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Introduction
Raina3D is a game development and rendering tool built on OpenGL standards. The primary purpose of this application is to aid in rendering, simulation, and game development situations. 

In its beginning stages, Raina3D (formerly called the OOPGL Wrapper) was used in the following courses: Software Development, Artificial Intelligence, and Physics for Motion, Light, and Sound. In each of these courses, the application served a different purpose as a rendering and simulation scenario.

Rendering standards are based on OpenGL 1.2 to 2.0 support, based on the client’s video card. Raina3D currently doesn’t support GLSL standard, which allows the application to be flexible on systems with OpenGL 2.0 and below. The graphical user interface is based on Trolltech’s QT SDK. This SDK allows great flexibility in developing applications with dynamic content. The client may have to obtain QT drivers or libraries to run the application on their machines.
Animation standards are based on a linear, key-frame approach. Time is manipulated using the QTimer object with a custom-built timeline to traverse to any part of the animation. Future versions will allow rendering the animation to AVI format.
The current version of Raina3D supports loading or creating a scene, ability to create and edit objects, and create and edit textures, as well as map/level development through tile sets and map generation.
Menus

File Menu


New Scene – clears the current scene and prepares a new scene.


Load Scene – loads a scene into Raina3D. ( .rn scene format)


Preferences – application configuration
Exit – exits the application
Create Shapes Menu


Create cube


Create cone
Create cylinder

Create disk

Create sphere


Create torus


Create polyhedron

Edit Shapes Menu


Edit shape – edit generic object attributes

Graph Editor – displays graph editor
Window Menu


Light Listener – manipulate lights


Outliner – displays objects in scene

Texture Menu


Texture Viewer – view textures


Texture Editor – view / edit textures


Tileset Editor – view / edit tilesets

Map Editor – view / edit maps
Help Menu


About – about application

Menu Option Details

New Scene

This option clears the scene, the objects, and generated textures. By default, Raina3D loads a blank scene. 

Load Scene


This option clears the scene (similar as creating a new scene) and opens a File Dialog box. The user selects a .rn scene file(described later), which loads the scene. The scene is loaded based on a file parser that adds the objects and cameras into the scene.
Application Preferences

This option displays a window that allows the user to select the generic application settings. Some of these options will be moved to a more convenient location in the future. 
· Enable lighting – enables OpenGL lighting

· Enable texturing – enables texturing

· Enable depth – enables depth test

· Enable culling – enables clockwise / counter-clockwise culling

· Enable multi-view – enables multiple viewports

· Enable Point/Line/Polygon smooth – smoothing level of point/line/polygon
Exit

This option exits the application and its subwindows.
Create [shape]

The various create shape options allow the user to dynamic create a shape by adjusting the value in the dialog box that opens. Example. A sphere dialog box will display radius, slices, and slacks.

Edit shape

This option displays a window that allows the user to edit the generic shape attributes, including transformation and material. Transformation including translate, rotate, and scale. The material editor displays an icon which graphically represents the current material. The user can define the diffuse, specular, and ambient color of the material through the color dialog boxes in the window. 

Graph Editor

This option displays a window that displays a graphical representation of the object’s animation information. An object must be selected for its animation to be display. The current version displays the translate, scale, and rotate values based on the start and end frame of the object. The user can toggle visibility of these values. Future versions to allow editing animation by dragging these attributes.
Light Listener

This option displays a window that allows the user to manipulate the OpenGL lights. The listener is based on a LightEngine data structure, which contains 8 lights. Enable Lighting must be enabled for these lights to work. The user can enable/disable, move, and assign materials to lights. The current version supports point and direction lights. Future version will include a light factory to support user-defined lights such as spot lights. 
Outliner

This option displays a window that displays the current objects in the scene. The user can select each object to manipulate. Future version will include displaying cameras (and possible lights)

Texture Viewer

The texture viewer is a tool that opens a targa file with the File Dialog box. The targa file is loaded and the window is resized to accommodate the texture. 

