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Computer Graphics

Computer Graphics involves Creation, displays,
manipulation and storage for proper visualization
using computer
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Coordinate systems
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Model Co-ordinate System / 
World Co-ordinate System 

Working Co-ordinate System 
/ User Co-ordinate System 

Screen Co-ordinate System / 
Device Co-ordinate System 



Coordinate systems
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Geometric Transformation

• It plays a major role in geometric modeling and
viewing

• Used to express the locations of entities relative to
others and to move them around in the modeling
space.

• Used to generate different views of a model for
visualization and drafting purposes.

• Used to create Animated files of geometric models.

CADM-UNIT 1



Basic Geometric Transformations 

• Translation

• Rotation

• Scaling

• Mirroring

• Shearing

CADM-UNIT 1



2D TRANSFORMATION
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Rotation about arbitrary point
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Rasterize A(2,3) B(12,8)
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Xi Yi Xp Yp

2 3 2 3

3 3.5 3 4

4 4 4 4

5 4.5 5 5

6 5 6 5

7 5.5 7 6

8 6 8 6

9 6.5 9 7

10 7 10 7

11 7.5 11 8

12 8 12 8
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Start

Set Values

Calculate No. of steps

If 
m<=

1

Evaluate and plot x and y points

Stop

Xi+1 –xi = 1/m

Yi+1-yi = 1

Xi+1 –xi = 1

Yi+1-yi = m

No

Yes
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• Any Procedure that identifies those portions of a picture that are

either inside or outside of a specified region of a space is

referred to as a Clipping algorithm or simply Clipping.

• The region against which an object is to be clipped is known as

Clipping Window.

12/31/2022

Clipping 



CLIPPING



Types of Clipping

• Point Clipping

• Line Clipping

• Polygon Clipping

• Curve Clipping

• Text Clipping



Point Clipping

We have a point P=(xw, yw) for display if the following
inequalities are satisfied

xwmin ≤ xw ≤ xwmax

ywmin ≤ yw ≤ ywmax

where the xwmin, ywmin, xwmax, ywmax are the edge of the Clip Window.

If any one of these four inequalities is not satisfied, the point is 
clipped 



Line Clipping



Cohen - Sutherland Algorithm

L R

ABRL Code



ABRL coding

wymax

wymin

wxmin wxmax

Clipping Window

P3 [0001]
P6 [0000]

P5 [0000]

P7 [0001]

P10 [0100]

P9 [0000]

P4 [1000]

P8 [0010]

P12 [0010]

P11 [1010]

P13 [0101] P14 [0110]

1. TRIVIALLY ACCEPT

2. TRIVIALLY REJECT



Sutherland-hodgman area clipping algorithm



2.Curve clipping



TEXT CLIPPING
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Window and Viewport

Viewport: 

Area on screen to be used for drawing.

Unit: pixels (screen coordinates)

Note: y-axis often points down

Window:

Virtual area to be used by application

Unit: km, mm,… (world coordinates) 

(0,0)

(800,600)

(200,200)

(600,400)

(-2,-1)

(2,1)



Viewport
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Viewing in 2D - Viewport

Window.

Viewport



Window -to-Viewport 
Transformation

• Window-to-Viewport mapping is the process of 
mapping or transforming a two-dimensional, world-
coordinate scene to device coordinates. 

• In particular, objects inside the world or clipping 
window are mapped to the viewport. 

• The viewport is displayed in the interface window on 
the screen. 



2D viewing transformation pipeline
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Construct World-

Coordinate Scene 

From Modeling-

Coordinate 

Transformations

World 

Coordinates

Modeling 

Coordinates
Convert World-

Coordinates to 

Viewing-

Coordinates

Viewing Coordinates

Transform Viewing-

Coordinates to 

Normalized-

Coordinates

Normalized 

Coordinates
Map Normalized-

Coordinates to 

Device-Coordinates

Device 

Coordinates



2D Viewing Transformation Representation
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minxw maxxw

minyw

maxyw
Window

minxv maxxv

minyv

maxyv
Viewport



Example:



Unit -2 Geometric Modeling

Representation of curves- Hermite curve- Bezier curve-

B-spline curves-rational curves-Techniques for surface

modeling – surface patch- Coons and bicubic patches-

Bezier and B-spline surfaces. Solid modeling

techniques- CSG andB-rep

CADM-UNIT 2



Curves

Surfaces

Solid

Ken Youssefi MECHANICAL ENGINEERING DEPT. 79

Unit -2 Geometric Modeling



Introduction to curves
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Curve Entities

Curve entities are divided into two categories,

Analytic

Points, lines, arcs, fillets, chamfers, and conics (ellipses, 

parabolas, and hyperbolas)

Synthetic

All CAD/CAM systems provide users with curve 

entities

The Curves Which are defined as those that can be expressed 

by analytic equation. 

