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3/CS/7G - Computer Graphics 2
Introduction:

This group project consisted of 3 members. We decided to split the animation into three parts and create each section individually. We planned to join the sections to create the illusion of one long continuous scene.
In the animation, the viewer enters 3 distinct regions. The animation starts in space, after this the viewer enters the atmosphere of a planet. Once on the ground, the viewer will see the snowy landscape and then eventually enter a house, and see within.
These three sections were created by the following group members:

· “Star Wreck” created by Dale Williamson

· “Snowy Valley” created by Jonathan Waller

· “Boarlix House” created by Stuart Morgan
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	Star Wreck
	Snowy Valley
	Boarlix House


My section of this animation was the creation and animation of the central scene, “Snowy Valley”. The techniques used in this section are explained below.
Description of Snowy Valley:
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Screenshot from “Snowy Valley” animation

“Snowy Valley”, starts on a white frame, the view obscured by clouds and then fades to a wide view of a foggy, snow covered landscape. Snow falls throughout the scene and wispy smoke leaves the hut’s chimney. The viewer is taken around the scene, first looking at a snowman, then a tree, and eventually flies towards the door of the house.

Transitions:

The first scene in the animation, “Star Wreck”, ends on a white frame when the viewer enters the atmosphere of a planet.
My section begins on a white frame and fades to reveal the scene. At the end of the section, the viewer flies into the door of the house, filling the screen with black.

The final scene, “Boarlix House”, begins on a black frame and then fades to reveal the scene.

By ensuring that adjoining scenes have matching frames together the whole animation seems to be one complete animation.
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Fading from white frame at the start of the scene. The camera moves while the image is fading.
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Transition to black frame at end of scene.

Depth Buffer
In order to ensure that faces correctly occluded each other, polygon depth sorting was dropped in favour of a depth buffer.

A depth buffer is created to hold one double precision floating point for each pixel in the frame. This represents the distance of that point on the face in world space from the view plane.

Before each pixel is drawn to the output raster file, the depth buffer is consulted to see if the point will be closer to the viewer than the current point at that pixel. If this is not the case, the point is not drawn. 

This algorithm means that sorting the triangles by depth is unnecessary.

Particle effects

For certain effects, such as snow falling from the sky, and semi-transparent smoke rising from the chimney, it was decided to represent these with the aid of particles.

Snow in the scene falls at a fixed rate of 0.2 metres every frame, and the smoke rises at 0.3 metres a frame. There are 20,000 snow particles and 5,000 smoke particles.
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Smoke and Snow in the Scene
There are a constant number of snow and smoke particles in the scene which loop around on their vertical path, for example, when snow reaches the ground it jumps to the top of the scene and continues to fall.

The algorithm does not apply wind effects to the particle streams as this would make it computationally expensive to render a set of frames, as the previous locations and velocities of the snow and smoke particles would need to be recorded in the scene, or recalculated from first positions on each frame render.

The program can render arbitrary sequences of frames, so that the rendering work can be divided between computers.

When the point of snow or smoke is found in the scene the point is rendered to the output, following the depth buffering rules. As well as the central point the 4 neighbours of the point are rendered with half the opacity of the central pixel, and the remaining four points in the pixel’s 9 neighbour are rendered at a quarter of the opacity value of the central pixel. This helps to remove the aliasing at the edges of the pixel, and lets the particle appear larger on the screen.

The central pixel in the snow particle is rendered white with no transparency. The central pixel in the smoke particle is rendered in an earthy brown, with a transparency value based on a function dependent on its height and the distance of the point from the centre of the smoke column.
Fog
Depth based fogging was added to the scene in the post-processing stage, by cycling through each pixel in the frame and brightening the pixel by a fixed multiple of the distance to the point on the face in the 3D scene. This is achieved by referring to the associated value in the depth buffer.
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Frame showing depth based fogging.

Camera interpolation between keyframes

The camera’s position, bearing, tilt and focal length during each frame of the animation are calculated by referring to a set of internally stored “keyframes”.

