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Dimensionality in 3D representation 

Dimensionality is a very important factor in modelling. There are 
different problems to solve in the case of simple two-dimensional and 
much more complex three-dimensional representations.
Thus to find a compromise between simplicity and functionality 
indirect ‘dimensions’ are considered (e.g. 2.5D, 2.75D, etc.).



Dimensionality in 3D representation 

2D : systems were two-dimensional and represented 
the world as thematic maps – only points, lines and 
polygons are used in 2D space. 

2 ½ D : A location in space is represented with two 
coordinates 𝑥 and 𝑦; 𝑧 – the height is only an 
attribute that is used for example for visualization. 
The 2D object is embedded in 3D space– the 
structure is two-dimensional, and the third 
dimension is represented by attributes.



Dimensionality in 3D representation 
2 ½ D+ : This is an extension of the previous concept, 
but vertical faces are also allowed. This is used in 
“block-shaped” models of building exteriors where 
roofs are horizontal planes with a height assigned; 
walls represented as vertical planes are 
reconstructed by extrusion.
2 ¾ D : To permit more advanced construction (e.g. 
bridges, tunnels, etc.) the 𝑧 coordinate is required. 
3D : Generally 3D data models can be divided into 
four groups: 3D geometric models, 3D topological 
and graph models, 3D city models and 3D CAD 
models.



Geometric models in CAD



Solid modeling

Solid modeling is the most complicated of the CAD technologies, 
because it simulates an object internally and externally. Solid Modeling 
is the computer modeling of 3D solid objects. 
The objective of Solid Modeling is to ensure that every surface is 
geometrically correct.



Solid model

A solid model of an object is a more 
complete representation than its 
surface (wireframe) model.
The model is a complete and 
unambiguous representation of a 
precisely enclosed and filled 
volume.
The principles of solid modelling 
are described by M. Mäntylä
(1988).



Solid modeling

Advantages
• Has all the advantages of surface 

models (uniqueness, non-
ambiguous, realistic, surface 
profile) plus volumetric 
information.

• Allows the designer to create 
multiple options for a design.

• 2D standard drawings, assembly 
drawing and exploded views are 
generated form the 3D model

Disadvantages
• More intensive computation 

than wireframe and surface 
modeling.

• Requires more powerful 
computers (faster with more 
memory and good graphics), not 
a problem any more.



Solid model

The solid model uses topological information in addition to the 
geometrical information to represent the object unambiguously and 
completely.

Different Geometry, Same Topology

Same Geometry, Different Topology

Geometry: set of complete and essential 
information to define the shape and 
spatial location of objects
Topology: subset of information 
obtained from the geometry of the 
object. Invariant after applying 
geometric transformations to the object. 



Geometry vs. Topology

• Study rigid objects
• Rotations and reflections are OK
• No stretching allowed

• Study of flexible objects
• Rotations and reflections are OK
• Stretcjing and bending are OK
• No tearing or gluing allowed



Geometry vs Topology

Example of a geometric edit
(no change in topology)

Example of a topological edit
(change in the number of 

edges, and faces)



Geometry

The graphical information of dimension, length, angle, area and 
transformations.
Metrics and dimensions of the solid object.
Location of the object in a chosen coordinate system.
Geometric data relates to dimensional information, e.g.
– the location of points in space
– the shape and size of geometric features.



Topology

The invisible information about the connectivity, neighborhood, 
associatively etc .
Topology: refers to the connectivity of the elements which make up the
model, e.g.
– two faces intersect at an edge

Inclusion of topological data makes solid
models computationally verifiable.

Two objects with the same topology but 
different geometry.



Toplogical entities

Topological comprise all
the entities that are used
to construct the structure
or skeleton of a model.

Vertex

Edge

Face normal

Body

Face

Loop

Fins



Topological Data Structures

Systematization and organization of topological information of a model 
from the storage of a sufficient set of adjacency relations. 
Main topological elements: 

vertices, edges and faces. 
Additional topological elements: 

loops, shells, regions, vertex uses, half-edges, edge uses, loop uses, 
face uses.



Topological Data Structures
The high-level architecture of the 
modeling framework. 
This is a layered architectural software 
pattern in which each layer has a 
distinct role in the framework.

Topological data structure

Geological 
operators & 
attributes

Mesh operators

Numerical modelling

Mesh management

Topological 
operators



Topological Data Structures

In manifold modeling: 
• Winged-edge 
• Half-edge

In non-manifold modeling: 
• Radial Edge



Manifold and Non-manifold representations

Two Manifold Representations: Two manifold 
objects are well bound, closed and 
homomorphic to a topological ball. 

Non-manifold Representations: When 
restrictions of closure and completeness 
are removed from the solid definition, 
wireframe entities can coexist with 
volume based solids.



Manifold and Non-manifold representations

In 3D, for the manifold to be valid, the neighborhood of each point 
within the sub-space must be able to be deformed into a sphere. Thus 
self-intersecting surfaces are nonmanifold. In 3D, any object that could 
not satisfy this definition of Manifold is a Non-manifold.



Manifold and Non-manifold representations

Mathematically manifold geometry
means every point on a surface has 
“neighborhood” (infinitesimal
sphere) around it that can be 
deformed onto a locally planar
surface.
Manifold geometry rules out objects
which are not physically realizable
such as those with features joined
along a single edge or vertex.



Non-manifold models

They are completely defined, as the degenerate models, but all 
adjacent edges and vertices are merged. 
Therefore, an edge can be shared by more than two faces.

Two boxes sharing an edge Boxes can be represented as 
two shell

Boxes can be represented as 
one solid. 



Non-manifold data structure

Compound objects for process planning or FEM 
models can be represented with this kind of 
model. 

MODEL

Vertex Edge Face Solid

Vertex-use Edge-use Face-use



Classification of solid modelling

Boundary or volume based

Object based or spatially based

Evaluated or unevalutated

Boundary Volume

U
ne

va
lu

at
ed Spatial Half space Octree

Object Euler Ops CSG

Ev
al

ua
te

d Spatial Boundary 
Cell Enum Cell Enum

Object B-rep Non-
parametric



Solid representation schemes 
Half Spaces

Boundary Representation (B-rep)

Constructive Solid Geometry (CSG)

Analytical Solid Modeling (ASM)

Sweeping

Primitive instancing
Exhaustive Enumeration 

Cell Decomposition 
Spatial Occupancy methods

Adaptive Subdivision 

Depth maps

Octree encoding



Solid modeller

Modeler Developer Primary Scheme User Input

CATIA IBM CSG BREP+CSG

GEOMOD/I-DEAS SDRC/EDS BREP BREP+CSG

PATRAN-G PDA Eng. ASM Hyperpatches+CSG

PADL-2 Cornell Uni. CSG CSG

SOLIDESIGN Comp. Vision BREP BREP+CSG

UNISOLIDS/UNIGRAPHICS McDonell Douglas CSG BREP+CSG

PRO-E Parametric BREP BREP+CSG

SOL. MOD. SYS Intergraph BREP BREP+CSG



Half Spaces



Half space

Half-spaces form a basic representation 
scheme for bounded solids. By combining 
half spaces (using set operations) in a 
building block fashion, various solids can be 
constructed.
Half-spaces are usually unbounded geometric 
entities; each one of them divides the 
representation space into two infinite 
portions, one filled with material and the 
other empty. 



Half space

In half-space representation, the 
surfaces of the solid are defined by 
the plane equations that form the 
half-spaces. 
The direction of the surface normal 
determines which half space is 
selected.
Surfaces can be considered half-space 
boundaries and half-spaces can be 
considered directed surfaces. 

For all points in this halfspace
𝐹 𝑥! , 𝑦! , 𝑧! > 0

Plane equation 𝐹 𝑥, 𝑦, 𝑧 = 0
𝑎𝑥 + 𝑏𝑦 + 𝑐𝑧 + 𝑑 = 0

⋰

⋰
For all points in 
this halfspace
𝐹 𝑥! , 𝑦! , 𝑧! > 0



Half space

Half spaces form a basic representation scheme for bounded solids. 
Each of the primitives are described by a combination of so-called half 
spaces, these are defined by simple functions that separate the world 
(three-dimensional Euclidean space 𝐸! ) into in and out, those for 
which 𝑓 𝑃 > 0 and those for which 𝑓 𝑃 , 𝑃(𝑥, 𝑦, 𝑧).

A half space is a regular point set in 𝐸! and is given by

𝐻 = .𝑃: 𝑃 ∈ 𝐸!and }𝑓 𝑃 < 0



Half space

Advantages
• The main advantage is its 

conciseness of representation 
compared to other modeling 
schemes.

• It is the lowest representation 
available for modeling a solid 
object.

Disadvantages
• The representation can lead to 

unbounded solid models as it 
depends on user manipulation 
of half spaces.

• The modeling scheme is 
cumbersome for ordinary 
users/designers.