Texture Editor

The texture editor is a tool that manipulates textures. The tool supports creating a new texture, loading a texture, and save textures. The texture is in targa file format (32 bits).  The current version of the editor allows the user to edit the texture with pen, dodge tool (brightens pixels), and burn tool (darkens pixels). Future version will take advantage of QT’s painting schema and transfer the drawn image into a targa file. This will allow a more user-friendly and robust method of painting textures.

Tileset Editor

The tileset editor is a tool that manipulates tileset object, an object that contains a targa image and the number of rows and columns. The tileset is a reference image that will be applied to maps. The current version allows the user to create, load, and save a tileset (ts file format). The image window is broken down into a grid system to represent each tiles. 
Map Editor

The map editor is a tool that manipulates tilesets and maps. The user can build maps using pre-generated tilesets. The current version only supports one tileset because the map stores references to the tileset to generate its image. The editor allows the user to create, load, and save maps. Maps can be implemented into Raina3d by editing the parsed text into a map object.
File Formats
· Ts – Raina3D tileset file

· Map – Raina3d map file

· Rn – Raina3D Scene file

· Tga – targa image file

· Obj – maya object file

.ts format
This format is a small parsed-text file that define a tileset. The file has three lines: rows, columns, and the file name. 

Example: (loads a 10x10 tileset of a lava texture)
rows 10

cols 10

file lava.tga

.map format
This format is a parsed-text file that define a map, which can be implemented in two areas: (1)Raina3D Map Editor and (2)Raina3D scene. The latter is used in the same fashion as a normal object in Raina3D.

Example: (loads a 16x16 tileset of a worldmap texture)
rows 16

cols 16

tilewidth 16

tileheight 16

file lava.tga

tile 1 1

{


Tileid 0


walkable 0

}

…
tile 16 16

{


Tileid 0


Walkable 0

}
.rn format

This is the Raina3D scene file in a xml parsed-text file, which is used by the parser to load the scene in a hierarchical fashion. Geometry node defines one of the following renderable shapes: cone, cube, cylinder, disk, mesh, polyhedron, sphere, and torus.
Format Hierarchy:
<scene>

<cameras>



<camera>




<view></view>


</camera>


</cameras>


<objects>

<geometry>


<material>



<texture></texture>


</material>

</geometry>

</objects>

</scene>
Example: (loads a camera, ground floor, and a character mesh)
<scene>


<cameras>



<camera>




<view>




nearclip 0.1





farclip 2000.0




</view>


</camera>


</cameras>


<objects>

<quad>



<name>ground</name>




<point><t>0.0,0.0</t> <v>-50.0,0,-50.0</v></point>




<point><t>0.0,10.0</t> <v>50.0,0,-50.0</v></point>



<point><t>10.0,10.0</t> <v>50.0,0,50.0</v></point>



<point><t>10.0,0.0</t> <v>-50.0,0,50.0</v></point>



<material>





<diffuse>1.0,1.0,1.0,1.0</diffuse>




<texture>

<file>texture_grass.tga</file>





</texture>



</material>



</quad>


<mayamodel>





<name>character</name>




<file>character.obj</file>



</mayamodel>

</objects>

</scene>
Theory: Scene Loading

 
I. Loading Scene Theory

There are various methods of loading or populating a scene. Here are the generic required steps:

1. Determine input source.

2. Import from input source.

3. Place imported objects into a data structure.

4. Output to screen.

Determine Input Source:

One method is to populate a text file with the required objects. Another method is to export from a object- or level- editing software. If the application allows creating and saving scenes, then the input source could also be a saved file from the application. I chose to use a parsed text file method because it allows great flexibility in changing object attributes. In the future, I do want to pursue the other options of exporting from Maya using the MayaAPI or implementing a save option to save into my file format(.rn files).
Import from Input Source:

Depending the input source chosen, the data would have to be inputted into the application. Raina3D uses a hierarchical parser that reads the file and traverses in a depth-fashion. As the parser goes one level deeper, so does the placement of the object. In the future, the parser may be replaced with a tokenizer for more flexibility of the file format.
Place imported objects into a Data Structure:

As mentioned earlier, as the parses goes through the file, the objects are placed in a data structure. There is a limitation of hierarchy standards for objects because they are placed into a vector data structure. In the future, I will implement a graph data structure which will allow the object nodes to be parented. I chose a vector as the storing structure because they are easy to implement and most of the processes would done in a list-fashion. When a new object is added, it is added to the back of the list. When objects are drawn, they are drawn in a sequential order. When objects are selected, the method of validating is done sequentially. 
Output to Screen

Once the objects have been loaded with the proper attributes, they are drawn to the screen. This is performed in the draw function, where the scene traverses through the objects data structure and calls its own draw function.

