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* How to have a complete ROS course based on

practice that makes students learn

* How to fully remove Installation problems on

Windows/Linux/Mac

» How to avoid problems of the students low level

on programming




« [he ONLY WAY to make students learn
ROS 1s by making them practice

» The BEST WAY to make them practice Is

by using a cloud robotics platform
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Ricardo Téllez, PhD
CEO of The Construct

“For ROS Developers”

m linkedin.com/in/ricardotellez
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THE PAIN
TEACHING ROS TO STUDENTS
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PROBLEM # |

DON'T KNOW LINUX NOR PYTHON /CH++



INFC ‘] I: 150917090 HL] Interact | *$23 Move Camera ‘ Select i8> Focus Camera [ Measure # 2D Pose Estimate # 2D Nav Goal 9 Publish Point  gp —

g Displays

# Global Options -

Fixed Frame WAIST C ‘0 |n Type: | Orbit (rviz) - Zero
Background Color W 48; 48; 48 AL CHI.'_ ln k

Frame Rate 30 — ¥ Current View Orbit (rviz)
HEAD _ =0_Link

M Views

Near Clip Distance 0.01

" v Global Status: Ok Invert Z Axis

v’ Fixed Frame OK Target Frame <Fixed Frame>
& Grid / Distance 2.04389
s, RobotModel / Focal Shape Size 0.05
i ) TF 7 Focal Shape Fixed .. J
- Yaw 0.720398
Pitch 0.625398
P v Status: Ok P Focal Point 0.0076996; 8.3884e-05; -

Topic /joint_states

g:—pr::able : MB oot J‘
o - RARM . &g@a"

History Length 1 RAR M
Robot Description robot_description W

» HEAD JOINTO
} HEAD JOINT1
» LARM JOINTO

N AN

', . opic

ROS Time: | 72.41 ROS Elapsed: | 61.94 Wall Time: | 1509171194.11 Wall Elapsed: | 95.05 Experimental

6 fps

Reset

“ Pl sters: 14 Real Time Factor:

— = | eafvaes N\ 15:13
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M src
B CMakelLists.txt

ch# &

£

-‘ ‘ ‘
i, | | —n| o~ s

> #2| ~ 350
Estimated time of completion: 1'5 hours ; joy b /
' ) move_Dase/cm
What you will learn with this unit? ;gggm teleop/c
» Practice everything you learn ; :OSOUE
through the course /Sﬁl?lzl;t_i%gco
» Put together everything you learn /tf - =
into a big project /tf static
« Create a launch file that launches r~% my s
each part of the Navigation my _summit_map

PROBLEM # 3
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BUILD A ROS CURRICULUM
(THAT MAKES STUDENTS LEARN)




EASERGBIEENMTEACHING ROS

| wanted students to learn ROS by making them practice

This means, Install ROS in student’'s computer:

Activities F) Terminal ~
pi@raspberrypi: ~
File Edit View Search Terminal Help

pil@raspberrypi: export ROS_MASTER_URI=http://192.168.1.106:11311
spberrypi: 5 export ROS_IP=192.168.1.104

O Direct ROS install
O Virtual Machine install

O Docker install

The
Construct

Learn and develop for robots

Thu 11:28

ubuntugubuntu-computer:~$ roscore
logging to /home/ubuntu/.ros/log/bB3ded2a-b408-11e9-8e4f-94deB0023db3/roslav
nch-ubuntu-computer-2275.1og
Checking log directory for disk usage. This may take awhile.
Press Ctrl-C to interrupt
Done checking log flle disk usage. Usage s <1GB.

started roslaunch server http://ubuntu-computer:44421/
ros_comm version 1.14.3

SUMMARY

PARAMETERS
* Jrosdistro: melodic

' [ /oW earch ecrmina

ubuntugubuntu-computer:~S export ROS_MASTER_URI=http://192.168.1.106:11311

Hel

ubuntugubuntu-computer:~$ export ROS_IP=192.168.1.106
ubuntugubuntu-computer:~S rviz




EE@RR@EEEMIEEACHING ROS

How to provide a ROS environment to the students that have!

O No knowledge of Linux

O Low programming ol

knowledge (Python or C++) |

=

O Windows machines ~
(mainly) 2P

The
Construct

Learn and develop for robots




STEP 0: SETTING UP THE ENVIRONMENT

Let’s use the cloud to avoid all the setup trouble!

