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UNIT-1: PRINCIPLES OF COMPUTER GRAPHICS .

Syllabus

Introduction, graphic primitives, point plotting, lines,
Bresenham”s circle algorithm, ellipse, transformation in
graphics, coordinate systems, view port, 2D and 3D

transformation, hidden surface removal, reflection, shading

and generation of character.



What is Computer Graphics ?

Engineerin
Photography 9 9 Psychology
_—— CAD/CAM/CAE —___

Rendering Perception

Graphics

Simulation Inverse Rendering

T—___ Geometric __—

Physics Modeling Vision

Mathematics




Classification of computer graphics

Computer Graphics Computer Graphics Primities

Uses of Computer Graphics

Types of object Types of Interaction Pictorial
(dimensionality) I representation
| |
Controllable Non controllable
2D 3D Line Black Colour etc.
drawing and image
white
image
Kind of picture Role of picture
Symbolic Realistic Use for Use as an

representation end product
such as drawing



Graphic Primitives

Display devices

Output devices include:

. CRT

. Random scan display
. Rastar scan display

. Monitors

. Speakers

. Headphones

. Printer



Cathode ray tube

Horizontal
deflection plates

Vertical
deflection plates

Electron

Control grid -4 Anodes

Phosphor
screen



Rastar Scan Display

I/O Port

(Interaction data) (Display commands)

Refresh buffer

controller

Video Controlle




Raster scan CRT
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Bresenham’s line algorithm %é




Two Dimensional Transformations

1. Introduction

2. What is transformation
3. Basic information

4. Translation

5. Rotation

6.

Scaling

10
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Scaling




Three Dimensional Transformations

1
2
3.
4
5

. Introduction

3D transformation
Translation
Rotation

. Scaling

14
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Hidden Surface Removal

The Depth Buffer Algorithm
Warnock’s Algorithm

17



2 00OD0

IARE
T
O pop

003
%,
2]
T/ON




2 00OD0

IARE
T
O pop

003
%,
2]
Tlow




2 00OD0

IARE
T
O pop

003
%,
2]
Tlow




2 00OD0

IARE
T
O pop

003
%,
2]
T/ON




2 00OD0

IARE
T
O pop

003
%,
2]
Tlow




2 00OD0

IARE
T
O pop

003
%,
2]
T/ON




2 00OD0

IARE
T
O pop

003
%,
2]
Tlow




Unit-ll: CAD TOOLS

Syllabus

Definition of CAD Tools, Types of system, CAD/CAM system
evaluation criteria, brief treatment of input and output devices.
Graphics standard, functional areas of CAD, Modeling and
viewing, software documentation, efficient use of CAD software;
Geometric modeling: Types of mathematical representation of
curves, wire frame models wire frame entities parametric
representation of synthetic curves hermite cubic splines Bezier

curves Bezier splines rational curves.

25
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Parametric representation of synthetic curve

Analytic curves, are usually not sufficient to meet geometric design requirements of
mechanical parts. Products such as car bodies, ship hulls, airplane fuselage and
wings, propeller blades, shoe insoles and bottles are a few examples that require
free-form, or synthetic, curves and surfaces.

The need for synthetic curves in design arises on two occasions: when a curve is
represented by a collection of measured data points and when an existing curve must
change to meet new design requirements.

In the latter occasion, the designer would need a curve representation that is directly
related to the data points and is flexible enough to bend, twist, or change the curve
shape by changing one or more data points.

Data points are usually called control points and the curve itself is called an
interpolant if it passes through all the data points.
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Unit- lll: SURFACE MODELING

Syllabus

Mathematical representation surfaces, surface model, surface

entities surface representation.
Parametric representation of surfaces, plane surface, rule

surface, surface of revolution, tabulated cylinder.

50



Basic modeling techniques are

1. Wire frame modeling
2. Surface modeling

3. Solid modeling

51
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Wireframe modeling is the process of visual presentation of
a three-dimensional or physical object used in 3-D computer
graphics. It is an abstract edge or skeletal representation of a
real-world 3-D object using lines and curves.

Merits:

Simple to construct for 2D and simple and
symmetric 3D objects

Designer needs little training

System needs little memory

Take less manipulation time

Retrieving and editing can be done easy
Consumes less time

Best suitable for manipulations as orthographic

isometric and perspective views. .



Surface modelling

Surface models define the surface features, as well as the edges,
of objects. Different types of spline curves are used to create
surface patches with different modelling characteristics.

