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IMPROVING THE QUALITY OF X-RAY DIAGNOSTIC IMAGES IN MATLAB
ENVIRONMENT IN AUTOMATIC MODE

Abstract. The aim of the work is to improve the quality of X-ray diagnostic images in the
MATLAB environment in automatic mode. The potential of projection diagnostics methods is
enhanced by the introduction of computerized technologies and digital image processing techniques.
This research focuses on the methods for processing X-ray diagnostic images, emphasizing spatial
filtering, frequency filtering, and image restoration in MATLAB. The quality improvement is achieved
using combined methods of spatial image enhancement.

Key words: digital processing, medical images, MATLAB, X-ray images, spatial filtering,
frequency filtering, image restoration.

Introduction. Projection diagnostics, including radiography, plays a leading role in clinical
research, helping to establish up to 60-80% of all primary diagnoses. X-ray images often look blurry,
partly because X-rays cannot be focused using lenses, and their brightness might be shifted toward
the dark area. To counter this, advanced digital image processing is used. The goal of the work is to
improve the quality of X-ray diagnostic images in MATLAB in automatic mode [1].

Methods and Materials. The study focuses on digital processing of medical images in the
MATLAB environment. A digital image f(x,y)is represented as an MxN matrix of pixels, where the
origin (0, 0) is typically the upper left corner.
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Fig. 1. System of digital image representation

Image processing is categorized into spatial domain methods (direct pixel manipulation) and
frequency domain methods (via Fourier transformation).

Spatial filtering involves applying a filter mask ($w$) to the neighborhood of a pixel, moving
the mask across the image. Spatial filters are used for smoothing (noise suppression) and sharpening
(emphasizing fine details). Linear spatial filtering in MATLAB is implemented using the imfilter
function, often with filter masks generated by fspecial (e.g., Laplacian, average).
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Image restoration aims to reconstruct a distorted image objectively, utilizing a priori
information about the distortion. The distortion model, shown in Fig. 2, involves a distorting operator
H and additive noise 7(X,y).
g(%,¥)| Restoring

operator (filter)

Distorting

f(x, y) f(xy)

operator

H

Noise

n(x, y)

DISTORTION RESTORATION
Fig. 2. Model of the image distortion / restoration process

Key restoration techniques include filters based on sequential statistics, such as the median
filter, which is highly effective against impulsive noise (salt and pepper). The Wiener filter (or
minimum mean square error filtering) is crucial as it accounts for both the properties of the distorting
function H(u,v) and the statistical properties of the noise Sy (u,v) [2].

Methods for image enhancement, such as modifying the intensity transfer function or using
histogram processing, are employed to improve visual quality.

The technique of histogram equalization (histeq) improves image contrast by mapping the pixel
values so that the resulting histogram of brightness levels is approximately uniform. This process
converts the X-ray brightness to mid-tones, eliminating absolute black areas. The effect of histogram
equalization is illustrated in Fig. 3 [3].
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Fig. 3. Histogram equalization: a) histogram of the original X-ray image, c) equalized histogram of the
transformed image

Conclusions. Analysis, segmentation, filtering, and enhancement of the X-ray image were
performed in the MATLAB environment. The quality of image processing depends heavily on the
specific research goals. It was concluded that a complex approach to processing, utilizing different
methods sequentially, is necessary to extract high-quality information from the image. The
implementation of spatial filtering, frequency filtering, and restoration methods successfully achieved
the goal of improving the quality of X-ray diagnostic images in MATLAB.
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