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Getting Started

Thank you for choosing Freenove products!
After downloading the ZIP file we provide, unzip it and you will get a folder contains several files and folders.
There are two PDF files:

® Tutorial.pdf
It contains basic operations such as installing system for Raspberry Pi.
The code in this PDF is in C and Python.

® Processing.pdf in Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi\Processing
The code in this PDF is in Java.

® Scratch.pdf in Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi\Scratch3
The code in this PDF is in Scratch.

We recommend you to start with Tutorial.pdf first.
If you want to start with Processing.pdf or skip some chapters of Tutorial.pdf, you need to finish necessary
steps in Chapter 7 AD/DA of Tutorial.pdf first.

Remove the Chips

Some chips and modules are inserted into the breadboard to protect their pins.
You need to remove them from breadboard before use. (There is no need to remove GPIO Extension Board.)
Please find a tool (like a little screw driver) to remove them as below:

[ Step 1, lift one end slightly. ]

[ Step 2, lift the other end slightly. ]
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[ Step 3, take off the chip with hand. ]

Avoid lifting one end with big angle directly.

Get Support and Offer Input

Freenove provides free and responsive product and technical support, including but not limited to:

Product quality issues

Product use and build issues

Questions regarding the technology employed in our products for learning and education
Your input and opinions are always welcome

We also encourage your ideas and suggestions for new products and product improvements

For any of the above, you may send us an email to:

support@freenove.com

Safety and Precautions

Please follow the following safety precautions when using or storing this product:

Keep this product out of the reach of children under 6 years old.

This product should be used only when there is adult supervision present as young children lack
necessary judgment regarding safety and the consequences of product misuse.

This product contains small parts and parts, which are sharp. This product contains electrically conductive
parts. Use caution with electrically conductive parts near or around power supplies, batteries and
powered (live) circuits.

When the product is turned ON, activated or tested, some parts will move or rotate. To avoid injuries to
hands and fingers, keep them away from any moving parts!

It is possible that an improperly connected or shorted circuit may cause overheating. Should this happen,
immediately disconnect the power supply or remove the batteries and do not touch anything until it
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cools down! When everything is safe and cool, review the product tutorial to identify the cause.

® Only operate the product in accordance with the instructions and guidelines of this tutorial, otherwise
parts may be damaged or you could be injured.

® Store the product in a cool dry place and avoid exposing the product to direct sunlight.

® After use, always turn the power OFF and remove or unplug the batteries before storing.

About Freenove

Freenove provides open source electronic products and services worldwide.

Freenove is committed to assist customers in their education of robotics, programming and electronic circuits
so that they may transform their creative ideas into prototypes and new and innovative products. To this end,
our services include but are not limited to:

Educational and Entertaining Project Kits for Robots, Smart Cars and Drones

Educational Kits to Learn Robotic Software Systems for Arduino, Raspberry Pi and micro: bit
Electronic Component Assortments, Electronic Modules and Specialized Tools

Product Development and Customization Services

You can find more about Freenove and get our latest news and updates through our website:

http://www.freenove.com

Copyright

All the files, materials and instructional guides provided are released under Creative Commons Attribution-
NonCommercial-ShareAlike 3.0 Unported License. A copy of this license can be found in the folder containing
the Tutorial and software files associated with this product.

This means you can use these resource in your own derived works, in part or completely, but NOT for the
intent or purpose of commercial use.

Freenove brand and logo are copyright of Freenove Creative Technology Co., Ltd. and cannot be used without

written permission. ®
\O/
/ =~

FREENOVE

Raspberry Pi® is a trademark of Raspberry Pi Foundation (https://www.raspberrypi.org/).
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Preface

Raspberry Pi is a low cost, credit card sized computer that plugs into a computer monitor or TV, and uses a
standard keyboard and mouse. It is an incredibly capable little device that enables people of all ages to explore
computing, and to learn how to program in a variety of computer languages like Scratch and Python. It is
capable of doing everything you would expect from a desktop computer, such as browsing the internet,
playing high-definition video content, creating spreadsheets, performing word -processing, and playing video
games. For more information, you can refer to Raspberry Pi official website. For clarification, this tutorial will

also reference Raspberry Pi as RPi, RPI and RasPi.

