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Kinematics
Configuration Space: Set of all possible configurations of the

robot
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Y For a planar rigid body:
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Special Euclidean Group

Constraints

Inequality Constraints: No two objects can occupy the same

space
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Robot Kinematics

Forward Kinematics:
Determine the robot velocity from wheel speed, steering angle, and

steering speed.

Inverse Kinematics:
Determine the wheel speed, steering angle, and steering speed

necessary to produce a desired robot velocity.
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Robot Position as a Vector

In general,
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Robot Movement as a Vector

Robot movement from t; to t,
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Robot Position After Movement

Robot position at t,
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Vector Review

» Addition & Subtraction

* Vector Norms

 Scalar multiplication




Projection: Inner (dot) product

If v is a unit vector, then v u yields the projection of
u in the direction of v

The result is a SCALAR quantity

Example

A robot is at point A, moving with velocity w, and you need to
move toward point B. Assuming that you can turn
instantaneously, by what angle should you turn the robot?

Robot Configurations and Configuration Spaces

Configuration: Specification of position for all the points on the
robot

q=(0 % s G)

Degrees of Freedom : The minimum number of parameters to
define a configuration
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Matrix Review

» Matrix Multiplication

» Matrix — vector Multiplication
» Non-uniform scaling

* Transpose

» Determinants

* Matrix Inverses




Rotation Matrices in 2D

Rotation Matrices in 3D
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Properties of a Rotation Matrix
. Orthogonal Transformation

 Orthogonal — R is Orthogonal

. det(R) = 1

* R, * R, is also a Rotation Matrix!

Homogeneous Representation

» Representation of points & vectors

* Properties
1.Sum & differences of vectors are vectors
2.Sum of a vector and a point is a point
3.Difference between two points is a vector
4.Sum of two points == meaningless




Homogeneous Transformations

C
y I
Al
_A
B _-
f
/7
/7
/
v X

Kinematics

Configuration Space: Set of all possible configurations of the
robot

g For a planar rigid body:
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Constraints

Inequality Constraints: No two objects can occupy the same
space

Constraints

Holonomic Constraints:
Position is limited to a subset of the configuration space

Free Configuration (pose):
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Holonomic Constraints

Constrained Configuration




Dimension of the Configuration Space

Configuration Space:
Set of all possible configurations of the robot

Dimension of the Configuration ==
Number of DOF — Number of Holonomic Constraints

Idealized Knife-Edge Constraint

Configuration (pose):

\, q

Single contact point at C Velocity at point C

Velocity constrained to be along the
knife edge

Lateral Velocity = 0 ) )
Constrained velocity:

Position is NOT constrained!

Non-Holonomic Constraints

The robot can reach everywhere in the configuration space,
BUT, it is under-actuated, and thus the velocity is constrained.

Testing for Integrability of Constraints

Given a constraint in the form of

) constraint can be
Let then, if =) integrated

Forward Kinematics of Differential Steering

Given the robot geometry and wheel speeds, what is the
robot’s velocity?

Let: r — wheel radius

| — axle length
— right wheel speed
— left wheel speed

Forward Velocity

g Angular Velocity




Differential Steering

Instantaneous Center of Curvature

ICC

World Coordinates




