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Introduction

» The mBot2 is a state-of-the-art educational robot designed for learning Computer

Science and STEAM.
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» The mBot2 is designed to enable students to take part in interactive, intelligent
lessons that are engaging, fun and reflect real-world applications of cutting-edge

technologies.

» Its extensive capabilities make it an ideal
solution for primary education, but it can also
be used in secondary and higher education.
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Introduction

» Develop knowledge and skills by combining digital and physical tools that work
together to provide a hands-on learning experience.
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» Actively engage with the lesson topic to solve a problem or create something new.
» Develop theoretical concepts from practical experience, as well as transfer and
apply these concepts back to practical tasks, deepening your understanding.

» Learn from mistakes through a detailed and systematic analysis of the processes
involved.
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mBot2 Components

Here is an overview of the different components thar mBot2 consists

CyberPi

ESP-32 microprocessor for wireless
communication, Compaotibility with
block-bosed and Python coding

mBot2 shield

Compatible with a wide variety of
external components, includes ¢
built-in rechargecble bottery

Ultrasonic sensor 2

Object detection is cccompanied
with 8 programmable LEDs for an
enhanced interaction

Encoder motors

Megsure rotation to 1-degree
accuracy, distance trovelled and
precisely control speed up to 200RPM

Quad RGB sensor

4 sensor probes support color
recognition, os well gs basic and
odvonced line detection programs
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Some examples of sensors and actuators
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MBOT2 Components

The CyberPi has many different functions, such microphone

mBuild interface
for smart sensors and actuators

speaker and a joystick.

Built-in sound sensor

Integrated light sensor Button A (return)

Home button
(program selection,
settings and restart)

S-way

Joystick USB-C port

(power & data)

Built-in WIFI and Bluetooth Button B (confirm)

Full-color display
display of text and grophics

cyberpi

5 RGB-LED strip Integroted specker

Integrated Gyroscope &
accelerometer
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Select language, open or save a file, find example progroms, etc.
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Set your account
to access the cloud
services

INSPECTORATUL §COLAR
JUDETEAN TELEQRMAN

City of Malma

© Courses B Tutonals . @ Feedback v “

Programming mBot2

The mblock interface has the following elements
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Python

devices.

Stage area

View project stage,
customize sprites and
backgrounds, connect

Library of code blocks
sorted by color-coded
categories.

Extension center

Script area

Drag the coding blocks to this
area and arrange them to
control the stage or connected

devices.
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Let s Move

Description and Lesson Objectives
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v Students discover the mMbot2 and mBlock software and learn to

drive the robot with precision

v' Students will also design a simple maze and program the mbot2

to (manually) navigate through it

v' Drive mBot2 with precision
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Let s Move

Focus
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v" What movement can mBot2 do

v What different programming blocks can use to make mBot2 move
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Let s Move

Activities

» Get acquainted with the different programming blocks of the mBot2

» Recreating and testing some programming examples to control
the mBot2

» There are many different coding blocks you can use to make robot

move
» Below you can see some examples of coding blocks needed to

~

make robot move e
mBot2

. Chassis |

i



Co-funded by v @Colzguo e @ .%i ‘
the European Union @ CNeCA  cuwmares: V 7

Vv, R&D s oonAng ESCOLAS DE BARCELOS INSPECTORATUL SCOLAR

EURASIAINSTITUTE  JUDETEAN TELEQRMAN  City of Malmé

Activities — code block

Code block:

& stop encoder motor all »

This code block allows you to make your robot stop moving. This can be a useful block during

a testing phase. If a program does not work as expected you can use this block to make the
robot stop immediately.
For example, you can make the robot stop when the A button of the CyberPi is pressed. To

do this, use the programming example below.

% stop encoder motor all »
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Activities — code block

Code block:

&% moves forward * at m RPM for o secs

This code block allows you to move the mBot2 forward, backward, left and right at a specific
rotational speed of the wheels and for a number of seconds.

The example below shows how you can make the mBot2 move for two seconds at a speed of
50 rotations per minute. This is useful, for example, when the mBot2 needs to push a load

forward.

a2t moves forward *+ at @ RPM for o secs
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Activities — code block

Code block:

& turns left v @ * until done

With this code block you can make the mBot2 rotate by a number of degrees, and you can

choose whether the rotation should be to the left or to the right.
When the programming example below is set, the mBot2 can be controlled by using the
arrow keys. When pressing the right arrow, the mBot2 will turn 90 degrees to the right,

when pressing the left arrow, it will turn 20 degrees to the left.
&b turns  left v @ * until done

&% turns right v @ ® until done
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Activities — code block

Code block:

&% moves forward = m cm * until done

With this code block you can make the mBot2 move forward or backward a certain distance.
When you use the programming example below, the mBot2 will move 100 ecm forward. To

start this, move the joystick of the CyberPi upwards.

