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TransformationsTransformations

• review of relevant math
• 4x4 transformation matrices
•• review of relevant mathreview of relevant math
•• 4x4 transformation matrices4x4 transformation matrices
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Math ReviewMath Review
matrix vector multiplicationmatrix vector multiplication
•• points as column vectorspoints as column vectors
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•• points as row vectorspoints as row vectors
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Math ReviewMath Review
Coordinate SystemsCoordinate Systems

RightRight--handed Coordinate Systemhanded Coordinate System

LeftLeft--handed Coordinate Systemhanded Coordinate System
x

yz yxz ×=

z x

y yxz ×=
using leftusing left--hand rulehand rule

using rightusing right--hand rulehand rule
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Math ReviwMath Reviw
Points and VectorsPoints and Vectors
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affine space:affine space:
allows vectorallows vector--toto--point additionpoint addition
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vectors are invariant vectors are invariant 
under translationunder translation

vector spacevector space
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Math ReviwMath Reviw
Coordinate System  vs  FrameCoordinate System  vs  Frame

coordinate system:  coordinate system:  basis vectorsbasis vectors
frame:  frame:  basis vectors + Originbasis vectors + Origin

allows for pointsallows for points
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Math ReviewMath Review
Working with FramesWorking with Frames
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TransformationsTransformations
Transformations as a change of frameTransformations as a change of frame
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TransformationsTransformations
change of basis expressed using a matrixchange of basis expressed using a matrix
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Usage of TransformationsUsage of Transformations
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Using TransformationsUsing Transformations
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GLfloat  T[16] = { 2,0,0,0,  0,2,0,0,  0,0,2,0  3,2,0,1};GLfloat  T[16] = { 2,0,0,0,  0,2,0,0,  0,0,2,0  3,2,0,1};
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Usage of TransformationsUsage of Transformations
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GLfloat  T[16] = { ... };GLfloat  T[16] = { ... };
glMatrixMode(GL_MODELVIEW);glMatrixMode(GL_MODELVIEW);
glLoadMatrixf(T);glLoadMatrixf(T);

glBegin(GL_LINE_LOOP);glBegin(GL_LINE_LOOP);
glVertex2f(0,0);glVertex2f(0,0);
glVertex2f(2,0);glVertex2f(2,0);
glVertex2f(2,2);glVertex2f(2,2);
glVertex2f(1,3);glVertex2f(1,3);
glVertex2f(0,2);glVertex2f(0,2);
glEnd();glEnd();
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Usage of TransformationsUsage of Transformations
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glMatrixMode(GL_MODELVIEW);glMatrixMode(GL_MODELVIEW);
glLoadIdentity();glLoadIdentity();

glTranslatef(3,1,0);glTranslatef(3,1,0);
glScale(2,2,2);glScale(2,2,2);

glBegin(GL_LINE_LOOP);glBegin(GL_LINE_LOOP);
glVertex2f(0,0);glVertex2f(0,0);
glVertex2f(2,0);glVertex2f(2,0);
glVertex2f(2,2);glVertex2f(2,2);
glVertex2f(1,3);glVertex2f(1,3);
glVertex2f(0,2);glVertex2f(0,2);
glEnd();glEnd();

An easier way to do the same thing....An easier way to do the same thing....



©© Michiel van de PanneMichiel van de Panne

University ofUniversity of
British ColumbiaBritish Columbia

TransformationsTransformations
TranslationTranslation

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

11
1

1
1

1
'
'
'

z
y
x

c
b
a

z
y
x
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glTranslatef(a,b,c);glTranslatef(a,b,c);
glTranslated(a,b,c);glTranslated(a,b,c);

translate(a,b,c)translate(a,b,c)
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TransformationsTransformations
ScalingScaling
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glScalef(a,b,c);glScalef(a,b,c);
glScaled(a,b,c);glScaled(a,b,c);

scale(a,b,c)scale(a,b,c)
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TransformationsTransformations
RotationRotation
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glRotatef(angle,x,y,z);glRotatef(angle,x,y,z);
glRotated(angle,x,y,z);glRotated(angle,x,y,z);
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TransformationsTransformations
ShearShear
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TransformationsTransformations
Affine transformationsAffine transformations
•• linear transformation + translationslinear transformation + translations
•• can be expressed as a 3x3 matrix + 3 vectorcan be expressed as a 3x3 matrix + 3 vector

4x4 matrices4x4 matrices

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

110001
'
'
'

333231

232221

131211

z
y
x

Tmmm
Tmmm
Tmmm

z
y
x

z

y

x

TPMP +⋅='

h=1h=1

©© Michiel van de PanneMichiel van de Panne

University ofUniversity of
British ColumbiaBritish Columbia

Projective Rendering PipelineProjective Rendering Pipeline

OCS OCS -- object coordinate systemobject coordinate system
WCS WCS -- world coordinate system world coordinate system 
VCS VCS -- viewing coordinate system viewing coordinate system 
CCS CCS -- clipping coordinate system clipping coordinate system 
NDCS NDCS -- normalized device coordinate systemnormalized device coordinate system
DCS DCS -- device coordinate systemdevice coordinate system

OCSOCS WCSWCS VCSVCS

CCSCCS

NDCSNDCS

DCSDCS

modelingmodeling
transformationtransformation

viewingviewing
transformationtransformation

projectionprojection
transformationtransformation

perspectiveperspective
divisiondivision

viewportviewport
transformationtransformation

glVertex3f(x,y,z)glVertex3f(x,y,z)

glTranslatef(x,y,z)glTranslatef(x,y,z)
glRotatef(th,x,y,z)glRotatef(th,x,y,z)
........

gluLookAt(...)gluLookAt(...)

glFrustum(...)glFrustum(...)

glutInitWindowSize(x,y)glutInitWindowSize(x,y)




