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Abstract— Efficient storage, transmission, and management of large datasets are crucial in medical imaging.
This review examines various compression techniques utilized for text, image, and video data in medical
imaging applications. For textual data, it discusses methods such as Huffman coding, Lempel-Ziv-Welch
(LZW), and Bzip2, emphasizing their effectiveness in compressing metadata and diagnostic reports. Image
compression techniques are divided into lossless methods, including JPEG-LS, PNG, and lossless JPEG 2000,
which maintain data integrity, and lossy methods like standard JPEG, lossy JPEG 2000, and HEVC, which
strike a balance between quality and compression ratios. Video compression is explored through codecs like
H.264/AVC and H.265/HEVC, focusing on their importance for real-time video streaming and storage in
procedures and telemedicine. The review also highlights the influence of the DICOM standard on ensuring
interoperability and examines emerging deep learning-based approaches that offer significant improvements in
compression efficiency. It concludes by discussing the trade-offs between compression efficiency, image
quality, and computational complexity, and the evolving landscape of medical image compression technologies.
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I. INTRODUCTION

The rapid advancements in medical imaging technologies have significantly transformed healthcare, providing
remarkable capabilities for diagnosis, treatment planning, and patient monitoring. Techniques like Magnetic
Resonance Imaging (MRI), Computed Tomography (CT), and ultrasound generate massive volumes of data
daily, posing substantial challenges for storage, transmission, and efficient management. To address these
challenges, compression techniques are essential, allowing for the reducing of data volume while preserving the
quality and integrity necessary for clinical use.

Compression in medical imaging involves various types of data, including text, images, and videos, each
requiring specific compression strategies tailored to their unique characteristics and clinical requirements.
Textual data in medical imaging systems includes patient records, diagnostic reports, and metadata, crucial for
maintaining comprehensive medical histories and ensuring accurate diagnoses and treatments. Effective text
compression methods such as Huffman coding, Lempel-Ziv-Welch (LZW), and Bzip2 are vital for reducing
storage space while preserving data integrity and accessibility.

Medical images generated by modalities like MRI, CT, and X-ray requires lossless and lossy compression
techniques reliant on the clinical application. Lossless methods, including JPEG-LS, PNG, and lossless JPEG
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2000, are critical when preserving every detail of the image is essential for accurate diagnosis. These techniques
ensure no information is lost during compression, maintaining the fidelity of medical images. Conversely, lossy
compression methods such as standard JPEG, lossy JPEG 2000, and HEVC offer higher compression ratios at
the expense of some data loss, which can be acceptable in scenarios like telemedicine applications where minor
loss does not impact clinical outcomes.

Video data in medical imaging, which includes recordings of surgical procedures, endoscopic examinations, and
real-time imaging for diagnostics, also demands efficient compression techniques. Advanced video codecs such
as H.264/AVC and H.265/HEVC are widely used. H.264/AVC strikes a good balance between compression
efficiency and video quality, making it suitable for real-time video streaming and storage. H.265/HEVC,
building on its predecessor, provides roughly double the compression efficiency, beneficial for high-definition
medical video data but with increased computational complexity.

Besides traditional compression methods, the Digital Imaging and Communications in Medicine (DICOM)
standard plays a pivotal role in medical imaging by ensuring interoperability between different imaging systems
and devices and supporting various compression techniques to handle diverse medical data efficiently.
Incorporating DICOM-compliant compression methods is critical for maintaining seamless data exchange and
consistency across healthcare systems.

Emerging technologies, particularly deep learning-based compression techniques, are set to revolutionize
medical image compression. These approaches use neural networks to learn efficient representations of image
and video data, promising important developments in compression ratios with minimal quality loss. Although
still in the experimental stage, deep learning-based approaches offer the potential to transform how medical
imaging data is compressed and managed, enhancing both efficiency and quality.

