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Introduction

This book has been written with the purpose of documenting my experience in the design and construction
of robotic prototypes and is aimed at children who like to put things together and take things apart, who

are restless, and who express in their behavior a need to understand how “our world works.” That curiosity
was fueled in large part by LEGO kits, which were companions on adventures throughout my childhood. I
was fascinated by how I could “build” objects, animals, and machines, following building guides. My hands
began to be those of a “digital artisan,” which allowed me to build my own ideas. Over time, and given my
degree in electronic engineering, I started sharing my knowledge to the next generation of creators. Through
robotics courses for children, I developed a teaching methodology called “five phases in prototyping,” which
is the basis of this book.

The book is aimed at young LEGO enthusiasts who want to prototype solutions to challenges using
mechanical and computer science engineering. Teachers and parents will also find the book a helpful guide
to introducing the world of robotics in a dynamic and fun way. Its fundamental purpose is to introduce
concepts of design, construction, and prototype programming in a fun way. The book uses simple language
to make it easy to understand for children. We chose projects based on animals (not robots) in clear allusion
to the importance of maintaining the bond with our natural world and respect for nature and environment.

Each book’s chapter will follow the “five phases in prototyping” to create robots inspired by animals,
challenging you to replicate a bio-inspired motion, such as crawling, quadruped walking, biped walking,
flapping wings, and swimming. Through the five phases in prototyping, you will encourage your
problem-solving skills by analyzing situations, designing solutions, and checking how they work, stimulating
your imagination and creativity.
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Initial concepts

Learning

- Is strongly related to doing.
- Is an active knowledge-building experience.

make, and test.

- We learn when we are curious: We investigate, explore,

Technology

- Is the set of skills, methods, or processes used for the
design and construction of machines or services to

satisfy human needs.

- Nowadays, the work is mental and no longer only physical.

- Intelligence is the work tool.

| wonder how planes can
fly?

- The knowledge is obtained through observation and experimentation.

Technology

Science

- Apply scientific knowledge (math, physics, chemistry, etc.) to develop technology
(models and techniques) and solve problems affecting the humanity.

- Invention is making an idea come true.




Hutomated systems evolution

- Humans have evolved from the
beginning of time, adapting to
the environment, using tools,
mastering metals, building ma-
chines (mechanization), and
giving them a basic level of in-
telligence (automation) to have
autonomous machines (roboti-
zation).

RAutomation



Robotics

/,

gence, capable of replacing human beings in certain activities.

such as mechanics, electronics, and informatics.

- Robotics is the design and construction of machines with a certain degree of intelli-

- Robotics is an interdisciplinary field, involving the interaction of several other fields

/

Bd Mechanics Electronics

W Robaotics




It is time to introduce you
- Encourages problem-solving skills by analyzing

to some of my friends!
situations, designing solutions, and checking how
they work

- Stimulates imagination and creativity

- Five phases: Design, Build, Program, Test, and

Document & share

Hi! I'm *“Brolin” and | like to design
solutions inspitgd in nature.

- It starts with “imitation,” copying examples
that you observe in reality, evolving through
“imagination” to create your own designs.

Hola! I'm “Rafa” and | like to build
the things that “Brolin” designs!

- Is the implementation of the design, which is
called prototype.

- You make use of your manual skills and un-
derstanding of building instructions or plans.

Hi! 'm “Dawn” and | enjoy pro-
gramming; | can spend hours cod-
ing in front of the computer!

- It is “telling” your prototype what to do ac-
cording to its design.

- It is described by a sequence of steps that
define the behavior of your prototype (pro-
gram).




My turn! | like testing all the cool
stuff that my friends create.

- Visual verification that your prototype works as
planned.

- If the prototype does not work, this may be due
to errors in the program phase, the build phase,
or the design phase. If so, you should return to the
corresponding phase and solve the problem.

Hello! 'm “Zuzu” and | like to
share all the inventions my

friends make.

- Once your prototype is working without any errors,
then you can document it so that in the future you
can repeat it and/or improve it.

* This also allows you to share your work spreading
knowledge, so others can try your prototype.

Phases in prototyping

-

Design

Document

Program Test &
share

T No Does it work? Yes




/-Mechcnics allow the design of the prototype physical

structure.
- Structural parts, simple machines, and motion transmis-
sion systems are examples of the use of mechanics. /

LEGO pieces

- In your LEGO WeDo set, you will find pieces of different colors, sizes, and types. Each

of them allows you to build different prototypes.
- In the following sections, you will explore all the mechanical pieces that come in your

WeDo set. /

Bricks

- Can be connected to other bricks by using the studs located on the top face.

Plates

- Similar to bricks but they are three times thinner.

- Come in different shapes, not only rectangular.
- Some of them have holes for different assembly methods.




- Similar to bricks but with holes at the sides.
- Are always 1unit in width and from 2 to 16 units in length.

- They areused to transfer rotational motion.Usually work together with gears and beams.
- Can be also used as structural support elements.
- Axle length is measured by counting the studs from a beam.

o ~ ©0000

Q

- They are used to hold the position of the axles.

8

- They are used to assemble two beams together.

% ‘& @

* They are used to transfer rotational motion. It must
be used together with a rubber band or a string. Q




- They are used to transfer rotational motion through their teeth.

& o @ o

- Two particular types of gears are worm gear and gear rack.

- They are used to reduce friction, making the transportation of heavy objects easier.
- Must be used together with axles.

- Let you get away from the blockiness of regular bricks by adding slopes.
- Come in different sizes and heights.
- Their function is mostly decorative to add details in your buildings.

- A set of pieces that are connected between them to transfer and/or transform energy
and motion.



* Informatics allow you to create programs through a pro-

gramming language to “bring life” to your prototypes.

- Algorithm is a finite and ordered sequence of tasks to follow in order to solve a prob-
lem. To design an algorithm, you first have to identify and analyze the problem you want
to solve.

Flowchart

- Aflowchart is a diagram that represents a sequence of tasks (algorithm).

- A flowchart shows each task as a box, and the order sequence is defined by connecting
the boxes with arrows.

Program

- A program is a set of instructions that a computer understands and executes.
- Programs are written using a programming language, allowing the communicationbe-
tween the given instructions and the computer.

01101000 01101111
Hello 01101100 01100001

Language
incompatibility

Programming language
01101000 011011M1

Hello = 010111010 01101100 01100001




/WeDo programming

- The WeDo program uses an iconographic programming language.
- A specific task is represented as a “block.”

- By “dragging and dropping” blocks, you can build a program.

- In a WeDo project, you can create your program and document your results.

/

WeDo programming environment

Project box Connection box
/ G} QG VRO, - Indicates when a Hub, sensor, 3
or motor is connected to the &
* You can create new projects, /
o ) computer. y
check some building instructions,
and take pictures and notes to NEV'gEtan bUX
document your projects. /

/- You can zoom in and zoom out @\
the workspace, navigating through Q
it by dragging the mouse cursor.

.
# ;+//

+ Stops any running program

in the workspace.
Palette

HEREE >
/

- Lists all the programming blocks.

Drag and drop

- To start a program, you “drag” the blocks in the palette and “drop” them in the work-
space.

- To delete a block from your workspace, simply “drag” it and “drop” it back in the pal-

ette. /

12



Flow blocks

- Are the yellow blocks and control the flow of your program.

e
~

geamrl b

- Are the red blocks and allow you to reproduce sounds and pictures on the screen.
* You can also perform some mathematical calculations such as addition, subtraction,
multiplication, and division.

ANEHNEEEEEE

- These blocks need to work together with the flow blocks or the display and sound
blocks. They allow you to enter data in your program. The data can be a random number,
a fix number, a text, or the sound level of a microphone.

|123I labcl

Time to play a little bit with all the
blocks you know so far. Here are
some examples, but you can try
many other block combinations!

13



- Electronics allows you to add “senses” to your prototype,
making it able to “see” or “hear,” thanks to the use of sen-
sors.

* Also, your prototype can perform tasks such as moving
around or picking up objects using actuators such as the
electric motor.

- It allows communication between the computer and
other electronic devices such as sensors and motors.

* It communicates with a computer, smartphone, or tablet
through Bluetooth.

- It is the power source for all the other electronic devices.
It requires two AA batteries.

- It comes with an LED (actuator) that you can program to

set the color.

- An actuator that transforms electrical energy into
mechanical energy.

- The electrical energy comes from the batteries inside the
Hub.

- It produces rotational motion.

- Five programming blocks allow us to control the electric

motor: motor power, wait for, stop motor, turn anti-clock-
wise, turn clockwise.

AREE @
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Tilk sensor

- It detects six different states. For each state, there is a pro-

gramming block: shake, tilt down, tilt up, tilt that way, tilt
this way, and tilt sensor no tilt.

E B = L =

/Distance sSensor

- It detects when an object is in front of it. The distance sen-
sor would be equivalent to the human eyes for a robot.

- Four programming blocks can be used with the distance
sensor: any distance change, distance change closer, dis-
tance change further, and distance sensor input.

- It is an electronic and mechanical machine, capable of movement and action, that

perceives its environment, performs tasks automatically, has computational intelli-
gence, and is programmable.

How does a robot work?

A robot processes the information and based on its programming
takes decisions: if there is an obstacle, it moves to avoid it.

Process
“Think”
. 2, %
Arobot perceives the 3 |
: A robot uses its actuator
.enV”'Of\me.m' around S ‘II ABIET to perform an action:
it: detects if there are “Perceive” “Perform” .
obstacles in front of it.

moves or turns on a light.

15



Robot characteristics

& &

Building pieces

Mechanical

machine

No need of an
Software, program operator

Programmable Automated

. R
Perceives the Movement
environment i and action

Sensors Actuators
Computational
intelligence

Microcontroller



Is it a robot?

Only if the answer to all the six questions is YES, we
are in front of a robot:

Is it a mechanical machine?
Does it have movement and action?

Is it progranrnmable?

Does it have computational intelligence?
Is it automated?

Does it perceive the environment?

Bike Camera Smartphone

A

%,fg pA) .

\\“"«
\ > 2
S

YES! YES!
YES! NO!
NO! YES!
NO! YES!
NO! NO!
NO! YES!

17

Let’s practice the definition of a

robot and see if you can identify

which are robots and which are

not!

YES!

YES!

NO!

YES!

YES!

YES!

YES!

YES!

YES!



- Before you start building the several prototypes shown in
the book, you can test your skills by building some basic ones.
- A three-dimensional object has length, width, and height;
therefore, it has volume.

