Creating an Object  for use in OpenGL

What sort of information do we need to render an object in OpenGL.

1. Vertices

2. Polygons (and their relationship with vertices)

3. Normals

4. Texture map co-ordinates

5.   More?

Let’s create a structure which will allow us to use store this information for an object.

typedef struct{

    float x,y,z;

}vertex_type;

// The polygon (triangle), 3 numbers that aim 3 vertices

typedef struct{

    int a,b,c;

}polygon_type;

// The mapcoord type, 2 texture coordinates for each vertex

typedef struct{

    float u,v;

}mapcoord_type;

// The object type

typedef struct {


char name[20]; // Name of the object


int vertices_qty; // Number of vertices

    int polygons_qty; // Number of polygons

    vertex_type vertex[MAX_VERTICES]; // Array of vertices

    vertex_type normal[MAX_VERTICES]; // Array of the vertices' normals

    polygon_type polygon[MAX_POLYGONS]; // Array of polygons (numbers that point to the vertices' list)

    mapcoord_type mapcoord[MAX_VERTICES]; // Array of U,V coordinates for texture mapping

    int id_texture; // Number of the texture 

} obj_type, *obj_type_ptr;

Now that  we have a structure which contains object information we can use it.
The code at the end of this document shows how we can use this structure in OpenGL.

Typically we will load object information from a file containing object information produced by a modeling tool, e.g. Maya or 3Ds max. Lets look at two common formats.

Loading Object Information into OpenGl.
OpenGL is a graphics library – it does not define any file reading formats.  It is up to the application designer to define any formats for storing vertex and other model object information. Commonly used formats include .3DS and .obj. .3DS is popular because the tool that creates it, 3DS max, is very popular in the modelling community.  Wavefront’s .obj format is also popular because its format is text based and so easy to port to other applications and it is also supported by industry leaders such as 3DS and Maya.
Object (obj) file format

The Wavefront .obj file format is a standard 3D object file format created for use with Wavefront's Advanced Visualizer and available for purchase from Viewpoint DataLabs, as well as other 3D model companies. Object Files are text based files supporting both polygonal and free-form geometry (curves and surfaces). The Java 3D .obj file loader supports a subset of the file format, but it is enough to load almost all commonly available Object Files. Free-form geometry is not supported. Maya will export scenes in .obj format if the obj exporter  is selected.  In Maya, navigate to window->settings/preferences->plug-in manager and tick the objExport.mll plugin.
The following text is close to the description of the .obj file format in the Sun Java3D documentation.

The Object File tokens currently supported by the JavaView loader are listed below. Unknown tokens are skipped without affecting the reading process.

# some text 

Line is a comment until the end of the line 

v float float float 

A single vertex's geometric position in space. The first vertex listed in the file has index 1, and subsequent vertices are numbered sequentially. 

vn float float float 

A normal. The first normal in the file is index 1, and subsequent normals are numbered sequentially. 

vt float float 

A texture coordinate. The first texture coordinate in the file is index 1, and subsequent textures are numbered sequentially. 

f int int int ... 

or 

f int/int int/int int/int . . . 

or 

f int/int/int int/int/int int/int/int ... 

A polygonal face. The numbers are indexes into the arrays of vertex positions, texture coordinates, and normals respectively. A number may be omitted if, for example, texture coordinates are not being defined in the model.
There is no maximum number of vertices that a single polygon may contain. The .obj file specification says that each face must be flat and convex. In JavaView polygonal face may be triangulated. 

The example file given below (it is a cube):

v 1 1 1

v 1 1 -1

v 1 -1 1

v 1 -1 -1

v -1 1 1

v -1 1 -1

v -1 -1 1

v -1 -1 -1

f 1 3 4 2

f 5 7 8 6

f 1 5 6 2

f 3 7 8 4

f 1 5 7 3

f 2 6 8 4

Exercise:

Draw this cube based on the vertex information supplied above.

