
Topic 9 

Potential fields:

Follow your 
potential
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Path Planning

A: Start

B: Goal Find intermediate poses forming 
a path to the goal

Path on a graph:
vertices - robot poses
edges - traversable connection between poses

(note edges are directed)

1) How can we find such paths? 
2) Define pose and controls?
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Approaches to path 
planning

Search (fixed graph)

DFS, BFS, Dijkstra, A*

Search (build graph): 

Probabilistic Road Maps

Rapidly-exploring Random Trees

Optimization (local search):

Potential fields, gradient descent
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CS1480 – Assignment 3 Path Planning

• Potential fields (Choset Ch. 4) and Wavefront planning3

• Probablistic roadmaps [1] (Kavraki et al. 1996)

• RRT-Connect [2] (Kuffner et al. 2000)

There is pseudocode available for Dijkstra’s and A* search on Wikipedia as well as many other sources.
There are many verisons of Dijkstra’s and A* available on the internet, you are free to use these just be sure
to cite anything that is not your own.

4 Physical Soccer Environment

Figure 1: Coarse dimensions of the “FC 148” field in
centimeters.

Shown in Figure 2, the course staff has set up the
“FC 148” robot soccer field within the Roomba
Lab for this assignment’s games and individ-
ual challenges. The dimensions of this field are
roughly 3.8m in width and 2.6m in height, as
coarsely illustrated in Figure 1 4. The field’s ori-
gin (0, 0) is in the corner opposite the desk with
the lab computers. The direction a robot is fac-
ing (yaw, or θ) is defined in radians and 0 if the
robot is facing the wall opposite the desk with the
lab computers. Turning to the right increases the
angle of yaw until π, turning to the left decreases
the angle of yaw until −π. That is, as the robot
turns to the right the angle of yaw increases to-
wards π until the robot is facing the wall with the
desk. If the robot turns even more the angle will
not increase up to 2π but rather start decreasing
from −π. The collective field of view for these cameras is shown in Figure 2. Localization for these robots
within the field of view is handled by a client-server based application written by the course staff. How to
incorporate such localization information in your client program is explained in the next section. The goals
are roughly 0.7m in width and slightly extend past the end boundary. A goal will consider being scored if
the ball touches the goal material.

4.1 Localization Interface

4.1.1 Infrastructure

As mentioned above, a total of four cameras were installed on the ceiling. The cameras labeled 1 and 2 are
connected to the computer sandworm and the ones labeled 3 and 4 are connected to foxwood. The course
staff wrote a program called tdlocc (Top-Down Localization Client) that connects to a specific camera and
analyzes the pictures taken by it. That is, it does two things: First, it uses the ARToolkitPlus library to find
the robots with the black and white pattern on top of it and estimate their location and bearing. Second, it
uses the CMVision library to find the yellow ball and determine its position. It then constructs a data packet
which contains pose estimates on all the objects it has spotted and sends it to the localization server over
the network using UDP. tdlocc repeats this process several times a second and thus delivers up-to-date pose
information to the server. The localization server program, called tdlocs (Top-Down Localization Server),
listens on network port 8855 for incoming pose estimates from localization clients and fuses those estimates

3http://playerstage.sourceforge.net/doc/Player-2.0.0/player/classPlayerCc 1 1PlannerProxy.html
4The actual dimensions of the field vary slightly from these dimensions due to issues with ceiling mounting of the cameras.
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Potential field

Energy potential 
converges at goal

How do we define this potential?
cold

a little 
warmer

heating up

on fire

volcanic

colder
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Potential Energy

Energy stored in a physical 
system

For objects acting only 
w.r.t. gravity

PE = mass*height*gravity
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Convergent Potentials

Start

Goal

Start

Goal

let’s call these “attractor landscapes”

basin of attraction
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2D potential navigation

basin of attraction

z: height indicates 
potential at location

x-y plane: robot position

x = Start

xd = Goal
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“Cone” Attractor

x = Start

xd = Goal
Start

Goal

top view side view

“Attractor”

w: weight
(xd -x): direction
||xd -x||: distance

u = w(xd -x)/||xd -x||
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“Cone” Attractor

x = Start

xd = Goal
Start

Goal

top view side view

“Attractor”

w: weight
(xd -x): direction
||xd -x||: distance

(xd -x)

||xd -x||

u = w(xd -x)/||xd -x||
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“Cone” Attractor

x = Start

xd = Goal
Start

Goal

top view side view

“Attractor”