- Let’s explore the different methods that are used to rep-
resent a three-dimensional object on a piece of paper (two
dimensions).

- It is a graphical representation of a three-dimensional object on a plane (two dimen-
sions).

- All the building instructions are given in an isometric projection.

- Example: By only using the following images, can you count how many bricks are in
each image?

- Similarly to an isometric projection, it is a graphical representation of a three-dimen-

sional object but using several plane views: Top view

Left view Front view

-~




* Try to build the following constructions using only their projections:
FI'Dg

Isometric Top view

Left view Front view

Turtle

Isometric Top view

Left view Front view
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Penguin

Isometric Top view
S

Left view Front view

American rhea

Isometric Top view
® ®
® ®
GRONEHE)
®OO®
OO
Left view Front view

=




Caiman

Isometric Top view F

s
Sls

Left view Front view

Sea lion
Isometric Top view O
ol | o
]
O[O
© 0
OO
OO
[ 1]
Left view Front view

= 10




Plesiosaurus

Isometric Top view 5) @‘
@ O
[l
@D
ICIE
o]
& e
QO
@ @
Left view Front view
Dog
Isometric Top view
@ @
OO
O
O|0]]
@ @
& &
Left view Front view
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Skier

Isometric Top view

o]
0|0
@]
\@ OO \

®®
olio]
O

Left view Front view

o] |
Astronaut
Isometric Top view

Left view Front view




Dolphin

Isometric Top view

Left view Front view
N
= '_'/l — ]
Pelican
Isometric Top view

Left view Front view
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Now you are ready to start building robots inspired by wildlife!




IN-PUHASE ROBOTS

Fr 0g

- Parallel linkage and gear train
- Motor programming blocks

- Motor power and direction

Turtle

- Worm gear
- Tilt sensor programming blocks
- Tilt sensor states
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nhase: Parallel in-phase motion

- In this phase, you can use a white paper and a pencil to start drawing your ideas!

Looking for inspiration

/-Frogs are amphibians that are known for their jumping abilities, croaking sounds, bulg-
ing eyes, and slimy skin.
- Frogs use quick jumps to escape from predators.
- A jumping frog can leap away from danger in an instant and hide safely in the wo'rer./

How can | replicate the frog
jumping motion?

- On a piece of paper, you can sketch some ideas to replicate the frog jumping motion!

Parallel motion
/.

* The parallel motion is a four-bar linkage in which two bars rotate while the other two bars

keep its position.
- The mechanism consists of a bar moving straight up and down from a transmitted
motion generated by two rotating bars.

- Used to convert the rotational motion into a parallel motion. /
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- Given the following building instructions, you can build your own parallel motion linkage.

Top view

Test the parallel motion linkage by
rotating both axles at the same time!




- Gears have one main purpose: transmit mechanical energy.

- Gear teeth are designed to avoid slipping and provide a smooth transmission of ro-
tation between two gears.

- A gear train is formed by mounting several gears on a frame so the teeth of the gears
engage to transmit rotational motion.

- In a gear train, the first gear is the driver gear, the last gear is the follower gear, and all
the gears in between are called idler gears.

- Gearing down: If a large gear is driven with a small gear, the torque (force) increases,
but the speed decreases.

- Gearing up: If a small gear isdriven with a large gear, the speed increases, but the torque
(force) decreases.

DOriver

Gearing down Gearing up Gear train

- You can add a gear train to the par-
allel motion linkage.

- With the addition of a gear train, you
only need to rotate one axle, and the
rotational motion is transmitted to
the other axle.

- Now you are ready to build your WeDo frog prototype!

- Before you start building, prepare a svitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a
table with enough space to easily identify all the pieces and pre-
vent them from getting lost.
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prototype must be exactly as
the one shown in the picture.




Be careful! The position in your

prototype must be exactly as

the one shown in the picture.
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- Before going to the next phase, you can identify the mechanisms you are using in your frog
prototype.

- Can you predict how your frog prototype will move by only seeing the model?

- How many gears are you using in your frog prototype?

- How many legs does your frog prototype have?

- Your frog uses the motor to drive two legs.

- Wait.. What? Two legs? Don't panic; even though a frog should have four legs, your frog
prototype has only two legs. However, these two legs can be disguised so that they can
look like four legs. You can use this trick in your future projects!

- Can you identify the driver gear, the follower gear, and the idler gears in the gear train
used in your frog?

- In the gear train, can you identify the gearing down and gearing up mechanisms?

- Can you identify the parallel motion linkage used in your frog?

In-phase motion Gear train mechanism

- In this section, you will explore some of the basics about Thanks to programminog,

programming to control the motor rotation. you can make your frog
prototype come to life!

* The program idea consists of moving your frog for a peri-

od of time and then it stops.

- In a more detailed way, your frog will move forward for 10
seconds, and then it will stop.




Once you have a clear idea of what you FlDWChart

want your prototype to do, you can

elaborate an algorithm by using a flow- Start the program
chart. This way, the programming will be i
easier! Set the motor power

\ 4

Frog moves forward

\ 4

Frog moves for 10 sec

\ 4

Frog stops

- The flowchart indicates five tasks. Therefore, we can assign a programming block for each
task:

- The number of tasks is not always equal to the number of blocks. For example, in the
preceding program, tasks 4 and S can be programmed using only one motor block:

- Task 3 indicates that your frog should go forward. Which of these blocks will make your frog

go forward?
- -

- You will find out the answer to this question on the test phase!
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Test phase: Motor power and direction

- Before testing your prototype, verify the communication between your WeDo software
and your WeDo Hub (Smart Hub).

(| ( =
\’) * Turn on your Smart \Z) + Once your Smart * In the lower-right cor-
Hub and pair it with Hub is listed, the com- ner, you will see all the
the software. munication is ready. connected devices.
R’ Q
a
(o))
_.\' ! ! ! /__
t-i;i\%‘ n
dHEID

/

- Now you are ready to test your frog. Execute the programs developed in the program
phase by clicking the “Start” block.

TEST 1: Finding the right motor direction

Now you can find which of these two programs
make your frog go forward and backward.

TEST 2: Finding the minimum motor power to move the frog

- Start changing the motor power value to 1 and execute the program.

- Now increase the motor power by 1 and execute the program. Repeat the process until
reaching 10. If you increase the motor power to more than 10, nothing happens, meaning
that the maximum power is 10.

TEST 3: 4-block program vs. 5-block program
- Do you find any difference between the program using four programming blocks and the

program using five progranmming blocks?
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- Your frog walks following an “in-phase™ motion,
meaning that at any time both legs are exactly in
the same position.

Does it work?

- If your answer is no, well, that is what testing is about.

- There are several things that you can check if your model is not working the way you
wanted. The problem could be on the mechanics, on the program, or on both.

* You can go back to the build phase to check any mechanical issue or go back to the
program phase to check any programming issve.

- Also, remember to check the Smart Hub energy, since you might be running out of
battery!

Document 8 share phase

- You can document your work in different ways:
- Taking screen captures of your programs

- Recording videos of your prototype performing the pro-
grammed tasks

- Taking pictures or drawing sketches of any structural modi-
fication on your prototype

- Taking notes during the test phase to report your results

/Enhancing the experience

- Build: To enhance your building experience, you can add decorative elements to im-
prove the look of your model. For example, you can try the other pair of eyes available in
your WeDo set to replace the ones used in your frog.

- Programming: You can also start creating your own algorithms to make your frog per-
form a different set of tasks! You can try different combinations of the motor blocks. /
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- Remember to have a white paper and a pencil to start drawing your ideas!

- Turtles are reptiles with a body encased in a bony shell.
- Turtles are very adaptive and can be found on every continent, except Antarctica.

- Turtles are extremely slow to walk.

“+  What kind of mechanism
should | use to replicate the
turtle slow walking motion?

- One way to perform a slow motion is by decreasing the motor power.

- However, decreasing the motor power will eventually reach a point in which the pow-
er is not enough to move the prototype, as observed during the test phase of the frog
prototype.

- Similarly to your frog prototype, a parallel linkage mechanism and an in-phase motion will
be used in your turtle prototype for the walking motion.

- It is used when large speed reductions and large power
increases are needed.

- It has a compact design; it does not require too much
space.
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- Given the following building instructions, you can build your own worm gear mechanism.

e, ST N
R = |
= s iy

Front view Left view
- You can observe two cranks: the
green one and the gray one.

- What happens to the green crank
when you rotate the gray crank?




- How many rotations of the gray crank must be done
to complete one rotation of the green crank?

- Now try to rotate the green crank; you will realize
that you can't.

- The worm gear can be only used as the driver gear, never

as the follower gear.

- The worm gear is a self-lock mechanism; the follower gear keeps steady, and the only
way to make it rotate is by rotating the driver gear.

- The worm gear transmission is an extremely gearing down mechanism.

- The follower gear has 24 teeth, and the driver worm gear is equivalent to 1tooth.

- 24 rotations of the driver gear are needed to complete a full rotation of the follower

W

1tooth 24 teeth

gear.

Gearing down mechanism

§ DOriver

- Now you are ready to build your WeDo turtle prototype!

- Before you start building, prepare a svitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a
table with enough space to easily identify all the pieces and prevent

them from getting lost.





















@

@

Be careful! The position in your

prototype must be exactly as
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- Before going to the next phase, you can identify the mechanisms you are using in your
turtle prototype.

- Can you predict how your turtle prototype will move by only seeing the model?

- How many gears are you using in your turtle prototype? Remember to count the worm
gear too!

- Similarly to your frog prototype, your turtle uses the motor to drive the two legs.

- Also, the turtle’s two legs are disguised so that they can look like four legs.

- Can you identify the driver gear, the follower gear, and the idler gears in the gear train
used in your turtle?

- Can you identify the parallel motion linkage used in your turtle?

np
np

v

= == == ==

In-phase motion Worm gear mechanism

- In this section, you will explore some of the basics about programming the tilt sensor.
- Since this is the first time working with a sensor, let's remember the working loop of a ro-
bot: “Perceive” — “Think” — “Perform.”