Merits:

It is less ambiguous.

Complex surfaces can be easily identified.

It removes hidden line and adds realism.

Demerits:

Difficult to construct.

Difficult to calculate mass property.

More time is required for creation.

Requires high storage space as compared to wire frame
modelling.

Also requires more time for manipulation.
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Surface modeling was essentially the situation in
the early 1940s.

The pressures of wartime
production, particularly
In the aircraft industry,
led to changes in the
way the geometry was
represented.
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N. Lidbro [1956]
describes a system

used by Saab-
Scania in Sweden

In the 1950s.

56



Surface Modeling

The use of parametric techniques became popular
in the 1960s, largely due to the pioneering work of
Coons [1964].

57



Widespread in
»shipbuilding
»automotive manufacture
»shoe industry
»companies manufacturing
- forgings,
- castings.



Surface Modeling

It is particularly useful for modeling objects, which
can be modeled as

» shells,

» car body panels,
» aircraft fuselages
» fan blades.

» wind turbine
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Surface Modeling

Complex objects such as car or airplane body
can not be achieved utilizing wireframe
modeling.

Surface modeling are used Iin
v calculating mass porperties
v'checking for interference
vbetween mating parts
v'generating cross-section views
v'generating finite elements meshes
vgenerating NC tool paths for
v'continuous path machining
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Advantages of Solid & Surface Modelling

Solid Modelling sSurface Modelling

More flexible in modelling

Easy to learn/use
complex geometry

Parametric/associative

capabilities Interactive modelling capabilities

Quicker creation and updating of
complex components and
tooling

Quicker creation and updating of
assemblies

Excellent for creating functional Excellent for creating aesthetic or
models ergonomic free-form models
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Plane surface

This is the simplest surface. It requires three non-coincident
points to define an infinite plane. The plane surface can be
used to generate cross-sectional views by intersecting a
surface model with it, generate cross sections for mass
property calculations, or other similar applications where a
plane is needed.

o "~ “‘x‘“xﬁ::? :: “&,“_R
[ o P T e [
] [ x“'-::"‘;: :‘E:».E:‘“ Ny %"E -
R R g v e N
[ R [y i M i N By Q“E%
e . H:x:: I ~I [T
LT PSRRI
=L ™ D Ay i N I
[ I N o [ My 1 f‘“_H::"“ ~]
-\-\-\-‘-\"‘\-\ H\-\-\"\ k""\.\x | B ﬂ-\'"\.\_\\ -\-\"\_\_\_
H‘xx ] e

64



Plane surface

A plane surface that passes through three points, Py, P,
and P, is given by

The surface normal vector then is

Once the normal unit vector is known, the surface can be also
expressed in nonparametric form as
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Ruled Surface (lofted surface)

A ruled surface is generated by joining two space curves
(rails) with a straight line (ruling or generator). If two
curves are denoted by F(u) and G(u) respectively, for a
value of u, then the parametric equation is given by

y { boundary curve)

Eail { boundary curve)

66



Ruled surface

* Linear interpolation between
two bounding geometric
elements (curves).

 Elemental division the same

for each curve Both geometries open

(line & arc)
* Bounding curves must both be
either geometrically open (line,
arc) or closed (circle, ellipse).
» Curvature in one direction
only. -

Both geometries closed
(circle & point *)

67



Ruled Surface

- Linear interpolation between two edge
curves

- Created by lofting through cross sections

C2(u)

68



Lofted Surface

Surface Pipe

Defining curve swept
along an arbitrary

spine curve
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Revolved surface

A revolved surface is generated a space curve about an axis of rotation.
The parametric representation of the curve in the working coordinate
system that has x- and y-axes on the perpendicular plane to the axis of
rotation that is z-axis can be expressed by

This is an axisymmetric surface
that can model axisymmetric
objects.

It is generated by rotating a
planar wireframe entity in space ,
about the axis of symmetry a
certain angle.

'
I
I
I
A
I
-

Axis !
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Revolution of Surface

Surface of revolution requires:
— a shape curve (must be continuous)

— a specified angle
— an axis defined in 3D modelspace.

I ;-“: Positive rotation direction

f - -

- usually based upon direction of
— ; .
c2(uy, axis vector..

L

-@- -

P(uv) = C1(u)+ v (C2(w) - C1(u)

&

Sy,
i
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Tabulated cylinder

A tabulated cylinder is generated by moving a straight line

along a space curve. The parametric representation of the
curve can be expressed by

where n, is the unit vector in the direction of generatix.

