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An introductory course in the design and implementation of
autonomous (vehicles) Topics will include the nature of

utonomy and autonomous< behaviour.> Issues involving

sensing and actuation will be discussed. Students will be

introduced to the constraints and issues involved in

systems designed to interact with an environment
independently. Students will be expected to construct

working robots.
Lect: 3 hrs., Lab: 2 hrs

%&Mm Prof. Alex Ferworn
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Topics

« What this course is not about g

« What this course is about R

* The Course Management Form E—

 An appreciation for the problem ’/
« Some examples \‘\;
« Useful concepts and terminology
« Lab 1
 Exiting this course

%%&AAM«
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If you are expecting a course on traditional robotics involving industrial arms
or carefully constructed physical devices roaming the hallways of some
buil dingéyou are in the wrong place.

In this course we examine some fairly fundamental issues ed@atifol of a
rather badly constructed piece of junk you optomisticly call a robot.
Hopefully--before it falls apartyou learn something about an area that you
probably did not think much about in your life as a computer science student.

If the notion of endowing a device with autonomy were easy we would see a
lot more things that controlled themselves. There have been many attempts
and quite a bit of hype in the field of autonomous robotics. We will discuss
some of these in this class.

Please read the course management form for reasons to drop this course now
before it is too late!
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What this course is not...
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* Industrial Robotics
» Control Theory

* Robot Simulation
* “Deep Learning”
+ Big “Al thingy” _
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These topics are typically what are discussed in first courses in robotics. My
experience has been that students end up in one of two states at the end of a
traditional course. 1) The student comes out of the course thinking that the
world of robotics is a rather simple one based on mathematics (however
complex) and therefore tractable by anyone who sets their minds to work on a
problem. Engineers typically approach robotics with this notion, and there
have been some very impressive robots purbogdéto solve industrial

problems. The car industry is one obvious example where robots have played
an impressive role. 2) The student is turned off by the extremely dry way that
control theory is taught and loses interest in the problem.

I hope to avoid both these states.
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Background and what this course is about

« Course offered at Ryerson Since about 1997

— Modelled on a course from MIT 6.270 “Autonomous Robotics

Competition” as early as 1987
» Autonomous Mobile Robots (AMRS).

— Any mechanism capable of independently perceiving, moving
around in and otherwise interacting with a defined but
uncontrolled environment.

* The intent of the course is to introduce participants to the

- Concepts (perception, actuation, navigation, behavior...)

- problems (avoidance, searching, following...) and

- Algorithms and strategies

» associated with AMRs.
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We will spend a lot of time talking about environmental considerations. AMRs

a built to exist in a specific environment. This is not particularly hard to

understand since you were built to survive in a particular environment as well.

If you think about it, we would have a hard time if the Sun suddenly went out

or gravity stopped working. We claim we are adaptable (and to a certain extent

we

are) but by and | arge we are

to an AMR.

The course in Guelph is presented at both the undergraduate and graduate

S i

tuat €

masters level and for all intents and purposes is identical to the one at Ryerson.

The History of 6.270
In the Beginning

The origins of this course begin with Woody Flowers in MIT's Mechanical
Engineering department. Woody Flowers had the idea that teaching should be
interactive and not just lecturing. He developed the famous "Introduction to
Design" class (course number 2.70 [now 2.007]). In 2.007, undergraduates use

scrap parts-metal, plastic, and woedto build machines that go on to

compete in a heamb-head contest at the end of the course.
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Michael B. Parker, an undergraduate in MIT's Electrical Engineering and Computer
Science (Course Six) department, had just taken 2.007. Mike liked the course so much
that he was jealous: "Why should there be a course like this for Mechanical
Engineering students, but not for the students in his department?" he thought.

Course Six's Answer

So in 1987, Mike organized the first 6.270 contest as "Course Six's answer" to the
2.007 course. The contest was a programming competition in which students wrote
programs to control computsimulated robots. In the first two years of the contest,

the goal was to design a simulated robot that tried to find and destroy other robots.
Unlike the machines that are built in the 2.007 course, there was no human control of
the simulated robots (in 2.007 the students control the machines through a joystick
and some switches). This was what separated the 2.007 course and the 6.270 contest.
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Course Management Form

