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Abstract

This article discusses the key aspects of developing software tools for preprocessing computed
tomography (CT) images. CT images play a significant role in medical diagnostics, and
preprocessing is essential to improve their quality and ensure accurate analysis. Software tools
are used to enhance images, reduce noise, increase contrast, and obtain more precise results.
The article covers various image processing methods, algorithms, and technical aspects of
developing software tools for this purpose.
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Introduction

Computer tomography (CT) is one of the most important diagnostic tools in medicine. CT
allows for the accurate imaging of the internal structures of the human body, which is very
useful in identifying various diseases. However, the quality of CT images is often influenced
by several factors, including technical errors, image acquisition conditions, and noise.
Therefore, initial processing of CT images is essential for accurate and correct analysis.

Initial processing plays a significant role in preparing images for analysis and diagnosis. This
process helps reduce noise, enhance contrast, and allow for more detailed and precise images.
Developing and improving such processing methods presents new approaches and methods in
medicine. Therefore, this article discusses the development of software tools for initial
processing of CT images and their importance in medical diagnostics.

This article reviews the necessary software tools for the initial processing of CT images and
their significance in medical diagnostics. Information obtained from CT images provides a
clear understanding of the internal structure of the human body. However, these images may
contain many defects, noise, and irregular contours, making them difficult to analyze. Hence,
initial processing methods are required to improve and analyze CT images.

The article highlights methods such as image enhancement, noise reduction, and contrast
enhancement, discussing how these methods are applied in medical diagnostic processes and
their effectiveness. The article also covers modern algorithms and software tools used for image
processing, explaining their working principles. The significance of initial processing tools in
medicine and future advancements in this field are also presented.
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N //_/_* Recent years have seen significant developments in research on initial processing of CT images.
‘ While CT images are widely used in medicine, various software tools and methods are being
developed to improve their quality and obtain more accurate results.
Many researchers have applied filters and noise reduction methods to enhance images. For
example, Gonzalez and Woods (2008), in their book Digital Image Processing, analyzed the
primary methods for image enhancement and noise reduction. They also demonstrated that the
application of morphological operations could improve the clarity of images.
Yang and colleagues (2014) emphasized the importance of developing new filters and
algorithms for noise reduction and contrast enhancement in CT images. They particularly
showed that adaptive filters could effectively reduce noise in images.
In research conducted by Madhukar and Giri (2017), new deep learning-based algorithms for
CT image processing were presented. These algorithms have enabled the improvement of
image quality and more accurate diagnosis. Deep learning methods, especially those trained on
large datasets, have achieved great success in this field.
Pradhan and Jha (2019) discussed methods used in the development of automatic systems for
CT image processing. They also showed that integrating artificial intelligence (Al) and machine
learning (ML) methods in image analysis opens up new possibilities for medical diagnostics.
Additionally, there are many software tools used for initial processing of CT images. The tools
developed by Osher et al. (2016), which apply precise geometric transformations, help improve
the clarity and quality of images. Such tools ensure more accurate analysis of CT images and
aid in more efficient diagnosis.
These studies demonstrate that methods and software tools used for initial processing of CT
images have achieved several advancements, but there is still a need for new approaches and
improvements in this field. The application of new methods and algorithms will create
opportunities for even more effective results in medical diagnostic processes.
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Research Methodology:

This study aims to evaluate the effectiveness of software tools designed for the initial
processing of computer tomography (CT) images. The research methodology consists of the
following key stages:

1. Selection of CT Images: A set of CT images representing various medical conditions
was selected for use in the study. The images were required to be comprehensive, including
different pathological conditions as well as normal organ structures. Such images help ensure
that the analysis is accurate and effective.
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2. Initial Image Processing: The process of initial image processing involves several
stages, including:

o Noise Reduction: CT images often have noise due to technical reasons. Various filters
(e.g., Gaussian filter, median filter) were used to reduce this noise.
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[ /Z; o Contrast Enhancement: The contrast of some images may be too low, which makes

~ analysis difficult. Methods such as histogram equalization and other image enhancement
7/ NN techniques were applied to enhance the contrast of the images.

sy |- o Improvement of Low-Quality Areas: Techniques such as resolution enhancement were

used to detect structures that were not clearly visible or were poorly defined in the images.

3. Selection and Testing of Algorithms: The study selected the main algorithms used for
image processing and tested their effectiveness. The chosen algorithms included:

o Filters and Noise Reduction Algorithms: Gaussian, median, and bilinear filters.

o Image Enhancement and Contrast Enhancement Methods: Histogram equalization,
adaptive contrast enhancement.

o Deep Learning Methods: Convolutional Neural Networks (CNNs) were employed for the
automatic processing of images.

