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There is a growing recognition that Computational Thinking Practices are critical for
all students to learn. They form the cornerstone of the language of innovation, and
will drive all future STEM discoveries. They are a new set of “basic skills” that all
students need to know.

But what are they? At first glance, concepts like “consider problems analytically”
and “use data to inform decisions” seem abstract and difficult to comprehend.
Educational robotics systems like the EV3 provide a much-needed tool to make
them real and approachable.

Consider the first few activities in this curriculum: students program a robot to drive
fixed distances in set patterns. Even these simple programming constructs require
precise, thoughtful communication between student and robot — how far should
the robot move? How far should it turn? As the challenges become more complex,
students learn to break the large problems down into simpler ones, and construct
solutions with care, one step at a time.

Sensors add the element of data and make key information about the robot’s
environment available; numeric abstractions become a reality — 35 centimeters to
the nearest wall, turn 90 degrees — enable the student to make smart decisions
about the robot’s behavior.

These practices — precise logical thinking, using data to make decisions, analyzing
problems, and building solutions in teams — are critical in all forms of problem-
solving, not just robotic ones.

Robotics activities are concrete, contextualized, and provide immediate feedback

— important factors in satisfying a student’s desire for success and creating the
motivation to continue learning. Students also learn about the robotics technologies
themselves, which impact all modern industries, from agriculture to healthcare,
banking, manufacturing, transportation, energy, and security. The pervasiveness of
robotics technologies, from airplane autopilots, to bank machines, to smartphones,
to self-driving cars helps students to be “engaged learners” as they believe that the
content that they are studying is important or will be valuable to them.

The Introduction to Programming curriculum is just that: an introduction. For many
teachers this will be your first experience at teaching robotics and programming. If
you need help, the Robotics Academy has lots of free resources on its website and
regularly offers teacher courses. If you have questions or find issues, we would love
to hear from you.

Enjoy your school year.

Ross Higasht ﬂv—\g/ﬁ

Ross Higashi, Robin Shoop,
Robotics Academy Learning Scientist Robotics Academy Director
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Frequently Asked Questions (FAQ)

Before starting

Will Introduction to Programming help me teach to Standards?
Yes! See Standards, pages 10 - 12.

What do | need to prepare for class?
See Checklist, page 4 and Best Workstation Setup page 15.

What topics are covered?
See Topics, page 8 and General Layout, page 14.

What's the lesson structure?
See How To Use, page 5.

| already have programming tutorials in my software. Is this the same thing?

No. Introduction to Programming focuses on building critical thinking skills through programming,
rather than rote knowledge of code. See What are the Big Ideas taught..., page 9.

During class

How do | begin with Introduction to Programming in my class?
See How do | use the Introduction to Programming Curriculum in my classroom, page 7.

Are there notes available to help me teach the lessons?
Yes. Every page in Introduction to Programming is summarized and annotated starting on page
14. There are additional notes at the beginning of each chapter.
What do | do about students who go faster/slower than the others?

All lessons are self-paced, so minor variation in pacing is not a problem. You can also include or
omit activities marked as Optional, and even let students work ahead on later chapters.

After class

Are there quizzes or homework?

Each Chapter includes one or more Reflection Questions designed to let students apply their
skills and knowledge to a more sophisticated and writing-intensive task.

You can find additional Handouts, Worksheets and Rubrics starting on page 92.

Introduction to Programming EV3 ©2014 Carnegie Mellon Robotics Academy
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Checklist

D Identify the Focus of your Lesson
Robotics can be used to teach to lots of standards. This curriculum is designed
to introduce students to how to program, an important part of robotics, but not the
only thing that you can teach through robotics. Please read pages 5 - 12 of this
guide to learn more.

D Set up the student workstations
See page 13, Workstation Setup.

D (Recommended) Build the Driving Base for each robot
Since mechanisms aren’t the focus of this module, pre-building the basic robot
for your students can save multiple weeks of class time and allow them to begin
work immediately on Day 1. The plans can be found in the Moving Straight Unit
page 23.

[ | Become familiar with the lessons
See page 7 to become familiar with the lesson flow. The general layout of the
Introduction to Programming the EV3 Curriculum is found on page 14. Review
the first couple lessons starting with Moving Straight on page on page 21.

D Determine overall pacing for the module
Identify key dates that you would like to have each project due by; make these
clear to students in your syllabus or assignment sheets.

Review Big Ideas and Computational Thinking
See pages 18 and 19.

Review and print the Reflection Questions for each chapter
Chapter review questions, answer guides, and rubrics begin on page 92.

Note: The reflection questions can be used as class discussion questions, given as homework,
or as a quiz.
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What is the Introduction to Programming EV3 Curriculum?
10 Projects and One Capstone Programming Challenge

The Introduction to Programming EV3 Curriculum is a curriculum module designed
to teach core computer programming logic and reasoning skills using a robotics
engineering context. It contains a sequence of 10 projects (plus one capstone
challenge) organized around key robotics and programming concepts.

Each project comprises a self-contained instructional unit in the sequence,
and provides students with:

An introduction to a real-world robot and the context in which it operates
A challenge that the robot faces
A LEGO-scale version of the problem for students to solve with their robots

Step-by-step guided video instruction that introduces key lesson concepts
(e.g. Loops) by building simple programs that progress toward the challenge task

Built-in questions that give students instant feedback on whether they
understood each step correctly, to aid in reflection and self-pacing

Semi-guided “Try It!” exploration activities that expose additional uses for and
variants on each behavior

Semi-open-ended Mini-Challenges which ask students to use the skill they
have just learned to solve a relevant small portion of the final challenge

The Unit Challenge based on the original robot’s problem, for students to solve
in teams as an exercise and demonstration of their mastery of the concept

Additional Reflection Questions found in the back of this Teacher’s Guide allow
you to assess the depth of students’ understandings while challenging them to
apply their learning to a higher-order problem-solving and writing task.

Introduction to Programming EV3 ©2014 Carnegie Mellon Robotics Academy




€& Introduction to Programming

LEGO® MINDSTORMS"® EV3

Why should | use the Introduction to
Programming EV3 Curriculum?

Introduction to Programming provides a structured sequence of programming
activities in real-world project-based contexts. The projects are designed to get
students thinking about the patterns and structure of not just robotics, but also
programming and problem-solving more generally.

By the end of the curriculum, students should be better thinkers, not just coders.

What are the Learning Objectives of the
Introduction to Programming EV3 Curriculum?

» Basic concepts of programming
+ Commands
* Sequences of commands
» Intermediate concepts of programming
* Program Flow Model
» Simple (Wait For) Sensor behaviors
» Decision-Making Structures
* Loops
* Switches
» Engineering practices
* Building solutions to real-world problems
* Problem-solving strategies
» Teamwork

When should | use the Introduction to Programming
EV3 Curriculum with my class?

Introduction to Programming the EV3 is well-suited for use at the beginning of a
robotics class, as it will allow students to engage immediately and begin building
core programming and problem-solving skills before undertaking more ambitious
open-ended projects later in the course. This curriculum module should take
approximately 6 weeks.
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How do | use the Introduction to Programming
EV3 Curriculum in my class?

Introduction to Programming is designed for student self-pacing in small groups,
preferably pairs. Each pair of students should work together at one computer, with
one EV3 robot.

Curriculum tasks are designed to involve some — but not extensive — mechanical
consideration, so that hands-on design tasks may remain authentic without
becoming logistically difficult.

Solutions will not require parts in excess of those included in the 45544 EV3 Core
set, so it is sufficient to leave each team with one kit (although access to additional
parts may allow students to construct more creative solutions to problems).

A typical plan for an Introduction to Programming chapter is:

1. View the introductory video as a class, or in individual groups, then review the
challenge task for the unit

* In a group, identify and note key capabilities the robot must develop, and
problems that must be solved in individual engineering journals or class logs
(e.g. on sticky paper posted on the walls)

2. Groups proceed through the video trainer materials at their own pace, following
the video instruction directly, and constructing solutions to the Try It! and Mini-
Challenge steps as they go

3. Each group constructs its own solution to the Unit Challenge

* Groups may be asked to document their solutions in journals or logs, and
especially to explain how they overcame the key problems identified at the
start of the unit

4. Assign the Reflective Question for the chapter

» Students answer the Reflection Question for the chapter individually, as an in-
class or homework assignment

« Reflection Questions for each chapter can be found in the Reproducibles
section of this Teacher’s Guide
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What topics are covered in each Unit¢

Unit Name Main Topics

1. Moving Straight Motors, Sequences of Commands,
Block Settings, Downloading and
Running Programs, Move Steering Block

2. Turning Turning, Types of Turns, Move Steering
vs. Move Tank Block

3. Move Until Touch Sensors, Wait For Block, Touch Sensor,
Move Until Behaviors

4. Move Until Near Ultrasonic Sensor, Thresholds

5. Turn for Angle Gyro Sensor, Compensating for Sensor
Error

6. Move until Color Color Sensor

7. Loops Loops, Patterns of Behavior

8. Switches Switches, Conditional Reasoning

9. Switch-Loops Obstacle Detection Behavior, Repeated
Decisions Pattern

10. Line Follower (Mini-Unit) Line Following (a Repeated Decisions
Pattern Behavior)

11. Final Challenge Cumulative Application of Skills and
Knowledge
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What are the Big Ideas taught in the
Introduction to Programming EV3 Curriculum?

Basics
‘-‘" | . . .
| () Getting Started g) Big Ideas ’ Using the
\ ftw
"-\ 12 34 12 3 45 B

Robotics can be something you teach with, as well as something you teach about.
Introduction to Programming uses robots, and covers robotics content, but ultimately
seeks to give students experience and access to a much broader set of skills and
perspectives called Computational Thinking.

Big Idea #1: Programming is Precise

If you want a robot to do something, you need to communicate that idea with
mathematical and logical precision, or it won’t quite be what you intended.
Big Idea #2: Sensors, Programs, and Actions

Data from sensors gives a robot information about its environment. A program
uses that data to make decisions, and the robot Acts on those decisions. Data
underlies the core of the entire process.

Big Idea #3: Make Sense of Systems

To understand the way something works, construct a mental “model” of it in your
head that captures the important features and rules of the system. This helps you
make sense of it, and also gives you a tool to “play out” (similar) new scenarios in
your head to predict what would happen.

Big Idea #4: Break Down Problems and Build Up Solutions

To solve a difficult problem, try breaking it down into smaller problems. Then,
solve the smaller problems, building up toward a solution to the big problem.
Big Idea #5: Computational Thinking Applies Everywhere

These skills — mathematical and logical clarity, using data, systems thinking with
mental models, and problem solving — are not just for robotics. They are key to
solving many problems in the world.

A video introduction to these topics can be found in the “Big Ideas” block of the
Basics section of the product.
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What Standards does the Introduction to
Programming EV3 Curriculum address?

Common Core Mathematics Practices
Skills math educators at all levels should seek to develop in their students

Standard (CCSS.Math.Practice)

Introduction to Programming the EV3

MP1 Make sense of problems and persevere in
solving them

Chapters are all based around solving real-world
robot problems; students must make sense of
the problems to inform their solutions

MP2 Reason abstractly and quantitatively

Programming requires students to reason about
physical quantities in the world to plan a solution,
then calculate or estimate them for the robot

MP4 Model with mathematics

Many processes, including the process of
programming itself, must be systematically
modeled on both explicit and implicit levels

MP6 Attend to precision

Robots require precise (and accurate) input, or
their output action will be correspondingly sloppy

MP7 Look for and make use of structure

Understanding the structure of the physical
environment, the interrelated components of
robot hardware and software, and commands
within a program are vital to successful solutions

MP8 Look for and express regularity in repeated
reasoning

Any programmed solution to a class of

problems relies on the programmer recognizing
and exploiting important patterns in the

problem structure. There is also an emphasis
throughout the module on recognizing common
programmatic patterns, as well as patterns within
a solution that invite the use of Loops.

Common Core Mathematics Content

Standard (CCSS.Math.Content)

Introduction to Programming the EV3

6.RP.A.1 Understand the concept of a ratio
and use ratio language to describe a ratio
relationship between two quantities

Students use ratio language to describe and
make use of the relationship between quantities
such as Wheel Rotations and Distance Traveled

6.RP.A.2 Understand the concept of a unit
rate a/b associated with a ratio a:b with b!=0,
and use rate language in the context of a ratio
relationship

The relationship between Wheel Rotations

and Distance Traveled is a rate, customarily
understood through a unit rate such as “# cm per
rotation”.

6.R.A.3 Use ratio and rate reasoning to solve
real-world and mathematical problems

Students are required to apply ratios and rates
when they build their prototype examples of their
real world robots.

7.RP.A.3 Use proportional relationships to solve
multistep ratio and percent problems.

Comparisons between rate-derived quantities
are common during robot navigation tasks.

Common Core English Language Arts

Introduction to Programming EV3 ©2014 Carnegie Mellon Robotics Academy
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What Standards does the Introduction to
Programming EV3 Curriculum address? (continued)

Standard (CCSS.ELA-Literacy)

Introduction to Programming the EV3

WHST.6-8.1 Write arguments focused on
discipline-specific content.
[See also: WHST.6-8.1.a to WHST.6-8.1.€]

Reflection Questions ask students to analyze,
evaluate, and synthesize arguments in response
to robotics and programming problems

WHST.6-8.4 Produce clear and coherent writing
in which the development, organization, and
style are appropriate to task, purpose, and
audience.

Reflection Question tasks include composing
technical critiques, technical recommendations,
and creative synthesis.

Next Generation Science

Standards (NGSS)

Standard

Introduction to Programming the EV3

MS-ETS1-2. Evaluate competing design
solutions using a systematic process to
determine how well they meet the criteria and
constraints of the problem.

Solving challenges requires students to create
and evaluate both hardware and software
designs according to scenario scoring criteria.
Some Reflection Questions require students to
make recommendations between competing
alternatives based on criteria that they define.

MS-ETS1-4. Develop a model to generate
data for iterative testing and modification of a
proposed object, tool, or process such that an
optimal design can be achieved.

When solving more difficult and complex
challenges, students are guided toward iterative
testing and refinement processes. Students
must optimize program parameters and design.

HS-ETS1-2. Design a solution to a complex real-
world problem by breaking it down into smaller,
more manageable problems that can be solved
through engineering.

Problem Solving methodology for challenges
directs students to break down large problems
into smaller solvable ones, and build solutions
up accordingly; challenges give students
opportunities to practice, each of which is based
on a real-world robot

HS-ETS1-3. Evaluate a solution to a complex
real-world problem based on prioritized criteria
and trade-offs that account for a range of
constraints, including cost, safety, reliability, and
aesthetics as well as possible social, cultural,
and environmental impacts.

Some Reflection Questions require students

to make recommendations about real-world
policies (e.g. requiring sensors on automobiles)
based on the impact of that decision

Introduction to Programming EV3 ©2014 Carnegie Mellon Robotics Academy
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What Standards does the Introduction to
Programming EV3 Curriculum address? (continued)

Computer Science Principles Framework (CSP)

Learning Objective

Introduction to Programming the EV3

1.1.1 Use computing tools and techniques to
create artifacts. [P2]

Challenge activities result in the creation
of a (simple) algorithmic solution and an
accompanying program that implements it.

1.1.2 Collaborate in the creation of
computational artifacts. [P6]

Students work in teams to accomplish tasks.

1.1.3 Analyze computational artifacts. [P4]

Students perform debugging on their own code,
as well as analyze and evaluate others’ code
and suggested code in Reflection Questions.

1.3.1 Use programming as a creative tool. [P2]

Students use programming to solve model
challenges based on challenges real robots face.

2.2.1 Develop an abstraction. [P2]

Robots gather information about the world
through sensors, which turn physical qualities of
the world into digital abstractions. Students must
understand and work with this data to develop
then implement their solution algorithms.

2.3.1 Use models and simulations to raise and
answer questions. [P3]

Students construct and use a “program flow”
model of programming itself to understand how
the robot uses data to make decisions and
control the flow of its own commands.

4.1.1 Develop an algorithm designed to be
implemented to run on a computer. [P2]

Students develop solution algorithms to

each challenge and mini-challenge problem
before implementing them as code. Reflection
Questions also ask students to evaluate
algorithms expressed as pseudocode.

4.2.1 Express an algorithm in a language. [P5]

Students develop code to robotics challenges in
the EV3 Programming Language.

5.1.1 Explain how programs implement
algorithms. [P3]

Students must communicate solution ideas
within groups and as part of class discussion, as
well as in Reflection Questions.

