Introduction

Basic Transformations
1. Translation

2. Rotation

3.Scaling

4. Reflection
5.shearing



HOMOGENOUS FORM

Expressing position in homogeneous coordinates allows
us to represent all geometric transformations equation as matrix
multiplications.

(X, y) -m-mmmmmmmmmmeeeeee (Xh, Yn,h)
X=Xn /hy=yn/h
where h is any non zero value
For convenient h=1



1. Translation

A translation is applied to an object by repositioning it
along a straight-line path from one coordinate location to
another. We translate a two-dimensional point by adding
translation distances, tx, and ty to the original coordinate
position (x, y) to move the point to a new position (x ', y').

X’ = X + tX

vy’ =y + ty where the pair (tx, ty) is called the translation
vector or shift vector.

Y-axis
D/(f)a
P
X-axis

Translating a point firom
position P to position P’
With translation vector T.




1. Translation

We can write equation as a single matrix equation by using
column vectors to represent coordinate points and translation
vectors. Thus,

BT

PP=P+T
So we can write
In homogeneous representation if position P = (x, y) is

translated to
new position P’= (x,y’) then:
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2. ROTATION

* A two-dimensional rotation is applied to an object by
repositioning it along a circular path in the xy plane.

 Togenerate a rotation, we specify a rotation angle ©
+ Value for ‘0’ define counter-clockwise rotation about a point
- Value for ‘@’ defines clockwise rotation about a point

Y
@ Clockwise rotation
(Negative) )

@ Anticlockwise rotation

( positive ) ) Q
. > X
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2. ROTATION

Coordinates of point ( x,y ) in polar form

X =rcos . ¥y = rsin ¢

(X.y)

x'=rcosih+6) =rcosg.cosd —rsing.sind
V'=rsimfp+60) =rcosp.sind + rsing.cosd

x'=xcost—ysind
y'=xsmb+ycost
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2. ROTATION

In homogeneous co-ordinate

cos 8 —sin B
sin & cos &
i 0 0
cos & sifn &
-0 & cos &

0 0

= P'= R(8).P

= P'= R(8).F



3.Scaling

A scaling transformation alters the size of an object. This operation
can be carried out for polygons by multiplying the coordinate values

(x, y) of each vertex by scaling factors Sy and Sy to produce the
transformed coordinates (x', y').

e S, scales objectin ‘x’ direction

* Syscales object in ‘y’ direction

A
Sx=3y=0.5
- Line is
reduced
/ in size
and move
closer to
origin

1 ~X



3.Scaling

Thus, for equation form,
X' = X. Sy and

Y =V.s,

* Values greater than 1 for s, , s, produce
enlargement

* Values less than 1 for s, , s, reduce size of object

* sx=sYy=1leaves the size of the object
unchanged

* Whens,, s, are assigned the same valuesx=sy
= 3 or 4 etc then a Uniform Scaling is produced



3.Scaling

p'=

S.P

In homogeneous co-ordinate
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= P'=35(5,.5,).P



4. Reflection

(i) Reflection about x axis or about liney =0

Keeps X value same but flips Y value of

coordinate points

Homogeneous co-ordinate

'] 1 0 o]fal
=0 =1 0Ly

1| |0 0 1j/1




4. Reflection

(ii) Reflection about y axis or about line x =0

Keeps ‘y’ value same but flips x value of
coordinate

points 2 —
X' =-X
y' =y
3 3
X 1 0| * :
Pl = y X
y 0 1
Homogeneous co-ordinate
- = - = = ’
7 [-1 0 o][x Y
yil=l0o 1 olly Fig: Reflection of object about y-axis (x=0)
1 0 0 1}]|1
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4. Reflection

(iii) Reflection about origin Y
3'
Flip both ‘x” and ‘y’ coordinates of a point N
N
X' =-Xx -
y'=-y 1 2
X——f -X
; 1 N
X 1 ml[* N
1| = »
y 0o -1f| Y N
3
Homogeneous co-ordinate Y