Half space

For a plane passing through a point 𝑃" = (𝑥, 𝑦, 𝑧), and with an outward 
surface normal 𝑉 = 𝑥, 𝑦, 𝑧 , we can determine whether any point 𝑃 is 
inside or outside the halfspace by evaluating the function

(𝑃 − 𝑃#)×𝑉
And noting that if :
𝑃 − 𝑃! ×𝑉 < 0 → point is inside the halfspace
𝑃 − 𝑃! ×𝑉 = 0 → point is on the halfspace
𝑃 − 𝑃! ×𝑉 > 0 → point is outside the halfspace



Half space

A planar half surface is represented as :

𝐻 = 𝑥, 𝑦, 𝑧 : 𝑧 < 0

Classification : 
unevaluated boundary 
based, spatial based



Half space

A cylindrical half space is a given by :

𝐻 = 𝑥, 𝑦, 𝑧 : 𝑥$ + 𝑦$ < 𝑅$



Half space

A spherical half space is a given by:

𝐻 = 𝑥, 𝑦, 𝑧 : 𝑥$ + 𝑦$ + 𝑧$ < 𝑅$



Half space

A conical half space is a given by :

𝐻 = 𝑥, 𝑦, 𝑧 : 𝑥$ + 𝑦$ < tan ⁄𝛼 2 𝑧 $



Half space

A torodial half space is a given by :

𝐻 = 𝑥, 𝑦, 𝑧 : 𝑥$ + 𝑦$ + 𝑧$ − 𝑅$$ − 𝑅%$ < 4 − 𝑅$$ 𝑅%$ − 𝑧$



Constructing Solids with Half Spaces

Complex objects can be modeled by combining Half Space using set 
operations 

𝑆 =@ A
&'"

(

𝐻&



Set Operations

In order to define an object, we frequently have to combine several 
half-spaces. 
A number of half spaces can be combined using set Boolean operators 
such as intersection (∩), union (∪) or subtraction (−) operators to 
produce more complex bodies.
These set-operations are used to combine the half-spaces to build up 
various objects.



Set Operations

⋃ union : Denoted by 𝐴 ∪ 𝐵 or 𝐴 ∪ 𝐵, this is the set of all points 
contained in either 𝐴 or in 𝐵 or in the both of them.
⋂ intersection : This is the set of all points which lie in both 𝐴 and 𝐵. 
If the two volumes do not overlap, then the intersection will be the 
empty set. 
− substraction (difference): The difference 𝐴 – 𝐵 is the set of all 
points which lie in 𝐴 but not in 𝐵.

𝐴 ∪ 𝐵 𝐴 ∩ 𝐵 𝐴 – 𝐵 𝐵 –𝐴 (𝐴 – 𝐵) ∪ (𝐵 –𝐴 )



A box and a cylinder in terms of their 
constituent half space
For instance a cylinder, 𝐶, of height ℎ, and radius 𝑟, centered on the 
origin can be defined in terms of three half spaces in the following way:

𝐻1: 𝑥$ + 𝑦$ − 𝑟$ < 0
𝐻2: 𝑧 > 0
𝐻3 ∶ 𝑧 − ℎ < 0

𝐶 = 𝐻1 ∩ 𝐻2 ∩ 𝐻3



Examples
The construction of a building component with bonnet roof shape 
using half-spaces

The construction of an L-shaped building outline using half-spaces



Boundary Representation (B-rep)



Boundary Representation (B-rep)

Boundary representation is the 
principle solid modelling method used 
in modern CAD/CAM systems.
Boundary Representation, or B-rep for 
short, can be considered as an 
extension to the wireframe model. 

Planar diagram of a B-rep solid 
model with its oriented circuit of 
halfedges.



Boundary Representation (B-rep)

Historically, B-rep was one of the first 
computer representations to be used for 
description of polyhedral three-
dimensional objects.
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Boundary Representation (B-rep)

A B-rep scheme describes a solid object in terms of the surfaces 
enclosing it, while a volumetric representation scheme describes an 
object in terms of solid primitives covering its volume. 



B-Rep vs. Surface Modeling

Surface model:
– A collection of surface entities
which simply enclose a volume
lacks the connective data to
define a solid (i.e. topology).

B-Rep model:
– Technique guarantees that
surfaces definitively divide
model space into solid and void, 
even after model modification
commands.



Boundary Representation (B-rep)

Advantages:
• B-Rep objects are mathematically 

precise, and allow designers and 
engineers to build "perfect" 
representations of their designs
• Unlike other forms of modeling, B-

Rep allows you to "zoom in" 
without losing "resolution." A B-
Rep curve will remain curved at 
every level of magnification
• B-Rep's mathematical precision 

makes it ideal for manufacturing 
applications

Disadvantages:
• B-Rep file formats are heavy, and 

store a lot of meta-data that takes 
up disk space
• When an object needs to be 

visualized, rendered, or animated –
B-Rep takes too much processing 
power
• Organic / natural objects are hard 

to recreate with the precise 
mathematical formulas of B-Rep



Boundary Representation (B-rep)

The basic method for B-rep was developed independently in the early 
1970s by both Ian C. Braid in Cambridge (for CAD) and Bruce G. 
Baumgart at Stanford (for computer vision).
Torsten Kjellberg, developed the philosophy and methods for working 
with hybrid models, wire-frames, sheet objects and volumetric 
models during the early 1980s.

I.C.Braid, I.C.Hillyard & I.A. Stroud, Stepwise construction of polyhedra in geometric modeling, in 
K.W.Brodie, ed. Mathematical Methods in Computer Graphics & Design,  Academic Press (1980) 123-141.
B.G. Baumgart, Geometric Modeling for Computer Vision, Stanford Artificial Intelligence Laboratory, Memo 
no. AIM-249, Stanford University, October 1974
B. G. Baumgart. A polyhedron representation for computer vision.  National Computer Conference 
Proceedings, 44:589---596, 1975



Boundary Representation (B-rep)

Closed surface : is a surface that is compact and 
without boundary. One that is continuous 
without breaks
Oriented surface : One in which is possible to 
distinguish two sides by using surface normal to 
point to the inside or outside of the solid under 
consideration.
Boundary model : Boundary model of an object 
is comprised of closed and orientable faces, 
edges and vertices. A data base of a boundary 
model contains both its topology and geometry.



Boundary Representation (B-rep)

In a boundary representation
(B-rep) modeller, a solid is
represented by an evaluated
data structure containing the
elements which describe its
boundary. 



Boundary Representation (B-rep)

(a) Solid:  bounded, connected subset of E3

(b) Faces: boundary of solid
bounded, connected subsets of Surfaces

(c) Edges: boundary of faces
bounded, connected subsets of curves

(a) Solid:  bounded, connected subset of E3

(b) Faces: boundary of solid
bounded, connected subsets of Surfaces

(c) Edges: boundary of faces
bounded, connected subsets of curves

Boundary of a solid… Boundary of surfaces… Boundary of curves (edges)…

(a) Solid:  bounded, connected subset of E3

(b) Faces: boundary of solid
bounded, connected subsets of Surfaces

(c) Edges: boundary of faces
bounded, connected subsets of curves

(a) Solid:  bounded, connected subset of E3

(b) Faces: boundary of solid
bounded, connected subsets of Surfaces

(c) Edges: boundary of faces
bounded, connected subsets of curves

SOLID
Bounded, connected subset of E3

FACES
Boundary of solid

bounded connected subset of surfaces

EDGES
Boundary of faces

bounded connected subset of curves

(a) Solid:  bounded, connected subset of E3

(b) Faces: boundary of solid
bounded, connected subsets of Surfaces

(c) Edges: boundary of faces
bounded, connected subsets of curves

(a) Solid:  bounded, connected subset of E3

(b) Faces: boundary of solid
bounded, connected subsets of Surfaces

(c) Edges: boundary of faces
bounded, connected subsets of curves



Boundary Representation (B-rep)

The object boundary is segmented into a 
finite number of bounded subsets, 
called faces. 
A face is represented in a B-Rep by its 
bounding edges and vertices. 
Thus, a B-Rep consists of three primitive 
topological entities:

faces (2-dimensional entities),
edges (1-dimensional entities), 
vertices (0-dimensional entities).



Boundary Representation (B-rep)

There are two types of information in a B-
rep : topological and geometric.
Topological information provide the 
relationships among vertices, edges and 
faces similar to that used in a wireframe 
model. In addition to connectivity, 
topological information also 
include orientation of edges and faces.
Geometric relates to the information 
containing shape defining parameters, such 
as the coordinates of the vertices



Primitives of B-rep Scheme 



Primitives of B-rep Scheme 

Vertex : is a unique point (an ordered triplet) in space.
Edge : is a finite, non-self-intersecting, directed space curve bounded 
by two vertices that are not necessarily distinct. 
Face : is defined as a finite connected, non-self-intersecting, region of a 
closed oriented surface bounded by one or more loops. 
Loop : is an ordered alternating sequence of vertices and edges. 
Genus : is the topological name for the number of handles or through 
holes in an object. 
Body (or shell) : is a set of faces that bound a single connected closed 
volume. 



Basic elements
Simple Polyhedra
These do not have holes and each 
face is bounded by a single set of 
connected edges, i.e. bounded by 
one loop of edges.

Polyhedra with Faces of Inner Loops 
These are similar to the first with the 
exception that a face may be bounded 
by more than one loop of edges 



Basic elements
Polyhedral with Not Through Holes 
A hole may have a face coincident 
with the object boundary or an 
interior hole 

Polyhedra with Through Holes 
These are called handles 



Topology and B-rep

The ACIS (Alan, Charles 
& Ian’s System) boundary 
representation (B-rep) of a 
model is a hierarchical 
decomposition of the model’s 
topology.
The B-rep topology specifies the 
hierarchy of elements involved. 

Body

Lumps

Shells

Wires

Coedges

Vertices

Loops

Subshells

Faces

Edges



Topology and B-rep

Body : The highest level of model object, and is composed of lumps.
Lump : A 1D, 2D, or 3D set of points in space that is disjoint with all other 
lumps. It is bounded by shells.
Shell : A set of connected faces and wires, and can bound the outside of a 
solid or an internal void (hollow).
Face : A connected portion of a surface bounded by a set of loops.
Loop : A connected series of coedges. Generally, loops are closed, having no 
actual start or end point.
Wire : A connected series of coedges that are not attached to a face.
Coedge : Represents the use of an edge by a face. It may also represent the 
use of an edge by a wire. 
Edge : A curve bounded by vertices.



