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About the Course

Course Description

Cyber Robotics 102 (CR102) is a continuation of the Cyber Robotics 101 course.
This new course teaches STEM and coding topics using gamification and a
physically based environment. CR102 introduces autonomous systems, teaches
scanning and mapping the environment, error correction methods, and different
system control algorithms. All the above and decision making are practiced in a
random changing, physics, 3-dimensional environment as in real-life. By the end of
the course the students will understand the physics forces act ing on robots and
their influence on the robot performance (kinematic and dynamics), and be capable
of controlling and programming a robot that ¢ an interact with objects around it and
can safely navigate through different changing environments.

Thecoursej t ' qpxfsfelcz! Dpefs[tt!Pomjof! Spcpujdt! M
provides besides the online physically based simulation: visual code editor,
embedded content, and class management.

D p e f gdmffitation environment provides an effective, informal learning
environment, and helps students practice real-life situations and challenges in a
safe environment. This leads to a more engaged learning experience that facilitates
better knowledge retention. By completing missions, the students will learn the
course curriculum effectively and yet still have fun.

The Cyber Robotics 102 curriculum teaches:

> Physics:

v

Y Dynamics: Forces, Moments, Levers

v

Kinematics: Speed, Acceleration

Sensors and Physics

> Control systems:

< < < << <=

Motors

Speed Control

Obstacle Detection/Avoidance
Open/Closed Loop Control

Error Correction

Two-state Control (On-Off Control)
Proportional Control




About the Course

> Software:
Y Data Types and Vaiables
Y Operators: Mathematical and Logical
Y Conditions and Loops

> Mathematics:
Y Graphical Representation
Y Geometry and Stereometry: Distance, Angles, Coordinates
Y Spatial Cognition
Y Optimization

The course comprises of 15 sessions that fit into 1 -2-hour lessons. The curriculum
duration may vary depending on the student's previous experience, the time they
invest in class and at home, and the time the teacher spends on theoretical subjects
in class. The teacher login allows the educator to control student progres s by
setting the availability of program segments for students.

Course Content

> Qver25 hours of curriculum, activities , and assignments.
> Over 70 gamified missions with easy to follow walkt hroughs and tips.
> Teacher resources including guides, presentations and solutions.

> Online support, knowledge base with articles and a call center.

Accessing the Course

> Cyber Robotics 102 is available in CoderZ Learning Center
> Alui f!ldpvstf!nbufsjbmt!bsf!mjolfelgspn!uijt!u

> As we update the guide every sooften, we recommend you use the latest version
mjol fe!poluif!dpvstf{t!opufdbse!joluif! Mfbso




Couse Odline 2

Sesson Topics

# Topic Topics Learned

Plains & Hills 1 Getting started with robot
1 control in a physically-based
environment.
Dynamics: distance, speed,
and acceleration

Plains & Hills 2 Forces and their influence on
2 the robot: motor and gravitation
Of xupott!tfdpoe
acceleration, mass, and forces
Graphical representation

Cruise Control Understanding speed control &
3 feedback - closed loop control
Conditional statement If/Else

4 Dangerous Pivot and screw turns using
Curves 1 two motors
Gyroscopic sensor

Dangerous Smooth turns
5 Curves 2 Understand advantages and
disadvantages of different turns

Doodling with Applying what was learned
6 Distance so far and carrying out
creative challenges

Touch, Avoid, Obstacles recognition and
7 Repeat avoidance

Repeat loops

Touch and ultrasonic sensors




Course Outling session Topics

# Topic Topics Learned
Random Variables: integer & double data type
8 Obstacles Mathematical operators: +, -*,
Ahead .
remainder of (modulo)
performing missions in non-
deterministic environment
Radar Robotic Joints
9 Missions Dpouspmmjoh'tfotp
position for effective scanning
of the environment
Colorful Color sensor
10 Code Error correction
Variables: Boolean data type
Logic operators: not, and, or
Repeat Nested loops and their utilities.
11 Again Applying what was learned so farand = @
carrying out challenges and missions
Magnetic Using the magnetic arm to interact
1 2 Manipulation 414 rearrange objects in the scene
Line Following a line for accurate
13 Following navigation
Logic On-Off control
Proportional control
A Hard Encoders and their utility for distance
14 Block Life measurement
Y-axis Gyro

Aligning to a line using two color
sensors and proportional control




Course Qutline

Session Format

@ Learning Each session is based on different topics and Learning Goals, while
Goals building on top of previous experiences and lessons learned. Actually,
all the games are based on them.
We outline the Learning Goals at the start of each session.

||_E| Resources We have developed different resources for each session for you to
use in class. Theseresources include presentations, tutorials, and
experimental games, all to ensure the best understanding of the
material studied.

Teaches Ui flufbdifsttlhvjefleft

=== Guide It provides general information: course
description, general guidelines, and course
resources, as well as presenting a description of
each session: Learning Goals, main topics,
emphasis of main principles, and teacher notes
which accompany the presentations.

Advanced Scope 1 5 Hours

Mppl !gps!Ufbdifstt!Hvjer:myor: pc
Robotics 102 notecard.

@ The Each session is guided by a presentation that covers the entire

||;‘|3550n session from theory to practice, including:
ans

Theoretical background
Examples and sample code
Discussion guidelines
Playtime activities

vV V V V

Fbdi ! mfptegeqmadign is pbart of the environment and is divided
into several parts, so they give guidelines and an introduction to the
gpmmpxjoh!njttjpot/ ! Uiflufbdifst
appendix) accompany the presentations and give more emphasis,
ideas for extra-activity in class, advanced information, etc.




Course Outling session Format

(Q Play Time During each session, students will be required to complete
missions in CoderZ and experience problem-solving using
computer code.

We also mention how long this should take based on our
experience. This may vary, so feel confortable to extend play time
to make sure students make the most of it. If, for whatever reason,
students do not complete all missions in the allocated time, that is
fine. Just ask them to complete it at home, or after class. You can
use the class Heat Map to track their progress.

If they complete the missions before the tim e runs out and the
session materials are all covered, you can either go through some
solutions with the class or start the next session

W Reflection We allocate a short time at the beginning of each session (except
the first session) for reflection on the previous lesson. During this
time, you are encouraged to engage the classroom in a discussion
and get students who have solved advanced missions to present
their solutions to the classroom. We have found this time for
reflection to really help students de epen their understanding while
highlighting key Learning Goals

Here are a few steps we recommend to better prepare for the
reflection part of the lesson:

1. Open theclass Heat Map to see how the students are coping

with the missions.