* Your program idea will be about controlling the Process

movement of the turtle by reading the position of “Think” J

the tilt sc-t_'nsor. . | | | \\‘ //‘

- At any time, if the turtle is standing horizontally, it

must move forward, and it must stop when it is in Sensing e Action
another position. “Perceive” “Perform”
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The algorithm is as follows: FlDWCl‘IEI‘t

« The turtle waits until it is in the

horizontal position. Start the program
* The turtle starts to move. i

 The turtle continues moving until ) . e
9 Wait for “horizontal position” of a—

it is in “another position” different the tilt sensor
than the “horizontal position.” i
* The turtle stops moving. Set motor power
- Go back to the turtle waiting for =
the “horizontal position.” 4 1
Turtle moves forward Infinite
= loop

Wait for “another position” of the
tilt sensor

A4

Stop motor

- The flowchart indicates six tasks and a loop. Therefore, we can assign a programming block
for each task and a loop block going from the sixth task back to the second task:

Infinite
loop

* The number of tasks is not always equal to the number of blocks. For example, in the
preceding program, tasks S and 6 can be programmed using only one motor block:

infinite
loop




- Task 4 indicates that your turtle goes forward. Which of these blocks will make your turtle
go forward?

- You will find out the answer to this question on the test phase!

- Before you start testing, remember to verify the communication between your WeDo
software and your WeDo Hub (Smart Hub).

- Once you set up the communication, you should see in the \ :
bottom-right corner all the devices connected to your Hub:

one tilt sensor and one motor.

- Before running the program, move your turtle to different 5 N =7
positions to find out how many states have the tilt sensor. @ J .
-~y
\_/ 0
S 0 @R T g5 w9 PP

- Now you are ready to test your turtle. Execute your program developed in the program
phase by clicking the “Start” block.

TEST 1: Finding the right motor direction

Let’s find which of these two
programs make your turtle
move forward and backward.
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INn-phase motion

- Similar to your frog, your turtle walks following an in-phase motion.
- In an in-phase motion, at any time, both legs are exactly at the same position.

TEST 2: Finding the minimum motor power to move your turtle

- Start changing the motor power value to 1and execute the program. At what motor power
does your turtle start moving? How different is this value with the one calculated for your
frog?

TEST 3: 4-block program vs. S-block program
Do you find any difference between the program using four programming blocks and the
program using five progranmming blocks?

Does it work=
/.

- Remember that if your answer is no, you can go back to the build phase to check any
mechanical issue or go back to the program phase to check any programming issue.
- Also, remember to check the Smart Hub energy, since you might be running out of

battery! /
Document & share phase

- Remember to collect all your notes, videos, and photos fo report
your findings and results from the three tests you performed.

/Enhancing the experience

- Build: Move the tilt sensor to the top of the head of your turtle.
- Programming: If your turtle’s head points up, your turtle goes for-
ward, and if the head points down, your turtle goes backward.
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In the next chapter, you will explore the

mechanisms and concepts to develop
prototypes that walk using two legs!




Check for
updates

BIPED ROBOTS

Humboldt panguin
- Out-phase maotion

- Slider-crank linkage

- Bevel gears

American rhea

- Center of gravity
- Start on key press blocks
- Parallel programming
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PENGUIN

HUMBOLDT
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- Remember to have a white paper and a pencil to start drawing your ideas!

- Humboldt penguins are South American penguins that live on the “Ballestas Islands”
in the coastal region of Peru.

- They are medium-sized penguins, averaging 28 inches tall and weighing about 9 pounds.
- Their favorite food is anchoveta, a small fish that thrives in the cold waters of the South
American coast.

How can | design a robot to
replicate the two-leg walking
motion of a penguin?

- They are robots that use two legs to perform a walking motion.

- There are two types of biped robots: steady biped robots and balance shift biped ro-
bots.

- Balance shift biped robots do require advanced programming using sensors to bal-
ance the center of gravity.

- Steady biped robots do not require the use of sensors or an advanced programming
to balance. Given their structure, steady biped robots are always balanced, avoiding fall-
ing while they walk. In this book, we only focus on the development of steady biped ro-
bots.

- Biped robots interlace their legs to walk: one leg in front of another (walk step).



- An out-phase motion can be used to assure
that one leg is in front of the other after a walk
step.

- An out-phase motion guarantees you that
while one leg is moving forward, the other leg is

moving backward.

- It is similar to a gear train; an inverted slider-crank linkage | O a piece of paper, you
is used to transmit rotational motion. can sketch some ideas

- It consists of two phases: stance phase and swing phase. to replicate the penguin
walking motion!

\ /

-

Stance phase Swing phase

- Given the following building instructions, you can build your own inverted slider-crank link-
age.




- Bevel gears operate in not parallel axles.
* They can be used as gearing down or gearing up mech-
anism when gears of different sizes are used.

- Usually, bevel gears are made for perpendicular axles
(90 degrees); however, they can be also made for any . .
Gearing down mechanism us-

other angle. .
9 ing bevel gears

- Now you are ready to build your WeDo penguin prototype!

- Before you start building, prepare a suitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a
table with enough space to easily identify all the pieces and prevent
them from getting lost.




10NS

tructi

lding ins
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Be careful! The penguin uses an “out-phase”

motion, meaning that one of the axles is in the
opposite position of the other one.
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- Before going to the next phase, you can identify the mechanisms you are using in your
penguin prototype.

- Can you predict how your penguin prototype will move by only seeing the model?

* How many gears are you using in your penguin prototype?

- How many legs does your penguin prototype have?

- Your penguin uses the motor to drive the two legs.

- Can you identify the bevel gears and the inverted slider-crank linkage?

- Can you identify the driver gear and the follower gear in the bevel gear mechanism?

- Are the two legs in an out-phase motion? You can check this by the position of the legs.
One leg should be in the opposite direction of the other one.

Gearing down mechanism
using bevel gears

}

[

Inverted slider-crank linkage

!
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"
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Out-phase motion




- In this section, you will explore the use of finite loop to perform repetitively tasks.

- The program idea consists of moving your penguin back and forth.

- In a more detailed way, your penguin will move forward for 4 seconds, then backward

for another 4 seconds, then forward again for 4 seconds, and finally backward for another

4 seconds.

Start the program

\ 4

Set motor power

\ 4

Penguin moves forward

A4

Wait for 4 seconds

\ 4

Penguin moves backward

\ 4
Wait for 4 seconds

\ 4

Penguin moves forward

\ 4
Wait for 4 seconds
4

Penguin moves backward
Wait for 4 seconds

\ 4

Penguin stops

Flowchart

Start the program

\ 4

Set motor power

A4

Penguin moves forward

\ 4

Wait for 4 seconds

\ 4

Penguin moves backward

\ 4

Wait for 4 seconds

Loop
X2

A 4

Penguin stops

You can use finite loops
to avoid repetition of
programming blocks!

In the example, both
flowcharts list the same
tasks, but using a finite
loop we can reduce the

number of tasks from 11

to7!




- The first flowchart indicates 11 tasks. Therefore, we can assign a programming block for
each task:

/Usinq a finite loop

- The number of tasks can be reduced from 11 to 7 using a finite loop block:

O 60606 %G

- Task 3 indicates that your penguin should go forward. Which of these blocks will make your
penguin go forward?

* You will find out the answer to this question on the test phase!

Test phase: Controlling motor direction

- Remember to verify the commmunication between your WeDo software and your WeDo
Hub before you start testing your prototype.

- Start testing your prototype by executing the program developed in the program phase
by clicking the “Start” block.

TEST 1: Finding the right motor direction
- Identify in which direction your motor has to rotate to make your penguin move forward
and backward.
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TEST 2: 11-block program vs. 7-block program
- Do you find any difference between the program using 11 programming blocks and the

program using 7 programming blocks?

TEST 3: Friction o walk
- Remove the rubber parts located at the bottom of your penguin legs:

- Execute your program and test how your penguin moves without the rubber parts. Does it
walk better or worse?

- Friction is the force that resists the sliding of one solid object
over another. Thanks to friction, you can walk without slipping.

- Rubber materials present higher friction than plastic materials,
which makes your penguin walk better when it is using a rubber
piece.

- Remember to collect all your notes, videos, and photos to report your findings and results.
* Record a video of your penguin moving with and without the rubber parts and make a
comparison.

* Write your findings and results obtained from the three tests performed in the test phase

- Build: You can try to build different legs for your penguin
and see if it can walk.

- Programming: Program different motor power when
your penguin is moving back and forth.




AMERICAN
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Design phase: Stable motion

- Remember to have a white paper and a pencil to start drawing your ideas!

Looking for inspiration

/-Americon rheas are a species of flightless birds native to eastern South America.

- They are the largest South American birds and are related to ostriches and emus.

- They use their long, powerful legs to outrun trouble.

- Their wings are used to change direction while running, helping them to keep their bal-

ance at any moment. /

Wow, American rheas are extremely
fast when they run!

- On a piece of paper, you can sketch some ideas
to replicate the American rhea’s running motion!
- There is a concept that you have to keep in
mind while designing a walking robot: center of

gravity.

Center of gravity

/-The center of gravity of an object is the point at which its weight is evenly dispersed
and all sides are in balance.

- You can change your center of gravity if you move your body in different positions. For
example, try standing using only one leg; is it more difficult to keep the balance than

standing using your two legs?
- When you design a walking robot, you have to keep the concept of center of gravity in

mind, since the legs of your robot will be moving to make it walk. At all times, your robot
must keep its balance while walking to avoid falling. /
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Build phase: Center of gravit

- Let's explore more the concept of the center of gravity.

Keeping the balance

- Let’s see if your structure can keep its balance for different positions.
- Change the position of the legs as shown in the following:

O OO0
OO OO

- Does it keep its balance in all six cases?

- Why in some cases the structure does not fall and in others it does? The answer is the
location of the center of gravity.

- So, how can you solve this falling issue? Well, there are two possible solutions: one is
modifying the body, making it smaller, and the other solution is increasing the contact
area between the legs and the ground. /
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- Modify the legs to increase the contact area with the ground.

- Try again testing all the different positions of the legs. Does it keep falling?
- Since we have increased the contact area between your structure and the ground, the
center of gravity is now always located between the legs, avoiding falling.

The new leg design

keeps the balance

of the structure at
any position!

* Now you are ready to build your WeDo American rhea prototype!

- Before you start building, be sure to prepare a suitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a table
with enough space to easily identify all the pieces and prevent them
4;5‘ from getting lost.

107



Building instructions
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Be careful! The American rhea uses an “out-phase”
motion, which means that one of the axles is in the

opposite position of the other one.
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- Before going to the next phase, you can identify the mechanisms you are using in your
American rhea prototype.

- Can you predict how your American rhea prototype will move by only seeing the model?

- How many gears are you using in your American rhea prototype?

