Composing Geometric
Transformations

e composition of Transformations
e scene graphs
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Transformations

Affine transformations

« linear transformation + translations

« can be expressed as a 3x3 matrix + 3 vector
P=M-P+T

4x4 matrices

X m, m, m T
yl — m21 m22 m23 T
z m31 m32 m33 T
1 0 0 0 1 h=1

University of
British Columbia

© Michiel van de Panne

Transformations
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Simple Compositions

translate(a,b,c) translate(d,e,f)
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scale(a,b,c) scale(d,e f)
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suppose we want
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Ry =Trans(2,3,0) Rot(z,{90) P,

—ﬁ R-to-L: interpret operations wrt fixed coords

ﬂ L-to-R: interpret operations wrt local coords 0/‘“ A L

* OpenGL (L-to-R, local coords)
g1 Tra bt (2,35)
7( IQD 4%[*7@ Ud 9, ))
drans Houg()
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Equivalence
g R, =Trans(2,3,0) Rot(z,~90) P, <)
2) Ry =Rot(z,-90)Trans(-3,2,0)F, q%\((ﬂ)yzy
Undoing Transformations’ /) ),«) y
T = Vot (X, y0) Traml 0=y 3) oy
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rotate about translate P rotate about translate P
5 (D Pby & to origin origin back
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Rotation about an arbitrary axisBp_nixeﬂyo;_ Transformation Hierarchies _unversty ot
glRotatef( angle, x, y, 2); 7 QJ 9 Z)
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Matrix Stack
D = C scale(2,2,2) trans(1,0,0)
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DrawSquare(
]7: C C _C§ glPushMatrix()
B B B B glScale3f(2,2,2)
glTranslate3f(1,0,0)
—
/\ popmatrix()
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Hierarchical Modeling with
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* provides a means of returning to a previously-used
coordinate system

« graphical scenes and characters have a natural
hierarchical structure
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Transformation Hierarchies
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Example

DrawBoe

glTranslatef(0,7,0);
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glPushMatrix();

plTranslate(2.5,5.5,0);
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DrawUArm();

gl Translate(0,-3.5,0);
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... (draw other arm)
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* projection transformations

/gIVertex3f(x,y,z)
IErustum(... * viewing transformations
ocs WCS ves  9frustumi-)
_| modeling viewing projection
transformation transformation transformation
glTranslatef(x,y,z) gluLookAt(...) l CCSs
glRotatef(th,x,y,z) perspective
division
OCS - object coordinate system l NDCS
WCS - world coordinate system -
\égg - vnlewmg coor?jl_natte systtem viewport
- clipping coordinate system ;
NDCS - r?c?rm%lized device ():loordinate system transformation
DCS - device coordinate system l DCS

glutinitWindowSize(x,y)
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