
Angular Velocity
角速度



What is Skew Symmetric Matrix?

• 3x3 skew symmetric matrix represents a vector 

𝐴𝑇 = −𝐴

Skew( Ԧ𝑎) 𝑏 = Ԧ𝑎 × 𝑏

𝐴 = Skew( Ԧ𝑎) =

0 −𝑎𝑧 𝑎𝑦

𝑎𝑧 0 −𝑎𝑥

−𝑎𝑦 𝑎𝑥 0



Reference & Current Configuration

reference configurationcurrent configuration

𝑅(𝑡)

Ԧ𝑋

𝑅(𝑡) Ԧ𝑋



Constraint on the Rotation

reference configurationcurrent configuration

𝑅(𝑡)

Rotation 𝑅 𝑡  changes under constraint  𝑅 𝑡 𝑇𝑅 𝑡 = 𝐼

walking on the edge!



Differentiation of Rotation Matrix

Continuous change under constraints 𝑅 𝑡  → DoF elimination 

walking on the edge!

𝑅 𝑡 𝑇𝑅 𝑡 = 𝐼

𝑅 𝑡



Differentiation of Rotation Matrix

Continuous change under constraints 𝑅 𝑡  → DoF elimination 

𝑑

𝑑𝑡
(𝑅𝑅𝑇) = 0

ሶ𝑅𝑅𝑇 + 𝑅 ሶ𝑅𝑇 = 0

ሶ𝑅𝑅𝑇 + ሶ𝑅𝑅𝑇 𝑇
= 0

ሶ𝑅𝑅𝑇is skew-symmetric

ሶ𝑅𝑅𝑇 = Skew(𝜔)

ሶ𝑅 = Skew(𝜔)𝑅



Another Differentiation of Rotation Matrix

Continuous change under constraints 𝑅 𝑡  → DoF elimination 

𝑑

𝑑𝑡
(𝑅𝑇𝑅) = 0

ሶ𝑅𝑇𝑅 + 𝑅 ሶ𝑅 = 0

𝑅 ሶ𝑅
𝑇

+ 𝑅 ሶ𝑅 = 0

𝑅 ሶ𝑅 is skew-symmetric

𝑅𝑇 ሶ𝑅 = Skew(Ω)

ሶ𝑅 = 𝑅Skew(Ω)

ሶ𝑅𝑅𝑇is skew-symmetric

𝑑

𝑑𝑡
(𝑅𝑅𝑇) = 0

ሶ𝑅𝑅𝑇 + 𝑅 ሶ𝑅𝑇 = 0

ሶ𝑅𝑅𝑇 + ሶ𝑅𝑅𝑇 𝑇
= 0

ሶ𝑅𝑅𝑇 = Skew(𝜔)

ሶ𝑅 = Skew(𝜔)𝑅



Angular Velocities are Vector Values

ሶ𝑅 = 𝑅 Skew(Ω)ሶ𝑅 = Skew 𝜔 𝑅

𝜔 : velocity in current config. Ω : velocity in reference config.

𝜔

𝑅

reference config.current config.

Ω

𝑅

reference config.current config.



Relationship between Two Angular Velocities

ሶ𝑅 = 𝑅 Skew(Ω)ሶ𝑅 = Skew 𝜔 𝑅

𝜔 : velocity in current config. Ω : velocity in reference config.

Skew 𝜔 = 𝑅 Skew Ω 𝑅𝑇

𝜔= 𝑅 Ω

I’m an anglerfish!



Angular Velocities are Vector Values

ሶ𝑅 = 𝑅 Skew(Ω)ሶ𝑅 = Skew 𝜔 𝑅

𝜔 : velocity in current config. Ω : velocity in reference config.

𝑅

current config. reference config.

Ω

𝜔= 𝑅 Ω
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