In this tutorial, most chapters consist of Components List, Component Knowledge, Circuit, and Code (C
code and Python code). We provide both C and Python code for each project in this tutorial. After completing
this tutorial, you can learn Java by reading Processing.pdf.

This kit does not contain Raspberry and its accessories. You can also use the components and modules in
this kit to create projects of your own design.

Additionally, if you encounter any issues or have questions about this tutorial or the contents of kit, you can
always contact us for free technical support at:

support@freenove.com

support@freenove.com [l


mailto:support@freenove.com
http://www.freenove.com/
https://www.raspberrypi.org/
mailto:support@freenove.com

< support@freenove.com

www.freenove.com [l

Raspberry P

So far, at this writing, Raspberry Pi has advanced to its fourth generation product offering. Version changes
are accompanied by increases in upgrades in hardware and capabilities.

The Atype and B type versions of the first generation products have been discontinued due to various reasons.
What is most important is that other popular and currently available versions are consistent in the order and
number of pins and their assigned designation of function, making compatibility of peripheral devices greatly

enhanced between versions.

Below are the raspberry pi pictures and model pictures supported by this product. They have 40 pins.
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Actual image of Raspberry Pi 3 Model B+:
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CAD image of Raspberry Pi 3 Model B+:
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Actual image of Raspberry Pi 2 Model B: CAD image of Raspberry Pi 2 Model B:
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CAD image of Raspberry Pi 1 Model B+:
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Actual image of Raspberry Pi 3 Model A+: CAD image of Raspberry Pi 3 Model A+:
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Actual image of Raspberry Pi Zero W: CAD image of Raspberry Pi Zero W:
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Hardware interface diagram of RPi 4B:
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Hardware interface diagram of RPi 3B+/3B/2B/1B+:
e
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Hardware interface diagram of RPi 3A+/A+:

support@freenove.com [l


mailto:support@freenove.com
http://www.freenove.com/

m < support@freenove.com www.freenove.com [l

GPIO i IR
GPIO
COl’meCtOl’ Raspberry Pi Model A+
© Raspberry Pi 2014
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Hardware interface diagram of RPi Zero/Zero W:
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Installing an Operating System

The first step is to install an operating system on your RPi so that it can be programmed and function. If you
have installed a system in your RPi, you can start from Chapter O Preparation.

Component List

Required Components

5V/3A Power Adapter. Note: Different versions of
Raspberry Pi have different power requirements
(please check the power requirements for yours
on the chart in the following page.)

Any Raspberry Pi with 40 GPIO

& Rosgbercy Pi 4 Model B
©Raspberry Pi 2016

na M 1904

Trxcom® |-
CNUS

I TRIGO926HENL |

?
3 Chi.

Micro SD Card (TF Card) x1, Card Reader x1

SAMSUNG 0'’zgsn

D asoronw
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Power requirements of various versions of Raspberry Pi are shown in following table:

Product Recommended | Maximum total USB Typical bare-board
PSU current peripheral current draw active current
capacity consumption

Raspberry Pi Model A 700mA 500mA 200mA

Raspberry Pi Model B 1.2A 500mA 500mA

Raspberry Pi Model A+ 700mA 500mA 180mA

Raspberry Pi Model B+ 1.8A 600mMA/1.2A (switchable) 330mA

Raspberry Pi 2 Model B 1.8A 600mA/1.2A (switchable) 350mA

Raspberry Pi 3 Model B 2.5A 1.2A 400mA

Raspberry Pi 3 Model A+  2.5A Limited by PSU, board, and 350mA

connector ratings only.

Raspberry Pi 3 Model B+ = 2.5A 1.2A 500mA

Raspberry Pi 4 Model B 3.0A 1.2A 600mA

Raspberry Pi Zero W 1.2A Limited by PSU, board, and 150mA

connector ratings only.

Raspberry Pi Zero 1.2A Limited by PSU, board, and 100mA

connector ratings only
For more details, please refer to https.//www.raspberrypi.org/help/fags/#powerRegs

In addition, RPi also needs an Ethernet network cable used to connect it to a WAN (Wide Area Network).

