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Computer Graphics
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Two Dimension Transformation
Rotation

Figure after rotation Original Figure

of 90 degrees




3- Rotation

Another useful transformation is the rotation of an object about specified
pivot point. In rotation, the object is rotated @ about the origin.

The convention is that :

1- The direction of rotation is counterclockwise if @ is a positive angle

2- The direction of rotation is clockwise if @ is a negative angle.

Before After

goes to

<

63 degrees 90 degrees

(a) counterclockwise if @ is a positive angle (b) clockwise if @ is a negative angle



Rotation about the origin
The rotation matrix to rotate an object about the origin in anticlockwise

direction is:

Cos @ Sin 6
-Sin @ Cos 6 0
0 0 1

Alternatively, in equation:
Xnpew =X *CosO —Y *Sin@
Yiew =Y *Cos0 + X xSin @



The form of the rotation matrix to C‘?S 0

rotate an object about the origin in Sin® | Cosé@
anticlockwise direction : 0 0
When @ =90 0 1
Sin (90) =1 -1 0
Cos (90) =0 0 0
When @ =180 -1 0
Sin (180) = 0 0 1
Cos (180) =-1 0 0
When 0 =270 0 >
Sin (270) = -1 1 0
Cos (270) =0 0 0
When 0 =360 1 o
Sin (360) = 0 0 1
Cos (360) =1 o o




Example 1:
Rotate the line P1(1,6) and P2(5,1) anticlockwise 90 degree.

{16}
The solve:

Xpew =X *CosO —Y *Sin0@
Yiew =Y *Cos 0O + X «Sin @

ok e @

#I-l rs

—r—
Ill:i-:ts

original line

First point
Xew =1*0—-6%* 1= -6
Vnew =6¥0+1¥1=1

Second point
X, ow =5*¥0-1%1=-1
Vnew =1¥0+5*1=5
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Line after rotation

anticlockwise if O is a positive angle



Example 1:

Rotate the line P1(1,6) and P2(5,1) anticlockwise 90 degree.

{1.6)

ok e @

#I-l rs

—r—
Ill:i-:ts

original line

The solve:
Xlnew | Ylnew | 1 1 6
X2new | Y2new | 1 - 5 1

0 0
-1 0
0 1

anticlockwise if O is a positive angle
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Note:
Rotation in clockwise direction:
In order to rotate in clockwise direction we use a negative angle, and because:
Cos (-@) = Cos O
Sin (-0)=-Sin O

Therefore, The form of the rotation matrix to rotate an object about the
origin in clockwise direction :

Cos O | -Sin @ 0
Sin O Cos O 0

Alternatively, in equation:
Xnew=X * Cos @ +Y * Sin &

Ynew=Y * Cos @ - X * Sin O



Example 2:
Rotate the line P1(1,6) and P2(5,1) in clockwise (-90) degree.

& {1.6)
i
The solve: 2
2 (5.1)
1 - - - - -
| 1 2 3 4 5 6 7
original line
0Ol-1(0
Xlnew | Ylnew | 1 1 6 1
= x* 11010
X2new | Y2new | 1 5 1 1
0|01
6 | -1] 1
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clockwise if @ is a negative angle Line after rotation



Rotate about a specific point ( XP, YP)

S

original position of object

We need three steps: and pivot point
1- Translate the points (and the object) so that the point (XP,YP) lies on the

origin

XP1=X - XP
YPl: Y _ YP translation of object so that
pivot point (Xr, YY) is at origin
2- Rotate the translated point (and the translated object) by @ degree about
the origin to obtain the new point (XP2,YP2)

XP2=XP1 * Cos @ - YP1 * Sin O *%7

YP2=YP1 * Cos O + XP1 * Sin O cotation about orizin
3- Back translation .
(Xr. Xr)
XP3= XP2 + XP <|ﬁﬂ"
YP3=YP2 + YP |

tramslation of object so that pivoi
point is returmned to position (Xr. Yr)



Example 3:
Rotate the rectangle (3,2),(6,2),(3,4),(6,4) counterclockwise with @ =90

around the point (3,2).
6 -
The solve: 44
34 (32)
1- Translation 3210123456
XP=3 , YP=2
XP1=X-XP
YP1=Y-YP
Point (3,2) Point (6,2)
Xlpew=3-3=0| | X2,.,~6-3=3
Y1=2-2=0| | Y2, =2-2=0
Point (3,4) Point (6,4) . +
X3pen=3-3=0 | X4,,,=6-3=3 23455
Y3, ~4-2=2| | Y4, ~4-2=2




2- Rotation

When 082_9(290) . 0 1 0
N =
-1 0 0
Cos(90) =0 o o y
XP2=XP1* Cos O - YP1 * Sin O

YP2=YP1 * Cos @ + XP1 * Sin O

Point (0,0)
X1.,=0%(0)=0*(1)=0
Y1ew™ 0*0)+0*(1)=0

Point (0,2)
X3..,,=0*(0)-2*(1)=-2
Y3,,,=2*(0)+ 0% (1) =0
Point (3,0) s
X2..,=3%(0)=0*(1)=0 ‘
Y20, =0%(0)+3*(1) =3 2
Point (3.2) LY, B

X4 . =3%(0)—2* (1) =-2

|||||



3- Back Translation
XP3=XP2+ XP
YP3=YP2 +YP

Point (0,0)
X1,,~0+3=3
Y1, ~0+2=2

Point (-2,0)
X3ey=-2+3=1
Y3, =0+2=2

L4 4 4 J

LB LB

R U -

Point (0,3)
X2.,,~0+3=3
Y2,,=3+2=5

(S 8
i

Point (-2,3)
X4 . ,~-2+3=1
Y4 =3+2=5

new




The End