2. 1dentifyui f ! njttjpott!tuvefout! bsf
columns with too many yellow/red tiles.

3. ldentify students who have outperformed the class in those
njttjpot-tuifztmm!ibwf!hsffolu

4. Ask those students to present their solution

OR



https://coderz.zendesk.com/hc/en-us/articles/360011671154-Class-Heat-Maps
https://coderz.zendesk.com/hc/en-us/articles/360011671154-Class-Heat-Maps

Course Outling session Format

M Reflecion 6/ ! Tpmwf lui ftf!njttjpot! xjuil!l ui
option if you like (from the mission menu).

6. Ask students to explain what they have learned by watching the
solution - this will give you more insight as to what students are
struggling with.

For more information about reflection check out these articles:

Student Progress Report

Class Heat Map

F:] Mission Each mission has a solution, which is

\!5 ; TURN RIGHT ~
Structure & - gyailable only to the teacher.
Teaching
Aids > Each mission has tips. Encourage

students to check them out before
turning to you for help.
> Each mission has a guided tour which

starts automatically the first time a mission is opened. The tour
can be restarted from the mission menu.
> Itis ok if not all your students complete the missions during the
time frame suggested. Encourage them to complete the
missions before the next lesson, which they can easily do after
class, from any computer.
> If your students complete the missions before the class ends,
you can ask them to present their solutions to the class and
discuss the efficien cy and compatibility of their solution, or help
their friends to complete missions. Alternatively, you can
proceed to the next session.
> Make sure your students are familiar with:
Y Simulation controls
Y Manual control
> We recommend you gothrough the session resources,
missions, and solutions yourself prior to ea ch lesson.
> Before the first session create your class & invite your students.
> Make sure your computer lab meets the minimum requirements ,
and that youtve followed our class setup guidelines.



https://coderz.zendesk.com/hc/en-us/articles/360011828713
https://coderz.zendesk.com/hc/en-us/articles/360011671154-Class-Heat-Maps
https://coderz.zendesk.com/hc/en-us/articles/115003206569-How-Can-I-Control-the-Camera-in-Simulation
https://coderz.zendesk.com/hc/en-us/articles/214336485-Manual-Control
https://coderz.zendesk.com/hc/en-us/articles/115003100665-How-Do-I-Add-A-Class-Play-
https://coderz.zendesk.com/hc/en-us/articles/115004027945-How-Do-I-Add-Students-Play-
https://coderz.zendesk.com/hc/en-us/articles/213010989-What-are-the-Minimum-Requirements-for-Running-CoderZ-

Course Outling session Format

Pacing
Guidelines

Dividing presentations between missions helps you know how the
lesson is divided logically. Remember that timing varies from class
to class so remember these are guidelines, not specific instructions
to follow. If your class needs more time, gi8ve it to them. If they
progress faster than expected, reflect (see below) on their
progress.



Sesson Planss

Lessorl: Plains & Hill§

Meet Ruby and drive in the new physical environment

Learning Goals
By the end of this lesson students will:

@ Understand the new physical environment

Familiarity with Ruby-DS2 13tt!j oopwbuj wf! spcpu

Familiarity with different types of motors

Understand the new motor power block

Embed the concepts of speed, acceleration, deceleration

Of xupott!tfdpoe! mbx; ! npderatop xf s! nf bo

Embed the concepts of momentum and braking distance

Login to CoderZ and complete basic navigation missions




Session Plans piains & Hills |

Description

.a The Cyber Robotics 102 course simulator producesa T s f b m!phypicaime U
environment so the first goal for Lesson 1 is understanding this environment. A
physical environment means an environment that simulates reality -i.e. if we
command our robot to driv e, it will start from speed zero and accelerate, or vice
versa, if we command our robot to stop it will take some time to stop as it
decelerates gradually. Another example is when we want to drive our robot
uphill or downhill - it will decelerate or accelerate accordingly, under the
influence of gravity.

The new physical environment provides a great opportunity for learning the
challenges that engineering is dealing with while designing robots such as
autonomous cars -they encounter physical rules! Therefore, Cyber Robotics 102
course teaches STEMsubjects while enabling the students to develop intuition,
experience relevant studies, as well as enjoying completing missions for better
internalization of the curriculum.

In this lesson, the students will meet Ruby the Robot. They will program her to
drive forward and backward on even plains, learn to use the"set motor power "
and "brake" blocks, as well as the meaning of speed and acceleration. The
students will understand that power leads to acceleration and m ore power
leads to a greater acceleration. That is according to Newton's second law,
which implies that the acceleration of an object is directly proportional to the
force acting on the object. Newton's second law is one of the fundamental laws
in physics (dynamics). We will discuss it in the next session.

At the end of the lesson, the students are required to drive Ruby uphill and
probably will encounter a difficulty - Ruby fails the mission unless it acquires
momentum. The students will understand that intuitively, as well as through trial
and error. In the next lesson we will discuss the physical reasons for that.



https://en.wikipedia.org/wiki/Acceleration
https://en.wikipedia.org/wiki/Physical_law

Session Plang Plains & Hills

Resources

@ Slideshows - within the pack

Tf bdi f st tPlai uHflIt1 !

Set motor power block - Knowledge Base article

Wait for block - Knowledge Base article

Brake until stop block - Knowledge Base article

Brake wheel block - Knowledge Base article

Video about position, velocity, acceleration:
https://www.youtube.com/watch?v_=4dCrkp8qgLU

Video about acceleration: https://www.youtube.com/watch?v=J3SdZwMcWhA



https://coderz.zendesk.com/hc/en-us/articles/360010536520-Set-Motor-Power-Block
https://coderz.zendesk.com/hc/en-us/articles/212157205-Wait-for-Block
https://coderz.zendesk.com/hc/en-us/articles/360010564600-Brake-Until-Stop-Block
https://coderz.zendesk.com/hc/en-us/articles/360010555520-Brake-Wheel-Block
https://www.youtube.com/watch?v=4dCrkp8qgLU
https://www.youtube.com/watch?v=J3SdZwMcWhA

