Rodriguez Approach for Representing
Rotation

Chapter 7 — A2
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Rodriguez Approacﬁﬂ‘ pTesen‘tlng Rotatlon

Axis of Rotation u

/ p_ (P@u)u

/”P (POW)U ||=||P|| sin &
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k=ux(P-(POu)u)=uxP
Ik|| = [|P]| sina
Then ||E|| & ||I3 — (ﬁ@ﬁ)ﬁ” are equivalent in size (||I3|| sin a)

Thus

' = rotated vector around u with angle an angle 6

P’ = (136)17)17 + cos 0 {ﬁ — (13 u)u} +sinf u x P = (1 - cos 9)(136)17)ﬁ +cosOP +sinf OP
3 X 3 matrix

0 —U, Uy
O=|u, 0 -—u,

—Uy Uy 0
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« P'=(1-cos 9)(136)17)17 +cosOP +sinf OP

Now, let’s focus on (POU)u

*  First, let’s consider i X (% x P) = OUP = U*P

+ Ux(uxP)=1u(UOP) - PuON)

+ Thusux (i x P) = U%P = (u®P)u — P = (POU)u — P
- (POW)u=0%P+P

* Finally: P'=(1—cos8)0?P +P +sing P
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epresenting Rotation

e In other words:

« P =[l3+sin T+ (1— cos0)U?|P

e Therefore, the rotation matrix R = I3 + sin8 U + (1 — cos 8) U?
*  Claim: R = U?

* In conclusion, Rodriguez Rotation Formula

. P'= [I; +sin6 0 + (1 —cosH)l’fz]I3
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U= <uy> unit vector: uz + uj + uz =1

Uz
0 —U; Uy
U\ = uZ 0 _ux
Uy Uy 0
0 —Uu; Uy 0 _
U2 — u, 0 . "
__uy ux O _uy y
uz — 1  weu,  uuy,
=y, w-1 wu
Uxllz uyuz u; -1
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Rodriguez Approach
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epresenting Rotatio
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Now, let’s evaluate e

92U2 930‘3 94(’]‘4
_@+n—+ +—+

0°0° n 660"

= I+ @—f+$—£+ )

=1I3+sinf U+ (1 —cos8)J?
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we need to prove that




Represent Qg _'-_ Rot_gti on

According to Taylor Series expansion

. . . 62 03 . 04 0°
sin@ = sin(0) + cos(0)8 — sin(0) P cos(0) Py sin(0) T cos(0) =

. 66 67
— sin(0) o cos(0) P

. 62 . 63 6+ . 65
cos 8 = cos(0) — sin(0) 8 — cos(0) Py sin(0) P cos(0) T sin(0) =

05 . 67 68
— cos(0) P sin(0) P cos(0) o
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So, finally

R=1I,+sin60+ (1 —cos6)0? = el®

Rodriguez Rotation Formula

P’ = |15 +sin0 U + (1 — cos 9)(72]5

0 —U; Uy Uy
where U=1| u, 0 —U,| & | Uy | is unit direction vector
—Uy Uy 0 Uz
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