POSE AND ORIENTATION

CS 3630 Introduction to Robotics and Perception
Frank Dellaert
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POSE ALGEBRA
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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 ]

* 4 numbers, but only |D Manifold
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SR Pe iheta) or (Rt)

B i SE(2), next slide



(3

00 ] = 3x3 matrix \in SE(2)



ROTATIONS IN 3D
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» Rotation Matrices (DCM), 3x3 \in SO(3)

» Columns of aRb: axes of B in A. In MATLAB notation: [XbYb Zb]

* 9 numbers, but 3D Manifold
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RS0 0 O | ], 4x4 matrix in SE(3)



REPRESENTING 3D
ROTATIONS

» Rotation Matrices (DCM)
= Euler Angles

- ELERETR

- Cardanian

» Gimbal Lock
* Axis-Angle

« Unit Quaternions
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REPRESENTING 3D
ROTATIONS

Rotation Matrices (DCM)
Fuler Angles

Sl Erlan

- Cardanian

» Gimbal Lock

Axis-Angle

Unit Quaternions

DUPLEX BALL-BEARING DUPLEX BALL-BEARING

MULTISPEED RESOLVER (1X AND 16X} MULTISPEED RESOLVER (1X AND 16X)



ROLL-PITCH-YAW

Z

Ry(¢,6,%) = Ryp(8)RT ()R () (2.4)
1 0 0 cosf 0 —siné cosy sinvy 0
=10 cos¢p sing 0 1 0 —siny cosv 0
(0 —s8in¢ cos qﬁ) (sin # 0 cos# ) ( 0 0 1)
Cng CgSw —Sp
= | S¢SeCy — CpSyy  SpSaSy + CoCyp  SeCo | (2.5)
(C¢Sgc¢ + S¢Sy CSeSy — S¢Cyp C¢Cg)

Beard, 201 |, Small Unmanned Alrcraft



UNIT QUATERNIONS

S 0): Sihe
© 0 . 9,6,0,
* [cO -s6; 560 O] * [P riz Pz Rz iGs e R R

+ 7= (cH, s6) * q=c(8/2) <s(8/2) v>

For the case of quaternions our generalized pose is £ ~§ € (Q and
gy D 4, P 55, —U,V,, < §V,+5,U,+U, XU, >
which is known as the quaternion or Hamilton product,” and
g § ' =s<—v>
which is the quaternion conjugate. The zero pose 0+ 1 <0, 0, 0> which is the

identity quaternion. A vector v € R? is rotated § - v+ §g(v)§ ' where
4(v) = 0, <v> is known as a pure quaternion.