The keyframes specify that at particular frames the camera must have a particular position, bearing, tilt and focal length. The camera’s properties in the frames between these keyframes are interpolated based on a blending of the two closest keyframes. Each keyframe is stored a tuple, containing the following information:

· FrameNo 

– The frame number of this keyframe, these must run sequentially.
· X, Y, Z

– The camera’s position in 3D world space.
· Bearing
 
– The camera’s bearing around  the (vertical) Z axis, in radians
· Tilt 

– The camera’s upwards or downwards tilt in radians
· focalLength
– The focal length of the camera
The keyframe array is shown below:

//FrameNo,X,Y,Z,Bearing,Tilt,focalLength

static double[,] keyFrames=new double[,] {

{0,46,-26,25,1.1,-0.2,1.8}, //Far away in sky, looking at house

{200,30,-10,17,1.1,-0.4,2},// Side/Back of house coming down

{300,3,-10,2.8,1.5,-0.1,2}, //snowman side

{400,-4,-14,2.8,-0.2,-0,2}, //snowman front

{500,-18,2,2.8,-1.2,0.0,2}, //tree side new

{600,-16,15,3.5,-2.2,0.0,2}, //tree side persp - snowman, house and tree in frame

{700,0.265,15,1.5,-Math.PI,0.4,2}, //In front of door - tree in frame

{800,8,13,2.5,-3.8,0.0,2}, //side overview of house and tree from low ground level, tilting up

{900,0.265,5.7,1.5,-Math.PI,0,2.3} //in front of door

};
To interpolate the camera’s new properties at a new frame, the ratio of that frame between each of its closest keyframes, must first be found. For example, if the keyframes are at 10 and 20, frame 15 would have a ratio of 0.5, as it is halfway between 10 and 20. And frame 12, the ratio is 0.2, as (12-10)/10=0.2.This calculation is shown below:
range=blockEndFrame-blockStartFrame;
ratio=(frameNum-blockStartFrame)/range;
This ratio is used to calculate the influence of each keyframe on the new frame; this influence is then used to calculate the camera’s new values:

The influence value determines the kind of interpolation that the camera follows.

A naive interpolation method is to use this linear ratio directly to move from one keyframe to the next. The disadvantage with this is when the camera reaches each keyframe; the direction of travel will change abruptly.

Influence = 1-ratio

An interpolation method for smoother movement is:
Influence = (COS(ratio*PI)+1)/2

The graph below shows this new smoother interpolation method compared to the linear interpolation method:
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Linear Influence = 1-ratio

Smooth Influence = (COS(ratio*PI)+1)/2

The influence is used to calculate the location, bearing, tilt and focal length of the camera in all of the frames. 

For example, the camera’s X position is calculated thus:
camX=influence*blockStartCamX+(1-influence)*blockEndCamX;
This smoother influence method will cause the change most rapidly when the frame is furthest from its keyframes, when the frame approaches the keyframes; the changes are more subtle as the camera settles into the keyframe. This gives the impression of the camera slowing to no velocity at each keyframe then slowly acceleration towards the next keyframe but slowing when it get close., this algorithm removes the sharp edges associated with the previous algorithm, and allows the camera to stop at each item of interest, which was the effect wanted.

Texturing Optimality

The texture resolutions for each vector on the triangle being drawn are calculated correctly, by mapping the end points of the triangle to the screen and measuring the pixel distances between them. The algorithm is close to optimal as pixels are not resampled more than necessary. The algorithm is not optimal as texture resolutions are multiplied by 1.2 to compensate for rounding errors.
Normals / Lighting
The non textured-objects in the scene appeared flat, so lighting was added to the scene. First, the surface normal for each face was calculated.
The illumination of each non textured face was calculated by performing the scalar product on the surface normal and a constant vector representing an infinite light source. 
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Frame showing lighting (using surface normals) on the dead tree.
Transparency
Transparency is used for parts of the snow and smoke in the scene. Partial-transparency is applied by the following code:

The variable “a” is the alpha value; it is an integer from 0 to 255. 0 is transparent, 255 is opaque.
aratio=a/255;

airatio=1-aratio;

[Blue part of pixel]=(aratio*[Blue part of new pixel]

+airatio*[Blue part of old pixel]);

…and so on for red and green.
The depth buffer takes the depth value of the new semi-transparent pixel.
User Interface
The “Graphics 2” user interface allows the user to select a continuous block of frames to render. This is so the rendering can be divided between computers, to reduce the time to create the whole animation.

