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aperture antenna systems that will increase the performance of space communication
systems.

This device will be designed to perform rural work related to measuring the
parameters of wide-aperture antennas and research work related to their development.
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DEVELOPMENT OF ELECTRONIC APPLICATION FOR
RENDERING OF BEZIER CURVES

Author: Andrii Kurhanskyi
Advisor: Nadiia Olefirenko
H. S. Skovoroda Kharkiv National Pedagogic University (Ukraine)

Abstract. The work is devoted to the development of a program for rendering
one of the types of parametric curves - Bezier curves. These curves have already
become an important part of computer design. In the course of the work, the author
developed an electronic application using the C ++ / CLI programming language.
This app helps to demonstrate the process of rendering a Bezier curve. The paper
shows the historical and mathematical aspects of the topic, talks about writing code
and using Bezier curves.

Key words. Bezier curves, de Casteljau algorithm, development, electronic
application, C++/CLI, Windows Forms, GUI.

L. INTODUCTION

Bezier curves have influenced computer graphics a lot. They are in almost

every computer graphics processor. But none of them can show us the process of

rendering Bezier curves, which is a very interesting process, especially for students of
a secondary school.

The purpose of work is to develop electronic application for demonstrating the

process of rendering Bezier curves. For this purpose, we offer to use the geometric
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interpretation of recursive de Casteljau algorithm in algorithmic part of work, the
Visual C++/CLI 17 WinForms on platform .NET Framework v.4.7.2. with SDK
v.10.0 as hard tools for development of the application and Microsoft Visual Studio
2019 Community as IDE.

II. LITERATURE ANALYSIS

2.1 History of creating of Bezier curves

In order to solve CAD/CAM mathematical problems, many solutions have
been offered, each adapted to specific matters.

Around 1960, designers of stamped parts, that is, car-body panels, used french
curves and sweeps, but in fact, the final standard was the "master model," the shape
of which, for many valid reasons, could not coincide with the curves traced on the
drawing board. This resulted in discussions, arguments, haggling, retouches,
expenses, and delay. Obviously, no significant improvement could be expected so
long as a method was not devised that could prove an accurate, complete, and
undisputable definition of freeform shapes.

Computing and numerical control (NC), at that time, had made great progress,
and it was certain that only numbers, transmitted from drawing office to tool drawing
office, manufacturing, patternshop, and inspection could provide an answer; of
course, drawings would remain necessary, but they would only be explanatory, their
accuracy having no importance, and numbers being the only and final definition.

Certainly, no system could be devised without the help of mathematics—yet
designers, who would be in charge of operating it, had a good knowledge of
geometry, especially descriptive geometry, but no basic training in algebra or
analysis.

However, in the 1960s a mathematician and engineer named Pierre Bezier
changed everything with his newly developed CAGD tool called UNISURF. This
new software allowed designers to draw smooth looking curves on a computer
screen, and used less physical storage space for design materials.

In France, at that time, very little was known about the work performed in the
American aircraft industry; the papers from James Ferguson were not much displayed
before 1964; Citroen was secretive about the results obtained by Paul de Casteljau,
and the famous technical report MAC-TR-41 (by S. A. Coons) did not appear before
1967; The works of W. Gordon and R. Riesenfeld were printed in 1974.

At the beginning, the idea of UNISURF was oriented toward geometry rather
than analysis, but with the idea that every datum should be exclusively expressed by
numbers.

2.2 Usage of Bezier curves

Bezier curves are widely used in computer graphics to model smooth curves, in
animation to create two-dimensional and three-dimensional paths for moving objects
and in fonts for drawing curved shapes.
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Fig. 1. Letter “¢” made with Bezier curve
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Fig. 3. Model of a sport car, designed with Bezier curves
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2.3. Mathematical basics of building of Bezier curves

Bezier began with the idea that any point p(u) on a curve segment should be
given by an equation such as the following:

p(u) = Xilopifi(w) (1)
where 0 < u < 1, and the vectors p; are the control points.

