SHAPE GRAMMARS

· Apply production rules to an intial object.

· Given - a set of rules (geometric substitutions)

· Apply them recursively to generate pictures (Figs 10-106 to 10-110)

PARTICLE SYSTEMS 

· For Irregularly shaped objects, with fluid like properties.

· For objects that change over time by flowing, spattering, expanding etc.

· example, clouds, water, waterfalls, smoke, fire, fire works,  

· Particle shapes - spheres, ellipsoids, boxes etc

· Generate objects randomly in some defined area

· Vary parameters with time, may be delete objects randomly

· Display characteristics may also vary randomly.

· Particle motion controlled by specified forces.

PHYSICALLY BASED MODELING

· Model behavior of objects with respect to the forces acting on them.

· Example - cloth hanging from chair / peg / body, motion of human body

· Set up forces acting on the body

· Solve governing physical equations to get shape of objects.

Other uses: This principle is used in a variety of ways in engineering systems.

MODELING OF SOLIDS

B-Rep models to represent polygonal solids

· POLYGON DATA TABLES - geometric and attribute tables

· GEOMETRIC DATA: VERTEX / EDGE /POLYGON-SURFACE

(FIG 10-2)

· VERTEX TABLE: COORDINATES OF EACH VERTEX

· EDGE TABLE: POINTERS TO VERTEX TABLE FOR EACH EDGE)

· POLYGON-TABLE: POINTERS TO EDGES

· ADDITIONAL INFO: FORWARD POINTERS IN THE TABLES

· Also - Adjacency information

Problem with holes (more complex objects) - 
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B - REP (with non-planar boundaries)

Faces Store:

· List of edges bounding it. [List of edge-lists]

· List of Vertices. [List of vertex lists]

· List of adjacent faces.

· Type of surface.

· Mathematical description of the surface.

Edges:

· List of Vertices. 

· List of connecting edges.

· List of adjoining faces.

· Type of edge.

· Mathematical description of the edge.

Vertices:

· List of edges connected to it.

· Lists of faces and vertices adjacent to it.

Problems with B-rep (Graph based representation)

· Difficult to construct a graph interactively.

· Not very user-friendly.

· Storage takes a lot of space.

Advantages - 

· Information is available readily.

· Efficient retrieval.                                                                                                                                                                                                                                                                                                                                                                                               

ALTERNATIVE REPRESENTATION - CSG

CONSTRUCTIVE SOLID GEPMETRY

· Use Boolean / Set operations on solids

· Union, Intersection and Difference of Solids.

· Start with primitives like cylinders, blocks, spheres, cones, wedges etc.

· Build more complex shapes interactively. (Figs)

· Store the model as a binary tree.

· Nodes represent operations and leaves are solid primitives.

· Procedural / Unevaluated model

Examples



Advantages

· Easy to construct complex solids.

· Intuitive and User friendly.

· Storage takes less space.

Disadvantages:

· Efficiency of retrieval / usage?

Usage of CSG Models

A. Evaluate the model - get surface / boundary details.

i. Compute surface intersections

ii. Find adjacent surfaces and build (B-rep) model

iii. Display / use the model as any other (B-rep) model.

iv. CSG used as a front-end with an internal (B-rep) model.

v. Computationally expensive.

B. Ray Casting

i. XY plane as the viewing plane

ii. Fire a ray from each pixel position through the objects.

iii. Compute Ray-Surface intersections.

iv. Sort intersections.

v. Determine surface limits of the composite by using set-operations.

vi. Repeat for each boolean operation.

vii. Also computationally expensive.










Computing Physical Properties

· For each Pixel ray (at i,j)

· M = (Mij
· Similarly calculate other physical properties.

Cell Decomposition

Solid = Union of a set of disjoint cells.


Spatial Occupancy Enumeration: Occupancy of cubic cells in space is Enumerated.


Enumeration -- space consuming

Hence -- Quadtrees / Octrees

QUADTREES

· Divide each region into four quadrants

· Each quadrant is represented by a node.

· If the quadrant is inside the region - the node has a 1.

· If the quadrant is outside - the node has a 0.

· If you can not determine - subdivide further.













· For OCTREES - Extend to 3D

· 8 VOXELS (or octants) for each CUBE / CUBOID

· Sub-divide upto the desired "resolution"

· Once an octree is generated - mathematical description is not available.

· Octree models can be used as primitives in Boolean operations.

· Union - Generate Octree for the combined space, and traverse trees.

· Similarly for Intersection and Difference

BOUNDARY SPACE PARTITIONING TREES

BSP TREES

· Similar to Octrees - But each partition divides into 2 instead of 8.

· Can also Position and orient cutting planes.

· Hence, Reduced depth of tree.
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There are two alternatives:





Represent face as list of edges - not ok.





F1 -- E1 E2 E3 E4 E5 E6 E7 E8


	


Represent face as list of edge-lists.





- The first edge list represents the outermost boundary.





All subsequent edge-lists represent holes.
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Union - 1,4


Intersection - 2, 3


A - B : 1, 2


B - A : 3 - 4
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