@®Defined by projecting a shape curve (or profile) along a
direction vector.

®Curvature in one direction only (along shape curve), linear
In other direction.
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Tabulated Cylinder

Directrix
7

73



Tabulated Cylinder

- Project curve along a vector
- In SolidWorks, created by extrusion

74



Swept Surface

- Defining curve swept along
an arbitrary spine curve
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Unit- IV :PARAMETRIC REPRESENTATION OF

SYNTHETIC SURFACES

Syllabus

Parametric representation of synthetic surfaces: Hermite
Bicubic surface, Bezier surface, Bezier Spline surface, COONs
surface, Blending surface Sculptured surface, Surface
manipulation; Displaying, Segmentation, Trimming,

Intersection, Transformations (both 2D and 3D).

76
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lermite Bicubic Surface

Applying the boundary conditions (continuity and tangency)
at data points determines all coefficients. Here

@ @
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@ @
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@ @ &P o
Gl Gl b, audv),

This matrix can be determined by imposing the smoothness
conditions at data points joining two adjacent panels.
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Bezier Surface

This is a surface that
approximates given input data.

It is different from the previous
surfaces in that it is a synthetic

surface, it does not pass
through all given data points.

Bezier surface is an extension of Bezier curve and
interpolates to a finite number of data point. It can be
expressed as

n m
P(u,v)=> >'P, B, (wB,,(v), 0<uv<l
=D =0



Bezier Surfaces

Bezier curves can be extended to i
surfaces

Same problems as for Bezier curves:
- no local modification possible

- smooth transition between adjacent
patches difficult to achieve

Cn,i=7 = . B(u,y :=Cy i'“i'(l_“)ﬂ_i i
’ iln— 1 ’ -
m 11
Pva)i= Y Y (pij) Bs)B.)
i=0 ;=0

Isoparametric curves used for tool path generation.

(x.y.2
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B-Spline Surface

This Is a surface that can Co.1
approximate or interpolate C1.1
given input data.

It is a synthetic surface.

It Is a general surface like €0,0
the Bezier surface but with
the advantage of permitting
local control of the surface.
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B-Spline Surfaces

- As with curves, B-spline surfaces are a generalization of Bezier

surfaces
- The surface approximates a control polygon
- Open and closed surfaces can be represented

P(u,v) = E 2 PIL'FN;-, k(u}-Nj, [(v) 0=t <ty

i=0 j=0 O=v=Vyn

N}_’ k(u] = (u — ur_)-

82



B-spline surfaces

- Rational parametric surfaces
- Sphere, cylinders, cones

Interpolated B-spline surface patch

83



Coons Surface

The above surfaces are used with
either open boundaries or given

data points.

The Coons patch is used to create

a surface using curves that form
closed boundaries .

Steven Anson Coons
was an early pioneer in
the field of computer
graphical methods. He
was a professor at the
MIT. He had a vision of
interactive computer
graphics as a design tool
to aid the engineer.

Qo0
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Offset Surface

Existing surfaces can be offset to create new ones identical
In shape but may have different dimensions.

To create a hollow cylinder, the outer or inner cylinder can be
created using a cylinder command and the other one can be

created by an offset command.
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B-Spline Surfaces

B-spline surfaces are represented as:
x(s,t)=S8-Mp, -G, - My -T'

y(szt):S'Mﬂs .GBSP 'MBS'T
2(5,6)=S My, -Gy, My -T"

B-spline surfaces come naturally with C? contimuty.

All techmiques for subdivision and display carry over to
the bi-cubic case.
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Unit -V : GEOMETRICMODELLING-3D

Syllabus

Geometricmodelling-3D: Solid modeling, solid representation,
boundary representation (B-rep), Constructive solid geometry
(CSG). CAD/CAM exchange: Evaluation of data, exchange format,
IGES data representations and structure, STEP Architecture,
implementation, ACIS and DXF; Design applications: Mechanical
tolerances, mass property calculations, finite element modeling
and analysis and mechanical assembly; Collaborative engineering:

Collaborative design, principles, approaches, tools, design systems.
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Evolution of Geometric Modeling

A wireframe representaion of an object is done using edges (lines
curves) and vertices. Surface representation then is the logical
evolution using faces (surfaces), edges and vertices. In this
sequence of developments, the solid modeling uses topological
information in addition to the geometrical information to represent the

object unambiguously and completely.