The user interface also includes a preview window which shows the file most recently generated by the program. The user can also select a frame they wish to view by typing it in the box below.
The window outputs a quickly drawn low resolution image. This is so rendering is not slowed down too much, but the user can get an overview of the progress of rendering. 
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Screenshot of the “Graphics 2” user interface.
The user interface also supports the selection of a “Pointcloud only”, rendering technique.

Pointcloud only rendering
To aid quick checking of camera position and keyframes in the animation, a pointcloud mode was implemented. This mode only draws a green dot at each vertex of all the triangles in the scene. This renders frames much more quickly than texturing all the faces and adding fog, lighting, snow and smoke. 
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Scene rendered in pointcloud only mode.

Clipping
Triangles which would be drawn outside the camera’s view cone, or frustum, are detected and ignored, thus ignoring the expensive pixel based clipping when texturing each face.
Triangles entirely to the left, right, top or bottom of the view window are clipped. Also triangles that are entirely behind the camera are also clipped. The remainder of triangles are sent to be drawn, and then clipped at the pixel level if the triangle spans the view window edge.
Clipping unseen triangles greatly increases the rendering speed.
Anti-aliasing
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Highlight of roof, showing anti-aliasing.

The resolution of the frame causes jagged edges to appear between objects in the scene. To counteract this anti-aliasing has been added to the rendering. 
The scene is initially rendered to an array that is double the width and height of the final output resolution. Before the snow, smoke and fog are added to the scene, the double sized image is sampled to output window size, by taking blocks of 4 pixels and averaging their values.

For example, to get the colour of PixelOutput[0,0], average the values of: 

PixelDouble [0,0]
PixelDouble [1,0]
PixelDouble [0,1]
PixelDouble [1,1]
The general case is; to get the colour of PixelOutput [x,y], average the values of: 

PixelDouble [2*x,2*y]
PixelDouble [(2*x)+1,2*y]
PixelDouble [2*x,(2*y)+1]
PixelDouble [(2*x)+1,(2*y)+1]
This gives a much cleaner effect than simply blurring the image.
Texturing Algorithm

The texturing algorithm that was implemented involved two ratios, a and b. This allowed the triangle in world-space to be iterated through, extracting the appropriate colour from texture space.
If a triangle is entirely outside the frustum then is not drawn. If a triangle is detected to be entirely within the frustum, then a flag is set, and no clipping checking is performed. All other triangles are rendered with the method below:

The pixel was only drawn if aRatio+bRatio<1.

P=P1+A(P2-P1)+B(P3-P1)
This was implemented as follows:

for (i=0;i<ScanRes1;i++)

{

for (j=0;j<ScanRes2;j++)

{

aRatio=(double)i/(double)ScanRes1;

bRatio=(double)j/(double)ScanRes2;

if (aRatio+bRatio>1) break;

sx=p0u2D+aRatio*vVector01x2D+bRatio*vVector02x2D;

sy=p0v2D+aRatio*vVector01y2D+bRatio*vVector02y2D;

if (Math.Abs(sx)>1.333) continue; //Clipping
if (Math.Abs(sy)>1) continue; //Clipping
px3d=v0x3D+aRatio*vVector01x3D+bRatio*vVector02x3D;

py3d=v0y3D+aRatio*vVector01y3D+bRatio*vVector02y3D;

pz3d=v0z3D+aRatio*vVector01z3D+bRatio*vVector02z3D;

distToCam=distCamToPoint(px3d,py3d,px3d);

su=v0u+aRatio*uvVector01x+bRatio*uvVector02x;

sv=v0v+aRatio*uvVector01y+bRatio*uvVector02y;

double ypos=calc3DtoTransformed3D(px3d,py3d,pz3d)[1];

if(ypos>0) { //Clips pixels behind camera
drawDot2Dd(sx,sy,getTexCol(su,sv,nomalDotProduct),NOTRANSPARENCY,distToCam);

}

}

}
All texture files used in this program are in the RAS format.

