How to teach Robotics & ROS remotely

... using Zoom
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Who is this webinar for?

* Professors/Teachers/Teacher assistants of
undergrads/graduate students of robotics

* You need to prepare robotics course for 2021

* You are searching for remote robotics
teaching solution due to COVID-19
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What do we mean by teaching robotics?

» Robot action and perception
 Arm Kinematics

» Mobile Robots Kinematics

* Robot Dynamics

* Motion Planning and Control
* Robot Navigation

« Computer Vision

* ROS
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We do not mean




We do mean
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About Us

» 5 years teaching on The Construct Youtube Channel
- Almost 1.000 videos uploaded

» 1 ROS Online Class every week (for 3 years)
» 3 ROS conferences online

» Tens of webinars (like this one)
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https://www.youtube.com/channel/UCt6Lag-vv25fTX3e11mVY1Q

Stay with us to take a full live teaching demo including
remote real robots

" . - First, we'll see how to teach ROS
“;A s & Robotics with zoom

- Provide solutions to problems

| * Then we will do a class all
e together, including real robot lab
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For teaching robotics remotely you need
*Prepare students for the class
*Deliver the theory

*Provide some practice
*Provide off-hours support
*Evaluate students

*Control students progress
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Problems

1.Preparing curriculum is hard work
2.Make students practice is difficult

3.Students don’t know Linux nor Python
4.Installing ROS in students’ computer
5.Evaluate them remotely is difficult
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For teaching theory remotely you need

* Your teaching material (slides)

* A platform to deliver and communicate with students in
real time

 Must allow:

* Sharing Screen (teacher & student)
* Live Chat (mic & written)




Example: Zoom
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+ same equition written as

https://voutu.be/JIRFIUHSENw

TEACH ONLINE WITH ZOOM - BEGINNERS TUTORIAL



https://youtu.be/JlRfIUH8ENw

Pre-Requisites

- Make students learn the requisites:
- Learn Linux
- Learn Python

« Make them take these online free
courses:

- Python for Robotics: https://bit.ly/
36XIdEs

- Take the exam and get evaluation for
you.



https://bit.ly/3gx6za7
https://bit.ly/36XldEs
https://bit.ly/36XldEs

Simulated robots: use ROS + Gazebo

- Install ROS on students’ computer http://wiki.ros.org/ROS/Installation

ROS Installation Options

There is more than one ROS distribution supported at a time. Some are older releases with long term support, making them
more stable, while others are newer with shorter support life times, but with binaries for more recent platforms and more
recent versions of the ROS packages that make them up. See the Distributions page for more details. We recommend one
of the versions below:

ROS Kinetic Kame ROS Melodic Morenia ROS Noetic Ninjemys
Released May, 2016 Released May, 2018 Released May, 2020
LTS, supported until April, 2021 LTS, supported until May, 2023 Latest LTS, supported until May,

This version isn't recommended for new Recommended for Ubuntu 18.04 2025
installs. Recommended for Ubuntu 20.04



http://wiki.ros.org/ROS/Installation

Simulated robots: use ROS + Gazebo
* Provide a Virtual Machine with ROS https://youtu.be/59F6Jake_48

Ubuntu 64-bit - VMware Workstation - >
File Edit Viev VM Tabs Help
> ¢ D= = § | O

Library

)} Ubuntu 64-bit
A Type heret

=l My Computer
$ Ubuntu 64-bit Pre
&2 Shared VMs D

ss Ctrl-C to inteccuat
e checking log f TurtleSim

started roslaunch s«
ros_comm version 1.

kbipin@ubuntu:~§ rc

[ INFO] [149779587¢ "

[ INFO] [149779587¢ y=[5.
5444457, theta=[0.¢

o direct input to this VM, click inside or press Ctrl+G.
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Simulated robots: use ROS + Gazebo
- Provide a docker with ROS https://hub.docker.com/_/ros/

ros %

‘ . ‘ Docker Official Images

‘ ‘ ‘ The Robot Operating System (ROS) is an open sour

v 10M+

L

Container Linux ARM 64 x86-64 ARM Operating Systems




Simulated robots: use ROS + Gazebo

- Use a web based environment http://robotignite.academy

tory  Bookmarks People Tab  Window Help

©®0 & LeamRoboticsfromZero-Ro X+
& 5 C @ app.theconstructsim.com/#/Desktop
tunctionairy.

