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2 ABSTRACT

This work is a report describing functionalities and usage of the parametric curves in
computer graphics. Moreover, the algorithms applied to calculate and draw Uniform Non-
Rational Curves are discussed and described in more details. The examples of manipulation of

the curve are documented due to using the features given by OpenGL Utility Toolkit.

3 INTRODUCTION

The aim of this assignment is to develop graphics procedures to generate Uniform Non-
Rational Curves in OpenGL Ultility Toolkit. Moreover, the functionalities to facilitate the real-
time manipulation of the parametric curve using a set of control points are provided by the

created application.

The lecturer has provided the framework to work with the program. However, the
implementations of the algorithms and programming techniques to achieve the objectives of

the assignment were in the responsibility of the student.

C++ programming language was used to develop the final project in Visual Studio 2015
IDE. Additionally, the provided OpenGL Utility Toolkit library was incorporated into the

program to set up utilities for generating graphics and writing and reading inputs from a user.




4 DESIGN

The application is a console application. After starting the application, the menu is printed

in the console window. User can interact with the program by providing an input to the console.

Firstly, a user is asked to input the control points for the curve. Accordingly, it is requested
to enter the resolution of the curve. The higher the resolution of the curve is, the smoother it is

displayed on the screen.

Secondly, the user can choose among the options basing on the printed menu. The rendering
of the curve is begun by selecting the first option. Exiting the application is made by choosing
the last option. The rest of the configurations are responsible for modifying the features of the

curve, like changing coordinates of the controlling points or adjusting the resolution.

Finally, if the control points and the resolution are set up, the curve can be rendered in the
window. The instruction of manipulating the control points is displayed to a user. It can control

the position of each control point by input from the keyboard in the real-time.

5 |IMPLEMENTATION

5.1 B-Spune CURVE
The designed mathematical library was implemented to the project to allow easy calculation
of basic functions of computer graphics features. For example, the control points are stored in

cVector class, which describes a point in 2D space.




Fig 1. cVector class is made of variables which can be sued to describing a point in

coordinates system.

The functions responsible for rendering graphics shapes are incorporated into the main file
of the program. Namely, drawing a point, drawing a line or drawing a B-Spline curve are

managed by these functions.
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Fig 2. The figure is showing functions responsible for drawing and clipping a pixel.
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Fig 3. The algorithm of Bresenham is used to draw a line. The coordinates for each pixel

are established by the algorithm due to they can be displayed.
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Fig 4. The drawBSplineCurve function is responsible for rendering a B-Spline curve basing

on the given control points and the resolution.




The drawing of B-Spline curve is generated by providing the control points positions and
the desired resolution. Control points are required to calculate the weights, which indicate how
much one point on the curve is affected by the control points. Furthermore, the resolution is a
number of steps — the points on the segment of the curve, needed to be found out and to be
printed. Accordingly, the smoothness of the curve is dependent on the number of calculated

points belonging to the segment.

The basis functions are multiplied by four control points as follows:
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Fig 6. The example of incorporating the equations into the program.
For instance, there are four control points and a resolution as follow:
P1(200, 200),

P2(350, 250),

P3(120, 80),

P4(480, 330)

resolution = 100.
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The data is passed to the drawBSplineCurve function so that the calculation can proceed.

Firstly, the resolution is taken and normalised to get the value of the step, which is in range

Oto 1.
u = 1.00 / resolution
u = 1.00 /100
u = 0.01

Since the step value “u” is known, it can be stored for each point on the segment of the

curve, remembering that each point has a unique value between O and 1.

for (int i = 8; i <= resolution; i++)

{
if (i == 0)
{
uValues->push_back(@); // The very first value is always @
}
else
{
uvalues->push_back(uvalues->at(i - 1) + u);
if (uvalues-»at(i) > 1)
{
uValues-»at(i) = 1; // The very last value is always 1
}
}
}

Accordingly, obtaining the weights for each step regarding the control points is required.

