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Leaphy Original - Workbook - Introduction

How does this book work?

This book contains lessons for the educational robot Leaphy Original. The lessons are divided into levels.
Each level introduces new skills and knowledge. In this way you will become familiar with robotics step by
step.

Do not panic

Leaphy doesn't always do what you want right away. That's why you can learn so much from it.

So:

Just try it. Make mistakes calmly and solve them again. That way you’ll get further every time.

Tips and solutions

Are you really stuck at a level?

You can find tips from other Leaphy builders on the Leaphy forum: forum.leaphy.nl.

The red solution booklet also contains sample programs that will help you get back on track.

Arduino Technique

The Leaphy robot works with an Arduino mini computer. Arduino is used by professional designers and
engineers around the world. Use it carefully and you will enjoy it for a long time.

And now: let's get started....enjoy it!

The team of the Leaphy Foundation

Robot design Leaphy Original: Olivier van Beekum, Vroukje van der Vliet & Hannah Kersbergen
Teaching material - concept and elaboration: Roeland Smith
Translation: Nora van Wassenaer, Myrthe Smith, Olivier van Beekum and Tracy Nkongolo
Fifth edition - February 2021 © Stiching Leaphy
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Level 1 — Building and Programming

Build your Leaphy Original with the instruction film on the Leaphy Original Building page at www.leaphy.nl.
Then program your Leaphy Original using the levels from this workbook.

Level 1. 0 — Software Setup
e Install Leaphy Easyblogs (www.leaphy.nl) CHOGSE ARGEGT

e Security block on PC? See instructions on website. Select a robot and start @ new project
e Start Easyblogs and choose 'Leaphy Original'.

7 G000
.r®@
= =
— 0000

Level 1.1 — Five types of programming blocks
You will find them all in this workbook. Would you like to know in advance what will come? Here they all are
together with a short explanation.

The main program:
everything that you
put here will be
uploaded to your
robot.

Green number blocks: With these you can

compare sensors and numbers. From level 1. You can also use
this to calculate.

Yellovt/)vI thl:k.lng There's a ‘die’

(s:tltaeztv :):y:.u r with the light
green blocks.

pr:gradm. In what You will see

or ::t hc‘aes that in level 3.

everything C—

happen? And how

long and until N

what new bl

ocurrence should variables. In
something go on? level 3 you will

From level 1. — . learn why that's
Blue green robot blocks: with these you ~ | Liahtblue blocks: Here vou N eofulnnd how

4| can give direct orders to your robot. can add the pieces of your oike
- These will also get vou the information program that you use more
! from the sensors. From level 1. + | often. with one simple block. ~
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Level 1 — Building and Programming

Level 1.2 — Watching Code

By pressing the round button at the top right, you
will see the code that will soon be placed on your
robot.

_ void leaphyProgram() {
herhaal voor altijd while (true) {

setMotor(9, 10);
Zet Motor L ¥ Snelheid m T

}

void setup() {
leaphyProgram();
1

void loop() {

}

#include "Leaphyoriginall.h”

Level 1.3 — Upload Code

Connect your Leaphy with the USB cable. Press
the 'upload to robot' button.

Easyblogs will now check which USB port your
robot is connected to and upload the code.
Older Windows versions may require a driver to
be installed. Easyblogs does that for you. You will
receive a notification, press 'Ok' and afterwards
on the cross. In principle, Apple already has the
correct drivers. It doesn’t work? Check leaphy.nl
for tips.

Is the upload really not working? Check (possibly
with a system administrator) whether the USB
ports are open (sometimes these are closed for
security reasons). Leaphy is not dangerous...

Upload to robot

Level 1.4 — Clearing Blocks

Blocks are quickly thrown away with 'delete’.
You can also drag them all the way to the left,
until the hand becomes a red cross.