'm going to show two solutions:

Real Time: 00 01:12:28
Sim Time: 00 01:12:13

|. One where you build the
curriculum (it is free) -~

B devel

B sc
9 turtlebot3

zebo_ros_turtlebot3.cpp

bool GazeboRosTurtleBot3::init()

nh_.param("is_debug", is_debug_, is_debug );
- std::string robot_model = nh_.param<std::string>("tb3 m
turtlebot3_msgs

2. Another with the full curriculum e it

B turtlebot3_fake rotate_angle_ = * DEG2RAD;
® front_distance_limit_ Nz
| ETEEITEEE side_distance Timit_ ;
ui as some COS }
8 taunch Ele if (!robot_model.compare("waffle"))

@ models turning_radius_ = F
- rotate_angle_ = * DEG2RAD;
| vz front_distance_limit_ A
| sc side_distance_limit_ .63
@ gazebo_ros_turtlebc i
ROS_INFO("robot_model : , robot_model.c_str());
B CHANGELOG.rst ROS_INFO("turning radius_ : %Lf", turning_radius_);
B CMakeLists.txt ROS_INFO("front_distance_limit_ = %Lf", front_distance_limit_);
ROS_INFO("side distance limit = %1f", side_distance_limit_);

B package.xml

) turtlebot3_simulations A AL
right_joint_encoder_ = H

B CHANGELOG.rst priv_right_joint_encoder_ = 5

B CMakelLists.txt . . :
— . cmd_vel pub_ = nh_.advertise<geometry msgs::Twist>("/cmd ve )7
package.xm

B uceNnsE

lacer <rcan suh = nh _<ubhscribhe(" /scan &GazehoRnsTurtleRnt3: *1acerScanMenCal1Rack

The

( O n S t rl I C t You also need to know how we represent the movement of the robot. For that we use frames. The frames are the axis of
reference from which we will measure the position of the robot. The frame for the odometry in ROS is called /odom
Learn and develop for robots
The position of the robot in a frame of reference is called the pose of the robot. The pose of the robot contains the

coordinates x,y.z in that frame, as well as the rotation R,P,Y.




- Many Universities around the world using It:

* Clarkson University, USA

- University Reims, France

* lokyo University, Japan

* University of Sydney, Australia

* University of Luxembourg, Luxembourg
» University of Michigan, USA

* Heriot Watt, Scotland

T * FH Aachen, Germany
onstruct
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USING THE CLOUD TO
BUILD THE CURRICULUM

Completely Free solution
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e Create a free account at the ROSDS by visiting:
Construct http://rosds.online

Learn and develop for robots



http://rosds.online

STEP |: Decide Subject To Teach

J: [ Robotignite g
BZb.euAwest-l.elasticbeanstalk comf(ounse/lo's-auions part-1.1.7/

caf ;ignite~;;rod;&;ibh.;i;\rzb;]

= ROS inasingle wesk

DGC'de a ROS D| S _trl bu _tlon mi)m &él\irﬂ{A[ADEr\nv : e

v P wWwNE

, test goal preesptior @ cha_exi

X
- 10 # indicates, take pictures ¢ ‘?’ g
B} @ sic rospy
t r on Server, specif [ time s
3 cepdback received = @ chz_exi geometry_RSgs-0SE Twist
" i y = ¢ i actionlib
e< | d e ] al(goal, feedback_cb=feedback_ca. @ chiex2 % il ]
a I 1
O O - : ,: 3 nImage
E EC : { nal B cha_ex4
qoal () wou l( a . he goa
¢ @ \aunch i
LNe tuff here Lnsted of waitu B +f feedback;callba(k(feedback):
catus fro in to time SIC 2 :1 nImage
t . var Twist() : h

.
© 0o~

-
B chd_exd Jlaunch

W N

@ ch4_exd-1py

| } [ | |
El’ | ( ) I r ] : cMakelLists.txt
| | I e . [Feedback] image n.9 received
| al l g l |a e - S @ packagexml : rint( [Result] State: 3
I (e et e - ; niwage [drane action client-1] process
g : Aol e L ndeal 2 log file: /hOEIE/uﬁ’F/.V‘OS/lOg/Sd
X + @@ good_package 23