3DS file format
A 3ds file contains a series of information used to describe every detail of a 3d scene composed of one or more objects. A 3ds file contains a series of blocks called Chunks.Each chunk contains scene details such as the name of each object, the vertices coordinates, the texture mapping coordinates, the list of polygons, the faces colours, the animation keyframes and so on.
These chunks don't have a linear structure. Some chunks are dependent on others and can only be read if their relative parent chunks have been read first.  We will consider essential ones here
 This description is based on a 3dsinfo.txt file written by Jochen Wilhelmy and 3ds descriptions by Damiano Vitulli  which explains in detail the structure of all the chunks. 
A chunk is composed of 4 fields: 
-Identifier: a hexadecimal number two bytes in length that identifies the chunk. This information immediately tells us if the chunk is useful for our purpose. If we need the chunk we can then extrapolate the scene information in it and, if necessary, any child chunks it may have. If we don't need the chunk, we jump it using the following information... 
-Length of the chunk: a 4 byte number that is the sum of the chunk length and all the lengths of every contained sub-chunk.
-Chunk data: this field has a variable length and contains all the data for the scene. 


This table shows the offset (in bytes) and the length (also in bytes) of each field in a typical chunk:

	Offset
	Length
	 

	0
	2
	Chunk identifier

	2
	4
	Chunk length: chunk data + sub-chunks(6+n+m)

	6
	n
	Data

	6+n
	m
	Sub-chunks


We can see from the last line in the table exactly how some chunks are dependent on others: each child chunk is in fact contained inside the field "Sub-chunks" of the parent chunk.  

The following are the most important chunks in a 3ds file. Please note the hierarchy among the various elements: 

MAIN CHUNK 0x4D4D
   3D EDITOR CHUNK 0x3D3D
      OBJECT BLOCK 0x4000
         TRIANGULAR MESH 0x4100
            VERTICES LIST 0x4110
            FACES DESCRIPTION 0x4120
               FACES MATERIAL 0x4130
            MAPPING COORDINATES LIST 0x4140
               SMOOTHING GROUP LIST 0x4150
            LOCAL COORDINATES SYSTEM 0x4160
         LIGHT 0x4600
            SPOTLIGHT 0x4610
         CAMERA 0x4700
      MATERIAL BLOCK 0xAFFF
         MATERIAL NAME 0xA000
         AMBIENT COLOR 0xA010
         DIFFUSE COLOR 0xA020
         SPECULAR COLOR 0xA030
         TEXTURE MAP 1 0xA200
         BUMP MAP 0xA230
         REFLECTION MAP 0xA220
         [SUB CHUNKS FOR EACH MAP]
            MAPPING FILENAME 0xA300
            MAPPING PARAMETERS 0xA351
      KEYFRAMER CHUNK 0xB000
         MESH INFORMATION BLOCK 0xB002
         SPOT LIGHT INFORMATION BLOCK 0xB007
         FRAMES (START AND END) 0xB008
            OBJECT NAME 0xB010
            OBJECT PIVOT POINT 0xB013
            POSITION TRACK 0xB020
            ROTATION TRACK 0xB021
            SCALE TRACK 0xB022
            HIERARCHY POSITION 0xB030 

As mentioned earlier, If we want to read a particular chunk we must always read its parent chunk first. Imagine the 3ds file is a tree and the chunk that we need is a leaf (and we are a little ant on the ground). In order to reach the leaf, we need to start from the trunk and cross any branches that lead to that leaf. For example, if we want to reach the chunk VERTICES LIST, we have to read the MAIN CHUNK first, then the 3D EDITOR CHUNK, the OBJECT BLOCK and finally the TRIANGULAR MESH chunk. The other chunks can safely be skipped. 
Now let's prune our tree and leave only the branches we are going to use in this tutorial : "vertices", "faces", "mapping coordinates" and their relative parents: 

MAIN CHUNK 0x4D4D
   3D EDITOR CHUNK 0x3D3D
      OBJECT BLOCK 0x4000
         TRIANGULAR MESH 0x4100
            VERTICES LIST 0x4110
            FACES DESCRIPTION 0x4120
            MAPPING COORDINATES LIST 0x4140
Here are the chunks described in detail :
	MAIN CHUNK