For each step stored in uValues:

1 )

x1=g>< ((1—u)® x Pl.x)
1 .

ylzg x ((1-u)® x PLy)

1 . .
x2=g x (3x u*—6 x u?+4) x P2.x)
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1 . .
yzzgx (3 x u®—6 x u?+4) x P2.y)

1 . .
x3=gx (3 xu*+3xu?+3 xu+1) x P3.x)

1 ) .
J;3=g X (3% uP+3 xu?+3x u+1)x P3.y)
1 .
x4=g X ((u®) X P4.x)

1 )
x4 = g X ((u®) x Pa.y)

The calculations for the given control points and the step value of 0.5 are:

First basis function
1 .
x1= e ((1 —0.5)% x 200)

1
x1 =g>< 0.125 x 200

x1 =4.166

1 ;
yl=2 x ((1-05)" x 200)

1
y1=2x 0.125 X 200

y1 =4.166

Second basis function

1

x2= 2% ((3 X 05%—6 x 052 +4) x 350)
1

x2 =7 x (3 x 0125-6 x 0.25+4) x 350)

1
x2 =2 X ((0375 - 15+4) x 350)
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x3 =

y3

1
X2 == X (2875 X 350)

x2 = 167.7083

1 , ,
y2=7 % (3 x 05% =6 x 05 +4) x 250)

1
y2=2 % ((3 X 0125-6 X 025+4) x 250)

1
y2=2 % (0375~ 1.5 +4) x 250)

1
y2 =2 x (2875 x 250)
y2 = 119.7916

Third basis function
1 . ;
s ((-3 x 0.5°+3 x 052 +3 x 0.5+ 1) x 120)
1
x3 = ris ((-0.375+ 075+ 1.5+ 1) x 120)
1
x3 = i (2.875 x 120)

x3 =575

1 , ,
=2 X (-3 05° +3 x 0.5 +3x 0.5+1) X 80)
1
y3=2 % (0375 +0.75+ 15 +1) x 80)

1
y3=¢ X (2875 x 80)

y3 = 38.33

Forth basis function
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1 ,
x4 == x ((0.5%) x 480)

1
x4 = 3 x (0.125 x 480)
x4 =10

1 ,
y4 =2 % ((05% x 330)

v4 =% x (0.125 x 330)
v4 = 6.875
The point on the segment of the curve is given by summing up the results:
x = x1 4+ x2 + x3 + x4
x = 4166 +167.7083 + 57.5+ 10
x = 239.3743
y=v1+ y2 +y3 + y4
y = 4166 + 119.7916 + 38.33 + 6.875
y = 169.1626

The coordinates of the points are represented as integer values in the program. Hence, the

values must be converted into integers.
x = 239

169

y
Therefore, the point is printed at position (239, 169).
P(239, 169)

Print(P(238,169)
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Fig 7. The created curve for the given control points and the resolution is displayed in red.
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5.2 CURVE MANIPULATION SYSTEM

The designed curve manipulation system is based on changing the position of the control
points during program run-time. This is due to using the functions included in the OpenGL

library. The used functions are:

void glutKeyboardFune(void (*func) (unsigned char key, int x, int y)) - a keyboard call back
is generated after pressing an ASCI key.

void glutSpecialFunc(void (*func) (int key, int x, int y)) - a call back is generated after

pressing a non-keyboard ASCI key.

*func — the name of the function that will process the keyboards events.

Fig 8. Declaration and calling the functions responsible for manipulating the control points.
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Fig 9. processNoramlKeys function implementation.
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Changing a position of the control point is allowed due to using processNormalKeys

function. Pressing “w” or “s” keys increment or decrements coordinates of a control point along

(L}

the y-axis whereas pressing “a” or “d” adjust them along the x-axis.

activeControlPointIndex
activeControlPointIndex

activeControlPointIndex controlPoints

activeControlPointIndex
activeControlPointIndex controlPoints

activeControlPointIndex

Fig 10. processSpecialKeys implementation.

Moreover, the currently setting control point can be swapped to another one by a user after

pressing the left arrow or right arrow keys.
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exit the application.

Fig 11. The instruction of the curve manipulation is displayed in the console window hen

the program is started.

Fig 12. The currently manipulated control point is highlighted in the form of a blue square.

These screenshots are showing a swapping process between the control points.
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Fig 13. If the control point is moved by pressing “a”, “'s”, “w” or “d” a user is informed
about the results of the changes. The data regarding currently manipulated control point - its

name and new coordinates - are printed in the console window.

20




6 CONCLUSION

The ability of the program to draw a Uniform Non-Rational Curve and the manipulation of
its control points have been demonstrated. Furthermore, due to conducted research and studies,
the knowledge about parametric curves, their characteristics and usage in computer graphics
have been obtained. Nevertheless, the created design is limited to only four control points and

a single curve segment.
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8 APPENDIX

8.1 ReaDME BARTOSZ GALANTOWICZ

The ReadMe Bartosz Galantowicz .txt document provides the most important function and

instructions on how to use the program.

This program uses its own designed graphics procedure to generate Uniform Non-Rational
B-Spline Curves.

The application allows for rendering of the parametric curve by providing the values
of control points.