5.3.1 Evaluate a program for correctness. [P4]

Students test and debug their own code, and
evaluate others’ in the Reflection Questions.

5.3.2 Develop a correct program. [P2]

Programmed solutions to challenges must work.

5.3.3 Collaborate to solve a problem using
programming. [P6]

Students develop solutions in teams.

5.4.1 Employ appropriate mathematical and
logical concepts in programming. [P1]

Relationships such as “distance per wheel
rotation” are important to making solutions work.

7.4.1 Connect computing within economic,
social, and cultural contexts. [P1]

Reflection Questions ask students to make
evaluative recommendations based on the
impacts of robotic solutions in context.

Introduction to Programming EV3 ©2014 Carnegie Mellon Robotics Academy
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What is the best setup for student workstations?

Ideally, each pair of students will work together at one computer, with one EV3 robot.

Set up each workstation with:
« LEGO® MINDSTORMS® Education EV3 Programming Software installed
from its DVD
e Education version required*

* Access to the Introduction to Programming LEGO® MINDSTORMS® EV3
curriculum software

» This can be installed locally or on a local network server via DVD

* This may also be accessed remotely via internet, if your school’s
network infrastructure and policies allow

» Two pairs of headphones with headphone splitters
* One pair for each student

* Avoid using speakers, as multiple workstations in the same classroom
will generate too much overlapping noise

e One 45544 LEGO® MINDSTORMS® Education Set

What are the System Requirements for the
Introduction to Programming EV3 Curriculum?
LEGO® MINDSTORMS® Education EV3 Programming Software: See packaging
Introduction to Programming EV3 Curriculum
*  HTML5-compatible browser (Firefox, Chrome, Internet Explorer 10+)

* Tablets (iPad, Android, Windows) with HTMLS browsers should work as well,
if accessing the curriculum from the Internet

* Retail versions of the EV3 set do not include the Gyro Sensor or software support for it by default

Introduction to Programming EV3 ©2014 Carnegie Mellon Robotics Academy
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What is the general layout of the
Introduction to Programming EV3 Curriculum?

£ Introduction to Programming

LEGO* MINDSTORMS® EV3

Basics

(1) Gening Stated () Bigiceas
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Decisions

Introduction to Programming
LEGO® MINDSTORMS® EV3

This is the main menu. Click any section to
open the first step, or click a page number to
go directly to the page.

Basics Unit

Getting Started: Set up the robot and learn
about its basic operation and maintenance

Big Ideas: Five big ideas that will be
important throughout the course

Using the Software: General usage patterns
in the EV3 Programming Software

Behaviors Unit

Movement: Use sequential commands to
make the robot move and turn

Sensors: Use Sensors to stop the robot in
different situations

Decisions: Use Loops and Switches to
control the program with smarter decisions

Final Challenge Unit

Combine the techniques of earlier units to
tackle a more complex challenge

Introduction to Programming EV3 ©2014 Carnegie Mellon Robotics Academy
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Basics> Getting Started Chapter

The Getting Started portion is designed to get a new EV3 user up and running as
quickly as possible. Instructors should follow along with all steps, but the first two
pages in the chapter could be considered optional for students.

Key Concepts: EV3 operation and maintenance, battery requirements, firmware

Getting Started 1: Batteries
Walks through the options and procedures for powering the EV3

Getting Started 2: Firmware
Introduces the concept of firmware and walks through the process of updating
the EV3 to the latest version

Getting Started 3: Ports
Identifies and describes the functions of the various ports on the EV3

Getting Started 4: Menus
Walks through and explains the main areas and functions available through the
EV3’s on-screen menus

Hints:

» Go through Battery and Firmware installation prior to using the robots with
students. You may want students to view these videos as well for familiarity,
should issues arise.

» The Ports (3rd) and especially Menus (4th) videos are very helpful for students.

Teacher’s Edition Note: This chapter’s notes will point out common structural elements such as Check
Your Understanding Questions. In later sections, common notes will be omitted, as they are the same
throughout the product.
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Getting Started 1: Batteries

This step walks you through the process
of charging and installing the rechargeable
battery pack in the EV3.

Batteries Video

Walks you through the process of charging
and installing the battery. Follow along with
the video as it covers each step!

Check Your Understanding Questions
These questions are designed to quickly
check comprehension of the topics covered
in the video. Answer them before moving on.

Getting Started 2:
Downloading Firmware

This step explains the idea behind Firmware,
and walks you through the process of loading
firmware onto the robot.

Firmware Video

Walks you through the process of loading
Firmware onto the robot. Follow along with
the video as it covers each step!

Check Your Understanding Questions
These questions are designed to quickly
check comprehension of the topics covered
in the video. Answer them before moving on.

Bottoms of pages will sometimes be omitted from the
Teacher’s Guide if they do not contain important notes.

That is the case here — the next page of the guide will
go straight to the third Getting Started video. 16
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Getting Started 3: Ports

This step provides an overview of the Ports
on the EV3 brick.

Ports Video
Identifies and explains the function of each
port on the EV3 brick.

Check Your Understanding Questions

These questions are designed to quickly
check comprehension of the topics covered

in the video. Answer them before moving on.

Getting Started 4: Menus

This step explains the general interface
conventions and tours the main areas of the
EV3 on-brick menu interface.

Menus Video

Shows you how to use the EV3 on-screen
menus to control robot settings, run
programs, and more.

Check Your Understanding Questions

These questions are designed to quickly
check comprehension of the topics covered

in the video. Answer them before moving on.

17
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Big Ideas 1:

Check Your Understanding:

1. What doss the video mean by, “Progremeing i Precise™?
(e b [ want

1) *¥ou naed 1o 1ol tho robot procisaly do, o i you wantod
1) 1t yeowa o ot by e comimancts eacily A5 showm, Ihe program wl crash

1) e robot wil do prectsely WHat you want, even f YOU GIVE it e wiong command

2. What do Sensors do for 8 robot?
1) Provace power fo onboard wiectones

I

13 Greste o physcal efoct boe brning o whest
C:- Processes data and makes Secmons

1) Gove 1t dat on its pasiten and suoundngs

3, What does a rebot's Program da?
1) Puowace power 10 onboard electonics

13 Croatn o physscal efect Mo turning & wheel
10} Procoss dats snd mako docsans

1) Gava it datn on it positen and surrundngs

—-i.-l. (3 eigiess lié b

(|

Big Ideas 2 :

Check Your Understanding:

1. What kind of Mcdel is the video talking about?
O v y samcthing

100 A design for a LEGO robat madal™

1L} &ty “modal” version of the raal robot

I

1) A moosr who Bpoears i professionst phowraphy

2. What is one advantage of a "model"

10 You can loem & “moder” fasier than memanzng overy segie fact
1) You can reason about now siustions, avon s you havan' soon befors

CS Modaks make fungs maka sance

Big Ideas 1 & 2

Big Ideas 1 & 2 Video
This video introduces two concepts:

Big Idea #1: Programming is Precise

If you want a robot to do something, you need to
communicate that idea with mathematical and logical
precision, or it won’t quite be what you intended

Big Idea #2: Sensors, Programs, and Actions
Data from sensors gives a robot information about
its environment. A program uses that data to make
decisions, and the robot Acts on those decisions.
Data underlies the core of the entire process

Check Your Understanding Questions
These questions are designed to quickly
check comprehension of the topics covered
in the video. Answer them before moving on.

Big Idea 3

Big Idea 3 Video
This video introduces:

Big Idea #3: Make Sense of Systems

To understand the way something works, construct

a mental “model” of it in your head that captures

the important features and rules of the system. This
helps you make sense of it, and also gives you a tool
to “play out” (similar) new scenarios in your head to
predict what would happen

Check Your Understanding Questions
These questions are designed to quickly
check comprehension of the topics covered
in the video. Answer them before moving on.
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Q Big Ideas

| Basics - Big Ideas

1|2|3|4 1—2’|3|’4«5
‘.. 7 8ig luees i s B ey % o °
e ) Big Ideas 4 & 5
Big Ideas 3 :

Ehech Your Understanding:

1. What does the video mean by, “Break down problema™?

) Spitup  big protiem nio smalier ones that are paser I 5o
1L} Soivotho probiom ol ot erca

1) Give ap bacause $a big probiem s 1o hand

1) Technical offculbes wih e mbot

2 Wit does he video mean by, "Budd up Sclutons™?
) Buid u futy

) Thobest v

1) Bl your robol starting weth i whee's and warking your way upward

1) Accumuate & kot of chemical compounds

. 2, Which of the faliowing Is NOT true about Computaional Thinking?

Topics Covered

Protiems and Buld Up
Sehners

Everyuhan

@ Meas5 Computations
Thinving Appies

I

100 M applicaishs cestside of compuler progaraning
1) Hinchudos o daa of using models to understand systems.
) His usod in roboics:

I 11 rndacs ety 16 e penceeis. o wribng coxde 1o 8 program

Big Ideas 4 & 5 Video

This video introduces two concepts:

Big Idea #4: Break Down Problems and Build Up
Solutions

To solve a difficult problem, try breaking it down into
smaller problems. Then, solve the smaller problems,
building up toward a solution to the big problem.

Big Idea #5: Computational Thinking Applies
Everywhere

These skills — mathematical and logical clarity, using
data, systems thinking with mental models, and
problem solving — are not just for robotics. They are
key to solving many problems in the world.

Check Your Understanding Questions
These questions are designed to quickly
check comprehension of the topics covered
in the video. Answer them before moving on.
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Using the
[ ’ software

EV3 Software

Basics: Using the

—4] P HowtoUsathe Satware i“_,-‘i-_ _}:"—7ﬂ‘ﬁﬁ"—
| :

Getting Started : How to use the Software

Topics Covered

€00
Ecucation £V Software:

Check Your Understanding:

1) The BV sat

10 in the Evs nimware menus
K00 10 e oot e et Conme win e £V Set

123 i the Fiobot Educsior secson of e £V3 Educaton Frogramening Scétware

" 2, Most project fles wil centain:
100 Over 18,000 ffrest programs in 19 dferent langusges.

13 Otver Preject fiss.
1) A singha program. calied Program

3 Robotmesy

3. Which of the foliowing sliows you to onta the Fobet?
100 use caole

() Ethemet cebie
13 1R connaction

1) Power casle

4, Dnthe b by that loads Bhe program onto the rebot but doas not imeediately run
L

I

6. How do yau add & commant to your program?
1) star byping twill s

153 ik B coemment 104 1 crisate & Stemmont bex. BN type 17 1he Box K i3 & Somrent

13 Ragit-chk a box and seect Add Comment

1) The £V softwane doss nct suppese adding commens.

s |

Using the Software

Using the EV3 Software Video

This video provides introductory tips and trick of how

to use the EV3 software
How to Open the Software

Finding Building Instructions
Beginning Programming

How to Link Blocks

Mode Settings

Configuring Blocks

Saving

How to Run the Program

Navigating to the Program on the EV3
Scrolling on the Software Interface

Commenting Your Code

Check Your Understanding Questions

These questions are designed to quickly
check comprehension of the topics covered
in the video. Answer them before moving on.
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Movement > Moving Straight Chapter

In Moving Straight, students program the robot to move forward, then explore
variations such as moving for different distances or at different speeds.

Key Concepts: Writing and running programs, Move Steering Block, Rotations and
Distance, Sequential commands

Moving Straight 1: Introduction to Sensabot
Introduces the real-world robot (Sensabot), and the challenge modeled after it
(Sensabot Challenge)

Moving Straight 2: Robot Config
Contains building and setup instructions for the rest of the chapter

Moving Straight 3: Steering Forward
Introduces the Move Steering Block and programming the forward movement

Moving Straight 4: Arm Control
Introduces the Medium Motor Block and programming the arm to move

Moving Straight 5: Review
Explains sample solutions to mini-challenges from this chapter

The Moving Straight Challenge
Requires students to make the robot move to 3 marked lines by controlling the
distance of each movement

Hints:

» Remember that each chapter is based around the real-world robot theme and

challenges. Use these contextual surroundings to help ground discussions

and decision-making processes (e.g. “Do you think guessing to find the correct
distance would be appropriate, since Sensabot needs to perform this task reliably
in the real world?”). [NGSS: MS-ETS1, CCSS.Math.Practice.MP1]

The Distance a robot moves is (Wheel Circumference * Wheel Rotations). This
is because the turning of the robot’s wheels are what propel it along the ground.
[CCSS.Math.Practice.MP4, CCSS.Math.Content.7.RP.A.2]

Teacher’s Edition Note: This chapter’s notes will point out common structural elements such as Check
Your Understanding Questions. In later sections, common notes will be omitted, as they are the same
throughout the product.



Movement - Straight

Check Your Understanding:

P
& 1. Why facillties often?
1 Froquort nepockons knops facibos safo

© Preblanms

© Industnal FCkbes require MSEEXhons by law
© Al of the above

P
S 2w

© Sensabot can mspect much fastsr
) Sensabot can enter hazard arsas.

1 Seneabot has wheek instead of lags.
0 There i3 no big adventngs

Moving Straight 1: Introduction

This module introduces the Sensabot real-
world robot that the chapter Challenge is
based on.

Sensabot Video

Introduces the real-world robot and
summarizes the chapter Challenge. Students
should watch this video before beginning
work on the chapter.

Check Your Understanding Questions

These questions are designed to quickly
check comprehension of the topics covered
in the video. Students should answer them
before moving on.

These generally correspond to Remembering and
Understanding tasks in Bloom’s Taxonomy.

Higher-level enrichment and assessment will be
handled by Try It! exploration items and Mini-
Challenge activities in later steps.
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Moving Straight 2 : Robot Config

Rabet base Configuration

For this crapler, ) bass wilh e medem q P of this
chaptar as wel for fe fnal challenge

EV3 DRIVING BASE WITH ARM*

Moving Straight 2:
Robot Configuration

The Building Instructions are located inside

e ———
a1 1 Moving straight !L d 1 L af
" it P [ et - X Exi
= - e | ; '&l

Moving Straight 3 : Steering Forward

Topics Covered

@ Swnthe EVA Programmng
Software

@ Move Steerng Bleck
{Forward]

@ Downioac wdRuna
program

the LEGO Programming Software. Follow the
instructions on this page to view them.

As of EV3 Software version 1.0.1, the
instructions cannot be printed, and must be
viewed on-screen.

Moving Straight 3:
Steering Forward

This step introduces the Move Steering
Block, and walks students through
programming a straight forward movement.

Step-by-Step Video

Check Your Understanding:

1. What doas the robot do whes the prograns is an?
) Move forwaed il s whests hasve sume 1 fotabion

{) Move forwasd unbl s wheols hane tumed 3 ratations

) tove baciwart

Walks students through the process of
starting up the software, writing the Moving
Straight program, and running it. Make sure
students follow along with the instructions as
the video plays (pause as needed).

Check Your Understanding Questions

1) Tum o the ket

2. How tio you create a new program in the EV3 Programming Soffware?
() Glick the - tab neat the oo of e screin

1) Press the New Frogram bation on the home scraen
1) Ener @ name and piess the Ga >>> buton

£ Click thv Guick Start button on the menw

you has b 1 tha FVa?
) Filo > Fun on o EV3 brick
) Uy Flos > Sofware Files > Run on th EVE brick

1) “Fiie Navigation” tah » Project nama > Frogram on the PV bnck

Quickly check comprehension of the topics
covered in the video. Students should
answer them before moving on.

23



> I T 1. Moving Straight ]
| [TEETETETC]

Movement

Straight

Mini Chellenge

.‘! Mini Challange 1: 50 cm Challenge
[

Program your robat &0 e geactly 50 cmi

28 two pisces of Black eloctrical tape 50 em apart,
m:mamﬁm ol mxactly from one to the other ks complets the chaliengs!

[Cack Show hint 1o add hints hoso]

Opti‘onal Activities

myn

Tryitt 1| Brake va, Cont
y
The fast space on the Move Stesrng Biock s for “Apply B

What it the iffarance betwoen the “Brake” and cmruwulmw.m ——

Pl roon.
_'_-%'e_:_s'i acf '

Did You Notica?

Did you notize?
Projects and Programs

& LEGO NBISTORNE Education EV3 Tescher Etien

Tab1
| = magremi k [ 3 frogeama x| § Bxparcmant ¥ .]_._.._ Tab2

— ——
B oF? ) 1325
Drd you nobce that these are 2 tab bars in he EV3 Frogrammng Softwars?
Thi lop bar i for Projects, while e bol whiat is insict L inchdireg Progranms.