- How many legs does your American rhea prototype have?

- Your American rhea uses the motor to drive the two legs.

- Similar to the inverted slider-crank linkage used in your penguin, a Chebyshev's lamb-
da linkage allows the walking motion of your prototype. You will see in detail this linkage
in the next chapters since you will be using it a lot to make different walking robots.

- Can you identify the bevel gears and the Chebyshev's lambda linkage?

- Can you identify the driver gear and the follower gear in the bevel gear mechanism?

- Are the two legs in an out-phase motion? You can check this by the position of the legs.
One leg should be in the opposite direction of the other leg.

Gearing down mechanism
using bevel gears

©

Out-phase motion l
Chebyshev's lambda linkage
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Program phase: Start on key press blocks

- In this section, you will explore the use of the keys from your keyboard to make your Amer-
ican rhea move forward and stop.

- The program idea consists of moving forward your American rhea when you press the key
“F” and stopping it by pressing the key “S.”

- In a more detailed way, your American rhea will move forward if you press the key “F,” and it
will keep moving forward until you press the key “S.” If the key “S” is pressed, your American
rhea will stop, and it will remain like that until you press again the key “F” to change its state
and make it moving forward again.

Flowchart

N 3 ) 3 ) ) : ) 3 M ] r—l —_— B — —_ —_— —_ —_ — — — —

11 @ Press key “F”

@ Pressbey “s” 1 i

] 1 @ Set motor power
@ Stop motor )1 i

] 1 3 Move forward

L L= L= L=
_—_— e L L L @ =

11
Program1  ,Program 2

L_, — - - = = = ==

In this case, you have two programs running
simultaneously. Since you can press a key
at any moment, the two programs must be
always ready to execute!

Parallel programming

- Parallel programming refers to when more than one program (multiple programs) is
running simultaneously.
- Since a key can be pressed at any moment, the two programs must run at the same

time, and depending on which key is pressed, only one of them will be executed at that

moment. /
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- Given the flowchart, you have to develop two programs:

CD@ CD@@

Start on key press blocks

/-In this opportunity, you are using a different block to start your program: start on key
press block.
- Be careful when using this block; remnember that it is case sensitive, meaning that if you
set it up o execute when you press “F,” if you press “f,” the program will not be execufed/

- Which of these blocks will make your American rhea go forward?

- You will find out the answer to this question on the test phase!

Test phase: Condition — action

- Remember to verify the communication between your WeDo software and the WeDo Hub
before you start testing your prototype.

TEST 1: Finding the right motor direction

- Identify in which direction your motor has to rotate to make your American rhea move
forward and backward. Once you identify which block to use, change your program accord-
ingly. Can your American rhea walk backward?

TEST 2: Condition — action
- Test your prototype by executing the program developed in the program phase by press-
ing the two different keys: “F” and “S.”
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Conditions (sensing)

4+  Actions

Process
“Think”

4
3 x
Sensing J ‘“ Action J

“Perceive” “Perform”

- The keys on your keyboard are used as sensors, so your robot will perform an action
depending on which key has been pressed (condition).

- The “think” process involves the instructions (programming blocks) to perform de-
pending on the condition (sensing).

- Based on which instruction was sent, your prototype will perform an action.

 Remember to collect all your notes, videos, and photos to report your findings and results.
* Record a video of your American rhea performing the three different actions depending on
which key you have pressed.

* Report your findings and results from the two tests performed in the test phase.

» Build: You can try building different legs for your American
rhea and see if it can walk.

- Programming: Program other actions when other keys from
your keyboard are pressed.
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In the next chapter, you will explore

another type of motion: crawling!




CRAWLING ROBOTS

Caiman

- Out-phase vs. in-phase motion
- Inverted slider-crank linkage
- Distance sensor blocks

Sea lion

- Chebyshev’s lambda linkage
- Parallel programming
- Dynamic motor power control
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- Remember to have a white paper and a pencil to start drawing your ideas!

- Caimans are animals with powerful tails that are used in both defense and in swim-
mMing.

- Caimans are predators, and, like alligators and crocodiles, their diet consists of a great
deal of fish.

- Caimans can move using two different motions: the “high walk” and the “belly crawl.”

- The high walk is when the caiman lifts its entire body from the ground as it walks.

- The belly crawl is when the caimnan moves while keeping its ventral body in contact with
the ground.

High walk maotion

* Usually, it is a slower motion compared with the
walking motion.

- Since the body is in contact with the floor at any 2
moment, the location of the center of gravity is not a
problem as it was for the biped walking motion.
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- Given the following building instructions, you can build a simple mechanism to help you
understand the difference between an in-phase motion and an out-phase motion.
- Let’s build both and see the differences:

INn-phase maotion

Keep in mind that in an in-phase
motion, both connectors must
be at the same position.

* Move your in-phase motion mechanism forward and backward.
- What do you observe? Are the positions of the green beams equal
or not?

Side view

ZAOD .

- The frog and the turtle use an
in-phase motion mechanism.




Out-phase maotion

In an out-phase motion, both
connectors must be at opposite
positions one from the other.

- Move your out-phase motion mechanism forward and backward.
- What do you observe? Is the movement different compared with
the in-phase motion?

* The penguin and the American rhea use an
out-phase motion mechanism.

* Now you are ready to build your WeDo caiman prototype!

- Before you start building, prepare a suitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a table
with enough space to easily identify all the pieces and prevent them from
getting lost.













phase”

motion, which means that one of the axles is

Be careful! The caiman uses an “out

in the opposite position of the other one.
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In this step, connect the sensor and the motor

to the Hub.
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- As usual, let’s identify the mechanisms you are using in your caiman prototype.

- Can you predict how your caiman prototype will move by only seeing the model?
- How many gears are you using in your caiman prototype?

- How many legs does your caiman prototype have?

- Your caiman uses the motor to drive its legs. The caiman is using the same trick we
used in the frog and the turtle to make two legs look like four legs.

- Similar to the penguin, the caiman uses an inverted slider-crank linkage to crawl.

- Can you identify the bevel gears and the inverted slider-crank linkage?

- Can you identify the driver gear and the follower gear in the bevel gear mechanism?

- Are the legs in an out-phase motion? You can check this by the position of the legs.

Gearing down mechanism

using bevel gears

Out-phase motion Inverted slider-crank linkage




- In this section, you will explore the use of the distance sensor.

- The program idea consists of making your caiman chase a fish. Therefore, before explain-

ing the program in a detailed way, first you need to build a fish:

) A

- With your fish ready, now let’s focus on the program. The program idea is to make your cai-
man move forward until it finds a fish. Once your caiman finds a fish, it must stop. If you

remove the fish, your caiman should start moving forward again.

The algorithm is as follows: Flowchart

- The caiman starts to move forward.

- The sensor detects if an object is close
toit. Start the program

* The caiman stops moving. i

- The sensor detects if there is no longer, Caiman moves forward
an object in front of it (clear path). _

- The caiman starts moving forward again.
Set motor power

<

Sensor detects an object
Caiman stops

Sensor detects a clear path

Y

Infinite
loop
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/Distance sSensor

- The distance sensor can be progranmmed using the four different programming blocks
available: any distance change, distance change closer, distance change further, and
distance sensor input.

- The distance change closer and the distance change further blocks are svitable to
develop the program for your caiman.

- The distance change closer block will be used to detect if the fish is close and in front
of the caiman.

- The distance change further block will be used to detect if the fish is no longer close
or has been removed. /

- From the flowchart, you have six tasks plus an infinite loop. Therefore, your program will
have six blocks plus the infinite loop block.

O @ 60 ® 60 Ol

- Now, you have everything ready to test your prototype; let's move to the test phase!

Test phase: Interacting with environment

* Remember to verify the communication between your WeDo software and the WeDo
Hub before you start testing your prototype.

TEST 1: Finding the right motor direction

- Identify in which direction your motor has to rotate to make your caiman move forward

and backward.

r.

0
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- Before starting your program, locate the fish in front of your caiman in a distance about
10 cm.

TEST 2: Friction to walk
* Remove the rubber parts located at the bottom of your caiman
legs:

* Execute your program and see how your caiman moves without the
rubber parts. Does it crawl better or worse than using the rubber
parts?

- Remember to collect all your notes, videos, and photos to report your findings and results.
* Record a video of your caiman crawling with and without the rubber parts.

- Describe the importance of the rubber parts to develop a stable walking motion.

- Why is the center of gravity not a problem in a crawling robot?

- Build: Try to modify the out-phase motion of your caiman
into an in-phase motion.

* Programming: Program different interactions between
your caiman and the fish.



SEA LION
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- Remember to have a white paper and a pencil to start drawing your ideas!

- Sea lions and seals are marine mammals, spending a good part of each day in the

ocean to find their food.
- Sea lions are characterized by external ear flaps, long fore-flippers, and a big chestand

belly.
- They can be foundin the subarcticand tropical watersin both the Northernand South-

ern Hemispheres.
- Colonies of sea lions can be seen gathered on seaside rocks for breeding and birthing.

bz N a

Sea lions use their front flippers 4

and stomach to crawil, roll, or g}

slide while moving on land.
- Before continuing, you can start sketching some ideas to replicate the motion of a sea

lion!

_________
-

- Chebyshev’'s lambda linkage is a three-bar mechanism that & e

converts rotational motion to approximate straight-line mo-

tion.
- Given its output motion (dotted line), it is vastly used in walking

robots and vehicle suspension mechanismes.
* It was first shown in 1878.
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- Given the following building instructions, you can build your own Chebyshev's lambda link-
age.

- Can you identify the three bars in the Chebyshev's lambda linkage?
- One of the bars is replaced by the gear.




- Let’s play a little bit modifying the position of the beams to see what other kinds of mo-
tions you can get from the Chebyshev's lambda linkage.

Straight-curve

-_——

—

Oscillating

- Three different motions can be obtained from the Chebyshev's lambda linkage. You can
use each of them to create different walking robots!

- The American rhea prototype uses a Chebyshev's lambda linkage with its straight-
curve motion.

* Now you are ready to build your WeDo sea lion prototype!

- Before you start building, prepare a suitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a table with enough space to
easily identify all the pieces and prevent them from getting lost.
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Building instructions
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Be careful! The sea lion uses an “out-phase”

motion, which means that one of the axles is

in the opposite position of the other one.
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- Before going to the next phase, you can identify the mechanisms you are using in your sea
lion prototype.

- Can you predict how your sea lion prototype will move by only seeing the model?