Moreover, it is possible to manipulate the control points during run time.

1. The application is opened in the console window.

2. User is asked to provide values for 4 control points, respectively for x and y
coordinates.
3. User is asked to enter the resolution of the curve. Large values make a curve more
smooth.
4. The menu is displayed. User can choose one of these operations:

- Chose 1 to start the simulation.

- Chose 2 to change the coordinates of the all control points.

- Chose 3 to change the coordinates of the one control point.

- Chose 4 to change the resolution of the curve.

- Chose 5 to exit the program.
5. After the simulation started the instruction of use is displayed. This help to
manipulate the control points.

User can:

- Press page left arrow to choose the previous control point.

- Press page right arrow to choose the next control point.

- Press "w" to increment the value of y for the control point by 1.
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- Press "s" to decrement the value of y for the control point by 1.
- Press "a" to decrement the value of x for the control point by 1.
- Press "d" to increment the value of x for the control point by 1.

- Press "e" to exit the application.

nMathLibrary.h
nMathLibrary.cpp

This is the main mathematical library. It contains vector and matrix classes and

relevant mathematical functions.

It is used to solve computations in computer graphics.

cVector class:

void setVector(double xX, double yY, double zZ = 1) - Setting the values for vector

void displayVector() - Display vector to console window

int returnDistanceToPoint(cVector &p2) - Return the distance between points

void multiplicationMatrixVector(cMatrix3D & ml) - Matrix * Vertex - return product of

matrix and vector multiplication

void translatePoint2D(float translateX, float translateY) - Translate point using

coordinates

void translatePoint2D(cVector &v) - Translate point using vector

void scalePoint2D(float scaleX, float scaleY) - Scale point using coordinates (Non-

uniform scaling)

void scalePoint2D(cVector &v) - Scale point using vector (Non-uniform scaling)

void scaleUniformPoint2D(float factor) - Scale point using factor (Uniform scaling)

void rotatePoint2DAboutZ(double degrees) - Rotate point about z axis
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void rotatePoint2DAboutX(double degrees) - Rotate point about x axis

void rotatePoint2DAboutY(double degrees) - Rotate point about y axis

cMatrix class:

void setMatrixEntry(size_t row, size_t column, double wvalue) - Setting the specific

entry for the given matrix

void createIdentityMatrix() - Identity matrix - return identity matrix

void multiplicationMatrixMatrix(cMatrix3D & m2) - Matrix * matrix - return product of

matrix and matrix multiplication

void displayMatrix() - Display matrix in the console window

Lookup Tables functions:

void fillLookupTables() - Filling lookup tables - the function is called at the
beginning of the program in GraphicsTemplate.cpp file

double getSin(double degrees) - Return sinus of x degrees

double getCos(double degrees) - Return cosinus of x degrees

double getTan(double degrees) - Return tangent of x degrees

void displayLookupTable() - Draft function using to display the lookup tables

Conversion functions:

double toRadians(double degrees) - Convert degrees to radians

double toDegrees(double radians) - Convert radians to degrees
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This

is the main application source file. It is responsible for performing the

simulation of the prototype mechanics.

Some

void

void

void

void

void

void

new functions are described below.

displayMenu() - Display menu

choseMenuOptions(int userChoice) - Chose menu options

drawlLine(cVector &pointl, cVector &point2) - Bresenham's line drawing algorithm

pointClipping(cVector &point) - Point clipping algorithm

drawPixel(cVector &point) - Check if point is not clipped and draw a pixel

drawBsplineCurve(cVector &p®, cVector &pl, cVector &p2, cVector &p3, int

resolution) - Draw a B-Spline curve

int getResolution() - Return the resolution of the curve
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RESEARCH-INFORMED LITERATURE

(

y"’ Refs included. Relevant and appropriate but please
refer to them in the body of your report when you
assert something or to support an argument for
example.

KNOWLEDGE AND UNDERSTANDING

(

y"’ A good understanding of the B spline method
demonstrated. Code works and shows a very good
understanding of the graphics methods involved.

ANALYSIS

15




y"’ A good interpretation of the problem and
synthesis of a working solution. Additional control
points would have made this submission even
better.

PRACTICAL APPLICATION AND DEP.

14

[

y"’ Some very good work here. Additional control
points would have been nice to see but
nevertheless a good demonstration of graphics
skills in openGL. Some additional user interface
control through the use of a mouse would be even
better.

SKILLS FOR PROFESSIONAL PRAC.

28

[

y"’ A very good report. See comments earlier
regarding references. Report structured. Some
good SE principles and practice in evidence here.