	Identifier
	0x4d4d 

	Length
	0 + sub-chunks length

	Chunk father
	None

	Sub chunks
	3D EDITOR CHUNK

	Data
	None

	3D EDITOR CHUNK

	Identifier
	0x3D3D 

	Length
	0 + sub-chunks length

	Chunk father
	MAIN CHUNK

	Sub chunks
	OBJECT BLOCK, MATERIAL BLOCK, KEYFRAMER CHUNK

	Data
	None

	OBJECT BLOCK

	Identifier
	0x4000

	Length
	Object name length + sub-chunks length

	Chunk father
	3D EDITOR CHUNK

	Sub chunks
	TRIANGULAR MESH, LIGHT, CAMERA

	Data
	Object name

	TRIANGULAR MESH

	Identifier
	0x4100

	Length
	0 + sub-chunks length

	Chunk father
	OBJECT BLOCK

	Sub chunks
	VERTICES LIST, FACES DESCRIPTION, MAPPING COORDINATES LIST

	Data
	None

	VERTICES LIST

	Identifier
	0x4110

	Length
	varying + sub-chunks length

	Chunk father
	TRIANGULAR MESH

	Sub chunks
	None

	Data
	Vertices number (unsigned short)
Vertices list: x1,y1,z1,x2,y2,z2 etc. (for each vertex: 3*float)

	FACES DESCRIPTION

	Identifier
	0x4120

	Length
	varying + sub-chunks length

	Chunk father
	TRIANGULAR MESH

	Sub chunks
	FACES MATERIAL

	Data
	Polygons number (unsigned short)
Polygons list: a1,b1,c1,a2,b2,c2 etc. (for each point: 3*unsigned short)
Face flag: face options, sides visibility etc. (unsigned short)

	MAPPING COORDINATES LIST

	Identifier
	0x4140

	Length
	varying + sub-chunks length

	Chunk father
	TRIANGULAR MESH

	Sub chunks
	SMOOTHING GROUP LIST

	Data
	Vertices number (unsigned short)
Mapping coordinates list: u1,v1,u2,v2 etc. (for each vertex: 2*float)


OpenGL code which demonstrates the use of an object structure.
// The width and height of your window, change them as you like

int screen_width=640;

int screen_height=480;

// Absolute rotation values (0-359 degrees) and rotation increments for each frame

double rotation_x=0, rotation_x_increment=0.1;

double rotation_y=0, rotation_y_increment=0.05;

double rotation_z=0, rotation_z_increment=0.03;

// Flag for rendering as lines or filled polygons

int filling=1; //0=OFF 1=ON

// And, finally our first object!

obj_type cube = 

{

    {

        -10, -10, 10,   // vertex v0

        10,  -10, 10,   // vertex v1

        10,  -10, -10,  // vertex v2

        -10, -10, -10,  // vertex v3

        -10, 10,  10,   // vertex v4

        10,  10,  10,   // vertex v5

        10,  10,  -10,  // vertex v6 

        -10, 10,  -10   // vertex v7

    }, 

    {

        0, 1, 4,  // polygon v0,v1,v4

        1, 5, 4,  // polygon v1,v5,v4

        1, 2, 5,  // polygon v1,v2,v5

        2, 6, 5,  // polygon v2,v6,v5

        2, 3, 6,  // polygon v2,v3,v6

        3, 7, 6,  // polygon v3,v7,v6

        3, 0, 7,  // polygon v3,v0,v7

        0, 4, 7,  // polygon v0,v4,v7

        4, 5, 7,  // polygon v4,v5,v7

        5, 6, 7,  // polygon v5,v6,v7

        3, 2, 0,  // polygon v3,v2,v0

        2, 1, 0   // polygon v2,v1,v0

    },

    {

        0.0, 0.0,  // mapping coordinates for vertex v0

        1.0, 0.0,  // mapping coordinates for vertex v1

        1.0, 0.0,  // mapping coordinates for vertex v2

        0.0, 0.0,  // mapping coordinates for vertex v3

        0.0, 1.0,  // mapping coordinates for vertex v4

        1.0, 1.0,  // mapping coordinates for vertex v5

        1.0, 1.0,  // mapping coordinates for vertex v6 

        0.0, 1.0   // mapping coordinates for vertex v7

    },

    0, 

};