The curves which are described by a set of data points or the 

control points such as spline; Cubic spline, B-spline and Bezier 

curve
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Conic Curves - Parabolas

Conic curves or conics are the curves formed by the intersection of a plane 

with a right circular cone (parabola, hyperbola and sphere).

A parabola is the curve created when a plane intersects a right circular 

cone parallel to the side (elements) of the cone

Cutting plane

Parallel
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Conic Curves - Parabolas

Applications of parabola

A parabola revolved about its 

axis creates a surface called 

paraboloid. An auditorium 

ceiling in shape of paraboloid 

reduces reverberations if the 

speaker stands near the focus

Light source

Searchlight mirror

Light rays

Telescope mirror

Eye piece

Light rays

Beam of uniform strength Weightless flight trajectory

Parabola

Zero g

Zero g

Zero g

Load

Parabola
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Conic Curves - Hyperbolas

A hyperbola is the curve created when a plane parallel to the axis and 

perpendicular to the base intersects a right circular cone.

Element 

(side)

Hyperbola

Orthographic view
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Dulles Airport - shape of a hyperbolic 

paraboloid

Cooling Towers of Nuclear Reactors

The hyperboloid is the design standard for all nuclear

cooling towers. It is structurally sound and can be 

built with straight steel beams.

For a given diameter and height of a tower and a 

given strength, this shape requires less material than 

any other form.

Conic Curves - Hyperbolas
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Conic Curves - Ellipse

An ellipse is the curve created when a plane cuts all the elements 

(sides) of the cone but its not perpendicular to the axis.
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The Statuary Hall in the Rotunda 

(Washington) has a ceiling curved as an 

ellipse. 

In New York's Grand Central Station, underneath the 

main concourse there’s a special place known as The 

Whispering Gallery.

Conic Curves - Ellipse
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Conic Curves - Ellipse

Some tanks are in fact elliptical (not circular) in cross section. This gives them 

a high capacity, but with a lower center-of-gravity. They're shorter, so that they 

can pass under a low bridge. You might see these tanks transporting heating 

oil or gasoline on the highway 

Ellipses (or half-ellipses) are sometimes used as fins, or airfoils in 

structures that move through the air. The elliptical shape reduces drag. 

Elliptical gears are used for certain applications
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Conic Curves
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Curve Entities – Synthetic Curves
Analytical curves are usually not sufficient to meet the design requirements 

of complex mechanical parts, car bodies, ship hulls, airplane fuselages and 

wings, shoe insoles, propeller blades, bottles, plastic enclosures for 

household appliances and power tools, ….
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Radio Thermos

Coffee Press
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Types of curve equations

1. Parametric equation:

Example: circle equation:

X = Rcos Y = Rsin  z = 0 0    2

(the coordinates are defined with the help of the extra
parameter ).

2. Non-parametric equation

1. Implicit form: x2+y2-R2=0 z=0.

2. Explicit form y=(R2-x2) z=0.

( these equations defined the x , y and z coordinates without the
assistance of extra parameters)

The parametric equation is the most popular
form for representing curves and surfaces in
CAD systems.



Conic Sections
The curves or portion of curves obtained by cutting a cone with a plane 
are referred to as conic sections.



A circle or its portion on the xy plane with radius R and center at (Xc ,
Yc) can be represented by the equations:

x=R cos  + Xc y= R sin  + Yc (0 2 for a
circle)

Circle or Circular Arc

Ellipse or Elliptic Arc
The parametric equation on an ellipse centered at the origin and
located in the xy plane. The major axis is in the x direction with
length a and the minor axis is in the y direction with length b:

x=a cos  y= b sin  z= 0 (0 2 for an
ellipse)

a
b

x

y



Hyperbola

1
2

2

2

2


b

y

a

x

Implicit equation:

The parametric equations:
x=a cosh u
y=b sinh u



Parabola 
A reference parabola that is symmetric about the x axis and
passes through the origin can be represented by the following
explicit equation:

x = cy2

This equation can be converted to the following parametric

equations:

x=cu2 y=u



1. Analytical curves
The curves which are having rigid form of equation with
out any flexibility to modify its original shapes after display.

