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Abstract

This 10 has the aim of applying the pedagogical model developed in 01, in pilot course that will be
held by the 2 EPAL in Greece. During the course the materials collected in the repository in 03 will be
used.

Teachers will also implement the teaching model developed in 04.

The assessment procedures will be also employed to evaluate the learning experiences of this pilot
course and fix the issues detected before the courses that will be deployed in Bulgaria and Lithuania.

Output Type: Course / curriculum - Pilot course / module

Activity Leading Organisation 2 EPAL TRIKALON

Participating Organisations UNIVERSITATEA ,DUNAREA DE JOS” DIN GALATI
CONSIGLIO NAZIONALE DELLE RICERCHE
FabLab Palermo APS
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Course curriculum

Part 1. Robotics

LEGO® MINDSTORMS® Education EV3
Building Instructions & Program Descriptions

Building Instructions for Core Set Models

Program Descriptions for Core Set Models

Building Instructions for Robot Educator

Building Instructions for Expansion Set Models
Program Descriptions for Expansion Set Models
Building Instructions for Design Engineering Projects
Building Instructions for Space Challenge Set Models
Building Instructions for Science Models

Program Descriptions for EVV3 Science Pack

https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions

Building Instructions for Core Set Models

Gyro Boy Puppy

Robot Arm

Program Descriptions for Core Set Models



https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-core
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#program-core
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#robot
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-expansion
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#program-expansion
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-DEP
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-space
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-science
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#science-program
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-core
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#program-core
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Gyro Boy Program Description Puppy Program Description
Robot Arm Program Description
Building Instructions for Robot Educator
Color Sensor Down Color Sensor Forward Cuboid

Medium Motor Driving Base

Touch Sensor Driving Base Ultrasonic Sensor Driving Base



https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#robot
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Building Instructions for Expansion Set Models

Remote Control

Stair Climber Tank Bot Znap

Program Descriptions for Expansion Set Models

Remote Control Program Description Spinner Factory Program Description

Stairclimber Program Description Tankbot Program Description Znap Program Description

Building Instructions for Design Engineering Projects



https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-expansion
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#program-expansion
https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-DEP
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Sorter Bot Speed bot Toddle Bot
Touch Sensor Tracks Turntable
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Turtle Ultrasonic Sensor

Building Instructions for Space Challenge Set Models
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https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-space
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Building Instructions for Science Models



https://education.lego.com/en-us/support/mindstorms-ev3/building-instructions#building-science
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Program Descriptions for EV3 Science Pack

Acceleration of Gravity
Electric Vehicles
Energy Transfer
Friction

Gears



https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-acceleration-of-gravity-enus-8bdfbf231d6a1ff239d346e2f5fc6284.pdf?la=en-us
https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-electric-vehicles-enus-7fdf2abd045e72811ab0fa775d71c167.pdf?la=en-us
https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-energy-transfer-enus-1d167cbcba8482667008d5cf54a00336.pdf?la=en-us
https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description--friction-enus-579af0c4d8bb5c2f6987a6f8b986441d.pdf?la=en-us
https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-gears-enus-c93d9b50491c689f29549146f2051b74.pdf?la=en-us
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Inclined Plane
Light Intensity
Solar Panel

Velocity
Wind Energy

MINDSTORMS EV3 software
LEGO MINDSTORMS Education EV3:

https://education.lego.com/en-us/downloads/mindstorms-ev3/software

Download your
MINDSTORMS software

Windows (7, 81,10) ~ Espafiol

DOWNLOAD

919 MB

If you have any LEGO MINDSTORMS Education EV3 product then you need to download this software.
Includes teacher resources, a documentation tool, data logging, building instructions and tutorials.
Click here to find out more about the different Windows 10 versions available.

> SOFTWARE-REQUIREMENTS



https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-inclined-plane-enus-e6e6eddba100604d456aa47697a1d08d.pdf?la=en-us
https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-light-intensity-enus-def1150d7c776c0890c6feabdf0e7de0.pdf?la=en-us
https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-solar-energy-enus-9e4d109a4fa4919498182e0ada942add.pdf?la=en-us
https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-velocity-enus-2b004803eaa366e7785b2f9ead1b1988.pdf?la=en-us
https://le-www-live-s.legocdn.com/sc/media/files/ev3-science-activity-pack-resources/ev3-program-description-wind-energy-enus-f843f35eb8f6d49c398e82caf62e4778.pdf?la=en-us
https://education.lego.com/en-us/downloads/mindstorms-ev3/software
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Explore eLearning

An online eLearning program providing 100+ self-paced video lessons. Taking you from complete
beginner to classroom-ready, each of the 15 courses lasts approximately 90 minutes (including build

time and activities).

LEGO' Education
Academy

Tnabling every
student to succeed
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Mindstorms EV3 Desktop Course

https://elearning.legoeducation.com/ev3

EV3 Desktop



https://elearning.legoeducation.com/ev3
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Master Trainer Rob Widger guides you through fifteen exclusive courses from the LEGO Education
Academy. Follow along with hands-on activities, downloads and ready made EV3 programs.

EV3 Desktop

Master Trainer Rob Widger guides you through fifteen exclusive courses
from the LEGO Education Academy. Follow along with hands-on
activities, downloads and ready made EV3 programs.

https://elearning.leqoeducation.com/ev3-desktop

Getting Started

Getting Started v

ntent Editor

Programming & Data Logging



https://elearning.legoeducation.com/ev3-desktop
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Sensor Palettes 1

Sensor Palettes 2 Advanced Palette

In the Classroom

In the Classroom v
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School

o

| R, | s
Computer Science

Help
EV3 FAQ

I. Getting Started - Out of the Box

https://elearning.legoeducation.com/courses/out-of-the-box

Home = EV3 Desktop = Out of the Box

P Cables Out of the Box

P Sorting the bricks
) Start course %
P Core pieces

P The Build Guide Book

P Built-in Apps
P Conclusions & Next Steps
P The Programmable EV3 Brick

Cables
Sorting the bricks

Core pieces
The Build Guide Book

el el



https://elearning.legoeducation.com/ev3-tablet-cat/lego-ev3-faq
https://elearning.legoeducation.com/ev3-tablet-cat/lego-ev3-faq
https://elearning.legoeducation.com/courses/out-of-the-box
https://elearning.legoeducation.com/lessons/cables
https://elearning.legoeducation.com/lessons/sorting-the-bricks
https://elearning.legoeducation.com/lessons/core-pieces
https://elearning.legoeducation.com/lessons/the-build-guide-book
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Built-in Apps
Conclusions & Next Steps
The Programmable EV3 Brick

&

1. CABLES
https://elearning.legoeducation.com/lessons/cables

P cables Cables

» Sorting the bricks

» Core pieces

» The Build Guide Book

P Built-in Apps

» Conclusions & Next Steps

» The Programmable EV3 Brick

Course Pro

Lesson Index

Rob introduces the connector and USB cables and explains what role they play in your
constructions

n Complete tasks | 2

¥ cables Cables

} Sorting the bricks

N ) - Watch video [ 2
Core pieces

P The Buid Guide Book n Complete tasks v

» Built-in Apps

» Conclusions & Next Steps ¢ Find the connector cables for motors and sensors

¢ Find the USB cable for connecting the EV3 Brick to your computer
P The Programmable EV3 Brick

2. SORTING THE BRICKS

https://elearning.legoeducation.com/lessons/sorting-the-bricks
P Cables Sorting the bricks

» Sorting the bricks 5 )
) Watch video v
» Core pieces

» The Build Guide Book

7] education )

» Built-in Apps
» Conclusions & Next Steps Use sorting tray o organize the
pieces

» The Programmable EV3 Brick

Course Progress

Lesson Index

The first job of any new LEGO Education newbie is to sort the bags of LEGO bricks out into the
sorting trays. Rob shows you how it's done.

n Complete tasks [ 2



https://elearning.legoeducation.com/lessons/built-in-apps
https://elearning.legoeducation.com/lessons/conclusions-next-steps
https://elearning.legoeducation.com/lessons/the-programmable-ev3-brick
https://elearning.legoeducation.com/lessons/cables
https://elearning.legoeducation.com/lessons/sorting-the-bricks
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¥ Cables Sorting the bricks

¥ Sorting the bricks .

, ) Watch video >
Core pieces

» The Build Guide Book - Complete tasks v

* Built-in Apps

» Conclusions & Next Steps « Sort out the EV3 box and put the pieces in the correct places

* The Programmable EV3 Brick

Downloads

Course Prog 3}, Red Sorting Tray.pdf

Red Sorting Tray.pdf
https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-1-red-
sorting-tray.pdf

CORE PIECES
https://elearning.legoeducation.com/lessons/core-pieces

» Cables Core pieces

» Sorting the bricks
Watch video v
» Core pieces

» The Build Guide Book

» Builtin Apps
» Conclusions & Next Steps

» The Programmable EV3 Brick

Lesson Index

Rob takes a closer look at some of the core elements in the EV3 Core Set to give you a better
understanding of the various components.

n Complete tasks | 2
P Cables Core pieces
P Sorting the bricks
» ) n Watch video >
Core pieces
} The Build Guide Book n Complete tasks v

P Built-in Apps
Find the ball wheel and holder and put them together
« Find the flat ended axle
* Find the structural pieces
« Find the decorative pieces

P Conclusions & Next Steps

P The Programmable EV3 Brick

THE BUILD GUIDE BOOK
https://elearning.legoeducation.com/lessons/the-build-quide-book



https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-1-red-sorting-tray.pdf
https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-1-red-sorting-tray.pdf
https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-1-red-sorting-tray.pdf
https://elearning.legoeducation.com/lessons/core-pieces
https://elearning.legoeducation.com/lessons/the-build-guide-book
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» Cables The Build Guide Book

4 Sorting the bricks
: tch video v
P Core pieces

» The Build Guide Book

7] education
P Built-in Apps

P Conclusions & Next Steps
The Build Guide will help you get

» The Programmable EV3 Brick

Lesson Index

Rob takes you through the Build Guide book. It's an invaluable resource when building your first EV3
construction

n Complete tasks >

P Cables The Build Guide Book

4 Sorting the bricks

> ) - Watch video >
Core pieces

¥ The Build Guide Book n Complete tasks v

P Builtin Apps

» Conclusions & Next Steps e |dentify and use the Build Guide book
« Construct the Robot Educator model

¥ The Programmable EV3 Brick

* Open EV3 software on computer

5. BUILT-IN APPS
https://elearning.legoeducation.com/lessons/built-in-apps

P cables Built-in Apps

- Watch video

» Sorting the bricks

» Core pieces

¥ The Build Guide Book

» Built-in Apps

P Conclusions & Next Steps

» The Programmable EV3 Brick

Lesson Index

Rob introduces you to the built-in apps on the EV3 Programmable Brick. We recommend taking the
On-Brick Apps course for a detailed guide.

n Complete tasks

P Cables Built-in Apps

P Sorting the bricks

> ) - Watch video | 2
Core pieces

P The Build Guide Book n Complete tasks v

¥ Built-in Apps

» Turn on the EV3 Brick
» Browse the menus to find the On-Brick apps

P Conclusions & Next Steps

» The Programmable EV3 Brick

6. CONCLUSIONS & NEXT STEPS



https://elearning.legoeducation.com/lessons/built-in-apps
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https://elearning.legoeducation.com/lessons/conclusions-next-steps

P Cables Conclusions & Next Steps
P Sorting the bricks 5

) Watch video v
P Core pieces
» The Build Guide Book P ucation
P Built-in Apps -

Remember to olways charge

P Conclusions & Next Steps mwmwmﬂi

» The Programmable EV3 Brick Keep 12 spare M batteries os o
bock-up

Course Progress

Lesson Index

What are some of the major questions or concerns when starting out with EV3? Rob concludes this
course by answering a number of FAQs and points you towards your next course.

n Complete tasks >

P Cables Conclusions & Next Steps

P Sorting the bricks

N n Watch video >
Core pieces

¥ The Build Guide Book n Complete tasks v

P Built-in Apps

» Conclusions & Next Steps After this lesson, try these courses:

P The Programmable EV3 Brick * On-Brick Apps
» Lobby Intro

Downloads

lL Classroom Management.pdf

Classroom Management.pdf

https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-1-
Classroom-Management.pdf

7. THE PROGRAMMABLE EV3 BRICK
https://elearning.legoeducation.com/lessons/the-programmable-ev3-brick
P Cables The Programmable EV3 Brick

» Sorting the bricks _ 5
N Watch video v
Core pieces
6o

» The Build Guide Book

P Built-in Apps
P Conclusions & Next Steps
» The Programmable EV3 Brick

Course Progress

Lesson Index

Rob opens a brand new EV3 Core Set and shows off the main pieces of kit like the powerful
Programmable Brick, the motors and the sensors. We're sure you'll be as excited as Rob to get
going!

n Complete tasks >



https://elearning.legoeducation.com/lessons/conclusions-next-steps
https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-1-Classroom-Management.pdf
https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-1-Classroom-Management.pdf
https://elearning.legoeducation.com/lessons/the-programmable-ev3-brick
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P Cables The Programmable EV3 Brick

P Sorting the bricks

N ) - Watch video >
Core pieces

P The Build Guide Book n Complete tasks v

P Built-in Apps
P Conclusions & Next Steps o Locate the EV3 Programmable Brick
» The Programmable EV3 Brick ©) Find and charge the battery

e Find the:

* 2 Large Motors

« 1 Medium Motor
* 2 Touch Sensors

+ 1 Ultrasonic Sensor
Lesson Index « 1 Gyro Sensor

* 1 Color Sensor

1. Locate the EV3 Programmable Brick
2. Find and charge the battery
3. Find the:
o 2 Large Motors
1 Medium Motor
2 Touch Sensors
1 Ultrasonic Sensor
1 Gyro Sensor
1 Color Sensor

o O O O
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I1. Getting Started - On-Brick Apps

https://elearning.legoeducation.com/courses/on-brick-apps

Home = EV3 Desktop > On-Brick Apps

» EV3 Brick and Menu intro On-Brick Apps

P On-Brick Port View ) sducation

» On-Brick Programming 7000

P Create an On-Brick program Learning Objectives

» How to program Recognize the power of On-Brick

P On-Brick Data-Logging Apps

» On-Brick Motor Control Toks reodings from sensors

» On-Brick IR Control Progrom model

» Final Thoughts Use modelto do dotalogging

R bemoar e
o B4

EV3 Brick and Menu intro
On-Brick Port View
On-Brick Programming
Create an On-Brick program
How to program

On-Brick Data-Logging
On-Brick Motor Control
On-Brick IR Control

Final Thoughts

In this skills session, will guide you through the on-brick applications found on the programmable
EV3 Brick. The beauty of these apps is you don’t need a computer to program your robot!

Starts by taking you through the menus and how to navigate them. Discover how to use the Port
View so you can get instant readings from the connected sensors.

Find out how to program directly on the brick and then create your first on-brick program with a
hands-on activity.

See how data logging makes it possible to capture live data or store them for later analysis and try it
out on your own with the color sensor. Add motors and find out how to control them using the
buttons on the EV3 Brick. Then, learn how use infrared control so you can control the EV3 robot
remotely.

