
Motion Planning



Motion Planning

• Motion planning

– Finding a robot motion from a start state to a goal state that avoids 

obstacles in the environments and satisfies other constraints, such as 

joint limits or torque limits
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Configuration Space

• C-space
– Motion planning 이 수행되는 configuration space
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(ex) 2R Planar Arm



Configuration Space
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(ex) Circular Mobile Robot



Configuration Space
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(ex) Polygon Mobile Robot that Translates



Configuration Space
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(ex) Polygon Mobile Robot that Translates and Rotates



Graph and Tree

• Graph

– Nodes + Edges

– Directed / Undirected

– Weighted / Unweighted

• Tree  

– Graph with 
• no cycle 

• one parent node
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Graph Search – A*

• A* algorithm

– Effectively finds a minimum-cost path on a graph

• Data structure
OPEN : 탐색할 노드 집합 (sorted list)

CLOSED: 탐색이 끝난 노드 집합 (list)

cost[node1, node2]: node1->node2 이동 시 cost (matrix)

past_cost[node]: start node 부터 node 까지 소요되는 최소 cost (array)

parent[node]: node 에 대하여 최소 cost 가 발생되는 선행 node (array)

• Estimated cost

est_total_cost[node] = past_cost[node] + heuristic_cost_to_go[node]

heuristic_cost_to_go[node]: node 부터 goal 까지 소요되는 cost 추정치
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Graph Search – A*
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nbr: neighborhood



Graph Search – A*
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Graph Search-Dijkstra’s Algorithm

• Dijkstra’s algorithm

– A* 알고리즘의 변형: heuristic_cost_to_go[node] = 0

– Guarantees to find a minimum-cost path

– Runs more slowly than A*
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Motion Planning Methods

• Search space 형식에 따라 분류

1. Complete methods

– Exact representations of geometry or topology of 𝐶𝑓𝑟𝑒𝑒
– V graph 

2. Grid methods

– Discretize  𝐶𝑓𝑟𝑒𝑒 into a grid and search the grid for a motion

– Grid-based A*

3. Virtual potential fields

– Creates virtual potential field (forces on the robot that pull it toward the goal and 
push it away from obstacles) 

4. Sampling methods

– Builds up a graph or tree by choosing a sample from the C space or state space

– High d.o.f motion planning

– RRT, PRM
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Complete Methods

• Visibility graph (V graph)
– C-space 에서 시작점, 목표점, 장애물의 꼭지점으로 구성된 graph

• Nodes: vertices of C-obstacle

• Edges: lines between nodes that can “see” each other

(line segment between vertices dose not intersect an obstacle)

• Graph search
– Undirected weight graph

• Weight = Euclidian distance

– A* search algorithm

• 특징

– 꼭지점을 지나가는 경로 생성

⇒ 충돌주의
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Grid Methods

• Grid representation
– C-space 를 grid 로 분할

– 4-connected vs. 8-connected

– Euclidean distance vs. Manhattan distance
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Grid Methods

• Wavefront Planner
– Score of goal: 0

– Scores of collision-free-neighbors: +1

– Breadth-first search
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Grid Methods

• A* grid-based path planner
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Grid Methods

• Multi-resolution grid representation

– Reduce the computational complexity

– Subdivided by quad-tree 
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Fixed-grid: 64 cells
Mult-resolution grid: 10 cells 



Grid Methods

• Grid-based path planning for a wheeled mobile robot
– Discretizations of control sets
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v : linear velocity
ω : angular velocity



Virtual Potential Fields

• Potential energy from goal

– Attractive force from goal

• Repulsive potential energy from obstacle 𝛽

– Repulsive force from obstacle

• Total potential & force

• Velocity command
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Virtual Potential Fields

20

global minimum
local minima



Sampling Methods

• RRT algorithm

– Rapidly exploring random trees

– Single-query planning in C-space or state space

– Good for complex motion constraints or high d.o.f systems

– Not optimal motion
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𝑥 : state
(ex) configuration, velocity, ……



Sampling Methods

• Tree expansion

• Local path planner

– Straight-line planner: system without motion constraints

– Discretized controls planner: system with motion constraints
• Determine 𝑥𝑛𝑒𝑤 from 

– Wheeled robot planner: Reeds-Shepp curves
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ሶ𝑥 = 𝑓(𝑥, 𝑢) and ∆𝑡



Sampling Methods

(Ex) Rigid robot

(Ex) Car-like robot
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Sampling Methods

• RRT*

– Continually rewires the search tree to ensure that it always encodes 
the shortest path from 𝑥𝑠𝑡𝑎𝑟𝑡 to each node in the tree.

24

Add a node after testing of all the nodes 𝑥 ∈ 𝜒𝑛𝑒𝑎𝑟
1) collision-free
2) Minimizes the total cost of the path from 𝑥𝑠𝑡𝑎𝑟𝑡



Sampling Methods

• RRT*

25