II. Scene Implementation

The scene defines the rendering layer for a particular scene or level. The LightEngine and CameraEngine will be explained later. A scene can have a collection of objects, cameras, and lights. The Init() function clears the data structures to prepare them for input. The ProcessNextToken() function is a virtual function that performs the actual parsing of the file. 
class Scene : public Entity

{

private:


/****************data members***************/


Objects _objects;

//objects 


LightEngine _lights;

//lights


CameraEngine _cameras; 
//cameras


/****************data members***************/

public:


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


//Constructor



Scene() 



{ Init(); }

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


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


//initialize scene


void Init();


//draws scene


void Draw()


 { _cameras.Render(); }


//adds new object


void addObject(Geometry& Geometry)
{ _objects.addObject(Geometry); }


//gathers from xml file

virtual bool ProcessNextToken(QDomNode&, UTokenizer);


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

};

void Scene::Init()

{


_objects.Clear();


//initialize lights


_lights.Init();

}

bool Scene::ProcessNextToken(QDomNode &in, UTokenizer &tokenizer)

{ 


bool more = true;


string command;


tokenizer.GetNextToken(in, command);


if(in.eof())



more = false;


if(command=="objects")



_objects.Load(in,tokenizer);


else if(command=="cameras")



_cameras.Load(in, tokenizer);


else
{




tokenizer.SetData(command);



more = false;


}


return more;

}

The Objects object is a scene node that stores the objects and images in the current scene. This includes the object factories (explained later) to easily create new objects. The primary reasoning between separating geometry with images is the fact that images are not transformed. This class draws the objects/images by traversing through their respective vectors. The Load function populates the vectors by validating the objects can be created by factories. Factories will be explained later.
class Objects

{

private:


/****************data members***************/


vector<Geometry*> _objects;


vector<Image*> _images;

    
map<string,Geometry::GeometryFactory *>  factories;

    
map<string,Image::ImageFactory*> imgfactories;


/****************data members***************/

public:


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


//Constructor



Objects()




{ Clear(); }



//Destructor


~Objects()



{ Clear(); }


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


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


void addObject(Geometry &Geometry)

{ _objects.push_back(&Geometry); }


void addImage(Image &image)

{ _images.push_back(&image); }


void AddGeometryToCollection(string object)
{  addObject(factories[object]->GetObject(); }

void AddImageToCollection(string object); 
{  addImage(imgfactories[object]->GetObject(); }

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


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


//draw objects


void Draw();


//clears collections of objects/images


void Clear()



{ _objects.clear(); _images.clear();

virtual void Load(QDomNode &in,UTokenizer &tokenizer);


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

};

void Objects::Draw()

{


if(!_objects.empty())



for(_iter = _objects.begin(); _iter != _objects.end(); _iter++)




(*_iter)->render();


if(!_images.empty())



for(_iter2 = _images.begin(); _iter2 != _images.end(); _iter2++)



{




glPushMatrix();




(*_iter2)->draw();




glPopMatrix();



}

}

Theory: Camera

I. View Theory / Implementation
The view is the central item in the camera and represents a view port. Raina3D supports single- and multi-view rendering, which is created from various cameras with views that define the renderable area. The view has a width, height, aspect ratio, near/far clip, which all define the traditional GL viewport. The set function updates the projection mode to either perspective or orthographic. One difference is the glViewPort() function is not defined here. It is installed in the cameras to define the appropriate viewport or screen.
class View : public Entity

{

private:


/****************Data Members****************/


GLdouble _FOV;