Session Plans Plains & Hills |

Pacing Guidelines

-V

Step Description Timing Links/comments
1 Go through Plains 10 minutes  Introduction to Ruby, to the physical
& Hills 1 Part 1 environment
slideshow
2 Mission 1 5 minutes Uftu! Esjwf ;! TTfu!n
3 Go through Plains 5 minutes Speed & acceleration
and Hills 1 Part 2 TXbj ublogkp s U'!
slideshow TCsbl flvoujm!tupaqgl
Braking is a gradual process
4 Mission 2 5 minutes Drive forward
5 Go through Plains 5 minutes Drive forward
& Hills 1 Part 3 Introducing missions 3 -5
slideshow
6 Complete 10 minutes  Back & Forth
missions 3-5 Rolling Uphill
Giddy Up
Doing the last 2 missions the students
will understand using trial & error that
they should acquire momentum (by
driving back) in order to succeed
Lesson Summary 5 minutes Class Conclusion Questions




Session Plans Plainsg Hils |

Tips

N’
IQ\

Hp! uispvhiluifl!qgsftfoubuj pmslajdsaduwonsUf b
prior to the session.

Review the available resources suggested above.

Epotu!svtiluijoht-!tubl f!zpvs! ujmisdons! J
required, either allow them to complete it from home or reserve some time at
the beginning of the next session.

If your students complete the missions before the class ends, you can ask them
to present their solutions to the class and discuss th e efficiency and
compatibility of their solution. Alternatively, you can proceed to the next
session.

Class Conclusion Q&A

(N

Questions Answers

What is the result of Constant power cause Ruby to accelerate - her
1 driving Ruby by speed rises continuously.

supplying motors with

constant power?

2 Why does Ruby not Braking is a gradual process as objects have

stop immediately momentum.
when we brake?

3 Why does Ruby find it  Ruby finds it hard to drive uphill because

hard to drive uphill? gravitational force is pulling her towards Earth.




Session Plans

Lesson 2Plains & Hill&

Speed, acceleration, and their relationship to gravity

Learning Goals
By the end of this lesson students will:

@ Of xupott!tfdpoe !meénsgrdateraccdleratiop x f s !

Of xupott!tfdpoe! mbx; !npsf!nbtt! nfbot

Familiarity with gravitation al force

Voefstuboejoh! hsbwjubujpobm! gpsdftt!



Session Plans Plains & Hilld |

Description

.a The goal of Lesson 2 is to be familiar with the concept of force and how forces
influence the robots . In Lesson 1, the students discovered that the more power
they supply Ruby, the greater it accelerates, and the opposite effect of less
power. When they tried driving uphill, they saw that Ruby encountered difficulty,
boeluifz!ibelup!gsphsbn!julup!esjwf!
because when driving uphill or downhill the gravity force influences Ruby.

Gravitational force is one of the fundamental forces of nature. This is an
attractive force which exists between any two objects. Heavier objects always
exert this force on lighter objects (b oth objects attract each other with the same
amount of force, but lighter objects ar e more affected by this attraction). For
example, when we throw a stone upward, it falls back down to the earth due to
the gravitational force of Earth. In a similar way, the Moon orbits the Earth due
to the gravitational force of the Earth, and planets are orbiting the Sun due to
the gravitational force of the Sun. Gravitational force was discovered by Sir
Isaac Newton in 1687.

Due to this gravitational force, Ruby finds it hard to drive uphill. Gravitational
force pulls her down to earth, which causes Ruby to decelerate. In order to drive
to the top of the hill, Ruby needs to start driving uphill with a higher initial

speed. Therefore, she needs to drive back and away fromthe bottom of the hill
in order to accelerate before driving up the slope.

In the last two missions, Ruby needs to carry a heavymass. The students will
find that increasing mass leads to reduced acceleration. That is also according
toOf xupot t ! tdfmgiian ewhichbstates that acceleration of an object

is inversely proportionalto themassp g ! ui f! pckfdu/ ! Xf !l xj
second law in the next session.



https://en.wikipedia.org/wiki/Mass

Session Plans piains & Hilld |

Resources

I

Slideshows - within the pack

Uf bdi f st-PlAmMg difse !

Video about position, velocity, acceleration:

https://www.youtube.com/watch?v=4dCrkp8agglLU

Video about acceleration: https://www.youtube.com/watch?v=J3SdZwMcWhA

Video about gravity: hitps://www.youtube.com/watch?v=Les9J2I1Ql ZY

Video about mass and acceleration:
https://www.youtube.com/watch?v=WHEeGO9HVPc

Pacing Guidelines

-V

Step Description Timing Links/comments
1 Go through Plains 10 minutes  Graphing Acceleration/ Deceleration.
& Hills 2 Part 1 Hsbwjuz!boel!ljut!fg
slideshow
2 Missions 1-3 10 minutes  Long Glide
Going For A Dip
Incremental Inclines
Go through Plains 5 minutes The steeper the slope - the more force
3 & Hills 2 Part 2 or speed we need in order to climb it.
slideshow The same is for heavier mass.
4 Complete 15 minutes  Heavy Mass
missions 4-6 Building Up Weights
Weight Lifting
Lesson Summary 5 minutes Class Conclusion Questions



https://www.youtube.com/watch?v=4dCrkp8qgLU
https://www.youtube.com/watch?v=J3SdZwMcWhA
https://www.youtube.com/watch?v=LEs9J2IQIZY
https://www.youtube.com/watch?v=WHEeGO9HVPc

Session Plank Plains & Hilld |

Tips

_‘Q'_ Gothroughthepreserubuj po! ) boe! Ufbdi fsf{tt!opuf"-
= prior to the session.

Review the available resourcessuggested above.

Epotu!svtiluijoht-!tublf!zpvs!ujnf/!lJ
required, either allow them to complete it from home or reserve some time at
the beginning of the next session.

If your students complete the missions before the class ends you can ask them
to present their solutions to the class and discuss the efficiency and
compatibility of their solution. Alternat ively, you can proceed to the next
session.

Class Conclusion Q&A

@ Questions Answers
How does gravitational Gravitational force causes Ruby to
1 gpsdf ! bggf du! decelerate while driving uphill and

accelerate while driving downhill.

Describe the relationship The steeper the slope is, the more initial
2 between the initial speed speed we need in order to climb it.

required to succeed driving

uphill and the slope of the

hill.
Describe the relationship The heavier the mass is, the more initial
3 between the initial speed speed we need in order to push it.

required to succeed
pushing the mass and the
size of the mass.

