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1.1 Code Overview
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Firstly, we have bresenhams line drawing algorithm. This is an essential piece of code as it allow us to calculate the correct coordinates to draw a line from start to finish. This algorithm checks the starting point of x and y. It draws the line differently depending on whether the x coordinates are bigger than the y coordinates or vice versa. 
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The next major part of the code is the look up tables function. This function is crucial for pre calculating values for the curve equation. To render the curve correctly an equation is used to calculate the angle of the curve. Due to the number of variables the program has such as user defined control points, there are a lot of potential values for the equation. The look up table calculates these values just as the program starts, then the user can set the control points and the curve can be rendered in real time. 
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Following the look up tables we have a function that renders the curve. We have two floats that store x and y, we use these in the following for loop. The loop cycles up to 100 which is what we set our resolution to. If we raised it, the for loop would need to be changed to match it. In the loop we use the look up table results along with our x and y coordinates to calculate the placement of the curve. The control points are stored in a 2D array which makes accessing the x and y coordinates of the control points easier. After the base calculation is made each x and y calculation is multiplied by a sixth (0.16666 in code form). Finally, we use the graphics draw pixel command to render the complete curve.
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Next, we have the render scene function. Graphics set colour allows us to change the colour of our pixels, we can change the red, green, and blue values individually. Graphics set point size allow us to change the size of our pixels. The for loop is what we use to render the control points after the user click in their desired place. It cycles up to 4 so the user is only allowed to place 4 control points. We also call the render curve function we looked at earlier. The scene is rendered lastly by calling the graphics render function. 
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In the main function we call the look up table function. We do this so that it initialises once. If we placed it in the update function then it would keep running in the background of the program which would be inefficient and unnecessary.
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In the render class source file, we have a few variables for storing key components. We have a bool to check whether all the control points are laid down, by default its set to true. We then have two ints for the x and y mouse coordinates. A count for keeping track of the amount of control points used. Lastly, there is a 2D array for the control points. Two sets of four coordinates. 
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The final piece in the puzzle is the mouse click function. The fist part of the function checks if the left mouse button is being pressed. If it is then the bool statement is triggered, and it allows the user to place four control points. The count is incremented after each click and it stops after four control points have been reached. It stops more control points from being placed by switching the bool statement to false. If the right click button is pressed then the control points can be removed and replaced up to four times. It follows the same principles as the left click statement. 
1.2 Bezier Curve Calculation
The main calculation in this program is the uniform non-rational B-spline curve. This is what is drawn when the control points are placed. The equation looks like this,
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[image: ]Earlier we discussed a part of the program that performs these calculations. In general, a B-spline is quite similar to a Bezier curve, and can be expressed as a function of t (using shifted basis functions), βn (weighted by control points), and ck: [1] [p 732]. 

			[1]

However, in this program we use a non-rational B spline which is a bit trickier to work out. Despite all of the generality B-splines provide, there are some functions that cannot be exactly represented using them. In particular, B-splines cannot represent conic sections. To represent such curves, a ratio of two polynomials is used. Nonuniform B-splines are used to represent both the numerator and the denominator. The most general form of these are nonuniform rational B-splines, or NURBS for short [2] [p 401, 402].
1.3 Screenshots
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The first four control points are placed, and the curve is drawn.
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One control point is changed. The curve changes with it.
[image: ]
All four control points are changed. The curve changes with them.
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//Renders the curve as the user places points
Elvoid RendCurve()
{

float x;
float y;

for (int i = 0 i <= 100; itt)

//Using the look up table for x co-ords
x = lut[i][0] * controlPoints[e][0];
x += Lut[i][1] * controlPoints[1][0];
x += lut[i][2] * controlPoints[2][0];
x += Lut[i][3] * controlPoints[3][0];

//Using the look up table for y co-ords
y = lut[i][0] * controlPoints[0][1];
y += Lut[i][1] * controlPoints[1][1];
y += lut[i][2] * controlPoints[2][1];
y += Lut[i][3] * controlPoints[3][1];

//tine calculation

J/oraws the Line
graphics.drawpixel(x, y);
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Elvoid renderScene()

/1 set a colour
graphics. setColour( 0.5,0.5,1 );

/1 set pixel size..
graphics. setPointsize(8);

/1 draw to an off screen buffer
for (int i =0 i< 4; itt)

graphics. drawpixel(controlPoints[i][0], controlPoints[i][1]);

RendCurve();

// render the scene
graphics.render();
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Blint _tmain(int argc, _TCHAR* argv[])
{

/7 init glut stuff..

graphics.create(arge, argv);

// good place for one-off initialisations and objects creation..
LUTMatrix();

/1 enter game loop. .

graphics.loop();

return 0;
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bool bLayDownControlPoints = true;

//Mouse click co-ords
int mouse X = 0;

int mouse Y = 0;

int Count

loat controlPoints[4][2];




image7.png
//Mouse click function allows user to set control points
Elvoid MouseClick(int button, int state, int x, int y)

//Allows the user to left click to set the control point, up to a maximum of 4 times
if (button == GLUT_LEFT_BUTTON)
€
| if (state == GLUT_DOWN)
€

if (blayDownControlPoints == truc)
€

controlPoints[Count][@] = x;
controlPoints[Count][1] = 500 - y;

Count++

if (Count > 3)

! o pmearets =
¥
}
//ALlows the user to right click, then left click to change the position of the control point
$f (button == GLUT_RIGHT_BUTTON)
{ if (state == GLUT_DOWN)
{ if (bLayDownControlPoints == false)
{ ooprmrms = o
T
<

! Count:
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Evoid Bham(int x1, int x2, int y1, int y2)
€

int dx, dy, 1, €

int incx, incy, inci, inc;

int x, y;
P
dy=y2 -y

i (2 <) dnox =
iny = 13

1 (2 < y1) incy
x=x15y =y
i (@> dy)

€

graphics. drawixel(x, y);
e=2%dy-dg

nc =2 * (ay - 4
incz-2%

& for (1=6;1<dx i)
1
o 3 (e > 0)
i

inc2;
Eraphics.drairel(x, )i
>
b
else
¢

graphics. drawixel(x, y);
e-2%ax-
nc =2 * (ax - dy);
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//Look up table for all possible point values
Elvoid LUTMatrix()

{

float t = 0.00;

i <= 108; it+)

pow((1 - £), 3);

(pow((£), 3) * 3 - pow((t), 2) * 6) + 45

(pow((£), 3)*-3) + (pow((¥), 2) * 3) + (£ *3) + 1;
pow((t), 3);





