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Chapter 3.5

Transformations – OpenGL 
Composition of Transformations
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Transformations in OpenGL
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glMatrixMode(GL_MODELVIEWglMatrixMode(GL_MODELVIEW););
glLoadIdentityglLoadIdentity();();

glBegin(GL_LINE_LOOPglBegin(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);
glEndglEnd();();

MVPTP ='

DrawHouse()
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Transformations in OpenGL
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glMatrixMode(GL_MODELVIEWglMatrixMode(GL_MODELVIEW););
glLoadMatrixf(TglLoadMatrixf(T););

DrawHouse();

GLfloatGLfloat T[16] = { 2,0,0,0,  0,2,0,0,  T[16] = { 2,0,0,0,  0,2,0,0,  
0,0,2,0  3,1,0,1};0,0,2,0  3,1,0,1};
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Transformations in OpenGL
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glMatrixMode(GL_MODELVIEWglMatrixMode(GL_MODELVIEW););
glLoadIdentityglLoadIdentity();();

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

DrawHouse();

An easier way to do the same thing....
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Matrix Operations in OpenGL

2 Matrices:
Model/view matrix M
Projective matrix P

Example:

glMatrixMode( GL_MODELVIEW );
glLoadIdentity(); // M=Id
glRotatef( angle, x, y, z ); // M= R(α)*Id
glTranslatef( x, y, z ); // M= T(x,y,z)*R(α)*Id
glMatrixMode( GL_PROJECTION );
glRotatef( … ); // P= …
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Composing Transformations

i
v

j
v

i
v
j
v

FFhh

FFWW

suppose we wantsuppose we want
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Rotate(z,Rotate(z,--90)90)

)90,( −= zRotPP hA

FFWW

FFhh

Translate(2,3,0)Translate(2,3,0)

)0,3,2(TransPP AW =

)0,3,2()90,( TranszRotPP hW −=
FFhh
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Composing Transformations

L-to-R:  interpret operations wrt fixed coords
R-to-L:  interpret operations wrt local coords
OpenGL  (R-to-L, local coords)

glTranslatef(2,3,0);
glRotatef(-90,0,0,1);
DrawHouse();

MVMV

MVMV

MzRotM
MTransM

)90,(
)0,3,2(

−=
⋅=

updates current transformation matrixupdates current transformation matrix
by by postmultiplyingpostmultiplying

)0,3,2()90,( TranszRotPP hW −=
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Composing Transformations

FFhh

FFWW

Rotate(z,Rotate(z,--90)90)

FFhh

FFWW

Translate(Translate(--3,2,0) in local 3,2,0) in local coordscoords

)90,()0,2,3( −−= zRotTransPP hW
glRotatef(-90,0,0,1);
glTranslatef(-3,2,0);
draw_house();
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Why 

Simplify local operations 
Avoid move to origin

T R Tp p p px y x y( , ) ( , )− − =θ

p p p px y x y
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Composing Transformations

OpenGL example
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glLoadIdentityglLoadIdentity();();
glTranslatef(4,1,0);glTranslatef(4,1,0);
glPushMatrixglPushMatrix();();
glRotatef(45,0,0,1);glRotatef(45,0,0,1);
glTranslatef(0,2,0);glTranslatef(0,2,0);
glScalef(2,1,1);glScalef(2,1,1);
glTranslate(1,0,0);glTranslate(1,0,0);
glPopMatrixglPopMatrix();();
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FF hh
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Transformation Hierarchies

Matrix Stack

glPushMatrixglPushMatrix()()

glPopMatrixglPopMatrix()()
AA

BB

CC

AA

BB

CC

AA

BB

CC

CC

glScale3f(2,2,2)glScale3f(2,2,2)

D = C scale(2,2,2) trans(1,0,0)D = C scale(2,2,2) trans(1,0,0)

AA

BB

CC

DD

DrawSquareDrawSquare()()
glTranslate3f(1,0,0)glTranslate3f(1,0,0)

DrawSquareDrawSquare()()
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Matrix Stacks

Means of returning to previously-used
coordinate system

Support several models or model parts
Natural hierarchical structure

depth of matrix stacks limited in hardware
typically:  16 for ModelView, 4 for Projection
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Transformation Hierarchies

torsotorso

headheadRUarmRUarm

RLarmRLarm

RhandRhand

RUlegRUleg

RLlegRLleg

RfootRfoot

LUarmLUarm

LLarmLLarm

LhandLhand

LUlegLUleg

LLlegLLleg

LfootLfoot

worldworld

trans(0.30,0,0) trans(0.30,0,0) rot(zrot(z,  ),  )θ
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Transformation Hierarchies

Example

4θ

1θ5θ 3θ

2θ

xx

yy

glTranslatef(x,y,0);glTranslatef(x,y,0);
glRotatefglRotatef(    ,0,0,1);(    ,0,0,1);
DrawBodyDrawBody();();
glPushMatrixglPushMatrix();();

glTranslatef(0,7,0);glTranslatef(0,7,0);
DrawHeadDrawHead();();

glPopMatrixglPopMatrix();();
glPushMatrixglPushMatrix();();

glTranslate(2.5,5.5,0);glTranslate(2.5,5.5,0);
glRotatefglRotatef(    ,0,0,1);(    ,0,0,1);
DrawUArmDrawUArm();();
glTranslate(0,glTranslate(0,--3.5,0);3.5,0);
glRotatefglRotatef(    ,0,0,1);(    ,0,0,1);
DrawLArmDrawLArm();();

glPopMatrixglPopMatrix();();
... (draw other arm)... (draw other arm)

1θ

2θ

3θ
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Projective Rendering Pipeline

OCS - object coordinate system
WCS - world coordinate system 
VCS - viewing coordinate system 
CCS - clipping coordinate system 
NDCS - normalized device coordinate system
DCS - device 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,zglTranslatef(x,y,z))
glRotatef(th,x,y,zglRotatef(th,x,y,z))
........

gluLookAtgluLookAt(...)(...)

glFrustumglFrustum(...)(...)

glutInitWindowSize(x,yglutInitWindowSize(x,y))


