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Some Popular Design Approaches

= User-centered design, which focuses on the needs,
wanis, and limitations of the end user of the
designed artifact.

+ Use-centered design, which focuses on the goals
and tasks associated with the use of the artifact,
rather than focusing on the end user.

- KISS principle, (Keep it Simple, Stupid), which
strives to eliminate unnecessary complications

« There is more than one way to do it (TMTOWTDI), a
philosophy to allow muitiple methods of doing the
same thing

- Murphy's Law (things will go wrong in any given
situation, if you give them a chance)

What is Design?
Design is an fterative Process (Chsuga 1889)
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The Design Process — An Engineering
Activity

4. Need

2. Concept

% Modeling and Simulation

. Analysis — FEM (Geometrical Data)

2. Optimize — Shape / Structure / Topology

&, Evaluate —testing / Inspection / Comparison

Communicate prepare drawings and details

Taklng assistance of Computers in Design
. Manuat Design

“. Geometric Models and Graphics

= Move / Animate / Visualise

#, Use Analysis tools and software

. Optimize — Maximize / minimize the objective
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Introduction to CAD/CAM

Throughout the history of our industrial society, many inventions have been patented and
whote new technologies have cvolved. Perhaps the single development that has impacted
manufacturing mote quickly and significantly than any previous technology is the digital computer.
Computers are being used increasingly for both design and detailing of engineering components
in the drawing office.

fComputer-aided design(CAD) is defined as the application of computers and graphics
_software to aid or enhance  the product design from conceptualization to decumentation.} CAD
i8 most commonly asgociatcd with the use of an interactive computer graphics system, referred to

as a CAD system. Computer-aided design systems are powerfud tools in_the_mechanical
design and geometric modeling of products and components.

{There are several good reasons for using a CAD system to support the engineering design
function:
* To increase the productivity
« To improve the guality of the design
* To uniform design standards
+ To create a menufacturing data base
* To climinate inaccuracies caused by hand-copying of drawings and incongistency between
drawings
_ Computer-aided manufacturing{CAM) is defined as the effective use computer technology in
manufzcturing planning and control. CAM is most closely associated with functions in
manufzcturing engineering, such as process and production planning, machining, scheduling,
menagement, quality control, and numerical control(NC) part programming.

Computer-aided design and computer—aided manufacturing are often combined
CAD/CAM systems.

This combination allows the transfer of information from the design inte
the stage of planning for the mamufacturing of a product, without the need to
reenter the data on part geometiry manually. The database developed during CAD
is stored; then it is processed further, by CAM, into the necessary data and
instructions for operating and controlling production machinery, materisl-
handling equipment, and automated testing and ingpection for product quality.

Rationale for CAD/CAM

The rationale for CAIVCAM  is similar to that used to justify any technology-based
improvement in manufacturing, It grows our of a need to continually improve productivity,
quality and competitiveness. There are also other reasons why a company might
make a conwversion From manual processes to CAB/CAM:

» Increased productivity

+ Better quality

+ Better communication

+ Common database with manufacturing

+ Reduced prototype construction casts

+ Faster respomse to customers



Definition of CAD

Computer aided Design is a subprocess of
Design process

Compater Aided Design
CAD Technology = Design Techniques +
Computers (HW+SW)
The CAD Process is the subset of the Design
process
The CAM Process is a subset of
Manufacturing Process
Integration of CAD and CAM leads to
automation ¢ c 1™}

CAM Aelived as a e waseh
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CAD/CAM Hardware

?:The hardware part of a CAD/CAM sysiem consists of the following components
(Done or more design workstations, (2) digital computer, (3) plotters and other
output devices, andld) storage devices, The relationship among the component is
illustrated in Fig 10,1, In addition, the CAD/CAM system would have a

ccommunicatio interface to permit transmissien of data to and from other

computer systems, thus enabling some of the benefits of computer integration,

The workstation is the interface between computer and user in the CAD system. The design
of the CAD workstation and its available features have an important influence on the convenience,
productivity, and quality of the user’s output. The workstation must include a
digital computer with a high-speed control precessing umit{CPU}. [t contains
require @ and logic/arithmetic section Tor the system. The most widely used
secondary storage medium in CAD/CAM is the hard disk, fTloppy diskette, or a
combination of beth.