You cannot throw the main Leaphy block away.
The box at the bottom right is a kind of treasure
chest: what you keep in it, you can retrieve later.
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Level 2 — Shine & Drive

The Leaphy has as RGB LED: a light with red, green and blue. You can mix all colors with it. Leaphy can
also drive and dodge objects with its motors and the ultrasonic distance sensor.
In this level you will learn how to work with this.

Level 2.1 — Testing Colors

. o 255 is the highest
Create and upload this program. This is how value for LED and
you test the red light. Is it not right? motors

OGN ey - (MlinUS)

3 ey B (Blue) ') Led Red @ Green o Blue o

2 ey G (Green)
Reconnect: 6  ———> R(Red)

Test Green and Blue as well.

Level 2.2 — Light show

Make flashing blocks with the Own Blocks and make a light show with them. Think of more for yourself.
Can you also make pink? Or orange? Also check out www.rgbcolorcode.com.

BRONTTIELIEL Flash red-blue ERONTTILLIEL Flash green

Leaphy
Flash green
Flash red-blue

| Flash green

Flash everything

Flash green
Flash red-blue

Flash green

Flash everything

Duplicate

| Remove Comment

| PERN 5,  Collapse Block Subprogram Flash red-blue ... Subprogram Flash green rep...
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Level 2 — Shine & Drive

Level 2.3 - Distance sensor

With this program you can see the
measurements of the distance sensor at the
bottom right of your screen. Press the round
Code button if you don't see them!

(Oh yes, the USB cable has to be in there.)
Do you only see 1313? Then your sensor is not
working properly.

e Check in the diagram whether you have
connected the wires correctly.

e Make sure the wires in the breadboard are
right behind the sensor pins.

e Press the shield firmly.

e Test it with another sensor.

Leaphy
repeat forever

(s if Get distance | < ¥ o then

Led Red @ Green ° Blue o

else

Led Red ° Green @ Blue o

Shield — gele pinnen Afstandsensor

+ plus —— Vcc
R eturn __» Trig
Trigger Echo
G round ——» GND

Level 2.4 — Alert!

Make a program where the light changes
color when you place your hand in front of
it.

Handy for later: save your program!

My projects

a Save as ...

Leaphy

Get distance < v o

Led Red @ Green o Blue o
Led Red o Green @ Blue o

repeat forever

e then

Level 2.5 — Alarm in three steps

Use the blocks below to create a program
that does the following:

Is there nothing in front of the sensor?
Green light!

Does something come within 30
centimeters?

Blue light!

Does something come within 15
centimeters?

Red light with a short 'buzz'.

You create the tone with Hertz and the lenath with
milliseconds. Do you want 1o know the Hertz value of a tone?
Click on:: https:/nl.wikipedia.org/wiki/Toonhoogtetabel =
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Level 2 — Shine & Drive

Level 2.6 - Engine Control

Put this program on your Leaphy. Then turn
the switch 'ON'. Does the Leaphy drive with
his sonar eyes forward? In that case the
wires are right.

Is a motor turning the wrong way? Then
switch the black and red wire of the motor
on the shield.

Leaphy
repeat forever

Direction Forward ¥ Speed @

Level 2.7 - Reverse at Danger

Create a program:

Drive forward when there is no danger.
Back in danger.

Enter by yourself at how many centimeters
Leaphy should 'scare’'.

Use the program from level 2.4.

Now add engine blocks. You can just leave
the LED blocks.

Level 2.8 — Driving and Dodging

Driving backwards only helps against
crashing a little bit. Leaphy also has to make
a turn after reversing in able to get away.
For this, give the blocks on the right a good
place in the program from level 2.7.

Think by yourself where they should be.
You can adjust the length of the time blocks
to get different effects.

LERPH Y.
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Level 3 — Robot with Character

Animals are surprising and unpredictable, so they are fun to watch.
In this level you will also give character to your Leaphy by making it unpredictable.

Level 3.1 - Random colors 1

Create the variable 'Red' by yourself under
'Variables'.

Also create 'Green' and 'Blue’.