The n + 1 functions, that is the f;(u),must produce a curve that has certain
well-defined characteristics. Here are some of the most important ones:

1. The curve must start on the first control point, py, and end on the last, p,,.
Mathematically, we say that the functions must interpolate these two points.

2. The curve must be tangent to the line given by p; — pg at py and to p,, —
Pn-1 at Pp.

3. The functions f;(u) must be symmetric with respect to u and (1 - u). This
lets us reverse the sequence of control points without changing the shape of the curve.

Other characteristics can be found in more advanced works on this subject.

A family of functions called Bernstein polynomials satisfies these
requirements. They are the basis functions of the Bezier curve. (Other curves, such as
the NURBS curves, use different, but related, basis functions.) We rewrite Equation 1
using them, so that

p(W) = XitopiBin(w) (2)
where the basis functions are

Bin(w) = (Pu@ —w)™ 3)

II1. OBJECT, SUBJECT AND METHODS OF RESEARCH

Object: Modeling of parametric curves.

Subject: Creating the program for rendering Bezier curves.

Methods of research: In this work were used methods of analysis of literature
in this topic, creating of personal electronic application to have dynamic process of
rendering Bezier curves for any amount points build curve of needed power, even if
hull is two-dimensional projection of three-dimensional geometric solid.

IV. RESULTS

4.1. Development of application’s graphical user interface

First of all, GUI (Graphical User Interface) should have picture box to
opportunity enter points and display process of rendering of Bezier curves, also
interface should have two buttons: “Build” and “Clear”. When someone press button
“Build” after entering random amount of points program has to demonstrate process
of building of Bezier curves with given parameters, this button erases additional lines
which should be changed for every frame. And button “Clear” has to complete
options which have shown in its name — clear workspace, it can be released with
filling workspace with white color.

However, it is possible to add another one button — “Build with lines”, that is
similar to button “Build” but differ from first button this one does not erase additional
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lines, thanks to this process of rendering goes easily than such process in case of
pressing button “Build”.

All buttons are included in control panel. This component of interface also
contains label for demonstrating amount of points which were entered in picture box
with pressing of left mouse button.

=y

&

| Amount of points:

0

Build with lines

Flg; 4. View of program’s GUI

Figure 1 shows graphical user interface when user has just opened program.
All elements that included in window. It is possible to resize window and make in
full screen size. Figure 2 demonstrates that all elements are extendable to fit of the
window size.

w5 MyFoem - o
Amount of points:
0

Fig. 5. Fullscreen view of program’s GUI
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4.2. Development of program structure

In modern programming practice, it’s desirable to use object-oriented style of
coding. It helps to protect data from changing outside of class body.

Main file of project initializes window (form), runs it, contains including of
headers and commands to use system namespaces.

Source code of MyForm.h contains namespace which has class to initialize all
components of form, also this class defines private void methods to rule the behavior
of users’ actions. But hole namespace does not define constants for window settings,
it makes in header which goes with IDE - windows.h.

Class includes such methods as “BuildLinel”, “Newcord”, “BuildLine2”,
“FindBezier”, “DrawBezier”, “DrawEllipses”, “workofbuttonbuild”,
“workofbuttonbuildwithlines”, “button]_Click”, “button3 Click” and
“pictureBox1 MouseDown”.

4.3. Development of basic program’s class methods

private: void BuildLinel() {
Graphics” g = pictureBox1->CreateGraphics();
g->SmoothingMode =
System::Drawing::Drawing2D::SmoothingMode::HighQuality;
Pen” pen2 = genew Pen(Brushes::Black);
pen2->Width = 2.0f;
for (int i = 1; 1 < points; ++i) {
Point a, b;
a.X = cordx[i- 1];
a.Y = cordy[i- | |;
b.X = cordx]i];
b.Y = cordyl[i];
g->DrawLine(pen2, a, b);

Listing 1. Source code for method “BuildLinel”