4. Analysis and Comparison of Results: The results of initial processing were analyzed and
compared. The images were evaluated based on key parameters (e.g., clarity, contrast, noise
level). Additionally, the effectiveness of processed images in medical diagnostics, such as
disease detection and image analysis, was studied.

5. Experimental Process: The images were processed multiple times, and the results were
analyzed. The effectiveness and outcomes of each method were recorded. Mathematical
modeling and statistical analysis were performed to determine how the initial processing
methods impacted the enhancement of the images.

6. Medical Evaluation: The medical outcomes obtained from the CT images were tested. The
accuracy of the images and their diagnostic effectiveness were evaluated by expert medical
professionals. The pathologies identified in the analyzed images (e.g., tumors, vascular
diseases, etc.) were verified by experts.
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7. Working Principles of Computer Software: The software and algorithms used in the study
were tested to ensure high efficiency. The image processing process was automated using the
software, and it was designed with a user-friendly interface to facilitate ease of use for the
operator.

The methodology employed in this study helped evaluate the effectiveness of initial processing
of CT images and enabled the presentation of highly accurate images for medical diagnostics.
Detailed analyses of the results, as well as the effectiveness of the applied methods and
algorithms, are provided.

Analysis and Results
The study evaluated the effectiveness of initial processing methods for computer tomography
(CT) images, with the following results observed:
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N )//,I{; 1. Noise Reduction: The filters used for noise reduction (Gaussian and median filters)
* successfully reduced noise in the images. The Gaussian filter provided a smoother appearance,
\\\ but in some cases, it increased image blur. The median filter effectively removed small noise

b, \ elements and improved image structure. However, filters used for reducing large noise levels

sometimes led to the loss of details and parts of the image.
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2. Contrast Enhancement: Good results were observed in enhancing contrast using histogram
equalization and adaptive contrast enhancement methods. Histogram equalization improved the
overall contrast of the image, while adaptive contrast enhancement methods made critical
regions more visible. However, in some cases, "overshooting" or blurriness (e.g., unclear points
or distorted contours) appeared, which caused issues in some diagnostic situations.

3. Image Enhancement: Methods used to enhance images (resolution improvement,
morphological operations) provided clearer images. The resolution enhancement allowed for
more detailed and refined images, although some images showed reduced brightness and
contrast. Morphological operations facilitated the clearer identification of structures, especially
for large structures (e.g., tumors or blood vessels).

4. Deep Learning Methods: With deep learning techniques, the image analysis process was
automated. Convolutional Neural Networks (CNNs) led to higher accuracy in analyzing
images. The training process improved the ability to detect even small changes in the images.
This method proved effective for detecting diseases, especially in identifying tumors or
inflammation.

5. Medical Evaluation: The processed images were evaluated by medical professionals. The
images processed with initial steps were analyzed more accurately and quickly by specialists.
Significant improvements were seen in detecting tumors or other pathological changes.
Additionally, noise reduction and contrast enhancement methods positively impacted
pathology detection.
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6. Comparison: Several methods and algorithms were compared. Noise reduction methods
(such as the median filter) ensured clearer images, while histogram equalization and adaptive
contrast enhancement improved the effectiveness of medical evaluation. Deep learning
methods ensured high accuracy in automatic image analysis, but they required large amounts
of data for training.

7. Computer Software Performance Results: The software tools developed for the study
processed the images quickly and efficiently. The software’s speed and efficiency were high,
with an easy-to-use interface allowing users to analyze the images seamlessly.

The results of the study indicate that the methods and algorithms used in the initial processing
of CT images enabled more accurate and effective image analysis. The combination of noise
reduction, contrast enhancement, image enhancement, and deep learning methods significantly

Web of Technology: Multidimensional Research Journal

115|Page

Licensed under a Creative Commons Attribution 4.0 International License.

_’III _\\\‘-




. \ \ \ 777 ..

/( Volume 3, Issue 1, January 2025 ISSN (E): 2938-3757

Y T

)
NN ,’/ );;:3"'/.,

important for the future development of new approaches and effective systems for processing
medical images.

Results and Statistical Analysis:

The effectiveness of the initial processing methods for CT images was evaluated based on
various approaches. These results demonstrate the usefulness of the processing techniques for
improving image quality, reducing noise, and enhancing contrast in medical diagnostics.
Statistical analysis was performed to assess the effectiveness of each method and its impact on
image quality. The following analyses and results were obtained:

1. Noise Reduction:

The effectiveness of noise reduction methods was observed as follows:

o Gaussian Filter: This filter reduced noise levels by up to 70%, but some image blurring and
loss of detail were noted.

o Median Filter: The median filter was more effective, reducing noise by 85%, with an 80%
success rate in preserving image details.

o Statistical Analysis: After noise reduction, the Signal-to-Noise Ratio (SNR) of the images
improved. The Gaussian filter increased from 2.5 (£0.3) to 3.5 (£0.2), while the median filter
increased from 2.6 (£0.4) to 4.2 (x0.3), indicating that the median filter was more effective in
reducing noise.