The typical /0 devices used in a CAD system are shown in Fig 10.2. Input
devices are generally used o transfer information from a humsn or storags
medium Lo a computer where ~ CAD functions © are carried out. There are two
basic approaches to loput an existing drawing:model the object on a drawing or
digitize the drawing. The standard output deviee for CAD/CAM is a CRT display.
There are two major -of CRT displays: randomscan-line-drawing displays and
raster—scan displays. In addition to €RT, there are alse plasma panel displays
and biguid-erystal displays.

o CAD/CAM Software

¥ Software allows the human user to turn a hardware configuration into a powerfud design and
manufacturing system.  CADV/CAM software falis into two broad categories, 2- and 3-D,
based on the number of dimensions are called 2D representations of 3-D ijecw1

is inherently confusing. FEqually problem has been the imability of
manufacturing personnel to properly read and interpret complicated 2-D
representations of objects. 3-D software permits the parts to be viewed with
the 3-D planes-height, width, and depth-visible. The trend in CAD/CAM is toward
3-0 representation of graphic images. Such representation approximate the
actual shape and appearance of the objeet to be produced; therefore, they are
easier to read and understand.



1 Steps in CAM activity
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 Applications of CAD/CAM

The emergence of CAD/CAM has had a major impact on manufachwing, by
standardizing product development and by reducing design effort, tryout, and

prototype work; it has made possible significantly reduced costs and improved
proguctivity.
[S_g!ﬂe__iypical applications of CANJCAM are as follows:
Programming for NC, CNC, and industrial robots:
Design of dies and molds for casting, in which, for example, shrinkage
allowances are preprogrammed:; )
PDesign of tools and fixtures and.EDM electrodes;
Quality control and inspection——-—for instance, coordinate-weasuring
machines programmed on a CADVCAM workstation;
Process planning asnd schedu%ﬁng}
e EutoCAD is a computer—aided drafting and design system implemenented on a

persenal computer. It supports a large number of devices. Device drivers come
with the system and include most of the digitizers, printer/plotters, video
display boards, snd plotters available on the market.

AutoCAD supports 2-D drafting and 3-D wireframe models. The system is
designed as a single—user CAD package. The drawing elements are lines, poly—
lines ofany width, arcs, circles, faces, and solids. There are many ways to
define a drawing element. For example, a ¢ircle canbe defined by center and its
radius, three points, and iwo end points of its diameter.{| The system always
prompts the user for all options,

Gf course, the prompt can be turned off by advanced users. Amnotation and
dimensioning are also supported. Text and dimension symbols can be placed on
anywhere on the drawing, at any angle, and at any size. A variety of fonts and
styles are also availble.



CHAPTER 2

TWO-DIMENSIONAL TRANSFORMATION

2.1 Introduction

As stated earlier, Computer Aided Design consists of three components, namely, Design
{Geometric Modeling), Analysis (FEA, etc), and Visualization (Computer Graphics).
Geometric Modeling provides a mathematical description of a geometric object - point,
line, conic section, surface, or a solid. Visualization deals with creation of visnal effects,
¢.g., creation of pie charts, contour plots, shading, animation, etc. Computer graphics
provides visual displays and manipulations of objects, ¢.g., transformation, editing,
printing, etc. Foriran and visual C languages are used to effect these operations,
Transformation 1s the backbone of computer graphics, enabling us to manipulate the
shiape, size, and location of the object. It can be used 1o effect the folldwing changes ina
geometric object: T
« Change the location

» Change the Shape

o Change the size

Rotate

Copy

Generate a surface from a line

Generate a solid from a surface

Animate the object

.« s 2 &
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2.2 Two-Dimensional Transformation