Validaty of B-rep

To ensure topological validation of the boundary model, special 
operators are used to create and manipulate the topological entities.
These are called Euler Operators :

𝐹 − 𝐸 + 𝑉 − 𝐿 = 2 𝐵 − 𝐺

𝐹 − 𝐸 + 𝑉 = 2
6 − 12 + 8 = 2

𝐹 − 𝐸 + 𝑉 − 𝐿 = 2 𝐵 − 𝐺
14 − 36 + 24 − 2 = 2(1 − 1)



The hierarchy of topological elements in ACIS 
(commercial B-rep modeler) 



Boundary Representation (B-rep)

Generally, there are two typical data structures used in B-Rep for 2-
manifolds: 
Øwinged-edge data structure
Øhalf-edge data structure



Boundary Representation data structures and 
their remarks 

Data 
structure

Describes 
manifolds

Describes 
Non-manifolds Remarks

Winged 
edge ✅

Model is oriented, needs to check conditional in navigation which 
affects performans

Half-edge ✅
All half edge are directed. Memory usage is higher than other models. 
The value is noticable when working on large and irregular face arrays.

Radial 
edge ✅

Cost of storage space will rices in improving the geometric modeling 
techniques. Pointer sets are sufficient, convenient but not efficient.

Feather ✅
Pointer sets are sufficient, convenient and efficient. Focuses on 
neighborhood relationships and boundary information. Advantages of 
clarifying data entities specially one which represent incident relations.

Dual half 
edge ✅ ✅

Oriented through directed half edges, stores topological information in 
model itself, higher performance during navigation. Supports escape 
route applications



Boundary Representation of a Tetrahedron

v2 v3

v1

v4

e6

e5

e3

e4
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𝑟 : cells → 𝔓 𝔼5

cells = 𝑣6, 𝑣7, 𝑣5, 𝑣8, 𝑒6, 𝑒7, 𝑒5, 𝑒8, 𝑒9, 𝑒:, 𝑓6, 𝑓7, 𝑓5, 𝑓8, 𝑙6

rank = { 0, 𝑣6, 𝑣7, 𝑣5, 𝑣8 , 1, 𝑒6, 𝑒7, 𝑒5, 𝑒8, 𝑒9, 𝑒: ,
}2, 𝑓6, 𝑓7, 𝑓5, 𝑓8 , 3, 𝑙6

bound = { 𝑒6, 𝑣6, 𝑣5 , 𝑒7, 𝑣6, 𝑣8 , 𝑒5, 𝑣6, 𝑣7 ,
𝑒8, 𝑣5, 𝑣8 , 𝑒9, 𝑣7, 𝑣8 , 𝑒:, 𝑣7, 𝑣5 ,
𝑓6, 𝑒6, 𝑒7, 𝑒8 , 𝑓7, 𝑒7, 𝑒5, 𝑒9 , 𝑓5, 𝑒6, 𝑒5, 𝑒: ,

}𝑓8, 𝑒8, 𝑒9, 𝑒: , 𝑙6, 𝑓6, 𝑓7, 𝑓5 , 𝑓8



Data structure

The data structure of a boundary model should 
have both topological and geometrical 
information of three-dimensional objects.
Two tables are created for the data storage, one 
for the topological information, which provides 
a list of bodies, faces, loops, edges and vertices; 
and other for the geometrical information that 
defines the faces, edges and vertices of the 
boundary model. 
For faces and edges, the surface and curve 
equations, respectively, are stored in the table.

TOPOLOGY

Object

Body

Genus

Face

Inner loop

Edge

Vertex

GEOMETRY

Volume, 
inertia

Surface 
equation

Coordinates

Curve 
equation

Coordinates



B-rep data structure

Face table

Face Edges

F1 E1 , E5 , E6 

F2 E2 , E6 , E7

F3 E3 , E7 , E8

F4 E4 , E8 , E5

F5 E1 , E2 , E3 , E4 

Edge table

Edge Vertives

E1 V1 , V2

E2 V2 , V3

E3 V3 , V4

E4 V4 , V1

E5 V1 , V5

E6 V2 , V5

Vertex table

Vertex Coordinates

V1 x1 , y1 , z1 

V2 x2 , y2 , z2

V3 x3 , y3 , z3

V4 x4 , y4 , z4

V5 x5 , y5 , z5



B-rep data structure
Solid

Face 1 Face 2 Face 3 Face 4 Face 5

Edge 2 Edge 5

Vertex 2 Vertex 5Vertex 5

(x,y,z)

Combination 
structure

Metric 
information



B-rep data structure



Winged-Edge data structure

B.G. Baumgart, Winged edge polyedron representation, Stanford University, Stanford, CA, 1972.

It is a data representation used to describe polygon 
models in computer graphics. The classic winged edge 
data structure is the first one proposed for two 
dimensional cell complexes by Baumgart .
Baumgart's winged-edge data structure is the oldest 
data structure for a B-rep. 



The Winged-Edge Data Structure

Perhaps the oldest data structure for 
a B-rep is Baumgart's winged-edge
data structure. 
It is quite different from that of a 
wireframe model, because the 
winged-edge data structure uses 
edges to keep track almost 
everything.



Winged-Edge data structure

It is quite different from that of a 
wireframe model, because the 
winged-edge data structure uses 
edges to keep track almost 
everything.



Winged-Edge topology

Topologically, one can always stretch 
curvilinear edges and faces so that they 
become flat without changing the 
relationships among them.



Edge-based relations represented in Winged-
Edge data structure
For each edge 𝑒 with tow vertices, there are two 
faces incident to that, and four adjacent edges 
representing the boundary of the two faces 
incident to 𝑒. 
For each face 𝑓, there is a reference to one edge 
on the boundary of 𝑓.
For each vertex 𝑣, there is a reference to one 
edge incident to 𝑣, which supports the retrieval 
of all topological relations efficiently. 
The cells in the star of a vertex or on the 
boundary of a face can be traversed in either 
clockwise or counterclockwise direction. 



Winged-Edge data structure element



The Edge Table 
Each entry in the edge table contains those 
information mentioned earlier: edge name, start 
vertex and end vertex, left face and right face, the 
predecessor and successor edges when traversing its 
left face, and the predecessor and successor edges 
when traversing its right face.
The four edges b, c, d and e are the wings of edge a
and hence edge a is "winged."

Edge Vertices Feces Left traverse Right traverse
Name Start End Left Right Predd Succ Predd Succ
a X Y 1 2 b d e c



The Edge Table

Each entry in the edge table contains those 
information :

• edge name, 
• start vertex and end vertex, 
• left face and right face,
• the predecessor and successor edges 

when traversing its left face, 
• the predecessor and successor edges 

when traversing its right face. 

Table of vertices

v x y z e1

Table of faces

f e1

Table of edges

e v1 vF fL fR eLP eLN eRP eRN



Winged Edge Data Structure

Geometry lists

Vertex Points

Surface splines

Edge Spline Curves

Topology List

Object 

Body

Face

Loop

Edge

Vertex



B-rep data sturcture

V2 E4

V3

E5
V1

V4

E4

E1

E3

E2

P2

P1

Vertex # Location Edge # Vertices Polygon # Edges

V1 0,5,0 E1 V1 , V2 P1 E1 , E3 , E2

V2 4,15,0 E2 V1 , V4 P2 E3 , E4 , E5

V3 4,10,0 E3 V2 , V4

V4 8,0,0 E4 V2 , V3

E5 V3 , V4



Vertex-based B-rep data structure

v1 x1 y1 z1
v2 x2 y2 z2
v3 x3 y3 z3
v4 x4 y4 z4
v5 x5 y5 z5
v6 x6 y6 z6
v7 x7 y7 z7
v8 x8 y8 z8

f1 v1 v2 v3 v4
f2 v6 v2 v1 v5
f3 v7 v3 v2 v6
f4 v8 v4 v3 v7
f5 v5 v1 v4 v8
f6 v8 v7 v6 v5



Example



Example
eid estart coordsfid estart
v1 e1 x1 y1 z1 f1 e1
v2 e2 x2 y2 z2 f2 e9
⋯ ⋯
v8 e12 x8 y8 z8 f6 e9

eid vstart vend fcw fccw ncw pcw nccw pccw
e1 v1 v2 f1 f2 e2 e4 e5 e6
e2 v2 v3 f1 f3 e3 e1 e5 e7
e3 v3 v4 f1 f4 e4 e2 e7 e8
e4 v4 v1 f1 f5 e1 e3 e8 e5
⋯
e12 v8 v5 f5 f6 e5 e8 e11 e9



Exploded Tetrahedon with “Winged-Edges”



Example : The above is a tetrahedron with four vertices A, B, C and D, six
edges a, b, c, d, e and f, and four faces 1, 2, 3 (back) and 4 (bottom). Its
edge table is the following. 

Edge 
Name

Vertices Faces Left Traverse Right Traverse
Start End Left Right Pred Succ Pred Succ

a A D 3 1 e f b c
b A B 1 4 c a f d
c B D 1 2 a b d e
d B C 2 4 e c b f
e C D 2 3 c d f a
f A C 4 3 d b a e



Half edge data structure

The half-edge data structure is a 
combinatorial data structure, geometric 
interpretation is added by classes built on 
top of the half-edge data structure.
The half-edge data structure is based on 
the winged-edge and was used in the solid 
modelling system presented by Mäntylä
(1988). 

M.Mäntylä, An Introduction to Solid Modeling, W.H. Freeman 
& Company 1988



Half edge data structure

A half-edge data structure is an edge-centered data structure capable of 
maintaining incidence information of vertices, edges and faces, for 
example for planar maps, polyhedra, or other orientable, two-dimensional 
surfaces embedded in arbitrary dimension.



