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Abstract
The technologies that are used in the area of medical imaging are those that are associated with
the field of radiography. X-rays and computed tomography scans are very useful instruments;
nevertheless, due to the presence of ionising radiation, they should be used in a limited capacity.
Cancers, cataracts, cellular mutations, and improper development in foetuses are among
potential outcomes that may be attributed to exposure to ionising radiation. Magnetic resonance
imaging (MRI), which includes nuclear magnetic resonance (NMR), includes no ionising
radiation and offers decreased dangers. When it comes to medical imaging, ultrasound is
considered to be one of the safest methods since it creates pictures via the use of ultrasonic
vibrations.Utilising radio waves inside a magnetic field, this diagnostic medical imaging device
is able to provide accurate results. A significant portion of the human body is made up of water.
The hydrogen ions that are included inside the water molecules will align themselves in
accordance with the field when the water is put inside the MRI scanner. The application of
radiofrequency waves causes this alignment to shift, and eventually, the ions will return to the
place they were in before the waves were applied.
INTRODUCTION
The discipline of medicine known as medical imaging, which is commonly referred to as
radiology, is the sector of medicine in which medical experts reconstruct different pictures of
different sections of the body for the sake of diagnosis or therapy. Medical imaging treatments
include tests that are not invasive, which enables medical professionals to identify injuries and
illnesses without causing any discomfort to the patient.
One of the most important contributors to the better results of contemporary medicine is the
use of medical imaging. It is possible to perform a variety of medical imaging techniques,
including
X-rays
Magnetic resonance imaging (MRI)
Ultrasounds
Endoscopy
Tactile imaging
Computerized tomography (CT scan)
Nuclear medicine functional imaging methods, such as positron emission tomography (PET)
scans, are another kind of medical imaging treatment that may be advantageous. Diagnostic
scans are another use of medical imaging that may be used to evaluate how effectively your
body is reacting to a therapy for a fracture or sickness.
THE TECHNOLOGIES USED IN MEDICAL IMAGING
The technologies that are used in the area of medical imaging are those that are associated with
the field of radiography. X-rays and computed tomography scans are very useful instruments;
nevertheless, due to the presence of ionising radiation, they should be used in a limited capacity.
Cancers, cataracts, cellular mutations, and improper development in foetuses are among
potential outcomes that may be attributed to exposure to ionising radiation. Magnetic resonance
imaging (MRI), which includes nuclear magnetic resonance (NMR), includes no ionising
radiation and offers decreased dangers. When it comes to medical imaging, ultrasound is
considered to be one of the safest methods since it creates pictures via the use of ultrasonic
vibrations.
Radiographs
As a kind of medical diagnostic imaging, radiographs are considered to be the earliest. To a
considerable extent, they have been supplanted by more sophisticated medical imaging
technologies, which are primarily used for the purpose of visualising bones. The conventional
radiograph, on the other hand, may still be helpful in some clinical settings, including the
following:
This is a radiograph of the breast which is known as a mammogram. For the purpose of
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detecting breast cancer in females, it is used as a screening method.
Fluoroscopy is a method that involves the use of radiographs in conjunction with a contrast
agent that is either ingested or injected. Through the use of radiography, the course of the
contrast agent is traced in order to identify blockages, ulcers, and other pathological processes.
Computed Tomography
When using this method, the patient is positioned inside of a CT chamber, which houses both
the detector and the source of the radiation. In order to capture pictures in a sequential fashion,
the source and detector are positioned such that they are opposite one another and move in an
arc around the patient. In order to produce coronal, axial, and sagittal sections, images are
captured in slices that are a few millimetres in width while also being taken along three separate
axes. After that, these pieces may be rebuilt to create a picture that is three-dimensional overall.
Comparatively speaking, CT scans have a far higher level of detail than conventional
radiography. Nevertheless, computed tomography (CT) scanning exposes the body to a much
greater overall radiation exposure.
DIAGNOSTIC RADIOLOGY
Diagnostic radiology allows medical professionals to observe structures that are located inside
of a patient's body. These medical professionals are referred to as diagnostic radiologists, and
they specialise in the interpretation of patient pictures. With the use of the diagnostic photos,
the radiologist or other clinicians may often give:
e The diagnosis of the source of your symptoms,
¢ the monitoring of how effectively your body is reacting to a therapy that you are getting

for your illness or condition may be accomplished by
¢ the following:Screening for a variety of diseases, including breast cancer, colon cancer,