O O

-1 0 0
0O -1 0
1



4. Reflection

(iv) Reflection about liney = x
x'=y
y =X

Thus, reflection against

x=y-axis (i.e. 6 =45) R_ =
=
Hence 1 0

b 0 1 0/|fx
yi=11 0 0}|»
1 0 0 1|1




5. Shearing

It distorts the shape of object in either X’ or ‘y’ or both
direction. In case of single directional shearing (e.g. in X’
direction can be viewed as an object made up of very thin
layer and slid over each other with the base remaining where
it is). Shearing is a non-rigid-body transformation that
moves objects with deformation.



5. Shearing

Y-axis Y-axis

; X-axis
X-axiS - - -3
Original position x direction shear
4

A
Y-axis B
Y-axis

X-axis X-axis =
y direction shear Both direction shear

Fig. Two Dimensional shearing




5. Shearing

In *x’ direction,
X =X+Sp V
=y

In *v’ direction.
X =X
Yy =Y +*sy-X

In both directions.
X =X~Smx.V
Yy =Y +Sy-X




Homogenous Coordinates

The matrix representations for translation, scaling and rotation
are respectively:
* Translation: P’ =T + P (Addition)
* Scaling: P’ =S . P (Multiplication)
* Rotation: P’ =R. P (Addition)

Since, the composite transformation such as include many
sequence of translation, rotation etc and hence the many naturally
differ addition & multiplication sequence have to perform by the

graphics allocation. Hence, the applications will take more time for
rendering.

Thus, we need to treat all three transformations in a consistent
way so they can be combined easily & compute with one
mathematical operation. If points are expressed in homogenous
coordinates, all geometrical transformation equations can be
represented as matrix multiplications.



Homogenous Coordinates

* For translation X’ X
¥ | = y
1 1
With T( tx, ty ) as translation matrix-
° Forrotation [, CosO -Sine 0| X X’ Cos® Sine 0 || x
v | = |Sin®@ Cose 0||Y vy | = |-Sin6 Cosb 0| ¥
1 0 0o 1)1 1 0 o 1)1

(@)

Here, figure-a shows the Counter Clockwise (CCW) rotation & figure-b
shows the Clockwise (CW) rotation.



* For scaling

* For Reflection

* Reflection about x-axis

* Reflection about y-axis

* Reflection about y=x-axis

* Reflection about y=-x-axis




Fixed Point Scaling

A -




Fixed Point Scaling

Step 1: The fixed point along with the object is translated to
coordinate origin.

A




Fixed Point Scaling

Step 2 : Scaling the objet about origin

N




Fixed Point Scaling

Step 3: The fixed point along with the object is translated back
to its original position.

N




Fixed Point Scaling

Composite Transformation

= T'(Xf Yf) S,y - T(-Xf ,-Yf)

LG L | BN



Reflection about Line
y=mx+cC




Reflection about Line
y=MmX+C
1. First translate the line so that it passes through the
origin

L @ 8
0 1 -c¢
LR s B

translatio n




Reflection about Line

Xr=—_mmvwv.lm

2. Rotate the line onto one of the coordinate axes(say x-
axis) and reflect about that

axis (x-axis)
cos@ smmé

—smé cosb

0 0

reflection

Oﬂ
0
1
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— — — rotation

Y

-c| 4-06
—%»x

-~




Reflection about Line
V=IMX+C

3. Finally, restore the line to its
original position with the inverse rotation and

translation transformation. Yy
_ _ A
cos@ —sméb 0
simf@ casfé 0 |
g 0 1} %) -X
rotation ’
@~ Step: 3a
Y
1 0 0
Fina!
O 1 ¢ ‘Pomon
0 0 1 +C !
E A .
translation ,
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Reflection about Line y=mx+c

C|V|=T’(o,c) . R'g- Rrefl- Rg - T(O,-C)

1 0 0] [cos@ —sin@ 0] [1 0 0] [ cos@ sind 0] [1 0 0
0 1 cl|*[sin@ cos@ O0|*10 =1 0[*|—sind cos@ 0[*|0 1 —c¢
oot[{o o 1f{ootf| o o 1001

-
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3D Geometric
Transformation



What is 3-Dimension?