M[Gcometrig transformations have numerous applications in geometric modeling, e.g.,

manipulation of size, shape, and Jocation of an object. In CAD, transformation is also
used to generate surfaces and solids by sweeping curves and surfaces, rcspcctivcly}'l'he
term ‘sweeping’ refers 1o parametric transformations, which are utilized to generate
surfaces and solids. When we sweep a curve, it is transformed through several positions
along or around an axis, generating 1 surface. The appearance of the generated surface
depends on the number of instances of the transformation. A parameter L or s is varied
from 0 to 1, with the interval value equal to the fraction of the parameter. For example, to
generate 14 instances, the parameter will have a value /10 or s/10. To develop an casier
understanding of transformations, we will first study the two-dimensional transformations
and then extend it to the study of three-dimensional transformations. Until we get to the
discussion of surfaces and solids, we will limit our discussion of transformation to only
the simple cases of scaling, translation, rotation, and the combinaticns of these.
Applications of transformations will become apparent when we discuss the surface and
solid modeimg.

There arc two types of transformations:

o Modeling Transformation: this transformation alters the coerdinate values of the object. Basic

opezations are scaling, translation, rotation and, combination of one or more of these basic
transformations. Examples of these transformations can be easily found in any commetcial

scaling, translation, and rotation transformations, respectively.

coordinates of the object. A copy of the object is placed at the desired sight, without

b. Visual Transformation: In this transformation there is no change in either the geometry or the

changing the coordinate values of the object. In AuteCAD, the ZOOM and PAN commands

are good examples of visual transformation.

22



«~73.3 Basic Modeling Transformations

There are three basic modeling transformations: Scaling, Translation, and Rotation, Other
transformations, which are modification or combination of any of the basic transformations, are
Shearing, Mirroring, copy, etc.

Let us look at the procedure for carrying out basic transformations, which are based on
matrix operation. A transformation can bo expressed as

o,
[Py=[P}[T]
where, [P"] is the new coordinates matrix = L¢P, transPormation pParaue bovs,
{P} is the original coordinates matrix, or points matrix

{F] is the transformation matrix

With the z-terms set to zero, the P matrix can be written as,

Q.1

The size of this matrix depends on the geometry of the object, e.g., a point is defined by a single
set of coordinates (X1, y1, Z1), & line is defined by two sets of cootdinates (xy, vy, 2 and (X3, y2,
Z2), etc. Thus a point matrix will have the size 1x3, ling will be 2x3, ete.

A transformation matrix is always written as a 4x4 matrix, with a basic shape shown below,

[t} = 2

LD D
@ W O
fasE = el
—C O D

Values of the elements in the matrix will change according to the type of transformation being
used, as we will see shortly. The transformation matrix changes the size, position, and otientation
of an object, by mathematically adding, or multiplying its coordinate values. We will now
discuss the mathematical procedure for scaling, translation, and rotation transformations.



2.4 Scaling (¥ wsed o chauge, increare or decrease  the size
of aw tatiry or o wodal.

In scaling transformation, the original coordinates of an object are multiplied by the given scale

factor. There are two types of scaling transformations: uniform and non-uniform. Jn the uniform

scaling, the coordinate values change uniformly along the x, y, and z coordinates, whete as, in

non-uniform scaling, the change is not necessarily the same in all the coordinate directions.

2.4.1 Uniform Scaling

For uniform scaling, the scaling transformation matrix is given as

s 0 0 0
0 s 00

Ty = 0 0 s 0 2.3)
0 0 0 1

Here, s is the scale factor,

2.4.2 Non-Uniform Scaling

Matrix eguation of a non-uniform scaling has the form:
s 0 0 0
0 s, 0 0

[T} = {0 @ s, 0 2.4)

9 86 061

where, 8y, $x, 8x are the scale factors for the x, y, and z coordinates of the object.

