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I. INTRODUCTION

In recent times, significant advancements have been made in the methodologies and
frameworks used for the processing of multimedia data. Various approaches have been
undertaken to address these enhancements, including advancements in representation,
interpretation, and other related aspects. Novel techniques have been developed to diminish
the dimensions of multimedia data, representing a noteworthy technological breakthrough.
These algorithms have significant use across a diverse range of applications, including but
not limited to their implementation as a data storage system for multimedia data. The
compression process is a commonly used word that describes the procedure of informally
lowering the amount of data. Compression, within the realm of computers, refers to the
systematic procedure of representing data in a condensed manner. The word “compression”
encompasses several processes involved in reducing the size of data, such as source coding,
data compression, bandwidth compression, and signal compression. In the present context,
the term "signal™ encompasses several forms of media, including images, videos, and audio
signals. However, the scope of this chapter is confined to medical imagery.

Il. THE MODALITIES OF MEDICAL IMAGING AND ITS CHARACTERISTICS

Medical imaging has become a pivotal and indispensable instrument in contemporary
society for the precise and prompt identification of human health-related conditions. Medical
imaging investigations have led to a variety of positive results, including the avoidance of
several surgical procedures, increased efficiency in the utilisation of hospital beds, and better
health outcomes [1, 2]. The use of medical photographs has seen a notable surge in popularity
during the last several years. Prior to the 1990s, medical imaging was mostly recorded and
stored using radiological film, namely X-ray films. In contemporary times, this process is
achieved via the use of digital imaging technology and afterwards stored on computer
systems. Moreover, there have been notable breakthroughs in modern image capturing
techniques and technology, leading to significant improvements in both the quality and
quantity of digital medical information. This trend has been especially evident in recent
years. During the early 1990s, a computed tomography (CT) image of the thorax was
acquired using film with a thickness of 10 millimetres, resulting in 25 slices. The picture
creation process used an estimated 12 megabytes (MB) of data [1]. Currently, the storage of a
single picture captured using state-of-the-art CT collection equipment necessitates a data size
that varies between 600 megabytes (MB) and several gigabytes (GB). Therefore, it is
essential for a medical imaging collection system to possess the ability to efficiently
compress substantial volumes of data. Numerous contemporary hospitals have also adopted a
Picture Archiving and Communication System (PACS) to facilitate the storage, management,
transmission, and analysis of medical data. Data compression methods play a crucial role in
these systems and are widely used [1]. The implementation of Picture Archiving and
Communication Systems (PACS) has long anticipated the need for compression of medical
pictures. In fact, proposals for novel compression techniques were put out prior to the
availability of standardised compression methods [3]. Nevertheless, the utilisation of
proprietary compression techniques substantially amplifies the expenses and exertion
involved in transmitting data across diverse systems, hence compelling the implementation of
digital communication standards [4]. It is important to acknowledge that prior assessments of
medical image compression techniques have been documented in published literature [5-14].
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The term "medical imaging” refers to an all-encompassing concept that includes a
wide variety of imaging methods that are applied to the aim of visualising the human body
for the purposes of diagnosing, monitoring, or treating various medical diseases. There are
many different imaging techniques, each of which is predicated on a unique combination of
physical principles and offers varying degrees of information regarding the structure,
morphology, and function of the human body. The field of medical imaging is characterised
by its dynamic nature, as it continuously witnesses the emergence of novel imaging
modalities and the enhancement and expansion of existing ones. Due to the extensive scope
and diverse nature of the field of medical imaging, it is unfeasible to attempt a thorough
elucidation of all methodologies used in medical imaging within the confines of this section.
As a consequence of this, the scope of our discussion will be restricted to the medical
imaging modalities that are typically utilised in clinical settings as well as the essential
properties that pertain to data compression [15]. In Table 1, we give the standard picture
dimensions as well as the sizes of the uncompressed files for the various medical imaging
modalities. Consequently, this part presents details on some medical imaging technologies
often used in practical applications. The medical imaging methods that are often used include
X-rays, Magnetic Resonance Imaging (MRI), Computed Tomography (CT), and Ultrasound
[16].

Table 1: Medical Imaging Modalities and its Image Dimensions and Uncompressed File
Sizes [22, 108]

Modality Anatomy E)Tz;?i’[:;mensmns Bit Depth lL:JirI]ec%rirzlgressed
Radiography Chest (2000, 2500, -, -) 10-16 bits 10 MB
Computed Abdomen | (512, 512, 500, -) 250 MB
Tomography Brain (512, 512, 300, -) 12-16 bits 150 MB
(CT) Heart (512, 512, 100, 20) 1GB
_Er”eaSt | Breast |(2457,1890,50,-) |10-16bits | 0.4 GB
omosynthesis
Magnetic Abdomen (512, 512, 100, -) 50 MB
Resonance Brain (512, 512, 200, -) 12-16 bits 100 Mb
Imaging (MRI) Heart (256, 256, 20, 25) 250 MB
Ultrasound Heart (512, 512, -, 50)/s 24 bits (color) | 38 MBI/s
Positron Emission | Brain (256, 256, 50, -) 6 MB
(TF?Qrc;graphy Heart | (128,128, 40,16) | -0 PIts 1MB
Digital Pathology | Cells (30,000, 30,000, -, -) | 24 bits (color) | 2.5 GB

In recent times, a plethora of innovative medical imaging techniques have emerged in
the market owing to significant progress made in core scientific disciplines such as nuclear
physics and optics. The procedure in question is denoted by the phrases Positron Emission
Tomography (PET) and endoscopy. These techniques are used to enhance the accuracy of
patient diagnosis and optimise therapeutic interventions. Positron emission tomography
(PET) scans are used in the diagnostic process of many types of tumours and serve as a
valuable tool in guiding cancer treatment strategies. The technique of endoscopy, which was
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developed in the year 2001, involves the use of optical imaging to capture visual
representations of the inside structures within the human body. In the year 2010, General
Electronics (Gen. Electronics) devised innovative techniques in the field of medical imaging
by integrating computed tomography (CT) and/or magnetic resonance imaging (MRI) scans
with positron emission tomography (PET) images. This integration aimed to enhance the
accuracy of diagnosing and treating patients.

