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CS 148

• Study of autonomous robotics

• given robot hardware, program it to autonomously 
perform task

• algorithms and architectures for autonomous robot 
control

• robots are not sentient, but their programmers are

• Engineering/building of robots is a separate class

• kinematics, dynamics, control theory



WHY ROBOTICS?
• Robotics is/will:

• developing tools to enhance physical human productivity

• healthcare, exploration, service, manufacturing, ...

• complement (not replace) human capability

• an extension of computing and the Internet beyond digital  
worlds into the physical world that we inhabit

• enable human users to supervise teams of robots

• similar to how individuals supervise collections of 
computers http://www.us-robotics.us/



Personal computing has enabled individuals to manage digital 
information by supervising teams of heterogeneous computing devices



Autonomous robotics will enable individuals to manage physical 
environments by supervising teams of heterogeneous robotic devices



Autonomous robotics will enable individuals to manage physical 
environments by supervising teams of heterogeneous robotic devices



Autonomous robotics will enable individuals to manage physical 
environments by supervising teams of heterogeneous robotic devices

Challenges

 Building robotic devices

 Programming robots

 Manipulating physical 
environments

 Coordinating robot teams

 and more ...





PR2 MILESTONE 2
http://www.willowgarage.com/blog/2009/06/03/watch-milestone-2



PR2 MILESTONE 2
http://www.willowgarage.com/blog/2009/06/03/watch-milestone-2



Autonomous robotics will enable individuals to manage physical 
environments by supervising teams of heterogeneous robotic devices

Challenges

 Building robotic devices 
(let’s assume)

 Programming robots

 Manipulating physical 
environments

 Coordinating robot teams

 and more ...



Autonomous robotics will enable individuals to manage physical 
environments by supervising teams of heterogeneous robotic devices

Challenges

 Building robotic devices 
(let’s assume)

 Programming robots    
(this course)

 Manipulating physical 
environments

 Coordinating robot teams

 and more ...



WHY ROBOTICS?
• “Personal robotics revolution”: robotics in a similar stage as

• personal computing in the 1970s

• computer graphics in the 1980s

• the Internet in the early 1990s

• Robotics is a “technology exponential” in the making:

• This is the time to get in!  Innovators can shape the 
technology... and get rich and/or famous

http://fora.tv/2009/05/30/Rodney_Brooks_Remaking_Manufacturing_With_Robotics
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Sketchpad Tron
Final Fantasy Madden

Shakey Roomba
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Revolution”

PR2
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WARNING!!! 
ROBOTICS IS HARD

• Robotics is unlike traditional deterministic comp. sci.

• state is physical world not bits in memory

• uncertainty, relatively nondeterministic behavior 

• Robotics is a “systems science” 

• integrated implementation of various concepts and systems

• Experimentation and writing is essential for validating your 
work

• You have been warned



http://www.cs.brown.edu/courses/cs148

everything CS148-related will be accessible from here



ROBOT PLATFORMS
http://www.youtube.com/watch?v=88zR6IC7S0g

Version 1 - iRobot 
Create, Mini ITX

Current version - 
iRobot Create,

Asus EEE subnotebook

Player/Stage/Gazebo
middleware

(client/server)



“CREATE” YOUR OWN
http://robotics.cs.brown.edu/projects/player_icreate/



http://www.cs.brown.edu/courses/cs148



http://www.cs.brown.edu/courses/cs148



ENCLOSURE ESCAPE
http://www.youtube.com/watch?v=VBzXDrz8rMI



OBJECT SEEKING
http://www.youtube.com/watch?v=-hOA0jMUggg



ROBOT SOCCER
http://www.cs.brown.edu/courses/cs148/documents/missive.pdf

CS1480 – Assignment 3 Path Planning

Figure 3: Illustrations of the (top) goal scoring and (bottom) navigation challenges.
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challenges (graded)

CS 148 – Building Intelligent Robots – Spring 2009 Course Missive

Introduction

CS148 is an introduction to fundamental topics
in autonomous robot control. This course focuses
on the development of “brains” for robots. That
is, given a machine with sensing, actuation, and
computation, how do we develop programs that
allow the machine to function autonomously?
We answer this question through a series of class
discussions and group projects.

This year, CS148 projects center on a “robot
soccer” task, where we program a robot vacuum-
like devices to play soccer in a structured envi-
ronment. Various approaches to robot control
(spanning reaction to deliberation) are covered using the Player/Stage/Gazebo (PSG) robot
framework and Brown SmURV robots (which are iRobot Roomba/Create hardware with
onboard Pentium-class ITX computers).