- How many gears are you using in your sea lion prototype?

- How many flippers does your sea lion prototype have?

- Your sea lion uses the motor to drive its two front flippers.

- Can you identify the bevel gears and the Chebyshev's lambda linkage?

- Which of the three output motions from the Chebyshev's lambda linkage is used in your
sea lion prototype: straight-curve, elliptical, or oscillating?

- Can you identify the driver gear and the follower gear in the bevel gear mechanism?

- Are the front flippers in an out-phase motion? You can check this by the position of the
flippers. One flipper should be in the opposite direction of the other flipper.

Gearing down mechanism

using bevel gears

Chebyshev’s lambda linkage




Program phase: Variables

- In this section, you will explore the use of variables in progrannming.

- The program idea consists of moving your sea lion forward, increasing or decreasing the
motor power by pressing different keys from your keyboard as your sea lion moves.

- In a more detailed way, your sea lion will start moving forward with a motor power equal
to S. Simultaneously, if the key “U” is pressed, the motor power increases by 1unit, and if the

key “D” is pressed, the motor power decreases by 1unit.

Flowchart

r- - - - - - - - - === )
| 11 |
J ] 1 @ Key UI_S pressed |
| @ Start th: program 11 i [
| \ 4 1 1 @ Variable increases by 1 |
| @ Start voriagle equalto S 1 [
J A4 ] J
| Motor power equal to @|— ) 1 F'I'DQI'EITI — )
| variable Jf":_':::::::

= -
) v 1) )

@ Sea lion moves forward

] 11 @ Key “D"is pressed |
| | Infinite 1 i |
| 200 11 @ Variable decreases by 1 |
| 11 |
| 11 |

—r e el el el e e

L F'EDBI'EITI 1

) LPEDSI'EITI 3

— e e e e e

Programs 2 and 3 modify the value of the
variable; then, Program 1 assigns that val-
ve to the motor power. Let’s explorein a
more detailed way the use of variables in
programming.
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- In programming, a variable is a value that can change, depending on conditions or on
information during the execution of a program.

- Usually, a variable is a number, but it can be also a nonnumerical value.

- In your WeDo software, you can use the display block. In that case, your variableis the

- Using the programming blocks, the full program for your sea lion looks like this:

number shown on the screen.

loop

_— - e, E_EaEE  TEETEe,eEeR -

J
J
J
J
J
J
J
J
J
J
J
J
J
J
l

J
|
J
J
J
J
l\_.

Program3 _ _ _ _
- Program 1: Tasks 1and 2 are only executed once. Task 2 is called variable initiation, and its
purpose is to assign an initial value to your variable, in this case S, meaning that if no other
key from the keyboard is pressed, the motor power will be S. Task 3 assigns the value of the
variable to the motor power. Tasks 3 and 4 are inside the infinite loop, so these two tasks are
being executed constantly.

* Program 2: Increases the number on your display (variable) by one.

* Program 3: Decreases the number on your display (variable) by one.
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Test phase: Controlling motor power

- Remember to verify the comnmunication between your WeDo software and the WeDo Hub
before you start testing your prototype.

- Start testing your prototype by executing the program developed in the program phase
by clicking the “Start” block.

TEST 1: Finding the right motor direction
- Identify in which direction your motor has to rotate to make your sea lion move forward
and backward.

TEST 2: Beyond the limit

- From the previous chapter, you know that the motor power can have values from 0 to 10.
However, the number on your display (variable) can have values lesser or greater than 0 and 10.
- What happens when your number on display (variable) is greater than 10? Does your motor
go faster?

- What happens when your number on display (variable) is less than 0? Does your motor ro-
tate?

TEST 3: Friction to walk

* Remove the rubber parts located at the bottom of your sea lion flippers.
- Execute your program and see how your sea lion moves without the rubber parts. Does it
crawl better or worse than using the rubber parts?

Document 8 share phase

- Remember to collect all your notes, videos, and photos to report your findings and results.
- Write a report adding sketches, photos, or videos about the results obtained in the three
tests from the test phase.

- Record a video comparing the motion of your sea lion using and not using the rubber parts.

Enhancing the experience
- Build: You can modify the flippers of your sea lion to try new

motions.
* Programming: Instead of increasing and decreasing the
motor power by 1unit, try other numbers. /
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In the next chapter, you will
explore more about quadruped

motion!




Check for
updates

ROBOTS

Plesiosaurus
Multiple Chebyshev’s lambda linkage
Control on/off
Distance sensor blocks

Dog
Multiple lever linkage
Multiple synchronization
Sound blocks
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PLESIOSAVRYS
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- Remember to have a white paper and a pencil to start drawing your ideas!

- Plesiosaurus was an aquatic reptile, not a dinosaur, though it coexisted with many di-
nosaurs during the Jurassic period.

- They had a serpentine neck with a small head at the end, and it used their four fins and
short broad tail for mobility.

- They were usually about 11 feet in length, full grown.

- The first Plesiosaurus fossil was discovered in 1821. There have been fossils found off
the coasts of Europe and throughout many areas of the Pacific Ocean. These include
coasts of Asia, Australia, and North and South America.

Plesiosaurus became
extinct long before
humans inhabited the
earth, so all we know
about them comes
from fossils.

- On a piece of paper, you can sketch
some ideas of how your plesiosau-
rus will look like!

- Quadruped robots exhibit high stability because they rely on four support points to
the surface to walk.

- Quadruped robots exhibit better stability than biped robots.

- Similar to a crawling robot, the center of gravity is not an issue in quadruped robots
given its high stability.
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- Given the following building instructions, you can build a multiple Chebyshev's lambda link-
age.

- Can you identify the two Chebyshev's lambda linkages?
-Which one out of the three motions that a Chebyshev's lambda linkage can produce is used
in this particular mode: straight-curve, elliptical, or oscillating?
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- Rotate the gear to see how the two beams move.

The two beams are al-

ways going in opposite
> directions. That could

be useful for a walking

mechanism.

- The two beams are going in opposite directions. We can divide the motion in two stages.

- Stage 1: The left beam is going over the straight motion, while the right beam is going over
the curve motion.

- Stage 2: The left beam is going over the curve motion, while the right beam is going over the
straight motion.

- Now you are ready to build your WeDo plesiosaurus prototype!

- Before you start building, prepare a suitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a table with enough space to
easily identify all the pieces and prevent them from getting lost.
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Be careful! The plesiosaurus uses

motion, meaning

i3]

an “out-phase

that one of the axles is in the op-

posite position of the other one.



connect the sensor

and the motor to the hub.

In this step,






























- Before going to the next phase, you can identify the mechanisms you are using in your
plesiosaurus prototype.

- Can you predict how your plesiosaurus prototype will move by only observing the proto-
type?

- How many gears are you using in your plesiosaurus prototype?

- How many flippers does your plesiosaurus prototype have?

- Your plesiosaurus uses the motor to drive their four flippers.

- Can you identify the worm gear and the multiple Chebyshev's lambda linkage?

- Can you identify the driver gear and the follower gear in the worm gear mechanism?

- Are the four flippers in an out-phase motion? You can check this by the position of the

flippers. Flippers in one side should be in the opposite position with the flippers in the
other side.

Gearing down mechanism

using worm gear

Multiple Chebyshev's lambda linkage

Out-phase motion
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- In this section, you will control the motor activation and deactivation (on/off) based on the
readings from the distance sensor.

* The program idea consists of making your plesiosaurus stop every time its long neck is
pointing downward and its head is touching the ground like it is drinking water. Once its
neck is pointing upward, the plesiosaurus should start walking again. Thanks to the loca-
tion of the distance sensor, your plesiosaurus prototype will know when its neck is pointing
downward and vpward.

The algorithm is as follows: Flowchart

- The plesiosaurus with its neck poin-
ting upward starts moving forward.

- The sensor detectsif the neck is poin- Start the program

ting downward. i

-The Plesiosaurus stops moving. g ) ‘“
- The sensor detects if the neck is poin- —

ting upward (clear path). \ 4

- The plesiosaurus starts moving for- Set motor power

\ 4

Sensor detects if neck is pointing

ward again.

downward Infinite
i loop
Plesiosaurus stops

A

Sensor detects if neck is pointing
vpward

Y

- Similarly to the caiman program, you need to use the distance change closer and dis-
tance change further blocks to develop the plesiosaurus program.




- From the flowchart, you have six tasks plus an infinite loop. Therefore, your program will
have six blocks plus the infinite loop block.

Infinite
loop

- Now, you have everything ready to test your plesiosaurus prototype, so let's move to the
next phase!

- Remember to verify the communication between your WeDo software and your WeDo Hub
Hub before you start testing your prototype.

TEST 1: Finding the right motor direction
- Identify in which direction your motor has to rotate to make your plesiosaurus move for-

ward and backward.

- Execute your program by clicking the “Start” block.
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TEST 2: Initial conditions

- What happens if you start the program when your plesiosaurus is with its neck pointing
downward? Do you observe any difference?

/I:oulcl Plesiosaurus walk over land?

- The limbs of Plesiosaurus which were once legs in its ancestors evolved into flippers
which make them better for paddling through the water than walking over ground.

- Similar to a sea lion, Plesiosaurus would be capable of pulling its body with the front
flippers while pushing with the rear, being capable of leaving the water but not for any
great distance in land.

Document & share phase

-Remember to collect all your notes, videos, and photos to report
your findings and results.

- Write a report about your findings and observation from the
two tests performed in the test phase.

* Record a video of your plesiosaurus performing given the two
different initial conditions: starting with its neck pointing up-
ward and starting with its neck pointing downward.

Enhancing the experience

/ Build: Modify your plesiosaurus to an in-phase motion. How differently does it move?
- Programming: Instead of your plesiosaurus stopping when the neck is pointing down-
ward, make it going backward, and when the neck is pointing upward, it should go

forward. /
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- Remember to have a white paper and a pencil to start drawing your ideas!

* The dog is one of the most popular pets in the world. I+ is commonly referred to as
“man’s best friend.”

- Dogs are highly variable in size and weight.

- Dogs defend their territories and mark them by urinating on trees, rocks, fence posts,
and other sites.

- Dogs communicate in several ways: body position, movement, and facial expression
often convey a strong message.

Come on, Brolin; look how | walk using my four legs!

| am awesome!

| already know how to walk
using my four legs! | better
take a nap.

- In all previous prototypes, you did not have to use synchronization because only one
axle was rotating to create the walking motion.

