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Tutorial 3 (OpenGil)

What is OpenGl:

“OpenGL is the premier environment for developing portable, interactive 2D and 3D
graphics applications. Since its introduction in 1992, OpenGL has become the
industry's most widely used and supported 2D and 3D graphics application
programming interface (API)...” (http://www.opengl.org/about/overview/, 18-8-08).

We will use opengl to create 3d graphics which will be useful in lab3.

FI_Gl_Window (The Widget)

As hinted in the previous tutorial we can use a widget to display OpenGL graphics, in
FLTK this widget is FI_GI_Window. FI_GI_Window is a little more complicated to use
than other widgets as we need to override its draw functions and insert our own
drawing routines. To do this we subclass FI_GIl_Window.

First off we need to create a prototype of the class in a header file, In this case the
class shall be called GLwin:


http://www.opengl.org/about/overview/

In file GLwin.h

#include <FL/FI_.h>

#include <FL/FI_GI_Window.H>

#include <GL/gl.h>

#include <math.h>

#define Pl 3.14159265358979323846

class GLwin : public FI_GI Window {

private:

// Private Variables
float theta; // Rotation
int detail; // Number of Quads
bool wireframe; // Wireframe / Solid

void draw(); // private draw function
// Draw a Cylinder
void drawCylinder(GLfloat upperRadius, GLfloat
lowerRadius, GLfloat height, int divisions, bool lines);
public:
// Constructor
GLwin(int x,int y,int w,int h,const char *1=0);

void toggleWire(); // Enable/disable wireframe
void changeDetail(int Gdetail); //Set detail level

¥

Now that we have defined the structure of our openGl window we can insert the code
So in a new c++ file with the same name as the header above (GLwin.cxx) we add:

#include "GLwin_h"

#include <math.h>

GLwin::GLwin(int x,int y,int w,int h,const char *I)
= FI_GI_Window(x,y,w,h, 1) {

//1Intialise variables here, This code is executed when the
object is created.

}

void GLwin::draw(Q) {
if (validQ) {

// Initialise OpenGL in here.

// Drawing code. ...

}

void GLwin: :drawCylinder(GLfloat upperRadius, GLfloat lowerRadius, GLfloat
height, int divisions, bool lines) {

}

// Public functions to change how our object behaves.

void GLwin::toggleWire() {

}
void GLwin::changeDetail(int Gdetail) {
}



To initialise opengl you can use the following code:
it (IvalidQ)) {
glLoadldentity();
glViewport(0,0,w(),hQ);
glOrtho(-1.5f,1.5f,-1.5F,1.5f,-20050,10000);
glDisable(GL_BLEND); // Turn Blending Off
glEnable(GL_DEPTH_TEST);

}

valid(Q)
Is a test to see if OpenGl has been initialised, and is usefull in making sure that
opengl is only initialised once.

glLoadldentity()
Loads the identity matrix.... more on this later.

glViewport(int x, int y,int width, int height)
Sets up the transformation from opengl cordinates to window cordinatates. You
generally won’t need to change this from what is above.

glOortho(GLdouble left , GLdouble right , GLdouble bottom , GLdouble
top ,GLdouble zNear , GLdouble zFar )

Sets up the projection matrix and assigns the clipping region. You can use this to
define the viewable range in the window.

glDisable(GL_BLEND)

Disables Aplha Blending there are a number of different filters and effects you can
apply, in this case | have chosen Depth test. For more information see the opengl
documentation.

glEnable(GL_DEPTH_TEST)

Enable the Depth Test, this tests to see if the current polygon is obstructed so that
we can see only non-obstructed parts of a polygon. Eg. This prevents the user from
being able to see the rear side of an object that is facing us.

Drawing Opengl Objects:

Objects are drawn in either 2D or 3D via defining polygons, points or lines. For our
purposes we are only going to need Quads and Lines, you are free to experiment
with other types to render your project and they work pretty much in the same way.

We define the polygons via defining a series of vertices. Quads have four vertices
and Line obviously only have two.

To define a polygon in a 3D space we can use glVertex3f.

glVertex3f(GLfloat x ,GLfloat y ,GLFfloat z)



Thus all we need to do define 4 vertices by passing the x,y,z cordinates. Opengl|
usually has the center of the window as (0,0,0) see glOrtho above.

glBegin(GL_QUADS) or glBegin(GL_LINES) specifies the type of polygon the
vertices are defining, once we have finished with the vertices use glEnd();

For example:
To render a single quad:

glBegin(GL_QUADS);
glVertex3f(-1.0Ff, 1.0F, 0.0F);
glVertex3f(1.0f,1.0f,-5.0F);
glVertex3f(1.0f,-1.0F,-5.0F);
glVertex3f(-1.0f,-1.0F, 0.0F);

glEndQ);

Hence we have a simple quad that leans into the screen at the right hand side.

How about some colour:
To assign some colour we use glColor4f:

glColor4f(GLfloat Red, GLfloat Green, GLfloat Blue, GLFfloat Alpha)

Note because we have disabled alpha blending the alpha parameter will have no
effect. glColor4f will affect any vertex defined after it (until another glColor4f),
and will apply a gradient from one vertice to another if the colours are not the same.

Problem 1:

Lets create a function that draws a cylinder.

void drawCylinder(GLfloat upperRadius, GLfloat lowerRadius, GLfloat height,
int divisions, bool lines);

The upper region of the cylinder should be centered at (0,0,0) and have a radius of
upperRadius. The lower end of the cylinder shound be centered at (0,-height,0),
and like wise have a radius of lowerRadius. Use a for loop such that the number of
Quads that are used to make up the cylinder is given by divisions.

Hint: To calculate the cordinates of the vertexs you can use:

a = (2.0f* (GLfloat)PI) / (GLfloat) divisions;

x1 = lowerRadius * cos(a*i) y1 = upperRadius * sin(a*i)

x2 = lowerRadius * cos(a*(i+1)) y2 = upperRadius * sin(a*(i+1))



Transformations:

All the transformations that we apply to our objects in OpenGL are done by matrices,
fortunately OpenGL handles these matrices for us. We simple need to specify which
matrices to apply.

There are two primary transformations that we will use:

void glRotatef( GLfloat angle, GLfloat x, GLfloat y, GLfloat z )
Rotates by angle around any three axes or combination of the axes. Set the desired
axis to 1.0f and the rest to 0.0f.

Example
void glRotatef(60.0F, 0.0F, 1.0f, 0.0F);

Rotates by 60 degrees around the y axis.
And

void glTranslatef( GLfloat x, GLfloat y, GLfloat z );
Translates (moves) the object along any combination of x,y,z.

Transformations affect any polygons that are defined after the transform. And
transforms can be placed in series to achieve the desired effect.

Matrix Stack Opperation

Allows you to restore previous transformations, in our case we restore the standard
matrix after we are finished defining all the polygons. Thus successive frames won'’t
be working with the previous frames transformation matrix, see solution code
(available after tutorial online).

glPushMatrix();
Place a copy of current transformation on to the stack.

glPopMatrix();
Restores the last transformation matrix that was placed on the stack.

Problem 2:
Using the function from problem 1, draw a second Cone that is 90 degrees to the
first (with the tips touching) that rotates around the base, spinning as if it was rolling.

glPushMatrix();
glRotatef (15.0F,1,0,0);
drawCylinder(1.0f,0.0f,0.8F,detail ,wireframe);

// Place transformations here
drawCylinder(0.4f,0.0Ff,0.5F,detail ,wireframe);

theta += 10.0fF;
glPopMatrix();