and heart disease, among others as well
INTERVENTIONAL RADIOLOGY
Interventional radiologists are medical professionals who use imaging techniques such as
computed tomography (CT), ultrasound, magnetic resonance imaging (MRI), and fluoroscopy
to assist with the navigation of surgical operations. In the process of placing catheters, wires,
and several other tiny equipment and gadgets into your body, the imaging system is of great
assistance to the physician. In most cases, this makes it possible to make smaller incisions
(cuts).
Instead of directly seeing into your body with a scope (camera) or performing open surgery,
medical professionals may utilise this technology to diagnose or treat diseases in almost any
region of the body. This eliminates the need for bigger incisions and additional procedures.
Interventional radiologists are often engaged in the treatment of several conditions, including
but not limited to malignancies or tumours, obstructions in the arteries and veins, fibroids in
the uterus, back discomfort, liver difficulties, and renal disorders.
There will be no incision made by the interventional radiologist, or there will be a very minor
incision made. After the surgery, it is not necessary for you to remain in the hospital too often.
Medications that help you relax are the only kind of sedative that the majority of individuals
need.
RADIOGRAPHIC MODALITIES:
X-ray
Since its discovery in 1895, X-rays have been used in every aspect of diagnostic medical
imaging from the very beginning.A machine that generates X-rays is called an x-ray machine.
When photons contact with tissue, they exhibit specific attenuation properties, which allow for
the comparison of different tissues and the observation of contrasts between them. It is
associated with electromagnetic radiation that travels through an item in order to form a picture
or radiograph, which is then used in the treatment of cancer and other disorders that are
connected to it. Crookes tubes were used for the generation of x-rays in the beginning of the
18th century. In 1875, a discharged tube was developed, and it was utilised by W.C.
ROENTGEN, who became the first person to discover X-rays by utilising this simple apparatus
in 1895. An X-ray machine is a compound device that employs energy ranging from 10 kev to
150 kev. It is used extensively in the field of medical imaging diagnostics in a variety of regions
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around the globe. Due to the fact that x-rays are able to penetrate through solid things, they
have found use in a variety of settings, including the medical field (Radio-diagnosis) to
examine fractures of bones, infections, lung difficulties, osteoporosis, enlarged hearts, ingested
items, and other similar conditions.

DIGITAL IMAGING ON RADIOGRAPHY

In the field of radiography, the use of digital imaging has been quickly expanding, and this
trend is expected to continue. Over the course of the last ten years, this method of digitising
diagnostic imaging has seen tremendous expansion. The workflow of radiography is
significantly impacted by digital imaging, which also has a direct influence on the performance
of radiological technologists (RT) . This method is used in hospitals throughout Europe for the
purpose of diagnosis, and the usage of digital imaging and PACS has a significant impact on
the job that radiographers do. An example of this would be a review that demonstrated the
effective use of digital imaging and other imaging methods for the purpose of angiography
The picture quality, the time savings, the network connectivity, the image transfer, and the
digital storage were all deemed to be key advantages, and the process for image creation was
decreased. Once the breakthroughs in information technology and picture creation took place,
the manual manipulation of films became a thing of the past. A research that demonstrated the
significance of digital imaging and the use of irreversible compression for the aim of digital
radiography was conducted on the basis of a survey of the relevant literature

Advances in Digital Radiography

More than a century ago, in the year 1895, the German scientist Wilhelm Conrad Rontgen made
the first observation of X-rays, which laid the groundwork for the development of
contemporary diagnostic imaging and radiography. As a result of his discovery, he was the first
person to be honoured with the Nobel Prize in Physics in the year 1901. In today's world, the
area of radiography is undergoing a transformation similar to that which is occurring in all
other sectors throughout businesses.

In recent years, there have been several developments made in the area of digital radiography.
Some of these breakthroughs include artificial intelligence-assisted X-ray interpretation, dual-
energy imaging, tomosynthesis, computer-aided diagnostics, automated picture stitching, and
digital mobile radiography. The picture quality has been increased as a result of these
improvements, which has contributed to the improvement of patient care and supported better
patient outcomes. Furthermore, the use of digital radiography results in a reduction in the need
for retakes, which in turn results in a reduction in the amount of radiation exposure.
DIGITAL MOBILE RADIOGRAPHY

The digital mobile radiography equipment is meant to be easily transportable in healthcare
environments like as hospitals, where it may be carried to the bedside of a patient. It is equipped
with wheels. For instance, patients who have restricted movement after surgery may be
photographed by a mobile X-ray equipment, which will assist the surgeon in determining the
result of the operation. The disinfection process is made easier by the fact that digital mobile
radiography equipment is convenient to move about.