1. X-Ray: Hall-Edwards is widely acknowledged as the pioneer behind the development of
the first medical imaging technique, which enabled the viewing of internal organs inside
the human body. The phrase "X-ray imaging" is used to denote this particular technology.
Figure 1 illustrates a collection of X-Ray images. The radiographic examination refers to
the picture obtained on X-ray film when X-rays pass through the organ afflicted by the
illness inside the patient's body. The cost-effectiveness and transportation convenience of
pictures produced by these imaging technologies surpass those of conventional
photographic imaging techniques. Nevertheless, the photos generated using this approach
exhibit substandard quality, hence posing challenges in extracting valuable insights from
them on some occasions.

Foot Skull

Figure 1: Various X- Ray Images

X-ray radiography involves the use of a collimated X-ray beam to traverse the patient,
resulting in modifications to the X-ray's properties such as intensity, energy spectrum, and
propagation direction. These alterations occur while the X-ray beam traverses the human
body. After assuming the appropriate posture, a series of X-ray detectors is positioned behind
the individual, capturing the altered X-ray beam properties and generating the X-ray image.
The dimensions of the picture are defined by the size of the detector elements, which
typically range from 0.1 mm to 0.2 mm, as well as the field of view. The field of view is set
depending on the anatomy of interest and typically ranges from 18 X 20 cm to 35 X 40 cm.
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2. Computed Tomography (CT)L: The invention of this imaging approach in 1972 is
attributed to A. Cormack and G. Hounsfield. The technique referred to in academic
literature as computed tomography is commonly recognised as computer tomography
(CT). Figure 2 displays a collection of Computed Tomography images. The shown
picture is generated by the use of X-ray technology, wherein X-rays are sent into the
patient's body from many angles during the examination of the organ afflicted by the
ailment. In recent times, there has been an increased prevalence of using pictures
generated by this particular methodology in the context of addressing health concerns
pertaining to neurology, cardiology, and gastrointestinal. In X-ray radiography, the
detector plane captures the projection of a specific anatomical region onto a single plane.
In contrast, computed tomography (CT) imaging use a technique known as tomography to
gather several projections from different angles and then build a three-dimensional
representation of the specific anatomical structure of interest [17]. Modern multi-detector
row CT scanners have the capability to acquire up to 320 simultaneous slices in each spin
of the X-ray tube. A thin-slice computed tomography (CT) dataset typically has more
than 500 slices. The latest generation of CT scanners enables dynamic imaging, including
cardiac angiography or perfusion imaging. However, the routine clinical application of
these studies is limited due to concerns over radiation dose.

Abdomen Heart

Figure 2: Various Computed Tomography Images

The number of photons that are present in each voxel of a computed tomography (CT)
scan is directly related to the contrast resolution of the image. As a consequence of this, there
is a compromise that must be made between the contrast resolution, the spatial resolution, and
the X-ray dosage. CT pictures are susceptible to being impacted by a variety of noises,
including photon noise that is produced by the detector, electrical noise that is present in the
detecting system, and the particular image reconstruction approach that is used.
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3. Breast Tomosynthesis: An new X-ray imaging technology known as digital breast
tomosynthesis (3D mammaography), which can be shown in Figure 3, was developed with
the intention of improving the characterisation of breast lesions [18,19]. Using this
method, tiny pieces of breast tissue are reconstructed by first recording multiple
projections along a restricted arc angle, and then merging those projections using
computer-based stitching methods. This method is used in the treatment of breast cancer.
When opposed to more conventional techniques, the use of thin slices that include the
whole breast allows for improved visibility and characterisation of masses, which would
otherwise be hampered by structures that extend beyond the imaging plane. This is an
advantage over other approaches.

Figure 3: Image of Digital Breast Tomosynthesis (3D Mammography)

4. Magnetic Resonance Imaging: The magnetic resonance imaging (MRI) technology,
invented by P. Lauterbur and P. Mansfield in 1973, was a significant breakthrough in the
area. The generation of a picture is achieved by using a magnetic field that is cooled using
liquid helium. The use of this imaging technique, which generates a three-dimensional
medical picture, is widely employed in the management of neurological,
gastroenterological, and angiographic conditions. Figure 4 illustrates a range of Magnetic
Resonance Images (MRI). Magnetic Resonance Imaging (MRI) is an imaging technology
that operates on the principles of nuclear magnetic resonance [20]. The determination of
image contrast in magnetic resonance imaging (MRI) involves consideration of several
tissue-dependent parameters and the careful selection of acquisition settings throughout
the imaging procedure. The manipulation of MRI scan parameters allows for the
acquisition of images exhibiting significant contrast variations. The use of different
imaging settings in MRI enables the generation of diverse imaging contrasts, hence
enhancing the flexibility of this imaging modality. Consequently, MRI has gained
significant clinical utility.

The magnetic resonance imaging (MRI) technique has the capacity to discern
between various forms of soft tissue, such as the white matter and grey matter found
within the brain, as well as the malignancies and cystic formations found inside the liver.
In addition, magnetic resonance imaging (MRI) is often preferred over computed
tomography (CT) for the purpose of dynamic imaging since it does not involve the use of
potentially harmful ionising radiation, such as X-rays. This choice is due to the
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exorbitantly expensive expense connected with the excessive radiation dosage that must
be absorbed by CT in order to get the dynamic data set. During the course of a routine
clinical MRI scan, several images of a specific anatomical structure are generated via the
use of a wide variety of imaging parameters. The number of distinct contrasts that may be
obtained during a single test normally falls somewhere in the range of five to ten;
however, this number can shift depending on the therapeutic application in question.
Consequently, even though MRI pictures are often created with a lower spatial resolution
when compared to CT datasets, the huge quantity of various contrasts acquired during a
normal examination results in a significant augmentation of the data volume. This leads to
a significant increase in the amount of information that can be obtained from the scan.
The thermal noise that is produced by both the receiver coil and the sample itself is the
most significant source of noise in MRI. Rician distributions may be used to provide an
accurate description of this noise [21].

Knee

117

Lumber Spine Shoulder

Figure 4: Magnetic Resonance Images

5. Ultrasound: The concepts of acoustics provide the basis upon which the methods and
procedures employed in ultrasonic imaging are built [23]. The transmission of a sound
wave is aided by a transducer, which, depending on the exact setting, may be positioned
either in direct contact with the skin or placed into a human orifice. Acoustic waves,
while travelling through biological tissue, go through a process in which they are partially
absorbed by the tissue and partially reflected by it. This happens as the waves go through
the tissue. Reconstructing an image of the being inspected tissue requires taking into
account both the timing of the echo's arrival and the magnitude of the wave that is
reflected back. In ultrasonic imaging technology, axial resolution may be achieved.