GLdouble _aspect;


GLdouble _nearClip, _farClip;


GLdouble _width, _height;


GLdouble _top, _bottom, _left, _right;

/****************Data Members****************/

public:


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


View();






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


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


void setPerspProjection();


void setOrthoProjection();


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

};
void View::setPerspProjection()

{

glMatrixMode(GL_PROJECTION);


glLoadIdentity();


gluPerspective(_FOV, _aspect, _nearClip, _farClip);


////prepares transformation mode


glMatrixMode(GL_MODELVIEW);


glLoadIdentity();

}

void View::setOrthoProjection()

{


glMatrixMode(GL_PROJECTION);


glLoadIdentity();

glOrtho(_left, _right, _bottom, _top, _nearClip, _farClip);


//prepares transformation mode


glMatrixMode(GL_MODELVIEW);


glLoadIdentity ();

}

I. Camera Theory

The camera renders the scene based on its location and view settings. The positioning can be controlled in two methods. One method is controlling the eye and center positions and the other method is directly moving the camera using a transformation node. The latter method allows an easy and clean method of transforming the camera using translation and rotation. 
Raina3D uses two types of cameras: perspective and orthographic. The camera uses the view object to render the viewport or screen based on its purpose. When a window is resized, the screens have to be updated to draw the viewport(s) in the right size. This is performed by implemented a resize function that passes the values directly to the view object inside each camera. 
Multiple cameras / views can be implemented by using the appropriate data structure. OpenGL supports dividing the screen by combining the Scissor buffer and GL viewports. The viewports are resized to be a quarter-sized of the screen and positioned in one of the four quadrants. 

III. Camera Implementation

The abstract camera class has two primary functions: RenderViewport and RenderCamera, which are derived by PerspCamera and OrthoCamera. The difference between RenderViewport() and RenderCamera() is that RenderCamera is used for single-view mode, while RenderViewport is used for multi-view mode.

The Camera has a transformation node, which allows for direct camera movement. The LookAt() function  Camera movement is processed using Maya’s Alt + mouse key to process pan, tilt, and zoom.  In multi-view mode, the user cam select the active viewport and control movement only in that viewport.

class Camera : public Entity

{

protected:


/****************Data Members****************/


View _view;




Transformation _transformation;



GLfloat _cameraMode;




string _cameraName;


/****************Data Members****************/

public:


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


Camera() { }


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


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


void useCamera();


virtual void RenderCamera()=0;


virtual void RenderViewport(Camera* camera)=0;


//gl lookat


void lookAt();

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

};
void Camera::useCamera()

{


_transformation.transformAll();


lookAt();

}
void Camera::lookAt()

{


gluLookAt(0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);

}

PerspCamera defines a perspective camera, which allows the user to translate and rotate the camera. This class takes full advantage of the transformation node. 
class PerspCamera : public Camera

{

public:


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


PerspCamera() {}


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


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


void RenderCamera();


void RenderViewport(Camera* camera);

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

};
void PerspCamera::RenderCamera()

{


int w = _view.GetWidth();


int h = _view.GetHeight();

glViewport(0,0,w,h);

glPushMatrix();



//moves camera



translateCamera();



//rotate camera



rotateCamera();



glDisable(GL_SCISSOR_TEST);


_viewt.setPerspProjection();


//prepares camera location and look at



useCamera();



//update scene


_scene->RenderScene();


glPopMatrix();

}

void PerspCamera::RenderViewport(Camera* camera)

{


glPushMatrix();



//only move current camera


if(_cameraName == camera->GetCameraName())



{




translateCamera();




rotateCamera();



}



SetupViewPort();



useCamera();


//update scene


_scene->RenderScene();


glPopMatrix();

}

OrthoCamera defines a orthographic camera, which allows the user to translate the camera and render the scene along a single axis (x, y, or z). To localize movements in different axis’s, the inputted values have to be converted to translate the camera accordingly. For example, the top view shows 2D display of X and Z, rather than X and Y.

class OrthoCamera : public Camera

{

public:


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


OrthoCamera() {}


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


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


void RenderCamera();


void RenderViewport(Camera* camera);

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

};
void OrthoCamera::RenderCamera()

{


int w = _view.GetWidth();


int h = _view.GetHeight();


glPushMatrix();



translateCamera();



SetupViewPort(0, 0,w, h);



_scene->RenderScene();


glPopMatrix();

}

void OrthoCamera::RenderViewport(Camera* camera)

{


glPushMatrix();



if(_cameraName == camera->GetCameraName())




translateCamera();



SetupViewPort();





_scene->RenderScene();


glPopMatrix();

}

IV. CameraEngine  Implementation

CameraEngine contains a vector of four cameras (perspective and three orthographic) to allow switching between both single- and multiple- view. Current version implements 1 CameraEngine per scene. Future version will implement a single CameraEngine per GLWidget, which will allow a cleaner approach for collapsible viewports.

class CameraEngine : public Entity

{

private:


/****************Data Members****************/


PerspCamera _perspCamera;


OrthoCamera _topCamera;


OrthoCamera _frontCamera;


OrthoCamera _sideCamera;


Camera* _currentCamera;


/****************Data Members****************/

public:


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


CameraEngine();










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


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

void SetFrontView()

{ _currentCamera = &_frontCamera;}


void SetSideView()

{ _currentCamera = &_sideCamera;}


void SetTopView()

{ _currentCamera = &_topCamera;}


void SetPerspView()
{ _currentCamera = &_perspCamera;}


void Render();


void FocusViewport(int x, int y);

/**********************************************/
};
void CameraEngine::Render()

{


if(GLConstants::enableMultiView[0]==0)



_currentCamera->RenderCamera();


else


{



_topCamera.RenderViewport(_currentCamera);



_sideCamera.RenderViewport(_currentCamera);



_frontCamera.RenderViewport(_currentCamera);



_perspCamera.RenderViewport(_currentCamera);


}

}
void CameraEngine::FocusViewport(int x, int y)

{


int w = _currentCamera->getView()->GetWidth()/2;


int h = _currentCamera->getView()->GetHeight()/2;


if(x < w && y < h)



if(_currentCamera->GetCameraName() != _topCamera.GetCameraName())
SetTopView();


if(x > w && y < h)



if(_currentCamera->GetCameraName() != _perspCamera.GetCameraName())
SetPerspView();


if(x < w && y > h)



if(_currentCamera->GetCameraName() != _frontCamera.GetCameraName())
SetFrontView();


if(x > w && y > h)



if(_currentCamera->GetCameraName() != _sideCamera.GetCameraName())
SetSideView();

}
Theory: Lights
I. Light Theory / Implementation
The light defines the color, tone, and depth of a scene and its objects. Without lights, the scene would presume to be an ambient scene with constant colors and shading. Based on the materials on the objects and on the lights, the lighting in the scene can bring out the diffuse, specular, and ambient content of the objects. OpenGL supports eight max lights. The more lights that a scene has, the longer it will take to render.

With the given attributes, OpenGL lights can be configured to be directional, point, ambient, and spot lights. Each light has an ID (GL_LIGHT0, GL_LIGHT1…GL_LIGHT7). To allow interactive, multiple lights, each light can store an index id, which adds GL_LIGHT0 with the index to get the appropriate light.
class Light : public Entity

{

private:


/****************Data Members****************/


int _id;






Color _Ka;





Color _Kd;





Color _Ks;





UVector3 _position;





GLuint _isPositional;




GLfloat _attenConstant;




GLfloat _attenLinear;




GLfloat _attenQuad;




UVector3 _spotDirection;


GLfloat _spotExponent;


GLfloat _spotCutoff;


bool _active;





/****************Data Members****************/

public:


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


Light()

{ _id = 0; }






Light(int lightid)
{ _id = lighted; }

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


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


void Enable()
{ GL_LIGHT0 + _id); }


void Disable()
{ glDisable(GL_LIGHT0 + _id); }


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


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


void SetupLight();


void SetupAmbient();


void SetupDiffuse();


void SetupSpecular();


void SetupPosition();


void SetupAttenuation();


void SetSpotLight();