. BACKGROUND

The increasing field of medical imaging has become a cornerstone of modern healthcare, providing essential
tools for diagnosis, treatment planning, and patient management. The complexity and resolution of medical
imaging modes, such as Magnetic Resonance Imaging (MRI), Computed Tomography (CT), Positron Emission
Tomography (PET), and ultrasound, have dramatically increased the volume and complexity of data generated.
Managing this voluminous data effectively necessitates the use of advanced compression techniques to ensure
that storage and transmission are both efficient and reliable without sacrificing the critical details needed for
clinical decision-making. Medical imaging data encompasses a broad spectrum of types, each with unique
characteristics and requirements for compression. Textual data includes metadata, patient records, and
diagnostic reports, which provide context and essential information for medical images. Image data covers static
images from various modalities, while video data includes dynamic recordings such as endoscopic procedures
and real-time diagnostic imaging.

1. Text Compression in Medical Imaging

Textual data associated with medical imaging often includes extensive metadata, annotations, and patient
information. Efficient compression of this data is critical to reduce storage requirements and facilitate faster
transmission across healthcare networks. Traditional text compression techniques, such as Huffman coding,
Lempel-Ziv-Welch (LZW), and Bzip2, are commonly employed. Huffman coding works by using variable-
length codes for different characters based on their frequencies, while LZW builds a dictionary of common
sequences encountered in the text, replacing them with shorter codes. Bzip2 utilizes the Burrows-Wheeler
transform followed by Huffman coding, offering high compression ratios suitable for large text files.

2. Image Compression in Medical Imaging

Medical images are particularly challenging to compress due to their high resolution and the need to preserve
diagnostic quality. Compression techniques for medical images can be categorized into lossless and lossy
methods. Lossless compression is essential for applications where any loss of detail could impact diagnosis.
Techniques such as JPEG-LS (Lossless JPEG), PNG (Portable Network Graphics), and lossless JPEG 2000 are
widely used. JPEG-LS uses predictive coding followed by entropy coding, providing efficient compression
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without loss of information. PNG employs LZ77 and Huffman coding, suitable for images with large uniform
areas. Lossless JPEG 2000, based on wavelet transforms, offers superior compression efficiency and scalability
to different resolutions.

Lossy compression techniques, while not preserving every detail, can significantly reduce file sizes, making
them useful for applications where minor loss is acceptable. Standard JPEG uses the Discrete Cosine Transform
(DCT) to achieve high compression ratios, although it may introduce artifacts in the images. JPEG 2000, using
wavelet transforms, provides better quality at higher compression ratios compared to standard JPEG. HEVC
(High Efficiency Video Coding), although primarily a video compression standard, can be adapted for still
image compression, offering excellent efficiency for high-resolution images.

3. Video Compression in Medical Imaging

Medical video data, such as surgical recordings and real-time diagnostic imaging, requires efficient compression
to handle the large data volumes and ensure smooth playback and transmission. Advanced video codecs like
H.264/AVC (Advanced Video Coding) and H.265/HEVC (High Efficiency Video Coding) are prevalent in this
domain. H.264/AVC is known for its good balance between compression efficiency and video quality, making it
suitable for real-time applications. H.265/HEVC, an evolution of H.264, offers roughly double the compression
efficiency, which is advantageous for high-definition video but comes with increased computational complexity.

4. Emerging and Specialized Techniques

In addition to these traditional methods, the DICOM (Digital Imaging and Communications in Medicine)
standard plays a critical role in medical imaging by ensuring interoperability and supporting various
compression techniques tailored for medical data. Emerging deep learning-based compression techniques
represent a promising frontier, leveraging neural networks to achieve higher compression ratios with minimal
quality loss. These advanced methods have the potential to revolutionize how medical imaging data is
compressed and managed, offering new levels of efficiency and accuracy.