‘ Ao Project Moving Forward
.4 i
et

@ Program 1 e Profect tain .
Somatimes one program wik fun analher program S6
#nay naod 12 bo kopt fogethar A projoct can piso conten
Exparimerts hat use the EVI's sarsors o gather data
® Program 1
@ Program 1
Which of ct about the projects and grarm inside it?

A prapect can contiun muliphe progranms

K i, ik, SN S AL Prriabe

Moving Straight 3 (cont’d)

Mini-Challenge: 50 cm challenge
Challenges students to make the robot move
a specific distance by adjusting the Rotations
setting.

Mini-challenges ask students to perform a task that is
very closely related to what they have already done in
the video-guided portion.

Hints are provided, and can be revealed (one at a
time) by clicking the Show Hint button on the box
below the picture.

Mini-Challenges typically align to Applying tasks in
Bloom’s Taxonomy.

Optional Activity Cutoff Line

Activities below this line are helpful but not critical to
the completion of the Challenge. Use these activities
to help with class pacing.

[Optional] Try Itl: Brake vs. Coast

Prompts students to try changing the Brake
setting on the Move Steering Block to “Coast”
and see what happens.

Try It! activities prompt students to explore an
additional feature or area of the software.

The What Happens? button will show the result so
students can confirm their observations.

Sometimes this exploration is for enrichment, but
often it is important to the Challenge. Use the Optional
Cutoff to identify when an activity is critical.

[Optional] Did You Know?: Projects
and Programs

Explains the relationship between Projects
and Programs in the EV3 Programming
Software.

Did You Know? activities provide additional
background information on various topics.
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e you netica?
Rename Program

You can rorama tha “Peogram’ intida your Prococt by deuble-clicking tho word “Progary” on tho lab,

and typng & new namet I

Now your progiam will hane 8 name nside e Proamsct, imstesd of just beirg called Trogram”

,‘< 4 you netice?
R Ev3 Menus

v you noticn the S man areas 8 e 1op of the
Vs on-screen menu?

File Mavigation  Deick Apps

= Run Recent: Lists B most racent programs

Sattings you furve to run Mot IFat f they are all named

; TGN B hard 1o 18 apai

« File Navigation: Browse through all tha
Projoct: @ loaded on the BV Select

5 fom isede ench Progect!

Folders starting wih BRE conlain Brick Apps
FODgrEme (So kefl)

+ Birick Appa: This mada rantains lilhes that i
you viow and sol molor and sarser valuos for
broubleshooting purposess. Th Brick Progiam
app lels you wie smpla programs o log
sarser aluns directy on (b bk

= Sattinga: Adust 1o Spoakar voRume,
anlo-sheep brve, nesworking, and ofber syslemn
setings.

‘:_ Did you netice?
k Auto-detecting Ports

Dt you notice that the £V automatically
desected the Forts Il your makrs wre
plugged inlc?

The EV3 fantuces o technelogy called
"ALACID el allows it b0 aulomaticaly
dolect, identfy, and confgure any EV3
nardware pligged inio 8l Howevar, it can
oty toll what typo of dinaco i plugged n 1t
cannct celc! cerian othes mlomalion, live
what size your whests are, or which motor
i o the laft s right side of the rohot

Moving Straight 3 (cont’d)

[Optional] Did You Know?:
Rename Program

Programs can be renamed within Projects,
although this is typically only done when a
Project contains multiple programs.

[Optional] Did You Know?:

EV3 Menus

A brief overview of useful functions in the
EV3 on-screen menu system. See the
Basics unit or the EV3 manual for more in-
depth information.

[Optional] Did You Know?¢:
Auto-Detecting Ports

The EV3 has the built-in capability to locate
and identify any motor or sensor plugged into
it. This means you don’t have to worry about
port numbers, as long as there is only one of
a given device type attached (e.g. only one
Touch Sensor).

However, since there are two motors on the
robot, you do need to pay attention to which
one is the left and which is the right.
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Moving Straight 4 : Arm Centrol
Topies Coversd
@ Mesm Notr Biock (Arm)
Check Your Understanding:
1, What does the Medium Mator block?
1) Cantrits ko of tha lage mators
1) Canlrots e madiuem motor kit 8 09 64 e arm
1) Conirois e ubrasone sensar
1) conirats ah e mowrs:
2. What happens whor you use & nagative power lavel?
1) Tha rotor runs backwerds
10 The robot maves fastar
1) Tho rmator doss nothng
1) The progeam crastes
3. What happenms when you put more than one block In 8 program?
1) e program runs backwards
1) e progeam runs n sequence
1) The prograin doesat run al a8
1) The peogram runs the largest metar block fist
Tyt
——
Try 1 1 | Hegative Powsr
: The Mave Steering command alsa acoapts negatve power valess t move backwards.
Try erening -50 i B powor Biark on a Move SIeing biock
I !:_lI
) Mgl
e BN
Y T
\What happens?

Mini Chaenge
== Minl Challenge 1: Cargo Retrieval
‘j Peogram yout robol i
* Raiso its arm

= Back up to fobol's statmg posixon wilh the box
I

Flace two pieces of black slectrical taps 80 om apart.
‘four robat showeld traved to the block and bring It back ta the starting line.

Moving Straight 4: Arm Control

This step introduces the concept of
sequential commands. The Medium Motor
Block, which controls the single arm motor is
added to the program..

Step-by-Step Video

Walks students through adding a second
and third command to the program, using the
Medium Motor Block to control the robot’s
arm. Students should follow along with the
video.

Check Your Understanding Questions
These questions are designed to quickly
check comprehension of the topics covered
in the video. Students should answer them
before moving on.

Try It!: Negative Power

Negative power levels make the robot move
backward.

Mini-Challenge: Cargo Retrieval
Challenges students to build on their previous
programs by making the robot move forward,
then lower its arm, then move back to its
starting location.
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Optional Activities

e Did you natice?
“Fe° Getting the Program Stuck

= ) Try runiwg you progearm will its sirm sieedy in e “ug” poston. Walch
carelully 50 you can Enswer the Eowng quastions

4 Dows the program aver and?

The program keeps rnnng

The program ends immedistaty

&, Does the second medium motor block ever get to run?
The second mator biack naver runs

Ther sevond rmotor block = skipped over

5. What happens If a block cannot compiste its action?
The program wil immediately skip 10 the nest biock
Tha pragram wil ty for a whiia, than dspiay an aroe and quit
T prograam will Ly Toe o wevls, Dhen Shp Be Stk Block and meve o0 B B remaining commands

Thar program wil gl “shuck ining ba complite B action. and kster Biocks will never ba run

| T 1 Meving Straight b prwv - et gl XK Exit -

T TE]

Moving Straight 5 : Moving Forward Review

Frogram Review. Cargo Retrieval

# Tha pengram shown below is & sample salston 0 the Cargs Retniaval Mai.Chalenge Tha program makes
e fofot mowe fonward and rotiieve & carge box 50.om away, then fotum home wh it

.:E Hicwar ot Sy Lock i Iho peogeiin 0 views i dobasiod sxph ki

Moving Straight 4 (cont’d)

Did You Know?: Getting the Program
Stuck

Explains one of the common problems with
sequentially-executed programs: if any of
the commands cannot complete (e.g. if the
arm hits the ground and cannot lower any
further), the entire program will be “stuck”
and unable to progress.

Check Your Understanding Questions
These questions are designed to quickly
check comprehension of the topics covered
in the video. Students should answer them
before moving on.

Moving Forward 5: Review

Review steps come at the end of the guided
portion of a unit, just before the main
Challenge. Sample solutions to the Mini-
Challenges are shown here in picture format.

Placing the mouse cursor over any block in
the program will show a detailed explanation
identifying the block, describing the literal
command it issues, and explaining what
action it performs in context.
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11 1 Moving Straight

{ [ . ELECTRICAL BLACK TAPE
‘Vnm
- 1]
MOVE TO FACH LINE, STOPPING AND LOWERING THE ARM AT EACH LINT.
AFTCR LOWERING ARM, RAISE THE ARM BACK U, NECN PROCELD TO THE NEXT LINC. 4 /
REFEAT THE PROCESS UNTIL THE LAST LINE.
AFTER LOWERING AND RAISING THE AR'M ON THE LAST LINE, RETURN HOME TO STARTING LINE.
e o |

Inths challange. you your EV3 o] @fierant ines on a
e board. stopping at each L it by rasing and lowenng the robol’s
arm. When the 1obot i dona nspoctng all fues locations, it showkd beck up and mtum home 1o its startng
b b rischaeges

e :‘f ;J;}é[ﬂl-

<] |

@ Introduction to Programming
LEGO®" MINDSTORM' EV3

© CHAPTER CHALLENGE
CHAPTER 1: Sensabot Challenge

s From b2 starmng bao

Moving Straight Challenge

This step lays out the details for the
Sensabot Chapter Challenge. Students
should work in their teams to complete the
challenge objectives.

Challenge Video

Describes the challenge in video format. The
robot must move to three marked locations
on a game board, and raise and lower its
arm at each location to represent taking a
sensor reading.

Challenge Diagram

A non-technical summary of the Sensabot
Chapter Challenge.

Challenge PDF

Alink to the official rules and gameboard
layout for the Challenge in PDF format.
Detailed measurements for the board layout,
as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in the attached printable
document.

Sensabot Challenge PDF

Detailed measurements for the board layout,
as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.
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Movement > Turning Chapter

In Turning, students program the robot to turn in place, then explore variations such

as turning in the opposite direction, and turning in a wide arc.
Key Concepts: Turning, Types of Turns, Steering setting

Turning 1: Introduction to Autonomous Tractor
Introduces the real-world robot (Autonomous Tractor), and the challenge
modeled after it (Orchard Challenge)

Turning 2: Robot Configuration
Contains building and setup instructions for the rest of the chapter

Turning 3: Turning in Place
Uses the Steering slider on the the Move Steering Block to create turns

Turning 4: Other Turns
Uses other settings on the Steering slider to create wide turns

Turning 5: Review
Explains sample solutions to mini-challenges from this chapter

The Orchard Challenge

Requires students to program the robot to navigate rows of trees in an orchard

Hints:

» The “angle” turned by a robot is generally in reference to its heading. A 90 degree

turn means that the robot’s heading has changed by 90 degrees.

» When turning, a robot’s wheels travel along a curved path. The shape and angle
of the turn is determined by how far each wheel travels along that path. [CCSS.

Math.Practice.MP4, CCSS.Math.Content.7.RP.A.2]

Teacher’s Edition Note: Notes on the purpose of common structural elements such as Check Your

Understanding Questions are omitted from this section onward. To review these general notes,
please see the Movement > Moving Straight chapter.
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Turning 1 : Introduction with Crop Tractor

Tophee Coversd

@  Autonomeys Tractu
@ Chalerge overncw

;‘;_r o et U""éi uu_

‘Check Your Understanding:

1. Wity I8 8 Imgortant 1o e able to deive E1rough an orchard?
€7} %o perform speciaized tasks o aiftarent types of crops

1) GPS 5 requred wiile rsvigating aicend e orchard

1) o perform tasks ke inspecion and speaying which canfot be dons o afiectively Bvough othar e

) Auotthg above

2 Whatls f the Tracior over &

1) Raduces e reed foe humas to . g and ovar
i) Redu 10 heied areas whik

1) Autoromeus Tractor can raves Bough an area whars a human dever may gel lost

10 Trwe i o teg achasntge

3 In addifion to basic tuming, what additional, new this nge
) How o robot mavas straight

I} How s robot move back and forth
1) How a rabot burs, mnd different ypes of fams.

) A3 oftha abave

L
BT |

Turning 2 : Robot Config

Rabet base Configuration

For this chaptor, 9 basa & equred B comp

this chapter a5 well for the final chasangs:

EV3 DRIVING BASE

| T 2 ruming !‘n < prev | e - u’;"é Exitr

EDUCATION MODEL
WEPLM 10 THE ELTLDING INSTRUCTION
‘CONTAMED P Bt E¥3 S0PTWARE

Turning 1: Introduction

Introduces the Autonomous Tractor and the
Orchard Challenge.

r Autonomous Tractor Video

Introduces the real-world robot and
summarizes the chapter Challenge. Students
should watch this video before beginning
work on the chapter.

Check Your Understanding Questions
These questions are designed to quickly
check comprehension of the topics covered
in the video. Students should answer them
before moving on.

Turning 2: Robot Configuration

Building Instructions for the robot are the
same as Moving Straight.
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Turning 3 : Turning in Place

Topics Covered

@ Mowe Seerng Bk
{Tumng}

X e

Check Your Understanding:

1. What doss the robot do when the TumRight program ks run?
) Move srght fonwand

1 spin o the rabole sight witoul mesving foswarnd st all
1) Spin o e mbofs i without maving faneand at al

1) Spm for 30 dogrees

2 TRUE or FALSE: Wim “Rotations” on the Move Steering Bock to 1, Ee whole robot rotates 1 ime.
1) TRUE: the robot wil lurn atgund 1 i

1) FALSE: the wheels wil fum 1 wma, not the body

Mini Chalienge

-

= 1 Mirl Challenge 1: S0 Degree Turn
[
b Program your robot ko fum exacty 50 degrees 1o its right!

Placa your a :T..= : 1ape, then
that it tums to face directly slong the next pisce of tape.

[0 Fhwowr RNG i a1 Nints Nare| ‘

—_——

Optional Activities

Ty it
Try it 1 | Direction of Tum

L\s_ Mavin the Stooring sidor sl the way 16 tho right makas the robol tam to he right, in place
| Wmat heppons. f you move it a8 the way 1o the i

Turning 3: Turning in Place

This step introduces the Steering slider to
make the robot turn to the side. For now,
only the center and ends of the slider are
used. Intermediate settings produce “wide
turns and are explored in the next step.

Mini-Challenge: 20 Degree Turn
Challenges students to make the robot turn
a specific amount (90 degree change in the
direction the robot is facing).

This activity is directly analogous to the “50
cm mini-challenge” in the previous chapter,
and pointing out the parallels in the two
problems is appropriate.

The ratio of Wheel Rotations to Body Turn on the
REM-EV3 driving base model is approximately 2:1;
that is, it takes 2 wheel rotations to turn the robot
around exactly 1 time. Turning the robot 90 degrees,
then, would take 0.5 wheel rotations (180 degrees).

[Optional] Try It!: Direction of Turn

Prompts students to try moving the Steering
slider to the other side. This produces a turn
in the opposite direction.

The direction of turn always matches what
you would get if you turned a steering wheel
in the same direction (“left” or “right”). 31
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Movement - Turning

Did You Notice?

Did ysu notice?
‘Wheel Pointers

{

LM 1 clic i this

1 ratation
1 degrea
Encegh to make the rabol sgen complataty arund one time

On lag sround the tabln

4. What doss the 1 rotation” refer ta in the Mave Steering Block's controls?
1 il rotation of e robol’s body durng & ke
1 tababon o the robo's whedls
111111 oot 1 packid up and tuimed around

1 rotation of the Exrth and its axns

[ —
g 1 2Tumng [ prev | next -\_J|I-'- it}
gt 0 Unliakend —
Turning 4 : Other Turms
Topies Coversd

@ Move Tark Dk
@ Trossof Tums

Check Your Understanding:

1. In the movement forward at 60% power, and the right
mator was told to_

PO D g
] ifighiacteluickdd] |
1) Mo forward at 5% power
1) Mo b ol 50%
1) sty i place

©) som oo

" 2. What kind of furm did the rabot pn e motor stoppect
1) Goss straght

Turning 3 (continued)

[Optional] Did you notice2: Wheel Pointers

Calls attention to a design feature of the robot:
pointers on the robot’s wheels help you see which
direction each wheel is turning, and how much.

The amount a wheel turns (e.g. 360 degrees of
wheel rotation) is proportional — but not identical —
to the amount the robot’s body will turn.

Turning 4: Other Turns

This step introduces off-center “wide” turns using
the Move Tank Block, which controls the robot’s two
wheel motor powers separately.

Any time the robot’s wheels move at different
speeds, the robot’s path will curve. The specific
shape of the curve is determined by the combination
of powers used.
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Mini Challange Turning 4 (coni‘inUEd)

-] Mini Challenge 1: Bizzy Drill
@ Frogam your roedt 12 ain

Croate

Mini-Challenge: Dizzy Drill

AND MANEUVER COMPLETELY AROUND AN OBJECT Challenges students to make the robot move
around an obstacle using a combination of

straight moves and turns (wide or in-place).