This refers to the capacity to differentiate between two reflectors that are
positioned successively along the axis of an acoustic wave. In a similar vein, the
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accomplishment of lateral resolution, which refers to the capacity to discern between two
reflectors positioned near to each other and perpendicular to the axis of the ultrasonic
wave, is not universally guaranteed to be possible. The axial and lateral resolution of the
ultrasonic image may be increased by increasing the frequency of the ultrasonic beam.
Because higher frequencies result in greater attenuation, there is a trade-off that must be
made between tissue depth and spatial resolution in order to accommodate this
connection. Imaging by ultrasound is used extensively in a variety of therapeutic fields,
including obstetrics, cardiology, and the imaging of cancer in the abdominal and pelvic
areas. This may largely be due to the fact that it is both inexpensive and safe, since it does
not entail the use of any ionising radiation. It's possible that different applications may
call for different approaches to data collecting and display using ultrasonic technology.
Several instances might be given, such as the following: In the amplitude mode, also
known as the A-mode, the amplitudes of the echoes are graphed as a function of depth in
a single direction. The B-mode, also known as the brightness mode, generates a two-
dimensional image using an array of transducers. In this mode, the intensity of each pixel
indicates the amplitude of the echoes at a specific direction and depth. The M-mode, also
known as the motion mode, takes a sequence of fast pulses to generate images that change
over the course of time, which most of the time results in B-mode photographs. Imaging
using ultrasound is experiencing a period of tremendous development as a discipline.
During the course of the previous several decades, not only have well-established
methods of ultrasonic imaging been developed, but also a number of novel, ground-
breaking innovations. The creation of a three-dimensional picture with 3D ultrasound
requires the digital compositing of a large number of ultrasound images that are planar
and two-dimensional. The principles of the Doppler effect are used in Doppler
ultrasonography, which determines the direction and velocity of tissue movement in
respect to the transducer by using the Doppler effect. Speckle noise, which is signal-
dependent and multiplicative in nature, is the predominant source of noise in conventional
B-mode ultrasound photographs [24] Speckle noise is signal-dependent and multiplicative
in nature.
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Gallbladder

Figure 5: Ultrasound Images
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6. Nuclear Imaging: In nuclear imaging, a tiny quantity of radioactive material, also known
as radiopharmaceuticals, is given to the patient in one of two ways: either by injection or
by ingestion. This medical procedure is known as nuclear imaging. These
radiopharmaceuticals have a chemical connection to compounds that are used by cellular
processes. The use of medical imaging methods permits the discovery of spatial and
temporal patterns of radioactive chemical buildup inside the human body. This may be
accomplished via the use of imaging contrast agents. Nuclear imaging methods such as
single photon emission computed tomography (SPECT) and positron emission computed
tomography (PET) are used rather often [25]. Positron Emission Tomography (PET) takes
use of molecules that have been tagged with an isotope that is capable of generating
positrons, while Single Photon Emission Computed Tomography (SPECT) uses a
gamma-ray camera to detect the gamma rays that are generated by a radioisotope. During
a single diagnostic process, clinical positron emission tomography (PET) and single-
photon emission computed tomography (SPECT) scanners are often used in conjunction
with other imaging modalities that are complimentary to one another. This allows for the
acquisition of information that is both functional and anatomical. In clinical settings,
imaging methods such as PET-CT and PET-MRI are used often. The spatial resolution of
SPECT is typically restricted to a range of around 1 cm. Because of this, the amount of
data that is generated by SPECT imaging is rather low when compared to the volume of
data generated by other medical imaging methods that are often used. In a similar vein, it
can be observed that the spatial resolution of positron emission tomography (PET)
generally varies from 3 to 5 mm. As a consequence of this, PET data sets are known for
their very limited scope. There are a variety of causes that might be to blame for the
occurrence of noise in SPECT and PET systems. These include the formation of Poisson
distributed noise during emission, the electronic noise formed by the detecting system of
the scanner, and the modifications in noise that arise from post-processing adjustments
and picture reconstruction [26]. In addition, there is a possibility that the noise might be
caused by a combination of these three factors. The process of nuclear imaging is shown
in figure 6, which may be found here.

Figure 6: Nuclear Imaging
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7. Digital Pathology: In the field of digital pathology, optical microscopy is used to scan
tiny slices of biological tissue, which ultimately results in the production of whole-slide
pictures [27]. In the field of digital pathology, optical microscopy is used to scan tiny
slices of biological tissue, which ultimately results in the production of whole-slide
pictures [27]. In order to highlight the relevant biological qualities that are important to
the diagnostic process, tissue samples are stained using one or more dyes, and then they
are placed on glass slides. These steps are performed in order to highlight the relevant
biological characteristics. In general, a combination of hematoxylin and eosin (H&E)
stains is often employed to elicit blue/purple and red/pink colours in the nuclei and
cytoplasm, respectively. This is done by staining the nuclei with hematoxylin and then
staining the cytoplasm with eosin. Within the slide scanner, the sample is illuminated by a
beam of visible white light, and the results are shown. This light is absorbed and
dispersed in a manner that is contingent upon the sort of stain that is present at each
spatial position as well as the concentration of that stain. Imaging optics are used in order
to send an image of the tissue sample that is positioned beneath the objective lens of the
microscope to a digital image sensor using said digital image sensor.

Figure 7: A Pathology Image Depicting H&E-Stained Tissue

In order to generate discrete image segments, an oscillating motion is performed
over the glass slide by the objective in a reciprocating fashion. These image segments are
then merged to make the overall picture of the slide. It is generally accepted that a
magnification of 20 is enough for the identification of essential biological features in the
majority of different kinds of tissues and diagnostic processes. On the other hand, larger
magnifications, reaching up to 100, may be required in specific kinds of samples, such as
those used in cytopathology and haematology. A histological picture of tissue that has
been stained with hematoxylin and eosin (H&E) may be seen shown in Figure 7. When
doing digital pathology, using a high spatial resolution often results in whole-slide
pictures that have a size that is more than 900 million pixels. In addition, because of the
importance of colour in differentiating between different biological structures, it is
necessary for each pixel to have three separate colour components. Because of this, it is
not uncommon for a single uncompressed picture of an entire slide to have a size that is
more than 2.5 gigabytes. In digital pathology, the effective structuring of compressed data
is essential for facilitating the storage, transmission, and viewing of large-scale pictures,
especially in connection to a variety of zoom levels and geographic locations. Therefore,
the ability to rearrange compressed data, such as by making use of tiling in BigTIFF [28],
utilising tiled Digital Imaging and Communications in Medicine (DICOM) [29], or
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making use of interactive multi-resolution transmission with JPIP [30], is of the utmost
importance in order to guarantee a smooth and uninterrupted viewing experience.