Example:
1. Point

2. Line, Line segment
3. Conic sections – Circle, Ellipse, parabola, hyperbola.

4. Fillet
5. Chamfer

Types of curves



2. Synthetic curves
• The curves which are usually described by a

polynomial equation having flexibility to modify its
original shape after display.

• A parameter (u) is used to control its shape and
degrees-of-curves.

Examples:
1. Hermite cubic spline curve
2. Bezier curve
3. B-spline curve
4. Rational curve

a) Rational Hermite cubic spline
b) Rational Bezier curve
c) Rational B-spline curve



Synthetic Curves

• Analytic curves are usually not sufficient to meet
geometric design requirements of mechanical parts.

Example: Car bodies, ship hulls, airplane wings,
propeller blades, shoe insoles, and bottles etc.



Need for synthetic curves

• When a curve is represented by a collection of
measured data points.

• When an existing curve must change to meet
new design requirements.





1. Hermite cubic spline curve

• Parametric spline curves are defined as
piecewise polynomial curves with certain
order of continuity.

• The parametric cubic spline curve curves
connects two data (end) points and utilizes a
cubic equation.

General condition required:

1. Two end points

2. Two end slopes



• The parametric equation of a cubic spline
segment is given by:

where, u – parameter
Ci - Polynomial coefficients

The scalar form of equation:
X(u) = C3x u3 + C2x u2 + C1x u + C0x

y(u) = C3y u3 + C2y u2 + C1y u + C0y

z(u) = C3z u3 + C2z u2 + C1z u + C0z

The vector form of equation: 
P(u) = C3u3 + C2u2 + C1u + C0

10)(
3

0




uuCuP i

i
i



P0 – Starting point
P1 – End point
P’

0 – Starting slope
P’

1 – Starting slope



The matrix form of equation:

P(u) = UTC
where,

U = [u3 u2 u1 1]T

C = [C3 C2 C1 C0]T       (coefficient vector)

Tangent Vector

10)(' 1
3

0
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i
i



To find the coefficients Ci

Apply the known boundary conditions
P0 , P’

0  at   u = 0
P1 , P’

1  at   u = 1

Position and slope equation are:

P(u) = C3u3 + C2u2 + C1u + C0

P’(u) = 3C3u2 + 2C2u + C1



When applying u = 0 and u = 1 on the position 
and slope equations:

• P0 = C0

• P’
0  = C1

• P1 = C3 + C2 + C1 + C0

• P’
1 = 3C3 + 2C2 + C1



After solving the above four equations by
simultaneous solution method the coefficients
are:

C0 = P0

C1 = P’
0

C2 = 3(P1-P0) -2(P’
0 - P’

1)

C3 = 2(P0-P1) + P’
0 + P’

1



After substituting all four coefficient, the 
final blending functions are:

P(u)   =    (2u3 – 3u2 + 1)P0+ (-2u3 + 3u2) P1 

+ (u3 – 2u2 + u)P’
0 + (u3 – u2) P’

1

P’(u)   =    (6u3 – 6u)P0+ (-6u2 + 6u) P1 +

(3u2 – 4u + 1)P’
0 + (3u2 – 2u) P’

1



P(u) = UTC

P(u) = UT [MH]V 

Where,

[MH] = Hermite matrix

V= Geometry (Boundary) vector

V= [P0 P1 P
’
0 P

’
1 ]T
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Comparing the above two equations:

UTC  = UT [MH]V

C = [MH]V

Final position and slope equation in the 
matrix  are:

P(u) = UT [MH]V 

P’(u) = UT[MH]uV 



Modification of resultant curve shape

1.By changing control point(s)
2.By changing end slope(s)



1.By changing control point(s)