‘ (G0t Shew hirt & add hrts hede]

<7 Optional Activities ™.

Try it 4

& | o [Optional] Try It!: Different Motions

Try ssech of Ew Tollowng 1o sew whal you gell

Prompts students to try different combinations
of motor powers. This produces differently-
curved turns.

Helper Activity: Role-play the robot

One student acts as the robot, while another student
issues left-foot and right-foot commands with different
power levels.

For instance, “left foot 50; right foot 0” means taking

a small step forward with the left foot and holding the
right foot in place. Straightening out your body from this
stance will make you turn slightly to the right, pivoting
around your right foot just as the robot does with a
Move Tank Block set to left 50, right O.
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Turning 5 : Turning Review

Fregram Review: Turn in Placs 00 degress

B0 degres tum Mini-Chalenge. The robet tums 90

degrees 10 s nght, esag
= Note. Ties piog

EVI-RE design. and is wnly apiominets — your fobol

Movement - Turning

Program Review: Dizzy Drill [Wide Turrs)

sample salul e
“wige” Li.shaped turn 10 savgate arcund the obstacke.

Turning 5: Turning Review

Sample solutions to the mini-challenges can
be found on this page.

Dizzy Drills has two sample solutions
provided: one for a strategy that uses two
right-angle turns to go around the back of
the obstacle, and one that uses a single
U-shaped turn to swing around the obstacle.
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Turning 6 : Orchard Challengs

Challenge Review

R

| O Challenga POF

| erchard_chaSieniga et |

o A0 T S T o s e}

€ Introduction to Prog ing

LEGO® MINDSTORM" EV3

AN
& CHAPTER CHALLENGE =

CHAPTER 2: Orchard Challenge
. this.challenge. you will program the robot to move from its starbng anes through thrve rows of Fruit tress,
Wi friiey e yinr . path theough the crehard, Bot tha robent rrost paas dhons Beeh idan of sach row

Rules and Procedures:

— Orchard Challenge

This step lays out the details for the Orchard
Challenge. Students should work in their
teams to complete the challenge objectives.

Teams get to choose where they start
their robot for this challenge. It is to their
advantage to pick a specific spot and use
it every time, rather than moving the start
position or aligning the robot sloppily.

The route shown in the picture is just an
example, not the required (or necessarily
easiest) route.

Retain this Challenge board intact, if possible, as it
will be re-visited in the Switch-Loops chapter.

Orchard Challenge PDF

Detailed measurements for the board layout,
as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.
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Sensors > Move Until Touch Chapter

In Move Until Touch, students program a robot to wait until its Touch Sensor is
pressed before proceeding with other commands, then combine that behavior with
Motors On and Motors Off commands to make the robot stop and go based on
Touch Sensor commands.

This chapter is an exception to the pattern of “bookending” every set of activities with real-world
robots and challenges. While the chapter is still challenge-based, it is focused on the idea of sensors
rather than a specific robot that uses them.

Key Concepts: Wait Block, Touch Sensor, Forward Until Pattern

Touch 1: Introduction to Sensors
Introduces the idea of Sensors, the Touch Sensor, and some of the Touch
Sensor-based behaviors in the lesson

Touch 2: Robot Configuration
Contains building and setup instructions for the rest of the chapter

Touch 3: Wait for Touch
Uses the Wait for Touch Block to make a robot wait for a Touch Sensor press
before continuing

Touch 4: Forward until Touch
Combines Motor On and Motor Off commands with the Wait for Touch Block to
make the robot move forward until the Touch Sensor is pressed

Touch 5: Review
Explains sample solutions to mini-challenges from this chapter

The Arm Position Challenge
Requires students to program a Touch Sensor-based “raise arm” behavior that
moves the arm to its “closed” position regardless of where the arm starts.

Hints:

» All of the chapters in the Sensors unit follow the general pattern laid out in this
chapter: Introduction, Wait for (Sensor), Forward until (Sensor), Challenge.

» The Touch Sensor does not have a real-world robot because simple touch
switches are not commonly found on real-world robots; typically, robots shouldn’t
physically collide with their surroundings to sense them.
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Check Your Understanding:

12 5, Wiy are sensars importantto robets?
 Thiry heks rabots tasks in senes
 They give the robet infarmesticn about & surtoundings
Ty aliow futiots ho repeal sanlar tasks.
© Al ol the above

dvantage of Sensor
© The rabet can remamber hazard areas
1 The rebet can pariom actons a kot faster
Wi rabOL Can fact 10 S GTvianment

 Thir i o big dantagn

Touch 2 : Robot Config

Touch Sansor Configuration
For this chaplor, the Touch Sensor & roquired to completo schons of this chaplor as woll for o final chaliongo.

TOUCH SENSOR ATTACHMENT

Touch Sensor

- Touch 1: Introduction
Introduces the idea of Sensors on the robot.

This chapter does not use a real-world robot.
Instead, it focuses on the first use of sensors

on the EV3 robot.

— Touch 2: Robot Config

The robot is the driving base from the
Movement Unit, with a Touch Sensor added.
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Touch 3 : Wait for Touch

Check Your Understanding:

1. What does the robot do when fhe Wait Touch program runs?
™) Fhuns cantinuoesty urtil tha Tauch Sensor s pressed in

L) Wasits for 1 second, than moves: 1 rlation
{.) Wasts for e Touch Senser 1o be pressed in. then moves 1 1otation

£ Funs for 1 rotation

2. The progras waits BEFORE it moves becauss...

L) The Wl Block commes brsd i B program

1) Tho Wt Block ahwerys wakers priority avor Move Blocks

Ty

Try 11 | Alrsady Prevsed

‘What happens. i you'rs already holding dawn e Touch Sersor's button when you ster rinning e
pogram?

Try it 2 | EV3 Bufions
- The § buttens on the Fonl of the EV [not counting he Cancel buston) can ba uted as Touch Sencors)
Try changing the Medo of e Viat Dicck to “Brick Buttons > Compare > Brick Butions”
AN FUNING YO program
d— [ |
-l & A
Pl 19Q 130 g
el | O _}o;n_-.ua_

s 1% PUnneng, priss This ik butlon on e boek of De B3

- Touch 3: Wait for Touch

This step introduces both the Touch Sensor
and the Wait For (Sensor) Block.

The Touch Sensor physical mechanism is
explained at the bottom of the page.

The Wait For (Sensor) Block “holds up” the
program’s flow until the sensor condition is
met. When the condition is met, the program
continues (with a Move Steering block in this
case). This is the simplest way in which the
sensor can be used to control a behavior,
and is used throughout the Sensors Unit.

Try Itl: Already Pressed

Since the Wait for Touch Block literally waits
for the “Pressed” state, it can be triggered
instantly if the sensor is already pressed in
when the program starts.

This is a common source of error with

all sensors: if the sensor is already in a
“triggered” position, the “wait” is invisibly
short. This is often mistaken for the program
“ignoring” the sensor.

Try It!: EV3 Buttons

The buttons on the front of the EV3 are
essentially touch sensors, and can be used
as such.
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Touch 3 (continued)

Did You Know?

Did you know?
How the Touch Sensor Works

[Optional] Did You Know?:
How the Touch Sensor Works

An interactive animation showing how a
Touch Sensor acts as an electrical switch to
create a flow of electricity the EV3 detects.

When the Touch Sensor i pressed, i closes an slecknesl circul, allowing current 1o fow.
1 Towsch Sensor 1§ reledsed, T CRCUIL IS DIOKEN #70 RO SLETent Nows.

the KT, aliowing the Touch Sarsad i prestod
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Touch Sensor

e i 4 oy | oot - v |
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Touch 4 : Ferward until Touch
Topizs Coversd

@ Moo e Mode
@ Fowad Ul Beharir

- Touch 4: Forward until Touch

This step introduces the Motor On and Motor
Off modes of the Move Steering Block.

Motor On — Wait for Touch — Motor Off

Check Your Understanding:

1 What doss 8 Move command do when its Mod I3 aet 10 “0n"T
O'mmmmmﬁon

O Tum e mators on for & conan number of rotations.
1) Tum e motors on unti the Touch Sensor i bopened

1) Combines with B next block 1o msks a specisl command

" 2 Wihat does & Move command do when lts Mode Is set o ~0fT7
) fum Te metors o

1) wiests for e Touch Seeser io o8 pressed
1) Wt for the Touch Sensor 1o be pressed, then fum the mators of

1) End tho peogram

Try i 1 | Eorward Until Release
{é The Wat - Touch block can wt for the sensor to be “elcased” a5 well 0s “Pressed”

form a common pattern that makes the
robot move forward until the Touch Sensor
is pressed, then stop. This pattern is
sometimes referred to as “Forward until”.

Try Itl: Forward Until Release

Prompts students to try the “Released”
setting for the Wait for Touch Block instead of
“Pressed”. The robot will move until the Touch

What haopans  you sol the W - Touch block 1o "Releasad” and rn @ with an emoty box holding down
s s ?

Note: Whin sefing ug robol, hawve P costische pace firmily agarst te Touch Sensor o that @ keeos i
pessed i, a5 shown helow

The rooot Foves Sonwarnd untl Ihe Touch Sansor 5 Feleaced”, then SIops.

Sensor is NOT pressed.

Make sure the Touch Sensor starts pressed
in, or the “Released” state will be detected
immediately, and the robot will go nowhere

(see “Already Pressed” on the previous page).
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Mini Challenge

] =

==, Mini Challenge 1: Four Walls

|

%,/ Progmm e robot o jouch el four walls of & room, Wsing i Touch Sensor 1o know when it has reached
(] wachore

Use a 4x4 game board and place robot In the middle.
Program your robot to each all four walls, using its Touch Sensor.

PROGRAM THE ROBOT MOVE AND TOUCH
ALL FOUR WALLS, USING ITS TOUCH SENSOR,
THE ROBOT CAN TOUCH THE WALLS IN

ANY ORDER, S0 AS LONG IT MANES.

CONTAGT WITH THE
TOUCH SENSOR

Show hint.

T 3 Toush ! P N XK i -

T3 4 5C

Touch 5 : Touch Sensor Review

Pragram Review: Walt for Touch

= Tha program shown bolow i @ samph code for meaking your obed wait unbl Touch sonsor i prossod

Lo _‘{h Fover on any Block in tho progeam o viow & dotalod axplanation
i

Frogram Review: Forward untl Touch

+ The program shown bedow 1S a samole Code for Forward untll Towch’ movement The robot st starts s
miatar S move foward. snd whon the ouch serser i prossed, o robol £lops the motce

’:{E‘?‘ Kover on any block in ho progiam 1o wow a dotaiod aaianaton
!

Program Review: Vacuum

» The program shown below is 8 sample sohibon ba e Viscuurn MnkChallenge.

s # four-block pathorn, marke “Bahavior Pattatn™ baio In the pattam thi robo! mows
forward unbl & touches the wall, Fion backs up and tums G0 dograos 10 1ace the nox wall Sinca s bohavior
wworks Bor all four walls of the room, the progeam simj By comy-pastes thal patis Hiies mors mes

Touch 4 (continued)

Mini-Challenge: Four Walls
Challenges students to make the robot
move to touch all four walls of an enclosed
rectangular space.

The desired behavior can be thought of as
“Forward until Touch (the wall), then turn”
four times. Backing up prior to turning may
help to avoid getting caught on the wall.

Students with prior programming experience
may know that a Loop Block would be helpful
here; it is up to you to decide whether it is
allowed at this time.

Touch 5: Touch Sensor Review
Expanded explanations for both in-video
programs and a sample solution for the mini-
challenge can be found on this page.
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— Arm Position Challenge

This step lays out the details for the Arm
Position Challenge.

This challenge involves more physical
construction than programming, as students
will need to find a way to position the

Touch Sensor so that it can detect the Arm
reaching the top of its motion.

Students should be allowed limited freedom
to modify the robot’s arm or add extensions
during this Challenge, but should not need to
modify or disassemble the driving base.

A concept picture of one possible layout is
shown on the page, but no specific building
instructions are provided: students should
work to complete a design on their own.

Arm Position Challenge PDF

Detailed measurements for the board layout,
as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.

€ Introduction to Programming

LEGO® MINDSTORM" EV3

(58

& CHAPTER CHALLENGE

-
[ 1 2 Touch - 1 e
o I a0 A o g ok
Touch 6 : Arm Position Challenge
Challange Review
TOUCH SENSOR ARM PLACEMEINT
FY AND AITAEH i u:u- -
+
Towen Sensar - Driving
CUSTOM BUILT >
ATTACHMENT &
‘Where can | find the instructions?
In this chatienge, You will program your EVS 10501 10 rase 15 amm whan pressing he Up bulton on the £33,
Men retnesing & cortanes and bnding 1 back ko the starting location
1. PRESSING THE UP BUTTON ON EV3 RAISES ARM TO UP POSITION
2. ROBOT o
3. USING ARMS, ROBOT TAKES CONTAINER BACK TO START
Bl [
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Sensors > Move Until Near Chapter

In Move Until Near, students program a robot to wait until its Ultrasonic Sensor
detects an object within a certain “threshold” distance before proceeding with other
commands. This is combined with Motors On and Motors Off to produce a Forward
Until behavior parallel to the one constructed using Touch in the previous chapter.

Key Concepts: Ultrasonic Sensor, Threshold Value, Forward Until Pattern

Ultrasonic 1: Introduction to Sensors
Introduces the real-world robot (Hexarotor), and the challenge modeled after it
(Maze Challenge)

Ultrasonic 2: Robot Config
Contains building and setup instructions for the rest of the chapter

Ultrasonic 3: Wait for Near
Uses the Wait for Near Block to make a robot wait for the Ultrasonic Sensor to
detect an object closer than the threshold value before continuing

Ultrasonic 4: Forward until Near
Combines Motor On and Motor Off commands with Wait for Near to make the
robot move forward until the Ultrasonic Sensor detects something nearby

Ultrasonic 5: Review
Explains sample solutions to mini-challenges from this chapter

Maze Challenge
Requires students to program an Ultrasonic Sensor-based solution to a maze,
detecting distances from key walls to known when to turn.

Hints:

» All of the chapters in the Sensors unit follow the general pattern laid out in this
chapter: Introduction, Wait for (Sensor), Forward until (Sensor), Challenge.
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Ultrasonic Sensor

= Ultrasonic 1: Introduction

Introduces the Autonomous Hexarotor and
the Maze Challenge.

4. Untrasanic 1 = i
—a 1 i rieet ¥ i—& Edt—
1 :g_!_ gl |
Ultr 1 to
Topies Covered
@ Aumrcecus Mearctol
@ Chaliege curdoy
Chack Your Understanding:
© 1 Wiy might the (Laser e Toush 3 detecting walls and
apataches?
Hittng wal could damage the wall
HIllng & wal okl dharrage I 10601
s quicker 1o delect ob<tacies at & detance
Al of the sbove
=
1 4 uresoni B sk P
— prev - mext Exit
i iHLF_. X

i EIATETE]

Ultrasonic 2 : Robot Config

Ultrasoale Sensor Configuration

[For this chaplor, tho Uitnasanic Sonsor i 1oguined i complotn sackong of this chaplor as wedl for tho final
challenge

ULTRASONIC SENSOR ATTACHMENT

= Ultrasonic 2: Robot Config

This chapter uses the driving base model,
plus a forward-facing Ultrasonic Sensor.

Sensors from the previous chapter can be

Driving Have
nnnnnn

‘Nhere can | find the Instructons?

left on or removed as convenient, as long
as they do not interfere with the Ultrasonic

Sensor (i.e. are not within its “cone” of view).
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Ultrasonic 3 : Wait for Near

Topics Covered

@ Utrason Sensor

@ Forwaed Unsl B

Check Your Understanding:

1. What does the Wait Block walt for batore dlaying the “Helle” sound?
1) The Urasanic Senser 1o detect an object 1055 than 50 cm avey

1) Tha Utasanic Sansof 1 dotnct an object meen Bean 50 e away
1) ™ha rabet bo traved less than 50 am

) Thi Urasonic Senser's readig Yo change by up ta 50 an

2, Howdo you selsct the sound file the robot plays?
1) By crcxing i T upper-fight “Fe Name™ Blank 07 T bioek

1) By speaking into the speakers of the EV3

0 By addng o Fiée Block

Mini Challenge

-

Mini Challenge 1: Threshold Valua
¥ The Wit - Uitrasonic Sensor flock uses a “Threshold™ to defne what € is watting for
[Rathed than jook 101 3 Spechc vaiue (ke 1Cm of 200cm), 1 56t 8 “Culofl” vaue thal
drvides al th possitie Ultrssonic Sevsar

= M tha distanco vaiue it above it Throshold, § is consadored “Far”
= M the distance vaiue is bokow the Threshoid, & is consisersd "Near™

vithiirs il bwa calgones

This way, the Wait Block 4095 not hawe 1o wory about the difference between an cbject
&l 26cm and an ctgact st J0cm; 1 only has to worry about about whether the valus &
AoV of bolow T Thitshcid

Change the Wait Block's Threshold value =0 that the alarm only sounds
i somecne passes within 10cm of the sensor, then change it againso thet it
will go off If anycee comes within 100em of the sensor.