Perspective transformation

The perspective transformation converts a world-space coordinate into a screen space coordinate. The focal length is set by the interpolation algorithm.

double[] perspMatrix(double[] inVector,double f)

{

double[,] p =new double[4,4]      {
{1,0,0,0},







{0,1,0,0},







{0,0,1,0},

{0,-1/f,0,1} };


return matrixMultiply(p,inVector);

}
OBJ Files

The sky, landscape and all the items on it are one large 3D OBJ file. The program supports multiple OBJ files.

Below, the OBJ format is described.
Comments are signified by a line starting with a hash symbol.
If an MTL file is associated with the OBJ file then this will be specified with “mtllib”.
Lines starting with v, vt and f signify vertices, texture vertices and faces respectively.

“usemtl” refers to a material change. Material information is found in the MTL file.

A sample OBJ file is shown below.

# Wavefront OBJ file

mtllib 7g_hut.mtl

# object MBconv

g MBconv

v -2.64874 -0.0815319 0.732645

v -2.64874 -0.0780487 0.725964

v -2.64874 -0.0780487 0.736369

<Many lines removed>

# 847 verticies

vt 2.92053 2.6726

vt 3 2.6726

vt 2.92053 2.91641

<Many lines removed>

# 703 texture verticies

usemtl MAT_ACDEAC

f 834/1 840/2 833/3

f 832/4 833/3 839/5

f 833/3 840/2 839/5

<Many lines removed>

# 1641 faces

MTL Files

OBJ files may specify a MTL file, which is used to store materials values and texture filenames associated with the object. 

A MTL file has the following form.

newmtl MAT_AAE6B4


 Ka 0.117647 0.117647 0.117647


 Kd 0.752941 0.752941 0.752941


 Ks 0.752941 0.752941 0.752941


 illum 1.91371e-305


 Ns 8

newmtl MAT_ACDEAC


 Ka 0.0823529 0.0823529 0.0823529


 Kd 0.823529 0.823529 0.823529


 Ks 0.0823529 0.0823529 0.0823529


 illum 1.91371e-305


 Ns 8


 map_Kd snowbig.ras
Challenges during implementation

I assumed initially that the MTL file stored surface colours in RGB format, it turned out that BGR was actually used. This was the cause of my snowman’s blue carrot nose.
Non-24 bit RAS files are incorrectly interpreted by the program. All RAS textures must be 24 bit.

Future extensions

Environment Mapping
To add more realism to the scene, environment mapping could be added. This causes the illusion of reflections without the cost of ray tracing for real reflections. 
Environment mapping would be ideal for a rippling water surface, as this is a little reflective.

[image: image22.png]



Skull with environment map.

Smooth shading
In the current scene, the snowman is flat shaded. This causes visible quadrilaterals of colour to appear on the surface of the object. Smooth shading will calculate the lighting amount at each vertex and then blend between vertices on each face, causing a much smoother looking object.
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Snowman with flat shading
Object animation
This program supports the loading of multiple objects (OBJ files) into the scene. The objects could be moved independently of each other in the scene through small changes in the keyframe and face rendering code.

However I chose not to move objects independently of each other as this detracted from the overall aesthetic of the scene, and were distracting.
I would wish to add items such as flying birds to the scene and grassy patches blowing around in the “wind”.
Key Animation Frames
The animation starts by fading from white, revealing the scene.
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The animation ends by entering the doorway, filling the screen with black.
Object sources:
Dead tree: Zerstörer – Mod for Quake 1
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All remaining objects (house, steps, snowman, landscape, trees and skydome) created by myself.
Texture Sources

Night sky: Ulead Home Designer.
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All remaining textures, created by me, using Paint Shop Pro
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	Brick Texture
	Snowy landscape
	Roof Texture








 
Page 1 of 13