— Classes
« Mon 17-18 EPH225
« Wed 10-12 ENG101

— Labs
* Fridays 1400-1600 and

* TA: Jimmy Tran
* No lab in week 1

f’&&&é&h

* Meeting Times (default==no class)
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Week Dates Item
SCh ed u Ie 1 4-7 Sept ¢ Dissuasion and Introduction to Autonomy
* Lab 1 assigned—Edge Detection
2 10-14 Sept o Dealing with Environments: The Tutebot and its
brain
3 17-21 Sept * Robots through history, Sensing 1
4 24-28 Sept * Introduction to Arduino, Sensing in the natural
world
e Lab 2 assigned—Obstacle Avoidance
e Lab1due
9 1-5 Oct e Mobility Systems 1
Study Week | 8-12 Oct Be Happy!
6 15-19 Oct * Perspectives on Intelligence: Braitenberg
Vehicles
e Lab 3 assigned—Acquiring and Tracking Targets.
¢ Lab2due
. test d
7 22-26 Oct * Understanding Animal Behaviour 1
test due
8 29 Oct -2 Nov * Complex Adaptive Behaviour
e Lab 4 assigned—Behaviour Generation.
e Lab3due
9 5-9 Nov * Motion Planning
10 12-16 Nov e TBA
11 19-23 Nov *  Mobility Systems 2
e Llab4due
12 26-30 Nov * Understanding animal behaviour 2
3 Dec * Exam prep
Exam week | 4-15 Dec e TBA
ARAA I
e o Copyright © 2017 by A. Ferwomn
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References

* There is no compulsory text book

* Notes will be provided on the course web site:
— http://www.scs.ryerson.ca/~aferworn/courses/CPS607/INDEX.HTML
» Other References

— Siegwart, Roland. “Introduction to autonomous mobile
robots” / Roland Siegwart and lllah Nourbakhsh.

« This text is available for free download

— Braitenberg, Valentino. “Vehicles, experiments in
synthetic psychology”, MIT Press Cambridge, Mass 1984.

* If you can find this book (which is short) read it and be
enlightened

ARiihn
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Evaluation
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Item Explanation Value

Lab 1 Edge detection 10 %

Lab 2 Obstacle Avoidance 10 %

Lab3 Acquiring and Tracking | 10 %
Targets

Lab 4 Behavior Generation 10 %

Midterm Take home 30 %

Test

Final Exam week 30 %

Exercise

Copyright ¢
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A Note on Labs

* Go to the labs
— Labs where nothing is due

» The TA will give you information about
how to complete the lab when something
is due (including info about programming
micro-controllers).

— Labs where something is due

* Your working robot will be marked in the
lab performing the task specified in the
problem statement.

Copyright © 2017 by A. Ferwomn
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An Appreciation for the Problem

* A radioactive satellite
has crash landed at the
base of a mountain.

* How do you retrieve it?

_ S oAl onnen. Yous Tie ko> Comes orv

Copyright © 2017 by A. Ferworn

Sending people to retrieve radioactive debris is extremely dangerous and
controlling something going down a steep incline with an unprepared surface
seems like a difficult problem.

This is not an artificial scenario!

Kosmos 954 (Russian: gstimdscsh 954) was a
by the Soviet Union in 1977. A malfunction prevented safe separation of its

onboard nuclear reactor; when the satellite reentered the Earth's atmosphere

the following year, it scattered radioactive debris over northern Canada,
prompting an extensive cleanup operatic
Lighto.
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Humans have tried to do this by robot:
Dante Il

« The CMU Field Robotics Center
developed Dante I,

* Tethered,
+ Autonomous Walking robot,

Descended into Mt. Spurr volcano
in July 1994.
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The CMU Field Robotics Center (FRC) developed Dante I, a tethered
walking robot, which explored the Mt. Spurr (Aleutian Range, Alaska)
volcano in July 1994. High-temperature, fumarole gas samples are
prized by volcanic science, yet their sampling poses significant
challenge. In 1993, eight volcanologists were killed in two separate
events while sampling and monitoring volcanoes. The use of robotic
explorers, such as Dante Il, opens a new era in field techniques by
enabling scientists to remotely conduct research and exploration.
Using its tether cable anchored at the crater rim, Dante 1l is able to
descend down sheer crater walls in a rappelling-like manner to gather
and analyze high temperature gasses from the crater floor. In addition
to contributing to volcanic science, a primary objective of the Dante Il
program is to demonstrate robotic exploration of extreme (i.e., harsh,
barren, steep) terrains such as those found on planetary surfaces.

11
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The most likely cause for the collapse was a problem with the software used to
achieve the autonomous walking behaviour. The algorithm assumed that the

foot of the leg being moved would be place in snow. In order to break the crust

of the snow the leg was pushed hard and down. This apparently had been
VLPXODWHG XQIRUWXQDWHO\ WKH VLGHV RI WKH YR
would have figured that a volcano would melt the snow?
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