All these components are necessary for any of your projects to work. Among them, the power supply of at
least 5V/2.5A, because a lack of a sufficient power supply may lead to many functional issues and even
damage your RPi, we STRONGLY RECOMMEND a 5V/2.5A power supply. We also recommend using a SD
Micro Card with a capacity of 16GB or more (which, functions as the RPI's “hard drive”) and is used to store
the operating system and necessary operational files.
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Optional Components

Under normal circumstances, there are two ways to login to Raspberry Pi: 1) Using a stand-alone monitor. 2)
Using a remote desktop or laptop computer monitor “sharing” the PC monitor with your RPi.

Required Accessories for Monitor

If you choose to use an independent monitor, mouse and keyboard, you also need the following accessories:
1. A display with a HDMI interface
2. A Mouse and a Keyboard with an USB interface

As to Pi Zero and Pi Zero W, you also need the following accessories:
1. A Mini-HDMI to HDMI Adapter and Cable.

2. A Micro-USB to USB-A Adapter and Cable (Micro USB OTG Cable).
3. A USB HUB.

4. USB to Ethernet Interface or USB Wi-Fi receiver.

For different Raspberry Pi Modules, the optional items may vary slightly but they all aim to convert the
interfaces to Raspberry Pi standards.

. . Pi Zero . . Pi .
Pi Zero Pi A+ Pi3A+ PiB+/2B Pi 4B
W 3B/3B+
Monitor Yes (All)
Mouse Yes (All)
Keyboard Yes (All)
Micro-HDMI to HDMI
Yes No Yes No No No No
Adapter & Cable
Micro-HDMI to HDMI
No Yes
Adapter & Cable
Micro-USB to USB-A
Adapter & Cable
) Yes No Yes No
(Micro USB OTG
Cable)
USB HUB Yes Yes Yes Yes No No
USB to Ethernet = select one from ) Internal
optional . .
Interface two or select two Integration Internal Integration
USB Wi-Fi Receiver from two Internal Integration  optional

support@freenove.com [l
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Required Accessories for Remote Desktop

If you do not have an independent monitor, or if you want to use a remote desktop, you first need to login
to Raspberry Pi through SSH, and then open the VNC or RDP service. This requires the following accessories.

Pi Zero PiZeroW PiA+ Pi 3A+ Pi B+/2B Pi 3B/3B+/4B
Micro-USB to USB-A Yes Yes No
Adapter & Cable
(Micro USB OTG
Cable) NO
USB to Ethernet Yes Yes Yes

interface
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Raspberry Pi OS

Without Screen - Use Raspberry Pi - under Windows PC: https://youtu.be/YNDORUuUP-to

With Screen - Use Raspberry Pi - under Windows PC: https://youtu.be/HEywFsFrj3|

Automatically Method

You can follow the official method to install the system for raspberry pi via visiting link below:
https://projects.raspberrypi.org/en/projects/raspberry - pi-setting-up/2
In this way, the system will be downloaded automatically via the application.

Manually Method

After installing the Imager Tool in the link above. You can also download the system manually first.

Visit https://www.raspberrypi.org/downloads/

Manually install an operating system image

Browse a range of operating systems provided by
Raspberry Pi and by other organisations, and download \l/
them to install manually.

See all download options /

Operating system images

Many operating systems are available for Raspberry Pi, including
Raspberry Pi OS, our official supported operating system, and
operating systems from other organisations.

Raspberry Pi lmager is the quick and easy way to install an operating Download:
system to a microSD card ready to use with your Raspberry Pi. Raspberry Pi 0S (32-bit)
Alternatively, choose from the operating systems below, available to Raspberry Pi Desktop
download and install manually. Third-Party operating systems
Raspberry Pi 0S
Compatible with: Raspberry Pi 0S with desktop and recommended software
All Raspberrym Release date: January 11th 2021
Kernel version: 5.4 Download
Size: 2.863MB

Show SHA256 file integrity hash: Download torrent
Release notes

And then the zip file is downloaded.
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Write System to Micro SD Card
First, put your Micro SD card into card reader and connect it to USB port of PC.

SAMSUNG 0'zgsn

D asoronw

Then open imager toll. Choose system that you just downloaded in Use custom.

Raspberry Pi

Operating System SD Card

CHOOSE 0s CHOOSE SD CARD
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Operating System X

ST TSmO aassy 1TT1U.'HED

LibreELEC >
A Kodi Entertainment Center distribution

Ubuntu >
Choose from Ubuntu Core and Server images
EEFROM recovery, etc.