Finish off the course by hearing about questions that have come up during classroom-based
workshops and learn about some of the considerations when working with the on-brick apps.



https://elearning.legoeducation.com/courses/on-brick-apps
https://elearning.legoeducation.com/lessons/introducing-the-ev3-brick-menus
https://elearning.legoeducation.com/lessons/on-brick-port-view
https://elearning.legoeducation.com/lessons/on-brick-programming
https://elearning.legoeducation.com/lessons/create-an-on-brick-program
https://elearning.legoeducation.com/lessons/how-to-program
https://elearning.legoeducation.com/lessons/on-brick-datalogging
https://elearning.legoeducation.com/lessons/on-brick-motor-control
https://elearning.legoeducation.com/lessons/on-brick-ir-control
https://elearning.legoeducation.com/lessons/final-thoughts
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https://elearning.legoeducation.com/lessons/introducing-the-ev3-brick-menus
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Home > Hardware > On-Brick Apps > EV3 Brick and Menu intro

» EV3 Brick and Menu intro EV3 Brick and Menu intro

- Watch video v

\

P Howto program ‘

» On-Brick Port View

» On-Brick Programming

P Create an On-Brick program

» On-Brick Data-Logging
P On-Brick Motor Control
» On-Brick IR Control

» Final Thoughts

Course Pro

Lesson Index

Rob starts the EV3 Brick and goes through the menus. He shows you how to navigate them and
what can be found in each.

n Complete tasks |

Home = Hardware > On-Brick Apps = EV3 Brick and Menu intro

P EV3 Brick and Menu intro EV3 Brick and Menu intro

» On-Brick Port View

, - Watch video [ 3
4 On-Brick Programming
P Create an On-Brick program n Complete tasks v

P Howto program

P On-Brick Data-Logging » Explore the EV3 on-brick menu
» Find out what's in the different menus

» On-Brick Motor Control

o Explore the EV3 on-brick menu
o Find out what’s in the different menus

2. ON-BRICK PORT VIEW
https://elearning.legoeducation.com/lessons/on-brick-port-view
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Home = Hardware = On-Brick Apps > On-Brick Port View
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» EV3 Brick and Menu intro On-Brick Port View

» On-Brick Port View .
: Watch video v
» On-Brick Programming

» Create an On-Brick program

7] education
» How to program

» On-Brick Data-Logging

» On-Brick Motor Control Inputs go into Ports 1,2, 3, or 4

Use arrow keys to navigate

Press Enter button to choose unit
of meosure

Letters ot top correspond
0 oubputs

Numbers at bottom correspond
toinputs

» On-Brick IR Control

» Final Thoughts

Lesson Index

Port View is a great way of getting instant readings from the connected sensors. Rob connects a
number of sensors to show how you can use this view.

n Complete tasks | 4

Port View is a great way of getting instant readings from the connected sensors. You connects a
number of sensors to show how you can use this view.

Home = Hardware > On-Brick Apps = On-Brick Port View

» EV3 Brick and Menu intro On-Brick Port View
» On-Brick Port View
, Watch video >
» On-Brick Programming
P Create an On-Brick program n Complete tasks v

P How to program

» On-Brick Data-Logging s Explore the Port View app with the various sensors in the EV3 box

» On-Brick Motor Control
» On-Brick IR Control
» Final Thoughts

Explore the Port View app with the various sensors in the EV3 box

3. ON-BRICK PROGRAMMING
https://elearning.leqoeducation.com/lessons/on-brick-programming

Home > Hardware > On-Brick Apps > On-Brick Programming

» EV3 Brick and Menu intro On-Brick Programming

P On-Brick Port View
. . Watch video v
» On-Brick Programming

» Create an On-Brick program

m education
» How to program
Start ing without
» On-Brick Data-Logging I & A m;gmmnlnuvn it
» On-Brick Motor Control You con upload on-brick progroms
» On-Brick IR Control U0 your computar
Worning:ou con edt 0 progrom cthe
» Final Thoughts brick once % has been eted on camputer
Add a program block by pressing
Course Progress Up orrow button
Edit 0 block by pressing Enter
button
Lesson Index
| 2 &

You can program the EV3 using the on-brick applications. Now, you can program the brick directly
without the need for a computer. This is especially useful when out in the field.

n Complete tasks >

You can program the EV3 using the on-brick applications. Now, you can program the brick directly
without the need for a computer. This is especially useful when out in the field.
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Home = Hardware = On-Brick Apps > On-Brick Programming

PALERMO
» EV3 Brick and Menu intro On-Brick Programming
P On-Brick Port View :
) . Watch video >
» On-Brick Programming
P Create an On-Brick program n Complete tasks A 4

P How to program

» On-Brick Data Logging  Learn the various different on-brick programming blocks

» Change the eyes on the on-brick screen
» On Brick Motor Control

» On-Brick IR Control
Downloads

P Final Thoughts ¥, Brick Program App.pdf

o Learn the various different on-brick programming blocks
o Change the eyes on the on-brick screen

Brick Program App.pdf

https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-2-Brick-
Program-App.pdf
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Block Name Palette Ilcon Programming Block

Loop

N/A

Action Move
Steering

Action Large
Motor

I
I'b'l‘j'l'a'l'#l'
o A

Action Medium
Motor
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Action Sound

Action Image
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Action Button
Light

Wait Touch
Sensor

Wait Color Sensor

A
l’ e e e I’
Tl L

X
Reflected Mode Q6
Tl
Wait Color Sensor zt
Color Mode m
LR,

Wait IR Sensor
Remote Mode

L'l'l'.l'j'l’l'l'jl'
[ aw s s
gy e

.....................

o
|
“"_ﬂw

Wait IR Sensor
Proximity Mode

Wait Temperature
Sensor
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AT
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4. CREATE AN ON-BRICK PROGRAM

Wait Ultrasonic
Sensor

T EI L
o " 4
s

<
60

Wait Gyro Sensor

Wait Medium
Motor

T
ol B
[ A

.....................

Wait Button Input

Wait Time

CETIT ey
AR Ry
[T NEC L

https://elearning.legoeducation.com/lessons/create-an-on-brick-program

In this lesson you learn how to create your first on-brick program.
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Home > Hardware > On-Brick Apps > Create an On-Brick program

» EV3 Brick and Menu intro Create an On-Brick program
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» On-Brick Port View
> ) ) - Watch video v
On-Brick Programming

P Create an On-Brick program
> How to program

» On-Brick Data-Logging

» On-Brick Motor Control

» On-Brick IR Control

» Final Thoughts

Course Progress

Lesson Index

In this lesson you learn how to create your first on-brick program.

n Complete tasks >

Home > Hardware > On-Brick Apps = Create an On-Brick program

» EV3 Brick and Menu intro Create an On-Brick program
¥ On-Brick Port View
) 1 Watch video [ 2
» On-Brick Programming
P Create an On-Brick program - Complete tasks v

P How to program

» On-Brick Data-Logging « Create your own program to run a bumper car

» On-Brick Motor Control
¥ On-Brick IR Control
} Final Thoughts

Create your own program to run a bumper car

5. HOW TO PROGRAM
https://elearning.legoeducation.com/lessons/how-to-program

Home > Hardware > On-Brick Apps > How to program

» EV3 Brick and Menu intro How to program

» On-Brick Port View
- Watch video v

7] education
> Howto program P mmmmﬂw 1
» On-Brick Data-Logging press Touch Sensor

» On-Brick Motor Control

» On-Brick Programming

P Create an On-Brick program

» On-Brick IR Control

P Final Thoughts

Lesson Index

How did you get on? In this lesson, Rob shows you his solution to the bumper car challenge he set
in the previous lesson,

n Complete tasks >

How did you get on? In this lesson, Rob shows you his solution to the bumper car challenge he set in the
previous lesson
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Home = Hardware = On-Brick Apps = How to program

P EV3 Brick and Menu intro How to program

P On-Brick Port View
- Watch video 3
- Complete tasks v

> On-Brick Data-Logging « Unclip all inputs and outputs from the Robot Educator model

» On-Brick Programming
P Creale an On-Brick program

P Howto program

» On-Brick Motor Control
» On-Brick IR Control
P Final Thoughts

Unclip all inputs and outputs from the Robot Educator model

6. ON-BRICK DATA-LOGGING
https://elearning.legoeducation.com/lessons/on-brick-datalogging

Home > Hardware > On-Brick Apps > On-Brick Data-Logging

» EV3 Brick and Menu intro On-Brick Data-Logging

» On-Brick Port View :
» ) Watch video v
On-Brick Programming

P Create an On-Brick program

P How to program 'M'_ e (B I e TR
» On-Brick Data-Logging g e "
» On-Brick Motor Control [
» On-Brick IR Control [ e ] )
» Final Thoughts [ ] ‘ Fe®e
i S ——— =

Lesson Index

Data-logging is another powerful feature of the EV3. You can easily set up data-logging and either
collect live data or store it for later analysis. This lesson shows you how.

n Complete tasks | 2

Data-logging is another powerful feature of the EV3. You can easily set up data-logging and either collect
live data or store it for later analysis. This lesson shows you how.

Home = Hardware > On-Brick Apps > On-Brick Data-Logging

» EV3 Brick and Menu intro On-Brick Data-Logging

¥ On-Brick Port View

» . Watch video >
On-Brick Programming

} Create an On-Brick program n Complete tasks v

P Howto program

» On-Brick Data-Logging = Try connecting different sensors and collecting data

s Try uploading data to your computer
» On Brick Motor Control

¥ On Brick IR Control
Downloads

¥ Final Thoughts 3, Brick Datalog App.pdf

« Try connecting different sensors and collecting data
e Try uploading data to your computer

Brick Datalog App.pdf
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https://elearning. quoeducatlon com/wp- content/uploads/2013/11/ModuIe 2-Brick-Datalog-App.pdf

Setting Up a Brick Programming Experiment

Ten Steps to Setting up a Great Brick Programming Experiment.

Step

EV3 Screen

Notes

1

mindsT=rms

Hrarting. .

Press the Enter key to turn on the EV3
Brick. It takes about 20-25 seconds for the
EV3 Brick to turn on.

Then the Play menu appears. Users need
to scroll across to the App menu.

[ Fort Wiew
[F Motor Control
[# R Control
& Brick Proaram
3 Brick Datalog

Scroll past the File menu system,

When arriving at the App window, scroll
down to the Brick Datalog App and press
the Enter key.

Instantly the app launches a graph
displaying the sensor/sensors connected.
By clicking on either the left or right EV3
buttons, the Brick Datalog App will display
the sensors that have been connected to
the brick. You will notice on the
clockf/stopwatch that there is no time
displayed. This indicates that the app is in
Energy Meter mode and is not logging
data.
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6 Many sensors have more than one unit of
E¥3 =. | measure. By clicking on the Settings Tool
Ei ﬁEGDLDLIR %l (spanner), users can change the unit of
4 psRIsToCH measure. For example, as you can see
£y Rl here, the Color Sensor is set to record
D M-MOTOR-DEE | W | | color, but it can be changed to log

reflective and ambient light.

7 S dmex | BY clicking on the sample rate, users can

aun||_ o Settinas | change the number of samples taken per

Rate 41000= 5k
B second.
E¥3 [
8 T —— T Please note that once users try to log over
wof- ———————.i@7.8 | 1000 pfs, the data is recorded but cannot
1000rF £5 ¥:125 \
| REEL be displayed on-screen.
01~ | - ®22
al L —— | (ED=t—
pliiiid LHHAR
9 To start data logging, click on the sphere,
The sphere will start flashing as the

stopwatch/clock starts counting. On the
EV3 Brick itself the status lights will flash
green to indicate that it is collecting data.
When you are ready to save the data,
simply press the Enter key and you are
prompted to save the data

10 Data collected can then be uploaded into
the EV3 Software to analyze the results.
Load the EV3 Software. Start an
Experiment. Then click on the Upload

— button. The Data Log File Manager pop-up
appears. Open the "BrkDL__SAVE" file and
you will find the file name, for example,
Rob. Import and analyze!ll
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ON-BRICK MOTOR CONTROL

https://elearning.legoeducation.com/lessons/on-brick-motor-control

Home > Hardware > On-Brick Apps > On-Brick Motor Control

» EV3 Brick and Menu intro On-Brick Motor Control

- Watch video v

» On-Brick Port View

» On-Brick Programming

P Create an On-Brick program
> How to program

» On-Brick Data-Logging

» On-Brick Motor Control

» On-Brick IR Control

P Final Thoughts

Course Progress

Lesson Index

You can add motors to the EV3 Brick and control them with the EV3 buttons on the brick. Try it for
yourself after this short lesson.

n Complete tasks | 2

You can add motors to the EV3 Brick and control them with the EV3 buttons on the brick. Try it for
yourself after this short lesson.

Home = Hardware > On-Brick Apps = On-Brick Motor Control

» EV3 Brick and Menu intro On-Brick Motor Control
¥ On Brick Port View ]
) Watch video >
P On-Brick Programming
P Create an On-Brick program n Complete tasks v

P Howto program

» On-Brick Data-Logging » Set up your model to drive forward and backward and turn using the brick buttons

» On-Brick Motor Control
P On-Brick IR Control
P Final Thoughts

Set up your model to drive forward and backward and turn using the brick buttons

8. ON-BRICK IR CONTROL
https://elearning.legoeducation.com/lessons/on-brick-ir-control
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Home > Hardware > On-Brick Apps > On-Brick IR Control

P EV3 Brick and Menu intro On-Brick IR Control

RALA Funded by the
K Erasmus+ Programme
Xk of the European Union
» On-Brick Port View
> ) ) - Watch video W
On-Brick Programming

P Create an On-Brick program
> How to program

» On-Brick Data-Logging

P On-Brick Motor Control

» On-Brick IR Control

» Final Thoughts

Lesson Index

With the additional IR sensor and beacon, you can control the EV3 robot remotely. See Rob's
introduction and try it out yourself.

n Complete tasks | 2

With the additional IR sensor and beacon, you can control the EV3 robot remotely. See introduction
and try it out yourself.

Home = Hardware = On-Brick Apps = On-Brick IR Control

» EV3 Brick and Menu intro On-Brick IR Control
» On Brick Port View )
) ) Watch video | 2
» On-Brick Programming
¥ Create an On-Brick program - Complete tasks \ 4

P How to program

» On-Brick Data-Logging « If you have the IR Sensor and Beacon, try driving your model around a course that you set
up

» On-Brick Motor Control
P On-Brick IR Control
» Final Thoughts

If you have the IR Sensor and Beacon, try driving your model around a course that you set up

9. CONCLUSIONS

https://elearning.leqoeducation.com/lessons/final-thoughts
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Home > Hardware > On-Brick Apps > Final Thoughts

P EV3 Brick and Menu intro Final Thoughts

- Watch video v

» On-Brick Port View

» On-Brick Programming

P Create an On-Brick program
» Howto program

» On-Brick Data-Logging

» On-Brick Motor Control

» On-Brick IR Control

» Final Thoughts

Lesson Index

Rob ends this course by pointing out a couple of things to keep in mind when using the on-brick
apps. He then answers the most common questions that beginners may have.

n Complete tasks B

In the ends this course by pointing out a couple of things to keep in mind when using the on-brick
apps. He then answers the most common questions that beginners may have.

Home > Hardware = On-Brick Apps = Final Thoughts

P EV3 Brick and Menu infro Final Thoughts
» On-Brick Port View
) Watch video [ 2
» On-Brick Programming
P Create an On-Brick program n Complete tasks v

P How to program

Downloads

» On-Brick Data-Logging
.}, Units of measure for sensors and motors.pdf
» On-Brick Motor Control
» On-Brick IR Control
P Final Thoughts
Units of measure for sensors and motors.pdf
https://elearning.legoeducation.com/wp-content/uploads/2013/11/Module-2-Units-of-

Measure-for-Sensors-and-Motors.pdf

Units of Measure for Sensors and Motors

What are the units of measure for each sensor? Why do we use them?
This guide is used as a top-level overview. Much more detail can be found by
pressing F1in the software and launching the browser with the EV3 help files.
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Sensors and Example Units of
Blocks Measure
Brick Buttons Status Used as an input similar to the
Touch Sensor. Each button can be
used as part of a program allowing

|J|-?'ig- o ,1 o J an addm'ﬂr?aa’ five Touch Sensors to
- AL be used. It's great for EV3 screen
eX | (2 2 L\_ interaction.
Pressed

..... Pressed when the button is

""" pressed, which continually counts
Ds.a o = Released items.

| o0 | Bumped Released when the button is let go.