Let's see an example of how you could call a previously created service, which makes the Kobuki
robot move in a circle for 4 seconds.

IMPORTANT: Make sure to stop all the previous programs running in your WebShells (by
pressing Ctrl+C) before starting this example. Also, make sure that the Kobuki robot is not
moving.

Execute the following command in WebShell number #1 in order to start the service.

Execute in WebShell #1

[ 1: roslaunch service_demo service_launch.launch

Execute the following command in WebShell number #2 in order to call the service.

Executo in WobShell #2

[ 1: rosservice call /service demo "{}

xpected Result for Example 1

‘Check the following notes in order to complete the exampl:

The service must be up and running before you can call it So make sure that you have launched the service
befor

o caling
Boar in mind that your robot wil start moving from the point you stopped it n the previous exampl. So, t may
ot coincide with tho gif shown.

Ibet you're starting to get thrilled about this whole thing, right? But I'm sure you still have more
questions.

In the above example, you've done two things. First, you started the service in order to make it
available for anyone who wants to call t. Then, you executed a command that called that service.
‘The purpose of this service is to move the Kobuki robot in a circle for 4 seconds, and then stop it. So,

‘when you called the service, the robot started performing this movement

<« 1 - ROS Deconstruction >

File Edit Selection View Go Debug Terminal Help

@ EXPLORER: USER (V-

oy 0a

» catkin
» catkin_generated

Y« CMakeFiles # de

4351 #en

« CompileridC

aout

€ CMakeCCompilerid.c

» CompilerldCXX

£ CMakeCCompiler.cmake

£ CMakeCXXComplercmake

CMakeDetermineCompilerABI_C.bin *
= CMakeDetermineCompilerABI_CXX.bin e
CMakeSystem.cmake

» cloan_test_results.dir

» CMakeTmp

» download_extra_data.dir

» doxygen.dir #e

» run_tests,dir g
» tosts.dir

£ cmake.check_cache

MakeDirectorylnformation.cmake #

Makefile2

#1

user:-$ roslaunch publisher_example move.launch
press Ctrl-C to interrupt
pone checking log file disk usage. Usage is <1GB.
started roslaunch server http://4_xterm:33293/
Isumary
[PARAMETERS
* /rosdistro: kinetic
* /rosversion: 1.12.14
ODES
/
move_node (publisher_example/move_code.py)

Ros_MASTER_URT=http://4_simulatio

1311

rocess[move_node-1]: started with pid [1261]
[

+ catkin_ws 1 fd

ef _cplusplus

def ined(_18CXX]
e ID_VOID_MAIN

def ined(__INTEL_COMPILER) || defined(__TCC
fine COMPILER_ID “Inte

fined (_MSC_VER
fine SIMULATE_ID

¢ COMPILER_VERSION_MAJOR DEC /100
COMPILER_VERSION_MINOR DEC /10 % 10
def ined(__INTEL_COMPILER UPDATE
fine COMPILER_VERSION_PATCH DEC
ne COMPILER_VERSION_PATCH DEC %10

ied(__INTEL_COMPILER_BUILD_DATE

fine COMPILER VERSION_TWEAK DEC

def ined(_MSC_VER
ne SIMULATE_VERSION_MAJOR DEC / 100
ne STMULATE_VERSION_MINOR DEC 100
gt
f defined(__PATHCC,
define COMPILER_ID "Paths

fine COMPILER_VERSION_MAJOR DEC

#2

... logging to /home/user/.ros/log/077££6d0-3a08-11eb-bSed-0242c0a8£008/roslaunch-4_xterm-1252.1log
hecking log directory for disk usage. This may take awhile.