Poln> @ r
] mfrlillogl | fronied

[Chek Show Fank to add hints. here|

= Ultrasonic 3: Turning in Place

This step introduces the Ultrasonic Sensor
and Wait for Near Blocks. The Sound Block
is used also, as a way of indicating when the
sensor has been triggered.

Mini-Challenge: Threshold Value
Challenges students to alter the Threshold
value on their Wait for Near Block to trigger
at 10 cm, and at 100 cm.

Thresholds are a key concept in robotics
programming, because they allow programs
to easily make decisions based on sensor
readings that range over hundreds of
possible values (1 cm, 2 cm, 3 cm...). Rather
then write hundreds of different responses,
the robot simply responds to the number
being above or below the Threshold cutoff.
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Ultrasonic Sensor

Ty It 4

Missing Objsct Alarm (Wit for Far}
‘Whal s the Wail Diock do i you sel L4 wail $ & vakes Greeter Than the Thieshold irrstead of Lass

Than? Change the Wall Block's “Compang

Type sirtling 10 Gratar Than (2]

).n..‘ n '.:[lawa“?

._}a‘a

nmmmamrm o tae rebiot, and downkad and fin the progeam. Now, try moving the cbjsct and

S0 Wit 1)

sk Optional Activities N,

Did You Know?

Cid you know?

Lo s

How the Ultrasonic Sensor Works

3

The LIFas(eic Sensol rses (76 SPoed S| SOUd wanes Lavets 10 Tieasure distance 1o ) object
Wi,

The sansat s g on it fronl, o0e

FRCRIVES tham rm!mmwMumnémmlmmmnmxw‘MMr

Ty

Try iz

Tey it 3

‘wirva sant out by the emiter ks bounce

Skl Santaniy

off an obyect and come back ta the reconed

*fia can harve mustiphe sounds clisy o sfler ancthar B Torm sonlences. Try addng & second Sound

Bock 10 your program so it Says

“Dbject” ard "Detected™ can be found

stand of just "Hedlo™|

ot get i VY i sary ifeam o aller anciwe?

Hoidder, How would

i IO 1 “COmpanng” The value of 1 Sensor Aganst Mo TAfShow, 1o Wil ock Can 50 ook &
he amount he sensor value has changed since v command stared

= Place & abject 0 No of Ihe Uilasonc Semor
# Change the Mode of the Wat Block to Uiltrasonc Sensor - Change . Distance Cantimeters
» Sat the drechion setling 1o "Any™ (2]

= Sct the Ameunt soifing b “5°

* Run progeam, han (nove olyecl Som closer i of lurhes away lom Ulrasonk Sevser
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Ultrasonic 3 (continued)

Try Itl: Missing Object Alarm

Prompts students to try using Greater Than
Threshold instead of Less Than Threshold.
This is analogous to Wait for Release instead
of Wait for Pressed.

[Optional] Did You Know?:
How the Ultrasonic Sensor Works

A video animation showing how an
Ultrasonic Sensor uses sonar to calculate
the distance to an object.

[Optional] Try Itl: Sound Sentences

Adding sounds within your program provide
excellent clues that alert you that a behavior
has just completed.

Focusing on the Sound Block, this Try
It! prompts students to string together
multiple blocks (saying different words)
into a sentence.

[Optional] Try It!: Sensor Change Mode

Prompts students to try using the Change
mode to wait for a change in Ultrasonic
values, rather than a value above or below
below a particular threshold (as it does in
Compare mode).
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Ultrasonic Sensor

Ultrasonic 4 : Forward until Near

Check Your Understanding:

LC ST ——
1 Tr Ulrssons: Sertsor e avled 50 cm
T Ulirssorsc Sesor s 50 o fom e wal
0 Tha febot moves 50 om total

) T robol detects

Mini Challange

Minl Challerge 1: Backward Unti! Far

::2.. o

» Piaca the robot near a wail or obiect. tacng it

1. PLACE ROBOT NEAR A WALL FACING IT
2 PROGRAM ROBOT T0 BACK AWAY UNTIL WALL 15 30CM Away

[Click Show hint 10 add hints hese]

COTPRE T Carrubges Liniln foaselcs Atadeey Ml sgrts wained

Ultrasonic 4: Forward Until Near

This step guides students through a Forward
Until behavior that uses the Ultrasonic
Sensor to stop when the robot gets close to
a wall (Ultrasonic Sensor value is below a
certain distance threshold).

This is analogous to Forward Until Pressed
in the Touch Sensor unit.

Mini-Challenge: Backward Until Far
Challenges students to adapt their behavior
to move backwards until the robot is a certain
distance away from an obstacle.

This activity is directly analogous to the
“Forward Until Release” mini-challenge in the
previous chapter, except that the robot needs
to back up so that it gets farther from the wall
(rather than continuing to get nearer).
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Program Review: Forward untl Touch

. o Touch” movement The robot Brst stars s
mistar fo mawe iofward, and whisn this fouch snsor is prrsad the robot stops thi moan

[CHORPGIE 12 CaTget MM HOO00CT ACIONTY AN BGTI WEETAD

= Ultrasonic 5: Ultrasonic Review

Expanded explanations for both in-video
programs can be found on this page.
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Ultrasonic 6 : Maze Challenge

This step lays out the details for the Maze
Challenge. Students should work in their
teams to complete the challenge objectives.

Challengs Review

The route show in the picture is the only real
route to the goal. However, certain walls are
allowed to move, or even be removed (see
PDF instructions).

In is Cislenge, you wil program your EV3 robol to mowe from (he stating arss ihough & maze with tal
wartical walls. Use tha Utrasone: Sensor 1o navigale thiough B maze witout touching any walls and
iy reaching i hat tha batwenn the wals

The robot must use the “guaranteed” walls
to find its way through the maze without
touching any walls.

1. PROGRAM THE ROBOT TO NAVIGATE ITSELF THROUGH THE MAZE .
2. THE WALLS CAN RE MOVED NEARER OR FARTHER RETWEEN RUNS.

USE BOOKS OR BINDERS TO RECREATE THE MAZE
WALLS CAN BE MOVED, HOWEVER THE MAIN PATH
WILL NEVER CHANCE

€ EV3-VT CHALLENGE

CHAPTER 3: Maze Challeng, Maze Challenqe PDF

Detailed measurements for the board layout,
as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.

Rules and Procedures:
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Sensors > Turn for Angle Chapter

In Turn for Angle, students program a robot to turn until its Gyro Sensor detects a
heading change greater than a certain “threshold”. This is the same pattern used
with Forward Until Touch and Forward Until Near, but with turning.

Due to the nature of the Gyro Sensor, and of turning motion in general, a small
amount of “overshoot” in the turn will occur. The programming in this lesson is
broken into two steps to expilcitly address and accommodate this phenomenon.

Key Concepts: Gyro Sensor, Accommodating Sensor Error

Gyro 1: Introduction to Sensors
Introduces the real-world robot (Autonomous Golf Course Mower), and the
challenge modeled after it (Mower Challenge)

Gyro 2: Robot Config
Contains building and setup instructions for the rest of the chapter

Gyro 3: Turn to Angle (Part 1)

Uses a variant of the Forward Until Pattern that turns instead of moving straight,
and uses the Gyro Sensor to detect the change in heading. Program will work,
but not be as accurate as desired.

Gyro 4: Turn to Angle (Part 2)
Discusses physical factors that contribute to the inaccuracy of the original motion,
and strategies to mitigate the issue.

Gyro 5: Review
Explains sample solutions to mini-challenges from this chapter

Mower Challenge

Requires students to program a Gyro Sensor-based behavior that will drive the
robot over all parts of a rectangular surface, even if it loses traction partway
through a turn.

Hints:

» The Gyro Sensor, like all real-world devices, is imperfect. This lesson uses that
imperfection as a learning opportunity.
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> | i""‘ | Gyro Sensor

-y & s oo = Heh = T .
| — T r=h = = Gyro 1: Introduction
o Miadhiations e el Euied Ml Introduces the Autonomous Golf Course

Mower and Challenge

Topbes Covered

@ Autonomous Hexanto:
@ Chakrye oreraewy

Check Your Understanding:

© 1. Wihat doas & gyro sensor belp the robot to de?
Q Moo a prociso gisance
1) Tum mave procisaty
1) use GPS.

1) Hone o e abowe

" 2 Why does the mawer use if it already has GP37
1) Gyo sensee is mare sceurat Man GES

1) GPS = sometimes blocted or unavaiatie
1) GPS con be siow sometimes

1) Riobot maves taster using gyra senser

3. Why shoule your rebet use & gyro sensor even if It already has rotation sensors?
1) Wnests sometmes sl and lose accuracy.

™ [ et 4 et
J; =
- Beon o) e

| |

Gyro 2 : Robot Config

Gyro Sanscr Configuration

The Gymo Sensor s roquined 1o compiota soctens of fis chaglor as wol for tha final challange — Gyro 2: Robo" config

e e — This chapter uses the driving base model,
plus a Gyro Sensor.

GYRO SENSOA PLACEMENT
10 THE BUALE
CONTRINED 14 THE £ SOFTWARE

Sensors from the previous chapter can be
left on or removed as convenient.

'Wnere can | find the Instructans?
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Gyro Sensor

Gyro 3: Turn for Angle (Part 1)

This step introduces Turn for Angle in the
way that it would be expected to work,
following the Forward Until pattern.

Due to a number of unavoidable physical
factors, the robot will noticeably “overturn”
the target angle. This phenomenon is
addressed in the next step.

Check Your Understanding:

AT 1, Becaues of e wey it i3 sttachied to the robot, the GyTo Sersor measures:
 The amount B robat's bady fime
© The semount £ 1obor's whewss lum
1 Thr aount B fobal & “tippeng” orvard of backwird
Wi an oscilloscope s nearty

 aum actually ran,

e robet tamed £ body exactly 90 degrees

1 The rabet tamed £s body skghtly more than B0 degrees
© The rabet moved forward 63 degrees

© Thie rabct span in place Rirever

Gyro 4: Turn for Angle (Part 2)

This step discusses the reasons for the
seemingly strange behavior of the Gyro
Sensor in the previous step, and how this
can lead to a workaround (and what a
workaround is, compared to a solution).

Gyro 4 : Turn for Angle (Part 2)

Check Your Understanding:

€] 1. Which of the follswing factors contributes to the "evertuming” problem?
) Dhaliay 0 sansing and Sgeal immistnn
© Physical mormantum
1 Al of the above

" 2, Which ot the following workarounds can help 1 reduce the “overtuming” probiem?
 Replace the Gyio sencor
 Tolling tha robot to wait untl a valu that comos "bofore™ !ho ona you actually want
© Ui i it numbBaned por
© Priss the - it turn

" 3. Whatis the diflerence betwsen a werkaround and a solution?




’ }[ .T/ 5. Turn For Angle ]
| (el

Tyttt
Try it 1| Left Tams

P Sleselne s L
Sle Ay |

Dows e sane Wai o Gyro biock work for ki turms?
Tev changing you program to fam S0 degraes to the it insiead.

What happsns?

What happens?

Mini Challenge

(r*'\ Mini Challenge 1: Rectangle Box
..{ Program and make the robed comphete & full lap asound a rectangular box, usng the Gyro Sensor to confrol
allof ite furrs.

|Cck Show hint i add Birds heen]

Optional Activities

Did You Know?

Did you know?
b How the Gyro Sensor Works

The EV3 Gyro Sensor = a MEMS Sensor (Micro-EleciroMechancal System)

Gyro 4 (continued)

Try It: Left Turns

Prompts students to try using the Gyro Sensor
to perform a left turn.

Since the Wait For Gyro Block is in Change
mode, left and right turns both work — going 90
degrees in either direction is still a “change”.
This is not true in Compare mode, however, as
Compare mode uses compass headings that
will go negative if the robot turns left (and thus
reach -90, not 90).

Mini-Challenge: Rectangle Box

Challenges students to make the robot run
around a rectangular (or square) object,
using the Gyro Sensor to make each turn.

As with most mini-challenges, this task is
very closely related to what students will be
expected to do during the Challenge.

[Optional] How the Gyro Sensor Works

Explanation of the physical principle of
operation of the Gyro Sensor.
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= Thw program shown below i from he main Tum for Anghe kesson.

= The roool bams on its icn, Ehen leaves tem on whis

munmmﬁﬁmwmmﬁm.m&m e program turms na.

motors off and the robol stoos:
= Thes lurns the robol approximatety 90 degrees 1o f rght. The smallor sevsar tirgat of 0 cognees.
compensatas for he rabol's kendancy 1o “overtum™

Gyro Sensor

— Gyro 5: Review
Sample solutions and explanations for both
mini-challenges can be found on this page.

Caapric 22 Carmegi Letizn Raokcs Aidsmy Al sghts aened
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Gyro 6 : Mower Challenge

Challenge Review

ERASER ATTACHMENT*

TACTUAL DESIGN MAY VART

SCOOP ATTACHMENT*
“ACTUAL DESIGN MAT YARY

Inths chalionga, you wil program your EV3 robol t emse of coar tha antin gameboand of athar marangs o
perts. Thee ol 1= e ko e Feely 0 sreigl lines, using ary imeod you want. Howes, thers are e
masd o board. When of thirso areas the roabot must be picoed up by
hand, and placed bACK down

ROBOT MUST CLEAR BOARD OF MARKINGS OR FARTS.
FMUD ZONES AT SPECIFIED LOCATIONS.

WHEN TURNING ON A MUD ZONC,
THE ROBOT MUST BE PICKED UP AND PURCED BACK DOWN.

— Mower Challenge

This step lays out the details for the Mower
Challenge. Students should work in their
teams to complete the challenge objectives.

The “mud” zones (red squares) are designed
to make Wheel Rotations-based solutions
impossible. The robot should be picked up,
held briefly in the air (with the wheels still
spinning), then placed back down when the
robot turns on top of a mud patch.

The mud zones are positioned so the robot
will have to turn while on top of at least one.

If you have a game board surface that erases cleanly,
the eraser version of the board may work better. If
not, use the loose-parts version, but make allowances
for a large number of parts rolling onto the floor.

Mower Challenge PDF

Detailed measurements for the board layout,
as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.

3

€ EV3-VT CHALLENGE

CHAPTER 5: Mower Challenge
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Sensors > Move Until Color Chapter

In Move Until Color, students program a robot to wait until its Color Sensor detects
an object of a certain color before proceeding with other commands. This is
combined with Motors On and Motors Off to produce a Forward Until behavior
parallel to the ones using Touch and Ultrasonic Sonar in the previous chapter.

Key Concepts: Color Sensor, Forward Until Pattern

Color 1: Introduction to Sensors
Introduces the real-world robot (Autonomous Motor Vehicle), and the challenge
modeled after it (Traffic Light Challenge)

Color 2: Robot Configuration
Contains building and setup instructions for the rest of the chapter

Color 3: Wait for Green
Uses the Wait for Color Block to make a robot wait for the Color Sensor to detect
a green object in front of it before moving

Color 4: Forward until Red
Combines Motor On and Motor Off commands with Wait for Color to make the
robot move forward until the Color Sensor detects a red object

Color 5: Review
Explains sample solutions to mini-challenges from this chapter

Traffic Lights Challenge
Requires students to program a robot to move through three traffic signals, each
of which may be red or green at random

Hints:

» The main programming pattern in this chapter is very similar to the previous

chapters, but the logical complexity of the Challenge solution is higher. Students
must continue improving their understanding of the.ways in which behaviors
relate, to produce the best (and simplest) possible solution
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Color Sensor

i Weco B e - g o

Color 1 : Introduction to Autonomous Vehicle

Topics Covered
@ At Note Vehides
@ Chslengs oveniew

= Color 1: Introduction

Introduces the Autonomous Motor Vehicle
and the Traffic Light Challenge.

