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• Instructor: Karthik Desingh (he/him)


• Assistant Professor, CS&E | MnRI

• kdesingh@umn.edu

• OH: Mondays 9:00-10:30 am CT Shepherd 2-234
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• TA: Xun Tu (he/him)

• PhD Student in CS

• tu000080@umn.edu

• OH: Tuesdays and Thursdays 3:00-4:00 PM CT at Keller 2-209

• TA: Mohit Yadav (he/him)

• MS Student in Robotics

• yadav171@umn.edu

• OH: TBD

• TA: Adit Kadepurkar (he/him)

• Undergraduate Student in CS

• kadep001@umn.edu

• OH: Tuesdays 10:00-11:00 AM CT at Keller 2-209
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What are 

intelligent robotic systems?

It is getting very hard to define this term.

For the sake of this course, 


let us call this “ability to operate with some autonomy”
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Spectrum of

Shared autonomy

HaptX: https://www.youtube.com/watch?v=uwYtwQtoOh0 TUM/IAS group 2012: https://www.youtube.com/watch?v=cTCJSNjTdo0

Fully 

Teleoperational

Fully 

Autonomous

What are 

intelligent robotic systems?

https://www.youtube.com/watch?v=cTCJSNjTdo0
https://www.youtube.com/watch?v=uwYtwQtoOh0
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…systems that can perform Sense-Plan-Act….

Carl Winge et al. 2022 Chahyon Ku et al. 2023

… learn skills … transfer these skills … adapt to new environments … work with humans …
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…systems that can perform Sense-Plan-Act….

Xun Tu, Bahaa Aldeeb 2023

What are 

intelligent robotic systems?

… learn skills … transfer these skills … adapt to new environments … work with humans …

Adam Imdieke, Shirley Su, Xun Tu 2024
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History of Computers, AI and 
Robotics
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1944 1948 1950

Pennsylvania University professors 

John Mauchly and J. Presper Eckert build 

the ‘grandfather’ of digital computers, the 


Electronic Numerical Integrator and Calculator (ENIAC)

Researchers William Shockley, John Bardeen 

and Walter Brattain 


at Bell Laboratories invent the transistor. ‘I,Robot’ by Issac Asimov is 

published, laying the foundations 

for the idea of robots in culture.


https://everydayrobots.com/
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1950

https://hotcorn-cdn.s3.amazonaws.com/wp-content/uploads/sites/2/2020/09/22125112/bletchleypark-pilotace-scaled.jpg

1953

Alan Turing introduces ‘The Turing Test’ — 

a test of a machine's ability to exhibit intelligent behavior 

equivalent to, or indistinguishable from, that of a human.

Grace Hopper develops COBOL, the first computer language. 

The second, FORTRAN, is developed by a team of 


IBM programmers a year later.

https://everydayrobots.com/
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Dartmouth conference coins the term 

'artificial intelligence' and 

launches the field of AI. 


IBM mainframes are used in early experiments

1956

https://everydayrobots.com/

IBM’s chairman and CEO, Thomas J. Watson Jr., 

bets the company’s future on the IBM Series/360 — 


the largest privately-financed commercial project in history. 

The risk pays off, changing the computer industry forever. 


Work is revolutionized, productivity is enhanced and 

countless new tasks become possible.

1964
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1971 1976

https://image.cnbcfm.com/api/v1/image/100932798-128279719-1.jpg?v=1583960525

Intel and Ted Hoff introduce the first microprocessor, 

the Intel 4004.


Intel co-founder, Gordon Moore, theorizes that computing 
would dramatically increase in power, and decrease in 

relative cost, at an exponential pace. The insight, known 
as Moore’s Law,  becomes the golden rule for the 

electronics industry, and a springboard for innovation.

Steve Wozniak and Steve Jobs 

release the Apple 1

https://everydayrobots.com/

1977

A year later, Apple releases the Apple II
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https://i.insider.com/55947fbf2acae7b7188b5388?width=750&format=jpeg&auto=webp

1966 1995 1997

Tim Berners-Lee and his colleagues at CERN develop 

hypertext markup language (HTML) 


and the uniform resource locator (URL), 

giving birth to the first incarnation of the World Wide Web.