I1l. LITERATURE SURVEY

A comprehensive survey on lossless image compression methods: From digital imaging to medical
applications by Moghadam, A., & Ghassemian, H. (2021) provides a comprehensive survey of lossless image
compression methods, with a particular focus on their application in digital imaging and medical contexts. We
review various algorithms such as predictive coding, transform coding, and advanced techniques like fractal and
wavelet-based compression. The survey aims to elucidate the effectiveness of these methods in preserving
image quality while reducing file sizes, addressing the specific requirements and challenges posed by medical
imaging applications. We also discuss future directions for developing more efficient lossless compression
algorithms tailored for medical imaging.

Deep Learning-Based Image Compression for Medical Imaging" by Wang, S., Chen, Y., & Gao, X. (2022)
explores the utilization of deep learning techniques in image compression for medical imaging. By employing
convolutional neural networks (CNNs) and autoencoders, we investigate their capability to achieve high
compression ratios while maintaining image quality. The paper reviews recent advancements, discusses the
potential benefits, and addresses the challenges associated with integrating deep learning-based methods into
medical imaging workflows. Our findings underscore the transformative potential of deep learning in enhancing
image compression efficiency and fidelity compared to traditional approaches.

Efficient Video Compression Techniques for Medical Imaging: A Review" by Zhang, Y., Liu, B., & Zhang, Y.
(2021) presents a comprehensive review of video compression techniques as applied to medical imaging. We
examine traditional codecs such as H.264/AVC and H.265/HEVC, alongside emerging machine learning-based
approaches. The review emphasizes the trade-offs between compression efficiency and video quality,
highlighting their relevance in storing and transmitting dynamic medical imaging data such as surgical
recordings and real-time diagnostics. The paper concludes with insights into future trends and potential
improvements in medical video compression.
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Advanced Text Compression Techniques for Medical Imaging Metadata: An Overview" by Mousavi, H., &
Rabbani, H. (2021) discusses advanced text compression techniques tailored for medical imaging metadata.
Emphasizing the importance of efficiently compressing metadata to manage large datasets and ensure rapid
access and transmission, the paper evaluates techniques like Huffman coding, Lempel-Ziv-Welch (LZW), and
Bzip2. It provides insights into their effectiveness in diverse medical imaging scenarios and discusses challenges
and future developments in medical text compression.

Recent Advances in Medical Image Compression: A Review of Hybrid Approaches by Garg, S., & Mittal, P.
(2022) discusses recent advances in hybrid compression techniques for medical images, combining traditional
methods with modern machine learning approaches. By integrating algorithms such as wavelet transforms with
deep learning models, these hybrid techniques aim to enhance compression efficiency while maintaining high
image fidelity. The paper evaluates the benefits and challenges of hybrid approaches, providing an overview of
their current state and potential applications in medical imaging.

Compression Algorithms for Medical Imaging: A Review on Performance and Implementation by Patel, D., &
Kumar, S. (2021) reviews various compression algorithms used in medical imaging, focusing on their
performance and implementation considerations. We examine traditional techniques like JPEG and PNG, as
well as advanced methods such as JPEG 2000 and HEVC. The review analyzes each algorithm's efficacy in
terms of compression ratio, image quality preservation, and computational complexity, providing practical
insights for healthcare providers in selecting suitable compression methods for different types of medical
imaging data.

Wavelet-Based Compression Techniques for Medical Images: A Comparative Study Chen, L., & Huang, R.
(2021) evaluates wavelet-based compression techniques for medical images, assessing their effectiveness in
preserving diagnostic quality while reducing file sizes. We explore various wavelet transforms and their
application to MRI and CT scans, highlighting advantages over traditional compression methods. The paper
discusses the potential for further advancements in wavelet-based compression and their implications for
enhancing efficiency in medical imaging applications.

Machine Learning Approaches for Text Compression in Medical Records: A Review by Sharma, P., & Verma,
R. (2022) examines machine learning approaches for text compression in medical records. We investigate
models such as recurrent neural networks (RNNs) and transformers, analyzing their potential to improve
compression efficiency and data accessibility. The paper discusses the benefits and challenges of applying
machine learning to text compression, offering insights into future directions for enhancing the management and
utilization of medical records.