2 rospy.init'node( & 3 e d -
g f dl«)fo—767}A1196 asd5 pag6sdsee

o i 3;/dr*0ne action client-1*.108
pub_vel rcspy.Publxsher( & OF‘ bt g >

n :vrlyr\ S
all processes

r B my_package_2 A
shutting down processing monitor
lib.SimpleActiunfliE

The code ! all an aclio
very simple

; ch2_ex1 g
8 pha% 2 client = action

o« Firstyou cre ate a hent
ssing mon

- pythonexamples -
3 clignt wait fan camwant ) ¢ i
: ... shutting down proce
done complete

1ed to the acuon

ou wan » @@ sphere

L= L et's work on R o :
The et's create a course about Robot Navigatiogfv::;)n;g;

Construct Let
s use Python for programming

Learn and develop for robots



STEP 2: Decide Units Of The Course

Six Units for Robot Navigation:

O Unit |: Odometry Based Navigation
O Unit 2 Sensors For Robot Navigation
O Unit 3: SLAM Map Building

O Unit 4: Monte Carlo Localization

O Unit 5: Rapid Random Trees Path Plan
O Unit 6: Dynamic Window Approach
O Project: Patrol Robot

The
Construct

Learn and develop for robots




[ Robot Ignite X

&« C ® www.robotigniteacademy.com/course/ros-services-part-2_1_5/

it Apps [E5 Programming £ Courses 5 Music E5Insanity £S5 Robot news 5 Habeas E5 TheConstruct £S5 LeanStartup [ Presentations 5 Varios 5 Similares |

Robot Ignite Academy 7= ROS in Five Days

Part 3: How to create your
own action server
message

What if the service messages available don't
fit your needs? You create your own as you
did with the Topic messages.

You will have to follow these steps.

« Create a package like so

4

Raw NBConvert Format

roscd;cd ..;cd src

http://rosds.online .

5-ROS Services-part2 | ~ < Back Next >

The Create a ROS project for first Unit
Construct

Unit Title: Unit|_Odometry_Based_Navigation



http://rosds.online

STEP 3: Decide Which Robots To Use

O Unit |: ROSBot by Husarion

O Unit 2: Husky by Clearpath /(T‘ K
O Unit 3: Turtlebot 2 by OSRF ‘Q‘G o
O Unit 4. Jackal by Clearpath e

O Unit 5: Summit XL by Robotnik

O Unit 6: RB=1by Robotnik
O Project: Turtlebot 2 by OSRF

The
Construct

Learn and develop for robots

AAAAAAA

|ROS Navigation

Course Project

Navigate the Summit Robot!

Need to use robot simulations to practice
Selected robots must be surtable for the subjec
Get simulations from repos or included in ROS

- to teach
BS

The Construct simulations repo (for Kinetic or
https://bit.ly/2Gp60 I m

Velodic):


https://bit.ly/2Gp601m

STEP 4: Create The Notebook

What is this unit about? This unit is about making a robot move around by sending velocity commands to its wheels and by using odometry to figure out
where in the space the robot is. Watch the following video to understand what all that means (select the next cell and press the Run Cell button to load the
video).

In [1]: from IPython.display import YouTubeVideo
# an example of odometry based navigation

YouTubeVideo ! 'SeNLUW79 -c'

Out[1l]:

Robot Navigation using SLAM 0 »

»

Using Jupyter Notebook

O Include text explanations

O Embed videos and pictures

« Send commands to the wheels of a ROS based robot
e « Understand what odometry is and how to obtain it from a ROS based robot

O — m :) e C P [ h O n C O d e « Move a ROS based robot around using Dead Reckoning (odometry + wheel commands)
e — =

Simulation

O n-te ra C_t W rt h -t h e ro b O_t « Go to the Simulations menu and select the Launch simulation
« Select the launch file turtlebot3_world.launch from package turtlebot3_gazebo to launch the simulation

« Press launch to launch it. You should see the following image appear

The
Construct

Learn and develop for robots




STEP 5: Provide Example Code

The Construct - Web Shell - Mozilla Firefox
The Construct Web Shell
€ G v theconstructsim com