Half edge data structure

The simple idea behind the half-
edge data structure is that, in 
addition to the usual mesh 
elements vertices, edges, 
and faces that make up the polygon 
mesh, we also have an element 
called a half-edge that acts like a 
"glue" connecting the different 
mesh elements.
It is this glue that allows us to easily 
navigate the mesh.



Half edge data structure
The half-edge data structure is called that because instead of storing 
the edges of the mesh, we store half-edges. As the name implies, a 
half-edge is a half of an edge and is constructed by splitting an edge 
down its length. 



Half edge data structure

Hierarchy of Topological Levels 
• Solid 
• Face 
• Loop 
• Half-Edge 
• Vertex 
• Edge



Half-Edge Data Structure Entities



Half edge data structure

Vertex record
• Coordinates
• Pointer to one half-edge that has 𝑣 as its origin
Face record :
• Pointer to one half-edge on tis boundary
Half-edge record :
• Pointer to its origin, 𝑜𝑟𝑖𝑔𝑖𝑛(𝑒)
• Pointer to its twin half-edge, 𝑡𝑤𝑖𝑛(𝑒)
• Pointer to the face it bounds, 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡𝐹𝑎𝑐𝑒 𝑒
(face lies to left of 𝑒 when traversed from origin to destination)
• Next and previous edge on bounday of 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡𝐹𝑎𝑐𝑒(𝑒)



Example

Half-edge origin twin Incident face next prev
e3,1 v1 e3,2 f1 e1,1 e2,1

e3,2 v3 e3,1 f2 e5,1 e4,1

e4,1 v4 e4,2 f2 e3,2 e5,1

e4,2 v3 e4,1 f3 e7,1 e6,1

v1

v2

v3

v4

v6

v5

e1,1

e2,1

f1
e3,2 e4,1

e4,2

e5,1

e7,1
e7,2

e8,1

e9,1

e3,1

f2

e6,1

f4

f3



Radial-Edge Data Structure

The radial-edge data structure proposed by Weiler (1988) is the first 
complete representation of non-manifold B-Rep models. This is 
complex but is the most popular and efficient structure in many non-
manifold systems.

Weiler, K., 1988. The Radial Edge Data Structure: A Topological Representation For Non-Manifold 
Geometric Boundary Modeling. In: J. Encarnacao, L., M. Wozny, J. And H. Mclaughlin, W. (Editors), 
Geometric Modeling For CAD Applications. Elsevier Science (North- Holland), Amsterdam, Pp. 3-36.



Radial-Edge Data Structure
Radial edge is a non-manifold geometric modeling in boundary 
representation which stores topological adjacency information and 
simultaneously allows representation of wireframe, surface, solid, and 
cellular modeling forms.
The entities in the Radial Edge (RE) data structure are: 

• regions, 
• shells, 
• faces, 
• loops, 
• edges 
• vertices.



Radial-Edge Data Structure

(a) Three shells exist in a complex 
describing two hollow cubes sharing a 
common face 
(b) Each face 𝑓 has two face-uses 
(c) Each face-use on the inner shell of a 
cube is bounded by a loop-use which is 
composed of a circular list of edge-uses 
(d) Vertex 𝑣 shared by three faces
(e) the vertex-uses that start at 𝑣.



Radial-Edge Data Structure

Radial Edge representation of tow 
faces joining along a common edge, 
showing how edge uses are 
connected.
Figure shows the relations between 
edge-uses; two faces (f1 and f2) are 
joined and share an edge. 



Radial-Edge Data Structure

This edge is represented by four edge-uses 
(eu1, eu2, eu3, and eu4) – one for each side 
of a two sided face. 
Mate pointers connect two edge-uses 
located on the opposite sides of a face. 
Radial pointers connect two edge-uses 
located on radially adjacent sides of two 
faces. 



Radial-Edge Data Structure

K.J. Weiler, Topological Structures for Geometric Modeling, PhD 
Thesis, 1986.

Model

Region 

Shell

Face use

Loop use

Edge use

Vertex use

Loop

Edge

Vertex 

Face



Dual Half Edge Data Structure

The DHE is 3D data structure related to the radial-edge, facet-edge and 
half-edge data structure and is based on the Augmented Quad Edge 
(AQE). 
DHE uses two structures; the dual and the primal that are presented as 
entities connected to form a graph.
The dual structure of the DHE model is associated with the topology 
(pointer for navigation) while the primal represents the geometry of 
any object in 3D model.



Dual Half Edge Data Structure

Dual Half Edge data structure has been developed for describing the 
boundary of manifold 3D objects; hence it could be used for 
nonmanifold objects.
But since this model is recently published, it has not proven 
mathematically for the non-manifold objects. Dual half edge is an 
oriented data structure which saves time during process and stores the 
topological information in the model itself. 
So the performance during navigation will increase.



Volumetric Property calculation in B-rep

It is possible to compute volumetric properties such as mass properties 
by virtue of Gauss divergence theorem which converts volume integrals 
to surface integrals.
Coordinates of center of mass, and volume of the object, can be 
obtained using the Gauss theorem and performing the integral along 
the object's surface, stored in the BRep model.

k TRIANGLE
3 1,2,3
4 1,3,4
5 1,4,5



Boundary Representation (B-rep)

Buchele’s BB (big bang) and BHC (Bose–Chaudhuri–Hocquenghem) 
algorithms to directly convert from a B-rep of a 3-D solid to a CSG tree 
representation of it.
Because the BHC algorithm checks for dominating halfspaces on each 
pass through each region the object is partitioned into, the resulting 
halfspace CSG tree is of small size overall.

S. F. Buchele. Three-Dimensional Binary Space Partitioning Tree and Constructive Solid 
Geometry Tree Construction from Algebraic Boundary Representations. PhD thesis, The 
University of Texas at Austin, 1999.



BHC Algorithm for the B-rep to Halfspace CSG 
Tree Conversion Process



The boundary model of the solid S has 16 faces, 28 vertices, 42 edges, 2 
loops, 1 body and 1 genus. They all together satisfy Euler’s law.



The sequence of steps involved for creating the boundary model of solid 
S through the steps 



The sequence of steps involved for creating the boundary model of solid 
S through the steps 



Topological invalidity

Part of the information recorded in a B-rep is topological (i.e., 
adjacency relations). Invalid solids may be generated if the
representation is not carefully constructed.
One way of checking this topological invalidity is to use the Euler-
Poincaré formula. If its value is not zero, we are sure something must
be wrong in the representation. 
However, this is only a one-side test. More precisely, a zero value of the
Euler-Poincaré formula does not mean the solid is valid. 



Euler Operators

Once a polyhedron model is available one might want to edit it by 
adding or deleting vertices, edges and faces to create a new 
polyhedron. These operations are called Euler Operators. 

However, it has been shown that in the process of editing a polyhedron 
with Euler operators, some intermediate results may not be valid solids 
at all.



Euler Operators

Geometric entities stored in B-Rep data structures are the shell, face, 
loop, edge, and vertex.

Operators are needed to manipulate these entities (e.g., an operator to 
make an edge, an operator to delete an edge,…)

The process that adds and deletes these boundary components is 
called an Euler operation.

A connected structure of vertices, edges and faces that always satisfies 
Euler’s formula is known as Euler object.



Euler Operators

Model is topologically valid if satisfies Euler-Poincare. The validity of 
resulting solids is ensured via Euler operations which can be built into 
CAD/CAM systems.

Original object Modified object Nonsense object

E = 4
V = 4
F = 1

E = 5
V = 5
F = 1

E = 5
V = 5
F = 1



Euler Operators

Applicability of Euler formula to solid objects:
ØAt least three edges must meet at each vertex.
ØEach edge must share two and only two faces
ØAll faces must be simply connected (homomorphic to disk) with no 

holes and bounded by single ring of edges.
ØThe solid must be simply connected with no through holes



Euler Operators

There are two groups of such operators: 
Øthe Make group 
Øthe Kill group. 
Operators start with M and K are operators of the Make and Kill 
groups, respectively.



Euler Operators

Euler operators are written as Mxyz and Kxyz for operations in the 
Make and Kill groups, respectively, where x, y and z are elements of the 
model (e.g., a vertex, edge, face, loop, shell and genus). 
For example,
MEV means adding an edge and a vertex 
KEV means deleting an edge and a vertex.



Euler Operators

It has been proved by Mantyla in 
1984 that Euler operators form a 
complete set of modeling 
primitives for manifold solids. 
More precisely, every 
topologically valid polyhedron can 
be constructed from an initial 
polyhedron by a finite sequence 
of Euler operators. 

M. Mantyla, A note on the modeling space of Euler operators, Computer Vision, Graphics, and 
Image Processing Volume 26, Issue 1, April 1984, Pages 45-60

Action
M Make
K Kill
S Split
J Join

Object
V Vertives
E Edge
F Face
S Model
H Hole
R Cycle

Direct Inverse
MVFS
MEV
MEF
KEMR
KFMRH

KVFS
KEV
KEF
MEKR
MFKRH



Make group
The Make group consists of four operators for adding some elements 
into the existing model creating a new one, and a Make-Kill operator 
for adding and deleting some elements at the same time

Operator name Meaning V E F L S G
MEV Make an edge and a vertex +1 +1
MFE Make a face and an edge +1 +1 +1
MSFV Make a shell, a face and a vertex +-1 +1 +1 +1
MSG Make a sheel and a hole +1 +1
MEKL Make an edge and kill a loop +1 -1



Make group



Kill group

The Kill group just performs the opposite of what the Make group does. 
In fact, replacing the M and K in all Make operators with K and M, 
respectively, would get the operators of the Kill group.

