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robot control loop

someone please sketch on the board
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The Robot Control Loop

Motion
Control

Decision
Making

x[t+1]

xd[t]

u[t]=MC(xd[t]-x[t])xd[t]=AI(x[t],G)

Physics
(Plant)

u[t]
x[t+1]=NEXT(x[t],u[t])

SensingPerception
y[t]

x[t]^

^ ^

x[t]=PER(y[1:t]) y[t]=OUT(x[t])^

objective
G

Computation Embodiment

Topic 3: Kinematics 
and Dynamics

Topic 2: Robot 
Middleware

Note: 
FSM ≈ reaction
Planning ≈ deliberation

Robot control to 
a given location? 

Path planner

Topic 5: 
Color object 
recognition;
Feedback 
control

position2d

blobfinder
localization
map

G: goal 
location

Topic 7: Path 
planning x: current 

location
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How to get from A to B?

A: Start

B: Goal

?????

Consider arbitrary 
start and goal locations

Assume locations are 
known (e.g., GPS)
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How to get from A to B?

A: Start

B: Goal

?????

FSM (reactive)
Path planning (deliberative)
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Path Planning

A: Start

B: Goal Find intermediate poses forming 
a path to the goal
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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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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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Warning: illustrations are approximate
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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
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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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There is pseudocode available for Dijkstra’s and A* search on Wikipedia as well as many other sources.
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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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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
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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 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.
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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
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ual challenges. The dimensions of this field are
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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.

2

Consider all possible poses as graph vertices
Edges connect adjacent (traversable) poses
Edges weighted by distance How to find a valid path?
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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

What exactly are 
we searching for?
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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
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4.1 Localization Interface
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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
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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.

2

Grid Search
Find graph path from start to goal

Depth first search? 
Breadth first search?
Dijkstra’s algorithm?
A* search?
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Search algorithm template
create visit_list with start node: distancestart ← 0, parentstart ← none
while visit_list not empty and current_node is not goal
take from visit_list: current_node ← highest_priority(visit_list)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

add neighbor_node, if not in visit_list
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

parent: route from any node to start (or goal)
distance: distance along route to start (or goal)

∞

∞

∞
∞

∞
∞

start

goal

assume distanceunlisted = infinity
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Depth-first search algorithm (no backtracking)
create visit_stack with start node: distancestart ← 0, parentstart ← none
while visit_stack not empty and current_node is not goal
pop from visit_stack: current_node ← most_recent(visit_stack)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

push neighbor_node, if not in visit_stack
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

parent: route from any node to start (or goal)
distance: distance along route to start (or goal)

∞

∞

∞
∞

∞
∞

start

goal

Monday, September 27, 2010



matlab example: DFS
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

goal

start

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid, right visited first

Monday, September 27, 2010
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matlab example: DFS
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

start goal

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid, right visited first
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Breadth-first search algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← least_recent(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

parent: route from any node to start (or goal)
distance: distance along route to start (or goal)

∞

∞

∞
∞

∞
∞

start

goal
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matlab example: BFS
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

goal

start

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

goal

start
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matlab example: BFS
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

start

goal

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

start goal
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

parent: route from any node to start (or goal)
distance: distance along route to start (or goal)

∞

∞

∞
∞

∞
∞

start

goal

Is Dijkstra different than BFS?
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

∞ > 0+5 ∞

∞

∞
∞

∞
∞

∞ > 0+8
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

∞

∞
∞

∞

∞ > 5+1

8 > 5+2

∞ > 5+6
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance ∞

∞

∞ > 6+4

11 > 6+3
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

∞
∞ > 7+3

9 !> 7+3
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

10 !> 9+2
10 !> 10+4
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

empty
queue
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance
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matlab example: Dijkstra
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

goal

start

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

goal

start
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matlab example: Dijkstra
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

start

goal

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

start goal
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Dijkstra shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← min_distance(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

end for loop
end while loop
output ← parent, distance

Is Dijkstra different than BFS?
Faster search?
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A* shortest path algorithm (straight line heuristic)
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← f_score(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

f_score ← distancenbhr + line_distancenbhr,goal

end for loop
end while loop
output ← parent, distance

g_score:
distance along path

h_score:
best distance to goal
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A* shortest path algorithm (straight line heuristic)
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← f_score(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

f_score ← distancenbhr + line_distancenbhr,goal

end for loop
end while loop
output ← parent, distance

g_score:
distance along path

How is A* related to Dijkstra?

h_score:
best distance to goal

g

h
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matlab example: A*
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

goal

start

goal

start
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goal

start

matlab example: A*
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

g
h

f_score example:
h_score is lower bound on shortest path distance from location
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matlab example: A*
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

start

goal

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

start goal
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A* shortest path algorithm (straight line heuristic)
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← f_score(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

f_score ← distancenbhr + line_distancenbhr,goal

end for loop
end while loop
output ← parent, distance

g_score:
distance along path

Suppose f_score = h_score

h_score:
best distance to goal
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greedy best-first shortest path algorithm
create visit_queue with start node: distancestart ← 0, parentstart ← none
while visit_queue not empty and current_node is not goal
dequeue from visit_queue: current_node ← f_score(visit_queue)
visitedcurrent ← true
for each neighbor_node in not_visited(adjacent(current_node))

enqueue neighbor_node, if not in visit_queue
if distanceneighbor > distancecurrent + line_distancenbhr,current

parentneighbor ← current_node
distanceneighbor ← distancecurrent + line_distancenbhr,current

f_score ← line_distancenbhr,goal

end for loop
end while loop
output ← parent, distance
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matlab example: gr.best-first
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

goal

start

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

goal

start
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matlab example: gr.best-first
http://www.cs.brown.edu/courses/cs148/pub/pathplan.m

start

goal

“yellow brick road” graphics by ynm,
visited locations in light green
4-connected grid

start goal
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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

Fast forward other 
planning methods

Monday, September 27, 2010



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.

2

RRT
(more detail later)

Explore poses and connectivity;
Find shortest path in built graph
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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.

2

Potential field
(more detail later)

Energy potential 
converges at goal

Similar to “getting warmer, getting colder” game

cold

a little 
warmer

heating up

on fire

volcanic

freezing
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Voronoi-based Planning
http://www.cs.columbia.edu/~pblaer/projects/path_planner/applet.html

Voronoi diagram:
all points 
equidistant to 
nearest sites 
(map boundary)

Anyone heard of a Delaunay triangulation?
Medial axis? Skeletonization?
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Minkowski 
Planning

⊕ =
Robot 
geometry

Minkowski sum: identify non intersecting robot locations
Space of valid paths defined 
by Minkowski sum

A valid path

Occlude location if robot intersects obstacle

Leave location free if robot 
non-intersecting with object
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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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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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robot_x
robot_a

robot_y

world_x

world_a

world_y

Express vector direction on 
field in robot coordinates?

Warning: matrix multiplication ahead
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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.

2

robot_x
robot_a

robot_y

world_x

world_a

world_y

Express vector direction on 
field in robot coordinates?

Simple answer rotate vector by -posew_a

Is there a cleaner way?
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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.

2

Current

Goal

Project 3: milestone - generate path
Generate path to goal given overhead localization
Overhead localization provides state

 positions of robot, goal, and obstacles

Obstacles
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