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Course Goals

O To introduce students into the holistic design of
autonomous robots - from the mechatronic
design to sensorsand intelligence .

O Develop the capacity to design and implement
robotics .

O Combine theory with intuition and practice .

O Go through the process of robot design and
development based a semester-long project .




Course Approach

O Teaching Modules : Each teaching module will be
as independent as possible. At the same time,
each one of them will end with an overview of
on-going research challenges .

O Coding Examples: Each teaching module is
accompanied with  a wide set of coding
examples .

O Project -oriented : Most of your effort will be to
work on your team -based semester project . Thisis
how you will learn to work on robotics!

O Be Proactive & Autonomous : come and discuss
what you want to understand better or what you
want to know more about . Grow your own ideas.




Course Teaching Modules

o O

O

Module 1 d Introduction : Get a broad understanding about robotics .

Module 2 & Propulsion and Vehicle Dynamics : Understand robot propulsion and
locomotion principles as well as the description of vehicle dynamics through the
relevant equations of motion .

Module 3 & Perception and State Estimation: Learn how on-board estimation of
the vehicle full pose (position and orientation) takes place, how the robot
perceives the environment, localizes itself and maps its surroundings .

Module 4 6 Guidance and Control: Learn how to design high -performance
robot motion controllers and guidance Ilaws.

Module 5 6 Path Planning : Learn how to develop algorithms for autonomous
path planning for aerial robotics .

Module 6 & Remote Control: Work on robot graphical user interfaces and
understand the role of different communication channels .



Course Material

O Textbook : Roland Siegwart, lllah Reza Nourbakhsh and Davide Scaramuzza ,
“Introduction to Autonomous Mobile Robots", Second Edition, MIT Press

O Textbook : B. Siciliano, O. Khatib (editors), 0 Han d b ofdRko b o t 2% ¥ersjon,
Foro F | yR onbgo chapier (co -author by Dr. Alexis) send an e-malil

O Lecture Slides: Used for the classroom presentations and also as a way for notes
keeping and direct reference to the course contents .

O Code Examples : several examples in MATLAB, Python, C++ and special focus on
ROSand the Pixhawk autopilot .

O Open -Source Aerial Robots Simulator: a complete simulation environment for
advanced designs.

O Get the course material : The complete set of the relevant materials are
available at: http :// www .kostasalexis.com/autonomous -mobile -robot -
design .html



http://www.kostasalexis.com/autonomous-mobile-robot-design.html
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Code Examples

O Dedicated course repository:

~

O https ://github.com/unr _ -arl/autonomous mobile robot design course /
O MATLAB, Python, C++, ROS, Pixhawk examples and more

O Control, Path Planning, Computer Vision, State Estimation, Dynamics and more

E kostas-alexis python examples Latest commit S6ccb5a 6 minutes ago
m ROS planning submodules 10 minutes ago
il github initial commit 3 hours ago
i matlab planning submodules 10 minutes ago
il pixhawk initial commit 3 hours ago
il python python examples 6 minutes ago
El .gitmodules planning submodules 10 minutes ago
E README.md initial commit 3 hours ago


https://github.com/unr-arl/autonomous_mobile_robot_design_course/

Code Examples

O Dedicated course repository - examples
unr-arl / autonomous_mobile_robot_design_course ®©uUnwatchv 2 WsStar 1 YFork 1
<% Code Issues 0 Pull requests 0 Wiki Pulse Graphs Settings
Branch: master v = autonomous_mobile_robot design_course / ROS / path-planning / Create new file ~ Upload files  Find file  History
E kostas-alexis planning submodules Latest commit 671725e on Jul 21
m autonomous-exploration planning submodules a month ago
I structural-inspection planning submodules a month ago