/galobo/paramerer Updates

/9azebo/set link state

/9azebo/set model state

/head :anera/crop :tmx'mte:‘ua’amotor descriptions

/head camera/crop nerzmnc;‘pn'.mu?v' Updates

head canera/depth rm.msarw'\e«m«cw info

heaq Camera/depth do, Image raw

/head Camer :samp.&*/x".nuc- raw/ Compresseq

/head Camer e/image raw; Compresseq, Parameter

/head came ra/depth downsa'x,'. le/ Image
s

(24 -
aw Real Time 00
/head (ane'a/ncp!h ﬂo.ns.-xrrulevmnco aw/c 200epth OOOIVN
/head mmr»ran‘rtou(h \']Crh’)sﬂ/“[}. /1mage / s5edDepth/par ter = Tne -
€Scriptions ' ' 5

/head Camera/deptp cowrs.mplo Image

Pdates

/head mm”a.'m‘-urﬁ downs
/head c.;ue';x-"".u_'sl‘,"

ample image

e
!’Cn("xr]"'[.‘ e lr:],}l'

‘depth Jowr Sample
epth dowr Samp
€ad camers nod

e Add some code to the Unit. SO
the student can use or modify.

ou can provide It as a template

The
Construct

Learn and develop for robots




STEP 6: Continue With Next Unit

i The Construct a Q@ 0 Ricardo Tellez G

] Just Simulate

i C MW = IDE RViz >~ @ < O  ALLSIMULATIONS * ®
sphero_project2 v

Real Time: 00 00:02:36
Sim Time: 00 00:02:00
Real Time Factor: 0.77

* Repeat the whole cycle for the rest of units

The
Construct

Learn and develop for robots




SN= e DA PROJECT

- ‘ o

* [he project must contain an exercise that includes all
the units knowledge
* Include If possible connection with real robot

The
Construct

Learn and develop for robots




STEP 8: ADD AN EXAM

s EXAM IS SUPER IMPORTANT!!!
* Not only to evaluate, but also to make them learn

The
Construct

Learn and develop for robots
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STEP 9: Share With Students

PR Y (¢

a
o B
‘ £

* Generate the rosject link and share
with the students

The
Construct

Learn and develop for robots




EXAMPLES ALREADY DONE

Unit |: http://www.rosject.io/l/boclaf3/

Project: https://bit.ly/2KIRCNg

Exam: http://www.rosject.io/l/bsel4bs/

The
Construct

Learn and develop for robots

Current project: turtlebot3

ROS Development Studio

Real Time: 00 01:02:28
Sim Time: 00 01:02:15

(] Code Editor

/basics.py

W catkin_ws
> @ build import rospy
from nav_msgs.msg
> W devel from geometry_msgs
v W s
v W B_basics
v s
basics.py
s ) odomCallback (|
B CMakelLists.txt global n
@ package.xml
B CMakelLists.txt

B catkin_workspace

rospy.init_node("t

sub = rospy.Subscr

& catkin_ws pub = rospy.Publis|

& notebook_ws

@& simulation_ws

r= rospy.Rate (1)

speed = Twist()
speed.linear.x = ¢
speed.angular.z =

+ = 2B 4 v N B C Makdown Y &  CellToolbar

Inl]:

['header: ', ' seq: 128693', ' stamp: ', ' secs: 1287', ' nsecs: 48000000', ' fram
i : base_footprint', 'pose: ', ' '

odom', 'child_frame_ i pose: ', ' position: ',
-2.0002346413', ' y: -0.500000071736', ' z: -0.00100285482', ' orientatio
' x: 5.4647257249e-08', ' y: 1.1046484488e-05', ' z: -0.0002349342517

w: 0.999999972342', ' covarianc 0.0, 6.0, le-05,

05, 0.0, 0.0

0.0, 0.0
0, 0.0, 0.0, 1000000000000.0, 0.0, 0.0, 0.0, 0.0, 6.0

0.0, 1000000000000.
.0

, 0.0, 0.0,
.0, 0.0, 0.0, 1000000000000.0, 0.0, 0.0, 0.0, 0.0, 0.6, 0.0, 0.001]', 'tw
, ! linear: ', ' x: 1.07396034319e-07', * y: 5.18049961105e-
. ! angular: ', x: 0.0', ' y: 0.0", ' z: -4.006254878
nce: [0.0, 0.0, 0.0, 0.0, 0.0, 6.0, 0.0, 6.6, 0.0, 0.0, 0.0, 0.0, 0.0, O.
0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