In listing 1 we create private void class method with name “BuildLinel”. It has
no parameters. Next line creates and initializes descriptor for pictureBox1. After it
goes setting of high-quality smoothing mode. Next, we create and initialize pen for
drawing and set black color to this one. Set width of pen 2 pixels. And in loop for
define structures as point and initialize them, draw line between two points and repeat
it for all points (for point we take this one and previous).

private: void Newcord(int j, double t) {
double lambda=1t/(1 - t);
for (int 1= 0; 1 < points-1; ++1) {
ncordx|[j][i] = (ncordx[j][i] + lambda * ncordx[j-1][i + 1])/(1+lambda);
ncordy[j][i] = (ncordy[j][i] + lambda * ncordy[j-1][i + 1])/(1+lambda);

325



Black Sea Science 2021 - Information Technology, Automation and Robotics

Listing 2. Source code for method “Newcord”

In listing 2 we create private void class method with name “Newcord”. It has
two parameters, number of current iteration and parameter for Bezier curve. Initialize
variable lambda as double type for dividing line. Next, divide all lines in given
relation.

private: void BuildLine2(int j) {
Graphics” g = pictureBox1->CreateGraphics();
g->SmoothingMode =
System::Drawing::Drawing2D::SmoothingMode::HighQuality;
Pen” pen2 = gcnew Pen(Brushes::Green);
pen2->Width = 2.0f;
Point a, b;
for (int 1= 1; 1 <= points - j; ++1i) {
a.X =ncordx[j][i-1];
a.Y = ncordy[j][i- 1];
b.X = ncordx][j][i];
b.Y = ncordy[j|[i];
g->DrawLine(pen2, a, b);

Listing 3. Source code for method “BuildLine2”

In listing 3 we create private void class method with name “BuildLine2”. It has
one parameter, number of current iteration. Next line creates and initializes descriptor
for pictureBox1. After it goes setting of high-quality smoothing mode. Next, we
create and initialize pen for drawing and set black color to this one. Set width of pen
2 pixels. And in loop for define structures as point and initialize them, draw
additional line between two points for this iteration and repeat it for all points (for
point we take this one and previous).

private: void FindBezier(double t) {

double lambda =t/ (1 - t);

beziercordx.push_back((ncordx[points-1][0] + lambda * ncordx[points-1][1]) / (1
+ lambda));

beziercordy.push back((ncordy[points-1][0] + lambda * ncordy[points-1][1]) / (1
+ lambda));

}

Listing 4. Source code for method “FindBezier”

In listing 4 we create private void class method with name “FindBezier”. It has
one parameter, parameter for Bezier curve. Initialize variable lambda as double type
for dividing line. Next, divide all additional lines in given relation to find coordinates
of point in Bezier curve.

326



Black Sea Science 2021 - Information Technology, Automation and Robotics

private: void DrawBezier() {
Graphics™ g = pictureBox1->CreateGraphics();
g->SmoothingMode =
System::Drawing::Drawing2D::SmoothingMode::HighQuality;
Pen” penl = genew Pen(Brushes::Red, 4);
Point a, b;
for (int 1= 1; i < beziercordx.size(); ++1) {
a.X = beziercordx[i- 1];
a.Y = beziercordy[i- 1];
b.X = beziercordx|[i];
b.Y = beziercordyl[i];
g->DrawLine(penl, a, b);

Listing 5. Source code for method “DrawBezier”

In listing 5 we create private void class method with name “DrawBezier”. It
has no parameters. Next line creates and initializes descriptor for pictureBox1. After
it goes setting of high-quality smoothing mode. Next, we create and initialize pen for
drawing and set black color to this one. Set width of pen 2 pixels. And in loop for
define structures as point and initialize them, draw additional line between two points
in Bezier curve for this iteration and repeat it for all points (for point we take this one
and previous) to draw part or hole Bezier curve.

