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RRT*
●RRT does not converge to the optimal solution

RRT

RRT*

From Sertac’s homepage



RRT*
- Asymptotically optimal without a substantial 

computational overhead

- Yn
RRT* : cost of the best path in the RRT*

- c*      : cost of an optimal solution
- Mn

RRT  : # of steps executed by RRT at iteration n
- Mn

RRT*: # of steps executed by RRT* at iteration n
From DH’s homepage



Key Operation of RRT*
●RRT

● Just connect a new node to its nearest neighbor node
●RRT*: refine the connection with re-wiring operation

● Given a ball, identify neighbor nodes to the new node
● Refine the connection to have a lower cost



Example: Re-Wiring Operation

From ball tree paper



Example: Re-Wiring Operation

Generate a new sample

From ball tree paper



Example: Re-Wiring Operation

Identify nodes in a ball

From ball tree paper



Example: Re-Wiring Operation

Identify which parent 
gives the lowest cost

From ball tree paper



Example: Re-Wiring Operation

From ball tree paper



Example: Re-Wiring Operation

Identify which child 
gives the lowest cost

From ball tree paper



Example: Re-Wiring Operation

From ball tree paper

Video showing benefits 
with real robot







MPC predicts and optimizes motion over a short horizon, executes only the first action, and then replans from the updated state
Thus, MPC turns open-loop trajectory optimization into closed-loop control by repeatedly replanning.





Learning-based Initialization of Trajectory Optimization for Path-
following Problems of Redundant Manipulators, ICRA 23
● Problem 

● Trajectory optimization is highly 
sensitive to initialization, but finding 
a good initial trajectory in a 
redundant robot’s large 
configuration space is expensive

● Approach
● Example-guided RL quickly 

generates feasible, high-quality 
initial trajectories, improving TO 
efficiency and solution quality

● Received an outstanding 
planning paper award at ICRA 
2023
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One design pattern—not a universal solution

Learning can enhance models, objectives, sampling, and search while 
preserving classical planning structure. However, it is only one option 
alongside end-to-end policies, generative planners, and world-model-
based planning.

One Modern Direction: Learning-Augmented Planning



Summary: Choosing the Right Planning 
Paradigm
● Planning transforms goals into feasible actions
●Representations, dynamics, and constraints define feasibility
● Search, sampling, and optimization offer different trade-offs
● Learning can guide or replace planning—but no single approach 

is universally best

●Next: Learning integrated Planning
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