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42 Chapter 2 Spatial descriptions and transformations

FIGURE 2.17: X-Y-Z fixed angles. Rotations are performed in the order Ry(y),
Nw B, WN@D.

The derivation of the equivalent rotation matrix, mmv:&@.. B, @), is straight-
forward, because all rotations occur about axes of the reference frame; that is,

ARyyz(. B, @) = Ry @Ry (B)Ry (v)

ca —sa 0 c¢f 0 sB 10 0
sa ca 0O 0 10 0cy —sy |, (2.63)
0 0 1 —sp 0 cB 0 sy cy

where ca is shorthand for cos a, s« for sin «, and so on. It is extremely important to
understand the order of rotations used in (2.63). Thinking in terms of rotations as
operators, we have applied the rotations (from the right) of Ry (y), then Ry (8), and
then R (). Multiplying (2.63) out, we obtain

cacf casBsy — sacy casficy + sasy
mﬁ:ﬁ@. B,a) = | sacp sasPsy +cacy sasfcy —casy |. (2.64)
—sp cBsy cey

Keep in mind that the definition given here specifies the order of the three rotations.
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FIGURE 2.18: Z-Y-X Euler angles.
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Figure 24 Rotation about an arbitrary axis.
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