private: void DrawEllipses() {
Graphics” g = pictureBox1->CreateGraphics();
g->SmoothingMode =
System::Drawing::Drawing2D::SmoothingMode::HighQuality;
Pen” penl = gcnew Pen(Brushes::Black);
penl->Width = 5.0f;
for (int i = 0; i < points; ++i) {
g->DrawEllipse(penl, cordx[i], cordy[i], 5, 5);
v
S

Listing 6. Source code for method “DrawEllipses”

In listing 6 we create private void class method with name “DrawEllipses”. It
has no parameters. Next line creates and initializes descriptor for pictureBox1. After
it goes setting of high-quality smoothing mode. Next, we create and initialize pen for
drawing and set black color to this one. Set width of pen 5 pixels. And draws all
points entered by user for next iterations.
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private: void workofbuttonbuild() {
try {
if (points <2) {
String” s = "Exception 1: Not enough points. Put at least 2 points";
throw s;
}
if (points > 20) {
String” s = "Exception 2: Too much points. Put less points";
throw s;
}
Graphics” g = pictureBox1->CreateGraphics();
g->SmoothingMode =
System::Drawing::Drawing2D::SmoothingMode::HighQuality;
g->Clear(Color:: White);
DrawEllipses();
BuildLinel ();
ncordx.resize(points);
ncordy.resize(points);
for (int i = points; i > 1; --1) {
ncordx[points - i].resize(i);
ncordy[points - i].resize(i);
H
ncordx[0] = cordx;
ncordy[0] = cordy;
ncordx[1] = cordx;
ncordy[ 1] = cordy;
beziercordx.clear();
beziercordy.clear();
for (double i =0.0f; i < 1; i += 0.004) {
for (int j = 2; j < points; ++j) {
ncordx|[j| = ncordx[j - 1];
ncordy|j| = ncordy[j - 1];
Newcord(j, i);
BuildLine2(j);
}
FindBezier(i);
DrawBezier();
_sleep(60);
g->Clear(Color:: White);
DrawEllipses();
BuildLinel();
}

DrawBezier();

}

catch (String” s) {
MessageBox::Show(s);

}

Listing 7. Source code for method “workofbuttonbuild”
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In listing 7 we create private void class method with name
“workofbuttonbuild”. It has no parameters. We use try — catch construction. In try
part we check amount of entered points and throw exceptions to catch part. Next line
creates and initializes descriptor for pictureBox1. After it goes setting of high-quality
smoothing mode. Next, fill workspace with white color. Call methods
“DrawEllipses” and “BuildLinel”. Resize vectors (dynamic arrays) and two-
dimensional vectors. Initialize first and second elements of two-dimensional vectors.
Clear vector of Bezier curve coordinates. Two loops “for” change elements of vector
and call methods “Newcord” and “BuildLine2”. Next, in first loop “for” we call
methods “FindBezier”, “DrawBezier”, wait for 60 milliseconds, clear workspace and
call methods “DrawEllipses” and “BuildLinel”. After all we call method
“DrawBezier”. In catch part we take exception message as pointer to string type and
show messagebox with the text of exception.

Method “workofbuttonbuildwithlines™ is similar to previous, but it does not
clear workspace so all additional lines stay on it.

private: System::Void buttonl Click(System::Object” sender, System::EventArgs” e) {
thl = genew System::Threading::Thread(gcnew

System::Threading:: T hreadStart(this, &MyForm::workofbuttonbuild));
th1->Start();
thel = true;

}

Listing 8. Source code for method “buttonl Click”

In listing 8 we create private void class method with name “buttonl Click”. It
has standard parameters. We create a new thread to call method “workofbuttonbuild”,
next it starts and logical variable is set value true.