IBM’s Deep Blue Computer, a form of AI, 

beats reigning world chess 

champion Gary Kasparov.

https://everydayrobots.com/

The U.S. Defense Department funds the first 

experimental computer network— ARPANET. 


It connects computers everywhere, 

and is a forerunner to the internet.
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https://indonesiamendesain.com/wp-content/uploads/2020/06/original-google-logo-font.jpg
https://i.insider.com/55947fbf2acae7b7188b5388?width=750&format=jpeg&auto=webp

1998 2003

Larry Page & Sergey Brin, two computer science 

graduate students from Stanford University, 


pioneer a new way to search for and 

find information on the web. They call their invention ‘Google’.

Four founders start a company 

called ‘Android

https://everydayrobots.com/
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https://i.insider.com/587374fadd0895e1148b47e7?width=1136&format=jpeg

Steve Jobs unveils the iPhone at Macworld

Search becomes intuitive. 

Maps are intelligent. 


Work is more productive than ever

https://everydayrobots.com/

2007
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So, this is computing and AI… 

What was happening in robotics?
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https://www.youtube.com/watch?v=_EZQx87DyzM

Journey of Boston Dynamics 

(a representative of robotics history)

https://www.youtube.com/watch?v=_EZQx87DyzM
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So, where is my robot?

CSCI 5551 - Spring 2025 Slide borrowed from Michigan Robotics autorob.org
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So, where is my robot?

Slide borrowed from Michigan Robotics autorob.org
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Mobile Manipulation Robots

Slide borrowed from Michigan Robotics autorob.org
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How much?

Slide borrowed from Michigan Robotics autorob.org
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2009 2015

$400K

$100K

Willow Garage PR2

Fetch

Cost

Time
Slide borrowed from Michigan Robotics autorob.org
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2009 2015

$400K

$100K

Willow Garage PR2

Fetch

Cost

Time

2002

Slide borrowed from Michigan Robotics autorob.org
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2001 2009 2015

$1.5M

$400K

$100K

NASA Robonaut

Willow Garage PR2

Fetch

Cost

Time

Linear algebra enables us to fit a model to data


( polynomial regression in this case)

Slide borrowed from Michigan Robotics autorob.org
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2001 2009 2015

$1.5M

$400K

$100K

NASA Robonaut

Willow Garage PR2

Fetch

2025

$??
Your robot

Cost

Time

… and make predictions

Linear algebra enables us to fit a model to data


( polynomial regression in this case)

Slide borrowed from Michigan Robotics autorob.org
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2001 2009 2015

$1.5M

$400K

$100K

NASA Robonaut

Willow Garage PR2

Fetch

2025

Your robot

Cost

Time
Slide borrowed from Michigan Robotics autorob.org

$??
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Teleoperation

2001 2009 2015

$1.5M

$400K

$100K

NASA Robonaut

2025

Your robot

Cost

Time

(“Remote Control”)

Willow Garage PR2

Fetch

Slide borrowed from Michigan Robotics autorob.org

$??
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Teleoperation

2001 2009 2015

$1.5M

$400K

$100K

NASA RobonautCost

Time

(“Remote Control”)

Slide borrowed from Michigan Robotics autorob.org

2025

$??
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Pick-and-Place 

Teleoperation

2001 2009 2015

$1.5M

$400K

$100K

NASA Robonaut

Willow Garage PR2

Cost

Time

(“Remote Control”)

(“Put that there”)

Fetch

Slide borrowed from Michigan Robotics autorob.org

2025

$??
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Taskable
autonomy
Taskable

autonomy

Pick-and-Place 

Teleoperation

2001 2009 2015

$1.5M

$400K

$100K

NASA Robonaut

Willow Garage PR2

Fetch

Your robot

Cost

Time

(“Remote Control”)

(“Put that there”)

(“Do this task 
for me”)

TR1

Slide borrowed from Michigan Robotics autorob.org

2025

$??
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Teleoperation

Taskable
autonomy

Pick-and-Place Dexterous Manipulation

NASA JSC

TU Munich 

TRACLabs

Harvard/Wyss

Slide borrowed from Michigan Robotics autorob.org
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Teleoperation

Taskable
autonomy

Dexterous Manipulation

Slide borrowed from Michigan Robotics autorob.org
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Teleoperation

Taskable
autonomy

Dexterous Manipulation

Slide borrowed from Michigan Robotics autorob.org
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An operating system (OS) is 

system software that manages computer 
hardware, software resources, and provides 
common services for computer programs. 