&% moves forward v m cm * until done

I
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Activities -

Code block:

&% encoder motor EM1 *) rotates at @ RPM, encoder motor EM2 *) rotates at @ RPM

You can also control the motors of the mBot2 independently, and this is one of the blocks
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code block

which you can use for that.

In the example below, the mBot2 will move in a curve for 3 seconds before it stops. Notice
that the value for one of the motors is negative; this is because the motors are mounted in
opposite directions, so in order to move the robot in one direction, you need to make one of

the motors rotate the opposite way. What would happen if both wheels rotate at 40 RPM?

&% stop encoder motor all »
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Activities — code block

Code block:

&% encoder motor (1) EM1 v *) rotated angle (°)

Because the motors of mBot2 can measure their speed and rotation, you can also read

these values. The speed measured is the rotational speed in Rounds per Minute (360° =1
round; in science, it is more common to use "degree per second” (1 RPM = 6° per second)). In
mBlock 5, if you tick the box next to this block, you can read the values on the stage above

the panda. The programming example below changes the values of the rotation back to

zero, and then orders the mBot2 to move forward for one second. What value do you read

on the stage after the robot moved?

& reset encoder motor all v *) rotated angle

&% moves forward v at @ RPM for a secs
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Activities — code block

Code block:

&3 moves forward v m cm v until done

With this code block you can make the mBot2 move forward or backward a certain distance.
When you use the programming example below, the mBot2 will move 100 cm forward. To

start this, move the joystick of the CyberPi upwards.

&3 moves forward v m cm v until done
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Below you can see some examples of coding blocks needed to print

a label or turn on a led

B
Audio

-I: - 8 makeblock

B

GB display N |
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It is now time to put your

mBot2 to work

FINISH
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Seemg with Sound

Description and Lesson Objectives

> Students will learn what ultrasound is

» How it is used in a sensor, and they will also create a program to
make the mBot2 drive in a loop by turning after detecting

obstacles on the road

» Applications of these sensors in everyday live and in robotics
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Seelng with Sound

Focus

v' Use an ultrasonic sensor for range and obstacles detection

v Make the mBot2 react to obstacles and avoid them in driving
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Seemg with Sound

Activities

» Get acquanted with the different programming blocks of the

ultrasonic sensor

» Recreating and testing some programming examples of the
ultrasonic sensor
» There are many several code blocks for the ultrasonic sensor you

can use in the programs 8

Ultrasonic

\Sensor 2
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Seeing with Sound

Activities — code block

In the table below, you can see some examples of the code blocks

to program ultrasonic sensor

Code block:

E ultrasonic2 1 » distance to an object (cm) st
4 moves forward v at @ )

With this code block you measure the distance between the sensor and an obstacle, The sdcnbol ]
sensing range is between 3 and 300 cm. You can use the value of the distance to make the
robot perform a certain action. For example, you can prevent the mBot2 from colliding with
obstacles.

In the programming example below, the mBot? drives forward. When the mBot2 is less than

10 em from an obstacle, the robot makes a 90 degree turn to the left. Then the mBot2 drives

forward again.
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Activities — code block
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Code block: ~

“
E ultrasonic 2 1 » increases ambient light all v  brightness by @ %

The Uitrasonic sensar on mBot2 has eight blue LED lights, Youw can use these lights to have

the mBot2 show a certain "emotion”, for example, or as a general visual non-verbal
Blue LED x 8
communication, Make the LED lights shine very brightly when the mBot2 s happy ond less

brightly when it is gloomy, There is a specific code block to show pre-defined “ermotions”,
In mBlock there are several code blocks thot allow you to program the brightness of the LED
tao, In the imoge below you can see where exactly the LED lights are locoted,
lights: you can either set the brightness of the LEDs by decreasing or increasing the

brightness by o certain percentage. Or you can set the brightness directly to o specific
percentage, The range is 0% to 100%. Both can be done either for a single LED or for all at
the some time, In the programming example below, the brightness of the LED lomp 115

increased by S0%,

9 ultrasonic 2 1 v increases ambient light all ¥ brightness by @ %
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Seemg with Sound

Activities

You are no going to create you own computer program in mBlock using

the ultrasonic sensor
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> Students will learn how a color sensor works

» How are they used in a real life , and they will program the mBot2

to become a tour bus that visits different landmarks in a city
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v' Make the mBot2 follow line

v Have the mBot2 perform actions based in colors
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Activities

The mBot2 has four of these RGB-sensors integrated into a single

sensor. Take a look at the image below

mBuild port mBuild port

Light sensor 4x
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v' Get acquainted with the different code blocks of Quad RGB sensor

v' Reproducing and testing some programming examples of the
Quad RGB sensor

v How can the mBot2 follow line?

v In the table below, you can see some of the code blocks you can

use in your program with the Quad RGB sensor >

Quad
RGB...