2. By changing end slope(s)



Hermite Cubic Spline curve using AutoCAD software



Characteristics of Hermite cubic spline
curve

1. The resultant shape will pass through all the 
given data or control points.

2. It uses interpolation technique for curve general.

3. The resultant curve has tangential property with 
start and end slopes.

4. When reversing the parametric direction, the 
shape of the resultant curve not be altered.

5. It has only global control.

6. The resultant curve has always cubic curve.



Limitations

1. It has only global control (or) Lack of local.

2. Always it is a cubic curves. 

3. It is not possible to apply, when higher 
degree of curves required.



UNIT - III

• CAD STANDARDS
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objectives

 The main objectives that were put forward for GKS are:

 –To provide the complete range of graphical facilities in 2D, 

including the interactive capabilities,

 To control all types of graphic devices such as plotters and display 

devices in a consistent manner,

 To be small enough for a variety of programs
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 polyline:. The GKS function for drawing line segments is 
called polyline.

POLYLINE(N, XPTS, YPTS)

 The polyline function takes an array of X-Y coordinates 
and draws line segments connecting them

Primitives in GKS

MSRIT



 POLY MARKER: which marks a sequence of points with the 
same symbol. 

POLYMARKER(N, XPTS, YPTS)

MSRIT



 FILL AREA: which displays a specified area.

FILL AREA(N, XPTS, YPTS)

 TEXT: which draws a string of characters.

TEXT(X, Y, STRING)

An example of the text primitive is:

TEXT(6, 3, 'A Character String')

MSRIT



Drawing duck using gks primitives
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 the three-dimensional extension of GKS.

 allows the production of 3-D objects.

 handle 3D primitives, 3D input, and 3D viewing.

GKS 3D

MSRIT



 Polyline 

3DCALL GPL3(N, PXA, PYA, PZA)

 Polymarker 

3DCALL GPM3(N, PXA, PYA, PZA)

 Fill Area

3DCALL GFA3(N, PXA, PYA, PZA)

The Drawing Primitives

MSRIT



 Necessity to translate drawings created in one 
drafting package to another often arises.

 One method is to write direct translators from one 
software to another, which has to be produced by 
system developer.

EXCHANGE OF MODELING DATA

MSRIT



EXCHANGE OF MODELING DATA

MSRIT

 If we have three software packages we may require six 
translators among them.

 This will necessitate a large number of translators



 IGES - INITIAL GRAPHICS EXCHANGE SPECIFICATION

 IGES version 1.0 was released in 1980

 IGES converts the CAD model into neutral file.

 Conversion is done by preprocessors inbuilt in the 
software.

IGES

MSRIT



IGES

MSRIT



101: circular arc

108: plane

110: line

116:  point

120: tabulated cylinder

134: node

158: sphere

184: solid assembly

190: plane surface

Entities

MSRIT



IGES FILE

Contains only two POINT (Type 116), two 
CIRCULAR ARC (Type 100), and two LINE 
(Type 110) entities. 

MSRIT
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 START SECTION: Contains man readable prologue file.

 GLOBAL SECTION: Contains details about the 
product, organization, software, date etc.

 DIRECTORY ENTRY SECTION: Contains attribute 
information such as color , line type, etc.

SUBSECTIONS OF IGES FILE

MSRIT



 PARAMETER DATA SECTION: Contains data 
associated with entities.

 TERMINATE SECTION: This contains sub-totals of 
records present in each of the earlier sections.

MSRIT
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IGES part file case study

MSRIT



IGES OUTPUT OF WIRE FRAME 
MODEL

ENTITIES
POINTS-8
LINES-12
CIRCLES-2

MSRIT
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Open GL



Why do we need Data Exchange? 

• Why do we need Data Exchange? 

• Design projects require data to be shared between suppliers 

• Different companies often used different CAD systems 

• All CAD systems have their own database formats 

• They are mostly proprietary and often confidential 

• Data is stored in different ways e.g. 1.0,2.0,3.0 or 

X1.0,Y2.0,Z3.0, etc. 

• Data conversion between systems becomes necessary 



Introduction

• Open Graphics Library (OpenGL) is a cross-
language, cross-platform application programming
interface (API) for rendering2D and 3D vector graphics.
The API is typically used to interact with a graphics
processing unit (GPU), to achieve hardware-
accelerated rendering.

• Silicon Graphics Inc., (SGI) started developing OpenGL
in 1991 and released it in January 1992; applications
use it extensively in the fields of computer-aided
design (CAD), virtual reality, scientific visualization,
information visualization, flight simulation, and video
games. OpenGL is managed by the non-
profit technology consortium Khronos Group.