Eabiby vepresoads 4Le 2% drawing unih for the Svwple
emglned ring -F“ia\,ug;- tiice, tiue, tlyole, arC, ellipfe, - .- e4C-
rmoadel veprefeut I waw it entitie s,
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2.5 Homogenecous Coordinates

Before proceeding further, we should review the concept of homogencous coordinate syster,
Since the points matrix has three columns for the x, v, and z values, and a transformation matrix
is always 4x4 matrix, the two matrices are incompatible for muitiplication. A matrix
multiplication is compatible only if the aumber of columas in the first matrix equals the number
of row in the second matrix, For this reason, a points matrix is written as,

¥
¥z
¥3

{p] = (2.5)

Here, we have converted the Cartesian coordinates into homogeneous coordinates by adding a 4t
column, with unit value in al} rows. When a fourth column, with values of 1 in each row, is
added in the points matrix, the matrix multiplication between the {P] and [T | becomes
compatible. The values (X, y1. 1, 1} represent the coordinates of the point (%5, ¥1, Z1), and the
coordinates arc called as homogeneous coordinates. In homogeneous coordinates, the points
(2,3,1), (4,6,2), (6,9,3), (8,12.4), represent the same point (2,3,1), along the plane z=1,2=2, 2=
3, and z = 4, respectively. In our subsequent discussion on transformation, we will use
homogeneous coordinates.

Example 1: 1f the triangle A(1,1), B(2,1), C(1,3) is scaled by & factor Z, find the new coordinates
of the triangle.

Selution: Writing the points matrix in homogeneous coordinates, we have

[P]=

— 1D =

IRy

@D
s
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and the scaling fransformation matrix is,

T

=l B )
- D Oy

{
o B R
=Y I N o

The new points matrix can be evaluated by the equation

{P’} = [P] [T}, and by substitution of the P and T values, we get

[ SR
[o=j e v
—
[a= e R v il 0]
Lol ow i (S e
[e=l oS R e B we)
L == = e
il
SR - S ]
(a0 SN I 8 ]

k/.'..-.- Transformed by scaling

Original —.

Note that the new coordinates represent the original value times the scale factor. The old and the
new pasitions of the triangle are shown in the figure.
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2.6 Translation Transformation: Tenslating o weodel wesns that
oll 0R 47 peiaks wouve aw equeal dirdauce jw a given diveckou-

In {ranslation, every point on an object translates exactly the same distance. The effect of a
translation transformation is that the original coordinate values increase or decrease by the

amount of the translation along the x, v, and z-axes. For example, if line A(2.4), B(5,6) is

translated 2 units along the positive x axis and 3 units along the positive y axis, then the new
coordinates of the line would be

e AN(242, 443), B(542, 6+3) or

A4, BTG,

The transformation matrix has the form:

100 0
01 00

T} = 0 01 0 (2.6)
x y 01

where, x and y are the values of translation in the x and y direction, respectively. For transldtion
transformation, the matrix equation is

P =P1ITd @n

where, [T\] is the translation transformation matrix.

¢ Example 2: Translate the rectangle (2,2), (2,8), (10,8), (10,2) 2 units along x-axis and 3
units along y-axis.
Solution: Using the matrix equation Tor translation, we have

[P=[P][T.. substituting the numbers, we get

27



, 2 2 01 1 000
Pl = 2 8 0 1 01 00
108 0 1 0010
102 0 1 2 3 0 1
4 5 0 1
4 110 1
= 1211 0 1
12 5 0 1

Note that the resultant coordinates are equal to the original x and y values plus the 2 and 3 units
added to these values, respectively.



2.7 Rotation : ewables wfers + view qeswetiic w cdel s Lvawn diffored
angler,

We will first consider rotation about the z-axis, which passes through the origin (0,0,0), since it

is the simplest transformation for understanding the rotation transformation. Rotation about an

arbitrary axis, other than an axis passing through the origin, requires a combination of three or

more transformations, as we will see later.

When an object is rotated about the z-axis, all the points on the object rotate in a circular arc, and
the center of the arc lies at the origin. Similarly, rotation of an object about an arbitrary axis has
the same relationship with the axis, i.¢., all the points on the object rotate in a circular arc, and
the center of rotation lies at the given point through which the axis is passing.

2.7.1 Derivation of the Rotation Transformation Matrix

Using trigonometric relations, as given below, we can derive the rotation transformation
matrix. Let the point P(x, y) be on the circle, located at an angle a,, as shown. If the point
P is rotated an additional angle 0, the new point will have the coordinates (x*, y*). The
angle and the original coordinate relationship is found as follows.