- Synchronization is really important to assure the stabilization of your quadruped when
you have multiple rotational axles.

- An out-phase motion is based on how different or equal are the positions of opposite
legs in one axle, but what happens if you have two axles? Let’s explore in a more detailed
way the synchronization concept.
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- Single-axle rotational motion means that you are only using one single axle to create
the walking motion. You can see some examples using one axle (red line):

& \‘\\.:-K
P SO

Ya -/ 4

N

A=
e

- As you can see in all previous prototypes, only one axle (red line) was rotating to create
the walking motion.

- Synchronization is extremely important when you deal with more than one axle rota-
tional motion.

- In this section, you will explore two concepts: the multiphase synchronization motion and
the multiple lever linkage.

Multiphase synchronization




- Up to this point, you have a similar structure as the one
developed in Chapter 4 to understand the in-phase vs. out-
phase motion.

- One single-axle rotational motion (red line) is used, and
the in-phase or out-phase motion is defined based on the

position of the legs at opposite sides.

- Before adding the four legs, can you identify the two-axle rotational
motion? For each axle, you can define an in-phase or an out-phase
motion.



Different synchronization arrangements

In-phase
motion

In-phase
;

In-phase
motion In-phase

In-phase
motion

In-phase
y

Out-phase A
motion Out-phase
&, Out-phase

3 — i

1]

Sl

=]

()

‘
Out-phase VA
motion Out-phase

- How different are the movements of the legs for each of the three cases?
- Now you will explore a new linkage to use as a walking motion mechanism.



Multiple lever linkage

- Both gears must be in-phase, meaning that the con-
nectors in both gears are located at the same position.

- The linkage is composed of two beams, one with an *|”
shape and the other with an “L” shape.

- Before you start building your WeDo dog, prepare a svitable workspace.
- Keep in mind that the WeDo set has small pieces, so prepare a table with
enough space to easily identify all the pieces and prevent them from get-
ting lost.
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Synchronizing the motion: The position of all
the pulleys must be exactly as shown:

Left view:

Axles in an out-phase
motion







Push the axle into

the motor.

Flip your prototype 180 degrees to have the

same view.
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In-phase
motion




In this step, connect the motor to

the hub.




VS @







221



222






- Before going to the next phase, you can identify the mechanisms you are using in your dog
prototype.

- Can you predict how your dog prototype will move by only seeing the model?

- How many gears are you using in your dog prototype?

- How many legs does your dog prototype have?

- Your dog uses the motor to drive its four legs.

- Can you identify the multiple lever linkage?

- How many bevel gear mechanisms are used in
your dog prototype?

- Can you identify the multiphase synchronization
motion used in your dog prototype?

Bevel gear
mechanisms

Out-phase motion

Multiple lever linkage
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In-phase

v

. Out-phase

Let's analyze the synchroni- [
zation arrangement used in

your dog prototype!

In-phase

- In this section, you will explore the use of an input sound block.

- The program idea consists of moving and stopping your dog by sound cormmands.

- In a more detailed way, your dog will move forward until “hearing” a strong noise such as
a clap; after that, the dog will stop and will remain like that until “hearing” another strong
noise. Then, it will start walking forward again.

Flowchart
You can program your dog
to follow some sound com- Start the program
mands! i
Dog moves forward «—

y

Set motor power

<

r sound Infinite
loop

Wait f

o

©

Dog stops

]

Wait for sound

o

= ]
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Microphone

- Microphones are sound sensors used in phones, computers, baby monitors, and music
systems like karaoke machines.

- Sound sensors work by mimicking the human body process that involves the ears and
signal transmission to the brain.

- In your WeDo software, you can use the microphone block to program tasks using
your microphone signal as an input (sensor).

P R (((

/

- The flowchart indicates six tasks and an infinite block. Therefore, you assign a programming
block for each task:

®© @ 60 0 60 O |w

- Task 2 indicates that your dog goes forward. Which of these blocks will make your dog go

forward?

* You will find out the answer to this question on the test phase!

Test phase: Motor control by sound

- Remember to verify the communication between your WeDo software and your WeDo hub
before you start testing your prototype.

- Start testing your prototype by executing the program developed in the program phase
by clicking the “Start” block.
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TEST 1. Finding the right motor direction
- Identify in which direction your motor has to rotate to make your dog move forward and

backward.

TEST 2: Sound commands
- Test your program. Check if your dog moves or stops by making sounds such as clapping.

TEST 3: Friction to walk
* Remove the rubber parts located at the bottom of your dog’s legs:

- Execute your program and see how your dog moves without the rubber parts. Does it walk
better or worse than using the rubber parts?

TEST 4: Modifying the synchronization arrangement
- Modify the position of yous dog’s legs to test different synchronizations between each of
the four legs. How does the walking movement change by trying new synchronization ar-

rangements?

* Remember to collect all your notes, videos, and photos to report your findings and results.
* Record a video of your dog using and not using the rubber parts and make a comparison.
* Record a video of your dog walking using different synchronization arrangements. How
different is the motion for each synchronization arrangement?

- Build: Try to modify the legs of your dog. Can you make your
dog sit?

* Programming: Add another option to make your dog walk
backward.
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In the next chapter, you will build
and program robots that look

like humans; they are called
humanoids!




Check for
updates

Skier

- Chebyshev’s lambda linkage
- Multiple synchronization
- Motor ramp starting

Astronaut

- Parallel Chebyshev’s lambda linkage
- Humanoid bipedal motion

- Motor ramp stopping
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SKIER
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Design phase: Humanoids

- Remember to have a white paper and a pencil to start drawing your ideas!

/Luaking for inspiration

Skiing is a recreation, sport, and mode of transportation that involves moving over

snow by the use of a pair of long, flat runners called skis, attached or bound to shoes or
boots.

- Different techniques (motions) are used depending on if the skier is going downhill or up-
hill. In a downhill, the skier slides down on skis with fixed-heel bindings. In an uphill, the
skier uses a classical diagonal stride that emulates a walking motion. /

Skiers move differ-
ently depending on if
they are in an uphill
or a downhill.

- On a piece of paper, you can sketch some ideas of how your skier will look
like and how it will move!

- For your skier prototype, you will be resembling an uphill walking motion.

Humanoids

- A humanoid robot is a robot with its appearance built to resemble the human body

and replicate human motion. /

nhase: Multiphase synchro motion

- Similarly to your dog prototype built in the previous chapter, your skier uses a multiphase
synchronization motion with a Chebyshev’s lambda linkage. ‘

- Before you start building your WeDo skier, prepare a suitable workspace.
- Keep in mind that the WeDo set has small pieces, so prepare a table with
enough space to easily identify all the pieces and prevent them from get-

ting lost.
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Building instructions
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Synchronizing the motion:

Left view:
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- Before going to the next phase, you can identify the mechanisms you are using in your
skier prototype.

- Can you predict how your skier prototype will move by only seeing the model?

- How many gears are you using in your skier prototype?
- How many legs does your skier prototype have?

- Your skier uses the motor to drive its two legs and
two arms.

- Can you identify the bevel gears and the Cheby-
shev's lambda linkage used in your skier?

+ Is your skier using multiple synchronization?

* How many out-phase and in-phase motions are
used in your skier?

- How many rubber parts is your skier using?

Bevel gears Out-phase motion

mechanism

Chebyshev’s lambda
linkage
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Let's analyze the synchronization
arrangement used in your skier

prototype!

Out-phase

> PRy 4 In-phase

In-phase

- In this section, you will explore the use of ramp starting for your motor.

- The program idea consists of moving forward your skier increasing its speed. Your skier
will start moving very slow, and it will accelerate until reaching the maximum power. We
will be using a variable to develop the program.

Flowchart

- Tasks 1, 2, 3, and 4 are called initial Start the program
conditions since they are only exe- i

cuted once at the beginning of your S lelsE T Ee)
program. —

- Tasks S, 6, and 7 are executed 10 '

times, taking the motor power from Set motor power fo zero
a value of 0 up to a value of 10. i

Skier moves forward

A4

Assign the variable value to the &
motor power

\ 4

Wait 1_second Loop

i x10

Increase variable by 1unit

\ 4
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- The flowchart indicates 7 tasks. Therefore, you assign a programming block for each task:

ONCNONONN G OCRORF:

/Flre variables useful?

- Variables can be used to reduce the size of our code.

- If you want to develop the same program for your skier without the use of variables,
your program would look like this:

- With variables, you have 7 tasks in your program; without variables, you have 23 tasks.
- When you decrease the number of tasks, you are performing a code optimization. /

- Task 4 indicates that your skier is moving forward. Which of these blocks will move your

skier forward?
- 5

- You will find out the answer to this question on the test phase!

Test phase: Accelerate motion

- Remember to verify the communication between your WeDo software and your WeDo
hub before you start testing your prototype.

- Start testing your prototype by executing the program developed in the program phase
by clicking the “Start” block.

TEST 1: Finding the right motor direction
- Identify in which direction your motor should rotate for your skier to move forward and
backward.
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TEST 2: 23-block program vs. 7-block program
- Do you find any difference between the program using 23 programming blocks and the
program using 7 programming blocks?

TEST 3: Increasing or decreasing the acceleration rate

- You can accelerate or decelerate your motor ramp starting by increasing or decreasing
the wait time in task 6:

Accelerating:

TEST 4: Removing the friction
- Remove all the rubber parts from your skier, including the two located on its sticks and the
tires located on its legs. Start your program and see how the motion has changed.

Document 8 share phase

- Remember to collect all your notes, videos, and photos to report your findings and results.

* Record a video with and without your skier moving using the rubber parts and make a
comparison.
- Write your findings and results of all the four tests performed in the test phase.

Enhancing the experience

/Build: Try to modify the arm and leg positions of your skier
into an in-phase motion. Now your skier should perform a
downhill motion instead of an uphill motion.

- Programming: Can you think about another program using

a variable? /
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nhase: Humanoid bipedal motion

/Loukinq for inspiration

Humans are driven to explore the unknown, and the space is a territory that has a lot
of mysteries that have called humans’ attention since ancient times.

- Human space exploration helps to unravel the mysteries about our place in the Uni-
verse.

- On July 20,1969, the US Apollo 11 mission made the first moon landing.

- The term “astronaut” derives from Greek and means “space sailor.”