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


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


//move lights in x,y,z directions


void MoveLight(float x, float y, float z);


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

};
void Light::MoveLight(float x, float y, float z)

{


_position.Set(x,y,z);


//if(_isPositional==1)


//
_bulb.setTranslate(x,y,z);


//else


//
_bulb.setTranslate(-x,-y,-z);

}

void Light::SetupLight()

{


if(_active)


{



Disable();



SetupDiffuse();



SetupAmbient();



SetupSpecular();



SetupPosition();



SetupAttenuation();



SetSpotLight();



Enable();


}

}

void Light::SetupAmbient()

{ 


GLfloat mat_ambient[] = {_Ka.getR(),_Ka.getG(),_Ka.getB(), 1.0f};


glLightfv(GL_LIGHT0+_id,GL_AMBIENT,mat_ambient);
}

void Light::SetupDiffuse()



{ 


GLfloat mat_diffuse[] = {_Kd.getR(),_Kd.getG(),_Kd.getB(), 1.0f};


glLightfv(GL_LIGHT0+_id,GL_DIFFUSE,mat_diffuse);
}

void Light::SetupSpecular()


{ 


GLfloat mat_specular[] = {_Ks.getR(),_Ks.getG(),_Ks.getB(), 1.0f}; 


glLightfv(GL_LIGHT0+_id,GL_SPECULAR,mat_specular);
}

void Light::SetupPosition()


{ 


glPushMatrix();


GLfloat pos = (_isPositional==1) ? 1.0f : 0.0f;


GLfloat mat_position[] = {_position.x,_position.y,_position.z, pos}; 


glLightfv(GL_LIGHT0+_id,GL_POSITION,mat_position)


glPopMatrix();

}

void Light::SetupAttenuation()

{


glLightf(GL_LIGHT0+_id, GL_CONSTANT_ATTENUATION, _attenConstant)


glLightf(GL_LIGHT0+_id, GL_LINEAR_ATTENUATION, _attenLinear)


glLightf(GL_LIGHT0+_id, GL_QUADRATIC_ATTENUATION, _attenQuad)

}

void Light::SetSpotLight()

{


GLfloat spot_direction[] = {_spotDirection.x,_spotDirection.y,_spotDirection.z}; 


glLightf(GL_LIGHT0+_id, GL_SPOT_CUTOFF, _spotCutoff)


glLightfv(GL_LIGHT0+_id, GL_SPOT_DIRECTION, spot_direction)


glLightf(GL_LIGHT0+_id, GL_SPOT_EXPONENT, _spotExponent)

}

I. LightEngine Implementation

LightEngine is the data structure object designed for multiple, interactive lights. The GUI interacts with the LightEngine to update individual lights and only render active lights. During the scene draw, the UseLights() function is called to apply the current lighting in the scene. One light can be selected at a time to update its position, attributes, and colors.
class LightEngine : public Entity

{

public:


/****************data members***************/


Light lights[8];

/****************data members***************/


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


Light* GetCurrent()

{ return &lights[GLConstants::currentLight]; }


Light* GetLight(int id)
{ return &lights[id]; }


bool GetCurrentActive()
{ return lights[GLConstants::currentLight].GetActive(); }


void SetCurrentActive(bool b)
{ lights[GLConstants::currentLight].SetActive(b); }


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


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


void MoveLight();


void UpdateLight();


void EnableLight()

{ lights[GLConstants::currentLight].Enable(); }

void DisableLight()

{ lights[GLConstants::currentLight].Disable(); }

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


//apply lights to scene


void UseLights();

};
void LightEngine::UseLights()

{


if(GLConstants::enableLighting[0]==1)


{



glEnable(GL_LIGHTING);



for(int i=0; i<8; i++)




if(lights[i].GetActive())





lights[i].SetupLight();


}


else



glDisable(GL_LIGHTING);

}

void LightEngine::UpdateLight()

{


if(lights[GLConstants::currentLight].GetActive())