CS148 class meetings cover technical and algorithmic aspects of robotic decision making
and perception, as well as societal and philosophical implications posed by autonomous
robots. Discussions amongst the class pose and address questions related to how robots can
contribute to society, what technical functionality is needed, and how will such technologies
affect the human-robot dynamic.

Meeting Time, Prerequisites, Web Site

Meeting time: MWF 11-11:50 (D Hour) in CIT 367
Prerequisites: CS4, CS15, CS17, or CS 19 or permission from the instructor
The current syllabus is available on the course web page, www.cs.brown.edu/courses/cs148
and the course Google calendar http://www.cs.brown.edu/courses/cs148/calendar.html.
Updates to the course schedule will only be posted to the Google calendar. Labs and projects
are also posted on the website, but the outgoing and due dates are not official until announced
in class. Check the web page and course mailing list, cs148@list.cs.brown.edu, often. Any
important announcements posted on the mailing lists and web site MOTD page.
Make sure you are subscribed to the CS148 mailing list: cs148@list.cs.brown.edu
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PATH PLANNING
http://www.youtube.com/watch?v=2Z2RyeofsZg

CS1480 – Assignment 3 Path Planning

Figure 2: Snapshot of the “FC 148” robot soccer field.

into a list containing information on each object’s last known pose. The server broadcasts this list several
times a second via UDP to port 8856.

Note: smurv stadium can’t run on the same computer as your client as both need to access the same
UDP port.

If you are in room 404 and you want to receive localization information in your client you need to
make sure the four localizaiton clients (one for each camera) and the localization server are running. To
do so, log into sandworm and start the server by executing /course/cs148/bin/start tdlocs.sh. After a
few seconds execute /course/cs148/bin/start tdlocc sandworm.sh. Then log into foxwood and and run
/course/cs148/bin/start tdlocc foxwood.sh.

In addition to the client and server program the course staff wrote a Java application that displays the
packets it receives from the server graphically. That is, it displays all the objects with their estimates pose
on a screen. After you started the server and the client application with the above commands you can run
the display application by executing /course/cs148/bin/start smurvStadium.sh on sandworm.

Each black and white pattern, placed on top of the robot, is assigned a unique numerical ID which is
written on the back. Your program should take these ids as an input argument. In the list that the server
broadcasts robots are identified by these IDs.

4.1.2 Software Interface

In order for your client to receive localization information it needs to listen for UDP packets (datagrams)
on port 8856 and parse those packets. Fortunately for you, you do not have to spend hours of network
programming. The course staff kindly offers you code snippets for C++ that do the trick. For those of you
who do not trust the snippets or are curious what the packets looks like, here is there definition (in more or
less Backus-Naur-compliant form):

packet ::= header payload
header ::= nr-objects
nr-objects ::= UINT8
payload ::= object*
object ::= object-type object-id pose-age pose
object-type ::= smurv | ball | obstacle
smurv ::= UINT8 = 1
ball ::= UINT8 = 2
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PATH PLANNING (MATCH)
http://www.youtube.com/watch?v=U1oThYPW5AU



ROBOT LOCALIZATION
http://www.youtube.com/watch?v=WpJrZ89IW5k



SUBSUMPTION (MATCH)
http://www.youtube.com/watch?

v=PQGSJjK9OLw&feature=channel_page



2-ON-2 (PUBLIC SPACE)
http://www.youtube.com/watch?v=Df23qNAy9Jc



http://www.cs.brown.edu/courses/cs148

assignments grading: 
50% implementation, 50% written report

not just working project,
understand when it works



http://www.cs.brown.edu/courses/cs148

assignments grading: 
50% implementation, 50% written report

multi-trial experiments



http://www.cs.brown.edu/courses/cs148

essentially my lecture notes
with videos



http://www.cs.brown.edu/courses/cs148



http://www.cs.brown.edu/courses/cs148

sign up for the mailing list!  enjoy the links.



http://www.cs.brown.edu/courses/cs148
missive, syllabus, collaboration policy, etc.

calendar, “up-to-date” syllabustutorials on cmake, svn, etc.



ADMINISTRIVIA

• Subversion (SVN) version control

• project submission and collaborative working space

• Collaboration policy: must be turned in to HTA

• Projects performed in groups of 2-3

• Individual reports

• Post-project code sharing 

• Class lectures in CIT 368 (typically MW)

• Hands-on sessions/labs in CIT 404 (typically Fridays) 

• Stay updated via mailing list, MOTD, and calendar