Method “button2 Click” work at the same way.

private: System::Void button3_Click(System::Object” sender, System::EventArgs” ¢) {
Graphics” g = pictureBox1->CreateGraphics();
g->SmoothingMode = System::Drawing::Drawing2 D::SmoothingMode::HighQuality;
g->Clear(Color:: White);
points = 0;
labell->Text = points.ToString();
cordx.clear();
cordy.clear();
ncordx.clear();
ncordy.clear();
if (thel) {
th1->Abort();
thel = false;
}
if (the2) {
th2->Abort();
the2 = false;

Listing 9. Source code for method “button3 Click”
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In listing 9 we create private void class method with name “button3 Click™. It
has standard parameters. Next line creates and initializes descriptor for pictureBox1.
After goes setting of high-quality smoothing mode. Next, fill workspace with white
color, set zero to variable points, change text in label and clear all vectors (dynamic
arrays). After that, abort started thread and set false to logical variable.

private: System::Void pictureBox1 MouseDown(System::Object” sender,
System::Windows::Forms::MouseEventArgs” e) {
cordx.push_back(e->X);
cordy.push back(e->Y);
Graphics” g = pictureBox1->CreateGraphics();;
g->SmoothingMode = System::Drawing::Drawing2D::SmoothingMode::HighQuality;
Pen” penl = gcnew Pen(Brushes::Black);
penl->Width =5.0f;
g->DrawEllipse(penl, e->X, e->Y, 5, 5);
points++;
labell->Text = points. ToString();
BuildLinel();

Listing 10. Source code for method “pictureBox! MouseDown”

In listing 10 we create private void class method with name “BuildLinel”. It
has standard parameters. Memorize coordinates of entered points. Next line creates
and initializes descriptor for pictureBoxl. After goes setting of high-quality
smoothing mode. Next, we create and initialize pen for drawing and set black color to
this one. Set width of pen 5 pixels. And draws point entered by user. Increment
variable points, change label and call method “BuildLinel”.

4.4. Results of application’s work

All pictures in this chapter are screenshots, which were made during it was
working. First picture in every row is broken line for building Bezier curve, second —
is process of rendering and third - is result.

Fig. 9-11. Bezier curve of third power with convex hull
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Fig. 27-29. Bezier curve of sixth power with convex hull
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Fig. 33-35. Bezier curve bullt in hull of 2D pI‘O_]CCthl’l of 3D cube

Fig. 36-38. Bezier curve built in hull of 2D projection of 3D pyramid

Fig. 39-41. Bezier curve built in hull of 2D projection of 3D truncated pyramid

V. CONCLUSION

Bezier curves are very interesting tool for computer graphics, animation and
game design. In this work were invented e-application to show process of rendering
this type of parametric curves and told about major historical and mathematical
basics and how it possible to use them in life. So, Bezier curves are not just
mathematical thing for modeling smooth curves, they became important part of
modern graphical design, and most of people face up with these curves everyday
when they open modern web-sites, play computer games and even look the weather
or cloud drive (sign of cloud developed with Bezier curves).

To upload and try to use this program, go to the link below on GitHub:
https://github.com/akurganskij/E-application-for-rendering-Bezier-curves
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Abstract. This study aims to create tools to maximize the potential performance
of a person at the computer. The effects of mental fatigue on efficiency and,
consequently, on productivity is difficult to overestimate. People who work a lot at
the computer are particularly prone to high cognitive load and, as a result, loss of
motivation and poor performance. In this work, experiments were performed to
change the usual parameters of the environment during the working day and
investigated their impact on the efficiency of human interaction with the computer
and its electrical activity of the brain. The hypothesis of a correlation between
electroencephalographic data collected using a portable neurointerface and mental
fatigue has been partially confirmed. The created software-hardware system based
on the obtained results will be a useful tool for optimizing the working conditions of
employees in the IT field and others.

Keywords: EEG, programming, mental fatigue, neurointerface, statistic
analysis, efficiency.

I. INTRODUCTION
Due to the technological boom in the last two decades, the percentage of jobs
for people who are exposed to cognitive stress on their brain has increased many
times, outweighing the percentage of jobs with physical activity. There is a growing
demand for high-quality software to solve various problems in our world. At the
same time, the profession of a programmer is currently one of the most paid and one
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