

Subtraction

In object detection, image subtraction is often used to
isolate the foreground objects from the background by
subtracting a reference image from a current image.
The resulting difference image will highlight the areas
where the objects have changed, allowing for the
detection and tracking of moving objects.

In motion detection, image subtraction is used to
identify the moving parts of a scene by subtracting a
background image from a current image. The resulting
difference image will highlight the areas where the
motion has occurred, allowing for the detection and
tracking of moving objects or changes in the scene.

In image enhancement, image subtraction can be used
to remove the noise and artifacts from an image by
subtracting a filtered version of the image from the
original image. The resulting difference image will
highlight the areas of the image where the noise and
artifacts are located, allowing for their removal
through various image processing techniques.

Overall, image subtraction is a powerful tool in image
processing that can be used for a variety of
applications, including object detection, motion
detection, and image enhancement.

Figure 6:Medical Image in X-ray
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Medical images are taken into account for numerical
validation of angiography. The angiography X-ray
image is shown in Figure 6, the angiography sensor
image is shown in Figure 7, and the resulting
angiography image subtraction is shown in Figure 8. It
conveys a distinct picture.

Figure 7: Medical Image in TV

Figure 8 : Resulting of Image Subtraction

4. CONCLUSION

This review work conclude that linear algebra plays a
crucial role in image processing, providing a powerful
mathematical framework for understanding and
manipulating images. Through the use of linear
operators, images can be transformed, filtered, and
analyzed in a wide variety of ways, enabling a range of
applications from image enhancement to computer
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vision. For Numerical calculation, MATLAB is
utilized and verity of image sets are involved.

Future work in this work could involve the
development of new techniques for image processing
using linear algebra, such as deep learning methods
that incorporate linear algebra operations in their
architectures. Additionally, further research could be
done to explore the relationship between linear algebra
and other areas of mathematics, such as topology or
differential geometry, and their applications to image
processing. Finally, efforts could also be made to
optimize the computational efficiency of linear algebra
operations in image processing, especially for large-
scale datasets and real-time applications.
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