2. Contrast Enhancement

The impact of contrast enhancement was measured as follows:

o Histogram Equalization: This method improved overall contrast by 60%, but some areas
showed increased brightness and blurring.

o Adaptive Contrast Enhancement: This method improved contrast by 80%, making key
structures more visible. However, small structures (e.g., fine blood vessels) were sometimes
unclear.

o Statistical Analysis: With histogram equalization, the Peak Signal-to-Noise Ratio (PSNR)
improved from 35.2 dB (x2.1) to 38.7 dB (1.9), while adaptive contrast enhancement resulted
in a PSNR increase from 36.0 dB (+2.4) to 40.2 dB (£1.6), showing that adaptive methods were
more effective in enhancing both overall contrast and detail visibility.
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3. Image Enhancement

Image enhancement methods were evaluated as follows:

o Resolution Enhancement: Resolution enhancement techniques led to clearer structures, but
in some cases, contrast was reduced. The effectiveness ranged from 75% to 85%, with some
loss of small details and brightness.

o Morphological Operations: These operations improved structural clarity from 85% to
90%. Large structures (e.g., tumors) were much more visible.

o Statistical Analysis: With morphological operations, the clarity of structures increased by
up to 92%. The SNR for resolution enhancement improved from 3.2 (£0.4) to 3.8 (£0.3).
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\ //f With Convolutional Neural Networks (CNNs), the results were as follows:
*7/ NN © CNN Model: Automatic analysis of images led to an accuracy rate of up to 92%. Higher
sy |- accuracy was achieved in detecting diseases (e.g., tumors, inflammation).
o False Positive and False Negative Rates: The false positive rate was 5%, while the false
negative rate decreased to 3%.
o Statistical Analysis: After model adjustments, the accuracy increased to 94%, with errors

reduced, significantly speeding up the diagnostic process.

5. Medical Evaluation

In terms of medical evaluation, processed images were highly rated by specialists:

o The images were easier to analyze and provided clearer results.

o Noise reduction and contrast enhancement techniques led to more accurate detection of
major pathological structures, such as tumors and vascular diseases.

Conclusion and Statistical Analysis:

The results presented in the study demonstrate the effectiveness of initial processing methods
for CT images. Noise reduction, contrast enhancement, image improvement, and deep learning
methods significantly increased image accuracy. Statistical results also allowed for comparing
the effectiveness of various image processing methods, which helped make image analysis
faster and more precise. The high accuracy and efficiency of image analysis through CNN
(Convolutional Neural Networks) allow for further improvements in diagnostic processes.

Conclusion:

This study evaluated the effectiveness of initial processing methods for computer tomography
(CT) images. The results showed that applying noise reduction, contrast enhancement, image
improvement, and deep learning (deep learning) methods significantly increased the accuracy
of diagnostic analysis.

1. Noise Reduction: The use of median and Gaussian filters effectively reduced noise levels.
The median filter helped preserve the image's details well and showed higher efficiency in noise
reduction. This method provided more accurate and easier results for image analysis.
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2. Contrast Enhancement: Histogram equalization and adaptive contrast enhancement
methods improved image contrast, allowing for clearer identification of large structures and
pathologies. Adaptive contrast enhancement methods provided high efficiency, especially in
detecting small structures.

3. Image Improvement: Image structures were made clearer using resolution enhancement
and morphological operations, resulting in better outcomes in medical diagnostics.
Morphological operations, in particular, were very effective in detecting large pathological
changes.
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N\ )/ /” 4. Deep Learning Methods: High accuracy and speed were achieved in automatic image
~_ analysis using CNN (Convolutional Neural Networks). This method accelerated diagnostic
processes and minimized errors in disease detection.

5. Medical Evaluation: The processed images were evaluated by medical professionals and
were found to be clearer and easier to analyze. Noise reduction, contrast enhancement, and
deep learning methods proved to be crucial for improving diagnostic efficiency.

Overall, the methods and software tools presented in the study ensured high efficiency in
improving and analyzing CT images. These methods will significantly enhance medical
diagnostic processes, and with the application of new approaches and technologies in the future,
even greater advancements in this field can be achieved. The integration of initial processing
methods and automated systems will, in turn, make medical documentation and diagnosis
processes more efficient.
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