CS 26N: Motion Planning for Robots, Digital Actors, and Other Moving Objects
Lecture #2 09/26/2007 : Planning Motion for a Point Robot (1 of 2 seminars)
James Chen and David Lo

91 Definition : Problem for a point robot in 2D space is to find a path around obstacles to successfully
navigate from Start to Finish

o For a configuration where obstacles are polygons, the shortest path is guaranteed to be a
polygonal line, because if the path makes an angle less than pi without an obstacle in the
middle, we can always draw a shorter path across the angle.

1 Necessary assumptions for Bug algorithms

0 Robotis a point

o There are finite obstacles; each with a finite perimeter (is it possible to construct an
algorithm that can navigate a fractal such as the Koch snowflake?)

0 Robot knows its exact position and can measure distance traveled (is this a realistic

assumption for real world robots?)
Robot detects collisions with obstacles and knows orientation of contact
Robot can determine direction to the goal
Robot can determine distance between two points
0 Robot has some memory
9 Bug 0 Algorithm:

0 Repeat: If not at goal, head for goal; if obstacle is hit, follow it tending left until heading for
goal is possible again

o If we have the robot tend left or right randomly in the event of a collision, there will be no
upper bound on the distance traversed.

0 Not guaranteed to work for all environments

1 Bug 1 Algorithm:

0 Repeat: If not at goal, head for goal; if obstacle is hit, trace its perimeter once completely,
remembering which point L is closest to the goal, return to this point via shortest wall-
following path

0 Guaranteed to work in all environments

0 Best case distance: straight line distance from Start to Finish

0 Worst case: straight line distance from Start to Finish + 1.5 X (sum of perimeters of obstacles)

1 Bug 2 Algorithm: -

0 Repeat: If not at goal, head for goal along goal line if Lezflve ' Finish

obstacle is hit, follow it tending left until goal lineis POt ™~ | *—Goal line

crossed at a leave pointloser to the goal than the hit :
point
0 Guaranteed to work in all environments
0 Best case distance: straight line distance from Start to
Finish
0 Worst case: straight line distance from Start to Finish
+sum of (perimeter of obstacle i X number of hit
points for obstacle i, for all obstacles i)
1 Comparing Bug Algorithms
0 Choosing the best bug algorithm depends entirely
upon the given environment. (What is a possible strategy for deternmg thisbefore han®)
1 Bug Algorithms are reactive motion strategies: they react to the immediate environment and can be
deployed without a complete model of the world.
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9 For motion planning, a robot needs a predictive model and advance knowledge of its environment
to plan and choose its actions