Operator name Meaning V E F L S G
KEV Kill an edge and a vertex -1 -1
KFE Kill a face and an edge -1 -1 -1
KSFV Kill a shell, a face and a vertex -1 -1 -1 -1
KSG Kill a sheel and a hole -1 -1
KEML Kill an edge and make a loop -1 +1



Kill group



Euler Operators



Euler Operators

All operators of the spanning set can be written as a matrix M



Euler Operators

MEV operators are used before MEFs; A cube is constructed face-by-face



Euler Operators

It is also interesting to notice that some Euler operators can have 
different interpretations. 
For example MEV, which produces one vertex and one edge, can:

‘split’ and edge with a new vertex

‘split’ a vertex and add an 
edge in between 

just add an edge with a vertex to 
an existing structure 



Using Euler Operators to Construct a Solid



Constructive Solid Geometry 
(CSG)



Constructive Solid Geometry (CSG)

Constructive Solid Geometry (CSG) is one of the 
techniques in solid modeling. CSG is commonly used 
in 3D computer graphics, CAD, CAM, CAE, robotics, 
animation, medical imaging, and reverse 
engineering of design process.
A CSG model is based on the topological notion that 
a physical project object can be divided into a set of 
primitives that can be combined in a certain order 
following a set of rules to form the object. 



Milestones in CSG
A.A.G. Requicha and R.B. Tilove, Mathematical foundation of 
constructive solid geometry: General topology of closed 
rectangular sets. Technical report. TM-27a, PAP, June 1978.
A.A.G. Requicha and H.B. Voelcker, Constructive solid 
geometry. Technical report. TM-25, PAP, November 1977.
A.A.G. Requicha, Representation for rigid solids: theory, 
methods and systems, Computer Surveys, 12(4), 1980, pp.437-
464.
R. B. Tilove and A.A.G. Requicha “Closure of Boolean 
operations on geometric entities”, Computer-Aided Design, 
12(5), 1980, pp.219-220
J. R. Woodwark, Generating wireframes from set-theoretic 
sold models by spatial division. Computer-Aided Design, 18(6), 
1986, pp.307-315

Aristides A. G. Requicha



Constructive Solid Geometry (CSG)

Solid 
Parts

Introduced
Ian Braid 

(Cambridge University, ~74)

Primitives
small set of shapes

Transformations: 
Scaling, Rotation, Translation

Set-theoretic Operations : 
Union, Intersection, Difference

Euler operators 



CSG vs B-Rep

Constructive Solid Geometry
²Simple representation
²Limited to simple objects
²Stored as binary tree
²Difficult to calculate
²Rarely used anymore

Boundary Representation
²Flexible and powerful 

representation
²Stored explicitly
²Can be generated from CSG 

representation
²Used in current CAD systems



CSG Schemes

Primitive Based CSG: It is based on bounded valid solid primitives, r-
sets. It is the most popular CSG scheme.
Half space Based CSG :This scheme uses unbounded half spaces (non r-
sets). Bounded solid primitives are considered composite half spaces 
and the boundaries of these are the surfaces of the component half 
spaces.



Data structure

Like in B-rep, the database stores topology and geometry. The common 
data structures used for CSG are graphs and trees.



Data structure - Graph

Graph: A graph is defined as a set of nodes connected by a set of 
branches or lines. 
Path: Each node in a tree belongs to a path E.g. Path A to G is given by 
(A,B,G) or (A,C,B,G) (in digraph ) 
Cycle: If starting and ending nodes are the same the path is called a 
cycle E.g. Path (A,C,B,A) or (B,E,C,B)



Data structure - Graph

Cyclic Graph: If a graph contains a cycle it is called cyclic otherwise it is 
acyclic. Cycles are some times called loops or rings. The digraph shown 
below is cyclic as it has two cycles. 
Indegree: In a digraph, number of arrows entering a node 
Outdegree: number of arrows going out of a node



Data structure - Tree

Tree: A tree is an acyclic digraph in which a single node called root 
node has a zero indegree and every other nodes has an indegree of 
one.
Binary Tree: In a tree if the descendent of each node are in order (from 
left to right) and each node except the leaf node has two decedents 
(left and right), then the tree is called a binary tree.



Data structure - Tree

Subtree: Any binary tree can be 
thought of as joining together of 2 
subtrees at any given node. 
A left subtree and a right subtree 
rooted at two successor nodes. 
A perfect binary tree is one which 
has (nL-nR)=0.



Data structure - Tree

Inverted Binary Tree: If the direction of each connector (arrow) is 
reversed then we get an inverted binary tree wherein each node has 
one outdegree except the root node. 

Root node: A node with outdegree = 0. 
Any node that does not have 
descendent. 
Leaf node: Any node that does not have 
a predecessor or indegree = 0. Interior 
node: Any node with outdegree > 0 is an 
interior node.



CSG Tree

The inverted binary tree is very convenient to represent the CSG 
operations. Here each of the leaf nodes is a valid solid primitive. 
The intermediate nodes are the transition states of the solid modeling 
(r-set) operations. 
The root node is the resulting solid from the set operations. Here 𝑛
primitives require (𝑛 − 1) Boolean operations to complete the 
construction of the object. The tree will have (2𝑛 − 1) nodes.



Tree Traversal

Visiting the nodes in sequential or orderly and efficient way. Many of 
the sorting and searching algorithms need to do the tree traversal.
Traversal methods: 
ØDepth first 
ØBreadth first



Tree Traversal

Depth first : is further divided into the following types depending on 
the order in which the root node is visited 
a) Preorder 
b) Inorder
c) Postorder

Breadth first : is an algorithm for searching 
a tree data structure for a node that satisfies 
a given property.



Tree Traversal

Preorder: We have the following recursive algorithm.
1. Visit the root 
2. Traverse the left subtree in pre/o 
3. Traverse the right subtree in pre/o



Tree Traversal

Reverse Preorder: We have the following recursive algorithm
1. Traverse the right subtree in rp/o 
2. Traverse the left subtree in rp/o 
3. Visit the root 



Tree Traversal

Inorder: We have the following recursive algorithm.
1. Traverse the left subtree in inorder
2. Visit the root 
3. Traverse the right subtree



Tree Traversal

Reverse Inorder: We have the following recursive algorithm.
1. Traverse the right subtree 
2. Visit the root 
3. Traverse the left subtree in reverse inorder



Tree Traversal

Postorder: We have the following recursive algorithm.
1. Traverse the left subtree in postorder
2. Traverse the right subtree 
3. Visit the root 



Tree Traversal

Reverse Postorder: We have the following recursive algorithm.
1. Visit the root 
2. Traverse the right subtree in reverse postorder
3. Traverse the left subtree in reverse postorder



Constructive Solid Geometry tree structure



Constructive Solid Geometry tree structure



Constructive Solid Geometry (CSG)

CSG defines a model in terms of combining basic and generated (using 
extrusion and sweeping operation) solid shapes.
CSG uses Boolean operations to construct a model (G. Boole invented 
Boolean algebra).

George Boole 
1815-1864

Boolean operations on polygons are a 
set of Boolean operations (AND, OR, 
NOT, XOR, ...) operating on one or more 
sets of polygons in computer graphics.



Primitives
The simplest solid objects used for the representation are 
called primitives. A common set of primitive solids used to build more 
complex objects :



Primitives

These (parametric) solids have 
two sets of geometric data: 
Ø Configuration Parameters 

(size information) 
Ø Rigid motion Parameters 

(orientation information)



Making Complex Shapes with Boolean 
Operations
Boolean operations, common to most 3D modelers, allow you to join, 
subtract, and intersect solids. Boolean operations are named for the 
English mathematician George Boole.

There are three basic Boolean operations:
ØUnion 
ØSubtract 
ØIntersection



Boolean operations
Name Definition Venn Diagram

Union 
(join/add)

The volume in both sets is combined or added. Overlap is 
eliminated. Order does not matter: A union B is the same as B 
union A.

Difference
(substract)

The volume from one set is substracted or elimnated from the 
volume in another set. The eliminated set is completely 
eliminated-even the portion that does not overlap the other 
volume. The order of the sets selested when using difference 
does matter. A substract B is not the same as B substrat A.

Intersection The volume common to both sets is retained. Order does not 
matter : B instersct A is the same as A intersect B.



Boolean Operations - Union

∪ (Unite, Add, Combine, Join, or Merge) - the operation combines two 
volumes included in the different solids into a single solid.
Operation places all of the areas enclosed by the original primitives into 
a new primitive.

The sum of all points in each of 
two defined sets (logical “OR”).

𝑃 ∪ 𝑄



Boolean Operations - Difference

− Difference (Subtraction, Remove, or Cut) : Operation retains the area 
that was common to the original primitives.
The operation subtracts the volume of one solid from the other solid 
object. The points in a source set minus the points common to a 
second set. (logical “NOT”).

𝑄 − 𝑃 𝑃 − 𝑄



Boolean Operations - Intersection 

∩ Intersection (Common, or Conjoin): Operation removes the common 
area from the first-named primitive.
The operation keeps only the volume common to both solids
Those points common to each of two defined sets (logical “and”)
It sets must share common volume.

𝑃 ∩ 𝑄



Boolean operators

L M

L M

L È M     2-D union

L Ç M     2-D intersection

L — M    2-D substraction

M — L    2-D substraction



Boolean set operators

CSG uses primitive shapes as 
building blocks and Boolean set 
operators 
(∪ union, − difference, and           
∩ intersection) 
to construct an object.



