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MATHEMATICAL MODEL USED TO IMPROVE IMAGE QUALITY
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Annotation: The study examined the use of piecewise polynomial methods in
digital image processing. A Hermitian spline function of piecewise polynomials is selected
as a mathematical model for digital signal processing, and the construction of a third-
order Hermitian spline function with two variables is presented. Based on the
constructed mathematical model, an image restoration algorithm has been developed.
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For the rapidly developing information and communication technologies in the
world, it is important to develop high-performance, efficient computational methods
for image restoration, the use of digital processing algorithms and the search for
optimal solutions. Local spline is an important mathematical apparatus for creating
digital signal processing algorithms due to the small number of calculations when
constructing functions, high accuracy, flexibility of digital processing algorithms,
optimal differential and extreme properties, and ease of calculation of parameters.
Advanced scientific research is being conducted in this direction in developed
countries of the world, such as the USA, Germany, Great Britain, India, China, South
Korea, the Russian Federation, and Japan [4], [11]. This article describes in detail the
construction of a two-dimensional third-order Hermitian spline function and
numerical image processing [1].

Based on the cubic spline functions with one variable S;(x;,y) and S3(Xi;1,V),
constructed above, after some simplifications, the following type of Hermitian spline
function with two variables is formed:

ES;3(x,y) = (1 —t)%(1 + 2t)S5(x;,y) +
+t2(3 = 20)S3(Xj41, y) +hit(1 — £)2S3(x;, ) — hit?(1 — S3(Xi41, )

e j=0M—1,0<u<lt="Tu="0 h=x,, —x,
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i = ¥j+1 — 5
Substituting the values of the one-dimensional cubic spline functions
SS5(x;, V) — S3(Xi41,y), we obtain the following model (1).
ES;3(xy) = (1= 9)*(1 + 20[(1 — w)?(1 + 2w)fy; + u®(3 — 2w 44 + Lu(l — w)?f;
—u?(1 — wfjj44] + 26 = 20[(1 —W?(1 + Wfiy15 + v — 2Wfi4q 41 +
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+u*(3 - 2Wfiyqj4q + Lu(l - u)zfi+1,j - ljuz(l — Wfiy1j41], (1)
rae,i=0,N—1,0<t<1, tz%,hi = Xij+1 — Xj,
j=0,M—-1,0<u<l, u=%:1j = Yi+1 — Vi
After some simplifications, a two-dimensional local Hermite spline function was
formed:
ES33(x,y) = @1(D[@1(Wfi; + @ (Wfijeq + oz (WEi; + L@a(wfijq] +
+@,(O[@1 (Wfir1j + @2 (Wfipg 41 + s (W + e, (Wfij4] +
+h; 5 () [(Pl(u)fi,j + @ (W41 + oz (W + lj(P4(u)fi,j+1] +

+h;p,(t) [‘P1(u)fi+1,j + @ (Wfiy1j41 + oz (W + 1]'(P4(u)fi,j+1]- (2)
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h
e1() =1 -1 +2), e1(w) = (1 —w?( + 2w,
@2 () = t*(3 — 21), H @2(w) = u?(3 - 2w),
@3(D) = t(1 —1)?, @3 (w) = u(l —u?,
(D) = —t*(1 - 1). @4 (u) = —u*(1 —u).

ATy GyHKIMIO (2) MOXKHO Ha3BaTh JIByMEPHOM JIOKAJIbHOM KyOHU4YeCKOU CIJIaliH-
byHKUMeN JpMUTa.

This function (2) can be called a two-dimensional local cubic Hermite spline
function.

Let's consider the use of the above two-dimensional mathematical model in
digital image processing. For this we use a JPEG image file. For digital processing of
images in this format, the process of converting them into digital form is relatively
simple. Below is a 50x50 pixel JPEG image (Figure 1).

Figure 1. Initial view of the image

To digitally process a given image, we can convert the image into digital form and
place itin a table (Table 1).

Table 1.

Digital image representation

Ne Ky Xy X3 X4 Xs Xg Xg X7 Xp
V1 96 78 77 77 80 79 77 77 101
Y 71 56 61 60 60 60 61 59 80
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Vs 79 |59 |60 |60 |60 |60 |60 |59 | .. 94
Va 80 |59 |59 |57 |5 |59 |57 |57 |.. 97
Vs 78 |59 |59 |5 |60 |60 |60 |59 | . 97
Ve 78 | 54 |56 |59 |60 |60 |60 |60 | .. 97
Vs 79 |57 |60 |61 |60 |60 |60 |61 | .. 96
Ve 80 | 61 | 62 |60 |60 |60 |59 |60 | .. 97
Ve 78 | 68 | 158 | 205 | 201 | 205 | 206 | 206 | 78 | 0

Using the considered models of cubic splines, we perform restoration to the
digital representation of the image presented in Table 4. Using the above sequence, a
program for constructing two-dimensional third-order Hermitian splines was
developed in the

MATLAB software environment, which was used for digital processing of the

W13 mpouecca BOCCTaHOBJIEHUS Mbl BUJWM, YTO 3a c4eT LUPpPOBOM 0O6pabOTKHU
M300paKeHU C MOMOLIbI JBYMEPHON 3PMHUTOBOM CHJIAMH-PYHKIUHU KOJUYECTBO
nukcesned ot The original state of the image has increased several times, and we have
achieved improved image quality. image. During the recovery process, the original
image size increased from 54 KB to 572 KB. This shows that the mathematical model
used has good accuracy in digital image processing.

Conclusion.

JPEG image data was interpolated using a two-variable Hermite spline function.
The results show that the number of pixels during image restoration increased by 10
times. This results in improved image quality. When digitizing images using the 2D
Hermitian spline function, the size of the original image increased from 54 KB to 572
KB. It is shown that the use of a mathematical model of a Hermite spline with two
variables is effective in digital processing of medical images and detection of
ambiguous areas during examinations.
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