In the field of digital radiography, the digital mobile radiography equipment is an essential
instrument that assists medical professionals in evaluating and determining the state of patients
prior to referring them to more sophisticated imaging methods. During the COVID-19
epidemic, for instance, hospitals have seen a significant increase in the number of patients that
required diagnostic imaging at their facilities. For the purpose of evaluating the pulmonary
status of patients, digital mobile radiography devices have been used as a crucial tool for
triaging and screening.

REVIEW LITERATURE

Tarun Chauhan (2021) The fundamental objective of the curriculum curriculum for the radio
imaging technology course is to facilitate the distribution of the knowledge, skills, and
mentality that are necessary for practice. Students get the opportunity to improve their
communication skills by spending more time practicing with volunteer patients. The study of
anatomy and physiology, radiography imaging techniques, radiation safety, and radiographic
equipment are all topics that students of radiography concentrate on. Estimating knowledge
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might be effective for bringing to light true deficiencies and limitations in a company as well
as suggesting prospective opportunities for improvement inside the business. The report on the
present knowledge estimate is more essential than an analysis conducted by a specific qualified
expert that is totally resolved by technology. The objective of this study is to assess the level
of comprehension that students have about a variety of radiography modalities, as well as their
ability to manage and maintain these modalities. Methods: techniques In this study, we
employed percentage, mean, and average statistics to analyse the data that was collected
prospectively from 94 different samples. There were 94 samples, and the results showed that
49 (52.1%) of them were male and 46 (48.9%) were female. They were divided into four groups
according to the standards of their classes: two of them were for students who were in their
second and third years of a Bachelor of Science degree, and the other two were for students
who were in their first year and final year of a Master of Science degree. According to the
findings, students in their third year of the Bachelor of Science programme knowledge the most
about radiographic modalities (18.54%), while students in their second year of the programme
know the least (16.70%). Following the findings of the study, it is determined that all
individuals who are employed in the radiology department are required to have an
understanding of the handling, care, and radiographic modalities in terms of safety and
precaution. Guidelines were developed, safety standards were adhered to, and instructions on
how to make use of the different modalities were followed with care. To evaluate the level of
knowledge possessed by radiographers and other members of the staff working in the radiology
department, it is advised that they attend class on a consistent basis. It is because of this that,
in the case of an emergency, both the patient and the equipment will be safeguarded from any
potential injury.

The year 2015's Hany Kasban The abbreviation "MIT" stands for "medical imaging
techniques," which are non-invasive methods that allow one to view within the body without
the need to create incisions during surgery. It served as a useful tool for the diagnosis and
treatment of a wide variety of medical conditions. Medical imaging may be accomplished by a
variety of techniques, each of which has its own set of benefits and drawbacks. Within the
scope of this work, an overview of the concepts, advantages, disadvantages, and applications
of these methodologies is provided. The techniques that are of concern are: radiography using
X-rays; computed tomography (CT); magnetic resonance imaging (MRI); ultrasound;
elastography; optical imaging; radionuclide imaging (which includes thermography, terahertz
imaging, scintigraphy, and Positron Emission Tomography and Single Photon Emission
Computed Tomography).

According to Andrew Thomas Colucci (2013), the fast development of mobile computing
technology has the potential to bring about a major change in the way that radiology and
medicine are practiced. Within the field of radiography, there are certain advancements in
mobile computing that have not yet been implemented, while others have been implemented
but are not yet commonly used in clinical settings. The purpose of this research is to investigate
the many areas in which the most recent mobile computing technologies might be used to assist
radiography and medicine in general. It also takes into consideration the potential applications
that lie ahead.

DUALITY OF WAVE-PARTICLE IN X-RAY RADIATION

The emission of X-ray radiation, a kind of electromagnetic radiation that exhibits
characteristics of both a particle and a wave, is produced by electrons that have been
accelerated. You may see the quantum property of X-ray radiation as a stream of energy quanta,
also known as photons, travelling in straight lines across empty space. This is one approach to
view the quantum property. Because of the wave nature of x-ray radiation, which takes the
form of an electric and magnetic field that fluctuates sinusoid ally, refraction and interference
are both induced by this phenomenon.

In order to provide an explanation for the fundamental physics behind the duality of x-ray
wave-particle behaviour, it is possible to use the connection between photon energy (E) and
wave frequency (v) or wavelength (1).
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E=h _hf
= U_jl_

where is the speed at which electromagnetic radiation travels in a vacuum, also known as the
speed of light, which is equal to 2.998 108 metres per second, and is the coefficient of
proportionality, also known as Planck's constant (6.626 1034 joules).