Regularized set operators

Based on the above description, regularized set operators can be 
defined as follows 

𝑃 ∪∗ 𝑄 = 𝑘𝑖 𝑃 ∪ 𝑄
𝑃 ∩∗ 𝑄 = 𝑘𝑖(𝑃 ∩ 𝑄)
𝑃 −∗ 𝑄 = 𝑘𝑖 𝑃 − 𝑄
⊂∗ 𝑃 = 𝑘𝑖(⊂ 𝑄)

where the superscript * to the right of each operator denotes 
regularization. 
The sets 𝑃 and 𝑄 are assumed to be any arbitrary sets. 



Building object

The two solids are glued at their common boundary.



Constructive Solid Geometry (CSG)

There are two main approaches of rendering of CSG constructed 
shapes: 
Øimage-space approaches 
Øobject-space approaches (known as surface classification-based CSG 

algorithms)



Image space method

Image-based CSG rendering algorithms can determine and store the 
visible parts of the CSG shape directly in the frame buffer of the 
graphics hardware. 
The result of an image-based CSG algorithm is, therefore, just the 
image of the CSG shape. 
Image-based CSG can be used in all situations where complex 3D 
modeling operations are required in realtime. Image-based CSG does 
not analytically calculate the geometry of 3D objects, but most uses of 
CSG do not require the explicit 3D geometry and are satisfied with the 
image of the model



Object-space method

Object-space method is implemented in the physical coordinate system 
in which objects are described. 
It compares objects and parts of objects to each other within the scene 
definition to determine which surfaces, as a whole, we should label as 
visible. 
Object-space methods are generally used in line-display algorithms.



Example

The creation of a model in CSG can be 
simplified by the use of a table 
summarizing the operations to be 
performed. 
The following example illustrates the 
process of model creation used in the 
CSG representation.



CSG Table



Sweep Representation



Sweep Representation

The basic notion embodied in sweeping schemes is simple. A set 
moving through space may trace or sweep out volume (a solid) that 
may be represented by the moving set and its trajectory.

Sweeping is used to create 
objects for B-rep and CSG 
representations. Thus it 
becomes an input option in 
many types of representations.



Sweep Representation

The simplest form of sweep is that produced by sweeping a two-
dimensional area along an axis perpendicular to its plane. This form of 
sweep is most useful in representing objects which are extruded with 
constant cross section or for objects which are machined to a given 
profile. 



Applications

The modeling of sweeping by moving solids can be important in many 
application areas. The examples of these applications are
ØNC machining verification 
ØMold design with set-theoretic operations on swept solids 
ØMotion planning of manipulators in robotics to avoid collisions with 

objects of the environment 
ØBlending a solid with a desired surface by rolling a ball



Sweep Representation

Solids that have a uniform thickness in a particular direction and 
axisymmetric solids can be created by what is called :

Transitional (Extrusion) Sweeping Rotational (Revolution) Sweeping



Definition

Two types of sweeping are usually distinguished. They are sweeping by 
a planar contour or “2D solid” (called also extrusion) and sweeping by a 
moving solid.
Sweeping can be generally defined as follows:

𝑆 = @
<'<!

<"

𝐺(𝑡)

Where
𝐺(𝑡) : moving solid or a generator.
𝑡: parameter in the interval 𝑡%, 𝑡$



Sweeping

Profile: Sweeping only supports a 
single profile sketch. It must be a 
closed, non-self-intersecting boundary. 
However the sketch can contain 
multiple contours-either nested or 
disjoint.



Sweeping

Guide curves: Sweeps can contain 
multiple guide curves which are used 
to shape the solid. As the profile is 
swept, the guide curves control its 
shape. One way to think of guide 
curves is to visualize them driving a 
parameter such as radius.



Sweeping

Sweep Path: The helps determine the 
length of sweep by its endpoints. This 
means that if the path is shorter than 
the guides, the sweep will terminate at 
the end of the path.



Requirements

ØThe sweep profile may consist of multiple segments, but must be 
continuous (no gaps).

ØThe sweep profile must form a closed loop in order to create solid
geometry.

ØThe sweep profile must existing within a single plane.
ØThe sweep path must continuous.



Concerns

Concerns care must be used in 
defining sweep geometry such that it 
does not self-intersect.
If the sweep path includes arcs or
splines of a small radius as compared
to the profile being sweep, self-
intersection may occur.
In general keep sweep profiles as 
simple as possible.



Sweeping

The sweeps can be compared to 
the extrude option; whereas the 
extrude option creates a feature 
by protruding a section along a 
straight trajectory; the sweep 
option creates a section along 
user- defined trajectory. 
This trajectory can be either user
sketched or selected on the work 
screen.



Translational sweeps (Extrusions)

Volume defined by sweeping specified parent geometry through a 
direction vector.
Some software permit scaling of the crosssectional parent geometry
may be applied during the sweep to produce a tapering of the object
(draft)

p3p0

p2p1

P(u)



Rotational sweeps (Solids of Revolution)

Volume defined by the rotational sweep of specified parent geometry
through a defined angle about a defined axis.

p3p0

p2p1

P(u)

Axis of 
rotation



Rotational sweeps

Rotational sweeps are defined by 
rotating an area/surface about the 
rotational axis.
If we use rotation axis 
perpendicular to the plane of spline 
cross-section, two-dimensional 
shapes are generated.
if we rotate the cross-section about 
the axis containing the cross-
section, three- dimensional shapes 
such as torus can be generated.



General Sweeps

Volume defined by sweeping
parent geometry of a section
profile (closed) through a path
defined by a curve of arbitrary
shape.
A solid is defined in this scheme in 
terms of volumes swept out by
two-dimensional or three-
dimensional as they move along a 
curve.



Helical Sweeps

As its name implies, the 
Helical sweep option is 
useful for creating parts that 
consists of helical features. 

Two features often created 
with the helical sweep 
options are spring and 
threads. 



Types of sweeping

Closed profile Path
Linear Linear od circular
Nonlinear Higher orger curves
Hybrid (1) OP (2) set ooperations



Linear sweep

In linear sweep, the path is a linear 
or circular vector described by a 
linear, most often parametric. 
Linear sweep can be divided into 
translational and rotational sweep. 



Linear sweep

In translational sweep, a planar 
two-dimensional point set 
described by its boundary (or 
contour) can be moved a given 
distance in space in a perpendicular 
direction (called the directrix) to the 
plane of the set.



Non-linear sweep

In non-linear sweep, the path is a curve 
described by a higher-order equation 
(quadratic, cubic or higher) .



Hybrid Sweep 

The objects with hybrid sweeps possess 
motions along the two coordinate axes; 
followed by gluing at the contact surface.
It combines linear and/or non-linear sweep 
via set operations. In this case, two point 
sets are swept in two different directions 
and the two resulting swept volumes are 
glued together to form the final object. 



Hybrid Sweep 

Hybrid sweeps, wherein, one rectangular surface moves along the x-
axis and other rectangular surface, having a circular hole, along the y-
axis.

Thus, the two boundaries are swept in 
different directions and the two volumes 
are glued together to form the object.



Sweeping vs. Lofting

Most solid geometry is created via sweeping and lofting operations. 
Sweeps and lofts are intuitive processes by which to construct objects.
There are also some general differences between sweeping and lofting 
that will influence which method to use. 
In essence:
• Sweeping uses a single profile sketch
• Lofting uses multiple profile sketch



Lofting

Lofting is typically used to create 
objects of varying cross section; 
however, lofting could also be used to 
create objects of constant cross section 
in which the cross section is copied and 
oriented in space along something 
other than a straight-line path.



Lofting

Orientation of profiles may be limited
– may restrict profiles to parallel
planes

Number of curve segments per profile 
may be limited

– may require the number of curve
segments per profile to be the same



Blended features

The blend option can also be compared 
to the extrude option. Primarily, the 
blend option creates a feature by 
protruding along a straight trajectory 
between two or more user-defined 
sections. A partially revolved blend can 
be created also.
Three types of blends are available:
Ø Parallel
Ø Rotational
Ø General



Swept blend

A swept blend is a combination of 
a sweep and a blend. A swept 
feature is a section protruded 
along a defined trajectory. 
This trajectory can be either 
sketched or selected. 
A parallel blended feature is a 
feature protruded along a straight 
trajectory between two or more 
user-defined sections.



Analytical Solid Modeling (ASM)



Analytical Solid Modeling (ASM)

ASM is closely related to finite element modeling. It is developed to aid 
designers in the arduous task of modeling complex geometry 
commonly found in design applications.
E.g. PATRAN-G is based on ASM and has interface to various FEA 
packages.

ASM has now a wide range of applications such as mass property 
calculations, composite material modeling, and computer animation. 



Analytical Solid Modeling (ASM)

The creation of an ASM model of an object simply involves dividing the 
object into the proper assembly of non-overlapping hyperpatches. Each 
hyperpatch can be constructed from curves and/or surface patches.
Other construction methods of ASM models can include ruled volumes 
and sweeping. 



Analytical Solid Modeling (ASM)

Historically it is closely related to 
3-D isoparametric formulation of 
FEM for 8- to 20-node hexahedral 
elements. 
ASM uses the parametric 
representation of an object in 3-D 
space that is a mapping of a 
cubical parametric domain into a 
solid described by the global 
coordinates.



Analytical Solid Modeling (ASM)

ASM is mainly for design applications and not suited for manufacturing.
It does not involve orientable surfaces as in B-rep and CSG.
Applications : 

1. Mass property calculation
2. Composite material modeling
3. Computer animation
4. FEM mesh generation with hyperpatch concepts.