Wireframe Model Solid Model



Solid Modelling

Solid Modelling is a modelling that provides a complete representation
of an object than a wire frame modelling and surface modelling. In this
model, the appearance of an object is displayed in solid design.
Merits:

Complete modelling.

Unambiguous.

Best suitable for calculating mass properties.

Very much suitable for automated applications.

Fast creation.

Gives huge information.

Demerits:

Requires large memory.

Slow manipulation.

Some manipulations can be complex and require tedious procedure.
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Advantages of Solid Models

Unlike wireframes and surface representations which contain only
geometfrical data, the solid model uses topological information in
addition to the geometrical information to represent the object
unambiguously and completely. Solid model results in accurate
design, helps to further the goal of CAD/ CAM like CIM, Flexible
manufacturing leading to better automation of the manufacturing
process.

Geometry: The graphical information of dimension, length, angle,
area and transformations

Topology: The invisible information about the connectivity,
neighborhood, associatively etc

Is a solid model just a shaded image?

Three dimensional addressability?

Suitable for automation?
Wireframe Model Solid Model



Geometry Vs Topology

Geometry:

Metrics and dimensions of the solid object. Location of the object in a
chosen coordinate system

Topology:

Combinatorial information like connectivity, associativity and neighborhood
information. Invisible relationship information.

L, L,
L, P, . R, L, P,
Ly L,

Same geometry and different Topology
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Manifold Vs Non-manifold

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.

Dangling
face

Non-Manifold
Representation

Dangling
Two-Manifold Object edge

99



Disadvantages of Wireframe Models

* Ambiguity /f{

» Subjective human interpretation P2,

« Complex objects with many edges //\
become confusing /

* Lengthy and verbose to define

* Not possible to calculate Volume
and Mass properties, NC tool
path, cross sectioning etc



Definition of a Solid Model

A solid model of an object is a more complete representation than its
surface (wireframe) model. It provides more topological information
in addition to the geometrical information which helps to represent
the solid unambiguously.

Wireframe Model Solid Model

101
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Solid Primitives: Ready starting objects
Y, Y

P H . X
B D Z
7, X
Y Y,
Z BLOCK |CYLINDER
/|
S WEDGE |SPHERE
H \
P X
\\/D
7 B
Qrigin of MCS: P Orientation Topology and shape

Dimension (size) L,B,H.D,R Perspective on/off

104



Solid Primitives: Ready starting objects

Y Y

TORUS

CONE

PERSPECTIVE OFF PERSPECTIVE ON
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Operation on Primitives

® A desired solid can be obtained by combining two or more solids

® When we use Boolean (set) operations the validity of the third
(rusulting) solid is ensured

3 Dimensional

UNION: BLOCK U CYLINDER AuB



Operation on Primitives

® A desired solid can be obtained by combining two or more solids

® When we use Boolean (set) operations the validity of the third
(rusulting) solid is ensured

UNION: BLOCK U CYLINDER AuB



Operation on Primitives

A A

T

INTERSECTION:
BLOCK M CYLINDER

AnB

DIFFERENCE: B-A
BLOCK = CYLINDER

EE BN EEEE NN EEEE BEEE DEEE BEEE BEaE BEEE BEGE BEEE DI EEE B B B B B B B e e . ..
—_—
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Properties of Solid Models

» Rigidity: Shape of the solid Is invariant w.r.t
location/orientation

 Homogeneous 3-dimensionality: The solid
boundaries must be in contact with the interior.
No isolated and dangling edges are permitted.

Dangling
face

Non-Manifold
Representation

109



Properties of Solid Modeling Schemes

The schemes operate on r-sets or point sets to produce the
desired solid model, which is automatically a valid solid

For unambiguous, complete and unique representation the

scheme maps points form point set (Euclidian) into a valid
model to represent the physical object.

Unlimited Point set , W ‘Model space , S
Representation

Scheme AIN
Ucu _
Unambiguous,
complete, unique
@ F

Ambiguous,

Unambiguous, incomplete, non-unigue
complete, non-unique




Common Features of Modeling Schemes

- Domain: The type of objects that can be represented or the
geometric coverage.

- Validity: The resulting solid model when subjected to
algorithms should succeed as valid solid.

- Completeness and Unambiguousness.

