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 Introduction

+ S0, where is my robot?

- Course administrative overview

» Action items: what | need from you now
- Student workflow survey, Join autorob Slack and GitHub Classroom

+ Assignment 1 (Path Planning) released, due January 21, 11:59pm
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Course Staft

Instructor: Anthony Opipari (topipari)
+ OH: Wednesday 3-5pm, Friday 3:30-5:30pm

JA: Tommy Cohn (cohnt)

|A: Ana Warner (aswarner)

Faculty Advisor: Chad Jenkins (ocj)
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About me
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- Born and raised in Ann Arbor T Sy
. . | 3,‘); : ;? ‘j
- BSE and MSE degrees in computer science from UM {1 X

+ PhD Student, CSE program

- Research interests in probabilistic reasoning and perception for
robotics

+ EXxcited about robotics as the frontier for computing in the physical
world
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S0, where is my robot?
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Mobile Manipulation Robots
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Cost
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Cost NASA Robonaut
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Cost NASA Robonaut
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Cost NASA Robonaut

$1.5M Pick-and-Place

(“Put that there”)

Taskable

Willow Garage PR2
= autonomy

(“Do this task
for me”)

Teleoperation
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Taskable
autonomy

Pick-and-Place

Teleoperation

NASA JSC

TU Munich .

Dexterous Manipulation

Harvard/Wyss
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Taskable
autonomy

Dexterous Manipulation

Teleoperation
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Operating system B
From Wikigoda, the Yee encyciopeda
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An operating system (OS) is

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

Taskable
autonomy

Operating systems

Dexterous Manipulation
Application

Operating system

[

Hardware

Teleoperation
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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/periglossary.html#operating-system

Operating systems

Taskable
autonomy

Dexterous Manipulation
Application

Operating system

[

Hardware

Teleoperation
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2N R2a0RA A . 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/periglossary.html#operating-system

Application Operating systems

Dexterous Manipulation ‘

Application

Operating system Operating system

L3

Hardware
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Robot Applications

&——— Then, what is this?

Dexterous Manipulation s

Operating System

Hardware
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Robot Applications

Robot Operating System

Operating System

Hardware

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.
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Robot Applications

Robot Operating System

Operating System

Hardware
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Robot Applications

Robot Operating System

Operating System

Hardware
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Robot Applications

i ROS
LCM 1y

Robot Operating System e MOOS =

Operating System

Hardware
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Users

Robot Applications

Robot Operating System

Operating System

Hardware
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Users

Robot Applications Then, what is this?

FH (OIS T Player
LCM == MOOS #

Robot Operating System

Operating System ®

Hardware
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Someday in the Future...
"Do this task for me”

::: ROS
=P8 MOOS #

Robot Applications

Robot Operating System

Operating System

Hardware



http://autorob.org

“‘Do this task for me”



Can we make your
world programmable 7
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* In the near future

* Eventually:
* CleanTheHouse

- PatrolTheBuilding

* For now:
- demonstrations
- experiments
- challenge entries (!)
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Use any robot x

to perform any task y
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The 3Ds: Dirty, Dull, and Dangerous

"Autonomous” Driving

Infrastructure inspection Nuclear cleanup
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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/
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Social
Robotics
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Users

Custom applications,
Taskable autonomy research

3t ROS
LCM =S MOOS #

Robot Applications

Robot Operating System

Operating System

Hardware
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Users

Custom applications,

Robot Applications Taskable autonomy research

Robot Operating System

Operating System

Hardware
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Users

Custom applications,

Robot Applications Taskable autonomy research

Robot Operating System Build your own Robot OS

Operating System

Hardware
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Robot Operating System
Build your own Robot OS

Localization and Mapping Path Planning
Robot Vision Motion Planning

Feedback Control
Dynamical Simulation

Decision Making
Systems

Multi-robot Coordination Task planning

Forward Kinematics

Collision Detection
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Robot Operating System
Build your own Robot OS

Localization and Mapping Path Planning Feedback Control
Robot Vision Motion Planning:mmical Simulation

Decision Making

Forward Kinematics
Systems

Collision Detection

Multi-robot Coordination Task planning Inverse Kinematics

Robot Middleware Architecture (via Interprocess Communication)
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Robot Operating System
Covered at breadth in AutoRob