-
s
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Code blocks:
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If the sensor is above a black line, both inner LEDs should be off. Since each sensor (L1, R1)

E quadrgbsensor 1v L1,R1s linev statusis (3)11v ? can either detect the line or the background with this block, there are 4 possible

combinations: they will be represented by numbers from 0-3 (for reference, the block shows

E quadrgb sensor 1+ L1,R1's line v status (0~3) the binary pattern as well):

These code blocks take only the inner two sensors L1 and R1 into consideration for line

detection. These blocks are intended for simple line-following. L1 | R1 | Meaning Status
(Decimal)
Use the first block in conditional statements. Use the second block if you want to report the
o ) Sensor on white background, both LEDs are on 0
value to the screen or save it in a variable.
R1 detects a black line 1
L1 detects a black line 2
Both inner sensors detect the black line 3

Remember, the LEDs show the background state {on or logical "true” = background
detected), while this code block detects the line color {logical "true” = line detected).

If you wanted to use more than one Quad-RGB-sensor, you can tell the program which sensor
to use with the first number in all the following code blocks. Take a look at the image below,
Number 1indicates the first connected sensor, number 2 the second connected sensor and so

on.
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Activities - code block

The following example will use the line detection function of this block and stop the robot as

soon as it arrives at a black line. This example will be changed later to line-following.

Av
& moves forward »  at @ RPM

) quadrgbsensor 1+ L1,R1's linew statusis (3)11 % ?

&% stop encoder motor all »

Since reacting while driving can be time-critical, it is important to use the Upload mode. You

can try by yourself and see the difference if you switch modes.
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Activities - code block

B quadrgbsensor 1+  linew statusis (151111 7

) quadrgb sersor 1% line v  status (0-~15)

Lse the first block in conditional statements. Use the second block if vou want to report the
value to the screen or sove it in g variable,

These blocks follow the exact same logic as the previous ones, except they have o larger
detection are and con identify crossings while still doing line-fallowing, Remember, the blocks
check for the line status, so if one of the four sensors identifies o (dark) line, the
corresponding binary digit will be set to "1" (logic truee), but the LEDs will go of f {no reflection
on this sensar from I_:-ut_'-:l;ru',_lll;_::l.

With now 4 individual sensors, the range increases to 16 different statuses, The following

table presents the most relevant stotuses;

ke
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==
Birmary Statius
Meaning .
pattern (Decimal)
Qooo all 4 sensors on white backaround {no trock) o]
Q010 | only B1 on Black line 2
o0 only L1 on Block line FA
oo inner sensors B and L1 on black line &
sharp turn right (L1 and B1 on black line, junction
oimn 7
to the |i-:|h'|_; L '_.|'|_:|;_:4_' i;_lll:_',,l-u.'l o rhe r|:;|h1_:-
shar B turn left (LT and RF1 an bBlack lire, iull;_{:r_1r1 [ e]
Mo ) i 14
the left; L-shope junction to the left)
T-shape junction (L1 and B1 on black line, junction
1 A 18
ta bath right and left)

An X-shape junction can only be detected by driving over the T-Junction and checking if the

middle line contimnuees,
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Activities - code block

The following example program will make the robot drive as long as it is on a black line with
the inner two sensors. It will stop if it goes off track, a junction is detected, or the line

suddenly ends:

L]

quad rgbsensor 1+ linev statusis (6)0110w ?

&% moves forward v at @ RPM
&b stop encoder motor all v
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Activities - code block

Code block:

] quadrgbsensor 1+ probe (1)R2+ detected linew ?

With this code block you select one of the Guad RGE sensors (L2, L1, R1, B2) and determine

whether it should recognize a line, background, white, black or any other of the 5 colors (red,

& moves forward » at @ RPM

green, blue, vellow, cyan, purple). For line-detection and following, the previous blocks are
) uadrgbsensor 1+ probe (4)L2v detected redvw ?
recommended, because they check more than one sensor at the time (faster, more accurate E 9 9 P )
since the robot does not move between readings). But vou can use this block to detect for & turns  left v @ * until dene

example a red color marker on the left side of the robot - while the robot is following a line. & stop encoder motor all »

In the following programming example, if vou press the B-button, the mBot?2 drives straight
{assuming it follows a line) and does a 90° turn when a red marker is detected on the left side

of the {imaginary) track.
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Activities - code block

Code block:

£ quad rgb sensor 1 » deviation (-100~100)

This code block measures how far the robot is off from a black trock. You can use it for
advanced and smooth line following. The previous line following code block uses a triple
distinction: on track, left off or right of f {plus added junction detection in some cases). Butin
everyday life riding a bicycle, you would adjust the steering to the curve more precisely. This
block allows a proportional line following: the more the robot is off the track, the more it will
steer into the opposite direction. If the offset from the track is O, the steering is O as well
(straight).

In step3, we will discuss how we can use this block to follow a line "smoothly” by programming
a proportional line follower. The example program below will display the deviation on the

screen, so you can try moving the robot on the track by hand first:

R
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You are no going to create you own computer program in mBlock
using the of Quad RGB sensor




