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The bringing on of digital signature (DS)—is a method of revealing unique owner sight and
used first of all for identifications and protections copyrights.Depending on the method of data
conversion, the technology of applying the DS can use spatial method, frequency method and
spectral connections method. At present moment methods of DS constantly perfected. Int hisre-
port the applying of DS two algorithms are used-DCT and WLT Selection of algorithms depends
from selections by users the types of DS. The DC being processed after selections, including
transformations to the grayscale. For the realizations of DCT the algorithms Hsu was used . This
algorithm is used in the case, where DS is more than twice smaller from the document. For the
realizations of wavelets transformations, Pitas algorithm was used. This algorithm is useful in the
case of DS with size more than half of image value.

Key words: digital signature, discrete cosine transformations, discrete wavelet transforma-
tions, algorithms Hsu, Pitas algorithm

Introduction

With the rapid development of high velocity computer technique (especially optical)[1-8]
and Internet, the amount of transmitted information has increased significantly. It’s a different
type of documents, high quality multimedia and audio productions, and translations newspa-
pers with computers and communication servers. All of these features lead to increased
marketing of multimedia products on the computer market by means of e-commerce. Along
with trade, technologies for protecting copyright and legal distribution of multimedia products
are developing. Similarly, the need arises also in the transmission of documents, securities and
newspapers.Consequently, there is a need to develop methods for depositing owner's identifi-
cation marks on a multimedia document, which is a digital signature (DS) (watermark) in the
form of a visible or invisible image.In general, as security criteria for digital data, data
encoding, DS usage, data decoding, and DS verification are used. Key-algorithms are used for
data encoding and their mixing. All methods of protection seek to satisfy the two sides of the
requirement: the invisibility of the DS and its stability while modifying the image while
preserving it in the desired quality.

The use of hidden securities is a method of inserting a unique copyright holder's signature
into a multimedia product for identification or protection of copyright. Technology makes it
possible to detect forgery and modification of data and claim copyrights. In other words, it is
the protection of copyright for intellectual property, such as a multimedia product or digital
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publication, which is readily available on the network by inserting a graphic sign or identifying
information.

Depending on the method of data conversion, the technology of applying the DS can use
spatial method, frequency method and spectral connections method. In the case of using the
spatial method, the initial data in the spatial domain are analyzed and changes are made to the
least significant bit for entering the digital signature data, where they will be felt to a
minimum. Despite the fact that this technology makes it easy to insert a DS, it is an unstable
replacement of data related to the cost of compression and filtering.In the case of using the
frequency method, the initial data and the data of the DS are converted to the frequency do-
main, after which the modification of the coefficients is performed for the purpose of applying
the DS in the initial multimedia data. In the case of using the frequency method, the discrete
cosine transformations (DCT) initial data and data are converted to the frequency domain, after
which a modification of the coefficients is performed in order to apply the DCT in the initial
multimedia data. Since signed multimedia data often require compression and filtering, they
must be resistant to such types of processing.

In the case of using the DCT, the pseudo-random number of the DS data in the initial data
should be evaluated in the signature allocation process by measuring the correlation.
According to this principle, the method proposed by Koksi is working. According to this
method, the DS, placed perceptually important component of the signal, during operation
strongly distorts the overall signal and badly affects its quality.

In fact, the modification of such a component during the removal of the DS will cause a
significant distortion of the image itself. On the other hand, the perceptually important
component may be slightly modified by the signature process without any loss of image
quality. The applied DS is a set of data from a thousand random numbers W = {W; ... Wiy}
that have normal (Gaussian) distribution N (0,1). A set of data is entered in the largest
coefficients f; using DCT with the following encoding function:

fi=f+aW f, i=1..1000 . (1)

1. Discrete cosine transformations

Fourier series for any real and even continuous function contains only real coefficients
corresponding to the cosine terms of the series [8]. Sharing this of this result on the discrete
Fourier transformations (DFT) lead to discrete cosine transformations (DCT).DCT widely ap-
plied in systems of signals compression based on the orthogonal transformation method.

We can see that input analog signal x(t) converted with help of analog digital converter
(ADC) to digital sequence x[n], which is remembered in buffer memory. Cumulated length
sample Nenters the block of direct orthogonal transformation where consistency X [k] is calcu-
lated. The direct orthogonal transformation must have such properties, that consistency
X [k] must to have a small number of significant members. Encoding only those mem-
bers X [k], such carry significant information.