ROS Basics in 5 Days

® Q B O WedDec9 11:22AM



https://bit.ly/3qNRGVV
https://bit.ly/3qNRGVV

Teaching the Theory

The
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If you are looking for

e A fast method to create a ROS/robotics course based on slides...

* Just search over internet and get one of the trillions available

« for example, this one by ETH Zurich: https://bit.ly/350amLV
» Change the logo in the slides by your logo.
* Done.



https://bit.ly/35OqmLV

ROS Development
Studio
http://rosds.online

A full ROS cloud
environment in your browser

Create a free account

B RDS - ROS Development Studio X | @ Web Shell

O simulations ~ & Datasets ¥

x

B The Construct - ROS Developer= X | @ Robot Ignite Academy -

| C»

King!

can find the node running

rosnode list

/kobuki_safety_controller
/map_server
/move_base

/ robot_amcl
state_publisher

/navigation_velocity_smoother

ROS Development Studio = ts T
- 9 u ’ :
[ Gazebo smutstion running
Real Ti 00 00:27:11
] == R

Sim Time: 00 00:14:28

File Edit Selection View Go Terminal Help =

@ EXPLORER & o navigation launch x move_base.launch

+ muser
= A ‘
4 + m catkin_ws

» m build (
name pkg type: args )
» m devel name= value=

cE0OE

jpublishing and latching message. Press ctrl-C to terminate
“Cuser:
1ser:

user

p 0

r:~$ rosnode list
/gazebo
/map_server
/robot_amcl
/robot_state_publisher
|/ rosout
/rviz
iser:~$ rosnode list
/gazebo
/kobuki_safety_controller
/map_server
/move_base!
“|/navigation_velocity smoother
/ robot_amc
/robot_state_publisher
/ rosout Ln17.Col 37_LF Spacesi4 X' O
/rviz

s M



https://bit.ly/39UQSsc
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How o create your own

theconstruct.ai

How to create your Py, © T o
curriculumwithROS | i Y & 0 I
Development Studio: 7 Y - il /
https://youtu.be/
g2Zg31pc-XM



https://youtu.be/g2Zg31pc-XM
https://youtu.be/g2Zg31pc-XM

Get all content already
created at Robot Ignite
Academy

* Mathematics for Robotics
* Robot kinematics

* Robot Dynamics

* Kalman Filters

* OpenCV for Robotics

* ROS applied to Robotics
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Simulated robots: —
use Gazebo/ROS .

robot sims

- Use the students ROS/
Gazebo environment °

« Use the ROS

user:~/catkin_ws$ rm
user:~/catkin_ws$ sot
as in a basic way n_ws_python3/dnn_vens
peep Neural Network (dnn_venv) user:~/caf
user/.catkin_ws_pythc
(dnn_venv) user:~/cafl
Base path: /home/use]

Development Studio

]
* Use Robot Ignite

I I l m Environment Build space: /home/us

Ca e y Devel space: /home/u

Install space: /home

1

pase continue reading.

tkin_ws/src -DCATKIN
er/catkin_ws/devel -
/home/user/catkin_ws
iles" "/home/user
rse is for you is to see
e end of it. So, please

Forum $& ==
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Real robots: use
ROS based robots

* Provide real robot to
each student (around
2009%)

Base system (1109) :
https://amzn.to/
2DBpDov

« Additions for Jetbot
(1109%): https://amzn.to/
2XwJdT1G

— ‘


https://amzn.to/2DBpDov
https://amzn.to/2DBpDov
https://amzn.to/2XwJT1G
https://amzn.to/2XwJT1G
https://amzn.to/2XwJT1G