. Variable X

New variable name:

Level 3.2 - Random Colors 2

Now create a program that makes a new
color every two seconds.

What colors do you see coming by?

random integer from ° to @

set Blue ¥ to

Leaphy

repeat forever

set Red ¥ to random integer from ° to @

Led Red | Red ¥ Green | Green ¥ @ Blue o @
during @ ms random integer from n to @

Level 3.3 - Color Wave

Variables also allow you to create colors that
light up gently.

You can see that right here.

Now make sure with the other blocks that it
also goes out softly. And on again. And out
again.

Experiment with the waiting time for good
results.

If you now paste the calculation block on the
right in one of the other colors, you will see
that that color switches on and off exactly
the other way around.

Led Red ° Green o Blue °
repeat @ times

change Green ¥ by o
Led Red o Green | Green ¥ Blue o
during o ms

change Green ¥ by o
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Level 3 — Robot with Character

Level 3.4 — Random Driving Speed

Use the program from level 2.7 and also the blocks
on the right.

Have Leaphy back up at random speeds each time.
After each dodge action, have Leaphy move
forward again at any speed.

Also make the rotation speed random.

random integer from @ to @

Direction Forward ¥ Speed m
random integer from e to @

Direction Backward ¥ Speed @

Level 3.5 - Random left or right 1

Let Leaphy randomly pick a side to turn to: left or
right.

To do this, add the blocks on the right in the right
place to the avoidance program from level 2.7.

set Direction ¥ to random integer from ° to o
@ if Direction ¥ =¥ o then

Direction Left ¥ Speed @

during @) me

else

Direction Right ¥ Speed @

Level 3.6 - Random left or right 2

There is also another way to make your Leaphy
randomly turn in one direction. To do this, you can
use a trick from mathematics.

Try placing the blocks on the right in your
avoidance program.

Don't forget to add a waiting time as well.

Direction ¥ # ¥ o
set Direction ¥ to random integer from o to ﬁ

repeat until ¥

Type Motor L ¥ Speed @ x ¥  Direction ¥

Type Motor R ¥ Speed @ x ¥  Direction ¥

Level 3.7 - Random Wait

You’ll notice: the waiting time is important for the
behavior of your robot. You can also make the
waiting time arbitrary.

With a calculation trick you can ensure that it
builds up nicely in steps of 100 milliseconds, so
that it really stands out.

during random integer from e x v @ to @ ms

LERPH Y.
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Level 4 — Line Followers

Leaphy can use different sensors. In this level you will learn how to work with active infrared sensors:
they emit light and measure how much light is reflected. In this way Leaphy can follow a line.

Level 4.1 — Confirm sensors

On www.leaphy.nl you will find an instructional
video for attaching the line followers.

Try without a video? That's fine! Click, screw in.
Ready. The connection diagram of the cables can
be found at level 4.2.

Tip: If you have a thin line, you can attach the
sensors closer together. That way it drives even
smoother!

Level 4.2 — Connecting sensors

The video shows how to connect the sensor. [shied  [Connect _|Linefollower |
n Black Gnd pin  >>>>>>>> GND
Use a set of three female-female threads per T PR

White communication pin = >>>>>>>> ouT

sensor.
To be sure, the schedule is shown to the right. e ;iir;tfo"ower
Always read carefully what is stated with the pins. left
You connect the sensors to the first two rows of

'black-red-white'.

Level 4.3 — Testing the Line Follow Sensor

The line follower works as soon as it receives
power. Even without a program.

The light blue LED emits infrared light. If it hits a
light-colored surface, it bounces back to the black
receiver.

You can see it on the sensor itself: a very small red
LED lights up.

Test it with your hand or a sheet of white paper.

10
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Level 4 — Line Followers

Level 4.5 — Reading the line followers

Drag two digital reading blocks to the
programming field. One for each sensor.
Now enter the correct pin numbers. The left
sensor is -if it's good- on the first white pin. pin/14_(|eft sensor) — pin 15 (right sensor)
That's digital pin 14.