An operating system (OS) is 

a special program that runs on the bare 
machine and hides the gory details of 
managing processes and devices.

Teleoperation

Taskable
autonomy

Dexterous Manipulation

- https://perldoc.perl.org/perlglossary.html#operating-system

Slide borrowed from Michigan Robotics autorob.org

https://perldoc.perl.org/perlglossary.html#operating-system
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Teleoperation

Taskable
autonomy

Dexterous Manipulation

An operating system (OS) is 

a special program that runs on the bare 
machine and hides the gory details of 
managing processes and devices.

- https://perldoc.perl.org/perlglossary.html#operating-system

Slide borrowed from Michigan Robotics autorob.org

https://perldoc.perl.org/perlglossary.html#operating-system


CSCI 5551 - Spring 2025

Operating System

Robot Applications

Dexterous Manipulation

Hardware

Users

Then, what is this?

Slide borrowed from Michigan Robotics autorob.org
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Operating System

Hardware

Users A robot operating system (robot OS) is 

a special program that runs on the 
operating system and hides the gory details 
of controlling robot devices, autonomy 
processes, and sensorimotor routines.

This abstraction provides a platform for 
robot applications to run seamlessly across 
a wide variety of robots capable of mobility 
and/or dexterous manipulation. 

Robot Operating System

Robot Applications

Slide borrowed from Michigan Robotics autorob.org
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Operating System

Hardware

Users

Robot Operating System

Robot Applications

Slide borrowed from Michigan Robotics autorob.org
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Hardware

Users

Robot Operating System

Robot Applications

Slide borrowed from Michigan Robotics autorob.org
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Operating System

Hardware

Users

Robot Operating System

Robot Applications Then, what is this?

Slide borrowed from Michigan Robotics autorob.org
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Operating System

Hardware

Users

Robot Operating System

Robot Applications “Do this task for me”
Apps of the Future…

Slide borrowed from Michigan Robotics autorob.org
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How can we

make the world programmable ? 

(“Do this task 
for me”)text“Do this task for me”

Slide borrowed from Michigan Robotics autorob.org
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Can we make your

world programmable ? 

Slide borrowed from Michigan Robotics autorob.org
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Can we make a

robot app store ? 

Slide borrowed from Michigan Robotics autorob.org
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Can we make a

robot app store ? 

https://www.ros.org/presentations/2009-07_Gerkey_IJCAI-robotics-workshop.pdf

Slide borrowed from Michigan Robotics autorob.org
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Can we make a

robot app store ? 

2009 2020

Slide borrowed from Michigan Robotics autorob.org
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Use any robot x 

in any environment z 
to perform any task y

Slide borrowed from Michigan Robotics autorob.org
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to perform any task y

https://www.shadowrobot.com/blog/robots-saving-humans-from-dangerous-jobs/
https://techcrunch.com/2018/06/05/remote-control-driverless-car-startup-partners-with-vehicle-manufacturers/

The 3Ds: Dirty, Dull, and Dangerous
“Autonomous” Driving

Infrastructure inspection Nuclear cleanup

Slide borrowed from Michigan Robotics autorob.org
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Social Robotics
Autism treatment Education

Entertainment

Rehabilitation

Elder care

Social 

Robotics

Slide borrowed from Michigan Robotics autorob.org
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Social Robotics

Social Robotics Dirty, Dull, Dangerous
Medicine

ManufacturingExplorationAgriculture

Ethical Use

Lethal ForceSecurity

Slide borrowed from Michigan Robotics autorob.org
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Operating System

Hardware

Users

Robot Operating System

Robot Applications Custom applications,

Taskable autonomy research

Slide borrowed from Michigan Robotics autorob.org
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Operating System

Hardware

Users

Robot Operating System

Robot Applications Custom applications,

Taskable autonomy research

Slide borrowed from Michigan Robotics autorob.org
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Operating System