- An astronaut is someone who has been launched as a crew member aboard a space-
ship into outer space to investigate it. /

Nazca lines
/

- The Nazca was a culture located in a southern

desert of Peru, and it is famous due to its inexpli-
cable and impressive lines drawn in the ground.
* The lines are known as geoglyphs - drawings
on the ground made by removing rocks and
earth to create an image.

* The lines are drawn in geometric patterns and

distinct animal and humanoid shapes.

* The size of the straight lines runs up to 30 miles, while the animals and humanoids range
from S0 to 1200 feet in length. Given their sizes, the lines are best seen from the air.

» Scientists believe that the majority of lines were made by the Nazca people, around
A.D.1to 700.

- One of the most popular lines is a humanoid figure nicknamed “The Astronaut.”

/

» On a piece of paper, you can sketch some ideas of how your as-
tronaut prototype will look like!

| will design an astronaut prototype
inspired by the ones drawn by the
Nazca people!
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- The humanoid robot overall design is a very complex task since they are designed
and manufactured to resemble the human body.

- When a humanoid performs biped walking, the stability must be guaranteed at any
moment.

- The center of gravity is very important in the development of walking humanoids.

AEA

- In the 1970s, Honda started wide research on humanoid bipedal robots, and nowadays
there are numerous research projects performed by companies and universities to
develop better humanoid robots.

Build phase: Parallel Chebyshev's lambda

- Follow the building instructions to build your own parallel Chebyshev's lambda linkage.
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- Turn the gear to see the motion generated by your parallel Chebyshev's lambda linkage.

Oscillating
motion

@ Chebyshev’'s
|

Parallel ambda linkage

linkage

- The parallel Chebyshev's lambda linkage changes the rotational motion of the gear into an
oscillating motion of the green beam.

- The particularity of the oscillating motion generated is that the beam always keeps its hor-
izontal position at any moment.

- The parallel Chebyshev's lambda linkage is a multiple linkage since it is composed of two:
a parallel linkage and a Chebyshev's lambda linkage.

- Now you are ready to build your WeDo astronaut prototype!

- Before you start building, prepare a suitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a
table with enough space to easily identify all the pieces and prevent
them from getting lost.
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Be careful!
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- Can you predict how your astronaut prototype will move by only seeing the model?
- How many gears are you using in your astronaut prototype?
- How many legs does your astronaut prototype have?

astronaut
- Can you identify the bevel gears and the parallel Chebyshev's lambda linkage?
- Can you identify the driver gear and the follower gear in the bevel gear mechanism?
- Are the two legs in an out-phase motion? You can check this by the position of the legs.
In an out-phase motion, one leg should be in the opposite direction of the other one.

Gearing down .
mechanism us-
ing bevel gears

np

Parallel Chebyshev's lambda linkage




nhase: Motor ramp

- In this section, you will explore the use of ramp stopping for your motor.

- The program idea consists of moving your astronaut forward decreasing its speed. Your as-
tronaut will start moving first very fast, and it will continue decelerating until reaching zero
power. Similarly to the skier program, you will be using a variable to develop the program.

Flowchart

- Tasks 1, 2, 3, and 4 are called initial
o _ @ Start the program
conditions since they are only exe- =

cuted once at the beginning of your
program. @ Set variable to zero
- Tasks S, 6, and 7 are executed 10

<

times, taking the motor power from (%

Set motor power to zero

e

a valve of 10 to a value of O.

<

@ Astronaut moves forward

1

@ Wait 1second  H—

\ 4

b Decrease variable by 1unit

= Loop
x10

@ Assign the variable value to the
motor power

) 4

- The flowchart indicates 7 tasks. Therefore, you assign a programming block for each task:

OO0 6 0006




Test phase: Decelerate motion

- Remember to verify the communication between your WeDo software and your WeDo
hub before you start testing your prototype.

- Start testing your prototype by executing the program developed in the program phase
by clicking the “Start” block.

TEST 1: Finding the right motor direction
- Identify in which direction your motor has to rotate to make your astronaut move forward
ward and backward.

TEST 2: Increasing or decreasing the deceleration rate
- You can accelerate or decelerate your motor ramp stopping by increasing or decreasing
the wait time (task S).

TEST 3: From out-phase motion to in-phase motion
- Modify the position of your astronaut legs to perform an in-phase motion and execute

your program. How differently does your astronaut move?

Document 8 share phase

-Remember fo collect all your notes, videos, and photos to report your findings and results.
- Report your findings and results from the three tests performed in the test phase.

- Record a video of your astronaut moving using an out-phase and an in-phase motion to
compare how different the motions are.

Enhancing the experience

- Build: You can add a sensor to your astronaut prototype so it can interact with the en-

vironment.
- Programming: Program the sensor added to your astronaut prototype.




So far, you have explored a lot of
walking mechanisms; however, there

are other types of motions, such as
the wing motion while flying.




Check for
updates

=

=

BIOMIMETIC
ROBOTS

Dolphin

- Parallel free-joint linkage
- LED block

- Random block

Pelican

- Flapping wings motion

- Crank-rocker Four-bar linkage

- Controlling motor power by distance sensor
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nhase: Diving motion

- Remember to have a white paper and a pencil to start drawing your ideas!

Looking for inspiration

/-Dolphins are small-toothed aquatic mammals easily recognizable by their curved
mouths, which give them a permanent “smile.”

* Most dolphins live in the ocean or brackish waters along coastlines; however, there are
some species that can be found in the Amazon River.

- They feed chiefly on fish and squid.

- They communicate with clicks, squeaks, and whistles. /

Dolphins can jump
really high from the
water!
€ u“ - _ﬂ r

- On a piece of paper, you can sketch some ideas of how

your dolphin will look like!

- So far, you have built several prototypes inspired by
animals, focusing only on their walking and crawling
motions. However, animals can perform other kinds of
motions, such as swim, fly, climb, and so on.

/Biclmimetic robots

- Biomimetic robot designs attempt to develop robots inspired by biological systems
such as animals, plants, insects, and so on.

- One of the most common applications in the development of biomimetic robots is to
replicate animal motions such as swimming, flying, walking, climbing, and crawling.

- In this chapter, you will explore two new bio-inspired motions: swinming and flying.
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- Given the following building instructions, you can build your own parallel free-joint linkage.

- Spin the wheel to see the generated motion.
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Differant diving motions

- You can change the position of the connectors of one of the gears to generate four different
motions:

Slele" - | . 5 ele]e]e)
000
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= e 3 £
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* By observing the mechanism, you can see that it is only connected to one connector
(fixed-joint); the other connector only works as a support, and it is not attached to the
structure (free-joint).

Fixed-joint

Free-joint

* Now you are ready to build your WeDo dolphin prototype!

- Before you start building, prepare a suitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a table
with enough space to easily identify all the pieces and prevent them
from getting lost.
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- Before going to the next phase, you can identify the mechanisms you are using in your
dolphin prototype.

- Can you predict how your dolphin prototype will move by only seeing the model?

- How many gears are you using in your dolphin prototype?

* Your dolphin uses the motor to emulate a diving motion.

- Can you identify the gear train and the parallel free-joint linkage?

- Can you identify the driver gear and the follower gears in the gear train mechanism?
Keep in mind that the driver gear is usually the one connected directly to the motor.

- Can you identify the fixed-joint and the free-joint in the parallel free-joint linkage used
in your dolphin?

- Does your dolphin use an out-phase or an in-phase motion?

Parallel free-joint linkage

Gear train mechanism
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Out-phase motion

- In this section, you will explore the use of the
random and LED blocks.

- The program idea consists of moving your
dolphin, but you will not know for how long
or how fast until you execute your program.
Additionally, you will use the LED block just to
explore the different colors that it can dis-
play.

- In a more detailed way, first, you have to
create a random variable and define the ro-
tation of the motor, then assign the value of
the random variable to the three blocks: LED
block, motor power block, and wait for block.

Flowchart

Start the program

\ 4

Create a random variable

¥
Dolphin starts moving

A4

Assign variable to LED

A

Assign variable to motor power

\ 4

Assign variable to motor time on



- The flowchart indicates six tasks. Therefore, you assign a programming block for each task:

Test phase: Dealing with randomness

* Remember to verify the communication between your WeDo software and your WeDo
hub before you start testing your prototype.

- Start testing your prototype by executing the program developed in the program phase
by clicking the “Start” block.

TEST 1: Changing the motor direction
- Do you find any difference in changing the direction of your motor in task 3?

TEST 2: Finding the LED colors
* The LED located in your Hub can display several different colors. When you execute your

program, you will see a number on the screen; this number is generated randomly. Based on
the value of the number on the screen, the LED will display a particular color:

0 1 2 3 4 5 6 7 8 9 10

TEST 3: A different randomness
- In your program, at the beginning, you assign the generated random number to the display

block (variable). Then you use that value for the other three blocks: tasks 4, 5,and 6. That way,
the number shown on the screen will always correspond to the color shown by your LED
as experienced in TEST 2.
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- Modify your program, so now you use three random blocks instead of the display input blocks:

- Execute your program several times. After each execution, check if the number shown on
your screen corresponds with the color of your LED.

TEST 4: Out-phase vs. in-phase

* Modify your dolphin from an out-phase motion to an in-phase motion and execute your
program.

why do dolphins jump out of the water?

/'Dolphins are mammals, so they need to breathe oxygen from the air as they remain
in the water. Jumping out of the water allows dolphins to remain wet while also taking
in oxygen.

- Dolphins must swim really fast below the surface to get the required speed to push
themselves up through the surface of the water.

- Dolphins jump out of the water for several reasons: have fun, increase visibility, remove
parasites, and improve navigation. /

Document 8 share phase

* Remember to collect all your notes, videos, and photos to report
your findings and results.

* Record a video of your dolphin moving the motor clockwise and
counterclockwise. Do you observe any difference in your dolphin
motion?

* Record a video of your dolphin moving using an out-phase and an
in-phase motion to compare the results.

- Build: You can replace the dolphin with other marine animals.

* Programming: In your WeDo software, you have sound blocks that you can add to
your dolphin prototype so it can be more realistic. Also, you can add a good background
while you execute your program.
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PELICAN
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- Remember to have a white paper and a pencil to start drawing your ideas!

- Pelicans are large birds characterized by a long beak and a large throat pouch.

- They are found on coastlines and also along lakes and rivers.

- Pelicans like fishing in groups: they can use their elastic pouches to catch fish.

- Most of the different pelican species have pale plumage; however, there are some ex-
ceptions as the brown pelican and the Peruvian pelican.

- They can fly for hours or even days looking for feeding areas.