When dealing with the energy of the generated X-ray photons, which is expressed in keV, the
radiation wavelength may be determined in the following manner for the purpose of simplicity:

he 1.238
Alll"ll = ? = m

in where 1.60210-19 is the amount of energy required to raise an electron through 1 volt, often
known as 1 keV.

PHASE-CONTRAST X-RAY IMAGING BASED ON PROPAGATION (PBI)

The technique known as in-line phase contrast radiography is used to analyse the alterations in
the diffraction pattern that are brought about by the object being examined. The observation of
Fresnel diffraction in the near field of free-space propagation of electromagnetic radiation is
the foundation upon which this method is built. Initially adapted for the use of x-ray imaging
in propagation-based imaging is a principle that was developed for biological imaging.
Propagation-based imaging was initially developed for those purposes. In his work on linear
holography.

There is no use of optics in the experimental setup for PBI, and the source, sample, and detector
are all arranged in a line, just like in conventional radiography. This results in the same results
as in conventional radiography. The free-space propagation of radiation is made possible by
this arrangement. When the wave front passes through the object, it goes through a
transformation that is determined by the differences in the refractive index that exist between
the various structural components.

ANALYSING AND DISCUSSING THE RESULTS

In order to validate the performance of liver and tumour segmentation, two datasets that are
available to the public and include a significant amount of diversity and complexity in the CT
volumes are used. These datasets are LITS and 3DIRCADDb. The quantitative results of the
studies performed on the LiTS and 3DIRCADD datasets. Extensive experiments were carried
out in order to demonstrate the efficacy and influence of the proposed heuristic on the
performance of segmentation. A number of different dimensionality reduction factor (r) values
were used in the study, and the findings demonstrated how the ASPP module and SENet
influenced segmentation performance. SENet with r = 4, 8, 16 is used for the experimental
analysis, and it is used both with and without the ASPP module while doing the study. In
addition, the ASPP module and SENet were removed from the network architecture in order to
investigate the impact that feature recalibration has on the outcomes of segmentation.
CONCLUSION

In the third and fourth chapters of this thesis, the two independent frameworks for automated
liver and tumour segmentation were presented. The MS-UNet approach is presented in the third
chapter. This method is a technique that utilises the multiscale feature extraction capability of
the Res2Net module in addition to feature recalibration via the use of SENet. The receptive
field of CNN is improved by Res2Net, which allows for the extraction of finer properties while
preserving the efficiency of the computation. Both the Res2Net module and the SENet modules
are included into the architecture of the UNet. The encoder and decoder routes are designed
utilising similar multiscale feature extraction blocks in order to circumvent the limitations
imposed by the core UNet. Consequently, the MS-UNet was able to reach a DSC value of
97.13% for liver segmentation and 84.15% for tumour segmentation by making use of the
3DIRCADD dataset, which is one of the datasets that is used the most often for the development
of algorithms for liver and tumour segmentation. Upon doing an analysis of the findings, it was
discovered that the Res2Net module's capability to extract multiscale features varies depending
on the scaling factor.
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FUTURE SCOPE
With the research work that was performed for the thesis, there is potential to build on the

pri

nciples that have been addressed here in order to develop advanced automated approaches

for segmenting the liver and tumours. This list contains potential avenues that might be pursued
in order to do more study on the topic:

1.

The scope of the research may be broadened even further if data were collected from a
variety of hospitals in India for the purpose of segmenting and classifying diseases that are
specific to the liver. These diseases include fatty liver, liver cysts, and primary and
secondary liver cancer.

. The scope of the research might be broadened to include an examination of the patient's

performance throughout treatment, as well as their survival and recovery from liver cancer.

. The research may be broadened to include the separation of the liver tumour from the

individual Couinaud segments. This would allow for the development of a liver resection
that would involve the least amount of invasion and would also allow for the prediction of
the stages of liver cancer.

It is possible to research the study in order to generalise the recommended techniques for
segmenting other medical imaging applications, such as organs, multiorgans, vasculature,
and cancers from various organs. This may be done by using a number of medical imaging
modalities.

Improvements in liver and tumour segmentation performance might be achieved by
extending the scope of the research via the use of post-processing techniques.

. The tactics that are described in the thesis may be utilised to construct successful

segmentation systems for general computer vision challenges, in addition to medical
imaging applications. This can be accomplished by adjusting the different learning
algorithms and data processing pipelines.
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