Hardware

Users

Robot Operating System Build your own Robot OS

Robot Applications Custom applications,

Taskable autonomy research

Slide borrowed from Michigan Robotics autorob.org
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Robot Operating System
Build your own Robot OS

Path Planning

Motion Planning

Forward Kinematics

Inverse Kinematics

Feedback Control

Dynamical Simulation

Localization and Mapping

Decision Making
Systems

Robot Vision

Task planning

Collision Detection

Multi-robot Coordination

Slide borrowed from Michigan Robotics autorob.org
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Robot Operating System
Build your own Robot OS

Path Planning

Motion Planning

Forward Kinematics

Inverse Kinematics

Feedback Control

Dynamical Simulation

Localization and Mapping

Robot Middleware Architecture (via Interprocess Communication)

Decision Making
Systems

Robot Vision

Task planningMulti-robot Coordination

Collision Detection

Slide borrowed from Michigan Robotics autorob.org
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Robot Operating System

Path Planning

Motion Planning

Forward Kinematics

Inverse Kinematics

Feedback Control

Dynamical Simulation

Localization and Mapping

Robot Middleware Architecture (via Interprocess Communication)

Decision Making
Systems

Robot Vision

Task planningMulti-robot Coordination

Collision Detection

Covered at breadth in CSCI5551

Slide borrowed from Michigan Robotics autorob.org
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Operating System

Hardware

Users

Robot Operating System

Robot Applications
Work with a real robot 

once this semester

Slide borrowed from Michigan Robotics autorob.org

Turtlebot4

Turtlebot3

To be determined
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Course Resources
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Course Website

72

https://rpm-lab.github.io/CSCI5551-Spr25/
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Meeting Logistics

73

• In-person Lectures

• Mon & Wed 1:00-2:15 PM CT

• Keller Hall 3-111

• UNITE recordings will be available with a 10 

day delay

• Office Hours

• Times posted on the website

• Or by appointment
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Course Structure

74

• Objective: Give you the computational skills to understand the nuts and bolts 
of developing a robotic system using kinematics and dynamics. Give you a 
broader idea of topics in robotics to further pursue advanced courses and 
research on these topics.


• Project focused class:


• 7 total projects: building in complexity from basic transformations-rotations 
to motion planning and mobile manipulation
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Course Schedule
https://rpm-lab.github.io/CSCI5551-Spr25/calendar/

75



CSCI 5551 - Spring 2025

Guided Projects P1-P6 (Individual)

• Project 1


• JS, BFS, DFS (Search and Planning)


• Project 2


• Forward Kinematics


• Project 3


• Robot dance

76

• Project 4


• Inverse Kinematics


• Project 5


• Planning


• Project 6


• Mobile Manipulation
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Guided Projects (Group)

• Project 7


• Real Robot Challenge (TBD)

79

Turtlebot4

Turtlebot3

To be determined
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Open-ended Final Project (Group)

• Open-ended and will let student groups explore ideas with their learnings from 
the course.

80
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Project Grading

• Guided Projects 1-6


• 3 total late day tokens are available


• 25% daily penalty after deadline, if you run out of late tokens.


• Guided Project 7


• No late days


• Open-ended Final Project


• No late days

81
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Overall Grading Policy
https://rpm-lab.github.io/CSCI5551-Spr25/syllabus/#grading-policy
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https://rpm-lab.github.io/CSCI5551-Spr25/syllabus/#grading-policy
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Collaboration Policy

• All work submitted must be your own.


• All code submitted must comply with College of Engineering Honor Code.


• Cheating will not be tolerated and can lead to termination from the program.


• No code can be communicated, including verbally.


• Explicit use of external sources must be clearly cited.


• Free flow of discussion and ideas is encouraged.

83
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University Policy
https://rpm-lab.github.io/CSCI5551-Spr25/policies_resources/

84
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Discussion Forum

• EdStem is the discussion forum used in this course.


• Discussion of quizzes and verbatim code must be private.


• You will be added to it this week.

85



CSCI 5551 - Spring 2025

Next lecture: 

Search Algorithms - Path Planning
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Spot Robot Demo