Check Your Understanding:

1. What ars some of the 96 0 self-driving

Finang & pat e destination
Foliowny the road
Dacying traffic bws and signals
Avonding oer vehices

Al o the sbove:

2. Whist will the rebot need to detect with the Color Sensor?
The speed of the 1obat
Distance fom the vehicle m fiont of the robat
‘Wadth of the road
Coker of a trafc light

———
i B & coor L
& B i

Color 2 : Robot Config

Color Sanser Canfiguration
The Color Sencer is requited to complate sechons of ths chapler as wel ior the final chalangs

COLOR SENSOR ATTACHMENT

U e [ X e

— Color 2: Robot Config

For the video portion of this chapter, the
Color Sensor will be mounted in the default
location. It will need to be moved to the arm
for the Challenge, as it will collide with the
traffic signal otherwise.

‘Whera can | find the instructons?

If this causes an issue, you can change the
rules of the Challenge to permit the student
to move the traffic signal out of the way
rather than moving the sensor to avoid it.
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9 g = Wx= — Color 3: Wait for Green
Color 3 : Wait for Green This step introduces the Wait for Color
N— Block. This step is structurally similar to the
® oG other Wait For behaviors — the Wait For

Color Block will wait until ANY ONE of the
selected colors is detected.

Check Your Understanding:

1. What doss this program do?
1) it e the Color Sensar to soa 2 Red objoct, than move forward

1) it for the Color Sarsat 1o 566  Grean obrecl, then move fonward
1) Wit unil an oibpect is moved out of the way, then move foeward

1) e forward undi 1 05 & Geven obiod

* 2 Winen multiple colors are checked in the *Set of Colors™ area, what will the Walt Block do?
1) Wt ior AN c the colors 1 be seen

m Wil for ALL of the cokrs 10 be seen 81 he same Lime
) it for ALL of the colors 0 be sen ot east once each

100 it for ALL of the colars 1o be seen o the ordar indicalid by e numbars

Try i1

The EVE Cob Sevrsod can detect 7 dilerant colors, phs (e absence of coi
Edch of thise B colocs is labilod with a diferent number,

Try It! 1: No Color

R The “No Color” option represents the state
e s e o s S Gt where the Color Sensor is not getting a

R ™ s e reading from a surface in front of it.
o1

|oz =
|oa e

|os @
|oe O
o

Faca o s ol e o S s e Try It! 2: Port View Color Sensor Values

The Port View mode on the EV3 on-screen
. menus don’t call colors by name. Instead,
A BTN SO N B 3 oo they use the numeric codes shown next to
the numbers in the checklist.

1. Usis tha Lot and Rashl Butiors on the EV3 o navigale 1 the
EV3 Appa menu ). ang press the Ener Eution to acioct
Port View Mode”

The B blocks af tha top and botiom of the scroen represent the 8
posts. o tha BV

- Motor Rptabon Sonsor values ore dsplayed ocross ihe 1op
- Serrsol Vishes ae dispayed sciiss e Lotion,
depinding on what is pluoged in




W5 6. Move Until Color

Color Sensor

B 1, FPoint the Color Sensor dwectly ot the Red side of the Color Crate.

What valus do you see?
* 2. Vmat value should you see if the Color Sensor |3 peinted
at the Bius side of the Color Crate? Try it
What happens?
" 1. Pointthe Color Sensor away from the Color Crate and any strong lights.
What resding doea It ghee? Try It

Mini Challenge

@ Mini Challange 1: Raliroad Crossing I
>
-

At Fatss and iowr in (59 path of rafh

PIOGRaM yOur 1obot 30 at instead of walting for & green RGNt it walts for £1e red 3109 igh 10 be taken away.

Stop

Gol

" Optional Activities

D You Know?

I.EEIIKH:I_I‘T
¥4 How the Color Sensor Works

Color 3 (continued)

Mini-Challenge: Railroad Crossing
Instead of waiting for Green to go, Wait for
“No Color".

[Optional] How the Color Sensor Works

The Color Sensor is actually three different
sensors: a Red Sensor, a Blue Sensor, and
a Green Sensor. By measuring the relative
amounts of red, green, and blue light that a
surface reflects, the sensor can tell the color
of the surface.
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Color 4 : Forward until Red

Check Your Understanding:

=
I.‘L_‘-'E' 1. What does this program do when run?

uniil he robot soes

In AdddSion B sgns and ghts, salfdriving cans also need o obay pavemant markings, dor s 900 e
taling whars 1 sicp

Madity your Color Sensor 80

the line.

COLOR SENSOR (DOWN) ATTACHMENT*

WITUAL DESISH NAY WARY

Color Sensor

- Color 4: Forward until Red

This step adds the Motor On and Motor Off
commands to make a Forward Until behavior
like the ones from previous chapters.

Mini-Challenge: Forward to Stop Line
Face the Light Sensor down at the ground
to detect colored lines on the table surface.
This is a common use of the Color Sensor in
robotics competitions.
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B,
I
—

J123450

(FELLOW STOP LINE ON DARK SURFACE

BLACK STOP LINE ON LIGHT SURFACE

Gtk Strow Bt ks acd hids fere]
B 6 color prev - next X Ent
B s ¢
Color 5 : Color Sensor Review
Pregeam Review: Walt for Creen
= The program SHown below (5 samyile code for meking your oot wad unlil it $ees e Coor gresn

L ‘QZ Hover o afy bicek if I PIOGRM B0 view 8 Oetafied oxpiananon
)

Color 4 (continued)

Now try the challenge on other surfaces with
other colors!

— Color 5: Color Sensor Review

Expanded explanations for the Wait for
Green program and the Forward to Stop
Line program can be found on this page.

Pregeam Review: Forward to Stop Line

. “ﬂ Hover on any biock in the program ko view & detaied arpianaion
|

61



> | @ 6. Move Until Color |

T —
d “Tgc“:?:—i'c "o T2, K i m_'

Color & : Traffic Signal Challenge

Challsngs Review

COLOR ARM ATTACHMENT*

‘ COLOR ARM PLACEMENT
A T .04 e 45 e o

------ READ THE CBLOR 0F THE FLEXRIED TRAPIC
. THE SEnicm o THE &I 13
ENE PULASECE METHID

o

Y
+
Calour Sensar Forward -
CUSTOM BUILT ™,
ATTACHMENT &
Where can | find the inskuctans?
Inthes chalienge, you your EV3 sobot fo diftarent each of whch hac a

braffic signsl The affic Sgaal, which can be st B colred block of e redigrsen card, is hald by hand al
@ 301 height. Unike & camena, the detecton range of the Color Sensorn is shor, 50 you wil noed 1o moddy s
placement on the robot 5o thal & can sae the ralc sagnal and rasct.

Bonus: Tha eobod does not naed o stop on its own afler passng thiough all ihree intersechons (f can ba
stoppod by hand).

HOLD THE TRAFFIC SIGNAL AT A SET HEIGHT AND HAVE THE ROBOT
REACT ACCORDINGLY DEPENDING ON THE SIGNAL

Weto the progrom so thal it DOES aiways stop aflor going thepugh tho third istorsaction. This wil roquine the:
s ol Swehch {5 vl seclion]

— Traffic Signal Challenge

This step lays out the details for the Traffic
Signal Challenge. Students should work

in their teams to complete the challenge
objectives.

Teams will need to reposition the Color
Sensor to the robot’s arm so that it can
reach high enough to see the traffic signals,
and also move the sensor out of the way
afterward. If this is inconvenient, modify

the challenge rules to allow the signal to be
moved out of the way.

Traffic Signal Challenge PDF

Detailed measurements for the board layout,

as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.

€ Introduction to Programming

LEGO® MINDSTORM® EV3

y
/
\
A
S CHAPTER CHALLENGE

CHAPTER 6: Traffic 5ignal Challenge
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Introduction to Robot
Decisions - Loops

Decisions > Loops Chapter

In the Decisions Unit, students begin to work with Program Flow more directly. Loops
give programmers the ability to repeat commands; many students already know this.
However, the real power of Loops lies with the capability to decide whether to repeat
or not.

Key Concepts: Program Flow, Loops, Conditional Loops

Loops 1: Introduction to the Container Handling Robot
Introduces the real-world robot (Container Handling Robot), and the challenge
modeled after it (Container Handling Challenge)

Loops 2: Robot Configuration
Contains building and setup instructions for the rest of the chapter

Loops 3: Looped Movement
Uses a simple (infinte) loop to make the robot move back and forth repeatedly

Loops 4: Loop with Count Control
Sets the Loop to repeat only a set number of times

Loops 5: Loop with Count Control
Uses a Sensor to decide whether the Loop repeats or not at the end of each pass

Loops 6: Review
Explains sample solutions to mini-challenges from this chapter

Container Handling Challenge
Requires students to use loops and sensor control to program a robot to pick up
a number of objects and move them back to a starting zone

Hints:

» The concept of repeating is simple, but it is important to begin building a broader
mental model of Program Flow now so students can understand how Loops
relate to Switches and Switch-Loops in the next chapters
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Decisions - Loops

Check Your Understanding:

© 1. Repasitve tasks can be accompbshed efficiently by_.
‘Winiing wery iong programs
| Wirting mustple prograrms
* Repoating behavors within & program
Masulaly controling T iobol

= Loops 1: Introduction

Introduces the Container Handling Robot, the
Container Handling Challenge, and Loops.

Loops 2 : Rebot Config

Ultraseale Sensor Configuration
The Ultraseric Sansor 15 mauared to comglee sectoes of the chapter

ULTRASONIC SENSOR ATTACHMENT

| ULTRASONIC SENSOR PLACEMENT
* IETHCTIONS.

PLEASE BDFIR TG THE BULDON
3 SOTWARE

e - AR

W&Nﬂlu )
y LT TInstructions LG
— &

Loops 2: Robot Config

The robot for this chapter uses the
Ultrasonic Sensor, and will eventually add
the Color Sensor in the Challenge.
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& 7. Loops

Decisions - Loops

_wf [T eEe

Loops 3 : Looped Movement

Check Your Understanding:

" 1. What doas the Lacp do?

Sang oW back. e pontin GrEm, Causng iL 1D fapest Some INsYLCBONS.

Choose botasen two diferpnt possibio sets of commands 1o un

Repesla d e o T pobot
R 88 the programe o B (0568 i 8 coninuous cycke

2 How do you acd a Leop to.a program?
© Click the Laop Block, Ten deag & bax around the commands. you wan B pat irsids he Loop
Sebect e blocks you want b pul insce the Loop, then righl-cick and chooss Place in Loog™
Right-click ity aroa Mk Leop™ appeas

Diag  Looo ik lie geogran, Men drag comsmends oo o

Mini Challenge
]

#ini Challenge 1: Square Lap 1
q‘ ..{ Program o Looped bahavior that makes the rebet avel erourd 4 squars bax fosovar

— Loops 3: Looped Movement

This step introduces Loops. The default loop
sends Program Flow back to the beginning
of the Loop every time it reaches the end
(i.e. repeats infinitely).

The Program Flow-based explanation is
used because it explains the action of Loops
(and later Switches) in a systematic way that
avoids common misconceptions.

Mini-Challenge: Square Lap 1
Challenges students to modify the
commands inside the loop so the robot
makes its way around a square box.

The key to this challenge lies in the
symmetry of the box: you can move the
same distance for each side, and turn 90
degrees after each movement.
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Decisions - Loops

= Loop 4: Loop with Count Control

This step introduces the idea that Loops
can end, by using loops that only repeat a
certain number of times.

Loops 4 : Loop with Count Control

Loops that only repeat sometimes are called
Conditional Loops. In this step, “sometimes”
is based on the loop count; in the next step,
a Sensor will make the decision.

Check Your Understanding:

This program builds on the program from the previous

" 1. A Loop satto Count
1) Every e, forener

1) Onvy o brted nusries cf trmes
O 1 tha Touch Sansor is not prassed when the Fiow reaches the end of tha Loop

1 ¥t 5 oo aler i Lovp

© 2 What dovs It mean for a Leop 1o be "CondiSonal” in the EVI Programming Seftwars?
1) 1 anty sards the Flow back under cortan condans.

O Tha entrd Loop can bo skippod ander caramn condiions.
O The Loop runs faclar ahar & s tramned, or “condionad”

1) The coce runs eveey time, no matter wha

7 3 what s the “condition” in this Loop based ori?

1) The cistance e robot has Faveied
1) The value of the Touch Senscr
1) The rumbir of times the Loop has sent the Flow back

1) The rumber of soconds the Loop has boen running

Try

Try i1 | Other Counts
Try changing the number in the Loag's Count sating 1 2, then running the program

-

o]

~FETERCICTTr G Jr
ﬁ-@f;zm.&:m—t_ B, e i

Mini Challenge

M i Challenge 1: Square Lep 2
ogram yous roel 15 make just 96 lap the bax
@

Py your nge 5 Iprevious lssson] ssction
34 that the afte ety or lap

Do nat weite #ach movement by hand - use a Loop!

step. The “Starting Program” linked to the right of the
video provides a working copy of the previous step’s
program if needed.

Try Itl: Other Counts
Prompts students to use a different number
of Counts in the Loop.

Mini-Challenge: Square Lap 2
Instead of looping forever, students are
challenged to limit the lap-running behavior
to a single full lap (4 sides of the box).
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Loops 5 : Loop with Sensor Control

Check Your Understanding:

~ 1. When the Loop is set to URrascnic Sensor as shown beiow. what “condifion” will cause It to pass Program
Flow through (instead of sending it back)?

1 @@ M el
}luq i

1) Tha rabot sees somathing within 30 cantimelars immadiaiely ator move forwsrd
1) The rabot ses sorething within 30 contimolirs immadiatoly alér backng up
1) 1na rabot sees someming farther than 30 cenimetars away

1) T program rupeas el 20 imes

-2 Hyou want to make a Loop end based on a sensar reading, you should....
1) setthe Loog's mode to "Sensor

1) Sot tho Loog's Mo 10 tha sonsar you want
1) Selit e sensex you want whike the pragran is runving

1) setthe Loos's Moda 10 Count Sensors

3. When ooes 8 Senior Loop check the sensor?
1) Continuously whia msida tha Loop

1) A mw begmang an ord ot the Loop

1) i e enc of the Loop ony

1) At enc of every biock wilhin e Loop:

Try it
Tryits1 | Other Sensors

St the Loop's mode ba Touch Sensor nstead of Ulrasomc Sensor. Make sure than i a Touch Sensor
an I febot, Fuun i program and iry 10 gat i1 roeal 1c Stopl

T |

7
5 b ||
g 4 =

P-ta alk 193@.. ﬁ_}_{@@ n:? «‘_r

_]J.,J A mE |dij B it e] | b

[ Wt temns? |

Mini Challenge

" Miri Challenge 1: Square Lap 3
g Make your 10bol nun kaps around nnbn:unnllamnheﬁan chstache in ks way. The obstack wil be

Decisions - Loops

— Loops 5: Loop with Sensor Control

This step continues modifying the program
from the previous steps by using a Sensor to
decide whether to repeat or not.

There is a common misconception that a
“Sensor-Controlled” Loop will continuously
monitor the sensor and end the loop
immediately when, for example, a threshold
is reached.

However, that is not the case; the Sensor
is only checked while the repeat-or-end
decision is being made at the end of the
Loop, not while the commands inside the
Loop are running.

This program builds on the program from the previous
step. The “Starting Program” linked to the right of the
video provides a working copy of the previous step’s
program if needed.

Try Itl: Other Sensors

Prompts students to try using the Touch
Sensor to end the Loop instead of the
Ultrasonic Sensor.

The same rules about the timing of sensor
responsiveness still apply.

= Mini-Challenge: Square Lap 3

Challenges students to adapt their Square
Lap program to end based on an Ultrasonic
Sensor value.

The program will only stop for obstacles that
are visible to the robot when the Loop ends
(typically just after turning).
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Decisions - Loops

Loops 6 : Loop Review

Frogram Review: Infinite Square Lap
# Tha program shown beiow

Program Review: One Square Lap.
» Tha program shown beiow i3 samgle code for mini.chalignge in e “Loop with Count Confror™ ksson

» Tha oode is very siméa by the solution lor Infinde Squase Lao solution above.
wacupt thial the loog is in Count Mode.

