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This project animates a group of spiders using Reynolds Flocking behavior. In addition, there is support for key frame animation by specifying a spline path. Likewise, camera motion can be specified using a B-spline path and multiple camera views can be chosen.

Flocking Behavior

The spiders are boids that try to satisfy three criteria- 1) flock centering with neighbors   2) Velocity matching with neighbors 3) Keep a distance from other boids due to a repulsion force. 

Boids are considered to have unit mass. After every frame, the net acceleration produced for each boid due to the above desires is calculated.  Weights are also assigned for each of the above desires. Each boid has a fixed amount of total force that is available to it in each instance. The first use of this force is collision avoidance. If further energy is left, boids do velocity matching and flock centering.

The acceleration contribution for each of the above weighed terms is added to give final acceleration. This final acceleration is clipped based on a maximum allowed acceleration.

Given the current velocity and acceleration, the new velocity for the boid can be calculated. Again, this velocity is clipped if it is too high. 

Seek and pursuit: Boids can be programmed for ‘seek’ and ‘pursuit’ behavior.  Seek behavior can be described as trying to minimize distance from a static target.  Pursuit behaviour is like seek, but it is for a moving target and tries to move towards the next predicted position of the new target. The initial goal of this project was to also implement a seek behavior for a keyframed target object (one additional acceleration generator) but this feature could not be completed.

Spider ply object

The spider object used in the animation is a ply file. Ply files have the following format: 

ply

format ascii 1.0

element vertex 4670

property float32 x

property float32 y

property float32 z

element face 9286

property list uint8 int32 vertex_indices

end_header

1.8057 2.0344 1.6154 

1.8145 2.0406 1.5811

……………………

3 4645 4537 4538

…………………… 

3 4664 4645 4538

Once the ply mesh is read in, the normals for each vertex is calculated. This is the average of the normal of all the faces that include this vertex, to achieve smooth shading.

Algorithm:

For each face:

Find two edges of the face.

Get the cross product and normalize it.

Add the normal to each vertex that is adjascent to the face

For each vertex:


Normalize the normal at the vertex.

Vertex and Face definitions used for the polygonal object:

typedef struct Vertex {

  float x,y,z;             /* 3-space position of a vertex */

  float nx,ny,nz;      //normals calculated and used for lighting

} Vertex;

//number of vertices is ASSUMED to be 3. May not be true for some PLY formats

//but true for ply files used in the project  !!!

typedef struct Face {

  unsigned char intensity; /* this user attaches intensity to faces */

  unsigned char nverts;    /* number of vertex indices in list */

  int verts[3];              /* vertex index list (ideally this should be dynamically allocated */

} Face;

Other Implementation details 

There is one single directional light in the scene. There is a skybox surrounding the actual area where the spiders move. The skybox textures are PNG files loaded using glpng. There are five cameras in the scene, two of which move on the camera spline path (but with one being slightly elevated and the other low level). There are two other static cameras and a third camera which is placed on the keyframed object and moves along the keyframed path. The camera can be selected using GLUI as shown below. The camera control points are also selected in a ‘designer’ view as shown below. The interval between points along the path is changed using the ‘dt’ variable. Note that the camera step and the keyframed object path steps are related by a constant value which is hadcoded in the code. 
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