Localization and Mapping Path Planning Feedback Control

/

Robot Vision Motion Planning' Dynamical Simulation

Decision Making

Forward Kinematics
Systems

Collision Detection

Multi-robot Coordination Task planning Inverse Kinematics

Robot Middleware Architecture (via Interprocess Communication)
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Robot Applications Work with
a real robot

once this
semester

Robot Operating System

Operating System

¢ 4 smo
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AutoRob

introgduction to Autonomous Robotics

Robot Operating Systems
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Agenaa

- Course administrative overview

» Action items: what | need from you now

- Student workflow survey, Join autorob Slack and GitHub Classroom
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schedd e «neval ot FAD asssgnments:

AutoRob

introgduction to Autonomous Robotics

Robot Operating Systems

Course website

http://autorob.org
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AutoRob can be done remotely
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Flipped Classroom Format

» Lectures will be recorded and available online (autorob.org)

»+ Course Zoom link: https://umich.zoom.us/j/94439912243
» Interactive Session MW 1:30-3:00pm EST

+ General issues, Q&A, Weekly quizzes (starting Jan 24)

- Lab Section: F 2:30-3:20 EST

Walkthrough of projects

- Interactive study pods

+ Clusters of 5 students with instructor collaboration
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http://autorob.org
https://umich.zoom.us/j/94439912243

Student Workflow Survey
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https://forms.gle/uEfkN8aPWaY/Z87K3A

Please complete
TODAY!

Student Workflow Survey - AutoRob
Winter 2022
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AutoRob

introgduction to Autonomous Robotics

Robot Operating Systems
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Winter 2022 Course Format
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Course Structure
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Course Structure

- Autonomous robot modeling and control

» Objective: Give you the computational skills (and code) to
model and control any mobile manipulator

* Project-focused class

» 7/ Individual projects: from single joint control up to articulated
motion planning with optional robot operating systems tutorials

- Computing-friendly introduction to robotics: projects in JavaScript
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p—

Course Textbook

Robotics,
| Vision
+ Robot Modeling and Control (Spong, and
Hutchinson, Vidyasagar) ROBOT MODELING Control
AND ALGORITHMS
- Alternative: Robotics, Vision, and CONTROL R

Control (Corke)

MATLAB®
ang Slmulmk

+ Suggested but unsupported: Modern
Robotics (Lynch and Park)

- |In-depth coverage of concepts and
math contained in textbooks

- Additional handouts and links will
appear on the course website

Mark W, Spong | Seth Hutchinson M. Vidyasagar
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Projects

» Projects implemented in JavaScript/HTMLS using KinEval stencil

* Projects submitted and tracked through github

»+ Course staff needs admin access (please complete workflow survey!)

» [ projects

+ 6 Programming, 1 Written/Oral

+ Grading: projects are broken down into features that are “checked”

» Points are earned through successful implementation of features

» Continuous Integration grading
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KinEval code stencill

+ Code stencil for AutoRob projects in 3D
+ Uses threejs 3D rendering library and WebGL

- URDF-like robot description

+ Usable, but not perfect, camera and Ul controls

- AABB collision detection provided for planning

+ Warning: professor-level coding
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KinEval code stencill

‘s

SR T—

- by o5

mr2 (default)

sawyer
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Projects

- Path Planning A-star search in 2D world

- Pendularm physical simulation and PID control of 1 DoF robot

- Forward Kinematics convert robot configuration to 3D space

- Dance Contest control of robot joints to do a dance

 Inverse Kinematics control gripper of a robot to reach a point in 3D

 Motion Planning collision-free planning over robot configurations

- Best Use of Robotics what will you do with all of this power?
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J filed/Usersfio.. g _scenoenarrow? X \\+

(- i files///Usersfiogan/git_tmp/kineval/project_pathplan/source_search_canvas.htmi?planning_scens (< |

» Projects 3-5:

+ Project 1: Forward and

glath | Inverse
anning Kinematics
;Q ————— ¢lasn  ABO %S s =
. - . * Project 6:
- Project 2: f Moiion
Pendularm

Planning
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Will you work with
a real robot?




Will you work with
a real robot?