How can we increase the Greater initial speed is gained in one of
5 initial speed? two ways:




Session Plans

Lesson 3€Cruise Contro

Using system control algorithms to control desired speed

Learning Goals
By the end of this lesson students will:

@ Ui floffelup! mjnju!Svcztt!tqgffe

Cruise control systems

Control systems - open loop and closed loop

Conditional programminh ; ! Tj gO0f mt f U! ¢ mpd |

LoopsQs phsbnnjoh; ! TSfqfbu! gpsfwfsU! mpp

Of x! npwfnfoul cmpdlY! Ttfu!xiffm!tqffe



Session Plars cruise Control

Description

Lesson 3 introduces the students to closed-loop systems control while

planning a simple cruise control system. The students will experience the
difficulty of controlling systems, the need to have feedback from sensors (read
speed value), and act accordingly (supply or cut power repeatedly in order to
controltherobott t ' t qf fe! bt ! xfmm!lbt!sftqgpotf!

A cruise control system is a basic feature in cars nowadays. It is a system that
automatically controls the speed of a motor vehicle by referring to a speed set
by the driver and automatically speeding up or slowing down to maintain that
pace. Ifthevehd mf t t ! t gf fe! jt!tmpxfs!uibo!ui
bddf mf sbuf!voujm!uibu!tqgffeljt!nfull!
speed, the system will decelerate until the vehicle slows to the set speed.
Nowadays, new cars are equipped with adaptive cruise control (ACC), which
allows the car to follow the car in front of it while continually adjusting speed to
maintain a safe distance. ACC employs advanced radar and camera technology
(ACC isnot included in the CR102 course contents).

Systemcontrols f gf st ! up! nbobhjoh! ps! sfhvmbu
desirable operation. In the previous missions we controlled the robot by
programming it to drive with pre -defined power for a pre-defined amount of

time. Therefore, we had to write a specific program for each mission.

Controlling a system without monitoring or measuring its performance is called
an Open-Loop control.

Sometimes, mainly in an automated system, we must respond to the
environment in order to operate safely and efficiently. A system control that
takes into consideration feedback from the environment and operates
according to that data is called a Closed-Loop control.

Understanding closed-loop control and experiencing programmin g together will
nbl fluif!tuvef out deswhdelspetdwp hpivf nfout b
T fu! xi ffmoveamgnt Hloeklénables the user to control the wheel
speeds easily, while a sophisticated internal cruise control system (a close -loop
control algorithm) operates in the background.




Session Planfs Cruise Control

Resources

&)

Slideshows - within the pack

Uf bdi f s {-Crlui@gonfrd !

Set wheel speed block - Knowledge Base article

If/else block - Knowledge Base atticle

Repeat forever block - Knowledge Base article

Video about adaptive cruise control:
https://www.youtube.com/watch?v=GInSPWZRFRM

Pacing Guidelines

=/ Step Description Timing Links/comments
Go through 10 minutes  Importance of speed control
1 Cruise Control
Part 1 slideshow
2 Missions 1 5 minutes Speed limit
Go through 5 minutes Cruise Control
3 Cruise Control Open loop vs. Closed loop
Part 2 slideshow TJgOfmtf U! cmpdI
TSfqgfbu! gpsf wfsU!c
4 Mission 2 10 minutes  Cruise Cortrol
Go through 5 minutes Introducing missions 3 -4
5 Cruise Control
Part 3 slideshow
Missions 3-4 5+5 Uphill Scuttle
6 minutes Steady Climbing
Go through 5 minutes TTful! Xi ffm! TgffeU!
7 Cruise Control
Part 4 slideshow
Missions 5-6 10 minutes  Quick to the Block
8 Speed Bump
9 Lesson Summary 5 minutes Class Conclusion Questions


https://coderz.zendesk.com/hc/en-us/articles/360010548540-Set-Wheel-Speed-Block
https://coderz.zendesk.com/hc/en-us/articles/212158225-If-Block
https://coderz.zendesk.com/hc/en-us/articles/115002785234-Repeat-Forever-Block
https://www.youtube.com/watch?v=GInSPWZRFRM

Session Plans cruise Control

Tips

_‘Q'_ Hp! ui spvhiluifl!lqgsftfoubujpo!)boe!ufb
to the session.

Review the available resources suggested above.

This lesson probably willtakemoreui bo! 56! nj ovuft/ ! Epot u!
time. If students do not complete all the missions required, either allow them to complete
it from home or reserve some time at the beginning of the next session.

If your students complete the missions bef ore the class ends you can ask them
to present their solutions to the class and discuss the efficiency and
compatibility of their solution. Alternatively, you can proceed to the next session.

Class Conclusion Q&A

@ Questions Answers
Why it is important  High speed makes it difficult to control the robot: as
1 to set a speed speed increases - braking distance increases and
limit? accuracy decreases. This can cause severe
accidents.
2 What is the An open-loop control system does not take into
difference between consideration feedback from the environment and

Tpgf o! mp p « operates according to pre-defined programming. A

Tdmpt f ! mp | closed-loop control system takes into consideratio n

system control? feedback from the environment and operates according

Which is better? to that feedback. That makes closed loop systems better
as the can respond to changing environment.

Why didweusea WeusedTs f gf b u blgchirsofder fo snéisure

3 Tsfgfbu! gjconstantypvs!tqffe/! Xjuipvu! ui
block in order to ui ffintjfgU! cmpdl ! xj mm! di fdl !
control our speed?  and afterwards speed will not be monitored.

What is the Ui fsetWheel speedU! c mpdl ! f obc mft

5 advantageofusing Svcztt!tqgffel! fbtjmz! xijm
ui f ! Tt f u! : sophisticated internal cruise control system
tgffelU! cm




Session Plans

Lesson 4Dangerous Curves 1

Making turns while measuring distances and angles

Learning Goals
By the end of this lesson students will:

@ The Gyroscope sensor

Learning the different types of turns that the robot can perform and how to
execute them

Understanding the idea that precision is required for accurate navigation

Understanding that speed and accuracy are inversely related

Ui f! TEs ] wfmbvEmentblbck d f U

Using Explore Mode to measure distances and angles

Measuring and practicing calculations of angles



Session Plar]s bangerous Curves 1

Description

E In Lesson 4, the goal is to understand the kinds of turns the robot can perform,
and how to execute them. The students will meet the Gyroscope sensor and use
it to perform different turns.