/**********************************************************

 *

 * SUBROUTINE init()

 *

 * Used to initialize OpenGL and to setup our world

 *

 *********************************************************/

void  init(void)

{

    glClearColor(0.0, 0.0, 0.2, 0.0); // This clear the background color to dark blue

    glShadeModel(GL_SMOOTH); // Type of shading for the polygons

    // Viewport transformation

    glViewport(0,0,screen_width,screen_height);  

    // Projection transformation

    glMatrixMode(GL_PROJECTION); // Specifies which matrix stack is the target for matrix operations 

    glLoadIdentity(); // We initialize the projection matrix as identity

    gluPerspective(45.0f,(GLfloat)screen_width/(GLfloat)screen_height,1.0f,1000.0f); // We define the "viewing volume"

    glEnable(GL_DEPTH_TEST); // We enable the depth test (also called z buffer)

    glPolygonMode (GL_FRONT_AND_BACK, GL_FILL); // Polygon rasterization mode (polygon filled)

    glEnable(GL_TEXTURE_2D); // This Enable the Texture mapping

    cube.id_texture=LoadBitmap("texture1.bmp"); // The Function LoadBitmap() return the current texture ID

    // If the last function returns -1 it means the file was not found so we exit from the program

    if (cube.id_texture==-1)

    {

        cout<<"Image file: texture1.bmp not found";

        exit (0);

    }

}

/**********************************************************

 *

 * SUBROUTINE resize(int,int)

 *

 * This routine must be called everytime we resize our window.

 * 

 *********************************************************/

void resize (int width, int height)

{

    screen_width=width; // We obtain the new screen width values and store it

    screen_height=height; // Height value

    glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); // We clear both the color and the depth buffer so to draw the next frame

    glViewport(0,0,screen_width,screen_height); // Viewport transformation

    glMatrixMode(GL_PROJECTION); // Projection transformation

    glLoadIdentity(); // We initialize the projection matrix as identity

    gluPerspective(45.0f,(GLfloat)screen_width/(GLfloat)screen_height,1.0f,1000.0f);

    glutPostRedisplay (); // This command redraw the scene (it calls the same routine of glutDisplayFunc)

}

/**********************************************************

 *

 * SUBROUTINE keyboard(unsigned char,int,int)

 *

 * Used to handle the keyboard input (ASCII Characters)

 * 

 *********************************************************/

void keyboard (unsigned char key, int x, int y)

{

    switch (key)

    {

        case ' ':

            rotation_x_increment=0;

            rotation_y_increment=0;

            rotation_z_increment=0;

        break;

        case 'r': case 'R':

            if (filling==0)

            {

                glPolygonMode (GL_FRONT_AND_BACK, GL_FILL); // Polygon rasterization mode (polygon filled)

                filling=1;

            }   

            else 

            {

                glPolygonMode (GL_FRONT_AND_BACK, GL_LINE); // Polygon rasterization mode (polygon outlined)

                filling=0;

            }

        break;

    }

}

/**********************************************************

 *

 * SUBROUTINE keyboard(int,int,int)

 *

 * Used to handle the keyboard input (not ASCII Characters)

 * 

 *********************************************************/

void keyboard_s (int key, int x, int y)

{

    switch (key)

    {

        case GLUT_KEY_UP:

            rotation_x_increment = rotation_x_increment +0.005;

        break;

        case GLUT_KEY_DOWN:

            rotation_x_increment = rotation_x_increment -0.005;

        break;

        case GLUT_KEY_LEFT:

            rotation_y_increment = rotation_y_increment +0.005;

        break;

        case GLUT_KEY_RIGHT:

            rotation_y_increment = rotation_y_increment -0.005;

        break;