Yes, at least once
using rosbridge/ROS




Course Policies
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Grading Policy

EECS 367: Introduction to
Autonomous Robotics

[ projects (12 points each)
10 quizzes (2 points each)
Participation (4 points)
Extra credit (4 points total)

A: 95+ points
B: 83+ points
C: 73+ points
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Continuous Integration Grading

»  AutoRob in Winter 2022 will use a “Cl grader”

»+ The CI grader will

» pull code from your repository

» run tests for all projects that past their due dates
» return test and grading results to your repository
+ test schedule

»+ The course staff will review all grades for correctness
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Late Policy

* Projects submitted after deadline may not be graded (zero credit)

- |f a late submission is allowed, it can receive at most

+ 80% credit if pushed within 2 weeks of the deadline
» 60% credit if pushed within 4 weeks of the deadline

+ 50% credit if pushed anytime before final grading deadline (Apr 18)
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Regrading policy

- Projects features are graded with:

. “CHECK” (sufficiently completed)
. “DUE” (insufficiently completed)

- “PENDING” (not due yet)

» A project feature can be regraded for partial credit for at most
+ 80% credit if pushed within 2 weeks of the last returned grading

+ 60% credit if pushed anytime before final grading deadline (Apr 18)
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Collaboration Policy

- All work submitted must be your own

- All code submitted must comply with Michigan Honor License
- No code can be communicated, including verbally

- EXxplicit use of external sources must be clearly cited

- Repositories must be private for proper compliance

+ Free flow of discussion and ideas is encouraged
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Michigan Honor License

+ 3-Clause BSD License + Michigan Honor Code + “CC BY 4.0”
» Assert the compliance of your code with the MHL
+ Append your name to the end of LICENSE in your repository

- Submitted code will not be graded without asserting LICENSE


http://autorob.org

Discussion and Communication
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Discussion and Communication

+ AutoRob Slack workspace: um-wn22-autorob.slack.com/

- Formal course discussions allowed

+ Course staff office hours

» Will support hybrid format

 Virtual for first week

» Instructor email: topipari@umich.edu


http://autorob.org
https://um-wn22-autorob.slack.com/
mailto:topipari@umich.edu
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EECS Office Hours

Office hours queue

https://leecsoh.eecs.umich.edu
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o o0 0D D

EECS 484 Descrption

EECS 376
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R W LocationyMeeting Link
ENGR 300-960/870
EECS 370

tECS 440 LOG In 1o sign op!

The queue is closed.
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Agenaa

» Action items: what | need from you now

- Student workflow survey, Join autorob Slack and GitHub Classroom
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What | need from you now
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What | need from you now

+ Complete student workflow survey - ASAP!
- Ensure you have access to the "autorob-wn22” UM slack workspace
- Install git and setup your working environment

- Join the “autorob-WN22” GitHub classroom

- Ensure you can clone, commit, and push files to your repository

* View recorded course lectures

+ To be posted in advance of interactive sessions
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https://um-wn22-autorob.slack.com/
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What | need from you now

- Ensure you have access to the "autorob-wn22” UM slack workspace
- Install git and setup your working environment

- Join the “autorob-WN22” GitHub classroom

- Ensure you can clone, commit, and push files to your repository

* View recorded course lectures

+ To be posted in advance of interactive sessions


http://autorob.org
https://um-wn22-autorob.slack.com/
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You should have access through UM login

https://um-wn22-autorob.slack.com/
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What | need from you now

- Install git and setup your working environment
- Join the "autorob-WN22" GitHub classroom

- Ensure you can clone, commit, and push files to your repository

* View recorded course lectures

+ To be posted in advance of interactive sessions
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GitHub Classroom

Join the classroom:
autorob-WN22

10 join the GtHUD Classroom for thes course, please select yourselt
irom the list below 10 associate your GitHuUDbD account with your

SCNOOI'S ioentiner (Le., your name, 1D, or emasl)

identiliers
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GitHub Classroom

You're ready to go!

You accepted the assignment, Kinematic Evaluator

YOUr assignment repository has been Created:

Jon the GitHud Student
Deoveloper Pach

-.) - t'u - | ")"0‘ .. ... "..'
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Wrap up

- This week’s lab

» Walkthrough of git and KinEval

- Next week’s lectures

- Path planning
- JavaScript

+ Assignment 1 (Path Planning) released, due January 21, 11:59pm
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