« Practice sending different types of speeds (linear and angular) and observe the results
The structure of the Twist message:

[geometry msgs/Twist]:
geometry msgs/Vector3 linear
float64 x
float6a y
float64 z
geometry msgs/Vector3 angular
float64 x
float64 y
float64 z

End of exercise 1.1

Measuring robot movement

Next thing you need to know in robot navigation is how to perceive how much the robot has moved. There are many different
mechanisms for this. The most popular is the odometry

YYou also need to know how we represent the movement of the robot. For that we use frames. The frames are the axis of
reference from which we will measure the position of the robot. The frame for the odometry in ROS is called /odom

The position of the robot in a frame of reference is called the pose of the robot. The pose of the robot contains the
coordinates x,y,z in that frame, as well as the rotation R,P,Y.



http://www.rosject.io/l/b5c1af3/
https://bit.ly/2K1RCNq
http://www.rosject.io/l/b5e14b5/

SUMMARY OF THE WHOLE PROCESS

. Decide subject and programming

Current project: turtlebot3 T ROS Development Studio

nguage. Also, decide units of the course

Real Time: 00 01:02:28
Sim Time: 00 01:02:15

Help | Python 2 O

nsert Cell

[ ] [ ) | + % @A B 4 ¥ M B C Makdown v & CellToolbar
| - o
[ ['header: ', ' seq: 128693', ' stamp: ', ' secs: 1287', ' nsecs: 48000000, ' fram
| . -2.0002346413', ' y: -0.500000071736', ' z: -0.00100285482', ' orientatio
= - basics.py ' x: 5.4647257249e-08', ' y: 1.1046484488e-05', ' z: -0.0002349342517

w: 0.999999972342', ' covariance: [le-05, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, le-05,

| e .0, 0.0, 0.0, 0.0, 0.0, 1000000000000.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 1000000000000.
| - e e , 0.0, 6.0, 0.0, 6.0, 0.0, 1000900000000.6, 6.0, 6.0, 0.0, 6.0, 0.0, 6.0, 0.001]", 'tw
| > [ build o ot nsys - , ' twist: ', 0 linear: ', ' x: 1.07396034319¢-07', ' y: 5.18049961105e-
» M devel f S z: 000, D, Xx: 0.0', ' y: 0.0', 2: -4.006254878
ron geometry_msgs 39e-07', ' covar: 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.
.0, 0.0, 6.0, 6.0, 0.0, 6.0, 0.6, 6.0, 0.0, 6.0, 0.0, 0.0,

et a robot simulation for each unit N -

& oo « Practice sending different types of speeds (linear and angular) and observe the results
asics.py

] @eieris global The structure of the Twist message:
@ package.xml
B CMakelLists.txt 6 In [ ]: [geometry msgs/Twist]:

)

3. .

4. Create a Jupyter notebook for each unit | = |
5}

6.

geometry msgs/Vector3 angular
S float64 x
rospy.init_node("t floated y

float64 z

| sub = rospy.Subscr
End of exercise 1.1

I/\ |/']f] O &Ees pub = rospy.Publis|
& notebook_ws
e a e S O e @ simulation_ws r= rospy.Rate (1) Measuring robot movement

Next thing you need to know in robot navigation is how to perceive how much the robot has moved. There are many different
mechanisms for this. The most popular is the odometry

speed = Twist()

speed.linear.x =

speed.angular.z = ‘You also need to know how we represent the movement of the robot. For that we use frames. The frames are the axis of

reference from which we will measure the position of the robot. The frame for the odometry in ROS is called /odom

The position of the robot in a frame of reference is called the pose of the robot. The pose of the robot contains the
coordinates x,y,z in that frame, as well as the rotation R,P,Y.

Repeat for each unit, project and exam

/. Share with students

The
Construct
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D AT TENTION!

* Provide some previous
training about:
*Linux

*Python

Free online courses:

Linux for robotics: htips://tinyurl.com/yxuosurh

Python for robotics: https://tinyurl.com/y2en3pl3

The
Construct

Learn and develop for robots



https://tinyurl.com/yxuo5urh
https://tinyurl.com/y2en8pl8
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D What our clients say

q]

"With The Construct our students can jump right into ROS without all the hardware
and software setup problems. And the best: they can do this from everywhere”

Steffen Pfiffner
Lecturer at University of Weingarten