The Gyroscope Sensor measures in degrees how far the robot has turned from
its starting point. Ruby, our innovative robot, has 3 gyroscope sensors for the 3
axes. In this lesson the student will use only the Y-axis (rotation).

There are several different types of turns we can execute: screw turns, pivot
turns, andsmooth turns. In Lesson 4, the students will experiment with the first
uxp/ tuUiftfluxp! uz qfbreakugt! stop Wlodk in erfertey j s
perform an accurate turn (in order to perform accurate turns, we need to first
stop the robot, as speed reduces accuracy).

While performing several consecutive turns, the students will remember the
Treset gyro Ublock. Resetting the gyroscope sensor after use or before using it
again makes following degrees easier.

In order to navigate accurately, the students will use Explore Mode to measure
distances and angles. After measuring the distance, the students can drive
distance accurately usio h ! urivé disfance Ublock, which enables control of
Svcztt!esjwjoh!ejtubodf!vtjoh!bo!jou
distance and controls speed accordingly. Thealgorj ui n! vt ft ! Svecz
We will learn about the encoders in the more advanced lessons.




Session Plar]s bangerous Curves 1

Resources

||_E| Slideshows - within the pack

Uf bdi f s t-Ddn@pusfCainles 1

Gyro Sensor- Knowledge Base article

Reset gyro block - Knowledge Base article

Drive distance block - Knowledge Base article

Explore Mode - Knowledge Base article

Pacing Guidelines

=/ Step Description Timing Links/comments
1 Go through 10 minutes  Using the gyro sensor
Dangerous Type of turns

Low speed leads to a precise turn

Curves1 Part 1 Explore Mode - measure distances
slideshow and angles
Missions 1-2 10 minutes L Turn
2 V Turn
Go through 5 minutes Gyro readings are continuous
3 Dangerous Ui f! Tsphtult campds
Curves 1 Part2
slideshow
Mission 3-4 10 minutes N Curve
4 M Curve
5 Go through 5 minutes Pivot turns
Dangerous
Curves 1 Part 3
slideshow
Missions 5-6 10 minutes | Curve
6 J Curve

Lesson Summary 5 minutes Class Conclusion Questions

N



https://coderz.zendesk.com/hc/en-us/articles/115003083109-The-Gyro-Sensor
https://coderz.zendesk.com/hc/en-us/articles/360011215519-Get-Gyro-Reset-Block
https://coderz.zendesk.com/hc/en-us/articles/360010551900-Drive-Distance-Block
https://coderz.zendesk.com/hc/en-us/search/click?data=BAh7CjoHaWRsKwgzg0%2FSUwA6CXR5cGVJIgxhcnRpY2xlBjoGRVQ6CHVybEkiVGh0dHBzOi8vY29kZXJ6LnplbmRlc2suY29tL2hjL2VuLXVzL2FydGljbGVzLzM2MDAxMDcxMTg1OS1XaGF0LWlzLUV4cGxvcmUtTW9kZS0GOwdUOg5zZWFyY2hfaWRJIilhMGIwMDA1Ni1lNmZiLTRmYmUtODFhZi0yYzczNGU3Y2U1NTIGOwdGOglyYW5raQY%3D--d05ce8eecb2fa3cd2116d8b9e68fb16d130a3262

Session Plar]s bangerous Curves 1

Tips

_‘O'_ Gothroughtheqsft foubuj po! )boelufbdifstt! o
= to the session.

Review the available resources suggested above.

Uijt!mfttpo!gspcbecmz! xjmm!ubl flnpsf!
your time. If students do not complete all t he missions required, either allow
them to complete it from home or reserve some time at the beginning of the
next session.

If your students complete the missions before the class ends you can ask them
to present their solutions to the class and discuss the efficiency and
compatibility of their solution. Alternatively, y ou can proceed to the next session

Class Conclusion Q&A

@ Questions Answers
1 What information do we The gyro sensor measures in degrees how far
get from the gyro sensor the robot has turned from its starting point.

and what it is good for? Vtjoh!luifl!lhzsp!tfotps
turns accurately.

When do we use the Xflvtfluif! Thzsp!sftf
2 Tsftfu! hzspU! wantto define a new reference direction.
Defining a new reference direction helps us
calculate angles as we do not need to
remember the accumulative angle we have

turned.
What is the difference A screw turn is a turn around the center point
3 between pivot and of the robot, while a pivot turn is a turn
screw turns? around one of the wheels. Screw turns are

better for narrow turns.

What is the relationship Speed and accuracy are inversely related- so
5 between speed and if we must be precise, we must drive at a
accuracy? lower speed.




Session Plans

Lesson SDangerous Curves

Bddvsbufluvsot!vtjoh!uif! Tuvso!lupUlcmpdl /! Tnp

Learning Goals
By the end of this lesson students will:

@ Smooth turn practice

Ui f I aufvxs!ofiovemedit block

Practicing different kinds of turns




Session Plars bangerous Curves

Description

.:E:] Mfttpo!6!jouspevdft! b! ttoUnnppwad In/f!oVt!jcc
upUlcmpdl ! fobecmft!vt!lup!gsphsbn! Svure
u pbldick performs a screw turn using the gyro sensor and a closed-loop control
algorithm which leads to an accurate turn. Remember the difficulties we
fodpvoufsfel!jo! Mfttpo!5lupltqgfsgpsn!b
momentum!

Lesson 5 teaches what a smooth turn is and how to perform it. A smooth turn is
agradualuvso!jo!xijdiltluif!spcputt! xiffmt
different speeds: the outer wheel turns faster than the inner wheel. The turn is in
the direction of the slower wheel. A smooth turn does not require stopping and
Ruby can performitwithp vu ! ui f ! of fed fulpl! vy dbolbglm!f t! O
Therefore, it is the most rapid turn. Its main disadvantages are that it requires

a wide space and it is hard to be accurate. To improve accuracy, we can

reduce speed.

While performing a smooth turn, the students use an open loop control, as the
xi ffmtt! t grodgraeningdtard therd is no input or feedback from the
environment for monitoring performance. In advanced lessons we will learn and
practice methods for performing smooth turns using feedback, so performing
turns will be much more accurate.

