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COMPOSING POSES
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ROTATION IN 2D

• Rotation Matrices (DCM), 2x2 \in SO(2) 

• Columns of vRb: axes of B in V. In MATLAB notation: [c -s; s c]	



• 4 numbers, but only 1D Manifold



POSES IN 2D

• (x,y,\theta) or (R,t)	



• Better : SE(2), next slide



SE(2)

• [R t; 0 0 1] = 3x3 matrix \in SE(2)



ROTATIONS IN 3D

• Rotation Matrices (DCM), 3x3 \in SO(3) 

• Columns of aRb: axes of B in A. In MATLAB notation: [Xb Yb Zb]	



• 9 numbers, but 3D Manifold



REPRESENTING END-
EFFECTOR POSE

• ZE  = approach vector a	



• YE  = orientation vector o	



• XE  = o x a



POSES IN 3D

• [R t; 0 0 0 1], 4x4 matrix in SE(3)



REPRESENTING 3D 
ROTATIONS

• Rotation Matrices (DCM)	



• Euler Angles	



• Eulerian 	



• Cardanian	



• Gimbal Lock	



• Axis-Angle	



• Unit Quaternions
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ROLL-PITCH-YAW

Beard, 2011, Small Unmanned Aircraft



UNIT QUATERNIONS
• 2D:	



• 𝜃	



• [c𝜃 -s𝜃; s𝜃 c𝜃]	



• z = (c𝜃, s𝜃)

• 3D:	



• 𝜃r, 𝜃p, 𝜃y	



• [r11 r12 r13;r21 r22 r23;r31 r32 r33]	



• q = c(𝜃/2) <s(𝜃/2) v>


