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Goal for this course

• Design：soft hand design  x1

• Perception: vision, point cloud, tactile, force/torque x1

• Planning: sampling-based, optimization-based, learning-based x3

• Control: feedback, multi-modal x2

• Learning: imitation learning, RL x2

• Simulation tool (pybullet, matlab, OpenRAVE, Issac Nvidia, Gazebo)

• How to get a robot moving! 



Today’s Agenda

• What is planning? (~10)

• Motion planning in robotic application（~10）

• Self-driving, drone, robot arm, humanoids, medical robots, soft robots …

• Formulation of robot motion planning

• Planning as searching (~25)

• Planning as sampling (~25)

• PRM, RRT, RRT*
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What is planning?

A plan is typically any diagram or list of steps with details of timing and

resources, used to achieve an objective to do something. It is

commonly understood as a temporal set of intended actions through which

one expects to achieve a goal.

https://en.wikipedia.org/wiki/Plan

https://en.wikipedia.org/wiki/Diagram
https://en.wikipedia.org/wiki/Goal
https://en.wikipedia.org/wiki/Modal_logic
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Goal
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Robotics – Learn the mapping

from perception to action

Planning in Robotics
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Robotics – Learn the mapping from perception to action

Motion Planning in Robotics



Motion Planning in Robotics

Self-driving



Motion Planning in Robotics

Drones



Motion Planning in Robotics

Robot arms



Motion Planning in Robotics

Bimanual manipulation



Motion Planning in Robotics

Humanoids
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Humanoids



Tesla's Optimus Robot Sort Objects Autonomously
https://www.youtube.com/watch?v=oL5YNtDUQXU&ab_channel=CNETHighlights

Motion Planning in Robotics

Humanoids



Motion Planning in Robotics

Quadruped robot
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Quadruped robot



Motion Planning in Robotics

Medical robot



Motion Planning in Robotics

Dexterous manipulation



Motion Planning in Robotics

Soft robots



Today’s Agenda

• What is planning? (~10)

• Motion planning in robotic application（~10）

• Self-driving, drone, robot arm, humanoids, medical robots, soft robots …

• Formulation of robot motion planning

• Planning as searching (~15)

• Planning as sampling (~25)

• PRM, RRT, RRT*



Robot Motion Planning
➢ Motion planning is a term used in robotics for the process of breaking down a

desired movement task into discrete motions that satisfy movement

constraints and possibly optimize some aspect of the movement.



Robot Motion Planning
Structured environment



Motion Planning in 2D



Motion Planning in Grid World



Motion Planning in Grid World



Today’s Agenda

• What is planning? (~10)

• Motion planning in robotic application（~10）

• Self-driving, drone, robot arm, humanoids, medical robots, soft robots …

• Formulation of robot motion planning

• Planning as searching (~25)

• Planning as sampling (~25)

• PRM, RRT, RRT*



Discrete Planning

• Breadth-First Search

• Depth-First Search

• Brute-Force Search

• Best-First

• A*

https://medium.com/omarelgabrys-blog/path-finding-algorithms-f65a8902eb40

Demo: http://qiao.github.io/PathFinding.js/visual/
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Breadth-First Search

https://medium.com/tebs-lab/breadth-first-search-and-depth-first-search-4310f3bf8416



Breadth-First Search

https://www.slideshare.net/AlaaKhamis/motion-planningExample from the slides:
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Depth-First Search

Depth first search is dead simple. First, go to the specified start

node. Now, arbitrarily pick one of that node’s neighbors and go

there. If that node has neighbors, arbitrarily pick one of those and

go there unless we’ve already seen that node. And we just repeat

this process until one of two things happens. If reach the specified

end node we terminate the algorithm and report success. If we

reach a node with only neighbors we’ve already seen, or no

neighbors at all, we go back one step and try one of the neighbors

we didn’t try last time.



Depth-First Search
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Brute-Force Search



Discrete Planning

• Breadth-First Search

• Depth-First Search

• Brute-Force Search

• Best-First

• A*

https://medium.com/omarelgabrys-blog/path-finding-algorithms-f65a8902eb40

http://qiao.github.io/PathFinding.js/visual/
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A*

https://en.wikipedia.org/wiki/A*_search_algorithm

https://www.redblobgames.com/pathfinding/a-star/introduction.html
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A*

estimated distance from the current node to the end node



A*

Manhattan Distance
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A* implementation

https://saturncloud.io/blog/implementing-the-a-algorithm-in-python-a-stepbystep-guide/



A* implementation



A*



Today’s Agenda

• What is planning? (~10)

• Motion planning in robotic application（~10）

• Self-driving, drone, robot arm, humanoids, medical robots, soft robots …

• Formulation of robot motion planning

• Planning as searching (~25)

• Planning as sampling (~25)

• PRM, RRT, RRT*



Sampling

⚫ Completely describing and optimally exploring is 

too hard in high dimension space

⚫ It is not necessary 

⚫ Limit ourselves to finding a “good” sampling



Sampling
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PRM
(probabilistic roadmap)

The resulting graph is a 

probabilistic roadmap 

(PRM)



PRM
(probabilistic roadmap)



RRT

Remarkably, we can find a solution by using 

relatively few randomly sampled points.

Rapidly Exploring Random Trees



RRT

start

goal

New start



RRT



RRT

https://www.youtube.com/watch?v=gP6MRe_IHFo&ab_cha
nnel=JacksonBernatchez



Today’s Agenda

• What is planning? (~10)

• Motion planning in robotic application（~10）

• Self-driving, drone, robot arm, humanoids, medical robots, soft robots …

• Formulation of robot motion planning

• Planning as searching (~25)

• Planning as sampling (~25)

• PRM, RRT, RRT*



Summary

• Planning is searching! (Find a feasible or an optimal solution)

• All the robots are represented as “dots”

• All the obstacles representation are not explicitly discussed.

• The constraints from the robot itself are not considered right now 

• The dimensionality (DOF, Task space)

• Robot kinematics and dynamics, hardware (GPU)

• Heuristics design, learning, optimization

• Time complexity, real-time applications



Goal for this course

• Design：soft hand design  x1

• Perception: vision, point cloud, tactile, force/torque x1

• Planning: sampling-based, optimization-based, learning-based x3

• Control: feedback, multi-modal x2

• Learning: imitation learning, RL x2

• Simulation tool (pybullet, matlab, OpenRAVE, Issac Nvidia, Gazebo)

• How to get a robot moving! 