E README.md initial commit a month ago




Code Examples

O Dedicated course repository - examples

unr-arl / autonomous_mobile_robot_design_course ®uUnwatchv 2 %sStar 1 YFork 1
<% Code Issues 0 Pull requests 0 Wiki Pulse Graphs Settings
Branch: master v = autonomous_mobile_robot_design_course / python / Create new file = Upload files  Find file  History
u kostas-alexis vehicle dynamics readme Latest commit 7447674 on Jul 23
@ DubinsAirplane @ 52ce13e vehicle dynamics readme a month ago
i DubinsCar python examples a month ago
m HAV_BVS python examples a month ago
B coord-transforms python examples a month ago
E) README.md python examples a month ago




Code Examples

O Dedicated course repository - examples

unr-arl / autonomous_mobile_robot_design_course ®Unwatchv 2 KStar 1 YFork 1
<> Code Issues 0 Pull requests 0 Wiki Pulse Graphs Settings
Branch: master v autonomous_mobile robot _design_course / matlab / Create new file ~ Upload files =~ Find file = History
E kostas-alexis differential robot path following Latest commit f8d4423 17 days ago

i code-generation

| control-systems

m image-processing

i localization-mapping
il official-user-guides
il path-planning

il propulsion-systems
| state-estimation

il trajectory-generation
il vehicle-dynamics

E) README.md

initial commit

differential robot path following
removing old dependency
initial commit

initial commit

rrt grow example

initial commit

initial commit

initial commit

updating readme

initial commit

a month ago
17 days ago
22 days ago

a month ago

a month ago
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Simulator Tools

O Open -Source simulator for Aerial Robotics: http:// www.kostasalexis.com/rotors

simulator3.html
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http://www.kostasalexis.com/rotors-simulator3.html

Literature and Links

O Literature references A UsetTutoras

& 1 | e | Python Tutorial:
O TUtorI aIS Official Python Tutorial
yt

Beginner's Guide to Python

IPython Tutorial

O Further coding examples

Tutorial from eplusplus.com
A . d PenguinProgrammer Tutorial
O U Se r g u I eS Robot Operating System (ROS):
Introductory Course
Official Guided Tutorials
ROS Wiki

A Gentle Introduction to Catkin

O
-

Building Modular ROS Packages
ROS Cheatsheet

MATLAB & Simulink Tutorials:
Documentation and Tutorials from Mathwarks
Interactive Control Systems Tutorial
Learn Differential Equations
MATLAB OnRamp Interactive Learning
Aerospace Toolbox Examples
MATLAB and Quadrotors!
MATLAB Robotics Toolbox

Ubuntu:
Cheat Sheet

Git repository system:
Tutorial
Documentation
Cheat Sheet

Tools to design aerial robots:

eCalc - Online RC Calculator




Video Explanations

O Video explanations for special
from selected resources.

topics

Launchpad: How GPS Works

Springer Handbook of Robotics, Part C: Sensing and Perception from Springer Handbook of Robotics, Part B: Design from Springer Handbook of
Springer Handbook of Robotics on Vimeo. Robotics on Vimeo

Springer Handbook of Robotics, Part E: Moving in the Environment from

Springer Handbook of Robotics, Part A: Robotics Foundations fr

Handbook of Robotics on Vimeo. Springer Handbook of Robotics on Vimeo.



Course Grading System

O Project -based:
O Design Project with intermediate report: 80%

O 90% in cases of excellence

O Final Exam: 20% (or 10% in case of project excellence)
O Exam-based:
O Project: 40%
O Mid -term Exam: 20%
O Final Exam: 40% (up to 60% in case of excellence)
O Homework : +10% (as a bonus)
Tentative scale (curve will be applied)
Grade >=90: A
80 <= Grade <=89: B
70 <=Grade<=79: C
60 <= Grade <=69: D
59 >= Grade: F

O O OO OO




Autonomous Robot Challenges

How do | move?



Autonomous Robot Challenges

Aerial Robotics

Ground Robotics




Autonomous Robot Challenges

Where am |?
What Is my
environment?

/



Autonomous Robot Challenges

Perception and State Estimation

Visual-Inertial SLAM Application to Aerial Robotics