— Loops 6: Loop Review
Sample solutions and explanations for the
mini-challenges in this chapter can be found
on this page.

ey
el
T o b

Program Review: Square Lap with Obstacles
» Tha program shown boiow is ot i ehaliorgo in
* Tha L 1o foe Onn
wcopt that the locp & in Seaser Meds
» Ths s diflarart rom using A LSmsonic Wal Binck!

= Wait Bock holds progeam Sow uniil a condition & mel
= Looo with Sonsor Control coes NOT flow: It oty 56

i Lor
et il ot of W gy Brecmuss of s, U oop chvecks e sesrsen value just once. swneiately abis s

st movement n the loco.
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3 \-—4]5 i.ﬁic

— Container Handling Challenge

Loops 7 : Container Handling Challenge

This step lays out the details for the

e Container Handling Challenge. Students

CONTAINER HANDLING ATTACHMENTS®

ARM CONTROL PLACEMENT
o ATIACH THE ARMIN CRDER T 8D ONTO THE
CLSTOM manes.

ULTRASONIC SENSOR PLACEMENT

« VUASE SLIE THE ULTRASCHIC STRIOR MAS & CLEAR
VW FUWARS T2 DETECT CONTARERS.

COLOR SENSOR (DOWN) FLACEMENT

Inihs Chadangs. you Wil LSE @ L0op 10 DOQiam your robat 10 Mowe 8 SaNas 0f CONBIErS ino & loadng
2on. Tho containers 19 be loadoed ane placed af imeguiar infervals, 5o vou wil have 10 use & seqs to delect
T should thea use i into the lcading rked

®ach 0.
with 4 red outine - and release A there.

1. ROBOT STARTS IN LOADING ZONE
2. PROGRAM TO GRAR AND CARRY BOXES BACK TO LOADING ZONE

USE THE ULTRASONIC SENSOR TO DETECT THE BOXES
AND THE COLOR SENSOR TO DETECT THE ZONE WHEN RETURNING

should work in their teams to complete the
challenge objectives.

As noted near the bottom of the page, the
easiest method of solving the problem is to
use Forward Until Near to get to the next
object, Reverse Until Red to return to the
starting area, and a Loop to repeat the
behavior for all four containers.

Container objects should be large enough for the
Ultrasonic Sensor to detect, but thin enough for the
arm to close around. Erasers, toilet paper tubes, or
cuttings from cardboard boxes or packing materials
can all be good candidates. Be wary of sound-
absorbing materials, however, which the Ultrasonic
Sensor cannot detect.

Container Handling Challenge PDF

Detailed measurements for the board layout,

as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.

© Introduction to Programming

LEGO® MINDSTORM® EV3

© CHAPTER CHALLENGE ; '

CHAPTER 7: G iner Handling Chall
mane
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Introduction to Robot
Decisions - Switches

Decisions > Switches Chapter

Switches and Loops have very different effects on Program Flow: whereas Loops
could send Flow back to repeat commands, Switches force the robot to choose
between alternative paths in the code. Like Conditional Loops, they typically make
this decision based on Sensor feedback.

Switches are seldom seen alone in robotics programming, because robots very
rarely make isolated, one-time decisions. It is far more common to put a Switch
inside a Loop, to allow repeated decision-making.

Key Concepts: Program Flow, Switches, Repeated Decisions (Switches in Loops)

Switches 1: Introduction to the Strawberry Plant Sorter
Introduces the real-world robot (Strawberry Plant Sorter), and the challenge
modeled after it (Strawberry Plant Challenge)

Switches 2: Robot Configuration
Contains building and setup instructions for the rest of the chapter

Switches 3: Move If Clear
Uses a single Ultrasonic Switch to make a decision: move forward if there is no
object nearby, or turn to the side if there is

Switches 4: Looped Decision
Use a Loop to repeat the Switch-based behavior, allowing the robot to solve
certain simple mazes

Switches 5: Review
Explains sample solutions to mini-challenges from this chapter

Strawberry Plant Challenge
Requires students to use repeated decisions and sensors to program a robot to
sort a number of colored objects and move them back to a starting zone

Hints:

» Switches do not repeat unless a Loop makes them repeat (the same way a Loop
makes any block repeat)
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G 8. Switches

Check Your Understanding:

" 1A Switch will allow your robot to...
‘Wt very long progrems
Wirile multipla programs.
Fipeal bofimviors within s program

Make & ane-tme decisicn

Switches 2 : Robot Config

Ultraseale Sensor Configuration

The Uitmsoric Sanser 15 mquared b comgloto soctoes of thes chagler

ULTRASONIC SENSOR ATTACHMENT

Decisions - Switches

— Switches 1: Introduction
Introduces the Strawberry Plant Sorter, the

— Switches 2: Robot Config

The robot for this chapter uses the
Ultrasonic Sensor, and will eventually add
the Color Sensor in the Challenge.

Strawbery Sorter Challenge, and Switches.
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G 8. Switches

Decisions - Switches

= Switches 3: Move If Clear

Switches 3 : Moo f Clear This step introduces Switches, using the
Ultrasonic Sensor to choose between
moving straight (if no object is in the way), or
turning once (if an object is in the way).

The Program Flow-based explanation is
used because it explains the action of
Switches in a systematic way that avoids
ek Your Understanding: common misconceptions, that also explains
their relation to Loops.

0 itrens L

0 itens

1) i am cbjact passes in front of the Ukrasonic Sensor al any bme

100wl e obyect pissses in ok of the Utirasoric Sensor

' The robot makes its decision about whether ta move forward er tum...
1) Once, whven B Switch 5 reachied in B progranm

O Orces, witten e Swilch sees an obyecl
1) Continunlly whie the program is rusing

1) Tho rabot aways mavas, na ralor what

— Mini-Challenge: Color Sensor
W aterge Compare Switch

,.\ Miri Challenge 1: Color Sensar Compare Switch

*! o b i Challenges students to use a Color Sensor
e to decide whether to turn left or right.

ULTRASONIC AND COLOR SENSOR ATTACHMENTS

This behavior is directly reusable in the
sorting task in the Chapter Challenge.

~ — ULTRASONIC SENSOR FLACEMENT
% R LIRS AN
ATTACHEE PO ENE PREMOUS SaSE

—¢ COLOR SENSOR PLACEMERT

= Change tha Swilch's mode to Color Sensar > Comgare » Color

® Pul tifferent perts of Pwe Color crater o colored cands of n Sond of the Soler Sensor eech lime you ran
he program




G 8. Switches Decisions - SWi'l'CheS

Switches 3 (continued)

= Pul diferonl parts of B color crabir of colorod cards of in Yrond of the Color Sensar esech time vou run
he program:

For this minl-chalienge, program the robot (o um o the right if It sees green or brown, and lefl 1T it sees any other
color. The robot only needs to 6o this onca Per run, USing the color it Sees 8 3000 3 the program stants.

[iClicke Shwow hint ko ackd hints hare] ‘

" Optional Activities

e Optional] Mini-Challenge:

] Mird Challenge 2: Color Name Reader —COIor Name Reader

im0 0 enr Sy i Challenges students to investigate the

| | WP Measure mode of the Color Sensor Switch,
& H CN—— (1 _sesses % which supports multiple branches so the robot

can act on several different colors differently,
rather than having only two choices.

= Then, press the ty « button (Add Casa) on the Swilch
ECH
*5
PG by

os

Instead of o ¥ gymbal, s @ color Wharn run B Swilch checks e Color
Sonsor, and funs o branch with e malching colr

=
_—

2R

1 1 Malch 5 found, e branch wilh I LetaJl Case ol s fun

DCED

]

‘:'afi —

73




G 8. Switches

i © 8 swiches by arov - next -

Switches 4 : Looped Decision

Check Your Understanding:

71, Winat happens whan you place & Swhich insids s Lasp?
= T robot runs in i cuch undl lold to siop
Thie robot makes & decisicn once, then fepaats thi risull many Bmos.
This robol makes & decisicn many bmes; takng whaltover sction & aporopriale each tmo

“fou Cannot place & Sedich isioe & Loop

2 wmena Switch Is placed inside a Loop...
Chck e « 1ab near the top of he sceen

* The sofware iserprets the SwilchsLoop struchan as o spocial constnact

Try it
Trymin | Maze Runnee
| The sempde bahavor ba used &s & very

ke e e for the sobol, made up of sguso oo s,

H you don't have floor tiles, use 10 cm squares.
Maka 5109 0 dust yoer ratabon b go one B, not 3 rotations

| | |
| | | | —> Finish
| |
| |

Start

®

Mini Challenge

@ Miri Challenge 1: Smarter decisions challange

peogrsm by Rding ha

1. Audic Feedback
© Make the robot say, "Forward” any Ume It cecides to move forward
© Make “Right" any to tum right
2. Limited Duration
¥ gt stisck. Make the prog d after it han performed 10 maves in tetal.

[Chick Show hint ko acd hints here] ‘

Decisions - Switches

— Switches 4: Looped Decision

This step places the Switch in a more natural
context: inside a Loop.

A single decision often occurs too quickly to
be useful (or even noticeable). Repeating the
decision gives the robot has the opportunity
to perform more meaningful behaviors.

Most robot decision-making takes place in a
structure resembling this one.

Try It!: Maze Runner

Prompts students to try running their straight-
or-turn looped decision behavior in a maze.
The robot will go straight whenever it can,
and turn when there is a wall in front of it.

Students will need to adjust the distances
traveled in the program to match the “tiles” in
the maze.

The walls in this maze should be raised walls (as
opposed to marked on the ground). Use textbooks or
other free-standing obstacles if possible. If “thin” walls
are not available, you can use boxes and push the
“top” row back one tile to create a “C"-shaped maze.

Mini-Challenge: Smarter Decisions

Challenges students to add features to
different parts of their program.

Students must think about where to add each
command, which focuses attention on the
role that each part of the program plays.
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Decisions - Switches

Switches 5 : Switch Review

Frogram Revisw: Move ¥ Clear

Frogram Review: One Square Lap
* The program sheown beiow is samphe code for mini-Challenge in the *Loooed Decision” ksson

— Switches 6: Switches Review
Sample solutions and explanations for the
mini-challenges in this chapter can be found
on this page.
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COLOR SORTER ATTACHMENT*

TSI MAY VST

ARM CONTROL PLACEMENT
oo coom ATERCH FME VIS A0 0 TIAT T CAWGHAS:
\ AT PLACK BEONE 0N TheE SIS

i ULTRASONIC SENSOR PLACEMENT
<oveom ATTADS TAE LLTEASSNIC SENSOR 30 THAT 1T CAN DETECT
o

AND AFPROACE A

CUSTOM BULT ||
ATTACHMENT

I 11 Chisbangs, you wil & Eombniahon of Doth Locps 8 Swilchiss 12 ipaal an Inspechon pocess on i
fotal of four piants, raprasanted as bowes: Tha iobal wil mave 10 a pland, then sor i 1o ether the ibol's nght
sido if L is good or tha robol’s loftif 4 i bad. Plant colors aro randomized for aach un

USE THE COLOR SENSOR TO DETECT WHICH PLANT (BOXES) ARE GOOD OR BAD.
GOO0D PLANTS GDES TO THE RIGHT OF THE ROBOT,
AND DAD PLANTS ARE SORTED TO THE LEFT.

\USE THE ULTRASONIC TO DETECT THE PLANTS
AND THE ARMS TO GRAB AND MOVE THEM.

Decisions - Switches

- Strawberry Plant Challenge

This step lays out the details for the
Strawberry Sorter Challenge. Students
should work in their teams to complete the
challenge objectives.

The robot must sort four plants to the correct
side based on each plant’s color. The good-
or-bad decision should immediately suggest
a Switch-based decision, and the fact that
there are four objects should suggest a
Repeated Decision (Switch in a Loop).

The same objects used in the Loops Chapter’s
Container Handling Challenge can be used for this
Challenge. Add colored paper around or on the sides
of each object.

Strawberry Plant Challenge PDF

Detailed measurements for the board layout,
as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.

& Introduction to Programming
LEGO® MINDSTORM' EV3

A % )
-\ /
© CHAPTER CHALLENGE d

PTER 8: Strawberry Plant Challenge
ritinal Bath Looss and Suitches 10 el B0 INEICTOS DG 0N 8
P & 10 ethar the rabat's

Rules and Procedures:
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Introduction to Robot
Decisions - Switch-Loops

Decisions > Switch-Loops Chapter

Switch-Loops are actually just Switches inside Loops, the same pattern we called
Repeated Decisions in the last chapter. However, if a decision-response cycle is
repeated quickly enough, it approaches a “continuous” level of responsiveness.

By analogy, a movie looks like it's moving smoothly — “continuously” — even though
it's really made of still images, because many frames go by very quickly (24 per
second). If a robot updates its motor powers very quickly in response to sensor
feedback, the robot looks like it's responding “continuously”.

Key Concepts: Program Flow, Rapidly Repeated Decisions = “Continuous” Control

Switch-Loops 1: Introduction to the Autonomous Tractor
Re-introduces the real-world robot (Autonomous Tractor), from the Turning
Chapter, and the new challenge modeled after it (Obstacle Orchard Challenge)

Switch-Loops 2: Robot Configuration
Contains building and setup instructions for the rest of the chapter

Switch-Loops 3: Obstacle Detection Failures
Shows two “intuitive” attempts to add obstacle detection using existing
techniques, both of which fail

Switch-Loops 4: Obstacle Detection
Uses rapid Repeated Decisions to create a working Obstacle Detection program

Switch-Loops 5: Review
Explains sample solutions to mini-challenges from this chapter

Obstacle Orchard Challenge
Requires students to use Obstacle Detection to complete the Orchard Challenge
with the added element of obstacles

Hints:

» Switches inside Loops were already used in the last chapter (as “Repeated
Decisions”). The important distinction in this chapter is that “Continuous”
behaviors require a rapidly-repeating loop, which the “Discrete” movement
responses in the previous chapter did not maintain.



Q 9. Switch-Loops

Decisions - Switch-Loops

SwitchLoops 1 : Introduction to Autonomous Tracker

Check Your Understanding:

1
Turning Chapter?
1) There e mmore bees
1) Tho robot must compiata the chalangs wilhn a carn time lnd

[ ]  tobials pat

0 There s no diference.

= Switch-Loops 1: Introduction

Re-introduces the Autonomous Tractor, and
introduces the Obstacle Orchard Challenge,
and Switch-Loops.

this version of Challenge and the original version in the

SwitchLoops 2 : Robot Config

Ultraseale Sanaor Configuration
The Uitmsoric Sanser 15 mquared b comgloto soctoes of thes chagler

ULTRASONIC SENSOR ATTACHMENT

| ULTRASONIC SENSOR PLACEMENT
§ PLEASE BEFER TE T U i MSTRLETIONS

CONTAINID 14 THE £33 SOTWARE

— Switch-Loops 2: Robot Config

The robot for this chapter uses the
Ultrasonic Sensor.
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SwitchLoops 3 : Obstacle Detection Failures

Check Your Understanding:

"7 1, why dossnt this program wark for Obstacle Detection?

— - ;
[PesiB1OocTy>1
el 8s)

) The program detects an object ned stops befose meving ail lour rotations

11 Frogearm aoeSTT fun Eetause 15 wailng 1o Siloct Sometnig i ofder 1 fun

 This Kierver Shring Biatk heidds up e program, parventing i Bom ehaseking o Sonsors m B mssn e
Al ol the sbave

2 Wiy doesn'tthis program wark for Dbistacls Deteetion?

7 The Wind Blocks provans the fiow fram raaching tha end of o loop and checking Retaten Sensars

a0 cEpct, riger ha Loop
1 Tha L o makes iha kol go badkowsics

© The first Mave Steering block only goss fof one rolabon, then ends tha program

U 3 inatend of using di the salution yau will learm next will invalve:
 Rapid chiing of sansors
 Sneses rocombination ek
A e mulipheSesar Wist Block
A type of Loop Block

Decisions - Switch-Loops

— Switch-Loops 3: Failures
This step deliberately walks through two
programs that do NOT work as a set up for
the program that DOES (in the next step).

Students often have strong preconceptions
that the methods shown in this video should
work with the right tweaks, when in fact, both
methods are fundamentally unworkable.