Bumped means the sensor is
pressed and released, recording
just one action, unlike when it's
continuously pressed. It's great for
an entry system, like a car park,
where a car entering needs to be
recorded.
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Color Sensor Color Color is used to recognize the
seven LEGD ecolors (black, blue,
i o green, yellow, red, white, brown, and
|J v. % na color).
ir"':‘ } [’; Y;L_b D] Reflected Light
= e Intensity Reflected light intensity is used to
obtain a value between 0-100
i 2 percent of an object. Red light is
| reflected back to the sensor
ID!Q/ va providing the readings. This is great
r Ambient Light for things like line-following robots.
|[M|$ | — Intensity

Ambient light intensity is used to
measure the natural light levels in a
location. For example, the program
recognizes a change from day to
night.

Gyro Sensor Angle Angle is used primarily for recording
the degree in which the robot has
turned. When the robot is driving
slowly, this is a great way to achieve
accurate turns.

Rate
When the sensor is turned in the
direction of the arrows, the sensaor
— ) can record the rate of rotation in
D.L ) hog degrees per second. This is great
for keeping a Segway® robot from

N ‘ falling over.
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Infrared Sensor Proximity In IR Sensor Proximity mode, the

Infrared Sensor sends out an

4 infrared signal, and it can detect the

reflection of this signal from an

object in front of the sensor. The

strength of the reflected signal can

be used to estimate the proximity of

a (distance to) the object. You could

B E], o By = use the IS Sensor Proximity mode,
i |+ L l—\ % \,—1 | for example, to detect when your
— . Beacon robot gets close to a wall.

Heading

“Ip< W g
@ x|

in Beaccn Mode, the infrared
Beacon Sensor can detect the approximate
Proximity position of the Remote Infrared
Beacon (IR Beacon) in front of the
sensor. The sensor can give you the
Beacon's Proximity (the relative
distance from the sensor) and its
Heading (the angle in the direction
the sensor is pa.l'nring}. You could
use the Beacon Mode, for example,
Remote to make your rabot seek out and
drive toward the IR Beacon.

In Compare Remote mode, the
Infrared Sensor can detect which
button on the Remote Infrared
Beacon (IR Beacon) is pressed. You
can also detect when certain
combinations of two buttons are
pressed at the same time. You can
use the Compare Remote mode, for
example, to make a remote control
for your robot.
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Motor Rotation Degrees Degrees are used for fine motor
control and measurement. 360
degrees makes up one rotation.

B8 " GATATIENSTS

Rotations Rotation is the standard unit of
measurement for most users when
programming their robot to move
around the classroom. Decimals
can also be used when using
rotations.

Current Power

Current Power can be used to
monitor the current power of the
maotor. Plus it can be used as a
trigger to stop the motor, for
example, when the motor power
drops below 50 percent.

Temperature Sensor Celsius Celsius is the measurement widely
used in Europe.

| & o5 Fahrenheit Fahrenheit is the m rement
_.‘.-",- .,,= ] 'ﬂ-l" ahrenhei =] re_ et Is the measureme
alk used in the USA.
.“F = 77
! L
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Timer Time Indicator | EV3 Bricks have eight internal

timers that can be used

i independently in a program. The
ST B W Og timer is measured in seconds.

.@li.d-lsl _L

¥ GALATIENSIS

Status
Pressed FPressed when the button is
pressed, which continually counts
itemns.

Released
Released when the button is let go.

Bumped

Bumped means the sensoris
pressed and released, recording
just one action, unlike when it's
continuously pressed. It's great for
an entry system, like a car park,
where a car entering needs to be
recorded,

Ultrasonic Sensor Distance Distance is when the Wtrasonic
Centimeters Sensor detects objects in front of
A - ) Distance Inches | the sensor. This is done by sending
=Im < g out waves and measuring how long
LF"TH—l ] the reflected waves take to return.
Depending on the selection,
Presenceflisten | centimeters or inches are recorded.

4

U. o QL In Ultrasonic Listen Mode the
Ultrasonic Sensor can be set to

| (T3] cm | detect other Ultrasonic Sensors

being used by other EV3 Bricks.
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Energy Meter In Voltage The Energy Meter Block can be set
In Current up to monitor the different energy
In Wattage units of measure both in and out of
Out Voltage the meter unit. Up to seven different
Out Current values can be recorded, as shown
Out Wattage opposite.
Joule
dB The sound level, scaled to a
clBa percentage.
) The sound level, adjusted to human
AS - ear sensitivity, and then scaled to a
| . “I 4 50
percentage.
Motor Outputs
Driving motors by seconds is the
: c easiest way for students to start a
i.!@ L @ = Seconds program, but it is the least accurate
D } REIRRAN method, because batteries are
' inconsistent. it is powerful if motors
might stall, because then they can
be reset.
l-&_l‘_@_ﬁ’_ﬂ ’r Fotations
D | 0| 50| 1 J—| L : :
= This is a simple way of moving the
robot. One rotation will make the
robot drive about I7.5 cm.
I-ﬁ t {3 0 " g Degrees
®|°> o | For precise driving or
measurements, degrees is by far
the most accurate way of
controlling a robot. One rotation =
360 degrees.
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Part 2. 3D Printing
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3D Printing at school
(grades 7_12) november 2019 version
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THINK T, MAKE IT

The following slides are a tool for a course that wants to provide
the basics to start with 3D printing at school, with the suggestion
to practice constantly and to contact a local Fablab for further
information and insights.

Summary

- some "additive manufacturing" technologies

- what can be done with 3D FDM printing (fused deosition modeling)
- how a 3D printer is made and how it works - materials

- from the 3D model to the printing: g-code and SLICING

- settings of a slicing software - Ultimaker CURA

- the 3d printer at work: suggestions for use and maintenance

- 3D files: format, finding a model, modification or creation

- create an object: suggestions for 3D modeling

- find an object: suggestions for online research

- educational models: some examples of printable 3D STEAM models

&g PALERMO 2




ADDITIVE MANUFACTURING

- G-Code Y .
CAD mmmm) Printing mmmm) 3D Printing
instructions
Computer The model is giﬁ
Aided translated into L.CD
Design: instructions FDM
The 3D digital model concerning movements SLS
is created by the and temperature
use of a 3D modeling Etc...

software

ADDITIVE MANUFACTURING
SLA - Stereolithography

Laser Stereolithography: a laser beam is guided to hit a resin
that becomes solid due to photopolymerization, creating the 3D
model, layer by layer.

Laser

Mirror

Lift

polymerized layer

H
H
|
£l {4 I [ 4
o SN N Photo-polymer
2 FAB poly
y#) LAB
PALERMO




Laser Stereolithography:

model, layer by layer.

Cost of a "desktop" SLA 3D printer:
A cleaning system with suitable detergents and an additional UV
lamp is required for complete polymerization.

A fume extraction system or a well-ventilated room is recommended.

- a2 FAB

ADDITIVE MANUFACTURING
SLA - Stereolitografia

a laser beam is guided to hit a resin
that becomes solid due to photopolymerization, creating the 3D

about € 3.000

ADDITIVE MANUFACTURING
DLP - digital light processing

a series of projected light images hits a resin that
becomes solid due to photopolymerization, creating the 3D

model, layer by layer.

- a2 FAB

VAT

STAGE
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ADDITIVE MANUFACTURING

LCD
ILCD: the 1light from a LED having a certain wavelength is
masked by an LCD panel; this panel creates the images to
hit a resin that become solid due to photopolymerization

- a2 FAB

ADDITIVE MANUFACTURING
LCD

ICD: the light from a LED having a certain wavelength is masked by
an LCD panel; this panel creates the images to hit a resin that

become solid due to photopolymerization

Cost of a "desktop" LCD 3D printer: about € 500
A cleaning system with suitable detergents and an additional UV
lamp is required for complete polymerization.

A fume extraction system or a well-ventilated room is recommended.

- a2 FAB




ADDITIVE MANUFACTURING

SLS - Selective Laser Sintering

A laser beam is guided to hit thin layers of polymer powder
creating, by local melting, layer by layer, the 3d model.

%% FAB

ADDITIVE MANUFACTURING

SLS - Selective Laser Sintering

A laser beam is guided to hit thin layers of polymer powder
creating, by local melting, layer by layer, the 3d model.

Cost of a "desktop" SLS 3D printer: > €10.000

%% FAB




ADDITIVE MANUFACTURING
FDM - Fused deposition modeling

A thermoplastic polymer is extruded melted by a nozzle which, by
moving, creates a layer of the 3D model

‘— Feeder hole

PTFE rod ————

Bolt —— M4 mounting hole
Non-slip ring —=

Nyt ————=

i Base mount
~——— Non-slide screw

Locked brass barrel

Integrated heatsink —»

Heater ing —— 100K NTC
(B=13950 @ 1%)
Nozzle (0.02 inch / 0.5mm@) —=

7
PALERMO

ADDITIVE MANUFACTURING
FDM - Fused deposition modeling

A thermoplastic polymer is extruded melted by a nozzle which, by
moving, creates a layer of the 3D model

Cost of a FDM 3D printer: starting from €250
No need for further processing.

A fume extraction system or a well-ventilated room is recommended.

12




ADDITIVE MANUFACTURING

FDM

Standard printing volume:

250x250x250mm

Printable smaller detail:

about 1lmm

Suitable for the school
environment

VS LCD

Standard printing volume:
100x100x150mm

Printable smaller detail:
about 0,05mm

Less suitable for the
school environment

13

Pros and cons of filament 3D printing

Low equipment costs
Low material costs
Easy to handle materials

Less precision than other AM
techniques

Limited material range
Limited size

14




What can be done with FDM 3D printing

Fashion and accessories

&? PALERMO 15

What can be done with FDM 3D printing

Event Gadgets

. 5 FAB ’ | "
Qo 128
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What can be done with FDM 3D printing

Commercial Gadgets

QY i
PALERMO 17

What can be done with FDM 3D printing

Prototypes for design and industry




What can be done with FDM 3D printing

Artistic objects and action figures

Y DALERMO

What can be done with FDM 3D printing

Reconstructions of broken parts

~ , FAB




What can be done with FDM 3D printing

Reconstructions of broken parts

Y DALERMO 21

What can be done with FDM 3D printing

Reconstruction of museum exhibits

LAB
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What can be done with FDM 3D printing

Reconstruction of museum exhibits

. a2 FAB

What can be done with FDM 3D printing

Architectural models




What can be done with FDM 3D printing

Mechanical upgrades for printers and more

"R
Qo8 °

PALERMO

What can be done with FDM 3D printing

Models for pre-surgical diagnosis and simulations
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What can be done with FDM 3D printing

Models for pre-surgical diagnosis and simulations

. a2 FAB

What can be done with FDM 3D printing

Master models




What can be done with FDM 3D printing

Orthopedic braces and prosthetics

E-nable: http://enablingthefuture.org/

- a2 FAB

What can be done with FDM 3D printing

Educational three-dimensional models
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What can be done with FDM 3D printing

Educational three-dimensional models

. a2 FAB

How an FDM 3D printer is made

The electronic board, reading X Y Z
the file "G-code", manages the

movement of the motors, the

resistances and the temperature

sensors. The motors are |

"stepper motors", which can

even rotate of a fractions of a
degree

G-code I

| . &
X > —
y#) LAB ' ]
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How an FDM 3D printer is made

A spring mechanism holds the filament tight between two
pulleys, one of which is knurled and connected to a stepper
motor, which pushes the filament towards the "hot end" of the
extruder, where the filament melts and comes out extruded from
the hole of the nozzle, usually with a diameter of 0.4mm.

FAB Estrusione
Qo 1B
PALERMO

How an FDM 3D printer is made

FAR Different layouts (Mechanical arrangements)
QY i
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How an FDM 3D printer is made

Cartesian-XZ-head, (“Prusa” style)

- The print bed moves along "Y"
- The printer frame is usually "open"
- Cheap layout

- Not recommended for materials such
ABS

s FAR

as

35

Come e fatta una stampante 3D FDM

Cartesian-XY-head

- The print bed moves along "Z"

- The printer frame is usually '"closed"
Less cheap layout

Recommended for materials such as ABS

s FAR
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Come e fatta una stampante 3D FDM

Delta

- The print bed does not move

- The printer frame is usually "closed"

- Less economical layout

- If well constructed, it allows fast and
precise printing

- Recommended for materials such as ABS

FAR More layouts:
\ 1.AB https://reprap.org/wiki/Category:Mechanical _
PALERMO arrangement 37
o .

Come e fatta una stampante 3D FDM

The "printing bed"

Regardless of the layout, even the most
economical printers are now equipped with
a heated printing bed.

This reduces the risk of thermal shock
and significantly increases the adhesion
of the print piece to the bed, which is
an aspect that often throws those who
print into crisis.

The printing beds can reach up to 80-90
S

The temperature varies with the material

FAR to be printed.
Qo L
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o




The most used materials for FDM 3D Printing

PLA (polylactic acid)

Printing temp.: 180°-210°

Bed temp.: 50°-60°

Costs: 20-30 €/kg

Origin: renewable resources
Shrinking: negligible

Easy to sand down: no
Mechanical strength: good

Ease of printing: easy (even on
a cold bed)

More materials:

PET e PET-G, PLA FLEX, PVA,
Laywood, CarbonFill,

PC, PMMA, HIPS etc.

All thermoplastic polymers!

- a2 FAB

ABS
Printing temp.: 220°-250°
Bed temp.: 70°-90°

Costs: 20-30 €/kg

Origin: petrochemical

Shrinking: NOT negligible

Easy to sand down: yes

Mechanical strength: good

Ease of printing: tricky - heated
bed

Nylon

Printing temp.: 220°-260°

Bed temp.: 70°-90°

Costs: 20-30 €/kg

Origins: petrochemical

Shrinking: NOT negligible

Easy to sand down: medium ease
Resistenza: very good

Ease of printing: tricky - heated
bed

39

3D files

Preferable formats: STL and OBJ
File type: closed mesh (Watertight)

Where to find online:

3Dcontent etc.
3D scanning/fotogrammety/MRI scan
Modification: Meshmixer, Blender etc
Blender,
etc..

Creation: Tinkercad,
Rhinoceros etc. etc.

- a2 FAB

Thingiverse,

Myminifactory,

Fusion 360, Solidworks,




3D files - common mistakes
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3D files - suggestions

0,5mm
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G-CODE and SLICING

G-code example The Slicing process

‘Generated with Cura_ SteamEngine 13.11.2
hA109 TO 5227.000000
T

;Sliced ?filename? at: Tue 26-11-2013 17:33:05
;Basic settings: Layer height: 0.2 Walls: 0.8 Fill: 20
Prmt time: #P_TIME#

Fllament used: #F AMNT#m #F _WGHTHg
‘Filament cost: #F TOST#
smetric values

G90 ;ahscllute positioning
M107  ;start with the fan off

G28 X0 Y0 ;move X/Y to min endstops

GZB Z0 ;move Z to min endstops

G1715.0 F?max _z_speed? ;move the platform down 15mm

G92 EO ;zerothe extruded length
G1F200 E3 sextrude 3mm of feed stock
G92 EO ;zercl the extruded length again
G1F9000

M117 Printing. ..
sLayer count: 179
SLAYER:O

M107

GOF3600 XB7.90Y78.23 Z0.30
STYPESKIRT

G1 F2400 E0.00000

G1F1200 XB8.75Y77.39 E0.02183
Gl X89.28Y77.04 E0.03342
G1X90.12 ¥76.69 E0.05004
G1X90.43¥76.63 E0.05591
G1X91.06 ¥76.37 E0.06834 H

FAB
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Main "slicing" softwares

Slic3r

G-code generator

800 Simpif30 st

el eaeaaa
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[Bec (@] | | o 2250 8| s ——— GO

Preiening i fram e 010 51355

FAB

PALERMO 44




Slicing with Ultimaker Cura(4.3.0)

Ultimaker Cura is one
of the most widely used
silicing software,
downloadable and
installable for free.

