w = COI-EYE view direction vector
u=wx(0,10 cross product with y-axis
V= wxu up vector
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Object Space

View Frustum
World Space

FIGURE 7. Object to world space transformation and the view frustum in world space.
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FIGURE 8. Display pipeline showing transformation between spaces.
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FIGURE 9. Transformation through spaces using ray casting.
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z 0 sin® cosH z
1 0 O 0 1
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X X
up vector
z z (23,-14,40)
\ g
(20, -10, 35)
a) Object space definition b) World space position and orientation of aircraft

FIGURE 10. Desired Position and Orientation.
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FIGURE 11. Projection of desired orientation vector onto y-z plane.
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FIGURE 12. Projection of desired orientation vector onto x-z plane.
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X,Y,Z - global coordinate system

X,Y,Z - deisred orientation defined by
unit coordinate system

FIGURE 13. Global coordinate system and unit coordinate system to be transformed.
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X = MK Y = MLy Z=M[[z

Xy 1 Yy 0 Zy 0
X,/ =M 0o Y, = MOz z, = Mo (EQ 15)
X, 0 Y, 0 Z, 1
Xy Yy Zy 10
X, Y,z =MOo1
X, Y, Z, 00
X, Y, Z (EQ16)
X X X
Xy Yy Zy| = M
XZ YZ ZZ
X A1 Arp Az Ayl [ x
y Azt App Agz Al y
z Ag1 Agp Agz Agyl | Z
1 o o o 1|1 (EQ 17)
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X X
(r,0,0)

FIGURE 14. Translation of moon out to its initial position on the x-axis.
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@ for each point P of the moon {
- P=p

}
OO ’ ) @ Rqy= y-axis rotation of 5 degrees

% O repeat until (done) {
@ for each point P’ of the moon {

P’ = Ryy*P’

\@-*» }
/ (r,0,0) X record a frame of the animation
}

z

FIGURE 15. Rotation by applying incremental rotation matrices to points.
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R = identity matrix
Rqy= Yy-axis rotation of 5 degrees
repeat until (done) {
for each point P of the moon {
P'=R*P

record a frame of the animation

} R = R*Ryy

FIGURE 16. Rotation by incrementally updating the rotation matrix.
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y=0
repeat until (done) {
R = y-axis rotation matrix of 'y’ degrees
for each point P of the moon {
P =R*P
}

record a frame of the animation
y=y+5

FIGURE 17. Rotation by forming the rotation matrix new for each frame.
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tep 1:Normalize one of the vec

0...
...A
the original unit orthogonal vectors

have ceased to be orthogonal from
each other due to repeated transformations

¢""-

A""‘

Form vector perpendicular (orthogona
to the vector just normalized

and to one of the other two original vectprs
by taking cross product of the two.
Normalize it.

Form the final orthogonal vector by taking
the cross product of the two just generatgd.
Normalize it.

FIGURE 18. Orthonormalization.
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001 00-1

01 010
-10 100
a) Positive 90 degree y-axis rotation b) Negative 90 degree y-axis rotation
000
010
000

¢) Half way between orientation representations

FIGURE 19. Direct interpolation of transformation matrix values can result in nonsense.
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FIGURE 20. Fixed angle representation.
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z z

a) Original definition b) (0,90,0) orientation

FIGURE 21. Fixed angle representation of (0,90,0).
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4
4

a) (+/-€,90,0) orientation ) (0,90+/€,0) orientation c) (0,90,+/€) orientation

FIGURE 22. Effect of slightly altering values of fixed angle representation (0,90,0).
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0

z z

(0,90,0) orientation (90,45,90) orientation; the object lies in the y-z plane

FIGURE 23. Example orientations to interpolate.
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Local Coordinate system attached to object
Global coordinate system

FIGURE 24. Euler angle representation.
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RY(BIR(@) = R(OR/B)R(NR,(-a)= R(a)Ry(P)

R Ry (B)R(®)= Ry ()R (B)RAY) R, () R(B)R/(B)R(c)= Ry(a)Ry(B)RA(Y)

(EQ 18)

(EQ 19)
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angle and axis of rotation

orientation A v orientation B Y

= /

FIGURE 25. Euler’s Rotation Theorem implies that, for any two orientations of an object, one can be
produced from the other by a single rotation about an arbitrary axis.
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B= A XA,

_ arfe® A
= CO0S —m—mm8
¢ A JTAC

A = Rg(k DA

6, = (1-k) [, +k[D,

FIGURE 26. Interpolating axis-angle representations.
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[s1, Vil Sy Vo] =[5 BBy — vy vy, 8y B/, + 5, Ty + vy X V5]

[0,v,] OO, v,] = [0, vy XV,] iff vijev, =0

g = (/) s -V

where I = o 8+X2+y?+7°

a/Id
9/ (ldl)

V = Ro(y = g V[q

Rot(Rot(v) = ¢~ [p ™ [V [p) (g

= ((pg) " ¥ O pq))
= Rot,(v)

Rof(Ro(V) = qq " vy (g = v

q = ROy (xy,» = [€OS(8/2), sin(6/2) [{x, Y, 2]

—-q ROt—G, —(% Y 2

[cos(—6/2), sin((-8)/2) L(—(x, ¥, 2)]
= [cog(8/2),—sin(6/2) L—(X, Y, 2)]
[cog(06/2), sin(6/2) (X, Y, Z

RO, (x,y. 2

=q

27.

(EQ 20)

(EQ 21)

(EQ22)

(EQ 23)

(EQ 24)

(EQ 25)

(EQ 26)

(EQ 27)

(EQ 28)
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