At the end of the lesson, the students will practice different missions which
involve different kinds of courses - plains, hills, straight lines, and curves.




Session Plar]s bangerous Curves 1

Resources

||_E| Slideshows - within the pack

Uf bdi f s t-Ddni@pusfCairnles 2

Turn to block - Knowledge Base article

Pacing Guidelines

=/ Step Description Timing Links/comments
1 Go through 10minutes TUvso! UpU! Cmpd]
Dangerous
Curves2 Part 1
slideshow
2 Missions 1-2 10 minutes N Curve Again
M Curve Again
3 Go through 5 minutes Smooth turns
Dangerous
Curves2 Part 2
slideshow
4 Mission 3-4 15 minutes U Turn
S Turn
5 Go through 5 minutes Drawing trails
Dangerous
Curves2 Part 3
slideshow
6 Missions 5-6 15 minutes  Freeform Art
Star Trail

7 Lesson Summary 5 minutes Class Conclusion Questions



https://coderz.zendesk.com/hc/en-us/articles/360010684479-Turn-To-Block

Session Plar]s bargerous Curves 1

Tips
_‘O' Hp'! ui spvhiluif! gqsf tshaes)bmissigns, and sotuteons yrioh

’

Ay

to the session.

Review the available resources suggested above.

Uijt!mfttpo!gspcbcmz! xj mm!ubl f ! ntake f !
your time. If students do not complete all the missions required, eithe r allow
them to complete it from home or reserve some time at the beginning of the
next session.

If your students complete the missions before the class ends you can ask
them to present their solutions to the class and discuss the efficiency
and compatibility of their solution. Alternatively, you can proceed to the
next session.

Class Conclusion Q&A

@ Questions Answers
What is the benefit of Ui f! Tuvso!lupUlcmpdl ! f
1 vtjoh! ui f! Tuv accurate screw turns easily: It uses a

sophisticated system control algorithm in
order to turn accurately while the user is
required only to enter the desired turn angle.

What is a smooth turn? A smooth turn is a gradual turn in which the
2 spcputt! xiffmt!cpuiioru
at different speeds. Smooth turns differ from
each other by the turning radius.

If the wheel speed is Ruby will turn right.
3 80% for the left wheel

and 60% for the right

wheel, in which direction

will Ruby turn?




Session Plans

Lesson 6Doodling with Bitance

Draw and doodle using 3 trail drawers

Learning Goals
By the end of this lesson students will:

@ Applying what was learned so far and carrying out creative challenges

Using three trail drawers

Fun and creativity

Description

.a The goal of Lesson 6 is to practice the skills learned in the first 5 sessions while
drawing interesting shapes. Ruby will be drawing and doodling using the trail
drawers.

The students will practice:

Driving back and forth

Turning and curving

Using the gyro sensor and the trail drawers (left, right, bottom)
Using Explore Mode to measure distances and angles

vV V V V

The 3 trail drawers enable the students to be creative and enjoy generating
interesting patterns and drawings.




Session Plars boodling with Distance

Resources

||_I| Slideshow - within the pack

Uf bdi f s t-DdodimpuvithtDistance

Trail blocks 2 Knowledge Base article

Pacing Guidelines

=/ Step Description Timing Links/comments
Go through 5 minutes Trail drawers
1 Dangerous
Curves2 Part 1
slideshow
2 Missions 1-6 40 minutes  Going the Distance

Double Distance Drive
Snake!

Tracing Letters: G
Svecztt! Fnpkj
Fly Your Own Flag

Tips

’, ~

‘Q' Goths pvhiluiflqgsftfoubujpo!)boelufbdif
to the session.

Review the available resources suggested above.

If your students complete the missions before the class ends you can ask them
to present their drawings to the class or let them draw free form art.
Alternatively, you can proceed to the next session



https://coderz.zendesk.com/hc/en-us/articles/360013436259-Trail-Blocks

Session Plans

Lesson 7Touch, Avoid, Repeat

Using a touch sensor and distance sensor while performing repetitive operations

Learning Goals
By the end of this lesson students will:

@ Robots and their sensors

Object avoidance and recognition

The Touch Sensor

The Ultrasonic Sensor

Repeat Loops

Boolean and integers data types




Session Plar]s Touch, Avoid, Repeat

Description

.a In Lesson 7, students will learn about the Touch and Ultrasonic sensors as well

as repeat loop programming. After understanding closed -loop control systems,
the students will understand the function of sensors in controlling robots - the
sensors supply the feedback information in the closed loop con trol system.

The Touch sensor helps Ruby perform missions as well as navigate when there
are good containers around. For example, Ruby will drive until the touch sensor
is pressed and then perform a turn. The touch sensor returns a Boolean data
type, i.e.can have only two possible values: true (when pressed) or false (when
released).

The Ultrasonic sensor helps Ruby avoid obstacles. By measuring the time it
takes for an ultrasonic (sound) beam to reach an object and return, and
knowing the speed of sound, the sensor calculates the distance from Ruby to
the obstacle. The ultrasonic sensor returns the distance from the obstacle in
front of it in centimeters. By reading the distance Ruby decides how to navigate.

As software becomes more and more sophisticated, there is a requirement to
write a clear and readable code. Repeat loops helps us to do so; whenever there
is a scenario that Ruby needs to do several times, we can use therepeat loop to
program Ruby to do it several times, instead of writing program code for each
occurrence.

Resources

o

Slideshows - within the pack

Uf bdi f s {-fTdudd pAucfdtRepeat

Repeat Loop e Knowledge Base article

Touch Sensor 2 Knowledge Base article

Ultrasonic Sensor 2 Knowledge Base article



https://coderz.zendesk.com/hc/en-us/articles/212157425-Repeat-Block
https://coderz.zendesk.com/hc/en-us/articles/115003081709-Touch-Sensor
https://coderz.zendesk.com/hc/en-us/articles/115003082269-The-Ultrasonic-Sensor

Session Plar]s Touch, Avoid, Repeat

Pacing Guidelines

=/ Step Description Timing Links/comments
1 Go through 10 minutes  Touch Sensor
Touch, Avoid, TSfgfbuU! cmpdl
RepeatPart 1
slideshow
2 Missions 1-3 15 minutes  Green Containers
Green on the Left
Repeating Green
3 Go through 5 minutes The steeper the slope - the more force
Touch, Avoid, or speed we need in order toclimb it.
RepeatPart 2 The same is for heavier mass.
slideshow
4 Complete 10 minutes  Green Between the Reds
missions 4-5

Forest of Containers (bonus)

5 Lesson Summary 5 minutes Class Conclusion Questions

_‘Q'_ Hp! ui spvhiluif!qgsftf oubmisgigng ang $olutens priord
to the session.