Warning!

Some 3D printers, such as
the Makerbot, have their
own proprietary Slicing
software.

The following concepts
apply to all Slicing
software, which will have
different menus and
interfaces

s FAR

U"’imaker Stampanti 3D Software Materiali Soluzioni Scopri Supporto i:

‘ Scarica gratuitamente ’

Ultimaker Cura /

Scelto da milioni di utenti, Ultimaker Cura ¢ il software di ‘ " " Ultima
stampa 3D piu popolare del mondo. Prepara le stampe in '

pochi clic, integralo con software CAD per un migliore flusso di
lavoro, oppure sfrutta le impostazioni personalizzate per un
controllo pitt completo.

Ultimaker Cura 4.3

(@ Cerca versioni precedenti

45

Slicing with Ultimaker Cura(4.3.0)

First of all, the
newly installed
software asks you to
add a printer, which
can be networked
(it will appear
among those
identified) or non-
networked (red
circled)

s FAR

Ultimaker Cura

Add Printer

Creality Ende| 3

Add a printer
Add a networked printer v
There is no printer found over your network.

Refresh Add printer by IP [ Troubleshooting

Add a non-networked printer <

Cancel Add

46




Slicing with Ultimaker Cura(4.3.0)

You can choose a 3D
printer from those
listed. In the
example, circled in
red, we chose a
Creality Ender-3.
(If your printer is
not on the list you
can also create a
new one; you will
need to know at
least the printer
size and diameter of
the nozzle and
filament used).

- a2 FAB

Creality Ende)

-

@
u

-
QD

Add a networked printer

Ultimaker Cura

Add Printer

Add a printer

Add a non-networked printer

* ueamyow

O Creality cr-10
(O Creality CR-10 Mini
() Creality CR-108
(O Ccreality CR-105 Pro
(O Ccreality cR-1054
(O Creality CR-1085
O Creality CR-20

O Creality CR-20 Pro
(O creality cR-x

(® Creality Ender-3
&3 Ceality Encleca

> Cubicon

Printer name  Creality Ender-3

Cancel

47

Slicing with Ultimaker Cura(4.3.0)

A window will appear
with the summary of
the characteristics
of the selected
machine, in two or
more sheets: printer
and extruder (1, 2
etec) .

Usually everything
can be left as we
find it.

- a2 FAB

Creality Ende|

Ultimaker Cura

Add Printer

Machine Settings

Extruder 1

Printer
Printer Settings Printhead Settings
X (Width) 220 mm  Xmin
Y (Depth) 220 mm  Ymin
Z(Height) 250 mm  Xmax
Build plate shape Rectan..~ | Ymax

Origin at center
Heated bed v

Heated build volume

Gantry Height

Number of Extruders

G-code flavor Marlin

Start G-code

M201 X500.00 Y500.00 Z2100.00 E!
M203 X500.00 Y500.00 210.00 E5(
M204 P500.00 R1000.00 T500.00 ;
M205 X8.00 YB.00 Z0.40 E5.00 ;Se

End G-code

-26
-32
32
34
25

1

G91 ;Relative positionning

G1 E-2 F2700 ;Retract a bit

G1 E-2 Z0.2 F2400 Retract and rai
G1 X5 Y5 F3000 ;Wipe out

mm

mm

mm

mm

mm

l Marketplace ‘ ‘ Signin ‘

48




Slicing with Ultimaker Cura(4.3.0)

If we want , we can . Ultimaker Cura

change the language ANTEPRIMA CONTROLLA

Of CURA Ii ® Preferenze it #
in the general imposizion Al

Stampanti

Materiali

preferences screen prot :
( then we nee d to Riavw:ars I'applicazione per rendere effettive le medifiche.
res tar t CURA ) Seziona automaticamente

Comportamento del riguadro di visualizzazione ~

¥ Visualizza sbalzo I
C f alla i dell
Inverti la direzione dello zoom della fotocamera.

Zoom verso la direzione del mouse
Assicurarsi che i modelli siano mantenuti separati
+ Rilascia automaticamente i medelli sul piano di stampa
+ Messaggio di avvertimento sul lettore codice G
Forzare la modalita di ibilita visuali: i strato (riavvio i mm
| Rendering fotocamera: -

Prospettiva x I =

e | Apertura e salvataggio file | v
/ Ridimensiona i modelli troppo grandi E
%’ — | Ridi iona i modelli ivamente piccoli
A~ Selezionare i modelli dopo il caricamento

| Aggiungi al nome del processo un prefisso macchina | o

td |  Visualizza una finestra di riepllogo quando si salva un progetto E
269%1 Camnnrtamantn nradafinitn all'anartiira di un fila nronatta: l

Valori predefiniti Chiudi
m =
= —
) #) LAB

PALERMO
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Slicing with Ultimaker Cura(4.3.0)

We can import a 3D °oe Urimater oira

file by clicking on PREVIEW MONITOR [Marketptace | [ signin |
the usual icon , . .
(circled in red in @ eality Ender-3 < U mmie = Dynamic Quality 0.2mm [d 20% &l Of = on &
the image)

It is advisable to |
use the STL format, |
now a standard for )
this type of e
application. e

(You can find the 3d e e =
model used in the T S
following slides T
here: — e e
https://www.thingive cempey e =
rse.com/thing:40212/ £t

files)

. a2 FAB

50




Slicing with Ultimaker Cura(4 3.0)

Using Cura, if we —
hold down the right
mouse button and

move the mouse /

ura
PREPARE PREVIEW MONITOR

Creality Ender-3 < O RN i lity 0.2 20% &L Off =+ O P
- reality Ender. vammSie = Dynamic Quality 0.2mm @ il +0n o

itself, we rotate of

the 3D world
(printing
volume) ... =

&? PALERMO 51

Slicing with Ultimaker Cura(4.3.0)

..1f we rotate the sce D G
_PREPARE PREVIEW MONITOR
mouse wheel, we
"zoom in" and out... iy R I i T DymamicQualiyozmm - El2ow Lo +on 4

&? PALERMO 5




Slicing with Ultimaker Cura(4.3.0)

Ultimaker Cura

..if we keep the LX)
wheel pressed and
move the mouse, we
will move the three-
dimensional world
without rotating it

PREPARE PREVIEW MONITOR

Creality Ender-3 < O RN i lity 0.2 20% &\ Off + On &
-4 reality Ender. vammSie = Dynamic Quality 0.2mm ] il + On

. a2 FAB

Slicing with Ultimaker Cura(4.3.0)

. ®0e Ultimaker Cura
Tl?illmported . mOdel PREVIEW MONITOR Marketplace \ Signin
wl appear 1in
yellow in the mi ddle 4 Creality Ender-3 < 1 6:4"."(“9; = Dynamic Quality 0.2mm 73 20% ki OFf =0On &

|

of the printing
volume. If we select
it, by clicking it,
the icons circled in
red in the image
will become active.

Lock Model

A Object list

& CE3_MAKE_Robot Arms_Down_Supportless_V4.1(1)

SwJud

. a2 FAB




Slicing with Ultimaker Cura(4.3.0)

The first icon at
the top will
activate the
function of moving
the model, in three
directions: X, Y and
Z.

By default, the
model is positioned
in the center; it
will be moved only
if needed (eg

simul taneous
printing of several
objects)

- a2 FAB

00 Ultimaker Cura

PREPARE PREVIEW

Marketplace ‘ Signin

F 20 &l Off = On

MONITOR

< & = Dynamic Quality 0.2mm rd

4 Creality Ender-3

0.4mm Noi

Lock Model

- Object list
f CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1)
26.9x16.1x28.9mm

“wTud
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Slicing with Ultimaker Cura(4.3.0)

The second icon
activates the model
scaling function. We
will see listed the
three dimensions in
mm and the
percentages (initial
value = 100%) .

We can scale
uniformly or non-
uniformly ("uniform
scaling”" with or
without flags),
entering numeric
values or pulling the
cubes with the cursor
on the model

- a2 FAB

Ultimaker Cura

MONITOR

‘ Marketplace Signin ‘

[ 20% &iOFf +o0n ¢

PREPARE PREVIEW

=4 Creality Ender-3 < 1

= Dynamic Quality 0.2mm

<
0.4mm Noi

mm | | 100

mm | | 100

mm | | 100

& ~ | Snap Scaling

Uniform Scaling

LA

# CE3_MAKE_Rohot_Arms_Down_Supportless_V4.1(1)

/. Object list

26.5x 16.1 x 28.9 mm

e Jvd
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Slicing with Ultimake

The scaling of an
object is a useful
function for
educational purposes,
because it allows to
deepen the topic of
the cube of a
dimension.

(For example: how
much does the volume
of an object increase
if you double its
dimensions uniformly
in X, Y and 2Z?)

FAB
LAB

PALERMO

r Cura(4.3.0)

Ultimaker Cura

PREVIEW

MONITOR

PREPARE

=4 Creality Ender-3 < 1

mm | | 100
mm | | 100
mm | | 100

& ~ | Snap Scaling

Uniform Scaling

. Object list

# CE3_MAKE_Rohot_Arms_Down_Supportless_V4.1(1)

26.5x 16.1 x 28.9 mm

e Jvd

<
0.4mm Noi

= Dynamic Quality 0.2mm

‘ Marketplace Signin ‘

[ 20% &iOFf +o0n ¢
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Slicing with Ultimaker Cura(4.3.0)

The third icon
activates the
rotation function of
the model. 3 colored
circles appear which
are used to rotate
the model with
respect to the three
main axes.

The rotation of the
model can be
fundamental for the
aesthetic and
functional outcome
and to optimize
printing times.

PALERMO

PREPARE

Creality Ender-3 <

4\ Object list

26.9x 16.1x 28.9 mm

s woduoo

4 CE3_ MAKE_Robot_Arms_Down_Supportless_va.1(1)

Ultimaker Cura |

PREVIEW

0.4mm Noi

= Dynamic Quality 0.2mm

MONITOR \ Marketplace \ | Signiin |




Slicing with Ultimaker Cura(4.3.0)

Ultimaker Cura

The fourth icon PREVIEW MONITOR \ Marketplace \ |51gnm \

activates the
i Creality Ender-3 < & E'Mm(mm = Dynamic Quality 0.2mm FH 20% g\ OF +o0On ¢
f

mirroring function of

the model, useful \
when the model has no ’
symmetry plans and = ‘
you want to obtain a g BE— S
mirrored model, for :

example a "left" if
you have a "right".

A Objectlist

& CE3_MAKE_Robot_Arms_Down_Supportiess_V4.1(1}
yintii “

sw 00

. a2 FAB

Slicing with Ultimaker Cura(4.3.0)

Ultimaker Cura

LK )
PREPARE PREVIEW MONITOR [ Marketplace | [ signin |

The fifth icon gives

access to the

functions whose use I 5 ComiiEpics ¢ | B G

is beyond the scope ,

of this course. i
|

= Dynamic Quality 0.2mm Bl 20% wioOff +0On ¢

A Object list

# | CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1)

s wowd

. a2 FAB




Slicing w1th Ultimaker Cura(4.3.0)

The sixth icon
activates the
function of creating
the "media block", ie
it allows you to
create virtual
volumes, within which
the creation of
"supports" will be
inhibited. We will
deepen later the
concept of supports
and its use. These
volumes can be moved,
scaled and rotated as
the model to be
printed.

&? PALERMO

Ultimaker Cura

PREPARE PREVIEW

MONITOR | Marketplace

Ii Creality Ender-3 < 1 - ¢ ™ Dynamic Quality 0.2mm FA20% &iOFf *+o0On #

0.4mm Noi

& |CE3_MAKE Robot_Arms_Down_Supportless_VA.1(1)

26.9x16.1x 28.9mm

e Tuo
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Slicing with Ultimaker Cura(4.3.0)

UOnce any action on
the model have been
chosen using the
icons described up to
this point (we can
return to using them
at any time), we
proceed with the
settings of the
printing parameters,
through the menu that
can be activated via
the bar circled in
red

&? PALERMO

o0 e Ultimaker Cura

PREPARE PREVIEW

Creality Ender-3

= Layer Height*)

B4 1nfill 3)

( &l Support
o~

= Adhesion

A Objectlist
& CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1)

269x16.1x28.9mm

e g oo

0.1z 0.16 0.2 0.28

ol
20 40 60 80 100

Gradual infill

Custom >




Slicing with Ultimaker Cura(4.3.0)

The menu that appears
by default is the
"Recommended" menu,
which is very
simplified, as it
contains only a few
basic parameters:
Layer height,
Infill (%)

Support

Adhesion

. 5 FAB
) #) LAB

PALERMO

A Object list

Creality Ender-3

& CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1)

269x16.1x28.9mm

-

a

.o

7

PREPARE

Ultimaker Cura

PREVIEW MONITOR ‘ W

Dynamic Quality 0.2mm £ 20% Kl OF = On
i

Print settings

Layer Height )

B4 1nfill 3%) -
0 20 40 60 80 100

Gradual infill

[

Support

=+ Adhesion v

Slicing with Ultimaker Cura(4.3.0)

To deepen the
printing settings it
is more useful to
switch to a more
detailed menu by
clicking on "Custom",
at the bottom of the
menu.

4 FAB
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Creality Ender-3

A Object list

PREPARE

¢ 1

& CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1)

269x16.1x28.9mm

-

a

-w

7

Ultimaker Cura ]
PREVIEW MONITOR ‘Markelplatel Signin
= < = Dynamic Quality 0.2mm 20% Off +0n ¢
04mmNoi ~ Y Ay g . *
|
Print settings x

012 016 02 0.28
B4 1nfill 3) -
= 0 2 40 0 80 100
Gradual infill
&l Support
= Adhesion v

= Layer Height*)




Slicing with Ultimaker Cura(4.3.0)

We will find a list XY ki

of topics, each of W LM ONOR DS |
which contains @ ¥ creaiyenders <
printing parameters.

We can return to the

simplified version at
any time by clicking

on “recommended”. S e S i i G

= Standard Quality 0.28mm 2 25% wloff =0n #

0.4mm Noz

Print settings

Profile Standard Quality

Quality
Shell
Infill
Material

E=n

3’ =1 Speed

o Travel

e
Cooling

# CE3_MAKE Robot_Arms_Down_Supportless_v4.1(1)

= support
= Bulld Plate Adhesion

Dual Extrusion

“~  Object list

| | st o | o R e A

B o e P % e B

Experimental
269x16.1 x28.9 mm

g/ e o

pmmended
=

w o

. 5 FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

00 Ultimaker Cura

Clicking on the
s bol glarked by the PREVIEW MONITOR ‘Markelpla(e‘ |Sigr|in|
arrow ln the flgure 7 ﬁ Creality Ender-3 < o = Standard Quality 0.28mm Pl 25% gl Off =o0On #

we expand the first
submenu, related to
the "quality" topic

0.4mm Noz

Print settings x

Profile Standard Quality * v

E3  nfil

Il material

3 Speed

¥ Travel

¥ Cooling

k' Support

S % Build Plate Adhesion
 Object st /k  Dual Extrusion
& CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1) a Experimental

26.9%16.1x 289 mm l
S < Recommended P
L o Jd

. a2 FAB
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Slicing with Ultimaker Cura(4.3.0)

The parameter that
appears is "layer
height". This is the
basic parameter for
the quality of 3D
printing and also
affects printing
times.

