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Motion Planning

• Problem:

• Given start state xS, goal state xG

• Asked for: a sequence of control inputs that leads from start to goal 

• Why tricky?

• Need to avoid obstacles

• For systems with underactuated dynamics: can’t simply move along any coordinate 
at will

• E.g., car, helicopter, airplane, but also robot manipulator hitting joint limits 



Configuration Space (C-Space): 
State Space for a Robot in an Environment



Configuration Space

• Space of all possible configurations of a robot.

• obstacles -> configuration space obstacles 



Configuration Space



Examples



Pure Motion Planning is Not Enough!



Would Pure Task-Planning Do the Trick?



Would Pure Task-Planning Do the Trick?



How do These High-Level Actions Connect to the C-Space?



Sometimes Intuitive Abstractions are … Perfect



But Human Intuition has its Limits



But Human Intuition has its Limits



Summary: We Need to Integrate Task and Motion Planning!



Sampling-based Motion Planning



Probabilistic Road Map (PRM)



Probabilistic Road Map (PRM)



Probabilistic Road Map (PRM)



Probabilistic Road Map (PRM)



Probabilistic Road Map (PRM)



Probabilistic Road Map (PRM)



Probabilistic Road Map (PRM)



Probabilistic Road Map (PRM)



Probabilistic Road Map (PRM)



Rapidly-Exploring Random Trees (RRT)



Rapidly-Exploring Random Trees (RRT)



Rapidly-Exploring Random Trees (RRT)



Rapidly-Exploring Random Trees (RRT)



Rapidly-Exploring Random Trees (RRT)



Rapidly-Exploring Random Trees (RRT)
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