I11.IMAGE COMPRESSION STANDARDS

The introduction and widespread use of digital photography in the later decades of the
20th century led to an increase in demand for digital methods of picture transmission and
storage. International standardisation organisations such as the International Standards
Organisation (ISO), the International Telecommunications Union (ITU), and the International
Electro-technical Commission (IEC) have recognised the significance of compatibility and
interoperability among various products used for image communications and storage. These
organisations acknowledge that compatibility and interoperability among these products is
important. As a direct consequence of this, these organisations have launched a variety of
initiatives over the last several years to standardise image compression. The acceleration of
the development of digital imaging was significantly aided by the aforementioned standards'
contributions.

1. JPEG: JPEG, an abbreviation for "Joint Photographic Experts Group,” pertains to the
working group WG1 of the ISO/IEC Joint Technical Committee 1, Study Committee 29
(ISO/IEC JTC1/SC29/WG1). Over the course of the last several decades, the WG1 group
has successfully formulated a multitude of international standards pertaining to image
compression. The process of standardisation starts by forming a technical group, such as
the Working Group 1 (WG1), and soliciting input from various stakeholders, including
representatives from the business sector and academia. The technical committee is
responsible for the development of a preliminary version, sometimes referred to as a
working draught, which is then sent to all member countries of the International
Organisation for Standardisation (ISO). Once consensus has been reached over the
preliminary version, a conclusive version is generated. Upon the completion of voting by
national members, the final draught attains the status of an internationally recognised
standard.

The Working Group 1 committee started its meetings in the mid-1980s. The first
global standard established by the committee is denoted as JPEG, a nomenclature derived
from the organisation responsible for its development. The JPEG standard was first
released in 1991 [31, 32] and has since gained widespread recognition and utilisation,
becoming one of the most prevalent and well-known standards in existence. The first
section of the JPEG standard outlines the requirements and recommendations for JPEG
compression systems (31). The inclusion of compliance testing is specified in Part 2 [33].
Part 3 of the document addresses the topic of compression system extensions, as
referenced by citation [34]. In contrast, Part 4 delves into the subject of profile generation
and registration, as shown by citation [35]. The definition of the JPEG File Interchange
Format (JFIF) may be found in Part 5 [36]. Part 6 of the study encompasses a
comprehensive collection of tools that are specifically designed for the purpose of
designing applications for printing systems [37].

Although the JPEG standard contains a number of lossy encoding modes in

addition to a lossless encoding mode, the majority of implementations only provide a
fundamental lossy coding technique with a limited number of functions. This is because
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the JPEG standard also includes a lossless encoding mode. This technique is often
referred to as "baseline JPEG." An instance of the JPEG sequential mode is employed
whenever the default technique is called into play. In addition to the choices that are
preset by default, the JPEG standard provides users with a wide selection of extra options.
For illustration purposes, the default JPEG file format places a limit of eight bits per pixel
on the image's depth of colour. JPEG compression is frequently inadequate for
compressing medical pictures since the majority of medical imaging modalities employ
bit depths ranging from 10 to 16. This makes JPEG compression an unsatisfactory option.
Thankfully, the JPEG standard provides alternatives for imaging with a bit depth of up to
12 bits, which is adequate for some kinds of medical pictures such as ultrasound,
computed tomography, and digital pathology. These kind of images are suited for use in
digital pathology. On the other hand, it is possible that it is not appropriate for other kinds
of medical imaging, such as certain MRI scans. There are a total of three further modes of
operation that are explained, in addition to the sequential mode. There are three unique
modes: progressive, hierarchical, and lossless. The progressive mode is the default option.
The latter makes use of Differential Pulse Code Modulation (DPCM), which is then
followed by Huffman entropy coding, and it can accept bit lengths of up to 16 bits. In
spite of the inherent restrictions of the JPEG mode, it has emerged as the most popular
choice for lossless compression in applications related to the medical industry. The
software version of the JPEG standard was first made available in 1991 [38] by The
Independent JPEG Group, and the organisation has been responsible for its upkeep and
development ever since then.

2. JPEG 2000: The WG1 group initiated a standardisation effort in the late 1990s with the
objective of enhancing the very effective JPEG compression standard. The targeted
attributes were improved performance in bit-rate, especially at lower bitrates,
compatibility with samples up to 16 bits in depth, the ability to transmit progressively,
and the capability to provide both lossless and lossy compression within a unified
architecture. Furthermore, it was necessary to include features such as random access,
fault tolerance, and support for low-memory implementations. The standardisation of
JPEG2000 was achieved in December 2000, resulting from the efforts outlined in
reference [39]. The first section of this standard pertains to the basic coding system,
including the syntax of the JPEG2000 code stream and the structure of the JP2 file
format. The second installment, which was made available in November 2001, delineates
improvements to the fundamental framework. Several other parts have been formulated,
such as Part 9, which outlines the definition of JPIP, a protocol used for interactive image
transmission [30], and Part 10, which provides a description of JP3D, a technique
employed for volumetric imaging [40]. Figure 8 depicts the primary stages involved in
the compression process of JPEG2000 [41].

Input Compressed
imagea Multi-component . Dead-zone MQ bitplane Codestream | bit-streama
transformation H Spakial DWT H quantization H entropy coder reorganization

Figure 8: JPEG2000 Compression Pipeline
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The use of the multi-component transform (MCT) stage enables the elimination of
spectral redundancy across various image components, such as colour channels, spectral
bands, or temporal frames. This is achieved by performing individual pixel conversions.
The process of component decorrelation may be achieved in Part 1 of the standard by the
use of a reversible or irreversible colour transformation. This transformation effectively
turns RGB images into distinct luminance and chrominance components. In the second
part of the study, it is possible to decorrelate several components by using various MCTs,
leading to significant improvements in compression performance under certain
circumstances [42-45].

