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Abstract. The article is devoted to the development of a digital image compres-
sion algorithm. Image compression is a type of data compression applied to dig-
ital images, to reduce their cost for storage or transmission. Algorithms may
take advantage of visual perception and the statistical properties of image data.
We will consider a lossy compression algorithm. The new algorithm is based on
multiscale decomposition with a spline as a basis function. In the process of
multiscale analysis, when constructing a spline, we should take into account
analytical links. The application of this approach give an increase in the com-
pression ratio with the same quality of compressed images.

Keywords: Digital Image Compression, Analytical Links, Hermitian Spline,
Multiscale Analysis.

1 Introduction

Multimedia standards for video compression for personalized television, high defini-
tion digital television (HDTV), and image / video database maintenance use close
motion and encoding methods. Three basic standards - MPEG-1, MPEG-2 and
MPEG-4 were developed by the Moving Picture Experts Group (MPEG), under the
auspices of the ISO and the International Telegraph and Telephone Consultative
Committee (was renamed the International Telegraph Union (ITU). A typical MPEG
encoder uses redundancy both within the frame and between adjacent frames, the
uniformity of movements between frames, and the psychophysical properties of the
human visual system. Each frame is compressed as a digital image [1].
Image compression is when you remove or group together certain parts of an im-
age file in order to reduce its size. Here are a few reasons.
= For website optimization. Sites with uncompressed images can take longer to
load, and can cause your visitors to bounce because of this.
= For sending and uploading images. Uploading an uncompressed image can take
a while, and some email servers have a file size limit.
= For reducing the storage impact on your hard drive.
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Image compression is useful for a variety of reasons and it is dependent upon the
image size reduction you aim to achieve along with the quality level you plan to keep
that will determine which form of compression you should use.

There are two kinds of image compression methods - lossless and lossy.

Lossy compression methods, especially when used at low bit rates, introduce
compression artifacts. Lossy methods are especially suitable for natural images such
as photographs in applications.

JPEG, this format gets rid of bits and pieces of a photo that you may notice de-
pending upon the level of compression you apply. A normal amount of compression
will not be noticeable, while extreme compression may be obvious. If you rotate the
JPG too much, you’ll notice a difference in quality. This is because the photo has to
recompress itself with every rotation, losing some data in the process. There are how-
ever programs out there that rotate a JPG losslessly.

2 Literature Analysis and Problem Statement

Methods for lossy compression:
= Transform coding — This is the most commonly used method.
= Discrete Cosine Transform (DCT) — The most widely used form of lossy com-
pression. It is a type of Fourier-related transform [2]. The DCT is sometimes re-
ferred to as "DCT-II" in the context of a family of discrete cosine transforms. It
is generally the most efficient form of image compression.DCT is used in
JPEG, the most popular lossy format.

= Wavelet transform is also used extensively, followed by quantization and en-

tropy coding.

= Reducing the color space to the most common colors in the image. The selected

colors are specified in the colour palette in the header of the compressed image.
Each pixel just references the index of a color in the color palette, this method
can be combined with dithering to avoid posterization.

= Chroma subsampling. This takes advantage of the fact that the human eye per-

ceives spatial changes of brightness more sharply than those of color, by aver-
aging or dropping some of the chrominance information in the image.

= Fractal compression.

An important development in image data compression was the discrete cosine
transform (DCT), a lossy compression technique first proposed by Nasir Ahmed in
1972.[8] DCT compression became the basis for JPEG, which was introduced by the
Joint Photographic Experts Group (JPEG) in 1992.[9] JPEG compresses images down
to much smaller file sizes, and has become the most widely used image file format
[10]. Its highly efficient DCT compression algorithm was largely responsible for the
wide proliferation of digital images and digital photos [11], with several billion JPEG
images produced every day as of 2015 [12].

We propose to use spline multiscale analysis with the imposition of analytical
links instead DCT or wavelet decomposition in the compression process.

In [22] the problem of reconciliation of flight data with the use of a priori analyti-
cal excess, which is in kinematic ratios and equations of motion of the center of mass,
which are expressed due to overload (acceleration) in the center of mass, is consid-
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ered. Other a priori links between the measured parameters are also possible. This
article discusses various model problems of smoothing two or more time series in the
presence of linear and nonlinear a priori analytical relations between the measured
values. It is natural to use such a priori connections, both when systematic errors are
estimated and to improve the accuracy of data processing in the presence of random
errors. Articles [25,26] show that taking into account the analytic coupling reduces
the root mean square deviation of the constructed spline from its deterministic basis,
so decreases the error value.

The use of wavelet signal processing in MPEG-4 provides the ability to effectively
compress and recover signals with low quality loss, as well as to solve signal filtering
problems. One of the main and especially productive ideas of wavelet signal represen-
tation at different levels of decomposition is to separate the approximation functions
of the signal into two groups: approximate - rough (with sufficiently slow time dy-
namics of changes), and detailing (with local and fast dynamics of changes against the
background of smooth dynamics), with their further fragmentation and detailing at
other levels of signal decomposition (multiscale analysis).

It is interesting to consider analytic communication in the process of multiscale
analysis with the spline functions used to compress graphical data.