Three-dimensional space is a geometric 3-parameters model
of the physical universe (without considering time) in which all
known matter exists.

These three dimensions can be labeled by a combination of
length, breadth, and depth. Any three directions can be
chosen, provided that they do not all lie in the same plane.




What is 3 Dimensional Object?

* An object that has length, width and depth, like any object in
the real world is a 3 dimensional object.

* Types of objects: Geometrical shapes, trees, terrains, clouds,
rocks, glass, hair, furniture, human body, etc.




3D Transformations

Just as 2D-transfromtion can be represented by 3x3 matrices
using homogeneous co-ordinate can be represented by 4x4
matrices, provided we use homogenous co-ordinate
representation of points in 3D space as well.

1. Translation
Rotation
Scaling
Reflection
Shear

A A



1.Translation

Translation in 3D is similar to translation in the 2D except that
there is one more direction parallel to the z-axis. If, tx, ty, and tz
are used to represent the translation vectors. Then the translation
of the position P(x, y, z) into the point P' (x', y', z') is done by

* X'=x+1tx

C Yy =y+ty
c Z'=z+tz
Xl [1 0 0 ¢ ][x]
Y| {01 0 ¢t ||y
2 o o1 ¢tz
1] |0 0 0 1|1

P'=T.P

In  matrix notation using homogeneous coordinate this is
performed by the matrix multiplication,



2.Rotation

i) Rotation About z-axis:

Z-component does not change.

X'=XcosB—-Ysinb

Y'=XsinB +Y cosB /
'=17

Matrix representation for rotation around z-axis,

S— —

x'| [cos® —sin@ 0 0] x
| [sin@ cos@ 0 Offy
2 | 0 0 1 0|z
11 1 0 0 0 1|1




2.Rotation

i) Rotation About x-axis:

X-component does not change.

Y'=Y cosO -ZsinB
Z' =Y sinB + Z cosO
X'=X

Matrix representation for rotation around X-axis,

= = 2=

X 1 0 0 0| «x
y'| |0 cos —sinf Oy

z 0 sin@ cos6é@ 0|z
1 0 0 0 1](1

- _— - —




2.Rotation

i)

Rotation About Y-axis:

Y-component does not change.

Z'=7 cosO— XsinB
X'=ZsinB + X cosB

YI

Matrix representation for rotation around Y-axis,

cos@
0

—sinf

0 siné

1

0 cos@

0

0

0

X

y

-




3. Scaling

Scaling about origin

X =X.Sx
Y =Y.Sy
' =7 .Sz
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4.Reflection

i) Reflection about yz plane

-X
Y
Z

N < X
TR TR

-1 0 0
r=°1“
10 0 1

0 0 0

= O 0




4.Reflection

ii) Reflection about XY plane

N < X
I.I o
N < X

10 0 0
01 0 0

" -

10 0 -1 0
00 0 1



4.Reflection

iii) Reflection about XZ plane

X' =X
Y = =Y
' =7
Z
1 0 0 0]
o 0 -1 0 O
® o 0 1 0
0 0 01




5.Shear

Shearing transformations can be used to modify object shapes.
Z-axis Shear

This transformation alters x- and y-coordinate values by an
amount that is proportional to the z value, while leaving the z
coordinate unchanged, i.e,

X' = X + Sy,.2 v1
y'=y+Shy.z
2'=12 X AX
“—> —>
"= o
X' | O -S..( | X , " l'
- Y ’ ’ ,' 7
) 0 1 8§, 0 IRy ‘
z, 100 1 O0Of:z Z
(1] [0 0 0 11/




Similarlywe can find X-axis shear and Y-axis shear

Lo T = N = B =
SO - O
Sm - Sm )
LB o O 0O
Il
w

SH, =
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