Due to this, basically, compression of the signal is achieved. After encoding, the consis-
tency X [k] enters the communication channel or information storage device. In the decoder,

reverse processes are performed.
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A key point of these method realizations, is choice of orthogonal transformations and
choice the way coefficient X [k] encoding. The orthogonal transformations is considered as

affective, when it has a fast computational algorithm, that provides to highest energy spectral
concentration in a small numbers of X [k] members and small distortion under their encode and

decode.
The most complete, the DCT correspond toformulate requirements. Direct and vice versa
DCT for the x[n] consistency has the form [9]:

N-1 2n+1)kn

x{n] =D h[k] X [k]cos {%} , 2)
k=0

where N-long of sampling, x{n]; X[k]-coefficients DCT; A[k]-a set of weight functions, and

AlK]= (24, when k=1.2,.N-1, i[k]:%/ﬁ when /=0,

Set of basic functions DCT:

{\/Z /\/_ CO{ 2n+1)kn }} )

That accord to set of Chebyshev polynomials 7y (z) = cos( N arccosz) .
Show the zeroes of this polynomials: cos(N arccos z) =0;

It is: N arccosz =0 or Narccosz =n/2+nmand N arccosz =n/2+nn
We can normalizeChebyshev polynomials by using:

T,(z) /\/— T,(z) \/Ecos (karccosz),k =1,2..N -1 4)

Substituting () in () we can calculate meaning of polynomials for k=1, 2, 3...N-1 in the
points where the polynomials of N degree dive a zero. Taking this into account we can ob-

tained:
:y\/ﬁ,Tk(z):\/%cos(karccos{cos( nl)r D \/Z 2n+1 O

Set of polynomials (5) are equivalent to set of basic functions of DCT. Its mean that DCT
—is set of Chebyshev polynomials, calculated in the points where polynomial of N - degree
dives zero.

Take into account that X [k] coefficients in () are no complex. They have real values.
Besides, to according the general principle of building DCT, sequence x[#n] is real and even.
That’s why DCT as it were applied to not to initial sample x[n], but to transformed sample
y[n], that is even expansion of x[#]:

y[n] :%x[n] , when n=0,1,...N-1, and

y[n]= Yy x[2N =1-n], whenn=N,N+1..2N 1.

The sequence y[n] must be considered as periodical with a period 2N.
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The meanings of DFT X . [k] of 2N- points sequence y[n] can be determine by formula:

N-1 7].21!7/01 7/_@ N-1 _; nk(2N-1)
X (K= S o[k = NSk ©
n=0 n=0
From (2) and (6) is follow that DCT coefficients X . [k] may be calculated from the DFT
coefficient X, [k]:

X [k]=A[k]Re {e_j;:’XF[k]} @

The existence of connection between Furies coefficients and DCT allows calculating
DCT by using fast Furies transformation (FFT) algorithm.

2. Discrete wavelet transformations (DWLT)

Under DWLT the transformations of discreet meanings input signals take place, through
wavelet and scaling functions. The signal is presented as sum of functions with corresponding
weighed coefficients [9]:

S (x)=2ev(x) (®)

i=1
Where y(x) - basic functions, ¢; - weight coefficients. In the case of wavelet functions,
\u(x) must fulfilled some demands. For time of existence the function must be oscillatory.
\|f(x) fast increase and fast decrease in the direction of zero. The integral of function for time
of its existence is equal zero: jw(x)dx: 0. Permissible functions are broad-smoothed and

—o0

cannot have as zero frequency as infinite frequency components. Such demands limit using
basic wavelet functions insignificantly. A set of basic functions {\I/,-} are built as scaled and

shifted versions of maternal basic function vy, ,,

Wi ()= a%w(x;"j - ©)

Function v ,,, is scaled on a and shifted on a’'b in relation to basic wavelet basic func-

tion. In a case of DWLT take place such changes: a=2"/, k=b/a, b=2"k. The scaling is
realized by multiplying x on some scaling coefficient. In such case it is multiply 2. Then its
turn out desirable cascade octave filters. In that case we have \u(2j x) where j-is integer. Be-
cause the function y has accomplishing base, for coverage all signal, its necessary to shift
along time axis. Such shift is written as
J .

v, (x):24w(2~fx—k) (10)

Such expression has wide applying for calculating DWLT.Its transformations has anal-
ogy with discreet in time Fourier series relatively to discreet independent variables and vari-
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ables of transformations. Its transformations is defined relatively “discreet base wavelet func-
tions” 4 (k) and can be written as:

k—nb,a,
T 2o
: (an

“a? Z (kY ( a5k =nby ) =(f ) = £,U (e nbyay ) )

where m, n-numbers of discretization’s scale steps and shifting accordingly. Scale a and shift b
accordingly can write as a =aq, ,b =nb,a, ., a,by— are the step size of discreet scaling and

men

shifting accordingly.