And the right sensor is next to it on digital pin 15. L .
Read digipin 14 ¥ Read digipin 15 ¥

Level 4.6 — Let's read!

The line-following sensors are 'digital'. That means they can only give two types of signals.
Does the red sensor LED turn on? Then it sends a 1 to the white signal pin on the Leaphy.
Does the sensor see black or nothing? Then a 0 goes to the Leaphy.

1 =True = YES The light does reflect back, so the sensor sees a light-colored surface.

0 = False = No The light does not reflect, so the sensor sees a black surface or air.

Level 4.7 — Leaphy LED responds to sensors

Use the program on the right to test whether the
sensor on digital pin 14 works well with your
Leaphy.

Test the sensor on digipin 15 with this program.
The value of the sensor, together with the X sign,
immediately turns the LED on and off, without the
If-Then block.

Mathematics makes your code shorter!

Led Red o Green | Read digipin 15 ¥ x ¥ @ Blue o

11
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Level 4 — Line Followers

Level 4.8 - Important Blocks

You have two sensors that can both indicate 1 or
0. That gives four situations:

1) Left 0 & right 0 3) Left 1 & right 1
2) Left 0 & right 1 4) Left 1 & right 0

Therefore, use four IF-THEN blocks.
Your Leaphy must always respond to two signals at
the same time. Use the AND block for this.

Read digipin 14+ | =~ @)  and ~ Read digipin 15+ | =+ (@)

Level 4.9 — Four situations with four LED colors
Use four IF-THEN blocks and the AND blocks to
create a program that gives the LED a different
color in each of the four situations (see level 4.8).

| Her atone?
 Click on: https://nl.wikipedia.org/wiki/ Toonhoogtetabel

Level 4.10 — Follow the Line
1. Have Leaphy trace a black line of tape over a e
. Shae this block In irection Left ¥ Speed m
white surface. Use level 4.9. the situation where DRecron] i
2. Now make a thick cross line on the line. Make
S Direction Right ¥ Speed
Leaphy stop here.

3. Have Leaphy do three laps and then stop at the Direction Forward + speed ()
stop line. Create a variable for that.

Tip: save your programs for later!

With a short waitina period. Leachy correctlv S f‘Circles' has added up
24ds up "1’ a1 the cross line and then turns off his 10 3. vou have to make
counter until he has crossed the line. (Otherwise sure that Leaphy stoos at
he would quickly count uo to about ahundred.) . the cross line.

4 4

Help! The sensors do not see the line!

Are the sensors not responding to the line? Sometimes this is due to infrared light from the sun or bright lamps.
You can shield the sensors a bit with tape on the bumper of your Leaphy.

Also, the distance to the line may be a little too small. You can turn the tail key (short piece below) or take it out.
So have fun thinking! (See also forum.leaphy.nl!)

12
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Level 5 — Light Sensors

In this level you will learn how to work with light sensors; those are light-sensitive resistors. The more
light hits them, the greater the current they let through. You can make Leaphy ride towards the light.

Level 5.1 — Check First!

What type of sensor do you have? Sometimes the
Leaphy Foundation receives slightly different types of
light sensors. You have to connect it differently. So pay
close attention! Also watch the instruction video on
the construction page of the Leaphy Original:
www.leaphy.nl/leaphy-original

Type 2

-

!

Type 1

Level 5.2 — Attaching sensors

Make holes in the top with an awl or a small drill
and screw the light sensors onto your Leaphy.
Have them both look slightly diagonally to the
side.

Level 5.3 — Connecting sensors

Slide a set of three wires per sensor onto the row
of black-red-white pins of the Shield. Then slide
the ends onto the sensor pins. Use the column of
your sensor type!