{


              //updates current light from user input stored in global constants

              lights[GLConstants::currentLight].SetKd(GLConstants::dR[0],GLConstants::dG[0],GLConstants::dB[0]);


              lights[GLConstants::currentLight].SetKa(GLConstants::aR[0],GLConstants::aG[0],GLConstants::aB[0]);


              lights[GLConstants::currentLight].SetKs(GLConstants::sR[0],GLConstants::sG[0],GLConstants::sB[0]);


              lights[GLConstants::currentLight].SetConstantAttenuation(GLConstants::attenC[0]);


              lights[GLConstants::currentLight].SetLinearAttenuation(GLConstants::attenL[0]);


              lights[GLConstants::currentLight].SetQuadAttenuation(GLConstants::attenQ[0]);


}

}

void LightEngine::MoveLight() 
{


lights[GLConstants::currentLight].MoveLight(GLConstants::X[0],GLConstants::Y[0],GLConstants::Z[0]);

}
Theory: Animation

I. Timer / Timeline Theory

One primary basis for animation and simulation is the ability to control time. The manipulation of time includes: playing, stopping, resetting, and going to a particular place in time. By having these controls, the user can control their animation / simulation to their needs. 

Dependent on the speed, a frame can represent the position in time. Typical speeds are 24 or 30 FPS, otherwise known as frames per second. A frame is validated between bookend (the concept of a bookshelf where you have object that holds or separates the books) frames: start and end frames. This allows for looping, upon request. When the animation reaches its final frame, it can loop back to the initial frame. Bookend frames can be adjusted through the timeline to define a particular place in the animation to render the animation.
The timeline is a graphical representation of the timer. The user should be able to play, pause, stop, and traverse to a particular part of the timeline. All values of the timeline are sent directly to the timer to appropriate define its function. The user can clamp the animation with bookend frames. 
II. Timer Implementation

QTimer offers the appropriate events to handle sending signals at appropriate time intervals. By wrapping QTimer into a module that supports frames and FPS, the new timer class can control the speed and status of the QTimer object. The QTimer.start(s) function sends signals every s seconds, which are measured in milliseconds. This value is calculated based on the number of frames per seconds. The play and stop functions allow the user to control time through the timeline.

class Timer

{

private:


/*************private members***************/


QTimer* _timer;


int _framesPerSecond;


int _currentFrame, _startFrame, _endFrame;


/*************private members***************/

public:


/****************Constructor****************/


Timer();


/****************Constructor****************/

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


void Restart()

{ _currentFrame = _startFrame; }

void Tick();

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


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


void play()

{ _timer->start(1000/_framesPerSecond); }


void stop()

{ _timer->stop(); }

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

};;

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

void Timer::Tick()

{


_currentFrame++;

if(_currentFrame > _endFrame) 
_currentFrame = _startFrame; 
}

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

III. Timeline Implementation

The graphical timeline is a QT widget that allows the user to take control of the animation’s position and speed. Bookend frames can be edited in the textfields to clamp the initial and final “viewable” frames. The timeline slider automatically adjusts the size and individual step to the clamped range. This will be useful when a certain part of the animation is required. The play and stop buttons allow the user to view the animation. These buttons are linked to the Timer object which process the frames between the start and end frames. Future version will allow toggling of pause/play.

class TimelineWidget : public QWidget

{

private:

/*************private members***************/


GLWidget* _widget;


QLineEdit* textStart, textEnd, textCurrent;


QPushButton* btnPlay, btnStop;


QSlider *sliderTimeline;


/*************private members***************/

public:


/****************Constructor****************/


TimelineWidget(QWidget *parent = 0, GLWidget* widget=0) { … }

/****************Constructor****************/


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


void updateFrame();


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

private slots:

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


void sliderMoved(int)
{ GLConstants::timer.SetFrame(textCurrent->text().toInt()); }


void updateStart()

{ GLConstants::timer.SetStart(textStart->text().toInt()); }


void updateEnd()

{ GLConstants::timer.SetEnd(textEnd->text().toInt()); }


void updateCurrent()
{ GLConstants::timer.SetFrame(textCurrent->text ().toInt()); }


void play()

{ GLConstants::timer.play(); }


void stop()

{ GLConstants::timer.stop(); }

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

};
IV. Keyframe Animation Theory

Keyframe animation is one of highly used animation techniques. A single keyframe is a frame of reference of the object’s “being”, defined by the transformation (or any other dynamic) states.

