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% Robotic Systems. Kris Hauser.

* O'Kane, J. M. (2018). A Gentle Introduction to ROS.

% Modern Robotics: Mechanics, Planning, and Control. Frank C. Park, Kevin M.
Lynch. Cambridge University Press.

% Corke, P. (2017). Robotics, Vision and Control, 2nd Edition, Springer.

% Computer Vision: Algorithms and Applications 2nd Edition. Richard Szeliski,
Microsoft Research.

% Reinforcement Learning: An Introduction. Richard S. Sutton and Andrew G.
Barto. Second Edition, MIT Press, Cambridge, MA, 2018.
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Course Title Artificial Intelligence and Robot Design

Credit Hours 32 (one credit hour is 45 minutes)

This class will address challenges such as:

% Describe, at a high-level, the various

Course Objectives . . -
components of a typical robotics pipeline

% Explain what differentiates cognitive
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robotics from other branches of robotics
% Write publisher, subscriber, and services
using ROS

% Program a robot manipulator to
perform pick-and-place tasks

* |[dentify several examples of cognitive
architectures and describe how they work.

* Describe Markov Decision Processes
(MDPs).

* Describe how the aforementioned
learning techniques can be used to tackle
problems in robotic navigation and

manipulation.

This course introduces students to the
most recent developments in the area of
robot learning. In general, machine
learning focuses on building systems that
can learn or improve performance based
on the training data used. Artificial
Intelligence (Al) uses machine learning to
implement human cognitive processes.
Many applications used to perform
complex tasks that required human input
Course Description in the past (such as communicating with
customers online or playing chess) can be
called Al. In order to give full play to the
value of Al, many companies are now
increasing their investment in data
science teams to implement robot
learning. The goal of this course is to give
students an understanding of what is
involved in the design of a cognitive
robot and give them the knowledge and

skills to produce working
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implementations for simple instances of
cognitive fetch and place tasks. The
course introduces the general area of
robotics and relevant subfields of
cognitive robotics including computer
vision, machine learning, robotics and
control theory. Students will learn how to
develop software using ROS (Robot
Operating System) and they will learn the
principles of robot manipulation and task
level robot programming, including the
mathematical tools required to specify
the position and orientation of robots
and objects in the robot environment.
Students will be introduced to the main
topics in artificial cognitive systems,
including the different paradigms of
cognitive  science and cognitive
architectures. This will lead to explaining
various perspectives that are important to
learn from or consider when using
artificial intelligence to design and
implement robots. As time and student
interest allow, the course may cover
advanced techniques (i.e.,, model-free
reinforcement learning with function
approximators, model learning,
model-based reinforcement learning
with learned models, imitation learning,
inverse reinforcement learning,
self-supervised learning, and exploration,

hierarchies) that will be delved into via a

review of recent research papers that
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develop and validate them. The course
may also cover case-studies on robotic
navigation, and manipulation from recent
papers. Project work as part of the course

will include research in this evolving area.

Brief introduction of the course

Nowadays, Artificial Intelligence has become an all-encompassing term. Many
applications used to perform complex tasks that required human input in the
past (such as communicating with customers online or playing chess) can be
called Al. In reality, Artificial Intelligence is often used interchangeably with its
sub-fields, such as machine learning and deep learning. However, there are
differences between them. For example, machine learning focuses on building
systems that can learn or improve performance based on the data they use. In
other words, all machine learning is Al, but not all Al is machine learning. In
order to give full play to the value of Al, many companies are now increasing
their investment in data science teams. Artificial intelligence is not human
intelligence, but being able to think like humans may also exceed human
intelligence.

Topics

Objective: Overview of Cognitive Robotics
1.1 Definitions
Module 1 1.2 Operation of an Artificially Intelligent Robot
1.3 Industrial Requirements
1.4 Software Development Environment

Objective: Mobile Robots
2.1 Challenges of Robot Navigation
2.2 Relative Position Estimation and Kinematics
2.3 Absolute Position Estimation
2.4 Closed-Loop-Control and PID Control
2.5 Go-To-Position and Go-To-Pose Problems
2.6 ldentification of Shortest Path in a Map
2.7 Case Studies

Module 2

Objective: Robot Manipulators
Module 3 3.1 Robot Programming
3.2 Object Pose Specification

3.3 Frame-Based Task Specification




2023FE VW

3.4 Task-Level Robot Programming Example
3.5 Pick-and-Place Sample Implementation
3.6 Advanced Kinematics

3.7 Case Studies

Objective: Robot Vision
4.1 Computer Vision
4.2 Introduction to OpenCV
Module 4 4.3 Segmentation
4.4 Image Analysis and Feature Extraction
4.5 Classifiers
4.6 Perspective Transformation

Objective: Artificial Cognitive Systems
5.1 Cognitivist Paradigm
5.2 Emergent and Hybrid Paradigms
5.3 Learning and Development
5.4 Memory and Prospection
Module 5 5.5 Internal Simulation
5.6 Interaction and Social Cognition
5.7 Introduction to Cognitive Architectures
5.8 Solving Markov Decision Processes (MDPs)
5.9 Lessons from Cognitive Science and Psychology
5.10 Modern Deep RL vs. Classical Control

Objective: Project Discussion

Module 6 . . . . .
Y Description: a live session to discuss students’ projects

Objective: Project Presentation
Module 7

Description: a live session where students present their projects

Required Readings

% Robotic Systems. Kris Hauser.

* O'Kane, J. M. (2018). A Gentle Introduction to ROS.

% Modern Robotics: Mechanics, Planning, and Control. Frank C. Park, Kevin M.
Lynch. Cambridge University Press.

% Corke, P. (2017). Robotics, Vision and Control, 2nd Edition, Springer.

% Computer Vision: Algorithms and Applications 2nd Edition. Richard Szeliski,
Microsoft Research.

% Reinforcement Learning: An Introduction. Richard S. Sutton and Andrew G.
Barto. Second Edition, MIT Press, Cambridge, MA, 2018.

Suggested list of the topics for the final project
1.Select a paper from recent literature, implement and stress-test the

__
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approach described in that paper. Characterize where it works, where it does
not. Pursue extensions that can improve the approach.

2. Take some publicly available code, apply it to an interesting different
problem and explore various extensions and modifications.

3.Design and implement a solution to a problem that interests you. Be sure to
formulate a clear short-term goal and desired outcome for the course project
Projects can be done in simulation, or on real hardware.

Criteria
Homework: 50%
Project: 50%

Class Expectation

| would like to share with you, the student who is reading this syllabus, some of
my experience to make this course most beneficial for you. | have found many
times that students are reluctant to speak and raise questions in class. This is
due to shyness or other reasons. Especially, when you think your question is
not a clever one, you are intimidated by what other students, or the professor
will think about you. So, | want to make it clear! The more questions you have,
the more | will value you as a student and the more | can adapt my teaching to
you. My role is to help you from whatever starting point you are. So please,

ask many questions in class. Not asking questions, is an obstacle for learning.
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