Optimizing Video Compression for Medical Applications Using Al Techniques” - Lee, K., & Park, S. (2021)
reviews the optimization of video compression for medical applications using artificial intelligence (Al)
techniques. We explore how Al can augment traditional video codecs like H.264/AVC and H.265/HEVC,
improving compression performance and adapting to the specific requirements of medical imaging. The review
covers various Al-based approaches, including deep learning models, and discusses their potential to enhance
compression efficiency and video quality in medical applications.

IVV. METHODS

This review employs a systematic approach to evaluate the compression techniques used in medical imaging
applications for text, image, and video data. The methodology encompasses a comprehensive literature search,
selection criteria, data extraction, and a comparative analysis of findings from relevant studies.

Literature Search Strategy

Databases and Search Terms: An extensive search was carried out across electronic databases including
PubMed, IEEE Xplore, ScienceDirect, and Google Scholar. Keywords such as "compression techniques,"
"medical imaging," "text compression," "image compression,” "video compression,” "MRI," "CT," "DICOM,"
"JPEG," "HEVC," and "deep learning" were used. Boolean operators (AND, OR) were applied to refine the
search queries and capture a wide range of peer-reviewed journals, conference papers, and technical reports.
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Inclusion Criteria: Only studies published between 2010 and 2023 were considered, to focus on recent
advancements. Articles had to be written in English and directly related to compression techniques in medical
imaging.

Selection Criteria

Screening Process: The titles and abstracts of the retrieved articles were initially screened to exclude irrelevant
studies. Full texts of potentially relevant articles were then evaluated against specific inclusion criteria related to
compression techniques, relevance to medical imaging, and clarity in the presentation of methodology and
results.

Data Extraction and Synthesis

Data Collection: Relevant data from the selected studies were systematically extracted. This included details on
the compression algorithms used (e.g., JPEG, JPEG 2000, HEVC), types of medical imaging data (e.g., MRI,
CT, ultrasound), compression ratios achieved, and the impact on image or video quality.

Synthesis of Findings: The extracted data were synthesized to identify common trends, advancements, and
challenges in compression techniques for medical imaging. The review focused on comparing different
methods, discussing their strengths, limitations, and applicability in clinical settings.

Comparative Analysis of Results

Compression Techniques: The review compares various compression techniques across text, image, and video
data in medical imaging. For text data, traditional methods such as Huffman coding and Lempel-Ziv-Welch
(LZW) are contrasted with newer approaches incorporating machine learning for enhanced efficiency and
scalability.

Image Compression: Studies on image compression techniques (e.g., JPEG, JPEG 2000, PNG) are compared in
terms of compression ratios, preservation of diagnostic quality, and computational complexity. The review
highlights advancements in both lossless and lossy compression methods tailored to different modalities like
MRI and CT scans.

Video Compression: Techniques such as H.264/AVC, H.265/HEVC, and emerging Al-driven approaches for
video compression in medical imaging are analyzed. The comparative evaluation focuses on compression
efficiency, real-time performance, and suitability for dynamic medical data like surgical videos and diagnostic
imaging.

Discussion and Conclusion

Discussion: The synthesized findings are critically analyzed to assess the efficacy and practical implications of
compression techniques in medical imaging applications. The discussion covers challenges such as balancing

compression ratios with diagnostic accuracy, adapting techniques to diverse imaging modalities, and integrating
emerging technologies like deep learning.

By systematically evaluating and comparing these compression techniques, the review aims to provide insights
into the current state and future directions of data compression in medical imaging, emphasizing their
importance in improving healthcare delivery and patient outcomes.

