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Transformation & Mapping

» Calculates world coordinates of points on a model
when it (or its model coordinate system) is translated
and rotated

= Transformation,
MODELVIEW matrix mode in OpenGL

» Caculates viewing coordinates of points on a model
from their world coordinates
= mapping
GL_PROJECTION matrix mode in OpenGL



Translation
» Xw =Xy T a
» Yw=Yyt+Dhb
» Ly =4y tC
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Translation -continued

» For 2D, set Z,, Z,, = 0 or use 3x3 transformation
matrix

Xyl [1 0 0 all|X,
Yy| [0 1 0 bl|Y,
zo| oo 1 ¢||z,
1] |00 0 1|1
T LTrans(a, be) ’
Homogeneous  Homogeneous

Coordinates Transformation Matrix



Rotation

Q'(0, Yw, Zw)

<

(XM’ YM’ ZM)

Q(O’ YM’ ZM)

QI(YW’ ZW)




Rotation -continued

» Yy =lcos (0 + a)
= l(cos 0-cos a - sin 6-sina.)
= |cos o cosH - Isin o sin 6
=Yy Cos 0 - Zysin 6

» Zy =Isin(6+a)

= |(sin 6-cosa+cos 0-sin o)
cos o Sin 0 - Isin oo cos O
=YySin® - Z,,cosH




Rotation -continued
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Rotation about arbitrary axis

t L
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QY P' (Xw. Yw. IZvv)
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P/Xm, Yum, Zw)

e W S (a)P'=Q+rcosf v+rsinfu
(b)rv=P-Q
(c)u:nXV:nX(P_Q)
r
>
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Rotation about arbitrary axis -continued
» Substitute (b), (c) into (a)

nX(lz—Q) (nxQ - 0)

=Q(l—-cos@)+PcosO + (nxP)sin b (d)

P"=Q+(P-Q)cos 8 +rsin 6

» Substitute Q=(P - n)n into (d)

P' =(P-n)n(1-cosf)+ Psind + (n x P)sind



Rotation about arbitrary axis -continued

0
0

XW XM
Y Y
" |=Rot(n,6)-| "

Z, Z,

Rot(n,0)
I n’ (1—n§)+ cost nxny(1—cosf) +n-sinf  nxnz+ (1—cosd) —nysind 0
| nny(1-cosf) —nzsind  nj(1-cosf)+cosd  nyno1—cos)+ nxsing
nnA1—-cosf) +nysind  nynA1—cosf)—nssind  n’(1—cosd)+cosd
0 0 0
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Example1

» An object is translated 5 units in y direction of world
coordinate system and then rotated 90 degrees
about x-axis of world coordinate system.

» What are the world coordinates of point (0, 0, 1) in

model coordinates? , A
W

(XW’ YW’ ZW)
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Example1(cont’)

» Translation

= Trans(0,5,0)-

» Rotation

.
Yy
Zy

1

12

= Rot(x,90°)-

—_ = O

1
0
0
0

0
c0s90°
sin 90°

0

(a)

—sin 90°

c0s90°

0

0

0
0
0
1

—_— = O

(b)



Example1
» From (a) and (b)

= Rot(x,90°)-Trans(0,5,0)-

concatenation

Xy

Yy,

Ly
1
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Example2

» Point (0, 0, 1) is rotated 90 degrees about an axis
passing (0, 3, 2) in x-axis direction

ZW a

(0,3,2)

Yw

(XW’ YW’ ZW)
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Example2

15

=Trans(0,3,2)- Rot(x90°) - Trans(0,—3,-2)-

oS o O =

oS O = O

o = O O

_— N W O

oS o O =

0
c0s90°
sin 90°

0

0
—s1n 90°
cos 90°

0

0
0
0
1

_— e O O

oS o O =

o O = O

S = O O

—_— = OO




Scaling Transformation Matrix

X|][S, 0 0 0][X]
Y| lo s, o olly
Z17lo o s, oflz
1] 0o 0o o 1]]1]
“Scale(S..5,.5,)