Since the print
always proceeds in
layers, this is the
value in mm of the
height of these. The
lower this value, the
more uniform and
close the print will
be compared to the
digital 3D model ...

FAB
LAB

PALERMO

PREPARE

Creality Ender-3 4 it

A Object list
# (CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1}
26.9x16.1x28.9 mm

J/6 g

=

L

0.4mm

Ultimaker Cura

PREVIEW MONITOR Marketplace | | Signin ‘
& = Standard Quality 0.2mm fH25% kiOf +on &
07
:
Print settings X
Profile Standard Quality * v

Layer Height

Infill
Material
Speed
Travel
Cooling
Support
Build Plate Adhesion
Dual Extrusion

=B K@

< Recommended

67

The height of the
layer is equivalent
to the size of the
pixel in the
resolution of a
photo.

Its value in mm is
related to the
diameter of the hole
of the printing
nozzle, that is the
thread of extruded
material. Usually
this diameter is
0.4mm, so we won't be
able to have layers
higher than this
value, because we
would create voids.

T

PALERMO

PREPARA

Slicing with Ultimaker Cura(4.3.0)

Ultimaker Cura

Creality Ender-3 <

#~— Elenco oggetti
# CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1)
26.9 %161 % 28.9mm

e |

-

ANTEPRIMA CONTROLLA Mer(ata‘ Accedi
w ¢ 2 i =L ita &
S ammie = Pynamic Quality 0 73 20% & Disinserita + Inserita
Impostazioni di stampa x
Profilo Dynamic Quality * v

Altezza dello strato

Riempimento
Materiale
Velocita
Spostamenti
Raffreddamento
Supporto

Adesione piano di stampa
Doppla estrusione
Sperimentale

PR ESG EE

< Consigliata I B




Slicing with Ultimaker Cura(4.3.0)

In these images,
several examples and
graphical
representations of
how the layer height
affects the outcome
of a 3D print.
Printing with a
standard 0.4mm
nozzle, the
recommended range of

Pl
values of this
parameter can be from
a minimum of 0.1lmm to
a maximum of 0.3mm.
FAB
LAB

N /
7
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- aypor Height
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Slicing with Ultimaker Cura(4.3.0)

The layer height also
influences the
printing times, since
as the height of the
layer decreases the
number of layers )
increases, each of e T snortLayer HeiBht
which requires a
printing time. Going
from a layer height
of 0.2mm to a layer
of 0.1mm, will
approximately double
the total printing
time

. a2 FAB




Slicing with Ultimaker Cura(4.3.0)

Before going on with LK Ultimaker Cura
the other settings, EEEIEW MONITOR warketplace | [ signin |
let's try maki elef Gl 4 Creality Ender-3 KA < = Standard Quality 0.2mm P 25% KL Off = on &

first "slicing", |
clicking on |
"sectioning", circled (
in red in the figure.

Z 4 / X
A Object list N

N
N
& CE3_MAKE Robot Arms Down_Supportless V4:1(1}
26.9x16.1 x 289 mm
“w oo
. 5 FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

%gr:xlri::ir,lngnwill be e oy e
able to see how the
print layers will |
look, exactly as they e G - A
will be created by s s e

the 3D printer.

View type Layer view <

(© 35 minutes (i ]

il 3g- 1.12m
269x16.1X783

e W ™™ s 8 Save to File )
-l e

& w o g B

. a2 FAB




Slicing with Ultimaker Cura(4.3.0)

Ultimaker Cura
For the best preview, . YORTTE [Verepice ] [Sanin]

we advise you to
click on "color
scheme" and choose
"line type". In this
way we will see the ==
various phases of the
extrusion that make

up the layers, ==
distinguished by

color: red will be

the external shell,

orange will be the

View type Layer view

tandard Quality 0.2mm [ 25% k! Off

Line Type
Extruder 1
Travels
Helpers
Shell
Infill

Top / Bottom

infill , etc. |~ onjeerst @© 35 minutes (i ]
& CE3_MAKE] Il 2g - 1.12m
| @B o _p _

- a2 FAB

Slicing with Ultimaker Cura(4.3.0)

o0 e Ultimaker Cura

PREPARA ANTEPRIMA CONTROLLA ‘ Mercato | | Accedi

Through the bar
circled in red, we
can navigate between Visualizza tipo  Visualizzazionest.. < | Schema colori# | ™= Standard Quality0.2mm [3] 2.. k! Disinserita =+ Disin... ¢
the various layers
and observe all the
internal and external
extrusions that will
be created, in order \ :
to visualize any e \
changes to the
printing parameters.

oS o
\ A Elenco ogge S ® 37 minuti o
& CE3_MAKE Ro o e > Il &g - 1.27m b
269%16.1 X 28.9 mm g T ——

=] i &)

it
ot




Slicing with Ultimaker Cura(4.3.0)

Going back to the X0 Uitimaker Cura

print parameters, PREVTEW MONITOR c==alen
|l

let's go to the 4 Creality Ender-3 < A - < = Standard Quality 0.2mm T (Ran Sen o

"Shell" menu. M ey

Expanding it, you Print settings %

will probably see
different parameters
than the ones shown
here, which we
suggest you use.
Then click on the
gear shaped icon —
highlighted by the

Profile Standard Quality

= Quality
Shell
Wall Line Count D 2

=

Top Layers

Bottom Layers
Infill
Material

d == ‘ ‘ 3 Speed <
re arrow. J=== — ' 52 ‘\E ;" Travel <
|~ —Objectlist I :Jr,\\;»f-””’f" 5 Cooling < i ]
& cea,MAKE‘rRobo[,Arms_Mﬁabpomessgm.wm : L\ Support <
2691617784 mm l
remE = s < Recommended
e 69
. 4 FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

Ultimaker Cura

The preferences e — erpace | [Sonin
- = General . TR
window will appear, setrga | SSKting Visibility
ﬁ p""(?_fs O Checkall - Custom selection - off #
where we can remove b =
or put the " flags " to | vQESh\:J:II Extruder ; X
show or hide the ©  Outer Wall Extruder E
* v
parameters we want to — B el
set. For the "Shell" ! -
menu, we recommend to 1 o . = <
| Top Surface Skin Extruder v
set the flag only on: ——= Top Surface Skin Layers
- Wall Line Count k ©  Top/Bottom Extruder
= | Top/Bottom Thickness E
Top layers Op Thickness F <
- Bottom layers J|Top Layers 1
| V' Bottom Layers :
| ,;\,—onject“ _ R ¢ i ]
| Bottom Pattern Initial Layer
;:9 CE:’E @ | Connect Top/Bottom Polygons - 3
26.9x16:11
s T 2 et Defaults Close I
L )
Bl i e e e = =
2 FAB
7 I A B
PALERMO 76




Slicing with Ultimaker Cura(4.3.0)

We will then find in = S
the menu " Shell " Only PREVIEW MONITOR ‘ Marketplace | | Signin ‘
the three Parameters b Creality Ender-3 < D = Standard Quality 0.2mm £ 25% &' OFf = Off #

. 0.4mm No:i
just selected. :

Print settings x

The first is:
- Wall line count

Profile Standard Quality
This value sets the
number of walls that
the printer will
make, at each layer,
to build the

= Quality

Wall Line Count

Top Layers

Bottom Layers

= <
perimeter walls of ‘ "C”')' e )
. . @ Speel
our three-dimensional q B .
model. —Objectlist 4% cooling < i ]
& (B MAK[IRobot Arms. ann*kupponless VM(‘\) ﬂ Support <
‘269x167"i?8§mm I
== < Recommended
S e T00
PALERMO 77
e -
|

Slicing with Ultimaker Cura(4.3.0)

To better understand — r—
the meaning of this < | cotr
parameter, try to set ==
it to the value 3 and
then click on
"slice", then on
"preview" and set the
sidebar to see an
intermediate layer of
our object.

Let's do the same
thing with the
parameter set to 1
and 8.

= Standard Quality 0.2mm B 25% &l of

MONITOR

ndard Quality 0.2mm B 25% &% off = off &

nm B 25% &l off + Off /ﬁ
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Slicing with Ultimaker Cura(4.3.0)

In the three previews p— p— z = E;
you will clearly see
what the 3 different
values mean:

B3 25% W&l off

# = Standard Quality 0.2mm

3 = 3 wall lines (we = \ e =
will see the external —/— ; st oz o diion ok
red and the other two — : —
green)

Slicing with Ultimaker Cura(4.3.0)

In the three previews :3
you will clearly see
what the 3 different
values mean:

1 =1 wall line (we
will see just the
external red)

LLLLL

JUla




Slicing with Ultimaker Cura(4.3.0)

In the three previews 3
you will clearly see
what the 3 different
values mean:

PREPARA CONTROLLA

< Schemacolori# = Standard Quality ... £3 20% &3 Disinseri

8 = 8 wall lines (we
will see the external
red and the other 7
green)

NTEPRIMA CONTROLLA

ccedl

. FAB |

Slicing with Ultimaker Cura(4.3.0)

The number of “wall :3
lines” is very .
important for the
strength of the object
that we will print and
also for the quality of
the external surface.
The most frequently
used values range from
a minimum of 2 to a . -
— -
maximum of 4, with a ; . " 18 =
recommended average /"—*-,_——;'b”,; ssssss
value of 3.

PREPARA CONTROLLA

NTEPRIMA CONTROLLA

. FAB |




Slicing with Ultimaker Cura(4.3.0)

The following
parameters to be set
in the "Shell" menu
are:

- Top layers

- Bottom layers

The assigned value
will determine the
number of "solid"
layers that will be
printed every time
there are areas in
the model with
horizontal shell.

- a2 FAB

4 Creality Ender-3 < !

et N N Print settings x

=y Object list

Ultimaker Cura
‘ Marketplace | | Signin

EH 25% &! Off =+ off #

PREPARE PREVIEW MONITOR

= Standard Quality 0.2mm

<
0.4mm Noi

Profile Standard Quality

Wall Line Count
Top Layers
Bottom Layers
Ini

Il material
3 Speed
2 Travel
%5 Cooling
L. Support

AA A A A A

[
# CE3_MAKE Robot Arisd
26.9% 161 ¥78.9 mm

S w\76 0

< Recommended I
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Slicing with Ultimaker Cura(4.3.0)

For these parameters,
the most frequently
used values are quite
similar to those used
for the number of
wall lines or
slightly higher.

The set of values in
the image next here
(3,4,4) is advisable.

. 3 FAB
) #) LAB

PALERMO

Ultimaker Cura

PREPARE PREVIEW MONITOR

‘ Marketplace | Signin

F3 5% &b OFf =+ Off #

= Standard Quality 0.2mm

0.4mm Noz

Print settings x

Profile Standard Quality

Wall Line Count
Top Layers
Bottom Layers
Ini
Il material
) Speed

= Travel

% Cooling
k. Support

ol el S

< Recommended I
.

W o)
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Slicing with Ultimake

The next menu is
"Infill" and allows
you to set the
percentage value of
material that will be
extruded to fill the
inner part of our 3D =
model, that is, —
everything that is {:/)
not "shell".

We can set the
percentage value and
the type of
configuration (Grid,
Cubes etc.)

\

PREPARE

< 1

Creality Ender-3
: @\
N

| \
\
\\ -
" .
)\ Object list
& CF3_MAKF_Robor ARiS orness VA 1(1) o

26.9x 16.1 289 mm

3%

s wotd /\\
FAB
LAB

PALERMO

0.4mm Noi

r Cura(4.3.

Ultimaker Cura

PREVIEW MONITOR

? Standard Quality 0.2mm
Print settings

Profile Standard Quality

) search settings

= Quality

EE 1nfil
Infill Density " |25

Infill Pattern

Speed

Travel

Cooling

Support

Build Plate Adhesion

A B 5% e @

< Recommended

0)

[ Marketpiace ‘ | Signin ‘

P 25% L% Off =+ Off

Slicing with Ultimaker Cura(4.3.0)

PREVIEW

]

PREPARE MONITOR

In the images next
here, the previews
where you can see,
orange, three
different "infill"
percentages:

20%

5%

60%
As this parameter
varies, the 3D
printed model will be
more strong but will
take longer to be
printed. The most
used values range
from 10% to 35%.

PALERMO

in

Standard Quality 0.2mm s klof +off #

d Quality 0.2mm

o®

B eo% &iof +off 2




Slicing with Ultimaker Cura(4.3.0)

The next menu is . e

"Material" and allows ekl & v [swoeoec] [sov]
you to set the mr ¥ crealityEnder3 ¢ B e ¢ = sandardQualityo2mm  [He0% Ll OF i Off ¢
extrusion temperature / : S >
and the heated bed = g =

values , which vary = 7_/,7:\'\:'”! \,\ y Profie e *
with the filament

material. These values \ a L -

A= |

are often shown on the
filament packaging.
For the PLA you can
use:

200-210 ° C (printing)

Infill <

Printing Temperature

Build Plate Temperature

Enable Retraction

—= Travel <
50 ° C (floor) 3% Cooling 7) i

k! Support <

< Recommended I

s FAR

Slicing with Ultimaker Cura(4.3.0)

"Enable retraction” XX e —
allows you to enable or e e L
disable a retraction @y ™ Ccreality Ender3 ¢l < Standard Quality 0.2mm Beo% & off + off #
movement of the 7 : Se— %
filament that prevents : e o

the creation of small S e =
threads when the nozzle = s

moves without =5 e :

Shell
Infill

extruding.

It is advisable to
disable retraction only
when printing flexible
materials

Printing Temperature

Build Plate Temperature

Enable Retraction

= Travel

% Cooling < i
k! Support <
< Recommended I

4 FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

The next menu is

"Speed" and allows you cura

to set the print speed.
As done for the "Shell"
menu, it is advisable
to click on the gear
icon (red arrow in the
figure) and flag the
items:

Print speed

Outer wall speed

Travel speed

FAB
LAB

PALERMO

\

Creality Ender-3 < - ¢ | = standard lity 0.2 60% off =+ Off ¢
|i reality Ender: LG = andard Qual ity mm @ {S +
Print settings X
N e X / Profile Standard Quality o
TG

Ultimaker Cura

‘ Marketplace | Signin ‘

PREVIEW MONITOR

PREPARE

Print Speed
Outer Wall Speed

Travel Speed

¥ Cooling
L. Support <

< Recommended
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Slicing with Ultimaker Cura(4.3.0)

There are several
parameters related to
print speed because the
Slicing software sets
different speeds for
walls, infills, travels
etc.

The speeds that will
not be explicitly set
by the user, will be
calculated by the
software based on
general rules to obtain
optimal prints without
wasting time.

\

FAB
LAB

PALERMO

o0 e® Ultimaker Cura

‘ Marketplace ] Signin

+ off #

PREVIEW MONITOR

PREPARE

= standard Quality 0.2mm EF 60% ®\ Off

0.4mm No:

Print settings X

e % S Profile Standard Quality *v

Speed

Print Speed

Outer wall Speed

Travel Speed

¥ Cooling
L. Support <

< Recommended I
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Slicing with Ultimaker Cura(4.3.0)

j @ [ ] Ultimaker Cura

Here we choose to

manual 1y S e t the three PREVIEW MONITOR ‘ Marketplace Signin
Speeds Ci rcled in red Ii Creality Ender-3 < il = Standard Quality 0.2mm FF 60% &' Off =+ Off ¢
also to highlight how e m
they are different from == % =

e ach o the r \ — X N | Profile Standard Quality v
The first of them, s \

"Print speed", is the Bl
reference value that
the software needs to
calculate all the
speeds in the various
phases, except for the
other two that we will
set manually.