TABLE I. COMPARIOSION OF VARIOUS TECHNIQUES IN MEDICAL IMAGING APPLICATIONS

Technique Compression | Compression | Image/ | Computational

Type Method Ratio Video Complexity
Quality
Text Huffman High Lossless | Low

Compression | Coding

Lempel-Ziv- | High Lossless | Moderate
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Welch
(LZzW)
Machine Variable Lossless/ | High
Learning lossy
(e.g., RNNs)
Image JPEG High Lossy Low
Compression JPEG 2000 High Lossless/ | Moderate
lossy
HEVC High Lossy High
(H.265)
Wavelet- Variable Lossy Moderate
based
Video H.264/AVC High Lossy Moderate
Compression |- 6s/HEVC | High Lossy | High
Al-driven High Lossy Variable
approaches

The above Table | provides a clear comparison of various compression techniques used in medical imaging
across different types of data (text, image, video).

V. Results
Text Compression:

Huffman Coding: Demonstrates high compression ratios suitable for medical records and DICOM metadata,
with minimal loss of information due to its lossless nature [1]. Lempel-Ziv-Welch (LZW): Also achieves high
compression ratios without loss of information, making it effective for compressing textual metadata in medical
imaging [2]. Machine Learning: Techniques like recurrent neural networks (RNNs) and transformers show
promise in adaptive text compression, balancing between lossless and lossy compression based on specific
clinical needs [3].

Image Compression:

JPEG: Widely used for compressing MRI and CT scan images, offering high compression ratios but with
noticeable loss of image quality, which is generally acceptable in diagnostic settings [4]. JPEG 2000: Provides
enhanced compression efficiency compared to JPEG, supporting both lossless and lossy compression, making it
suitable for high-resolution medical images where diagnostic accuracy is critical [5]. HEVC (H.265):
Particularly effective for compressing dynamic medical imaging data such as ultrasound videos, achieving high
compression ratios while maintaining acceptable video quality [6].

Video Compression:

H.264/AVC: Commonly used for compressing surgical videos in medical imaging, offering a balance between
compression efficiency and real-time video performance [7]. H.265/HEVC: Advances over H.264/AVC,
providing higher compression ratios and improved video quality, making it suitable for real-time diagnostics and
telemedicine applications [8]. Al-driven Approaches: Emerging techniques leveraging deep learning models to
optimize video compression in medical imaging, showing potential for further improving compression
efficiency and quality retention [9].

Comparative Analysis:
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Compression Ratios: Generally, all techniques achieve high compression ratios, with newer algorithms like
HEVC and JPEG 2000 outperforming older standards like JPEG in terms of efficiency. Quality Preservation:
Lossless techniques such as Huffman coding and JPEG 2000 excel in preserving diagnostic quality, while lossy
techniques like JPEG and HEVC strike a balance between compression efficiency and acceptable loss in quality.
Computational Complexity: Modern techniques like HEVC and Al-driven approaches require higher
computational resources compared to traditional methods but offer significant improvements in compression
performance [10].

Clinical Implications:

Efficient compression techniques facilitate faster transmission and storage of medical imaging data, enhancing
workflow efficiency in healthcare settings. The choice of compression method depends on specific clinical
requirements, such as the need for high-resolution images in diagnostic accuracy or real-time video streaming in
surgical procedures [11].

VI. CONCLUSION

Advancements in text, image, and video compression techniques are crucial for the future of medical
imaging, significantly improving clinical workflows and patient care. This review emphasizes the importance of
these technologies in enhancing medical imaging practices. Text compression methods, such as Huffman coding
and Lempel-Ziv-Welch (LZW), achieve high compression ratios while maintaining data integrity. Additionally,
machine learning approaches like recurrent neural networks (RNNSs) provide adaptive solutions. Image
compression techniques, including JPEG, JPEG 2000, and HEVC (H.265), efficiently handle medical image
data. JPEG is popular for its simplicity, whereas JPEG 2000 and HEVC offer superior efficiency for high-
resolution scans like MRI and CT. Video compression technologies, such as H.264/AVC and H.265/HEVC,
enable efficient real-time diagnostics and telemedicine, with Al-driven methods further enhancing performance.
This review highlights the trade-offs between compression ratios, quality preservation, and computational
complexity, stressing the necessity for tailored methods to improve data access, support remote consultations,
and optimize storage within healthcare systems.
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