Review the available resources suggested above.

This lesson probably willtaken ps f ! ui bo! 56! njovuft/ ! E
your time. If students do not complete all the missions required, either allow
them to complete it from home or reserve some time at the beginning of the

next session.

If your students complete the missions before the class ends you can ask them
to present their solutions to the class and discuss the efficiency and

compatibil ity of their solution. Alternatively, you can proceed to the next
session.




Session Plar]s Touch, Avoid, Repeat

Class Conclusion Q&A

@ Questions Answers
When did we use the We used the touch sensor when wecould use
1 touch sensor? touching obstacles for navigation & for
example, with the good containers in the first
3 missions.
2 When did we use an We used the ultrasonic sensor when we were
ultrasonic sensor? required to avoid obstacles or navigate by

obstacles locations. An ultrasonic sensor is
much more efficient than touch sensor - it
recognizes the obstacles before touching! In
fact, we can use the distance sensor as a
touch sensor. When doing so, we justhave to
remember that the ultrasonic sensor is
gptjujpofelcfuxffolui
does not protrude out in the front like the
touch sensor does. This means that Ruby is
touching the object the ultrasonic sensor
shows a small positive value of distance,
rather than zero.

What is the advantage of Repeat blocks enable us to write simple and
3 vtjoh! ui f! Ts f shortcodewhenwe need to perform
operations that occur more than one time.




Session Plans

Lesson 8Random Obstacles Ahead

Use of variables in a non-deterministic environment

Learning Goals
By the end of this lesson students will:

@ Variables of integer and double data type

Mathematical operators: +, -, x, remainder of (modulo)

Performing missions in non -deterministic (random) en vironments

Spatial cognition 2 identifying the start of/end of obstacles

Making decisions in a non-deterministic environment




Session PlarjsRandom Obstacles Ahead

Description

.a Lesson 8 presents variables while practicing using them for scanning the
environment and making decisions.

Variables are used to store information which we need to use later or several
times in our program. There are different types of variables, which define their
logical representation and size. In this lesson we will learn about the integer and
double data type.

Applying mathematical operations on variables enables us to use variables for
different missions which require mathematical calculations, such as obstacle
counting, identifying objects according to their relative locations , etc.

Integer (int) data type variables store a whole positive or negative number, or a
number with no fractional parts. Integers can be added, subtracted, and
multiplied. Care must be taken when they are divided, as the division of two
integers is not necessarily another integer.

Double data type variables store a positive or negative number with fractional
parts. Therefore, it uses more computer memory, as implied by its name. The
ultrasonic sensor measures distance and returns a decimal number with a
decimal separator (fractional value). Therefore, the distance variable must be
tupsfel!jol!b! Tepvemf U! ebubl!uzqgf! wbsjb
bddvsbufmz-!tp!jul!bmtp!sfuvsot !tbnotdmf
block can turn to fractional numbers of angles as well as negative angles and
can accept both integers and double data types.

Ruby will use variables to program driving distance and differentiate between
objects in her surroundings using her front or side ultrasonic sensors.
Furthermore, Ruby will make decisionsdepeo e f ou! po! bo! pckf d
number. For example, we can perform a different action on objects located

every third position.

In order to identify numbers, or in our case obstacle positions, we use division
boe! gs bdurgnpamder of Udperationreturns the remainder after division.
If a number is a multiple of its divisor, the remainder of operation returns 0: the
remainder of 4 divided by 2 equals 0 (4 +~ 2 = 2, no remainder).




Session Plar{srandom Obstacles Ahead

Another example: the remainder of 8 divided by 3 is 2 (because 3 can fit into
8 twice whole 2 6, with a remainder of 2). 5 divided by 4 returns 1 with
a remainder of 1, therefore the remainder of a block will return a value of 1.

The remainder of an operation has many uses, such as distinguishing between
odd and even numbers: if the remainder of a number divided by 2 returns 0, it is
an even number; if the remainder of a number divided by 2 returns 1, it is an
odd number. We will use this method to diff erentiate between obstacles as odd
or even.

Jo! Mfttpo! 9l uif!pckfdutt! mpdbuj pot! b
sometimes appear in random locations (as they do in real life). Autonomous
systems need to accurately interpret their surroundings to make well-informed
decisions about objects that are constantly changing. Using a non-deterministic
fowjsponfou! xjmm! fodpvsbhfluif!tuvef
advanced programming.

Resources

||_E| Slideshows - within the pack

Uf bdi f s t-Rdnddm Olistacles Ahead

Variables 2 Knowledge Base articles

Various data blocks 2 Knowledge Base articles



https://coderz.zendesk.com/hc/en-us/sections/203139465-Variables
https://coderz.zendesk.com/hc/en-us/sections/203139485-Data

Session Plar{srandom Obstacles Ahead

Pacing Guidelines

-V

Step Description Timing Links/comments
1 Go through 10 minutes Variables- Kind of variables,
Random Obstacles Using variables
Ahead Part 1
slideshow Mathematic operators
2 Missions 1-2 10 minutes Growing Distance
Two Times The Distance
3 Go through 10 minutes Random events
Random Obstacles Counting obstacles
Ahead Part 2
slideshow
4 Missions 3-4 10 minutes Third is Random
Random Corner
5 Mid-session 5 minutes Class Conclusion Questions 1-4
Summary
6 Go through 10 minutes Counting a circle of obstacles
Random Obstacles
Ahead Part 3
slideshow
7 Missions 5-6 10 minutes The Fifth Obstacle
Obstacle Counter
8 Go through 5 minutes TSfnbj oedcs ! pgU!
Random Obstacles
Ahead Part 4
slideshow
9 Missions 7 -8 15 minutes Odd or Even
Third is Good
Lesson Summary 5 minutes Class Conclusion Questions 5-7



Session PlarjsrandonObbssiatiesihbasd

_‘Q'_ Go through the presentation (andu f bdi f st t ! opuft*-1 njt
to the session.