To make a clear distinction between JPEG2000 Parts 2 and 10, this distinction is
of the highest significance. The use of an MCT stage in relation to volumetric data sets is
particularly outlined in Part 2, while the establishment of a 3D extension of the standard
for the purpose of volumetric imaging applications is outlined in Part 10. According to
reference [46], Part 2 of the DICOM standard is coupled with its very unique transfer
syntax. Having said that, it is essential to keep in mind that DICOM does not provide
support for Part 10. In the succeeding step, a two-dimensional discrete wavelet transform
(DWT) is used in order to eliminate the spatial decorrelation that was introduced in the
previous step for each individual component. The Discrete Wavelet Transform (DWT)
begins its process of decomposition by partitioning the N x M picture into four subbands:
LL, HL, LH, and HH. This is the initial stage of decomposition. Every sub-band has the
same dimensions, which are N/2 by M/2. The first three sub-bands display features that
are typified by high frequencies, while the LL sub-band is a depiction of the original
picture that has been shrunk down to a smaller size. It is common practise to carry out the
procedure of decomposition five times, with each successive iteration using the lower-low
(LL) sub band that was acquired from the preceding iteration as the input for the
subsequent iteration. The discrete wavelet transform, often known as the DWT, is able to
successfully capture a multi-scale representation of the picture. This is in addition to the
spatial correlation that it displays. During the phase of the encoding process known as
lossy coding, the DWT coefficients are quantized using a uniform dead-zone scheme, in
which the values v are assigned to the same quantization interval as 0. In the mode of
lossless compression, the modified coefficients keep their integer status and are not
subjected to quantization in any way. The generated coefficients are automatically
segmented into 64 x 64-square blocks, regardless of the mode being used. An adaptive
arithmetic coder known as MQ is used in order to individually encode each block. In
conclusion, the compressed blocks are ordered in a way that enables the transmission of
the final bit stream in a progressive manner, while simultaneously retaining resolution,
spatial, quality, and component scalability. This is made possible by the organisation of
the compressed blocks in a manner that allows for such transmission. JPEG2000
additionally offers support for region-of-interest coding, often known as ROI coding [47].
This kind of coding includes assigning a higher priority to certain geographic locations
during the encoding process. There are additional versions of JPEG2000 that have been
produced, such as open-source software solutions such as OpenJPEG, JasPer, and JJ2000,
in addition to commercial software such as Kakadu [48-52]. These other versions of
JPEG2000 are available.
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3. JPEG-LS: [53] The JPEG-LS standard specifies ways for compressing pictures
containing bi-level, gray-scale, and colour components while keeping a high degree of
accuracy and with minimum loss of data. These methods may be found in the JPEG-LS
standard. The JPEG-LS technique was adapted from the HP LOCO codec [54,55], and the
uncomplicated design of the algorithm was a significant factor in its selection for use in
the Mars Spirit Rover mission [56]. The standard is broken up into two parts that are
completely separate from one another. In Part 1, the fundamental method is broken down
[53], and in Part 2, further extensions are provided [57]. An image's pixels are examined
one at a time by the Baseline JPEG-LS algorithm, which does so in a sequential fashion
and in accordance with a raster-scan sequence. After that, it begins the process of
encoding each pixel by using either the run mode or the regular method.

The JPEG-LS standard takes care of the issue by computing the conditional mean
for each circumstance. This is how it addresses the problem. The aforementioned
estimations are then used in a process referred to as bias cancellation, which is utilised in
order to improve the accuracy of the forecasts. The encoding of bias-canceled prediction
errors [58] makes use of Golomb codes as a method of data representation. JPEG-LS has
a number of major benefits, including the fact that its procedures are straightforward and
simple to put into action, that it makes very little use of memory, and that it simplifies the
complexity of computation. Although the coding operations that are involved in JPEG-LS
are fairly basic, the compression performance of this approach is quite comparable to that
of systems that depend on coding techniques that are more computationally expensive,
such as arithmetic coding. JPEG-LS is a lossy image compression format. Because of its
cutting-edge capabilities in lossless compression, JPEG-LS is an excellent choice for
certain medical applications that call for lossless compression. JPEG-LS's applicability
for certain applications is extraordinary. There are a number of open-source
implementations of JPEG-LS, including libjpeg [60] and CharLS [59], amongst others.
HP [61], Dr. David Clunie [62], and the University of British Columbia [63] were the
ones responsible for the development of the LOCO-I/JPEG-LS algorithm.

4. JPEG-XR: JPEG-XR was created with the main intention of achieving effective
compression of continuous-tone still pictures, namely those of a photographic type [64].
The HD Photo technology, which was first created by Microsoft Corporation in 2007
[65], served as the basis for the standard, which was then released in five separate
components: The framework of the system architecture is outlined in the first part [64] of
the standard, and the succeeding section [66] of the standard defines the precise
requirements that must be met in order to perform image coding. The Motion JPEG XR
standard [67], conformity testing [68], and reference software [69] are the following
sections.

The JPEG-XR format was designed with the main intention of integrating higher
compression efficiency with encoding and decoding procedures that need a minimum
amount of complexity. The JPEG-XR image compression method, like JPEG, is a
technique for reducing the size of digital photographs by making use of "block-
transforms.” JPEG-XR, on the other hand, uses a two-stage hierarchical lapped
biorthogonal transform (LBT) that is carried out via lifting stages. This is in contrast to
JPEG's use of the discrete cosine transform (DCT). The LBT (Local Binary Transform) is
able to effectively reduce the appearance of block-boundary artefacts, which are often
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seen in JPEG-compressed pictures with high compression ratios. The transform bands
that are acquired are compressed independently, which makes it possible to create a
hierarchical structure with many degrees of resolution, up to a maximum of three layers
deep. This structure may be further refined. The user is given the option to choose the size
of the quantization step during the quantization stage of the JPEG-quantization XR
compression format. It is possible to alter the quantization step size in a geographical
sense, in relation to the various frequency bands, and in relation to the various colour
channels. Following the quantization phase comes the inter-block coefficient prediction
stage, which is used to reduce the impact of interdependencies among the quantized
transform coefficients that are present across several blocks.