We will limit considerations by using most important algorithm, when coefficients are
choosing on binary grate: a =2/, b=2’k of time-scale presentations. Through this transfor-
mation take place multilevel decay of x/n/ on j-octaves, with meaning j=1...J in the form of:

> Y [n-2k]+ ijkgj[n 2k] . (12)

j=1 kcz
This equation display opposite (transverse) discrete wavelet transformation (TDLWT).the

term 7, [n -2/ k} is presented synthesizing wavelet functions. For quality displaying the addi-

tional component is used. Its basic function is g, [Z'j k} and call synthesizing scaling func-

tion.
Under the direct DWLT the “wavelet coefficients” ¢;; for j=1...J and scaling coefficients
bj are calculated.

DLWT {x[n]:2/.k2"| =¢,, Z [n}; [n-27k] (13)

= x[nlg;[n-27k], (14)
where /] [n -2/ k} - analyzing discrete wavelet function, and g’ [n -2/ k] - analyzing scaling

function. TDLWT executes displaying of original signal from its coefficients by using expres-
sion (13).

Let us tike in consideration the analysis of functions. We take into account impulse re-
sponse of two filters: for low frequency g[n] and high frequency /[n] .The wavelet and scaling
function we can write as:

&[n]=gln]. mln]=hln]. g =2 g, [kleln=2k]. by [n]= 20, [K]pln=2k] (1)

i.e. take please the transitions from one octave j to the next (j+1) by using interpolation opera-
tor:

fn] = 2. fTklg[n=2k]. (16)
k
Its predict as discreet equivalent of expansion f (t) - 27% f ( % ) .

Take into account () and () for the same level of decomposition we can write:
x[n) =Y ¢ uihy [n=2""k ]+ b, hg[n-2""k] (17)
keZ keZ
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Take into account (13) and (14) in view of basic functions orthonormality we get:

Cink = Zc,f.kh; |:n _Z/k:| > (19
k
and
b, =2b,.8[n-2k]. (19)
k

The expressions (18), (19) are used for fast algorithm of DWLT decomposition.

3. Realization

Practical part of this work was realized by using C#program language in the environment
Visual Studio 2017 Community Edition. For working with images, the basic methods of NET-
technology where used. Additionally, the library AForge.NET was used too.

The applying of DS two algorithms are used. Selection of algorithms depends from selec-
tions by users the types of DS. The DC being processed after selections, including transforma-
tions to the grayscale.

For the realizations of DCT the algorithms Hsu was used [11]. This algorithm is used in
the case, where DS is more than twice smaller from the document. In this case for DS decoder
the initial image is needed. Decoder doesn’t reveal existence of DS, but select input data. As
DS appear black-white image, with double lover content. Before inputting, on the image influ-
ence random. The DS is inputting in middle —frequency coefficients DCT (quarter part from
general amount). These coefficients are situated along second diagonal of DCT matrix.

For inputting one bit of DS into coefficient, the sign of difference between coefficients of
current block and corresponded to it from previous block. When is need to input 1, the coeffi-
cient change such, that sight of difference become positive, when 0 —the sight must be nega-
tive.

There are many ways to improve of base algorithm. Firstly instead of coefficient meaning
it is prudent to use their absolute values. Secondly, instead coefficients from previous blocs
can be used coefficients of current blocs. Another more improvements of this algorithm is the
sort order, in which DS blocs are arranged by falling of numbers of units in themes. The blocs
of output images are arranged by falling dispersions. After that, appropriative the data attach-
ment is executed.

For the realizations of wavelets transformations, Pitas algorithm [12] was used. This algo-
rithm is useful in the case of DS with size more than half of image value. There are exist nu-
merous versions of the Pitas algorithm at the beginning inputting of bit in every image pixel
was proposed. But later the blocs of 2x2 or 3x3 pixels were used. It’s doing the algorithm
more robust under compression or filtrations. In the next step, DS is attached with image. If
digital image detector for built-in blocs is used, the average meaning of brightness is calcu-
lated. It’s give the possibility of uneven inserting DS into pixels. So we can get digital image,
that is optimized according to robust criteria and undergo to compresses procedure by using
JPEG algorithm. In finish part, the8x8 element blocs in advance the “capacity” of each pixel.
Such mask is suitable for all pictures.