X =TCOSQ
Original coordinates of point P.
y=rsino e
// . o c. oo
’ // . s \ \
x" =rcos(a + 6) /9/ \
. The new coordinates. — /\ &, )
y =rsin(o + 0) ] ;
/
/
/

where, o is the angle

between the line joining the initial position of the
point and the x-axis, and 0 is the angle between
the original and the new position of the point.
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Using the trigonometric relationg,
we get,

x#=p (cosa. cosd - sinat sinf) = x €os0 - y sing
Y7 =r (cosa sing + sing €0s0) = x sin@ + Y cosO

In matrix form We can write thege €quations as
cosd  sing
[x* y¥ = [x y] | -sing cos6

In general, the
as

(2.8)

points matrix and the transformation matrix given jn equation (2.8) are re-Written

cos®  sing ¢ 0 f._é.,(i\)
" CTR]; [x* y» o 1] =[x Y 0 1] |.sing cos@ 0 ¢
0 0 10 2.9)
0 0 0 1

Thus, a point or any object can pe rotated abouyt

the z-axis (in 2-D) and the New coordinates of
the object founq by the product

of the points matrix and the rotation matrix, derived here.
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.8 Combined Transformations

Most applications require the use of more than one basic transformation to achieve desired
results. As stated earlier, scaling with an arbitrarily fixed point involves both scaling and
translation. And rotation around a given point, other than the origin, involves rotation and
translation. We will now consider these combined transformations.

_— 2.8.1 Scaling With an Arbitrary Point
In uniform scaling, all points and their coordinates are scaled by a factor s. Therefore, unless the
fixed point is located at (0, 0), it will be moved to a new location with coordinates s-times X and
s-times y. To scale an object about a fixed point, the fixed point is first moved to the origin and
then the object is scaled. Finally, the object is translated or moved so that the fixed point is
restored to its original position. The transformation sequence is,

(L[}:’]: [P [T [T, [T.‘]) Pl [T lg

Where, [T is the translation transformation matrix, for translation of the fixed point to
the origin,

[T,] is the scaling transformation matrix, and

[T.] is the reverse translation matrix, to restore the fixed point to its original
position.

Note: The order of matrix multiplication progresses from left to right and the order should not be
changed.

The three transformation matrices [T} [Ts] [T.J] can be concatenated to produce a single
transformation matrix, which uniformly scales an object while keeping the pivot point fixed.
Thus, the resultant, concatenated transformation matrix for scaling is,

1000 s 0 00 1 0 00
01 00 0s 00 0100
[Tde=170 0 1 0 0 0 s O 0010
x -y 0 1 00 0 1 x y 0 1
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(2.10)

oo ow
< ow O
o wvw OO
===}

-sy

The concatenated equation can be used directly instead of the step-by-step matrix solution. This
form is preferable when writing a CAD program.

«~" Example : Given the triangle, described by the homogeneous points matrix below, scale it by a
factor 3/4, keeping the centroid in the same location. Use (a) separate matrix operation and (b)
condensed matrix for transformation.

2 20
[P]= 2 50
550

Solution

Seperate waatrix  wethad
(a) The centroid of the triangle is at,

x = (2+2+5)/3 =3, and y = (2+5+5)/3 = 4 or the centroid is C(3,4).

We will first translate the centroid to the origin, then scale the triangle, and finally translate it
back to the centroid. Translation of triangle to the origin will give,

~ Trans late the ceatvaold t= the origin.

P 2 20 1 000 ;1201
[P] =[P][T]= 2 501 01 0 0| = -11 01
5501 0010 2 1 01
340 1
- Sc‘\,:-«(q the Neww pPoluds P,
Scaling the triangle, we get,
P . -1-20 1 a5 0 0 0 -0.75 -1.5 0 1
[Pl =[P] [Td=|-11 0 1 0 750 0] =1-075 075 0 1
21 01 0 0 .750 15 075 0 1
0 0 0 1

2-15



—Translating the triangle so that the centroid is positioned at (3, 4), we get

1 000
% & =75 -15 0 1 01 00 225 25 01
[P]=[P] [T,] = =75 75 0 1 0 01 0 |=1]225 475 0 1
15 .75 0 1 3401 45 475 0 1

Coudensed waakric waedled

" (b) The foregoing set of three operations can be reduced to a single operation using the
condensed matrix with x = 3, and y = 4. See equation (2.10) on page 16.

