
Kinematics & Jacobians
8803 Mobile Manipulation



Topics

1. Planar Geometry
2. Serial Link manipulators
3. Forward Kinematics
4. Describing Manipulators
5. Product of Exponentials
6. 3D Geometry



1. Planar Geometry

• SO(2)

• SE(2)  



Body vs Spatial Twist

• Twist:
• In body: [0, pi/4, pi/4]
• Spatial: [0, 0, pi/4]

• IRC [-vy, vx]/w:
• In body: [-1, 0]
• Spatial: [0, 0]



Body vs Spatial Twist

• Twist:
• In body: [0, pi/4, pi/4] (same !)
• Spatial: [0, pi/4, pi/4]

• IRC [-vy, vx]/w:
• In body: [-1, 0]
• Spatial: [-1, 0]



Exponential Map for SO(2)

• ODE

Solution:



Exponential Map for SE(2)

• SE(2)



2. Serial Manipulators

• RRR manipulator
• Joint j connects link i-1 and link i
• Base is link 0



3. Forward Kinematics

• Recursive, given joints 1..n:



4. Describing Serial Manipulators

• Fixed offset X, joint transform Z

• FK becomes:



Example RRR



RRR



6. Product of Exponentials

• Joint at origin: real easy:

• Joint not at origin: conjugate!



Example

• Rotating around joint 3 and its effect on link 3



Example cont’d

• Rotating around joint 2, effect on link 2 and 3



General case: POE



7. 3D Geometry



Spatial Manipulators

• Just use 3D twists