3 Spline approximation of analytically linked image lines

Consider the problem in this formulation.
The sequences of two rows of the matrix of the same color component of the digi-
tal image are represented by counts:

Y, (1) = {1, @), ¥,(2),., V2(N)}
and

Yo = 1,0, ¥5(2),-., Yo(N)}.
Consider the procedure for building a spline.
Let on the segment [a,b] in the points X = {x;}"', the values Y = {y,}" of some
smooth function are given.
You need to find a grid A = {')Zj }rjzo (r < N), where you can build a spline

S(x) e C[ka b] K =1,2,..., that has continuous derivatives up to kth order (includ-

ing). According to the formulation of the problem, the grids Ay i A, does not

coincide, that is, on each section of the grid Ar there may be several points, which
will determine the behavior of the desired dependency.
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Fig.1. The example of a smooth function

Consider the construction of third- and fifth-degree Hermitian splines with differ-
ent derivatives values at the knots of the grid A r - By analogy, we take as an approx-
imate value of the first derivative at the point

a —a. a.,., —a;
o i i-1 j+1 i,
aj =4 - + U -
j j+1
and as an approximate value of the second derivative
= 2a[xj_1, X, X

Taking into account the above relations in the construction of the Hermitian cubic
spline the elements of the planning matrix X will be determined by the formulas:

iio:lxizlx(ﬂ )+2Xil|x(Ail)’ i=1m,,
X=X g, (A% Jr X, 1, (A%, J Xl (8%,). 1=1,
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where Ku is the amount of the counting on the u-th segment.

We approximate these rows by cubic Hermitian splines so that there is a "bonded"
connection between the joints of the splines of these splines, which would approxi-
mate the sum of the image counts at the corresponding points. To do this, we add the
following functional in the form:

@ = S000) - S0)F + 31y, 0) - S,O)F +2. 50 + ¥ (D -S,,)~S,(4)

where: S, (t)= XA and S,(t) = XA, - cubic Hermitian splines that approxi-
mate image lines Y, (t) and v, (t);

X - scheduling matrix;

A={a; }rj:l- vectors of estimated parameters (ordinates of points where

spline fragments "gluing"), in this case weight A =1.
The value of the local Hermitian cubic spline at an arbitrary point is calcu-
lated by the formula:



S(w)=aj4 1X(®)+aj 2X(0))+aj+1 3X(O))+aj+2 4X((D)
for @€ [wu;,®u;.;], where “x(w) - local functions of shape, k =14,
a; — the values of the knots’ ordinates, j =1,2,..., .

We will require the least squares (the least-squares method) condition to be
satisfied: @ = min . This requires a solution of the system of 2r equations:

o o jeir:
6a1j
@ o jeir
0ay;

It is more expedient to solve this system in matrix form. Then the require-
ments of the least-squares method (LSM):

(Y =PA)" (Y = PA) = min,

where:
Y1

Y=Y, | Y =[y; @), ¥,(2),..., yl(N)]T’ Y, =[y,(@, ¥,(2),..., yz(N)]T -
D

vectors of initial time sequences;
D =[y,D+Y,1),y,(3)+Y,(3),.., Y(N=1)+y,(N -1)]", dimension (%*1) :

A= 212} A =[a,,a,, a,], A =[a,,a,,., a,]" - vectors of ordi-
nates_of knots, where spline fragments "gluing";
X 0
P=| O X |, X —block-diagonal scheduling matrices whose columns
XVUZ ><VLJZ

are local spline functions K X(t), k=1..41[3 4], X,, — block-diagonal

scheduling matrices whose columns are local spline functions thinned twice

for the number of knots % : O —is a zero matrix of dimension N *r.

Dimension of the matrix P — (2,5N *2r) .
Here is the classic LSM solution:
A= (PT P)’1 PTY .



and S, = XA, S, = XA, — splines that have already been constructed to al-
low for the "linked" connection between the knots where these splines "glue".

4 Comparative analysis

We will carry out the comparative analysis as follows:
1) we approximate the rows of the matrices of all the color components of
the digital image presented below (Fig. 1) by cubic Hermitian splines with the

number of “gluing” knots N ;
2

2) we calculate the difference R1 between the lines of the original image
and the resulting splines;

3) we assign zero values to the R1 coefficients which are less by the abso-
lute value of a certain threshold;

4) we store non-zero values in the computer memory;

5) repeat the above steps, taking as the initial ordinates the knots of
splines, approximating the rows of the matrices of all the color components of
the digital image (Fig. 2);

Fig.2. An example of a color digital image

6) the same algorithm will be applied to the method proposed in this paper,
where splines are already constructed taking into account the "bonded" link
between the knots of these splines, which approximates the sum of the frames
of images at the appropriate points;



7) we compare the compression coefficients at the same standard devia-
tions (SLE) from the original of the images reconstructed after compression
by these two methods (Fig. 3, Fig. 4).

Fig.3. Image restored after compression by cubic Hermitian splines and calculating
detail coefficients.

Fig.4. Image restored after compression by cubic Hermitian splines with a "wish on"
link between the knots where "gluing" these splines and calculating the detail
coefficients [26-27.
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Conclusion

The aim of this paper is not to develop a complete method for two-dimensional com-
pression of digital images. One-dimensional line compression revealed the advantages
of approximation by cubic Hermitian splines, taking into account the "bonded" con-
nection between the knots of these splines (Fig. 3) compared to the approximation
without taking into account such a connection (Fig. 2). We can come to the conclu-
sion that this approach is perspective for further development.
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