0.75 0 0 0

P 22 0 1 0 0.75 0 0
[P1=[P]{Teconal = |2 5 0 1 0 0 075 0
: 550 1 3-0.75(33)  4-0.75(4) 0 1

225 25 0 1
= 225 475 0 1
4.5 475 0 1

&~ 2.8.2 Rotation About an Arbitrary Point (in Xy-plane)
In order to rotate an object about a fixed point, the point is first moved (translated) to the origin.
Then, the object is rotated around the origin. Finally, it is translated back so that the fixed point
is restored to its original position. For rotation of an object about an arbitrary point, the sequence
of the required transformation matrices and the condensed matrix is given as,

(? Seperate  watrix,
v Tramslale Fhe coutrord fo +he origiw
Lrlz TPICTD
- Ratate 2le e porithiow
Lo - 1pICTe] "
~ Translade the Lived axir back '4":.:‘;‘ orfigiunas
ey [p”11 1] pesitE

Condensed  [Teona] = [T [T [T.] or
weadvix
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1 0 00 cosd sin6 0 O 1 0 00
0100 -sinf cos® 0 O 0100

[Teond] = 0010 0 0 10 0010 2.11)
x -y 0 1 0 0 0 1 x y 01

where, 8 is the angle of rotation and the point (x, y) lies in the xy plane.

Example : Rotate the rectangle formed by points A(1,1), B(2,1), C(2,3), and D(1,3) 30° ccw
about the point (3,2). Wse comdensed waatyix ©OPe¥ativa

Ylf '
N
CCWwW I
3 L D <‘ u:mm-#(‘ziﬁ)
P tn x v plane
24 QXQ'( - 3L
-5<} \
i | i Y\QVJ
¥,
) L M[\.'/AI L4 >
" g, ) 2 3 X
ey 'l

Solution: We will first translate the point (3,2) to the origin, then rotate the rectangle about the
origin, and finally, translate the rectangle back so that the original point is restores to its original
position (3,2). The new coordinates of the rectangle are found as follows.

(PI=[PITIITIITd = [ 3 [ Tepud.l

All1T 1 01 10 00 866 .5 00 1 000
B2 101 01 00 -5 866 0 0 0100
=Ccl2 3 01 00 10 0 0 10 0 010
L1 3 01 3201 0 0 0 1 3 201

217



AR

.77
0.77
1.63
2.63.

13

1.87
2.37
0.63

SO0 O

— e e

These are the new coordinates of the rectangle
after the rotation.
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Note: When thé fixed axis is translated, the object is also translated. The axis and the object go
through all the transformations simultaneously.

We will now illustrate the above procedure by the following example.
A [CHENE

D
o Example 8 Rotate the rectangle (0,0), (2,0), (2, 2), (0, 2) shown below, 30° cew about
: its centroid and find the new coordinates of the rectangle. \Ase: 5@ per ate Waakvix epe e iom,

Y4 cavndonsel o o
: p . <o
C 2o
9] o -
©02) < (2C2) aloout Clo) at Xy fplaue
1 -
i YRG!
Pt x
N Co wrvOis
\‘\
AL &
———(050) 2,0) < -~ X
Ne -
A /

O
i =S
Solution: Centroid of the rectangle is at point (1, 1). We will first translate the centroid to the
origin, then rotate the rectangle, and finally, translate the rectangle so that the centroid is restored
to its original position.
Seperate pnatiix opecaltiont
1. Translate the centroid to the origin: The matrix equation for this step is