Analytical Solid Modeling (ASM)

ASM is an extension of bi-parametric surface representation to 3-D 
parametric space. Tensor product method is used as used in the case of 
surface. 
ASM solids as tricubic, Bezier and B-spline solids analogues to bicubic, 
Bezier and B-spline surfaces in 2-D parametric space (𝑢, 𝑣) and 
analogous to corresponding types of curves in one-dimension (𝑡).



Hyperpatch

The parametric solid is called hyperpatch as it is extension of and 
bounded by surface patches. The points in the interior and on the 
boundary of the parametric solid is given by

𝑃 𝑢, 𝑣, 𝑤 = 𝑥 𝑦 𝑧 = 𝑥(𝑢, 𝑣, 𝑤) 𝑦(𝑢, 𝑣, 𝑤) 𝑧(𝑢, 𝑣, 𝑤)

where
𝑢=&( ≤ 𝑢 ≤ 𝑢=>?
𝑣=&( ≤ 𝑣 ≤ 𝑣=>?
𝑤=&( ≤ 𝑤 ≤ 𝑤=>?



Building operation

The object is divided into hyperpatches. The hyperpatches are 
represented using surfaces and curves. A cubic polynomial in each 
parameter is sufficient for most practical applications :

𝑃 𝑢, 𝑣, 𝑤 =^
&'%

@

^
A'%

@

^
B'%

@

𝐶&AB 𝑢&C% 𝑣&C% 𝑤&C%

where
0 ≤ 𝑢 ≤ 1
0 ≤ 𝑣 ≤ 1
0 ≤ 𝑤 ≤ 1



Primitive instancing



Primitive instancing

This scheme is based on notion of families of object, each member of a 
family distinguishable from the other by a few parameters. 
Each object family is called a generic primitive, and individual objects 
within a family are called primitive instances.



Primitive instancing

In this scheme of solid modeling, each 
element shape may be considered as a 
solid model with associated mass 
properties.
These primitives are parameterized in 
terms of the properties, e.g., one primitive 
object may be a regular pyramid with a 
user defined number of faces meeting at 
the apex. 



Primitive instancing

Primitive instancing is preferred for the complex objects such as gears, 
pulleys, bolts, etc. which are very difficult to define with Boolean 
combinations of simple objects.



Primitive instancing

In primitive instancing, the modeling system defines a set of primitive 
3D solid shapes that are relevant to the application area. Primitive 
instances are similar to parameterized solid objects.
A parameterized primitive may be thought of as defining a family of 
parts whose members vary in a few parameters, an important CAD 
concept known as Group Technology. 



Primitive instancing

A primitive is a parameterized geometric entity, typically represented 
by a tuple containing a type code (e.g. a string ‘point’ or ‘block’) 
followed by several real numbers that correspond to specific parameter 
values. 
For example, a solid block aligned with the principal axes can be 
represented by the 4-tuple

(‘block’, XSize, YSize, Zsize)



Primitive instancing

Modellers using this technique can handle a 
number of families of objects, each defined
parametrically.
BOLT (NSIDES,LENGTH, PITCH, DIAMETER)

Number 
of sides

Le
ng

th
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h

Diameter



Spatial Occupancy Methods



Spatial Occupancy Methods

Spatial Occupancy Methods are often 
less able to model exact geometry, 
but can be more compact than other 
methods. 
This allows octrees in particular to be 
used in cases where space is at a 
premium. 



Spatial Occupancy Methods

When representing an object using 
spatial-occupancy enumeration, we 
control only the presence or absence of 
a single cell at each position in the grid. 

To represent an object, we need only to 
decide which cells are occupied cells. 



Spatial Occupancy Methods

Spatial Occupancy methods come in 5 main flavors :

Exhaustive Enumeration 

Cell Decomposition 

Adaptive Subdivision 

Depth maps

Octree encoding



Exhaustive Enumeration 

Exhaustive enumeration represents a solid 
as a collection of identical, smaller 
‘primitive’ objects – voxels - that are 
assumed to be non-overlapping. 
This leads only to an approximation of real 
solids but any kind of solid maybe 
approximated. Co-ordinates describe the 
position of each voxel. 



Cell Decomposition 

This scheme follows from the combinatoric (algebraic topological) 
descriptions of solids. A solid can be represented by its decomposition 
into several cells. Spatial occupancy enumeration schemes are a 
particular case of cell decompositions where all the cells are cubical 
and lie in a regular grid. 



Cell Decomposition 

An object is represented in 
this scheme by a list of the 
cells it occupies, but the 
cells are not necessarily 
cubes, nor are they 
necessarily identical. 



Cell Decomposition 

In cell-decomposition, an object can be represented as the sum of cells 
into which it can be decomposed. Each cell-decomposition system 
defines a set of primitive cells that are typically parameterized and are 
often curved. 
Cell-decomposition differs from primitive instancing in that we can 
compose more complex objects from simple, primitive ones as a 
bottom-up fashion by “gluing” them together.
Two classes of methods:
§ Exact cell decomposition
§ Approximate cell decomposition



Cell Decomposition 

Cell decompositions provide convenient ways for computing certain 
topological properties of solids such as its connectedness (number of 
pieces) and genus (number of holes).

• Defines a set of primitive 
cells

• Differs from primitive 
instancing (Glue operation)

• Unambiguous but not 
necessarily unique



Cell Decomposition
Exact cell decomposition
Step 1: is to decompose the free space, which is bounded both externally 
and internally by polygons, into trapezoidal and triangular cells by simply 
drawing parallel line segments from each vertex of each interior polygon in 
the configuration space to the exterior boundary.
Step 2: each cell is numbered and represented as a node in the connectivity 
graph.
Step 3 : Nodes that are adjacent in the configuration space are linked in the 
connectivity graph.
Step 4 :  A path in this graph corresponds to a channel in free space, which is 
illustrated by the sequence of striped cells.
Step 5: This channel is then translated into a free path by connecting the 
initial configuration to the goal configuration through the midpoints of the 
intersections of the adjacent cells in the channel.



Cell Decomposition
Approximate cell decomposition
This approach to cell decomposition is different because it uses a 
recursive method to continue subdividing the cells until one of the 
following scenarios occurs:

ØEach cell lies either 
completely in free space or 
completely in the C-obstacle 
region
ØAn arbitrary limit resolution 
is reached.



Cell Decomposition
Approximate cell decomposition
Once a cell fulfills one of these criteria, it stops decomposing.
This method is also called a "quadtree” decomposition because a cell is 
divided into four smaller cells of the same shape each time it gets 
decomposed.
After the decomposition step, the free path can then easily be found by 
following the adjacent, decomposed cells through free space.



Adaptive Subdivision 

Adaptive subdivision replaces the regular subdivision of space, as found 
in the previous two methods, with a more efficient adaptive 
subdivision. 
A good example of this is Octree modelling. 



Octree encoding

Octrees are hierarchical variant of spatial-occupancy enumeration, 
designed to address that approach’s demanding storage requirements. 
Octrees are in turn derived from quadtrees, a 2D representation format 
used to encode images. 

D. Meaher, Geometric modeling using Octree Encoding, Computer 
Graphics and Image Processing, 19 (1982), pp. 129-47.



Octree encoding

The Octree Encoding scheme is similar to both the spatial enumeration 
and cell decomposition approaches noted previously. 
The information contained in the encoded representation of an object 
is identical to that available in the spatial enumeration representation. 



Octree encoding

An octree encoding scheme divide 
regions of 3-D space(usually a cube) in 
to octants and stores 8 data elements 
in each node of the tree.
Individual elements of a 3-D space are 
called volume elements or voxels. 
When all voxels in an octant are of the 
same type, this type value is stored in 
the corresponding data element of the 
node.



Octree object

An octree object is represented by an 8-ary hiererchical tree or octree. 
If the space is completely occupied by the object, the node has the 
value of 𝐹 (full). If completely disjoint, the value is 𝐸 (empty). If neither 
occupied nor disjoing it has the value 𝑃 (partially occupied).



Octree encoding

Octrees, like Quadtrees, use a node structure to store the volume 
elements :



Sample octree



Octree encoding goals

(1)To develop a capability to represent any 3-D or N-dimensional object to 
any specified resolution in a common encoding format

(2)To operate on any object or set of objects with the Boolean operations 
and geometric operations

(3)To implement a computationally efficient (linear) solution to the N-
dimensional interference problem.

(4)To develop the capability to display in linear time any number of objects 
from any viewpoint with color, shading, shadowing, multiple illumination 
sources, transparent objects, orthographic or perspective view and 
smooth edges

(5)To develop a scheme that can be implemented across large numbers of 
inexpensive high-bandwith processors that do not require floating-point 
operations, integer multiplication or integer division.



Boolean set operators and transformations



Neighbor finding



Three-level tree representation of an object



Octree decomposition



Octree data structure



Octree Representation of Example Object 



Example



Depth maps

Depth maps can only represent components that are single-sided, in 
machining terms this means that they must be machined only from a 
single direction.
Other single sided objects include terrain maps, making depth maps 
suitable for Geographic Information Systems (GIS). 



Comparison of various solid modeling 
schemes

B-rep CSG Sweep ASM Cell 
Decomposition

Primitives 
Instancing

Accuary

Curved surface 
support is need 

to reach high 
accuracy

Non-polyhedral 
primitives are 

needed to reach 
high accuracy

High accuracy Good in 
accuracy

Usually used in 
low-accuracy 
applications

Similar to sweep

Domain
Theoritically, it 

can support any 
object

Similar to B-rep Limited to 
certain domin

With 
computational 

effort, it is fairly 
good

Almost any 
object Similar to sweep

Uniqueness No No Need careful 
definition No

Simple grid and 
octree generally 

unique object
Similar to sweep

Validity Hard to check Easy to chek Easy to chek Easy to chek Easy to chek Easy to chek

Clouse Fairly good Fairly good Hard to achieve Fairly good Fairly good Hard to achieve
Compactness 
and efficency

Good at internal 
process

Good for user 
interface

Good for 
internal use

Good for 
interface

Good for 
interface

Good for 
interface



Constraint-based Modeling



Constraint-based modeling

Constraint-based modeling is a technique that can help the CAD
operator manage the model modification process.
In a constraint-based modeler, describing the relationship of geometric
elements with equations and logical relationships creates a part.



