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3-D Affine Transformations
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3-D Coordinates Right Handed Coord. Sys.
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3-D Rotations

About x-axis
— rotatesy =2 z

About y-axis
— rotates z =2 X

About z-axis
— rotatesx 2>y
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Rotations do not commute!




Arbitrary Axis Rotation

——
« Rotations about X, y and z axes

 Rotation x rotation = rotation

« Can rotate about any axis direction | .

« Can do simply with vector algebra X
— Ensure ||v|| = 1 S
— Leto=(p-v)v Z
— Leta=p-o0
— Let b =v x a, (note that ||b||=||a]|)
— Thenp’=0+acos6+bsinod

« Simple solution to rotate a single point

 Difficult to generate a rotation matrix
to rotate all vertices in a meshed model ||a|cos6 a




Arbitrary Rotation

« Find a rotation matrix that rotates by
an angle 6 about an arbitrary unit
direction vector v

V= (XV’yV’ZV)’ XVZ-I_yVZ-I-ZVZZ1
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Rotate v to z V = (X,YZy), %24y, 242,21

1. Project v onto the yz plane and |
let d = sqrt(y,? + z,%)




Rotate v to z V = (X,YZy), %24y, 242,21

1. Project v onto the yz plane and |
let d = sqrt(y,? + z,%)
2. Then cosg, =z,/d and sing, =y, /d




Rotate v to z V = (X,YZy), %24y, 242,21

L y
1. Project v onto the yz plane and P
let d = sqrt(y,? + z,%)
2. Then cosg, =z,/d and sing, =y, /d
3. Rotate v by ¢, about x into the xz plane
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Rotate v to z V = (X,YZy), %24y, 242,21

—— y
1. Project v onto the yz plane and F
let d = sqrt(y,? + z,%)
2. Then cosg, =z,/d and sing, =y, /d
3. Rotate v by ¢ about x into the xz plane
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Rotate v to z V= (Y2, XY 42,21

L y
1. Project v onto the yz plane and P
let d = sqrt(y,? + z,%)
2. Then cosg, =z,/d and sing, =y, /d
3. Rotate v by ¢, about x into the xz plane

4. Then cosg, =d and sing, = x,
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d d




Rotate v 10 z

1.

ok W

Project v onto the yz plane and
let d = sqrt(y,? + z,%)

Then cosg, =z /d and sing, =y, /d

Rotate v by ¢, about x into the xz plane

Then cosg, = d and sing, = x,

Rotate v,, by ¢, abouty into the z axis

— 24\ 247 2=
V= (Xv’yv’zv)’ Xty tz, =1




Rotate 0 about v

« Let R (0) be the rotation matrix for
rotation by 0 about arbitrary axis
direction v

* Recall (R, R,) Is the matrix
(product) that rotates direction v to
Z axis

« Then
R(©) = (R,R)R,(0) (R,R)
=R, Ry'1 R,(6) Ry R,
=R,T RyT R,(6) Ry R,

(since the inverse of a rotation matrix
IS the transpose of the rotation matrix)

Ry
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Easier Way

E——
« Find an orthonormal vector system




Easier Way

L
« Find an orthonormal vector system

— Let r =u x v/||uxv||




Easier Way

L
« Find an orthonormal vector system

— Let r =u x v/||uxv||
— Letu’=vxr




Easier Way

L
« Find an orthonormal vector system
— Let r =u x v/||uxv||
— Letuw=vxr

 Find a rotation
from <r,w’,v> 2 <x,y,z>

r-X u X VX 1 IPX
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r-Z u 'Z VZ O I,-Z
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Transformation Order

glutSolidTeapot(1); glRotate3f(-90, 0,0,1); glTranslate3f(0,1,0);
glTranslate3f(0,1,0); glRotate3f(-90, 0,0,1);
glutSolidTeapot(1); glutSolidTeapot(1);
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