This video attempts to move students
toward greater acceptance of that fact, and
openness toward the new approach.
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Decisions - Switch-Loops

< S ==} — Switch-Loop 4: Obstacle Detection

This step introduces the idea that large

SwitchLoops 4 : Obstacle Detection

Check Your Understanding:

1. Instead of thinking sbout the feur-rotation the

thinking about it as.
1) Using e v ey of Wit Block sk skomrs i senvsor cowching

(o] robat
s

‘opbong 1o run parts of tho program af certain

1) A long sesies of by movements that sad up for fosr rotations

10 Ao ths abovn ar valid supgastions

5 2 How i adod decis both at

1) The program rasats and rostarts at the boginnng everyime tha readings of any senssr changes

1) Tha rabot calculates the path with boh sensors st first and fues aigosthms foe the bast way fo nim tha
courss

1) The rabot activats & specific sewsor at Cortain tmes throughaut the course

1) Fuory cpvmston s bt and does nal block dihee commands fioe nening

2 3. In the final version of the program, the rebet ends up processing the Switch insice the Loop...
1) Oniy ance, ever, because ifs a Swich

1) Four wnes becauss £ Loop goes for fu rotstions

1) Thousads of senes, because i (000l processes lhe b very guekly ad encounters e Swikd) imaoy
b

Mini Chasienge

Miri Challenge 1: Obstacle Detecting Move Until Slack Lina

© Modily the Obstace ¥ hal oty (stooping whin &n abalack & in
#rond of if, mewing whan Bwip s ncne) unil the Color Sanser Setacts a black ing on the tabie, rathar than
until the robit has traveled & ceram numoes of olations

= Afiach a Color Sensol 10 e EV3.

ULTRASOMIC AND COLOR ATTACHMENT"

ULTRASONIC SENSOR PLACEMENT
0 BETECT DRSTACLES AND REAZT

COLOR SENSOR (DOWN] PLACEMENT
- m ATTAGH FoE COLOR SENSOR, FACING BOWS, T8 BSTECT

behaviors can be built up from repeated
small behaviors, and that a Switch inside a
Loop can create this effect in code.

The rapid repetition of the Switch and Loop
decisions allows multiple sensors to be
checked, as neither one “blocks” the other
by holding up the program flow.

Since the behavior relies on the Loop to
continue running, exiting the Loop ends
the behavior. Consequently, the sensor
condition on the Loop (Motor Rotations > 4
in this case) determines when the behavior
ends. The sensor in the Switch determines
what the robot does in each given instant
until then.

This, of course, only works so long as the
program is able to loop rapidly; it would not
be able to check the Loop end condition if
another block were holding up program flow!

Mini-Challenge: Obstacle Detecting

Move Until Black Line
Challenges students to add a Color Sensor

to the EV3 and modify the program so that it
ends when the robot reaches a black line.

Since the sensor on the Loop determines
when the behavior ends, setting the Loop
condition to Color Sensor > Color > Black
means it will end when the robot reaches the
black line.
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Decisions - Switch-Loops

4
% ‘Hover on eny block i
.

— Switch-Loop 5: Review
A sample solution and explanation for the
mini-challenge in this chapter can be found on
this page.
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Decisions - Switch-Loops

— Obstacle Orchard Challenge

SwitchLoops 6 : Challengo This step lays out the details for the

Chatnge v Obstacle Orchard Challenge. Students
should work in their teams to complete the
challenge objectives.

This Challenge board is set up identically
to the Orchard Challenge from the Turning
chapter, but contains obstacles that can be
randomly placed. The obstacles can be the
same as the ones used in the Container
Handling or Strawberry Sorter Challenges.

ULTRASONIC SENSOR ATTACHMENT

| ULTRASONIC SENSOR FLACEMENT
H 70w ATTACHING.

In thes Chadlenge. you wil program your EV3 robot, 10 move Font 43 staring area through e rows of init
treers. The subod mast pass akng Dot sides of sach fow during its 1en. I addiion, howeves, here will De one
o laced hd, Th tateclos:
instead, whan it ancounsers one, ¢ 0 g " At which poeet the
robot should continue on its way.

Obstacle Orchard Challenge PDF

Detailed measurements for the board layout,
as well as instructions for setting it up, rule
details, and hints for solving the challenge
can be found in this printable document.

THE STARTING AREA CAN BE RE-LOCATED TO WHEREVER SPACE 15 AVAILABLE.
ARE PLACH THE

€ Introduction to Programming
LEGO® MINDSTORM" EV3

®

© CHAPTER CHALLENGE

CHAPTER 9: Obstacle Orchard Challenge
Ahee

w how far you

from ga afiar tha i hes i and stopt
renirmizn o afacts of mamertum whae turmieg.
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Introduction to Robot

—
»%; 10. Line Follower

B Decisions - Line Follower

Decisions > Line Follower Mini-Chapter

Note: The terms “Line Following” and “Line Tracking” are used interchangeably in this chapter.

Line Following is actually just another application of the rapid repeated decisions
pattern introduced in Switch-Loops. Consequently, the Line Follower chapter actually
contains no new blocks or concepts — it is a new application of an existing idea.

As it is more practice and less new material, the Line Follower chapter is condensed
into two pages and two videos.

Key Concepts: Applying “Continuous Control” in a new situation, Line Tracking

Line Tracking 1: Introduction to the AMTS

Introduces the real-world robot (Automated Material Transport System [AMTS])
and the new challenge modeled after it (Line Tracking Challenge). Also contains
the building and setup instructions for this chapter.

Line Tracking 2: Line Tracking

Explains Line Tracking as a use of Repeated Decisions and walks through
a basic program that performs Line Tracking. Also lays out the Line Tracking
Challenge, which requires students to move a crate along a curved path.

Hints:

» Line Following is a useful option any time there are suitable floor markings,
including many robot competitions boards.

» Just as with Obstacle Detection, the Line Following behavior relies on the Loop’s
condition to know when to stop, and the Switch’s condition to decide what motor
commands to issue in any given instant.
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1\2

[
{ 1
;ST 10, Line Follower |

Lem,

tomated Material Transp

Check Your Understanding:

System (AMTS)

Topies Coversd

@ Auomated Materal
Trarvsport System (AMTS}
@ Chatenge ovonmew

gl
1) Al on e groand
1) 1% beacors on walls
1) volume levets of envronments

1) s tacing Nontwrd

Coler Benaer (Facing Dewn) Configuration
Thee Colr Senson & requinsd 10 comphele Sectons of ths chigbe

COLOR SENSOR (DOWN) ATTACHMENT

Decisions - Line Follower

= Line Tracking 1: Introduction & Config

Introduces the Automated Material Transport
System (AMTS), the Line Tracking Challenge,
and the Line Following/Tracking behavior.

This page also includes the building
instructions for this chapter.
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Line Follower 2 : Challenge

Check Your Understanding:

"4 the rebat s amsing Blnc, what can It tal about its pasition?

100 s over tre e
1) s custeie the ine 1o the ot
1) 15 cutside the tne & the right

1) s facig Norttwerd

2 Suppose the rmbat Is racking and sses Siack. Which way

1) Forward and to the lelt bocsusi: e i edge s that way
1) Forward anc i the nignt, becausse e left eage 15 tal way
) sumight forwant tecase e e wil curve svnissty

1) Tum et in place bacause the leR edge i thot way

3. Winich bavie s this Line

1) Soquantial Movemsnts
) Palitan
1) Rapeated Decsions
1) variaties

== Miri Challenge: Track Line for Rotations

# Modiy tha bahauice so hat i stogs e tadang alir 4 motar rolifions oa Molor B

PROGRAM THE ROBOT TO STOP LINE TRACHING.
AFTER MOVING FOR FOUR-ROTATIONS

[C3cx Sheow hin o aald hints nare|

Decisions - Line Follower

— Line Tracking 2: Challenge
This step explains Line Tracking, which uses
the same Rapidly Repeated Decisions logic
used in Obstacle Detection.

The Challenge for this chapter is found
farther down this page.

Mini-Challenge: Line Track for Rotations

Challenges students to make the Line
Tracking behavior end after 4 rotations.
The same logic applies here that was
used to make Obstacle Detection end
after 4 rotations.
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*j Miri Challenge: Track Line for Rotations
({' ,{5 Modity the bahavicr 30 that i stops ine nckag alier 4 motar rolations o Melo:

PROGRAM THE ROBOT TO STOP LINETRACKING
NG FOR FOUR.

[Chck Show hint 1o ndd hirts here]

42 CHALLENGE

LINE TRACKING ATTACHMENT*

Colsir Seasar Duwn - By

Decisions - Line Follower

(@

‘Where can | find the instructions?

In thes chatierge, you will progeam your EV robol 1o grab & cargo crale from the pickup spot, foliow the ine.

track anc drop T crste off in (he drop-of 2one

L. PICK UP CRATE ZONE
2. FOLLOW THE LINE AND DROP THE CRATE INTO THE DROPOFF ZONE

Line Follower 3 (continued)

Challenge: Line Tracking Challenge

Challenges students to have the robot pick up a
crate and follow a complex line using a series of
line-tracking behaviors.

Students can greatly improve the performance of
the robot by modifying motor power levels.

The ratio of the left and right motor powers
determines the “sharpness” of the robot’s motion
(e.g. 75/25 follows the same course as 30/10).

High motor powers will make the robot move quickly
to save time, while lower ones will make it move
more slowly (but stay on the line better).

Best results are achieved by using multiple line
tracking behaviors back-to-back, with each one
having a different combination of motor powers.
Each can run for a set distance or length of time,
then end, allowing the next to run.

Line Tracking Challenge PDF

Detailed measurements for the board layout, as well
as instructions for setting it up, rule details, and hints
for solving the challenge can be found in this printable
document.

€ Introduction to Programming

LEGO" MINDSTORM' EV3

.'rf
A
@ CHAPTER CHALLENGE

CHAPTER 10: Line Track Challenge
1 pragram your TV Fobor T3 30 3 €516 Cr98 ram T8 SiEk

=grar sen, okt

g,
- dros1ha tris o i1 the drigol s

86



i = Final Challenge

l | l |

' ﬁ Resources i Search and Rescue

[

> EAEEE HH % i Resources

Resources 1 : Flowcharts

The Flowcharts video .explains how a robot makes decisions. This video is designed
to introduce students to flowcharts.

Key Concepts: Problem Solving: Breaking Down large problems

Resource 2 : lterative Design

The Iterative Design video gives students a process that they can use to solve their
programming problems.

Key Concepts: Building Up a solution with Iterative Design

Oftentimes, students’first inclination when solving a problem that involves programming is to simply
sit down and start coding. This is generally counterproductive if the solution is not immediately
obvious — students are more likely to get lost than succeed if they do not “get their bearings” and pick
a sensible direction first. [NGSS: MS-ETS1, HS-ETS1-2]

Resources 3 : Project Planning

The Project Planning video .explains how important planning is when working in
teams.

Key Concepts: Problem Solving: Planning, Breaking Down large problems

Resources 4 : Engineering Process

The Engineering Process video .describes a logical and systematic way to solve
engineering projects.

Key Concepts: Problem Solving: Planning, Breaking Down large problems



Final Challenge Resources

Final Challenge Resources 1

Flowcharts Video
R 1 : Flowchal . .
— The Flowcharts video .explains how a robot
= makes decisions. This video is designed to
introduce students to flowcharts
Check Your Understanding:
© 1. What ks & Flowehart?
) A graphical representaton of o robot's plan of actin, includng decisions
1) A soros of pipos and wros that iustraln electicty flow
" 2 Why are Flowsharts important?
1) The fowchat caicuiatos the tragectory of e refocted plarts
) Robots miemalty reprocess all instructions inko flowcharts in onder o think
1) Ev3 programs can be wiilen 1 Flowshans and Keded roctly Inlo B fobol
) They hetp irabing process on lie 1obol
——— °
@8 oy oy} &= Final Challenge Resources 2
. e lterative Design Video
esources 2 : lterative Design
The lIterative Design video gives students
Tophes Coversd

‘Check Your Understanding:

1 his vides for: problom?
1) Buid almost evenyung al once, et ry fa get e kst et io il

1) Soive.a part. add o the sciuton, test The combined whae, then repest
1) Sohva al o parts soparaloly, then ecribing thoe in ona stop

1) Consuct tha antirs soluton Al at ence

= a process that they can use to solve their
programming problems.
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Final Challenge Resources

Final Challenge Resources 3

Project Planning Video

The Project Planning video .explains how
important planning is; especially when working in
teams.

Check Your Understanding:

© 1 What main topic doss this video acdrass?
1) How o buld a car out of LEGO brcks

1) How o witle the maos! efficent program code.
1) How & rabod Tunks™ shout its suoundings

) How dinate & teem ol prople

2. What does a Deslgn Specification do?
) Expiaan the enportance of hi probiim beng sahed
1) Aton tears menmbers” idees of wha is being bull

ameng

1) Koep track of B dirys fat podpia hive shown up ba work on e rabst
o é Exith

Tophes Coversd

o o Final Challenge Resources 4

Engineering Process Video

The Engineering Process video .describes a
logical and systematic way to solve engineering
projects.

Eheck Your Understanding:

1. What main topic does this video sudress?

1) How o coontinate a leam ol paople
1) Wit anginounng s, s how 8 works
[ Imaging the sohitan to & proskeen

1) Typos of tomain that arc mast sutadis for robot uso

2 Wihich of the following |s not an important element in 3 good Enginesring Process?
) Resaarching tha protiem

1) Planning fhe dinaropment

1) Prototyping the schuon

1) Testeg the peolotype

() commercalzing the product

£ \gnanng resource lmdations
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B | € s Search and Rescue Challenge

P S N 1 yx= = Search & Rescue Challenge

i e s i This step lays out the details for the final
Chaerge rarios Search and Rescue Challenge. Students
should work in their teams to complete the

challenge objectives.

This challenge unfolds in two stages, to
help students focus on breaking down the
problem and building up the solution.

FINAL CHALLENGE ATTACHMENT"

Building Instructions

Students should be allowed to make minor
modifications to their robots during this
Challenge, although they should not be
necessary; all tasks can be completed with
the standard attachments as shown.

s Chabange, yeu wil lasyined et that will ectar & 4-00m
busicing. The rooal must perform 4 unigue actions for 4 unique rooms, that wil be rendomizod i erdor 1o
Simulae 8 Nazadous ares whe'e you Can never know whal wil be encoaniensd. Tha robot must comphse al

4 1006, and riluen 10 e Stertng point
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Search and Rescue
é Challenge

PHASE 1

1. WRITE 4 SEPARATE PROGRAMS FOR EACH ROOMS.
2. ROBOT CAN OF THE

Search and Rescue Challenge

3. ROBOT MUST EXIT THE ROOM AFTER COMPLETING
THE OBJECTIVE OF EACH ROOM

PROGRAM 1: FIRE ROOM

(7)) [em——

THE REAR END

FROGRAM 2: RESCUE ROOM

® PICK UP THE SURVIVOR

FROGRAM 3: WALLED ROOM

® AVOID THE WALL AND EXIT

PROGAAM 4: CLEAR ROOM

()| [——c——

BEFORE EXITING THE ROOM

1 WRITE 1 PROGRAM THAT WILL TRAVEL ALL 4 ROOMS

2. THE ROBOT MAY START AT ANY ROOM'S ENTRANCE

3. THE ROBOT'S TRIP CAN BE EITHER CLOCKWISE OR COUNTER-CLOCKWISE
3. THE ROBOT MUST RETURN TO WHERE IT STARTED

6. THE LOCATION OF THE RDOMS WILL BE RANDOMIZED EACH RUN

Search and Rescue Challenge (cont’d)

Phase 1

In Phase 1, students should focus on completing
the tasks found in each room separately, using a
separate program for each room.

In Phase 2, these individual behaviors will be
combined with additional logic that makes the correct
behavior run at the correct time, and repeats the
process to cover four rooms.

In the “iterative” model, this is the first step — the foundation
upon which the next steps will be built.

Phase 2

In Phase 2, students work on the logic that decides
which of the four room-specific behaviors should
run, and at what times. It will then rely on the
existing, tested behaviors from Phase 1 (with small
modifications as necessary) to complete the room
task.

In the “iterative” model, this step builds upon the first step’s
behaviors, and instead focuses on choosing the right one at the
right time.

Search and Rescue Challenge PDF

Detailed measurements for the board layout, as
well as instructions for setting it up, rule details, and
hints for solving the challenge can be found in this
printable document.

@ Introduction to Progr g
LEGO" MINDSTORM® EV3

\ @
\
{3 CHAPTER CHALLENGE

CHAPTER 10: Line Track Challenge
g, B g e TV GRS 1953 M 1T 139 U 40

e

oot el 1 B

Rules and Procedures:

@
0l
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