Real robots: use
ROS based robots

Provide remote robot lab

1.Have a robot with internet
access

2.Install a server in the robot
3.Add external camera
4.Connect to it from ROSDS

HOW TO SETUP:
https://youtu.be/fzogfWRamDI

B N ——


https://youtu.be/fzogfWRamDI

Real robots: use
RoboX Remote
Real Robot Lab

* Provided by The
Construct

* Everything already
setup




Provide off-hours support
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Provide a Forum
for Q&A

- Use the one provided by
the University

« Or install a Discourse:
https://bit.ly/2C7vuS2

© ] o Categores - Dacourse Meta

&«

2 C

al catogories »

x (D Aswin - Discourse Meta x

ey mefa.discourse.on caleg

> 6
Oiscourse

Latest New  Unread m Top Bugs Features



https://bit.ly/2C7vuS2

The Construct
already provides
one

 This Forum is answered by
our team of ROS/Robotics
experts.

* Answers typically in 24h on
week days: https://get-
help.robotigniteacademy.com

« > c

[E] The Construct ROS Communit. X +

@ get-help.robotigniteacademy.com

‘ Construct

Welcome to the ROS community of The Construct! This is a community of robotics developers where you can:

« Get and give help on using ROS for robotics.
« Take your ROS skills to the next level and/or display it for the world to see!

Before posting a new question, please use the search button to see if a similar topic already exists.

YYou need an account on the Robot Ignite Academy to post or reply to topics.

all categories » || alltags » || all v Top  Categories

& ¥ Welcome to The Construct ROS Community!

Welcome to the ROS community of The Construct! This is a community of robotics developers where you
can: Get and give help on using ROS for robotics. Take your ROS skills to the next level and/or display it for
the wor... read more

PYTHON for Robotics: Unit 6: Turtlebot Maze - no Attribute for rotate/ function not found
M General Support

Quiz scores more deteails?
M General Support  quiz

ROS Basic in 5 Day: File service not found
% ROSBasicsinsDays  error howto rospy  rosSdays

ROS Basics Unit 9 typo
M Site Feedback

Neither moveit or rviz could detect the obstacle in front of it?
¥ ROSManipulationinsDays

Working in a real robot project
M External Requests

You need a subscription to create more than ten rosjects
M General Support

& URDF Quiz [ERROR] Failed to load controller
W General Support  quiz  urdf

Ros serial communicate between raspberry pi and arduino
roscpp noetic  serial



https://get-help.robotigniteacademy.com/
https://get-help.robotigniteacademy.com/

Evaluate students

The
Construct
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Exams based on doing ROS code

* They must apply their knowledge
* Easy to detect when they copy
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Use ROSjects to provide exams

* You create the rosject exam.
* You share with students

* They do the exam online

* Then they resend it to you

* You can see what they have done and reproduce their results
* Example:




Use Robot Ig

* Exams already

created

e Self-corrected

* Random exam to
students to prevent

copying (in

preparation)

University of LaSalle Barcelc

/’

Assigned

®

3

Full Name

Amalia
Rodriguez

tellezatwork+0O3@gma

Ramon Sanpedro tellezatworkR+O4@gme

i I I

Available exams

. EXAM - HusRy Robot Challenge of ROS Basics in 5 Days

EXAM - Navigate a HuskRy Robot autonomously in an
Outdoor Environment of ROS Navigation in 5 Days

Perception exam of ROS Perception in 5 Days

EXAM - HusRy Robot Challenge of ROS Basics in 5 Days
(C++)

EXAM - Ultimate Code Foundation Challenge of Python
3 for Robotics

EXAM - Ultimate Code Foundation Challenge of Linux
for Robotics

nite Academy Exams

Enabled Exams (1)

EXPORT TO CSV ADD MEMBER

Is . Remove
Details

manager? student?