4. Conclusions
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Given in this work analyst show, that for effective bringing on and reading of DS it is
necessary to using simultaneously no less two different methods. The more effectively reviled
of using DCT and DWLT methods. These methods at present time are well worked out. Espe-
cially for DCT algorithms Hsu and for DWLT -Pitas algorithm are used. The program work
occur in two schedules: applying and reading of image. The program is able to open any image
format and safe encrypted image in any format too.

Supplement

Program code:

usingSystem;
usingSystem.Drawing;
usingSystem. Windows.Forms;
usingAForge.Imaging.Filters;
usingSystem.Collections;
usingSystem.Ling;

namespaceDigital Watermark

{

publicpartialclass Form1 : Form

{
Colordefault_color = Color.FromArgb(64, 64, 64);
Colorselected_color = Color.FromArgb(94, 94, 94);

public Form1()
{

InitializeComponent();
ApplySwitch.BackColor = selected color;

}

privatevoidApplySwitch_Click(object sender, EventArgs e)

{
ApplySwitch.BackColor = selected color;
ReadSwitch.BackColor = default_color;
GoButton.Text = "Apply";
WatermarkBox.Visible = true;
Clear ();

}

privatevoidReadSwitch_Click(object sender, EventArgs ¢)

{
ReadSwitch.BackColor = selected_color;
ApplySwitch.BackColor = default _color;
GoButton.Text = "Read";
WatermarkBox.Visible = false;
Clear ();

}

privatevoidClear()

{
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}

ImageBox.Image = null;
WatermarkBox.Image = null;
ResultBox.Image = null;

privatevoidExitButton_Click(object sender, EventArgs e)

{
H

Application.Exit();

privatevoidlmageBox_Click(object sender, EventArgs ¢)

{

(.gif)|*.gif| IPG

}

OpenFileDialogofd = newOpenFileDialog();
ofd.Filter = '"Pnglmage (.png)/*.png| Bitmaplmage (.bmp)/*.bmp| Giflmage

Image (jpg) [*.jpg";

if (ofd.ShowDialog() == DialogResult.OK)
{

ImageBox.ImageLocation = ofd.FileName;
ImageBox.SizeMode = PictureBoxSizeMode.StretchImage;

privateBitmapToGreyScale(Bitmapbitmap)

{

}

intgrey, i, j;

Colorcolor;

Progress.Maximum = bitmap.Width * bitmap.Height;
Progress.Step = 1;

for (i = 0; i <bitmap.Width; i++)

{
for (j = 0; j <bitmap.Height; j++)
{
color = bitmap.GetPixel(i, j);
grey = (int)((color.R + color.G + color.B) / 3);
bitmap.SetPixel(i, j, Color.FromArgb(grey, grey, grey));
Progress.PerformStep();
}
}
Progress.Value = 0;
returnbitmap;

privatevoidWatermarkBox Click(object sender, EventArgs ¢)

{

(.gif)[*.gif | IPG

OpenFileDialogofd = newOpenFileDialog();
ofd.Filter = "Pnglmage (.png)/*.png| Bitmaplmage (.bmp)/*.bmp| Giflmage

Image (jpg)|*.jpg";
if (ofd.ShowDialog() == DialogResult.OK)
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{
Bitmapimg = newBitmap(ofd.FileName);

WatermarkBox.Image = ToGreyScale(img);
WatermarkBox.SizeMode = PictureBoxSizeMode.StretchImage;

}
privatevoidResultBox_Click(object sender, EventArgs e)
{
if (ResultBox.Image == null) return;
SaveFileDialogsfd = newSaveFileDialog();
sfd.Filter = "BitmapImage (.bmp)[*.bmp";
if (sfd.ShowDialog() == DialogResult.OK) ResultBox.Image.Save(sfd.FileName);
}
privatebytegetByte(byte[] bits)
{
StringbitString = "";
for (inti=0;1i<8;it+)
bitString += bits[i];
bytenewpix = Convert.ToByte(bitString, 2);
intdePix = (int)newpix " 2;
return (byte)dePix;
}

privatebyte[] getBits(bytesimplepixel)
{
intpixel = 0;
pixel = (int)simplepixel " 2;
BitArraybits = newBitArray(newbyte[] { (byte)pixel });
bool[] boolarray = newbool[bits.Count];
bits.CopyTo(boolarray, 0);
byte[] bitsArray = boolarray.Select(bit => (byte)(bit ? 1 : 0)).ToArray();
Array.Reverse(bitsArray);
returnbitsArray;