Wow! Pelicans can fly low over
stretches of water; this kind of
flying is called skim.

- On a piece of paper, you can sketch some
ideas to replicate the wings motion ob-
served in pelicans.

- Flapping wings are used by a wide variety of animals such as birds and bats and a variety
of insects to fly both quickly and slowly.

- Birds flap their wings to land and take off from anywhere. For example, birds flap their
wings at a large angle of attack to push themselves away from the ground during take-
off.

- The principle behind the flapping wings motion is: the two wings are flapped to produce
both lift and thrust, to overcome gravity, and to provide a sustained flight.
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- Given the following building instructions, you can build a crank-rocker four-bar linkage.

* Spin the gear to see the generated flapping wings motion.



Rocker

- Crank: A side link which revolves relative to the frame is called a crank.

- Rocker: Any link which oscillates is called a rocker.

- Crank-rocker mechanism: It is a four-bar linkage; if the shorter side link revolves and the
other one rocks (oscillates), it is called a crank-rocker mechanism.

- A variety of useful linkages can be formed from a four-bar linkage. Through slight varia-
tions, such as changing the characteristics of the pairs or proportions of the bars, you
can generate different kinds of motions.

- In previous chapters, you have used several variations of a four-bar linkage to create
different prototypes. All of the following are four-bar linkages:

- The Chebyshev's lambda linkage used in your American rheaq, plesiosaurus, sea lion,
skier, and astronaut prototypes.

- The parallel linkage used in your frog and turtle prototypes.

- The parallel free-joint linkage used in your dolphin prototype.

* Now you are ready to build your WeDo pelican prototype!

- Before you start building, prepare a svitable workspace.

- Keep in mind that the WeDo set has small pieces, so prepare a
table with enough space to easily identify all the pieces and prevent
them from getting lost.
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Building instructions '
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Flip your prototype 180 degrees to have the s
same view.
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Be careful! The peli-
can uses an “in-phase”
motion, meaning that

one of the axles is in the
exact same position

of the other one.
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Flip your prototype 180 degrees to have the
same view.
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- Before going to the next phase, you can identify the mechanisms you are using in your
pelican prototype.

- Can you predict how your pelican prototype will move by only seeing the model?

- How many gears are you using in your pelican prototype?

- How many wings does your pelican prototype have?

Design features

* Your pelican uses the motor to drive its two legs.

- Can you identify the gear train and the crank-rocker four-bar linkage?

- Can you identify the driver gear and the follower gear in the gear train mechanism?
Keep in mind that the driver gear is the one that is assembled directly to the motor.

- Are the two wings in an in-phase motion? /

Gear train

Crank-rocker four-bar linkage
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Oscillating

Oscillating motion

motion

INn-phase motion

- In this section, you will explore the use of the distance sensor to control the motor power
of your prototype.

* The program idea consists of moving the wings of your pelican depending on the value
of your sensor.

- In a more detailed way, your pelican will move their wings slower as an object (your
hand) approaches the distance sensor. The wings will move at maximmum power when
there is no object in front of the distance sensor.

Flowchart

Start the program
Set motor direction a
Infinite
Assign sensor value to motor loop
power

\ 4
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- The flowchart indicates three tasks. Therefore, you
can assign a progranmming block for each task:

Infinite
loop

How should | modify the program
if | want the pelican to perform
an opposite behavior?

* What should you do to program your pelican so it can perform an opposite behavior?

- The new program idea is: your pelican will move the wings faster as an object (your

hand) approaches the distance sensor. The wings will stop when there is no object

in front of the distance sensor.

* You need to use a variable to develop this new program. As usual, let’s start with the

flowchart first:

Flowchart

Start the program

\ 4

Set motor direction

v

Set variable to 10
i Infinite
. loop
Subtract the sensor value to variable

]

Assign variable val

c

e to motor power

Q@

a«

Infinite
loop




Test phase: Getting closer and further

- Remember to verify the communication between your WeDo software and your WeDo
hub before you start testing your prototype.

- Start testing your prototype by executing the program developed in the program phase
by clicking the “Start” block.

TEST 1: Does the motor direction matter?
- Do the wings of your pelican move differently if you change the rotation of your motor from
clockwise to counter clockwise?

TEST 2: Changing the logic
- Execute the first program developed in the program phase. Then, execute the second pro-

gram developed in the program phase. How differently does your pelican perform in both
programs?

TEST 3: From in-phase motion to out-phase motion

- Modify the position of your pelican wings to perform an out-phase motion and execute
your program. Is the motion more similar or different from an actual wings motion observed
in birds?

Document 8 share phase

- Remember to collect all your notes, videos, and photos to report your findings and results.
* Record a video of your pelican performing the two programs developed in the program
phase. How different are they?

* Record a video of your pelican moving using an out-phase and an in-phase motion to
compare the wings motion.

Enhancing the experience
- Build: Instead of using the distance sensor to control the
wings motion, you can replace it with the tilt sensor.
* Programming: Program different motor power depending

on the position of the tilt sensor. The flapping wings motion
can be used when your tilt sensor is facing down. To emulate

gliding motion, just set the motor power to O. /
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You have learned different mo-
tions observed in animals and
were able to replicate them to

create robotic prototypes; so,
what’s next?




Check for

updates



http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-4842-6846-9_8&domain=pdf
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Some of the prototypes featured in this book have been designed since 2011 using the

;AleDo 1.0 kit.
weDo 1.0 prototypes
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American rhea

- Can you notice the differences with the WeDo 2.0 versions?
- Which prototypes do you think have undergone the greatest changes?



Extra WeDo 1.8 prototypes

Giraffe

-+ Would you try to build the extra WeDo 10 prototypes using your WeDo 20 set by only
observing the preceding images?

- Each prototype implied a process of continuous improvement. There were prototypes
that did not come out very well in the first version and have been improved. The im-
provement can be done in two ways:

- Functional improvements: Motion of your prototype

- Aesthetic improvements: How your prototype looks like
- The prototyping process encourages your creativity and allows you to learn through
research and experimentation. You learn to build your ideas.



- All the prototypes were designed following the five phases we proposed in the first chap-
ter. Do you remember all the phases?

Phases in prototyping

Document
Design Build Program Test &
share

A N A S

Does it work?

/Mechanisms: Gears

- In the development of the prototypes, you explored different gear mechanisms. Here

is a review of all of them:

Gear train
Gearing down Gearing up

Bevel gears Wrm gear

- Can you remember which ones were used in each of all the prototypes?
- In several prototypes, more than one gear mechanism was used to create more com-

plex motions. /
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- The gears were used to transfer the rotational motion and the linkage to transform the rotational motion into a dif-
ferent one to create the walk, crawl, or fly motion.

types

E ﬂ:<m_.nma g’cmma

Humboldt
Penguin

Slider-crank
types
Double hn_.msx-_.onxm_.w
crank 7
\H<_umm/

Parallel Parallel Chebyshev 's Multiple Lever Parallel
linkage free-joint lambda linkage linkage Chebyshev “s

linkage __sxm@m lambda
used used \V\cmﬁn_//’ \cmma used used

_ Frog _ _ Turtle _ _ Dolphin _ American m_A_mﬂ _um__nm: _u_mm_ommc_.cm E E
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- It is the construction of prototypes with the appearance and behavior of living beings,
which can move. You have built several; let’s check them again:




- They are like the senses in the human body; they serve to realize what is around us.
We have worked with two sensors: tilt sensor and distance sensor.

- They are devices that allow the generation of events in nature. For example, something
moves by using a motor or something lights up by using an LED.
- In your WeDo set, the LED is in the hub.

- Locomotion refers to the displacement of a whole body voluntarily, for example, walking,
swimming, running, flying, crawling, and so on.

- Movement does not necessarily involve displacement; it can refer to a part of the
body, for example, when a bird just flutters or when you move your neck or your arms.

- Almost all of the prototypes you have built have locomotion, meaning that they can
move from one place to another. Can you identify which ones do not have locomotion?
- Can you indicate which prototype is the slowest and fastest in displacing?

Movement Locomotion
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- If you like to build, design, and program, maybe you might like a career in engineering.
Note that the original meaning of the word engineering was: person who solves prob-
lems using ingenuity. From that point of view, we are all potential engineers.

- Engineers transform an idea into reality. They invent!

- Engineering is based on science, mathematics, and technology.

- Scientists use the so-called scientific method for “the search of the truth.” If you com-
pare it with your “phases in prototyping,” you will see that they are very similar, right?

p ' Scientific method
1 |
i Eisarimaitation Conclusions Publish the
Hypothesis (Testinpetheh Sthesie) (New research
y 9 yP theories) results
N ? 19
Observation Problem MOdEI'. pradicl
(mathematical support)
J J

= =

A
[ |

- Technology and engineering constitute the application of knowledge obtained through
science to produce practical results.

- Scientists work with science (“seeking the truth”), and engineers work with technology
(seeking to solve problems).



Mathematics

/-Logic, calculations, and measurements are used to understand the phenomena of the
universe and summarize it in mathematical formulas that allow us to predict its behav-

ior.

- Mathematics is the tool that science uses to “seek the truth.”

- Mathematics is the search for the sysnmetry and patterns of things.

* You can play around with numbers and find interesting things, for example, what
happens if you arrange the digits of the number 6174 from greatest to least and then
from least to greatest and subtract them from each other?

* The result is: 7641-1467 = 6174.

- You get the same number again: 6174. This was discovered by the Indian mathemati-
cian Dattatreya Ramachandra Kaprekar (1905—1986) who was characterized by living

playing with riddles. /
Technology

- Technology is the set of instruments, methods, and techniques designed to solve a

problem.

- Today, we use various technologiesto carry out our work, such as computers, program-
ming, the Internet, and so on.
- Technology is the practical knowledge of things.

/

Remember that work today is more mental than physical.
Intelligence is the main work tool.

How do you train your intelligence? Drawing, painting, building, programming, being
happy.
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CONCEPT MAPS

Concept maps are graphic tools that allow you to organize and represent knowledge in
an organized way. Concept maps are didactic summaries of a topic. They help to have a
holistic view of a developed topic and highlight the important parts.

The concept maps of each of the book’s chapters are presented in the following pages.
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Chapter II:

In-Phase - Walking Robots
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Chapter III:
Biped Robots
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Chapter IV:
Crawling Robots
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Chapter V:
Quadruped Robots
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Chapter VI:
Humanoids
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Chapter VII:
Biomimetic Robots
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Parallel programming 125
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