In the framework of multilayer coding, JPEG-XR makes use of a method that
partitions the high-frequency data into two different components. This process takes place
during the compression stage. The information that is thought to be important is encoded
using entropy, and the rest of the information is sent using codes of a predetermined
length. The JPEG-XR compression technology makes use of variable-length coding
(VLC) tables that may adapt to their environment. The statistical features of the local
coefficients are used in these tables to determine which table would be the most
appropriate to use for entropy coding. These tables have been developed in this way.
When it comes to the compression of medical photographs, JPEG-XR has two key
characteristics that are absolutely necessary: JPEG-XR is able to handle images with an
input bit depth of up to 32 bits, which is the maximum allowed by the format. In addition,
JPEG-XR is capable of compressing data using both lossy and lossless compression
techniques while still making use of the same signal flow route in both of these modes.

5 H.265: The Joint Collaborative Team on Video Coding (JCT-VC), which is a
collaboration between the Video Coding Experts Group (VCEG) of the International
Telecommunication Union (ITU-T) and the Moving Picture Expert Group (MPEG) of the
International Organisation for Standardisation (ISO/IEC), is proposing the adoption of the
H.265 video coding standard, which is also known as High Efficiency Video Coding
(HEVC) [70]. HEVC/H.265 has demonstrated considerable gains in coding efficiency for
camera-captured data when compared to earlier video coding standards. These
advancements have resulted in a drop of around 50 percent in bit-rate while keeping equal
perceptual quality [70].

The H.265/HEVC standard uses an encoding method that is quite similar to that of
its predecessor, the H.264/AVC standard [71]. Previous research [72—83] demonstrates
that the HEVC/H.265 standard has a lossless coding mode that makes it possible to
reconstruct signals with no information being lost. This was made possible by the fact
that the standard does not compress the signals in any way. The aforementioned goal may
be accomplished by skipping the transform and quantization phases, as well as any other
following processing stages (such sample adaptive offset and deblocking filters), which
have an effect on the image that has been decoded. Instead, the residual signal that was
acquired using either inter or intra prediction is sent straight into the entropy coder. As a
direct result of this, there is no longer a need for additional lossless coding techniques.
Figure 7 is a simplified block diagram that demonstrates an encoder that is capable of
producing a compressed bitstream in accordance with the HEVC/H.265 standard [70].
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According to the information presented in the source [70], the HEVC/H.265 intra-
prediction process is comprised of a great deal of essential components. These include a
set of prediction modes, which consists of 33 angular modes, one DC mode, and one
planar mode. Also included is one planar mode. In addition, the procedure includes
adaptively smoothing the reference samples, as well as filtering the border samples of the
prediction blocks. According to the research that has been done, the inter-prediction
method that is used in the HEVC/H.265 standard is made up of a great deal of very
important components [70]. Enhanced motion compensation approaches are presented in
this paper. These techniques include using 7-tap or 8-tap filters for interpolating fractional
sample locations and including quarter-sample accuracy for motion vectors (MVs). The
presence of several reference photographs makes it possible to send either one or two
MVs for each block, which, depending on the situation, facilitates either unpredictive or
predictive coding. In addition to this, an improved method for predicting motion vectors
is shown, and this method requires the derivation of sev.

The HEVC/H.265 video coding standard introduces the concept of slices as its
foundational component. A decoding process may be carried out in an independent
fashion for each individual slice included inside a particular frame. Either the whole of a
frame or a section contained inside a frame may be referred to as a slice. In the case that
data is lost, the process of resynchronization is made easier by the use of slices. The
HEVC/H.265 standard is now the subject of ongoing research and development in order
to further improve and broaden its capabilities. These efforts intend to assist the coding of
high-bit-depth photos and films in a variety of colour formats, allow scalable coding, and
ease the coding of multi-view and 3D video. The aforementioned improvements are what
are meant when people talk about "Range Extensions (RExt)" [84]. In the end, even if the
major goal of HEVC was to cater to applications for video coding, it is important to note
that the standard's intra-coding techniques may also be utilised for the compression of still
photographs. This is something that should be kept in mind. Because of its lossless mode
and its capacity to support images with substantial bit depths, the High Efficiency Video
Coding (HEVC) standard has the potential to become an attractive option for use in
applications that need medical image compression.

IV.MEDICAL IMAGE COMMUNICATION STANDARDS

The beginning of the 1980s saw a tremendous boom in the digital medical imaging
business, which led to the unmistakable realisation that there was a pressing need for the
establishment of standards for the transmission of digital medical pictures. The American
College of Radiology (ACR) and the National Electrical Manufacturers Association (NEMA)
worked together in 1983 to form the Digital Imaging and Communications Society
(DICOM). This was made possible as a consequence of their shared commitment to the
advancement of digital imaging and communications technology. The American College of
Radiology (ACR) operates as a trade group for producers of electronic equipment, while the
National Electrical producers group (NEMA) represents professionals working in the
disciplines of radiology, radiation oncology, and clinical medical physics in the United
States. Following the first publication of the standard (ACR-NEMA 300-1985) in the year
1985 [85], the committee subsequently made modifications to the standard in the year 1988
[86]. In response to the shift towards networked operations in the medical imaging sector, the
standardisation effort evolved as worldwide participation increased. Additionally,
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engagement from medical specialties other than radiology grew at the same time. The
committee's name was changed to Digital Imaging and Communications in Medicine
(DICOM) in 1993, and shortly afterwards, a considerably updated standard was published
under the name DICOM [87].

The Digital Imaging and Communications in Medicine (DICOM) standard, which
outlines the preexisting file formats for the exchange of medical pictures, has emerged as the
dominant standard for the transmission of medical images throughout the industry. Since its
inception in 1993, it has seen widespread usage in the healthcare sector and is acknowledged
for its substantial role in accelerating the transition from conventional film-based radiology
practises to a totally digital workflow. This role has earned it recognition as one of the most
important roles in this transition. The Digital Imaging and Communications in Medicine
(DICOM) standard specifies a protocol for the transfer of medical images, which may take
place via a network or on a physical media such as a CD ROM or DVD. This protocol can
also be referred to as the DICOM standard. The objective of the standard is to accommodate
the unique characteristics of each imaging modality while simultaneously preserving a
common basis for the data components.

