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Outline

1 Rodrigues’ Formula

EEC 242 http://Drshiple-courses.weebly.com/ 2



Rodrigues’ Formula

Axis-angle Rotation

vp = (n · v)n

v = vr + vp

vr = v − vp
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Rodrigues’ Formula

Cont.:Axis-angle Rotation

vr = vrr = v − vp

vr = v − (n · v)n

vrr = vr cosα+ w sinα

vrr = (v − (n · v)n) cosα+ (n × v) sinα
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Rodrigues’ Formula

Cont.:Axis-angle Rotation

u = vrr + vp

vrr = (v − (n · v)n) cosα+ (n × v) sinα

u = (v − (n · v)n) cosα+ (n × v) sinα+ (n · v)n

u = v cosα− (n · v)n cosα+ (n × v) sinα+ (n · v)n

u = v cosα+ (n · v)n(1 − cosα) + (n × v) sinαEEC 242 http://Drshiple-courses.weebly.com/ 5



Rodrigues’ Formula

Cont.:Axis-angle Rotation

u = v cosα+ (n · v)n(1 − cosα) + (n × v) sinα

vp = (v · n)n = (nT v)n = nnT v

∵ n × v = [n]×v

u = v cosα+ nnT v(1 − cosα) + [n]×v sinα

u = (I cosα+ nnT (1 − cosα) + [n]× sinα)v

Rodrigues’ Formula describes the rotation of vector v around vector n
with angle α so we can rewrite the formula as:

GRB = (I cosα+ nnT (1 − cosα) + [n]× sinα)

=

1 0 0
0 1 0
0 0 1

 cosα+

 n2
1 n1n2 n1n3

n1n2 n2
2 n2n3

n1n3 n1n3 n2
3

 (1 − cosα)

+

 0 −n3 n2
n3 0 −n1
−n2 n1 0

 sinα
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Rodrigues’ Formula

Cont.:Axis-angle Rotation

=

1 0 0
0 1 0
0 0 1

 cα+

 n2
1 n1n2 n1n3

n1n2 n2
2 n2n3

n1n3 n1n3 n2
3

 (1 − cα) +

 0 −n3 n2
n3 0 −n1
−n2 n1 0

 sα

assume the rotation vector n is the z axis: n=[0 0 1]

=

1 0 0
0 1 0
0 0 1

 cα+

0 0 0
0 0 0
0 0 1

 (1 − cα) +

0 −1 0
1 0 0
0 0 0

 sα

=

cα 0 0
0 cα 0
0 0 cα

+

0 0 0
0 0 0
0 0 (1 − cα)

+

 0 −sα 0
sα 0 0
0 0 0


=

cα −sα 0
sα cα 0
0 0 1


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Rodrigues’ Formula

ref

Rodrigues’ rotation formula,
http://electroncastle.com/wp/?p=39

Mechanics of Robotic Manipulation, Matthew T. Mason
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