Rows per page:
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Control students progress

ey,

\VaVa® )

&= The
§:uxg§g‘u"

IN A\

i Construct

N A




The Construct control panel

Assigned Remaining

b

Full Name

Leeor Nehardea
Haoru Xue

Jan Tengdyantono
Nathan Perkins
Lavita Zuo

Ryan Dunn

Drew Britten
Songyu Lu
Joshua Orozco
Owen Cruise
Ethan Lerner
Benjamin Crawford

Udai Kandah

Dominic
Nightingale

52 10

Email

Ineharde@ucsd.edu

hxue@ucsd.edu

jtengdya@ucsd.edu

nperkins487@gmail.com

x5zuo@ucsd.edu

ryan.dunn729@gmail.com

drewbritlO@gmail.com

s0l009@ucsd.edu

jorozco@ucsd.edu

ocruise@ucsd.edu

elerner@ucsd.edu

berawfor@ucsd.edu

ukandah@ucsd.edu

djnighti@ucsd.edu

Total Hours

2257 hours

1.02 hours

59.83 hours

4289 hours

22.67 hours

18.59 hours

1529 h

46.71 hours

3.45 hours

3.53 hours

0.57 hours

0.18 hours

2.45 hours

16.20 hours

Exams Taken

None taken
yet
None taken
yet.
None taken
yet.
None taken
yet.
None taken
yet.
None taken
yet
None taken
yet.
None taken
yet.
None taken
yet.
None taken
yet.
None taken
yet
None taken
yet.
None taken
yet.
None taken
yet.

Certifica

- None earned yet

e earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

- None earned yet

EXPORT TO CSV ADD MEMBER

Added On

20.
30

2020-07-31

2020-08-
05

2020-08-
05

2020-08-
05

2020-08-
05

2020-08-13

2020-09-01

2020-10-02

2020-10-07

2020-10-07

2020-10-07

2020-10-07

2020-10-07

manager?

Details student?
(2 |
(2 |
(2 |
[ 2 |
(2 |
(2 |
[ 2 |
(2 |
[ 2 |
(2 |
(2 |
[ 2 |
(2 |
[ 2 |




The Construct control panel

Ramon Sanpedro

2020-12-07 December 07, 2020, 0.06 hours None taken yet. - None earned yet -
19:08

Lesson Started on Time spent
URDF Introduction December 07, 2020, 19:05 0:02:04
Building the Visual Robot Model with URDF December 07,2020, 19:07 0:00:46

Using URDF for Gazebo December 07, 2020, 19:08 0:00:49

Rows per page:




Some Universities Using Our Solution

Clarkson HERIOT B e 2 UNIVERSITY OF
UNIVERSITY %WATT e 4 K 7 MICHIGAN

UNIVERSITY
= lil. I Il UCSan Diego

UNIVERSITY OF APPLIED SCIENCES

THE UNIVERSITY OF UNIVERSITE DU JACOBS SCHOOL OF ENGINEERING

SYDNEY LUXEMBOURG

\\“} University of laSalle K]ST OIS AN \ A /

U . m South-Eastern Norway d Technology
D | WARWICK

CHAMPAGNE-ARDENNE

«

AALBORG UNIVERSITET

THE UNIVERSITY OF WARWICK

RITSUMEIKAN
iz)LUND UNIVERSITY

S92 UNIVERSITAT
|||| POLITECNICA
s’ DE VALENCIA

; UNIVERSITY




“With The Construct, our students can jump right into ROS without all

the hardware and software setup problem. And the best: they can do
this from everywhere”

Steffen Pfiffner

Lecturer at University of Weingarten
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Advantages of Paid solution

1.Get all the material done ready to teach
2.Get exams and correction of them
3.Include Linkedln certificate

4.We provide support to your students

* Enjoy yourself teaching instead of wasting your time with the
preparation
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Now let’s do an
example of a
Zoom class!




Book a Demo

Have all your students learning ROS in less than a day!

= > Construct
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Who is this webinar for

Which one is the best for launching
faster a better product?