DICOM is continuing to advance in its development. The DICOM Standards
Committee is responsible for ensuring that the standard is kept up to date and under constant
review. Frequent updates are required in order to guarantee continuing compatibility with
earlier versions of the software. This is because some functionalities may be removed during
the maintenance phase of the project. It is recommended that while developing new
applications, developers stay away from including features that are now considered to be
outdated. The most recent revision of the standard [88] specifies a wide variety of transfer
syntaxes for the purpose of encapsulating encoded pixel data. These syntaxes include
compressed data format specifications [89]. ACR-NEMA has developed their very own
standardised method for the assembly of compression pipeline components [90], which they
have recommended. However, the remedy that was presented was not accepted by those who
were responsible for its execution, which led to its abandonment for a large amount of time
after it had already been tried.

The standard incorporates a wide variety of compressed data formats, including Run
Length Encoding (RLE), JPEG, JPEG-LS, JPEG-2000, JPIP, MPEG2, and MPEG-4
AVC/H.264, amongst others. It is important to note that the process of designing innovative
transfer syntaxes for the purpose of integrating High Efficiency Video Coding
(HEVC)/H.265 in the Digital Imaging and Communications in Medicine (DICOM) format
has only recently begun. This is something that should be brought to your attention.
Publication of the DICOM work item proposal to add HEVC/H.265 (often referred to as [93])
has been place at this time. In addition, the draughts of the necessary supplement (Sup 195)
have been made available for public inspection and comments (they are referred to as [94]).
The project is divided into two sections that are completely separate from one another. The
first phase of the project is designated as Sup 195, and its primary objective is to improve the
compatibility of the High Efficiency Video Coding (HEVC) standard with devices used by
the general public. This involves improving its usage in a variety of applications such as
mobile phones used for the capture of medical video. In the succeeding phase, we will
investigate the implementation of algorithms for lossless scalable intra-frame compression. A
prior research [95] made a suggestion on the possible integration of JPEG-XR into DICOM.
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Despite this, the progress that had been made on this issue came to a stop when Microsoft
decided to withdraw its engagement, which ultimately led to the linked work item being
abandoned. Our assessment does, however, take into account JPEG-XR as a means of
ensuring that it is as exhaustive as possible.

V. LEGALITY & REGULATORY STANDARDS

There have been several technology advancements and establishment of industry
standards to enable the transmission and storage of compressed medical pictures.
Nevertheless, the incorporation of these procedures into mainstream practises is important in
order to fulfil the specific criteria established by regulatory bodies on a worldwide scale. The
use of compression methods for medical images may be subject to limitations imposed by
government bodies and professional associations [96, 97]. The commercial distribution of
medical equipment in the United States is regulated by the Food and Drug Administration
(FDA). The Food and Drug Administration (FDA) exercises regulatory authority over Picture
Archiving and Communication Systems (PACS), which include systems that possess the
capability to transport, display, process, and store medical pictures. In 1993, the Food and
Drug Administration (FDA) released a recommendation statement about the appropriateness
of using lossy compression for various medical applications, such as primary diagnosis,
referral, and archiving [98]. The guidelines provided by the FDA did not impose any
mandatory requirements on manufacturers to restrict the indications for use of PACS devices
using lossy compression. However, it was acknowledged that manufacturers had the option to
implement such limitations voluntarily. Furthermore, it is stipulated by these regulations that
"video and hard copy images that have undergone compression through lossy techniques
must be accompanied by a printed declaration stating the utilisation of lossy compression and
providing an estimate of the compression ratio."

The ongoing discourse around the choice between lossy and lossless compression has
been a subject of extensive deliberation among governmental organisations, professional
associations, and legal entities for many decades. There is an allegation that the degradation
of picture quality due to lossy compression might potentially lead to physical harm to a
patient, hence establishing potential liability for the maker of the equipment [99]. Moreover,
it has been argued that the lack of legislative mandates pertaining to the compression of
radiological images poses challenges for courts when adjudicating malpractice lawsuits
related to medical devices that use lossy compression techniques [100].

In 2006, two independent legal examinations were carried out with the purpose of
determining the legal ramifications of using lossy compression. According to the findings of
these studies, judicial investigation into lossy compression has not yet been carried out in
either the Commonwealth or the United States [101]. In addition, there have been legal
initiatives taken to control the use of compression in certain settings. As an example, the
United States Congress [102] passed a law known as the Mammography Quality Standards
Act (MQSA) with the intention of establishing national requirements for film-based and
digital mammaography.

In accordance with the Mammaography Quality Standards Act (MQSA), the U.S. Food

and Drug Administration (FDA) has been tasked with developing and enforcing the
associated rules. Certain limits for the compression of mammography pictures are outlined as
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being defined by the recommendations that have been established by the Food and Drug
Administration (FDA) [103]. For the sake of long-term storage, it is essential that the data
obtained from full-field digital mammography be stored either in its original uncompressed
format or in a format that supports lossless compression. When archiving data for the long-
term, you are not allowed to utilise compression methods that result in data loss. Recent
months have seen a large number of professional organisations publish recommendations and
guidelines relating to the use of compression in various medical imaging applications.

An updated version of the technical standard that was first published by the American
College of Radiology (ACR) in 2007 went through the revision process in 2014 [97]. The
ACR standard does not contain any claims on the specific type or amount of compression that
is suitable for a particular modality, disease, or therapeutic application in order to obtain a
diagnostically acceptable result. This is because the ACR standard does not include any
claims on the precise kind or amount of compression that is appropriate. In order to achieve
the highest level of compression possible, it is advised by the ACR standard to make use of
only compression methods that are DICOM-compliant, such as JPEG, JPEG-LS, JPEG-2000,
or MPEG. This is because images compressed using proprietary or non-standard compression
techniques may result in lower interoperability [97]. The reason for this is due to the fact that
JPEG is the de facto standard for image compression. It is important to note that the Royal
College of Radiologists (RCR) published some recommendations on the use of lossy
compression for clinical interpretation in 2008 [103]. Compression is supported by the
position statement of the RCR, which indicates that the RCR is in favour of using it in the
national PACS solution known as Connecting for Health. In addition to this, it recommends
certain compression ratios for the primary diagnostic aims of the various modalities, as can
be seen in Table 2.