» Scaling w.r.t. (Xp, Yp, Zp)

Trans (X ,,Y,,Z,)-Scale (S,,5,,5,) Trans (-X »,-Y,,-Z )"
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Mirror Reflection

» w.r.t. x-y plane

X

o O
_— O O O

-
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_1_

o O O =
o O = O
|
ek

Y
Z
_1_

S

» Reflections w.r.t. y-z plane and x-z plane are similarly
derived
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Modeling Transformation in OpenGL

» void glMatrixMode( GL_MODELVIEW)
Select matrix to be transformed

» void glTranslatef(Type x, Type vy, Type z)
Translate model by x, y, z

» void glRotatef(Type angle, Type x, Typey, Type z)
Rotate model by angle(degree) about Vector

» void glScalef(Type x, Type vy, Type z)
scaling by ratio of x, y, and z in each axis direction
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Mapping

» Convert coordinates in World Coordinate System
into those in Viewing Coordinate System

» void glMatrixMode( GL_ PROJECTION)

» void gluLookAt( Gldouble eyex, Gldouble eyey, Gldouble eyez,
Gldouble centerx, Gludouble centery, Gludouble centerz, Gludouble
upX, Gludouble upy, Gludouble upz) Z2

(X1, Y1, Z1) #®
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Mapping (cont’)

» Let T,_, to be a transformation matrix to derive
coordinate values w.r.t (X, y, z,)coordinate system
from those w.r.t (x, y, z,) coordinate system

(X, Y, 4, 1)T =T ,(X; Y, Z, 1)T

(a)

» Derive T, from (a) after expressing Eq. (a) as

follows

20

X,
8

Z,
1

Nx

Ox

Ax

Px

Py

Pz
|

X,

[S—

)
z
1_

(b)



Mapping (cont’)
» Substituting X,=0, Y,=0, Z,=0 into (b) gives
X,=P,Y,=P,Z,=P, (c)

Px, Py, Pzare {x2 y2 z2} coordinates of the origin of {x1 y1 z1}
frame

» Substituting X,=1, Y,=0, Z,=0 into (b) gives
X,=n,+p,, Y,=n,+py, Z,=n,+p, (d)

n,,n, n,are X, ,Y,, Z, components of the unit vector along x, axis
o, 0, 0, are X, , Y,, Z, components of the unit vector along y, axis
a,,a, a,are X,,Y,, Z, components of the unit vector along z, axis
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Example1 (cont’)

» View point (-10, 0, 1), View site (0, 0, 1), up
vector (0, 0, 1)

» Twy?
What are X, Y, Z, of (5, 0, 1) in world
coordinates?
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Example1 (cont’)

» n,,n,,n,arex,,Yy,,z, components of x, axis = (0, 0, -1)
» 0,,0,,0,arex,,Y,,z, components of y, axis = (-1, 0, 0)
» a,,a,,a,arex,, Yy, ,z, components of z, axis = (0, 1, 0)

» Py, Py, P;arex,,y, , z, coordinates of the origin of {x,, y,, z,}
= (0, -1, 0)
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Example1
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Example2 (cont’)

» Isometric View: view point (5, 5, 5), view site (0, O,

0), up vector (0, 0, 1)
» Show Viewing Coordinate System and derive T, ?

?
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0, 0, 5

Xy, Yy, Zy of (
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Example2 (cont’)

_5i+5j+5k—-(0i+0j+0k) _ 1 . 1 . 1
\51+5J+5k (0i+0j+ 0k)| R ﬁ" V3

kv

Jo= ‘ — (up e kv)kv

1.
—(upOkv)kV:_3 3773

1

3

jVXkV _ 1 . 1

= 1+
-2

iV:
jVXkV
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Example2 (cont’)

» Xy component of X,y axis

» Yy component of X,y axis

» Z,, component of X, axis
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