    }

}

/**********************************************************

 *

 * SUBROUTINE display()

 *

 * This is our main rendering subroutine, called each frame

 * 

 *********************************************************/

void  display(void)

{

    int l_index;

    glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT); // This clear the background color to dark blue

    glMatrixMode(GL_MODELVIEW); // Modeling transformation

    glLoadIdentity(); // Initialize the model matrix as identity

    glTranslatef(0.0,0.0,-50); // We move the object 50 points forward (the model matrix is multiplied by the translation matrix)

    rotation_x = rotation_x + rotation_x_increment;

    rotation_y = rotation_y + rotation_y_increment;

    rotation_z = rotation_z + rotation_z_increment;

    if (rotation_x > 359) rotation_x = 0;

    if (rotation_y > 359) rotation_y = 0;

    if (rotation_z > 359) rotation_z = 0;

    glRotatef(rotation_x,1.0,0.0,0.0); // Rotations of the object (the model matrix is multiplied by the rotation matrices)

    glRotatef(rotation_y,0.0,1.0,0.0);

    glRotatef(rotation_z,0.0,0.0,1.0);

    glBindTexture(GL_TEXTURE_2D, cube.id_texture); // We set the active texture 

    glBegin(GL_TRIANGLES); // GlBegin and glEnd delimit the vertices that define a primitive (in our case triangles)

    for (l_index=0;l_index<12;l_index++)

    {

        //----------------- FIRST VERTEX -----------------

        // Texture coordinates of the first vertex

        glTexCoord2f( cube.mapcoord[ cube.polygon[l_index].a ].u,

                      cube.mapcoord[ cube.polygon[l_index].a ].v);

        // Coordinates of the first vertex

        glVertex3f( cube.vertex[ cube.polygon[l_index].a ].x,

                    cube.vertex[ cube.polygon[l_index].a ].y,

                    cube.vertex[ cube.polygon[l_index].a ].z); //Vertex definition

        //----------------- SECOND VERTEX -----------------

        // Texture coordinates of the second vertex

        glTexCoord2f( cube.mapcoord[ cube.polygon[l_index].b ].u,

                      cube.mapcoord[ cube.polygon[l_index].b ].v);

        // Coordinates of the second vertex

        glVertex3f( cube.vertex[ cube.polygon[l_index].b ].x,

                    cube.vertex[ cube.polygon[l_index].b ].y,

                    cube.vertex[ cube.polygon[l_index].b ].z);

        //----------------- THIRD VERTEX -----------------

        // Texture coordinates of the third vertex

        glTexCoord2f( cube.mapcoord[ cube.polygon[l_index].c ].u,

                      cube.mapcoord[ cube.polygon[l_index].c ].v);

        // Coordinates of the Third vertex

        glVertex3f( cube.vertex[ cube.polygon[l_index].c ].x,

                    cube.vertex[ cube.polygon[l_index].c ].y,

                    cube.vertex[ cube.polygon[l_index].c ].z);

    }

    glEnd();

    glFlush(); // This force the execution of OpenGL commands

    glutSwapBuffers(); // In double buffered mode we invert the positions of the visible buffer and the writing buffer

}

/**********************************************************

 *

 * The main routine

 * 

 *********************************************************/

int main(int argc, char **argv)

{

    // We use the GLUT utility to initialize the window, to handle the input and to interact with the windows system

    glutInit(&argc, argv);    

    glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);

    glutInitWindowSize(screen_width,screen_height);

    glutInitWindowPosition(0,0);

    glutCreateWindow(" Cube");    

    glutDisplayFunc(display);

    glutIdleFunc(display);

    glutReshapeFunc (resize);

    glutKeyboardFunc (keyboard);

    glutSpecialFunc (keyboard_s);

    init();

    glutMainLoop();

    return(0);    

}