Table 2: Recommendations on Lossy Compression Ratio by RCR [104]

Modality Compression Ratio
Mammaography 20:1
Chest Radiography 10:1
Skeletal Radiography | 10:1

Ultrasound 10:1

Digital Angiography 10:1

CT (all areas) 5:1

Magnetic Resonance 51

Radiotherapy CT No lossy compression

An exhaustive investigation of previously conducted research served as the basis for
the RCR's proposed recommendations, which may be seen below. These studies investigated
the effect that varying degrees of lossy compression had on the precision of diagnostic
results. Additionally, they investigated the concept of Just Noticeable Difference (JND),
which refers to an individual's capacity to differentiate between a compressed image and its
original version [103]. In addition, the Research Committee on Radiology (RCR) suggested
doing more research to determine the impact that compression has on thin-slice computed
tomography (CT) data as well as radiation CT planning. The Canadian Association of
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Radiologists (CAR) developed a standard in 2011 to authenticate the use of lossy
compression in certain sorts of situations and tests [105]. The standard set by CAR is based
on previous research that was carried out throughout Canada and was funded by CAR [106].
This study was done with the intention of ensuring that the highest possible level of
protection is provided.

Table 3: Recommendations on Maximum Lossy Compression Ratio by CAR [105]

Computed Computed Computed
. Radiography/ T_'.Jngrap.h}_ T_ll:}mugraplh)' Magnetic Nuclear

Anatomical . with a Slice | with a Slice | Ultrasound ..

Digital } } Resonance Medicine

Radiography Thickness Thickness

g “ | 25 mm =5 mm

Region JPEG | J2K | JPEG | 2K | JPEG | 2K | JPEG | J2K | JPEG | 2K | JPEG | 2K
Angio - - 151 15:1 | - - - - 241 241 (11:1 | 111
Body 30:1 30:1 | 151 10:1 | 121 12:1 | 12:1 12:1] 24:1 24:1 | 111 11:1
Breast 25:1 251 | - - - - 12:1 12:1 | 24:1 24:1 | 11:1 11:1
Chest 30:1 : 15:1 15:1 | 121 12:1 | - - 24:1 24:1 | 111 11:1
Musculoskeletal | 30:1 20:1 | 15:1 131 | 12:1 12:1 | 121 12:1 | 24:1 24:1 | 11:1 11:1
Neuro - - 12:1 8:1 12:1 12:1 | - - 24:1 24:1 | 11:1 11:1
Pediatrics 30-1 30:1 | 15:1 151 | - - 12:1 12:1 | 24:1 24:1 | 11:1 11:1

The compression rates of JPEG and JPEG2000 for different modalities and
anatomical locations are provided. In accordance with Table 3. In order to minimise
perceptible distortions in the specific modalities, it is recommended that the compression
ratios specified in Table 3 be used. The findings of a comprehensive study including a sample
size of 100 participants have yielded a set of recommendations that are derived from the data
collected during the research endeavour. In their analysis, the researchers used both an
objective evaluation strategy, which relied on diagnostic accuracy, and a subjective
assessment method, which was based on the concept of Just Noticeable Difference [106].
Due to its advantages in progressive transmission and bit depth support, the CAR standard
promotes the utilisation of JPEG2000 instead of JPEG. Additionally, it is necessary for
display systems to provide visual indications that lossy compression techniques have been
used, together with information on the specific kind of compression utilised and the
corresponding compression ratio. It is noteworthy to mention that the CAR standard
explicitly specifies its exclusion of image compression techniques intended for utilisation in
Computer Aided Diagnosis (CAD) or image post-processing applications, including but not
limited to 3D reformatting, multi-planar reconstruction, and maximum intensity projection.

Research on the issue has also been performed by professional bodies throughout
Europe. The publication of standards for lossy compression of digital radiological pictures in
2009 was documented by the German Rontgen Society (DRG) [107]. An agreement on the
proposals was reached by a group of over 80 experts who convened during the discussion.
The conference attendees conducted a comprehensive evaluation of several research studies
conducted over the last twenty years. The purpose of this study was to determine
recommended compression ratios that would not lead to a decline in the quality of diagnostic
images, contrary to earlier expectations. Table 4 presents the recommended compression
ratios for different applications.
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Table 4: Recommendations on Lossy Compression Ratio by GRS [107]

Modality Compression Ratio
CR/DR (mammography) 15:1

CR/DR (all areas except mammography) 10:1

CT (all areas except brain) 8:1

CT (brain) 5:1

Magnetic Resonance 7:1

X-ray Angiography 6:1

Radio Fluoroscopy 6:1

In the present year, the European Society for Radiography (ESR) released a position
statement that elucidated the outcomes of an international expert discussion about unresolved
issues pertaining to the utilisation of image compression in radiology, which was initiated by
the ESR [96]. The position paper of the ESR included suggestions on several issues;
however, it did not incorporate compression ratios, which had already been addressed by
professional associations via the establishment of standards and guidelines. According to the
ESR's recommendation, in order to achieve Diagnostically Acceptable Image Compression
(DAIC), radiologists are urged to follow the recommendations provided by the CAR, DRG,
or RCR [96], rather than depending only on their own subjective evaluation.

VI.CONCLUSION

Medical imaging has become a crucial tool for diagnosis, but the increasing amount of
data produced by imaging techniques necessitates a new strategy for managing this data.
Efficient distribution, storage, and management solutions are needed for the successful
integration of digital medical picture data into clinical processes. Data compression methods
are essential for enhancing storage and transmission efficiency without compromising
diagnostic precision. International standardization groups have introduced numerous image
compression standards to address individual requirements and maintain diagnostic accuracy.
These standards have increased effectiveness in medical data administration and stimulated
greater cooperation among healthcare professionals, facilitating prompt diagnosis and
informed treatment choices. However, the use of image compression in medical settings
requires a comprehensive examination of legal and regulatory aspects. The safeguarding of
patient data, ethical implications for maintaining diagnostic precision, and adherence to data
protection regulations are crucial factors that need careful scrutiny.

In conclusion, the complex interaction between increasing demands for medical
imaging and the need for effective data management has resulted in the incorporation of
image compression standards within medical environments. These standards have
significantly transformed the processes involved in the distribution, storage, and
administration of digital medical picture collections, leading to notable improvements in
healthcare service delivery. However, a holistic strategy incorporating technical proficiency,
ethical considerations, and adherence to regulatory standards is necessary to fully exploit the
benefits of picture compression while maintaining patient care integrity and data privacy.
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