(xd -x)

w: weight
(xd -x): direction
||xd -x||: distance

(xd -x)/||xd -x||
unit vector

||xd -x||

u = w(xd -x)/||xd -x||

Wednesday, September 29, 2010



“Cone” Attractor

x = Start

xd = Goal
Start

Goal

u = w(xd -x)/||xd -x||

top view side view

“Attractor”
||xd -x||

(xd -x)

w: weight
(xd -x): direction
||xd -x||: distance

(xd -x)/||xd -x||
unit vector

w
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“Bowl” Attractor

x = Start

xd = Goal
Start

Goal

top view side view

u = exp(-||xd -x||/w) (xd -x)
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exp(-d/w)

exp(-d/10)

exp(-d/2)

exp(-d/1)
exp(-d/0.5)

exp(-d/.01)

d = distance

exp(-d/w) :
influence of 
potential
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Multiple potentials

Output of potential 
field is a vector

How to combine or 
select between 
multiple potentials?

potential1(x)

potential2(x)
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Multiple potentials

Output of potential 
field is a vector

Combine multiple 
potentials through 
vector summation

u = ∑i potentiali(x)
potential1(x)

potential2(x)

∑i potentiali(x)

or u = potential1(x)+ potential1(x)
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CS1480 – Assignment 3 Path Planning

• Potential fields (Choset Ch. 4) and Wavefront planning3

• Probablistic roadmaps [1] (Kavraki et al. 1996)

• RRT-Connect [2] (Kuffner et al. 2000)

There is pseudocode available for Dijkstra’s and A* search on Wikipedia as well as many other sources.
There are many verisons of Dijkstra’s and A* available on the internet, you are free to use these just be sure
to cite anything that is not your own.

4 Physical Soccer Environment

Figure 1: Coarse dimensions of the “FC 148” field in
centimeters.

Shown in Figure 2, the course staff has set up the
“FC 148” robot soccer field within the Roomba
Lab for this assignment’s games and individ-
ual challenges. The dimensions of this field are
roughly 3.8m in width and 2.6m in height, as
coarsely illustrated in Figure 1 4. The field’s ori-
gin (0, 0) is in the corner opposite the desk with
the lab computers. The direction a robot is fac-
ing (yaw, or θ) is defined in radians and 0 if the
robot is facing the wall opposite the desk with the
lab computers. Turning to the right increases the
angle of yaw until π, turning to the left decreases
the angle of yaw until −π. That is, as the robot
turns to the right the angle of yaw increases to-
wards π until the robot is facing the wall with the
desk. If the robot turns even more the angle will
not increase up to 2π but rather start decreasing
from −π. The collective field of view for these cameras is shown in Figure 2. Localization for these robots
within the field of view is handled by a client-server based application written by the course staff. How to
incorporate such localization information in your client program is explained in the next section. The goals
are roughly 0.7m in width and slightly extend past the end boundary. A goal will consider being scored if
the ball touches the goal material.

4.1 Localization Interface

4.1.1 Infrastructure

As mentioned above, a total of four cameras were installed on the ceiling. The cameras labeled 1 and 2 are
connected to the computer sandworm and the ones labeled 3 and 4 are connected to foxwood. The course
staff wrote a program called tdlocc (Top-Down Localization Client) that connects to a specific camera and
analyzes the pictures taken by it. That is, it does two things: First, it uses the ARToolkitPlus library to find
the robots with the black and white pattern on top of it and estimate their location and bearing. Second, it
uses the CMVision library to find the yellow ball and determine its position. It then constructs a data packet
which contains pose estimates on all the objects it has spotted and sends it to the localization server over
the network using UDP. tdlocc repeats this process several times a second and thus delivers up-to-date pose
information to the server. The localization server program, called tdlocs (Top-Down Localization Server),
listens on network port 8855 for incoming pose estimates from localization clients and fuses those estimates

3http://playerstage.sourceforge.net/doc/Player-2.0.0/player/classPlayerCc 1 1PlannerProxy.html
4The actual dimensions of the field vary slightly from these dimensions due to issues with ceiling mounting of the cameras.
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“Cone” Repellor

x = Start Start

Goal

u = w(x-xd)/||xd -x||

top view side view

reverse direction

Obstacle
“Repellor”

potential problems
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“Bowl” Repellor

x = Start

Start

Goal

top view side view

Obstacle
“Repellor”

u = exp(-||x-xd||/w) (xd -x)
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matlab example
/course/cs148/pub/pfield.m

How to address local minima?
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Wavefront planning
[Prin. of Robot Motion]

0

Goal: mark with 2

Start: mark with 0
Combine search with potential field

Wednesday, September 29, 2010



Wavefront planning
[Prin. of Robot Motion]
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Wavefront planning
[Prin. of Robot Motion]
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Wavefront planning
[Prin. of Robot Motion]
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