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Example of a world (and robot)



Configuration space accommodate robot size



Configuration space



Practice
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Motion planning

● Process of finding a feasible path from the start to goal configuration

● If Cfree denotes the robot’s configuration space,

then a path p =  (c0, …, cn) where c ∈ Cfree, c0 is qstart and cn is qgoal



Evaluation

● Path feasibility

● Distance from obstacles

● Path length

● Planning time



Distance metrics



Path length

depends on the metric
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World representation

● Can always use a continuous representation

● For simplicity, use uniform-sized grid cells



Grid representation

● Distance is reduced to discrete steps
○ what does it mean for the robot to be inside a grid?

● Direction is now limited from one adjacent cell to another



Connectivity



Occupancy grid

● A grid where each cell encodes occupancy information
○ Binary: a cell is either occupied (1) or free (0)

○ Probabilistic

● How to determine occupancy?
○ Optimistic

○ Pessimistic
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Wavefront planner

● Common algorithm used to determine the shortest path between two points

● Setup:
○ Label free space with 0

○ Label obstacles with 1

○ Label start as START

○ Label the goal as 2



Wavefront planner

Starting with the goal, set all adjacent cells with “0” to the current cell value + 1
● this example uses 8-point connectivity 



Wavefront planner

Repeat with the modified cells



Wavefront planner

Repeat again And again



Wavefront planner

Repeat until no 0’s are adjacent to cells with values >= 2
● 0’s will only remain if unreachable regions exist



Wavefront planner

To find the shortest path, simply always move toward a cell with a lower number 
(except value 1)

● The numbers generated by the Wavefront planner are roughly proportional to their distance from 
the goal


