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Primary schemes for representing solid objects

* Constructive Solid Geometry
* Decomposition

 Boundary representations




Brep: Boundary Representation

* Represent the object in terms of its surface boundaries, vertices, edges
and faces.

* Some of the systems support only planar faces and curves surfaces are
often approximated by planar polygons.

 Boundaries should be “2-manifold”.

Every point has some arbitrary small neighborhood of points around it
that can be considered topologically same as a disk on a plane.

* Well suited for direct manipulations.

« Advanced operations like boolean operations are plagued by numerical
problems, leading to undependable results.




Brep: Boundary Representation

Solid
| Face [ | Face [ Face [
— | Edge [—] Edge [—] Edge [—
1 Vertex ] Vertex [ VertéX”




Typically two types of data 1s stored for each object

 (Geometric data

* Topological data

Geometric data consists of basic shape definition parameters
such as coefficients of the bi-cubic surface, where as
Topological data includes the connectivity relationships
among the geometric components.




A “Polyhedron” 1s a solid bounded by a set of polygons such
that two and only two polygons meet at an edge and it 1s
possible to traverse the polyhedron by crossing the edges and
moving from one face to the other.

A “Simple Polyhedron” is one that can be deformed into a
sphere. The relationship between vertices, edges and faces 1s
V-E+F=2
which is known as Euler’s Formula.
For a general polyhedra, I.e. a polyhedra that have faces with
holes, the generalisation of the Euler’s formula holds
V-E+F-L=2(S-G)
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Solid. Face. Loop. HalfEdge. Vertex:

typedef struct solid Solid;
typedef struct face Face;
typedef struct loop Loop;
typedef struct halfedge HalfEdge;
typedef struct vertex Vertex;
typedef struct edge Edge;
typedef union nodes Node;




struct solid

d

Id Solidno; /*solid identifier®/

Face *sfaces; /“pointer to list faces™/

Edge “*sedges; /*pointer to list of vertices™/
Vertex *sverts; /“pointer to list of solid™®/
Solid *nexts; /*“pointer to next solid™/
Solid *prevs; /“pointer to previous solid™®/




struct face

{

Id faceno; /*face identifier®/
Solid *fsolid; /*back pointer to solid*/
Loop *flout; /*pointer to outer loop™/

Loop *floops; /“pointer to list of
loops™/

vector feq; /*face equation*/

SURFACE *fgeom ;

Face *nextf; /*pointer to next face™/
Face *prevf; /“pointer to previous
face™/
I 55

Face '

l—

PN

| Loop Loop

l————

1 Loop




struct loop

d

|

HalfEdge *lege; /“pointer to ring of haltedges™/
Face *lface; /*back pointer to face™/

Loop *nextl; /*pointer to next loop™/

Loop *prevl; /“pointer to previous face™/

Loop

R ———
—

N

le——

| Halfedge [ —| Halfedge — | Halfedge ——




struct halfedge
d
Edge *edg; /“pointer to parent edge™/
Vertex *vex; /*pointer to starting vertex™/

Loop *wloop; /*back pointer to loop™/
HalfEdge *nxt; /“pointer to next haltedge™/
HalfEdge *prv; /*pointer to previous

halfedge™/

'

—. | Halfedge | —

A

|

— vertex —




struct vertex

d
Id 1 vertexno:; /*vertex 1dentifier™/
HalfEdge *vedge; /“pointer to a haltedge™/
vector vcoord; /*vertex coordinates™/
Vertex *nextv; /*pointer to next vertex™/
Vertex *prevv; /*pointer to previous

vertex*®/

'




struct edge

d
HalfEdge *hel; /*pointer to right

halfedge™/
HalfEdge *he2; /“pointer to left haltedge™/
Edge *nexte; /“pointer to next edge™/
Edge *preve; /“pointer to previous edge™/
Curve *cgeom ;

T

fs
iy’
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Euler’s Operators

The creation and manipulation of typical boundary models
can be encapsulated into small set of basic operations. These
operators are called Euler’s Operators and preserve the
topological validity.

A linear combination of the primitive Euler Operators 1s
capable of representing any admissible transition.

M(make) K(kill) V(vertex) E(edge)F(face) S(solid)
H(hole)R(ring)
v—etf=2(s—h)+r




Primitive Euler Operators

Make an edge and a vertex (MEV)

Make a face and an edge (MEF)

Make a Solid, a face, and a vertex, no edge and ring (MFVYS)
« Make a cavity or passage and a body (KFMRH)

« Make an edge and kill a Ring (MEKR)

Each of these five operators has a corresponding complementary
operator.

M(make) K(kill) V(vertex) E(edge) F(face) S(solid)
H(hole) R(ring)




Example of Tocal operation

MEF

MEF
KEV KEF
KEV




MR A

1 solid, 1 face, 1 vertex

Isolid, 1 face, 3 edges,
4 vertexes

Isolid, 2 faces, 4 edges

)

4 vertexes




4. MEV

MEV

MEV
MEV

5. MEF

MEF
MEF




Comparison of the representation schemes

* Accuracy: Spatial partitioning and polygonal BREP are approximate
representations, where as primitive instancing, CSG, & BREPs with
curved surfaces are more accurate.

* Domain: Limited for sweep representation and primitive instancing.
Spatial partitioning schemes can represent any solid.

* Uniqueness: Only Octree and spatial enumeration techniques
guarantee uniqueness. If the primitives are carefully chosen primitive
Instancing can guarantee uniqueness.

« Validity: B-REPs are difficult to validate. No checking is needed for
spatial occupancy enumeration and local checking for CSG and
Octrees.

* Closure: Primitive instancing and sweeps are not closed under boolean
operations. BREPs are, in general, closed.




Fractal

1. Helge Von Koch

PR A

2. Mandelbrot

- 3. fractal dimension

D = (log N)/log(1/S)
N:the number of sub—shape,
S: scale
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Particle Systems

particle systems

. explosion
¥

L

fountain smoke

Particle systems offer a solution to modeling
amorphous, dynamic and fluid objects like
clouds, smoke, water, explosions and fire.




Representing Objects with Particles

* An object 1s represented as clouds of primitive
particles that define 1ts volume rather than by
polygons or patches that define 1ts boundary.

* A particle system 1s dynamic, particles changing
form and moving with the passage of time.

* Object 1s not deterministic, its shape and form are
not completely specified. Instead

———




Basic Model of Particle Systems

1) New particles are generated into the system.

2) Each new particle 1s assigned its individual
attributes.

3) Any particles that have existed past their
prescribed lifetime are extinguished.

4) The remaining particles are moved and
transformed according to their dynamic
attributes.

5) An image of the particles 1s rendered in the
frame buffer, often using special purpose
algorithmes.




Attributes of a Particle

Position
Velocity

Life Span

Size

Weight
Representation
Color

Owner




Basic Particle System
Physics
e Particle is a point in 3D space.

e Forces (e.g. gravity or wind) accelerate
a particle.

e Acceleration changes velocity.
e Velocity changes position




Particle system
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