}

privatevoidGoButton_Click(object sender, EventArgs e)
{
if (GoButton.Text.Equals("Aplly") && !(ImageBox.Image == null || Watermark-
Box.Image == null))
{
Bitmapsimple = newBitmap(ImageBox.Image);
BitmapsecretGreyScale = newBitmap(WatermarkBox.Image);
if (secretGreyScale.Height != simple.Height | secretGreyScale.Width != sim-
ple.Width)
{
ResizeBilinearresizeFilter = newResizeBilinear(simple. Width, simple.Height);
secretGreyScale = resizeFilter. Apply(secretGreyScale);

}

ColorpixelContainerImage = newColor();
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ColorpixelMsglmage = newColor();

byte
byte

MsgBits;
AlphaBits;
byte[] RedBits;
byte[] GreenBits;
byte[] BlueBits;
bytenewAlpha = 0;
bytenewRed = 0;
bytenewGreen = 0;
bytenewBlue = 0;
#regionEncryption

[
[
[
[

e e e

Progress.Maximum = simple.Height * simple.Width;

Progress.Step = 1;

for (int i = 0; i <simple.Height; i++)
{

for (int j = 0; j <simple.Width; j++)
{

pixelMsglmage = secretGreyScale.GetPixel(j, i);
MsgBits = getBits((byte)pixelMsglmage.R);
pixelContainerImage = simple.GetPixel(j, 1);
AlphaBits = getBits((byte)pixelContainerlmage.A);
RedBits = getBits((byte)pixelContainerlmage.R);
GreenBits = getBits((byte)pixelContainerlmage.G);
BlueBits = getBits((byte)pixelContainerImage.B);

AlphaBits[6] = MsgBits[0];
AlphaBits[7] = MsgBits[1];
RedBits[6] = MsgBits[2];
RedBits[7] = MsgBits[3];
GreenBits[6] = MsgBits[4];
GreenBits[7] = MsgBits[5];
BlueBits[6] = MsgBits[6];
BlueBits[7] = MsgBits[7];
newAlpha = getByte(AlphaBits);
newRed = getByte(RedBits);
newGreen = getByte(GreenBits);
newBlue = getByte(BlueBits);

—_—

pixelContainerImage = Color.FromArgb(newAlpha, newRed, newGreen, newBlue);

simple.SetPixel(j, i, pixelContainerImage);

Progress.PerformStep();

i
i

ResultBox.Image = simple;

ResultBox.SizeMode = PictureBoxSizeMode.StretchImage;

Progress.Value = 0;
#endregion

}

elseif (GoButton.Text.Equals("Read") &&ImageBox.Image != null)

{

BitmapEncryptedIlmage = (Bitmap)ImageBox.Image;
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mage.Height);

Bitmaphiddenlmage = newBitmap(Encryptedlmage.Width, EncryptedI-
ColorpixelToDecrypt = newColor();

byte
byte

BitsToDecrypt = newbyte[8];

AlphaBits;

byte[] RedBits;

byte[] GreenBits;

byte[] BlueBits;

bytenewGrey = 0;

#regionDecryption

Progress.Maximum = EncryptedImage.Height * Encryptedlmage. Width;

Progress.Step = 1;

for (int i = 0; i <EncryptedImage.Height; i++)

{

for (int j = 0; j <EncryptedImage. Width; j++)

{

pixelToDecrypt = EncryptedImage.GetPixel(j, i);

AlphaBits = getBits((byte)pixel ToDecrypt.A);

RedBits = getBits((byte)pixelToDecrypt.R);

GreenBits = getBits((byte)pixel ToDecrypt.G);

BlueBits = getBits((byte)pixelToDecrypt.B);

BitsToDecrypt[0] = AlphaBits[6];

BitsToDecrypt[1] = AlphaBits[7];

BitsToDecrypt[2] = RedBits[6];

BitsToDecrypt[3] = RedBits[7];