Black Gnd pin  Middle pin Middle pin
Red 5+ pin - (Minus) S
White communication pin S - (Minus)
Line follower
Line follower Right

left

Level 5.4 — Reading sensors

The light sensors are analog and not digital (like
the line followers)

You use the same white communication pins, but
there are two things that go differently:

1. You use the analog reading blocks.

2. You use the analog pin numbers.

On the right you can see an overview of the pin
numbers. This is useful if you want to use more
sensors (or servo motors) later on.

Read digipin 2 ¥ Read anapin A0 ¥

Control
digitally

13
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Level 5 — Light Sensors

Level 5.5 — What are we measuring?

The light sensors are analog. They provide much
more information than digital sensors.

On the Leaphy these are values between 0 and
1024.

Test with this program whether your sensors
work.

And in which light you get which values.

Show on screen ¢ RECTIETRTRIGNLY 0 = Read anapin A2 v
Show on screen ¢ RUFTIETNINIIGTIE > = Read anapin A3 *

Don't forget the waiting period.
Otherwise the memory will be
full soon.

Show on screen ¢

This is how vou create a blank line
between the values of the sensors.,

A

Level 5.6 — Leaphy light sensitive

Create a program in which Leaphy will drive when
you shine a flashlight on one of the sensors.

Enter a 'threshold value' yourself.

Direction Forward ¥ Speed @

Direction Forward ¥ Speed o

Read anapin A2 ¥ =552 ° [ 4 Read anapin A3 ¥ Siv o

Level 5.7 — Light makes you go faster

Create and link the variable 'Speed' to the value of
the light sensor on pin 2. Your Leaphy will go
faster when it gets lighter!

Challenge: can you incorporate this idea into the
dodge program from level 2.8?

Read anapin A2 *

+'°x'@

Direction Forward ¥ Speed o

Level 5.8 — Light Follower

You can make Leaphy drive towards the light by
comparing the values of the two sensors and
giving the left and right motors different speeds.
Does it work? Does he also follow a flashlight?
And: Can you also let him drive into the dark?

Read anapin A2 ¥ > ¥ Read anapin A3 ¥

Type Motor L ¥ Speed @
Type Motor R ¥ Speed @

Type Motor L ¥ Speed @

Type Motor R ¥ Speed m

14
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Level 6 — Line Train

Using the sonar, you can equip a line-following Leaphy with an anti-collision system. However, the
danger is that Leaphy loses the line during braking. So a nice challenge!

Level 6.1 — Line Follower — Basic
Create a line follower like in level 4.10

Level 6.2 — Anti-collision System 1

Now when Leaphy approaches a slower Leaphy on
the line, you'll want him to stop for a moment. But
he must stay on the line.

The steering function must therefore remain on
and the forward drive function must be switched
off for a while.

This can be done with a variable for the speed. We
call it "s".

Place this program part in a logical place in the
line follower program from level 4.10.

Now add the variable 'S" in the correct motor
command block. Does it work? You may need to
point the sonar slightly at the frame of the Leaphy
in front.

Or you put a small 'screen’ on the Leaphy in front
of you to reflect the sound waves

6 Get distance | < ¥ o

set S w too

set S ¥ to@

then

Level 6.3 — Anti-collision System 2

You can see that the Leaphy now stops completely
when there is a risk of collision.

Can you just slow him down a bit?

Or: slow down at 15 centimeters and stop at 10
cm?

B Get distance | < ¥ o then

Get distance < v @
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LEAPHY NEXT LEVEL?

Unfortunately! That was the last level...or was it?

No! Because the Leaphy Foundation regularly publishes new levels for your Leaphy Original online.
You can find them at www.leaphy.nl!
You will also find nice expansion sets for a few euros!
Proud of your Leaphy? Post a video on the Leaphy forum: forum.leaphy.nl
There you will also find tips and nice ideas from others.
Have lots of fun!

The team of the Leaphy Foundation

Leaphy Foundation is happy with the support from:

E il

Cogribbte LASERBEEST  AmMerpoort
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