- Uniqueness: Positional and Permutational uniqueness.

a a SsAUBUC S=ECUBUA

i e e

Positionally non-unique Permutationally non-unique
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Data Exchange formats and standards

IGES specification defines the format of the file, language
format, and the product definition data in these formats. The
product definition includes geometric, topological, and non-
geometric data. The geometry part defines the geometric
entities to be used to define the geometry. The topology part
defines the entities to describe the relationships between the
geometric entities. The geometric shape of a product is
described using these two parts (i.e. geometry and topology).
The non-geometric part can be divided into annotation,
definition, and organization. The annotation category consists of
dimensions, drafting notations, text, etc. The definition category
allows users to define specific properties of individual or
collections of entities. The organization category defines
groupings of geometric, annotation, or property elements.



An IGES file consists of six sections: Flag, Start, Global, Directory
Entry, Parameter Data, and Terminate. Each entity instance consists
of a directory entry and parameter data entry. The directory entry
provides an index and includes attributes to describe the data. The
parameter data defines the specific entity. Parameter data are
defined by fixed length records, according to the corresponding
entity. Each entity instance has bi-directional pointers between the
directory entry and the parameter data section.
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DXF (Data eXchange Format) was originally developed by
Autodesk, Inc., the vendor of AutoCAD. It has become a "de-
facto" standard among most CAD vendors and is in wide use to
exchange 2D/3D wireframe data. All implementations of
AutoCAD accept this format and are able to convert it to and
from their internal representation. A DXF file is a complete
representation of the AutoCAD drawing database thus some
features or concepts can't be used by other CAD systems. The
DXF version R13 supports wireframe, surface, and solid
representations.
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A DXF file consists of four sections: Header, Table, Block, and
Entity section. The header section contains general information
about the drawing. Each parameter has a variable name and an
associated value. The table section contains definitions of line
types, layers, text styles, views, etc. The block section contains
entities for block definitions. These entities define the blocks
used in the drawing. The format of the entities in the block
section is identical to entities in the entity section. The entity
section contains the drawing entities, including any block
references. Items in the entity section exist also in the block
section and the appearance of entities in the two sections is
identical.
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STEP (STandard for the Exchange of Product model data)
is a new International Standard (ISO 10303) for
representing and exchanging product model information.
It includes an object-flavored data specification language,
EXPRESS, to describe the representation of the data. STEP
defines also implementation methods, for instance, a
physical transfer file, and offers different resources, e.g.
geometric and topological representation.
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The objective of STEP is to offer system-independent
mechanism to describe the product information in
computer aided systems throughout its lifetime. It
separates the representation of product information
from the implementation methods. Implementation
methods are wused for data exchange. The
representation offers a definition of product
information to many applications. STEP provides also a
basis for archiving product information and a
methodology for the conformance testing of
implementations.
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STEP does not only define the geometric shape of a product: it
also includes topology, features, tolerance specifications,
material properties, etc. necessary to completely define a
product for the purposes of design, analysis, manufacture, test,
inspection and product support. The use of STEP is still very
modest but it is growing all the time. The majority of CAD
system vendors has implemented or is implementing STEP pre-
and postprocessors for their CAD systems. STEP is an evolving
standard that will cover the whole product life cycle in terms of
data sharing, storage and exchange. It is the most important
and largest effort ever established in engineering domain and
will replace current CAD exchange standards.
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Collaborative Engineering §%




Collaborative Engineering
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Collaborative Engineering

*Project Management
«BOM Management
Process Planning
Workdflow Management

| ogistics Management
«Collaborative BEngineering

Case study

Callaboration
Works pace
Supplier level

Supplier
Collaboration

Workspace
OEM level

Y Suboontractor
S iy
Collabaration
Workspace
Supplier level

Supplier

Collaboration
Workspace

Supplier kevel @

Swpir
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Collaborative Engineering

EXTENDED
ENTERPRISE

Concurrent | | ' S Information
Engineering | | Technology
Methodologies Tools
' g
CAD/CAM/CAE Advanced
DOE - Taguchi CAT communication tools:
FMEA CAPP Electronic blackboards
DFx QDF Application conferences
PDM, cPDm Videoconferencing
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Collaborative Engineering

VIRTUAL FACTORY
VIRTUAL PROTOTYPE
DMU
o Functional
CAD a;:;:'ﬂ?'; analysis
Geometry
Features Fitting Glnt[al
Parametric data analysis behaviour
Part analysis analysis
Assembly analysis Product
structure

Production
Logistic
Costs

Marketing
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