BitsToDecrypt[4] = GreenBits[6]
[ 7
[

[
[
[
[

e e e

BitsToDecrypt[5] = GreenBits[7];
BitsToDecrypt[6] = BlueBits[6];
BitsToDecrypt[7] = BlueBits[7];
newGrey = getByte(BitsToDecrypt);

pixelToDecrypt = Color.FromArgb(newGrey, newGrey, newGrey);
hiddenImage.SetPixel(j, i, pixelToDecrypt);
Progress.PerformStep();

h

i
ResultBox.Image = hiddenImage;

ResultBox.SizeMode = PictureBoxSizeMode.StretchImage;
Progress.Value = 0;
#endregion

}
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V 3B’s13Ky i3 ICTOTHMM 3POCTaHHSM KiJIbKOCTI Tepefadi eIeKTPOHHHUX JIOKYMEHTIB, BHHUKAE
notpeba B po3pobiieHHI epeKTUBHUX METO/IB HAaHECCHHS HAa HUX iaeHTH(IKaliHHUX MITOK Biac-
HUKa, SIKi IPeACTaBIsIIOTh coboto mudpouit mianuc (L) y dopmi BHauMOro abo HEBHIAMMOIO
300pakenns. [{IT noBUHHI BiAMOBigaTH IEBHUM BUMOTraM: 30KpeMa BOHH IOBHHHI OyTH HEIOMi-
THHUMH Ul KOPUCTYBauiB. ABTOpP IMOBHHEH MaTH MOXJIMBICTb BUSBMTH HECAHKI[IOHOBaHE BUKO-
pucranus ¢daiiny. I{IT He Moxxe OyTH BHIaJICHHI CTOPOHHIMH 0cO0aMU a TaKOXK OYTH CTIHKUM 10
3MiHu (opMary i po3mipiB ITOKyMeHTy, Horo MaciutaOyBaHHS, CTHCKYBaHHs, IIOBOPOTY, (iJbT-
pauii, BBeieHHs cretedeKTiB, MOHTaXy, aHAJIOrOBUX 1 HIU(POBHUX [IEPETBOPEHb.

LIIT xoua i BiAPI3HAIOTHCS CEPENHBOI0 HAMIWHICTIO, ajie IpH IIbOMY Ma€ He3HauHy iHpopma-
uiitny emuictb. [IpeacraBiena pobora noknukana miasunmti Hagiduicts I1. {ns nporo Hane-
cennst L1 3xificHIOBanock BOMa alropuTMaMu, IPUYOMy BHOIp aJITOPUTMY 3aJeKHUTh BiJ| CIIiB-
BifHoLIeHHs: po3MipiB camoro LIIT ta 300paxenns. LI mpoxoauts oOpoOKy mmiciast BUOODY,
BKJIFOYAIOYM TIEPETBOPEHHsI B Tpajalii ciporo. s peanizawii JUCKPETHOTO KOCHHYCHOTO Tepe-
TBOPEHHSI BUKOPUCTOBYEThCS anroput™ Xcro. Lleit anropurm € epeKTUBHUM y BUIAAKY BHOOPY
po3mipis LI BaBi4i MEHIIUM PO3Mipy 300pakeHHSI.

st peamnizanii MaJlOXBHIIBOBOTO MEPETBOPEHHSI BHKOPHCTOBYEThCs anroputm Ilitaca. Lleit
QJITOPUTM BUKOPUCTOBYEThCS Y BHIanKy BubGopy LI 6isblie MoJOBHHU po3Mipy 300paeHH.

IIpakTruna wacTHHa poOOTH peaii3oBaHa MOBOIO mporpamyBanHs C# y cepenoBuiii
VisualStudio 2017 CommunityEdition. {ns o6poOku 300pakeHHsT BUKOPUCTOBYIOThCS 0a30Bi
meroau Texnonorii .NET ta nonarkoBo 6ibmiotexa 06pobku 3006paxenns AForge. NET.

PoGoTa nporpamu Bin0OyBaeThCs B JBOX PEXHMMax: HAHECCHHS 1 3UUTYBaHHS 300paXKCHHS.
Iporpama, KoJ SIKOT NpEICTaBICHUI Y NOAATKY, J03BOJISIE BiAKPUBATH Oyab-skuid (opmar 30-
OpaxkeHHs i, BiANOBIAHO, 30epiraty 3ammdpoBane 300paxKeHHs TeX B Oyb-siKoMy popmari.

Knouosi cnosa: undpoBuii miJmnuc, TUCKPETHE KOCHHYCHE IIEPETBOPEHHS, MaJIOXBUIIbOBE I1e-
peTBopeHHs, anroput™ Xcio, anroputym Ilitaca.
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