Print Speed
Outer Wall Speed

Travel Speed

45 Cooling
L. Support <

< Recommended I

s FAR

Slicing with Ultimaker Cura(4.3.0)

j @ [ ] Ultimaker Cura

For most printers, a
general speed of PR MONITOR [ Marketpiace | [ ignin |

50mm/s , as shown in the @ ¥ Creality Ender3 ¢ e = Standard Quality 0.2mm [T 60% KL Off =+ Off #
image, is a good TS %
compromise between S z =5

quality and printing S R -
time. It should always g \V// ' e =
be kept in mind that as o el

Shell

the value increases, Infill

any defects in the

- - - - 7 d
printing will increase. e

Print Speed
Outer Wall Speed

Travel Speed

45 Cooling i B
L. Support <
< Recommended I
~ _, FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

e0e Ultimaker Cura

PREPARE PREVIEW MONITOR [ Marketplace | [ signin |

Since these defects are
evident if they are on
the outer surface of ¥ creality Enders < ey = Standard Quality 0.2mm
the print, usually the

[F 60% &l Off = off «

. Print settings X
"Print speed of the E 2 =
exte rnal wal l ] = 7,,,-\(’"" = X . Profile Standard Quality * v
parameter is to be set £ A\

as about half of the L =)
general printing speed:
in fact we see "outer
wall speeed" in the
figure = 25mm/s with a
general “Print speed”

Print Speed

Outer Wall Speed

Travel Speed

of 50mm/s A~ ofjectlist . g 4% Ccooling 1>
& oA 7 4 L. Support <
269 16) I
’ < Recommended
L |

- a2 FAB

Slicing with Ultimaker Cura(4.3.0)

o0 e Ultimaker Cura

PREPARE PREVIEW MONITOR [ Marketplace | [ signin |

Similarly, with regard
to the "travel speed",
it is possible to @y ® Ccreality Ender3 < e = Standard Quality 0.2mm
specify a speed equal

[¥ 60% &l Off < Off #

. Print settings x
to twice the general % e =
" . - " - e " Profile Standard Quality v
printing speed", with ey ) y
a recommended maximum & e =

of 150mm / s. B

Print Speed

Outer Wall Speed

Travel Speed

4 Cooling

L>
k. Support <
269%16. =
et < Recommended I
L )
. 5 FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

In the next menu,
"Travel”", we will find
the item "Z Hop when
retracted": activating
it we will ensure that
the printer moves up
the extruder nozzle
from the layer being
printed to avoid
leaving any scratches.
This however will
effect printing times.

FAB

Ultimaker Cura

MONITOR

PREPARE

0.4mm No:

PREVIEW

= Standard Quality 0.2mm

Print settings x

. Profile Standard Quality * v

Quality
Shell
Infill
Material

Travel
Z Hop When Retracted

Build Plate Adhesion

Build Plate Adhesion Type & ) Skint v

< Recommended

Marketplace | [ Signin

[ eo% &l off = off #

y#) LAB
PALERMO 95
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Slicing with Ultimaker Cura(4.3.0)

The next menu is
"Cooling" and gives the
possibility to activate
or not the fan that
cools the printed part
during printing and to
adjust the speed of the
fan itself. Active
cooling generates
prints with better
details. If we want
very strong prints and
don't care aesthetics,
we can deactivate
cooling.

s FAR

Ultimaker Cura

MONITOR

PREVIEW

PREPARE

= B
PR Standard Quality 0.2mm

Print settings

/ Profile Standard Quality *v

gs

Quality
Shell
Infill
Material

o=l |

Al A Lal ]

g G

= Build Plate Adhesion

< Recommended

‘ Marketplace | Signin ‘

F¥e0% ki OF == Off &
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Slicing with Ultimaker Cura(4.3.0)

LK ] Ultimaker Cura

PREPARE PREVIEW MONITOR

The software,
automatically,
activates the cooling
after the second layer,
in order to guarantee
that the first layer
has an optimal adhesion
to the printing bed.
With tricky materials,
such as ABS or Nylon,
it may be necessary to
deactivate the cooling
or reduce the fan
speed.

s FAR

‘ Marketplace ‘ | signin ‘

= Standard Quality 0.2mm FS 0% gl OFf = Off &

0.4mm Noi

Print settings X

ST N " Profile Standard Quality v

= Quality
T shell
7 mfill
| Material

A A LA o

Enable Print Cooling

“an Speed

= Build Plate Adhesion

< Recommended

- >~
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Slicing with Ultimaker Cura(4.3.0)

Ultimaker Cura

PREPARE PREVIEW MONITOR

The next menu,
"Support", allows you
to enable and manage
the parameters relating
to the generation of
printing supports:
these, when they are
generated, constitute
support structures for
all those parts of the
3D model that would
otherwise collapse, due
to gravity, on the
printing bed or on
other parts of the
model .

s FAR

‘ Marketplace | [ Signin

2 e0% &\ OFf =+ Off o

= z
= Standard lity 0.2
04mm Noi peard Queiind2mm

Print settings x

~_ Profile Standard Quality * v

g\ support
Generate Support
o Build Plate Adhesion

< Recommended
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Slicing with Ultimaker Cura(4.3.0)

oK ] imaker Cura
To better understand —
the importance B the PREPARE MONITOR [ Markerplace
supports , let's look at View type Layer view < | Colorscheme # = Standard Quality 0.2mm £ e0% Kl OFf = Off &

the areas circled and e =T
indicated by the arrows = =
in the figure: what
happens when the
printer extrudes the
material to generate
those areas? Without an
underlying support, the
molten material would
run down, at least o : - —>
until it remains fluid. ~ oMl X SN (© 45 minutes o

\
& Ce3) Robntj\rmsﬁDown’Suppnrﬂess"ﬁﬂ(1‘)«\ Il 5g-1.76m
269%16.1 b o z
\ Lo N Save to File
o0/ ANRT  » = \ -

- a2 FAB

Slicing with Ultimaker Cura(4.3.0)

®0e Ultimaker Cura

in ali aceas that ace ==
"overhang", whether View type Layer view < Colorscheme # | = Standard Quality 0.2mm B 60% &3 Off =+ Off «
they are disconnected
from the rest of the
model (previous image),

or partially connected
to it (areas marked by
the arrows in the image

7 @
opposite) .
A Objectlist ®45 minutes o |
— ¢ —CE3 MARE-RobOT ArmTs-DOWNS il 5g - 1.76m R
T
-

. 3 FAB
&? PALERMO 100




Slicing with Ultimaker Cura(4.3.0)

The areas (overhangs) — S | =
_PREPARE PREVIEW MONITOR Marketplace Signin

that can request e

supports are recogni zed 4 Creality Ender-3 < AL = Standard Quality 0.2mm F3 s0% K. Off = Off #

by the slicing software |

automatically. Cura, ' "N ) |

for example, highlights Lf-‘“--ﬂ

them in the model by
coloring them in red,
as can be seen in the
image next here

\

~ Object list | ® 45 minutes o
& (Ea_MAKE_Ronct_Arms_anv_suppcmess_vbm il sg-1.76m

_ ] Preview Save to File E

e 08T — =

— 209 %16t x289mm

4 FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

if we activate the — —— —
generation of the PREVIEW MONITOR [ Marketplace | [ signin |
support, in the menu ¥ CrealityEnder3 < |G
appear a series of

parameters. To view the

ones visible in the =
image next here, you )
may need to make them
explicit by always =
using the usual gear

shaped icon.

= Standard Quality 0.2mm fFe0% kion = Off #

0.4mm No:

Print settings X

Standard Quality * v

Il material £
" Speed
¥ Travel

Generate Support

Support Placement Everywhere

Support Overhang Angle &£ 45

Support Pattern

Zig Zag
A Object list
20

CE3 MAKE Robot_Arms D origss _V4.1(1) R :

3 P BUN ad
26.9% 16.1 x 289 mm " q I
£ L S oo < Recommended

SeTnd %

4 FAB
) #) LAB

PALERMO 102




Slicing with Ultimaker Cura(4.3.0)

The first item that
appears, after the
support flag is
"Support placement" and
gives us 2
possibilities:

Touching Buildplate

Or

Everywhere

If we choose the first
possibility, the
software will generate
the supports only where

they will start from
the printing bed...

PALERMO

Ultimaker Cura

Marketplace ‘

PREPARE

PREVIEW MONITOR

h Creality Ender-3 < D = Standard Quality 0.2mm FZ60% K'On =+ Off ¢
0.4mm Noi
Print settings x
Profile Standard Quality *
/ ) search settings =
77_,,_,“ [ ‘ Il material <
R 4 v (7 speed <
# - T Travel <
\ 45 Cooling <
3 = \ ‘ | L. Suppart v
\\7-/ \ Generate Support
e Support Placement Everywhere v
" _ Support Overhang Angle & | Touching Buildplate
i Support Pateen :
A Object list
Support Density & 2 v
| & cg;_}@xs,nubmﬁmsj @O portigst v4.1(1) = Build Plate Adhesion <
A 269x161x289mm G 25| I
S == = \ < Recommended
S ®d\n J N
== A Eeav

Signin ‘

Slicing with Ultimaker Cura(4.3.0)

while in the second
case the software will
generate the supports
in all the areas that
need them.
To understand the
difference, just look
at the two
possibilities in the
images next here:
The blue structures are
the supports that will
be created and must be
manually removed at the
end of the print.

\

FAB
LAB

PALERMO

Supports everywhere

Supports just
touching the
buildplate

104




Slicing with Ultimaker Cura(4.3.0)

The next menu is .00 Ultimaker Cura .
"Build plate adhesion”" PREVIEW MONITOR [Markesplace | [ signin |
and allows you to (ar Creality Ender-3 = < = standard Quality 0.2mm fAeo% kion = off #
choose between 4 amm Neg .
possibilities: Print settings x

= Skl rt Profile standard Quality * v

- Brim _

- Raft . =

- None JL  shell

74 nfil

Il material

These are 4 ways to ;

e Al S SRR

tackle the first layers | € speed
of printing that f = = Travel
influence the adhesion = $ o
to the bed. The "none" e s

Bl Piate Adhesion Type L" lskin v

entry expects to begin

the first layer of the =ieb /K Dual Extrusion s |
] & csg,)w E_Robot_Arm: - | " i

mOdel Ut thout 269%16.1x28.9 mm[ i, Experina RSt

precautions. S e

4 FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

®00e Ultimaker Cura

PREPARE PREVIEW MONITOR

If we select "Skirt",
the printer will
extrude one or more View type Layer view < | Colorscheme # = = Standard Quality 0.2mm £ 60% &' OFf =+ OF &
lines detached from the =% : :
model itself. These
lines, which will be
printed before the

Print settings x .

Profile Standard Quality * v

model, do not improve 8 shel <
. B3 Infin <
adhesion but allow a Wl Materil p
purge of material and @ speed <
o 0 = Travel <

an 1mm§d1aFe EHaT )
visualization of any £ support <

= Build Plate Adhesion

adhesion problems

Build Plate Adhesion Type @ »

A Objectlist o /K Dual Extrusion
& (CE3 MAKE Robot Arms_Down_Supportless_V4.1(1) A Experimental <

269x16.1x289mm

sSwTw o >

< Recommended

4 FAB
) #) LAB

PALERMO 106




Slicing with Ultimaker Cura(4.3.0)

If we select "Brim",
the printer will
extrude an expansion

Ultimaker Cura

PREPARE PREVIEW MONITOR ‘ Marketplace Signin |

< Colorscheme # | ™ Standard Quality 0.2mm FH60% wiof =on «

surface of the base, =%
_ i _ \ Print settings x O
obtaining an optimal =
- il randard Qualit * v
adhesion, very ==
recommended for models o g =
taller than wider. I shel
. . 2 1nfil
This surface will be N
manually removed after @ Speed
5 q = Travel
printing. % i
Kl Support
X == Build Plate Adhesion
Joe Build Plate Adhesion Type
A Object list JE  Dual Extrusion
# CE3_MAKE_Robot_Arms_Down_Supportless_V4.1(1) i Experimental
269x16.1x289mm ]
< Recommended
e T od »
. a FAB
7 I AB
PALERMO 107
L .5 K |
|

Slicing with Ultimaker Cura(4.3.0)

If we select "Raft",
the software will
create a platform of
material under the
model.

This base can be useful
when there are
particular problems of
adhesion, especially on
cold building plates.
It will cause a
considerable increase
in printing times.

s FAR

-

AN
26.9x16.1x289mm

o TN

Ultimaker Cura

PREPARE MONITOR ‘Maﬁetpls:e‘ S:gnm‘

< Color scheme ¢ = Standard Quality 0.2mm FHe0% KiOF +oOn ¢
Print settings X O

Profile Standard Quality * v

Shell

Infill

Material
Speed

Travel

Cooling
Support

Build Plate Adhesion
Build Plate Adhesion Type
Jk  Dual Extrusion
A Experimental

B =

A B %% g &

< Recommended

108




Slicing with Ultimaker Cura(4.3.0)

e0e Ultimaker Cura

PREPARE PREVIEW MONITOR Marketplace ‘ Signin

Any additional menus
such as "Dual
Extrusion" or
"Experimental" are
beyond the aim of this
course.

= standard Quality 0.2mm Fleow kiof +on &

0.4mm Noi
P
‘ Print settings x

Profile Standard Quality * v

Quality
Shell
Infill
Material

EE=n

Speed
Travel
Cooling
Support

e || B Fom s oA oo |

- B 55 e @

A Object list

Dual Extrusion

# CE3 MAKE Robot Arms Down-Supportless Va.1(1) Experimental

269x 16.1 x 289 mm

e T oo

< Recommended I

4 FAB
) #) LAB
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Slicing with Ultimaker Cura(4.3.0)

Once all the desired ece Uttimaker Cura

parameters have been PREVIEW MONITOR [Markerplace | [ signin |
A\Y . - - ”

Set and the SlllClng h Creality Ender-3 < Z S = standard Quality 0.2mm A eo% Kl OF =+ On &

has been performed, the i

file can be saved by / )

clicking on “save file”
in the lower right
window, where we can
also find an evaluation
of the expected print
time and the quantity
of material that will

be used. 22 =

Tl?'e fl le S aved thl S way A Object \lsl:“‘ — 1 (L) 52 minutes

will be a g- code ’ —¢ CEE:Mj\@'é:REDOLArm5_D;wn_§‘uppurl|ess_‘/&1(1) ! il 7 - 2.36m

readable by the F st _—
printer. ol e A
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Part 3. Augmented Reality using Mobile Devices




Augmented Reality

AR Technology In
Educational Contexts

HP Reval




HP Reveal

HP Reveal allows teachers
or students to create or
view augmented reality
(AR) experiences that blend
the physical and digital
using a mobile device's
camera

REVEAL

HP Reveal

1. Install and Create an HP Reveal account.

@
Change the way you see the world
reate an accoun! Awesome!
Use HP Reveal to bring everyday things to life!
Discover hidden experiences, create, an al

d share reate a secret password t
your own augmented reality. keep the bad guys away

sword

1§ 2 3§ 4f s 6 7 8 9 0

qwertyuiovp 1121314)51617]89]0

alsldl#lalnlilkli elelel-|(DI:]:]"

o N o ' e ~
Already have an account? Log In '/b 723 o I_‘w mi @ o fﬁ o _




HP Reveal

2. Check your e-mail
and Log in to your
account.

The elements displayed
are called Auras. An
auras IS just an
experience you create
within HP Reveal.