Review the availale resources suggested above.

This lesson is long and will probably take 2 hours. We suggest splitting it into
two sessions and performing a mid -class question or discussion at the end of
the first session.

If your students complete the missions before the class ends you can ask them
to present their solutions to the class and discuss the efficiency and
compatibility of their solution. Alternatively, you can proceed to the next
session.

Class Conclusion Q&A
@ Questions Answers

1 When should weuse  We need variables whenever we need to store
variables? data or information that will be later used,
referenced, or manipulated.

Describe 3 types of Integer - a whole positive or negative number, a
2 variables you know. number with no fractional parts. Examples: 1, 2,-5,
341, 1,002.

Boolean - has one of two possible values: true or
false.

String - a sequence or string of connected
characters, surrounded by quotation marks. This
type of variable has no numerical value and it
cannot be used for mathematical calculations

even if it contains number characters; it is only
ufyu/ ! Fybnxgms$ me U1 T mimp t
di bsbdugfpsvtst-f f oU! ) t usf tt
example is a word and not the number 14).
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Class Conclusion Q&A

@ Questions Answers
3 What is a random A random event is an event that has some
event? Give an scenarios that do not appear exactly in constant

example of arandom  order. Therefore, it is impossible to predict exactly
event. the next immediate scenario.

The opposite of random is deterministic, which
means that scenario order or values are
predictable exactly. The toss of a coin, the throw
of dice, and lottery draws, as well as our obstacle
locations, are all examples of random events.

Using the distance We detect first the beginning of the obstacle

4 sensor, how do we )ejtubodf!jtltnbmmfs! ui
detect that we passed passing of the obstacle (distance is greater
an obstacle? ui boz*

How can we tell if a Xjuiluiflifmg!pg!uif! Ts
5 number is odd or can tell if one number is a multiple of the other. If
even by using the a number is a multiple of 2 then the remainder of
Tsf nbj oe fk® ! itsdivision by 2 equals 0. By comparing the
remainder of the division to 0 we can perform
differe nt action on even and odd numbers.

How can we tell if a We can determine if a number is divisible by 3 by
6 number is a multiple comparing the remainder of its division by 3 to

of 3 by using the Zero.

Tsfnbjoef s!

As we turned from As we turned from the center of the circle towards
7 the center of the the obstacle, we knew how to drive back to the

circle towards an midpoint by measuring the distance from the

object, how did we obstacle and saving it as a variable before we

know to drive back to  drive towards it, then using the variable to drive
the midpoint? back the same distance we drove forward.




Session Plans

Lesson 9Radar Missions

Rotating Top Ultrasonic Sensor for Scanning

Learning Goals
By the end of this lesson students will:

@ Nffu! Svecztt!tfotps!gpsut

Adjustment of port joints for efficient performance

Using the top ultrasonic sensor

Scanning the environment while keeping driving forward




Session Plar|sraarMissions

Description

Mfttpol! : ! | ou stgpelivadohit serSsercThetdp Ultrasonic sensor is
built with several joints- ! r vj uf ! mj I f! b!'ivnboft! bsn
different ways - sideways or up and down. In Lesson 9, we will use joint number
0 to rotate sideways and scan the surroundings.

In Lesson 8, Riby scanned her surroundings by using her front ultrasonic sensor
which pointed forward, so scanning the environment forces her to stop driving
or turn around in place. Lesson 9 shows the configurability option of the
tfotpstt! mpdbuj p o lopuyirbasBniccendodab aradarttofs¢an f
her environment while she keeps moving.

Using the top ultrasonic sensor and programming the position to which it is
pointing, will enable us to identify turns even if they are in a random location or
random direction. Ruby will drive forward while scanning around her sides to
identify corners and the right location to turn. In Lesson 9 there will always be
one possible turn, but its direction can be random.




Session Plar|sraiar Missions

Resources

||_E| Slideshows - within the pack

Uf bdi f teg-Rdd® plissions

Ultrasonic Sensor 2 Knowledge Base article

Set Sensor Rotation block 2 Knowledge Base article

Get Sensor Rotation Block2 Knowledge Base article

Pacing Guidelines

=/ Step Description Timing Links/comments

1 Go through Radar 10 minutes  Top Ultrasonic sensor joints
Missions Part 1
slideshow

2 Missions 1-3 30 minutes Pre-Radar
Set and Turn
Out in The Open

3 Go through Radar 10 minutes Constantly scanning for random turns
Missions Part 2

slideshow
4 Complete 30 minutes Set and Turn and Set and Turn
missions 4 -6 Scan
Scan Some More
5 Lesson Summary 5 minutes Class Conclusion Questions



https://coderz.zendesk.com/hc/en-us/articles/115003082269-The-Ultrasonic-Sensor
https://coderz.zendesk.com/hc/en-us/articles/360010575320-Set-Sensor-Rotation-Block
https://coderz.zendesk.com/hc/en-us/articles/360010691579-Get-Sensor-Rotation-Block

Session Plar|sRalar Missions

O Hp! ui spvhiltuifl!qgsftfoubujpo!) boe! yprob
to the session.

Review the available resources suggested above.

This lesson probably will take more than 45 minutf t / ! Epot u! svit i
your time. If students do not complete all the missions required, either allow
them to complete it from home or reserve some time at the beginning of the
next session.

If your students complete the missions before the class en ds you can ask
them to present their solutions to the class and discuss the efficiency and
compatibility of their solution. Al ternatively, you can proceed to the next
session.

Class Conclusion Q&A

@ Questions Answers
What are the advantages Using the top ultrasonic joints allows Ruby
1 of using the top ultrasonic to scan the environment without
joints for scanning? interrupting her current operation (such as
driving).
2 How can we use the top We will adjust the top ultrasonic sensor to
ultrasonic sensor to turn 50 degrees backwards so Ruby can safely

right without hitting the wa Il?  turn right without hitting the fence.

How can we turn safely We will turn the sensor left and right
3 when turn direction is regularly until turn is detected. Upon
random (left or right) detection we will determine the turn
direction.




Session Plans

LessorlO: Colorful Code

A: Color Sensor and Logic Operators: AND, OR, NOT .

Learning Goals
By the end of this lesson students will:

@/) The color sensor
String data type

Logic operators: NOT, AND, OR

Error correction












































































