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Kinematic planning

• Construct path in configuration space

• so that there are no collisions

• starts at start and ends at goal

x(t)

g(x) > 0

x(0) = a x(1) = b

0  t  1



Q: what if we wanted the shortest (etc)?

• We produced 

• path that meets constraints

• Use this to initialize

g(x) > 0

x(0) = a
x(1) = b

x̂(t)

minx(t)
R 1
0 h(x, ẋ, . . . , t)dt



Polish by…

• Discretize approximate path
• Solve

min�i
P

i h(xi + �i, . . .)�t

xi = x(i�t)

g(xi + �i) > 0

x(0) = a
x(1) = b

You might also need to interpolate path
segments here



Q: Why not use…

• Simple splines
• A smoothing spline
• A B-spline
• A subdivision curve
• etc

• with vertices as control points?



Dynamics make planning harder

• Dynamics introduce differential constraints

ẋ = f(x, u)

StateDerivative of state Control input - 
there might be 

constraints on this, 
too

Quite possibly nasty



Example

• State is:  (x, v)
• differential constraints:

Point robot
on a line

Obstacle
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Control constraint: �1  u  1
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Keep out of here, too



Key issue

• You have to think about control input as well
• Compare:

• RRT in kinematic planning - 
• check is there no obstacle

• RRT in dynamic planning
• what control gets you from qnear to qrand?

• there might not be one
• it might be hard to find



Notice this f isn’t the f in slide 6 — 
it maps initial state to final state given control u

















HOW?Strategies:

Optimization 
           with simulator

Discretize



Discretization and motion graphs

• Discretization
• build a set of motion primitives 

• start state, control input -> path, end state
• procedures for composing them

• what primitives can be applied in what state?
• there is translation, rotation covariance

• Search this set of primitives for appropriate control inputs



The motion graph

• Old idea in human animation
• Essentially, build a roadmap of what people can do by

• joining up animation sequences
• Control by

• searching these sequences

• Analogy with car
• drive around “at random”
• build motion graph
• search this for primitive sequences



The motion signal

• There is no reliable method for generating novel motions
• some special cases work OK 

• Keys for special cases
• data driven methods work well for temporal composition
• Some motions can be blended successfully
• Contacts create special problems
• There are complex, cross-body correlations

• There must be some set of motion primitives
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Relative timing matters
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Relative timing matters