HP Reveal

3.  Start creating your Auras: upload you




HP Reveal

3.  Start creating your Auras: upload your
overlay

< Back

Edit

Camera = Gallery Photo | Video

HP Reveal

3.  Start creating your Auras: upload your
overlay

Scegli immagine

Name(optional)

@ € & _§ (@ )
AlslolFlelnla]k]L
Z XCVBNM®S

d a - e '
Ay 723




HP Reveal

3. Start creating your Auras: you can

preview the aura. And if you 're satisfied, you
save it.55 ‘

Position Overlay Next < Back Share

i

example fablab

HP Reveal

4. Launch the Aura

& @

Q Discover Auras




HP Reveal

If you want to create a Channel you need to do this
at the ‘share’ stage of the Aura creation process.

< Back Share Submit

Eae

'E example fablab

HP Reveal

You can directly share a link to your Private content

meaning it can be viewed by others but only if they
have the link.




Google Expedition

Google Expedition

Google Expeditions is an immersive learning
and teaching tool that lets you go on VR trips
or explore AR objects.

EDU in 90:

Augmented
Reality with
Expeditions

Google for Education

> https://edu.google.com/products/vr-ar/expeditions/?modal_active=none




Google Expedition

e Minimal setup for maximum engagement
Unique experiences within reach
Hundreds of adventures for the classroom

Inspiring students' creativity and imagination

> https://edu.google.com/products/vr-ar/expeditions/?modal_active=none

Google Expedition

What you need to Experience AR:

e Expeditions app
e Mobile device that supports ARCore (Android)

or ARKit (i0S)
e Optional: Selfie stick

> https://edu.google.com/products/vr-ar/expeditions/?modal_active=none




Google Expedition

> https://edu.google.com/products/vr-ar/expeditions/?modal_active=none

Google Expedition

Open up Expedition app, click on AR and type
the educaﬁtionzal tqp!c

= Cerca tour Q

AAPI Month Arte e cultura
VR AAPI Month Arte e cultura Pe
DNA and RNA
AR




Google Expedition

Open up the element, download it and start AR

visualization

all |WIND LTE

DNA and RNA
QJ AR - 7 scene

Scarica per visualizzare o guidare

Present in most cells in all living things, DNA
(deoxyribonucleic acid) is a molecule that carries all
the information needed to create an organism. This
information is a genetic inheritance—DNA is passed
from parents to children in cell structures called
chromosomes. RNA (ribonucleic acid) is DNA's
helper. It carries instructions from DNA for the
creation of proteins. Join this tour to learn more
about the way in which DNA and RNA interact to
build bodies.

ul | WIND LTE

DNA and RNA

;) AR - 7 scene

Visualizza in AR

Present in most cells in all living things, DNA
(deoxyribonucleic acid) is a molecule that carries all
the information needed to create an organism. This
information is a genetic inheritance—DNA is passed
from parents to children in cell structures called
chromosomes. RNA (ribonucleic acid) is DNA's
helper. It carries instructions from DNA for the
creation of proteins. Join this tour to learn more
about the way in which DNA and RNA interact to
build bodies.

Google Expedition

Scan the surface where you want visualize the
AR element

ol | WIND LTE

X

Sposta il telefono nello spazio in cui vuoi
inserire I'oggetto.

ol | WIND LTE




Google Expedition

Touch to position the object

ol |WIND LTE ¢ 3 al |WIND LTE

X X

DNA double helix

The DNA molecule within the chromosome is
in the form of a double helix. In the
chromosome, two long strands of DNA wind
around each other like a twisting ladder. The
strands are joined by bonds between pairs of
nucleotide bases. Each twisting DNA strand is
a long molecule composed of smaller units
called nucleotides along with phosphate and
deoxyribose sugar. There are four different
nucleotides: adenine (A), cytosine (C),
guanine (G), or thymine (T). The DNA strands
are connected by bonds that form between
the nucleotides that form each strand.
Adenine bonds with thymine, and cytosine
bonds with guanine in what are called base
pairs.

DNA double helix

The DNA molecule within the chromosome is
in the form of a double helix. In the

Google Expedition

Library

- FADM POLY & TOUR CREATON
China Economic
Silk Road

A Hamiton Weekond

~

Guide 8 group tour

A -

08 Vincls vt nsasnn Instrument

Largast Sitka Sgrice - Olmpic
Nosonal Park.

12kide 4% Worldwate Voyage

Pionwer Lifle on the Praie

L] Pt

Thare are 2 main climbing routes to Mount Everest
the MOst POpuR—————— 1 0 Nopal




GeoGebra
Augmented Reality

GeoGebra Augmented Reality

Place math objects on any
surface, walk around them,
and take screenshots from
different angles.
This app includes several
examples of 3D math
objects that you can place
on your table, floor or any
flat surface around you.

> https://www.geoqgebra.ora/m/RKYFdQlJy




GeoGebra Augmented Reality

1. Open up GeoGebra Augmented Reality app
on iPad or iPhone.

bz

GeaGebra

GeoGebra Augmented Reality

2. Go to Menu and select “Two Functions”
and type the functions

Bottiglia di Klein
Superficie rigata

Scala a chiocciola




GeoGebra Augmented Reality

3. Touch the screen to
position the object on the
chosen surface




Smartify

Smartify

Smartify uses image recognition to identify
scanned artworks and provide people with
additional information about them.

SMTAR':IFY I Ihe !l'
L Dream

of Saint f‘

1
!

{ PAOLOVERON..J ©

> https://smartify.org




Smartify

The app has simple, elegant and intuitive
graphics for the user. Smartify is not only a
"recognizer" of works of art, but also serves
as a database as it allows you to store, even
chronologically, the works of art visited by
creating real art collections.

Smartify

1. Open up Smartify app and scan the art

Explore

Around You

Nationalmuseum Sweden
STOCKHOLM

HIGHLIGHT OF THE DAY
Rivergod and Spring Nymph

Trending Artworks




Smartify

2. Uncover the story of art scanned

Oil on cz 2:1

VINCENT VAN GOGH

int Rémy, June

<

In creating this image of the night sky—
dominated by the bright moon at right and
Venus at center left—van Gogh heralded
modern painting’s new embrace of mood,
expression, symbol, and sentiment. Inspired
by the view from his window at the Saint-

The Museum of Modet..
NEW YORK

d more

Scan and identify
objects and artworks.

The Starry Night >

Oil on v 94 x 68.3 cm | 189 Listen

Artist
Vincent van Gogh

The Starry Night is an oil on canvas by the
Dutch post-impressionist painter Vincent
van Gogh. Painted in June 1889, it depicts
the view from the east-facing window of his
asylum room at Saint-Remy-de-Pro )
just bef sunrise, with the addition of an
idea village. It has been in the
permanent collection of the Museum of
Modern Art in New York City since 1941,

Unlock curated tours.

Highlights of the National
Portrait Gallery

£0.99

Discover the real lives and stories inside the
world's first por Exploring
Britain's historically important :

8F Introduction
Queen Elizabeth |

William Shakespeare

John Donne, Unknown En...




MoleculAR Experience

MoleculAR Experience

MoleculAR is a educational experience,
available for iOS.

It's possible to bring the infinitely small into the
real dimension, simply thanks to augmented
reality and without sophisticated laboratory
tools. This software was created by a team of
students from the Apple Developer Academy in

> https://apps.apple.com/it/app/molecular-experience/id1352307216




MoleculAR Experience

The use of MoleculAR Experience is very simple.
Simply frame a horizontal surface with your
IPhone or iPad camera and, when a yellow dial
appears on the screen, select one of the
chemicals to be displayed. You can observe
atoms and particles from any angle, moving
your device around the molecules, but also
zoom in and out with traditional on-screen
gestures that have become universal.

MoleculAR Experience
Open up MoleculAR app and select the AR element

20N R
~ Piano trovato, ora posizioniamo
. un elemento




MoleculAR Experience

Scan the surface and tap to visualize the element

Vai all’interno degli
elementi per vedere
le loro molecole

Vai all'interno delle
molecole per vedere
i loro atomi




Human Anatomy
4D-Mixed Reality

Human Anatomy 4D-Mixed Reality

Anatomy 4D is a
free app that uses
augmented reality
to let students
interact  with the
human body.

> https://apps.apple.com/us/app/human-anatomy-4d-mixed-reality/id1381050423




Human Anatomy 4D-Mixed Reality

lrusu Human Anatomy 4D brings Human
Anatomy right in front of eyes with the power
of iI0OS devices ARKIT, where kids, teachers,
medical professionals, students and anyone
who wants to learn interactively about human
anatomy and its body layers can use this free

to use application.

> https://apps.apple.com/us/app/human-anatomy-4d-mixed-reality/id1381050423

Human Anatomy 4D-Mixed Reality




CoSpaces Edu

CoSpaces Edu |co

CoSpaces Edu is an
intuitive educational
technology enabling

B students and teachers
WS to easily build their own

"o
G T

& e 3D creations, animate
- e A\ TBsracis )
them with code and
explore them in Virtual
or Augmented Reality.

> https://cospaces.io/edu/CoSpacesEdu-Marketing-Brochure.pdf
> https://www.youtube.com/channel/lUC6VsnmaKQ9MNRplJbFslhoGw
> https://cospaces.io/edu/CoSpaces-Edu-Pro-Guide.pdf




CoSpaces Edu

The goals of CoSpace are to make students future-
ready with 21st Century skills and the 4 C's

() critical Thinking : A Q%82 Collaboration

Observation skills, analysing and & - Working with others and developing
finding solutions to problems teamwork by creating together

-IQ? Creativity & A\ 1 Digital Literacy

Thinking outside the box and ’ : Coding and other digital skills
developing unique ideas - V essential to future careers

[ Communication

Cultural and social understanding,
empathy and communication skills

Q seorch

Gallery My Classes My Spaces

0 STEM & Coding

I spaces@n
Create an account as - .

. NKUS! 20019018
ll

() Social Sciances
student teacher

ichule - Warkshop CoSpaces
Workshog 360" Tour To. H

)
- 3 i .
P CoSpe: i Properties an H
StartApp Workshap s
o Jungle Ruins ance Day part. @ : m a @
#oow = o

Q Languages & Literature Viewall > H ‘an ;* [+ ]

Already have a CoSpaces Edu account?
Log in here




Curiscope

Curiscope

This AR app aims to provide
a detailed look into the
human body. Curiscope AR
system is distributed with a

special t-shirt that has anchor
points. They help the device

to scale the simulation
properly. it's possible to easily
view the circulatory system,
skeleton, muscles, and

internal organs.
> https://www.curiscope.com




Curiscope

In the below link there are some resources that have been
designed by teachers for teachers! They are compatible
with US common core, UK national curriculum and the
international curriculum. They cover elementary and
primary school years, but are super flexible so it's possible
to quickly adjust to fit your school.

> https://www.curiscope.com/pages/science-lesson-plans-human-body

Curiscope

‘ Dive into
Combine with Virtuali-tee 5 ‘ : 360 VR Experiences
to see inside the body! /

Explore the anatomy See the human body
in gross detail like never before!




AR Application Comparison

Device’s .
Operative [l _Ar;g'g'd
System

Allow to
overlay
image or
video on
marker

Educational

; Everythi
topic verything

Google
Expedition

Ge‘f;bra

« i0S

compatible

with ARKit 5

+ Android i

compatible
with
ARCore

i0s
+ Android

Allow to
identify
scanned
artwork

Place math
object on any
surface

AR markerless
experience

Everything

Human
Anatomy
4D

MoleculAR
Experience

i0S
compatible
with ARKit

Allow to
interact
with the
human
body

Place model

of atoms or

particles on
surface

Human

Chemistry Anatomy

CoSpace
Edu

= i0S
+ Android

Allow to
build AR
experience

Everything

Curiscope

- i0S
+ Android

AR marker
based
experience.
The marker
is a special t-
shirt

Human
Anatomy




ARLectio

An AR Educational Toolkit

As easy as Possible...

e The main aim of this tool is to provide an
easier way to produce and consume AR
educational resources.

Simple user interface.

Few functions to implement AR educational
contents on most media channels (images,
video, text and 3D model).




ARLectio architecture

« A web platform to manage a class and
produce AR educational resources
(used by teachers).

« A mobile app for iOS and Android to
consume the educational resources.

Web platform

e Address:

https://www.fablabschoolnet.eu/en/login.html

For each school we will setup the classes and
register relative teachers.

Each teacher will provide a list of students to be
involved in CSV format (a schema will be provided
shortly). Then, we will take care of their registration.




Web platform - Authoring

e Manage the AR educational resources (create, edit, delete and organize).

® The AR resource will have:
- Subject;
- Title;
- Description;
- Marker (photos, picture, QR code, ),
- Augmentation Type (Text, Image, Video, 30 Model);  add resource
- Augmentation; o
- Last Updated (Automatically added).

Mobile App

Soon the app will be available on the

market (Google Play store and Apple
store) for free.

Main users are Students.

The user needs an account to use it.




Mobile App

ARLectio

Make it easy Augmented Reality in educational

The students access the
educational AR resources created
by their teaches.

Resources are grouped by
subjects.

An interactive visual scanner is
available to consume the ) s e
educational contents associated to
markers.
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LESSON PLANS - ROBOTICS

Lesson 1: Creating light shows

Description:
The students create light shows changing the brightness and the color of the robot LED's.

Learning Objectives:

e tounderstand what a loop is
e to be more familiar with the hardware of mbot robotics
e to build and execute iteration structures using robotics

Expected results:

The students will be able to create programs using their computer, connect the robots and run the
code. They will recognize the LED's of the robot and create iteration structures changing the
brightness and the color of LED's.

Key issues:

programming, robotics, iteration structure

Technologies:

mBot Ranger Robotics

Software:

mBlock

Age of students:
16-18

Number of students

70 (6 classes)
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Didactic Hours:
2 per class
Assessment:

The students in each class were divided in 4 teams and used laptops in order to create the code.
The students acquired the necessary skills for their autonomous use of the software and the
robots. They expressed their satisfaction for the educational material and enjoyed the
procedure of creating a light show. Some technical problems were reported about the
connection between the laptop and the robot.

YouTube Link:
https://www.youtube.com/watch?v=5QK23iGbUxU
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Worksheet for the students
Introduction to the RGB LEDs of mBot Ranger

The 12 RGB LEDs in Me Auriga of mBot Rangers are mounted in a circle. Each RGB LED can be
programmed to control the brightness of three colors (red, green and blue) and combine these
three colors to produce different colors of light.

lI;IIOWk to control the RGB LED with e e — @ green @ e @
OCKS:

The "All" option determines the number of RGB LEDs . The default value of this tab is "all". The
"all" option means that we can control all 12 RGB LEDs in Me Auriga . When we select eg "2", it
means that we can only control the 2nd RGB LED in Me Auriga .

Option [0] controls the brightness of red, green and blue in the range 0 to 255. "0" means no
output and the LED is off. "255" is the maximum output and the indicator light is fully activated.

By setting values for these three colors you can create different light colors.

Try the command:
y set led on board ého'mlsn' green (i} blue

Task 1

If you want some commands to be executed continuously, then you place

them in a "forever" command, which you find in the "Control" command ;——J—J
group. _d

Because of the changes in the LEDs are done quickly, you can use the "wait"
command, which you find in the "Control" command group. _ _,1—1

Try the following program. What do you notice?