Constraint-based modeling

There are two major types of constraint-based modeling systems
available on the market today:
Øvariational geometry and
Øparametric modeling.



Parametric modeling vs Variational geometry

Parametric modelling
• constraints defined sequentially
• each constraint calculated based 

on previously defined 
constraints

• order of constraint specification 
is important

Variational geometry
• constraints solved 

simultaneously
• order of constraint specification 

doesnʼt matter



Parametric modeling vs Variational geometry

Parametric definition
User specifies dimension D1, 
other dimensions calculated 
sequentially

Variational geometry
• constraints solved 

simultaneously
• order of constraint specification 

does not matter



Variational geometry

The variant methodology is especially well suited for applications that 
deal with those product families that are composed of standard basic 
shapes with simple parametrization.



Variational geometry

A variational geometry is a set of plane curves and lines to which you 
can assign geometrical and dimensional constraints and which you can 
use to create solids or to add features to existing solids.
With variational geometry, constraints are applied to the 2-D shape in
terms of degrees of freedom.
A degree of freedom exists if there is currently no constraint applied to
control a specific feature of the geometry of your sketch.



Variational profile

A variational profile is a set of plane curves and lines to which assigning 
geometrical and dimensional constraints and which using to create 
solids or to add features to existing solids. 
Variational profiles are the basic components of parametric structure. 



Variational profile

One can use profiles to create solids and features by applying a linear 
sweep or revolving the profile. 
In the case of a feature, the profile is used either to add material to or 
remove material from a solid.



Variational profile

You can create a profile from any set of curves that meet the following 
conditions: 
The curves must be co-planar 
and be drawn on the Work 
Plane. 

The curves can form an open or 
closed profile and may contain 
islands, but not islands within 
islands. A closed profile containing

one island can be created
from this set of curves

A sweep solid cannot
be created from this
set of curves



Types of Constraints

Ground constraints

Dimensional constraints

Geometric constraints

Dimensional constraints control the size and 
proportions of a design.

Ground Constraint enables to constrain a 
special point.

Geometric constraints are used to determine the 
relationships between 2D geometric objects or points 
on objects relative to each other.



Ground constraints

Ground constraints are added to your sketch to define which of the pair
of lines involved is the movable line. 
The Ground Constraint enables to constrain a special point (an 
endpoint or center point) in a 2D profile or a 3D profile so that it 
remains fixed relative to the Reference System.

Ground constraints
• Vertical
• Horizontal
• Angular
• X,Y



Dimensional Constraints

Dimensional constraints specify the length, radius, or rotation angle of 
the geometric elements in your sketch. Geometric constraints force the
profile to conform to a specific shape. 

Dimensional constraints, on the other hand, add the parametric
characteristic to the profile. You can change a dimension at any time 
and its new value will be immediately reflected in the design.



Geometric Constraints

Geometric constraints control the shape of the profile.  Geometric
constraints are used to define the shape of your 2-D geometry and
determine the relationships between 2D geometric objects or points on 
objects relative to each other.

Geometric constraints
• Project
• Join
• Xvalue
• Yvalue
• Radius

• Parallel
• Perpendicular
• Collinear
• Coincident
• Tangent
• Horizontal
• Vertical



Geometric Constraints
Topological constraint
A topological constraint defines 
the topology of a primitive solid 
itself by specifying the 
connection between the 
geometric elements. 

For example, a prism is composed of 8 vertices, 
12 edges, and 6 faces, and is defined by the 
binary relations between components, such as 
all the vertices being shared by 3 edges.



Geometric Constraints
Structural constraint
A structural constraint gives the primitive solid the character of a 
particular feature. 
Groove, square hole, and step features have the same topological 
structure of “4-sided prism”, but are distinguished by their relations to 
the base object. 

For example, if the prism has top and bottom faces that are 
common to the base object, then it is called a square hole. If 
the top and bottom faces and one of the side faces are 
common to the base object, it is called a groove. 



Geometric Constraints
Dimensional constraint
Dimensional constraints define the size and location of a feature. There 
are two constraints: 
• the distance between geometric elements
• angle between geometric elements. 
These correspond to dimensions in drawings. Dimensional constraints 
can be applied not only between the elements inside a primitive, but 
also between the elements in different primitives. 

For example, the depth of a step feature is a dimensional constraint 
inside a primitive, but if we focus on the object after the step has 
been removed, the height of the remaining part is important.



Parametric solid

Parametric is a term used to 
describe a dimensionʼs ability to 
change the shape of model 
geometry if the dimension value is 
modified.
Parametric solid can be defined as a 
solid whose actual shape is a 
function of a given set of parameters 
and constriants upon them.



Parametric Modeling

Parametric solid modeling is a key technology to define and manipulate 
solid models through high-level parametrized steps.
These steps can be modified by users and instantiated to specific 
parameter values and constraint configurations.
A parametric solid model is an information structure that permits 
deriving specific solid models, in the sense of Requicha and Voelcker, 
using deterministic algorithm.

H.B. Voelcker, A.A.G. Requicha, Geometric Modeling of Mechanical Parts and Processes, 
Computers, Vol.10 (12), (1977) pp.48-57.



Design intent

In parametric modeling, dimensions control the model. Design intent is 
how your model will react when dimension values are changed.
Design intent is a method used in CAD that defines relationships 
between objects, so that a change to one propagates automatically to 
others.



Design intent



Features

Features can be viewed upon as information sets that refer to aspects 
of form or other attributes of a part, in such a way that these sets can 
be used in reasoning about design, performance and manufacture of 
the part or the assemblies they constitute.
Pockets, keyways, and so on, soon came to be called features. 



Features

Feature have become an integral part of parametric modeling. It is a 
generic shape with which engineers associate certain properties or
attributes and knowledge useful in reasoning about a product.
Geometry is defined in terms of real world “features” as opposed to
abstract geometric entities.
For example:
– work with holes as opposed to cylinders
– cuts and extrusions rather than blocks and wedges.



Feature-based design
Feature-based design dates at least to the early 1980s or late 1970s. It 
was originally an attempt to organize and simplify computer numerical 
control (CNC) programming of machine tools.  Feature-based modeling
has become the preferred method of constructing solid models.
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Feature-based modeling

Feature-based modeling is an attempt to make modeling a more
efficient process more in tune with how designers and engineers
actually work.



Feature-based modeling

Advantages
• very intuitive and easy to use
• can simplify other aspects of 

CIM (eg. If a standard feature is 
used there will be a standard
process plan to make that
feature).

• emphasizes the use of standard
components

Disadvantages
• restrictive when dealing with 

nonstandard features
• interaction of features can be 

hard to estimate
• a complete set of all possible 

features would be very large.



Interactive feature definition

Firstly, a geometric model is 
created or loaded and inserted 
to a generic geometric 
modelling interface. 
The second step involves the 
interaction of the designer. 
The user picks entities 
according to the features that 
are needed to be specified.

Geometric 
modeller

Feature 
Model

Interactive 
Graphic 
System

Feature 
Recognition 

System

Feature Library

Geometric 
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Feature model

A feature model is a data structure that represents a part or an 
assembly in terms of its constituent features. 
Feature models are created by organizing the constituent features in a 
suitable structure that express the required relationships between the 
various features.



Geometric features

Geometric features are closely related to the geometry of a model and 
can be differentiated into
Form features : portions of nominal geometrey defining a feature’s 
shape
Tolerance features : deviation from nominal definition of shapes, size 
or location
Assembly features : grouping of various features to define assembly 
relations such as mating conditions, position and orientation, kinematic 
relations etc.



Nongeometric features

Nongeometric features are generally related to technological 
informations such as
Funtioncal features : set of features related to a specific funtion like 
design intent, parameters related to function and performance, etc.
Material features : material composition, treatment, surface finish, etc.



Feature-based design

The two principal techniques for the semi-automated capture of past 
(and the creation of new) designs:

Generative (procedural) methods

Variant design methods



Generative Methodology

This method adopts a procedural technique to 
create a parametric model for a given design. 
The Generative Model is essentially a 
sequential list of events, or instructions, that 
represent the design’s construction process. 
Real numbers, representing geometry, are 
replaced with variables, by editing this data 
structure.



Variant Methodology

Although similar in operation, the Variant 
approach to storing solid geometric models 
differs primarily in the construction of its models. 
Whereas the generative approach involves the 
often tedious operation of editing a complex data 
structure to enable parameterization, the Variant 
Method makes use of Parametric and Variant 
Modelling techniques and Feature Based Design, 
in particular User Designed Features to 
interactively draft a geometric model.



L-bracket with a through pocket feature
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History tree of feature based modeling
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An example of feature-based solid modelling



Abrrivations

ACIS Alan, Charles & Ian’s System
AQE Augmented Quad Edge
ASM Analytical Solid Modeling 
BSP Binary Space Partitioning
CSG Constructive Solid Geometry
DHE Dual Half Edge 
DSM Digital surface model
FBM Feature–Based Modeling
GIS Geographic information systems
LOD Levels of detail
PMC Point membership classification
TIN Triangular irregular network 