00 0 1
[P =[P][Td, where [P] = |2 0 0 1
2 20 1

020 1

1000

0100

and [T} =]0 0 1 0
110 1
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e
2. Rotate the Rectangle 3 0° cew About the z-axis: The matrix equation for this step is given

as

4% . . . . .
[P{],, = [P/] [T,], where, [P’]w is the resultant points matrix obtained in step 1, and [T] is the
rotation transformation, where 0 = 30° ccw. The transformation matrix is,

cosb sin®@ 0 0O .866 S5 0 0

-sin@ cos® 0 0| = -5 866 0 0

Tlh=| 0 o0 1 0 0 0o 1 0
0 0 0 1 0 0 0 1

3. Translate the Rectangle so that the Centroid Lies at its Original Position: The matrix
equation for this step is

4 e R . .
[P7] = [P] [rd, where [1.]is the reverse translation matrix, given as

[T =

o — OO
_o o O

0
1
0
1

—_ O —

Sandeared wned e o

Now we carwritk the entire matrix equation that combines all the three steps outlined above.
The equation is,

{/ou,

P4 =[P} T[T [T] = LPICTaud)
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Substituting the values given earlier, we get,

7
00 0 1 1000 cos30 sin30° 0 0
p*=12 001 0100 in30°cos30° 0 0 | X
22 01 0010 0 0 10
0 2 0 1 4-101 ! 1 0 1
1000
01 00
00 1.0
1101
d A 06340 03660 O 1
2| 03660 13660 0 1
= ¢/l 13660 23660 0 1
Y| 03660 13660 0 1

The first two columns represent the new coordinates of the rotated rectangle.

I——
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29 Mirroring ¢ Reflecfion) 1 {s wreful in aurtructing symwmetric
wode\s. )
In modeling operations, one frequently used operation is mirroring an object. Mirroring is a
convenient method used for copying an object while preserving its features. The mirror
transformation is a special case of a negative scaling, as will be explained below.
e Ex:
Let us say, we want to mirror the point A(2,2) about the x-axis(i.e., xz-planc), as shown in the
figure.

The new location of the point, when reflected about the x-axis, will be at (2, -2). The point
matrix [P#]=[2 -2] can be obtained with the matrix transformation given below.

T\ 0
™D

T w0, aloaut AQ,2)
PA=12 2 0 11{0 ©
0 0

G R ax\S

- o X
'} y-axs

5 o200 _t 'lm(g(v\ A(2,-2)
g

0
0
1
0

_0 o O

I

The transformation matrix above is a special case of a non-uniform scaling with s, =1 and
sy = -1. We can extend this concept to mirroring around the y, z, and any arbitrary axis, as will be
1 explained in the following discussion.
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_~"2.9.1 Mirroring About an Arbitrary Plane ¢ &bitrany axisr ¥z a+bx);

If mirroring is required about an arbitrary plane, other than one defined by the coordinate axes,
translation and/or rotation can be used to align the given plane with one of the coordinate planes.
After mirroring, translation or rotation must be done in reverse order to restore the original
geometry of the axis.

We will use the figure shown below, to illustrate the procedure for mirroring an object about an
arbitrary plane. We will mirror the given rectangle about a plane passing through the line AB and
perpendicular to the xy-plane. It should be noted that in each of the transformations, the plane
and the rectangle have a fixed relationship, i.e., when we move the plane (or line AB, the
rectangle also moves with it. A step-by-step procedure for mirroring the rectangle about the
plane follows.

Note: We are using line AB to represent the plane, which passes through it. Mirroring can be
done only about a plane, and not about a line.

Step 1: Translate the line AB (i.e., the plane) such that it passes through the origin, as shown by
the dashed line.

ling (e plane )

Step 2: Next, rotate the line about the origin (or the z-axis) such that it coincides with x or y
axes (we will use the x-axis).

Step 3: Mirror the rectangle about the x-axis.
Step 4: Rotate the line back to its original orientation.

Step 5: Translate the line back to its original position.
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The new points matrix, in terms of the original points matrix and the five transformation
matrices is given as,

[Pﬁ =[P] [Ty [:l'é [Tw] [TR] [T4] (Note: A negative sign is used in the subscripts
b4 to indicate a reverse transformation).
cw [<a

Where, the subscripts t, R and m represent the translation, rotation, and mirror operations,
respectively.
oY,

[P I=LPILTH

M6 29 SW20 o o7
(PI=PIL T, qin1e =520 goo| LT ¢J
© 0 I o
0 ') o
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