' set led on board red green blue (9

set led on board red (i} green @} blue G}

Task 2

If you want some commands not to be executed forever but for a certain number of iterations,
then use the "repeat” command

Try the following program. What do you notice?
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oTav natnBsi n

enavéiape ©
set led on board m red @ green &9 blue @
.nsp'q.ls:va deuT.
' set led on board red () areen () blue (N
TI‘IEpi.IEVE deuT.

Task 3

Change the previous program so that the red LEDs flash first 5 times, after the green LEDs 5
times and then the blue LEDs 5 times.

otav natnBsi n

set led on board = green (@} blue (9
nepieve @ 5cut.
}set led on board = @ green @ blue @
Tneph.lsve [0.1 K08

nepipeve (Y deut.

set led on board red (i} green (i} blue (Y
[

nepipeve (Y Seut.

Task 4

Can you work with the lamps individually? Change the "all" option and create a program
where the lights will light up in order, for example (first the 1st, then the 2nd, etc.). Make your
own light show !
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Lesson 2: Working with the Light Sensors of the robot

Description:

The students create code making the robots execute different commands depending on the
value of the light sensor.

Learning Objectives:

to understand what a light sensor is

to understand what a variable is

to be more familiar with the hardware of mbot robotics

to use variables to store the data of a light sensor and interact with the robot

to build and execute selection structures using robotics

Expected results:

The students will be able to create programs using their computer, connect the robots and run the
code. They will recognize the light sensors of the robot and create selection structures changing
the brightness and the color of LED's.

Key issues:

programming, robotics, selection structure

Technologies:

mBot Ranger Robotics

Software:

mBlock

Age of students:
16-18

Number of students

70 (6 classes)
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Didactic Hours:

2 per class

Assessment:

The students in each class were divided in 4 teams and used laptops in order to create the
code. The students acquired the necessary skills for their autonomous use of the software and
the robots. They expressed their satisfaction for the educational material. No technical
problems were observed.

YouTube Link:

https://www.youtube.com/watch?v=5QK23iGbUxU
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Worksheet for the students
The Light Sensor of the mBot Ranger

The Me Auriga of mBot Ranger has integrated two Light Sensors. To display the value of a Light
Sensor we will use the corresponding tile from the "Robot" group in the mBlock program .

Sensor values range from 0 to 970. The "on board 1" option n .
. . . " light sensor GuuRXl<ag 1‘)
corresponds to light sensor 1 of Me Auriga while the "on board

2" option corresponds to light sensor 2.

Task 1

Create a variable for the sensor value

We will create a variable in which we will store the value & P
of the sensor. Variables are used to store numbers or text

in memory. To create a variable, go to the " Data & Blocks Anpioupyia MeTaBAnTiic
" group and click the "Create Variable" button. In the box - m

that opens, enter the name of the variable. Name the

variable light1 for this activity and press ok. In the next [Z0o-ni jigher « o o)
image we now see the available commands for this

ai light1 * f
variable light1. az Tu xara €
npoBoAn Tng peTaBAnTAg
Task 2 anoékpuyn peTaBAnTriq

Saving the sensor value variable to the variable

Then create the following code:

otav natnBsai n

S
opioe To [FREWM o light sensor CIE IR
s

Connect the robot and press the green flag. You will notice that the light sensor values are
displayed in the variable light1. If you cover the light sensor 1 with your hands, you will notice
that the value of the light1 variable in the upper left corner of the scene is constantly changing.
The closer your hand is to the light sensor, the less light the sensor detects, so the value of the
variable will be lower.

Task 3

The robot can execute different commands depending on the value of the light sensor. For
example, we will create a program with which if the lighting is bright then the LEDs of the robot
will turn red otherwise they will go out.
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We decide that the lighting is con51dered bright When the value of the llght sensor is greater
than 600.

To check if the value of the light sensor is greater than 600, we use the
command "if .. then .. else" from the command group "Check". Between "if" and
"then" we put a condition. If the condition is true then the commands after
"then" are executed. If the condition is false then the commands after "else"
are executed. To create the condition we use the hexagonal green tiles from the
group "Operators”. In this exercise we use the tile with the operator > (larger). m

Generate the following code. In the condition of this case we check if the value of the variable
light1 (which is the value of the light sensor) is greater than the value of 600. Execute the code.
What do you notice?

6Tav natnBsi n

opios 1o fiyisMd 0= light Sensor
av light1 > Bl  vére

set led on board red green i blue B

set led on board red@green@ blue@
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Lesson 3: Working with the Ultrasonic Sensor of the robot

Description:
The students create code making the robots move to different directions depending on the

value of the ultrasonic sensor.

Learning Objectives:
to understand what a ultrasonic sensor is

to understand what a variable is

to be more familiar with the hardware of mbot robotics

to use variables to store the data of a ultrasonic sensor and interact with the robot
to build and execute selection structures using robotics

Expected results:
The students will be able to create code using their computer. The programs will be executed

by the robot autonomously. They will recognize the ultrasonic sensor of the robot and create
selection structures changing the movements of the robot.

Key issues:
programming, robotics, selection structure, sensors

Technologies:
mBot Ranger Robotics

Software:
mBlock

Age of students:
16-18

Number of students
70 (6 classes)

Didactic Hours:
2 per class

Assessment:

The students in each class were divided in 4 teams and used laptops in order to create the
code. The students acquired the necessary skills for their autonomous use of the software and
the robots. They expressed their satisfaction for the educational material and enjoyed the
procedure of making the robot move. Some technical problems were reported about the
connection between the laptop and the robot and the function of the motors.
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YouTube Link:
https://www.youtube.com/watch?v=5QK23iGbUxU

Worksheet for the students

The Ultrasonic Sensor of the mBot Ranger

The ultrasound unit of the mBot Ranger consists of a transmitter, a receiver and a control
circuit. When the ultrasonic transmitter receives a command, it emits high frequency sound
waves. When the reflected sound waves are received from the receiver, Auriga calculates the

elapsed time and converts the data into distance.

To display the value of Ultrasonic Sensor we will use
the corresponding tile from the "Robot" group in the
mBlock program . The default value "Port10" corresponds to the port to which the ultrasonic
sensor is connected and of course can be changed.

ultrasonic sensor el distance

Task 1

Save the sensor value to a variable

In the "Data & Blocks" group, click the "Create Variable" button and create a variable named
"apostasi". In this variable we will store the value of the sensor. Generate the following code:

Oopioe To ERFEEEIM 0 ultrasonic sensc—r distance
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Place your hand in front of the sensor and observe the change in the value as your hand
approaches or moves away from the sensor. The value indicates the distance between your
hand and the ultrasonic sensor. The price ranges from 3 to 400 cm.

Task 2

The robot can execute different commands depending on the value of the ultrasonic sensor. For
example, we will create a program with which if the distance between your hand and the
ultrasonic sensor is less than 20 cm then the robot's LEDs will turn red otherwise they will turn
green. Generate the following code.

oTav natnBsei n

OpIgE TO ge ultrasonic sensor distance
apostasi < TOTE
set led on board red B areen (W blue (B
ahhiig
set led on board red @ green W blue (B

Task 3
Generate the following code. What do you notice?

otav natnBsi n

OpIOE TO ge ultrasonic sensor distance

"

av  apostasi <l térte

set led on board red M green 3 blue N
aAiide

av  apostasi <[l vore

set led on board red 8 green &N blue (B
arhwg
set led on board red (8 green 9 blue N

Task 4

When we want the program to be executed by the robot autonomously (without the robot
being connected to the computer) then we use the "Auriga Program" as the first tile. After
creating the code, right-click on "Auriga Program" and then select "upload to arduino". Then
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press the "Upload to Arduino” button and the program is transferred and saved to the robot.
Generate the following code. What do you notice?

MNpoypappa Auriga

av ultrasonic sensor (LS UM distance < E TOTE
av ultrasonic sensor (ESeEUM distance <m TOTE

[nooxipa niow ~ IR 255 )

aAMiog

npoxwpa pnpoota ~ EIME[==Te)

aihiwg
npoxdpa pnpooTd * EENEEel 07
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Lesson 4: Working with the Ultrasonic Sensor of the robot

Description:

The students create code making the robots move on a black line depending on the value of
the Line-Follower Sensor.

Learning Objectives:
to understand what a Line-Follower Sensor is and how it works

to understand what a variable is

to be more familiar with the hardware of mbot robotics

to use variables to store the data of a Line-Follower sensor and interact with the robot
to build and execute selection structures using robotics

Expected results:
The students will be able to create code using their computer. The programs will be executed

by the robot autonomously. They will recognize the Line-Follower sensor of the robot and
create selection structures making the robot move on a black line.

Key issues:
programming, robotics, selection structure, sensors

Technologies:
mBot Ranger Robotics

Software:
mBlock

Age of students:
16-18

Number of students
70 (6 classes)

Didactic Hours:
1 per class

Assessment:

The students in each class were divided in 4 teams and used laptops in order to create the
code. The students acquired the necessary skills for their autonomous use of the software and
the robots. They expressed their satisfaction for the educational material and enjoyed the
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procedure of the lesson. They experlmented and trled to create the most effective code. No
technical problems were reported.

YouTube Link:
https://www.youtube.com/watch?v=5QK23iGbUxU

Worksheet for the students

The Line-Follower Sensor of the mBot Ranger

The Line-Follower Sensor will be used to move the mBot Ranger on a black orbit. To display
the value of the Line-Follower Sensor we will use the corresponding tile from the "Robot"
group in the mBlock program . The default value "Port9" corresponds to the port to which the

sensor is connected . line follower

Task 1

Save the sensor value to a variable

In the "Data & Blocks" group, click the "Create Variable" button and create a variable named
"grammi". In this variable we will store the value of the sensor. Generate the following code:

oTav natnBsi n

OpICE TO ge line follower (TSN
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Possible values are 0, 1, 2, 3. Put the robot so that the sensor is directly on the black line. The
value should be 0. Move the robot left and right a little and see the changes in the value.

Black line Left side Right side sensor Line-follower
sensor 1 2 sensor value
— Black Black 0

® — White Black 2

o0 = White White 3

Task 2
Movement of the robot on the black orbit
Generate the following code. What do you notice?

MNpoypappa Auriga
yia navra
OpIoE TO ge line follower

av grammi =[] vtére

npoxwpa pnpoota ¥ EINSsl==1s!

QAN

3

b

av  grammi =Y rére

oTpiye apioTepa ¥ EEIESEETe!
alC

-

av . grammi =[] vére

at speed
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LESSON PLANS - 3D Printing

Lesson 1: Using 3D printing technologies

Description:
The purpose of the lesson is to learn the basic concepts of designing and printing of 3D

models. At the end of the course the students must be able to create a real object using the 3D
printer. The modules of the course are:

introduction to 3D printing technology by the teacher with the following topics: How
3D printers work, what can be made with a 3D printer, searching for 3d models in the
world wide web (Thingiverse, MyMinifactory).

design using TinkerCad Software. The teacher creates classes and nicknames for the
students in the TinkerCad platform in order to organize the learning procedure. The
link with the class code and the nicknames are shared to the students. The students
visit the tinkercad website, watch tutorials and study in order to learn how to create a
3D model.

slicing with Cura Software. The students print their own 3D model.

The shared presentations were produced during the implementation of the FabLab project.

Learning Objectives:
Students acquire knowledge including:

the parts and the way that 3d printers function

the materials used in 3d printing

the areas of human activities in which 3d printing is used

the available web free 3d design tools

use of 3d applications and their tools, to design models for 3d printing including
tinkercad

Students also acquire skills like

operate a 3d printer

set the proper properties to the printing software, in order to have a reliable print out
prepare their 3d models for 3d printing

recognize and to use productively the basic tools of a 3d design application.

search the web to find proper 3d applications that cover their design needs.

use the mouse and hot keys to operate and move in a 3d design space

Expected results:
At the end of the course students must be able to

name and describe the basic parts of a 3d printer and the basic printing materials and
3d printing techniques
describe the basic services of a 3d printing software
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e describe the capabihtles ofa 3d modeling system

e name and describe the common functions of a 3d design software
¢ model and print their own creations

e Find designs online and create their own

Key issues:
3D design, 3D printer, creativity, 3D modelling

Technologies:
3D Technologies

Software:
TinkerCad, Cura

Age of students:
16

Number of students
70 (6 classes)

Didactic Hours:
6 per class

Assessment:

The training course aimed at 70 students (6 classes) from the 1st grade of the school. It was
implemented in the School FabLab. The students used computers and laptops to have access
to the presentations and design their 3D model with Tinkercad. They created the gcode by the
"slicing" process with Cura Software installed at the lab server and printed with the Ultimaker
3D printer of the School FabLab. The students acquired the necessary skills for their
autonomous use of 3D modeling software and created physical objects starting from original
ideas. They used their imagination and creativity having positive feelings and enthusiasm
during the lessons. The students expressed their satisfaction for the educational material and
their joy that they were able to design and print their own object. No technical problems were
observed.
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Worksheet for the students

Task 1

Visit tinkercad.com website using the shared link with your class code. Type your nickname in
order to have access to the platform. Click on Learn menu. You are going to learn how to
create a 3D model. Place objects on the surface, create holes and learn how to move, rotate,
resize and group them. You will also learn how to download your design and save it as a .stl
file.

Link: https://www.tinkercad.com/learn/designs

€ 5> C B O B nhttpsy//www.tinkercad.com/learm/design: T

(T]1|N .

K|E] éll‘rl‘lTKc:E[l)!%SA‘i) Gallery Blog Learn Teach Q Sigr|
c|AlD]

Start learning 3D

Orew <6 B~ O»e E— O W
§e o . L »
= LA z > [ |
o .
s 4
Place It! View It! Move It! Rotate It!
Cre= O»e

&.N’r",‘ |

Size It Up! Group It! Copy It! Duplicate It!

Task 2

Design your 3D model using your imagination and creativity. The object can be a gadget like a
keychain with your name. Download the .stl file.

Open it with Cura software and scale it 70%, see your printing options.

Save the file in .gcode extension and upload it.
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LESSON PLANS - Augmented Reality

Lesson 1: Learning about Internet and World Wide Web with Augmented
Reality

Description:
The object of the lesson is the process of teaching Informatics through the use of augmented

reality. The chosen subject is titled "Internet and World Wide Web". The students learn about
the history and the structure of the Internet and the World Wide Web and study about the most
popular internet services. The teacher creates AR experiences enriching the content of the
school book. The teacher designs markers like QR codes, text and images from the school book.
The markers provide animations, images, 3D models, videos available on youtube channels and
other repositories including the FabLab Learning Repository. The teacher adds the resources
on the AR Lectio web platform and installs AR Lectio app in the school mobile devices (tablets).
After the announcing of the theme of the lesson students are encouraged to watch videos, carry
out experimental tasks with the help of devices and study discovering the AR content on the
school book.

Learning Objectives:
to acquire knowledge about the history and the structure of the internet

to recognize the most popular internet services
to promote an active response with the content of the book
to motivate students to be engaged in the learning process

Expected results:
Using AR technology increases learning efficiency, facilitates students’ training and cognitive

activities, improves the quality of knowledge acquisition, provokes interest in a subject,
promotes development of research skills. AR can add gamification to the learning process,
grow student's motivation and positively influence their learning achievements.

Key issues:
Augmented Reality, Internet, World Wide Web

Technologies:
AR Technologies, Mobile Devices

Software:
AR Lectio

Age of students:
16
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Number of students
70 (6 classes)

Didactic Hours:
1 per class

Assessment:

The training course aimed at 70 students (6 classes) from the 1st grade of the school. It was
implemented in the School FabLab. The students used the school tablets to have access to the
enriched content of the school book. At the end of the study, it is revealed that the students
have a positive attitude towards AR applications. They want to use this kind of application in
other courses as well. They indicate satisfaction with the application. No technical problems
were observed.