The technique is defined by a simple workflow:

1. Create an initial pose

2. Create a final pose

3. Tweak the in-betweens.
The initial pose is the localized pose for a particular motion. The final pose is the destination pose. When applying these two steps, an interpolation calculates the in-betweens based on chosen interpolation standard. In-betweens can be modified to smooth or alter the animation by inserting additional keyframes.
This implies that the object’s transformation node will have to be extended into a new data structure that supports keyframes. The transformation node contains transformation values for each spatial key frame. This can be done by storing the transformation information into a basic new object: Key. The Key object contains the translation, rotation, and scaling values of the specific frame. Each Key object will be identified by its frame attribute. This allows the Transformation object to be cleaner by implementing a Key data structure, in the form of a vector or array and a reference to the current transform.

When a user selects to create a new key frame, the key is inserted into a sorted array of keyframes. By maintaining a constant sorted array of keyframes, adding a new key frame becomes a linear process. It searches for the first key that is greater than the selected frame and moves all the elements up one space. 
Once the key data structure is setup, the next step to provide the animation is to calculate the in-between keys. This can be done by interpolation. Two types of interpolations include: linear and spherical. Linear interpolation can be used in all three transformation models: translate, rotate, and scale, but provided very simplistic animation. Spherical interpolation provides a cleaner rotation when applying to quaternions. Raina3D currently supports linear interpolation. This is calculated by determined the two keyframes that surround the current frame and determine the weight of the frame based on its position between the two frames.
V. Key Implementation

A Key struct is sufficient enough to hold the frame number and the three primary vectors of translate, rotate, and scale.

struct Key

{


int frame;


UVector3 translate;


UVector3 rotate;


UVector3 scale;

};
VI. Transformation Implementation

The transformation object contains an array of keys to store a vast amount of frame information. A pointer to the current key frame allows the user to manipulate its values through the Edit Dialog or Graph Editor options.

Rather than displaying the lengthy-code for Create Key, Get Key, and TransformAll, I’ll explain their algorithms. The Create Key function takes the parameter of the frame and traverses through the sorted key array to find its positions by looking for the first frame that is smaller than the inputted frame. The frame is inserted into this position and the remainder array is pushed one element over. 

The GetKey and TransformAll functions determine the current transformation node by traversing through the keyframe until it finds one of two scenarios: (1)the frame is a key frame or (2)the frame is between two keyframes. If the frame is a keyframe, then use the current keyframe, otherwise find the interpolation between the two frames.

class Transformation : public Entity

{

private:


/*************private members***************/


Key
 _keys[100];

//keys data structure


Key*
 _currentTransform;

//current frame transformation

Key
 _transformInstance;
//temp key used during interpolation

int
 _numFrames;

//number of key frames


/*************private members***************/

public:


/****************Constructor****************/


Transformation() { … };









/****************Constructors***************/


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

void CreateKey(int frame);


Key* GetKey(int frame);


void CalcInterpolation(int i, int j, int frame);

void transformAll();


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

virtual bool ProcessNextToken(QDomNode &in, UTokenizer &tokenizer);

};
void Transformation::CalcInterpolation(int i, int j, int frame)

{


float interp = (float)(frame - _keys[i].frame) / (_keys[j].frame - _keys[i].frame);


//linear interpolation


UVector3 translate = (1-interp)*_keys[i].translate + interp*_keys[j].translate;


UVector3 scale = (1-interp)*_keys[i].scale + interp*_keys[j].scale;


UVector3 rotate = (1-interp)*_keys[i].rotate + interp*_keys[j].rotate;


_transformInstance.frame = frame;


_transformInstance.translate = translate;


_transformInstance.scale = scale;


_transformInstance.rotate = rotate;


_currentTransform = _transformInstance;

}