Erase
Format card as FAT32

Use custom

&
®
Qs
[]
|

Select a custom .img from your computer

Choose the SD card. Then click “WRITE”.

Raspberry Pi

Operating System SD Card

2020-02-13-RASPBIAN-BUSTER-FULL.ZIP CHOOSE SD C...

support@freenove.com [l


mailto:support@freenove.com
http://www.freenove.com/

< support@freenove.com www.freenove.com [l

Enable ssh and configure WiFi

& Raspberry PiImager v1.62 - o X

'

nl rren

Raspberry Pi ;

Operating System Storage Download
2021-05-07-RASPIOS-BUSTER-ARMHF-FULL.ZIP CHOOSE ST..
13

Download torrent

Press Ctrl+Shift+x to configure RPI.

@ Raspberry Pi Imager v1.6.2 - a X

Advanced options X

Image customization options  for this session only v

[] pisable overscan

Set hostname: raspberrypi . Tocal

[& Enable SSH

O Use password authentication

rd for 'pi’ user

Sel passw

' Raspberry Pi Imager v1.6.2 - a X

NS TV RIS ] L e S i

Configure wifi
- | WiFi name

e

Password:

Show password

Wifi country: GB -
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& Raspberry Pi Imager v1.6.2 = a X

Write Successful X

2021-05-07-raspios-buster-armhf-full.zip has been written to
Generic MassStorageClass USB Device

You can now remove the SD card from the reader

CONTINUE

Insert SD card

Then remove SD card from card reader and insert it into Raspberry Pi.
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Getting Started with Raspberry Pi

Monitor desktop

If you do not have a spare monitor, please skip to next section Remote desktop & VNC. If you have a spare
monitor, please follow the steps in this section.

After the system is written successfully, take out Micro SD Card and put it into the SD card slot of RPi. Then
connect your RPi to the monitor through the HDMI port, attach your mouse and keyboard through the USB
ports, attach a network cable to the network port and finally, connect your power supply (making sure that it
meets the specifications required by your RPi Module Version. Your RPi should start (power up). Later, after
setup, you will need to enter your user name and password to login. The default user name: pi; password:

raspberry. After login, you should see the following screen.
s & = 3 T 0 o

Congratulations! You have successfully installed the RASPBERRY PI OS operating system on your RPi.

Raspberry Pi 4B, 3B+/3B integrates a Wi-Fi adaptor. You can use it to connect to your Wi-Fi. Then you can
use the wireless remote desktop to control your RPi. This will be helpful for the following work. Raspberry Pi
of other models can use wireless remote desktop through accessing an external USB wireless card.
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Remote desktop & VNC

If you have logged in Raspberry Pi via display, you can skip to VNC Viewer.

If you don't have a spare display, mouse and keyboard for your RPi, you can use a remote desktop to share
a display, keyboard, and mouse with your PC. Below is how to use:
MAC OS remote desktop and Windows OS remote desktop.

MAC OS Remote Desktop

Open the terminal and type following command. If this command doesn’t work, please move to next page.
ssh pi@raspberrypi.local
The password is raspberry by default, case sensitive.

@ Terminal Shell Edit View Window Help

[ NN % freenove — ssh pi@raspberrypi.local — 80x24

Last login: Wed Jul 22 16:44: =
[freenove@PandeMacBook-Air ~ ssh pi@raspberrypi.local ]
pi@raspberrypi.local's passw

You may need to type yes during the process.

@ Terminal Shell Edit View Window Help

® O @ - freenove — pi@raspberrypi: ~— ssh pi@raspberrypi.local — 80x24
Last login: Wed Jul 22 16:49:43 on ttys@00 =]
[freenove@PPandeMacBook—-Air ~ % ssh pi@raspberrypi.local ]

[pi@raspberrypi.local's password: ]
Linux raspberrypi 4.19.58-v7+ #1245 SMP Fri Jul 12 17:25:51 BST 2019 armv7l

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent

permitted by applicable law.

Last login: Wed Jul 22 09:56:01 2020 from fe80::82d:356d:4027:2fc5%wlan®

SSH is enabled and the default password for the 'pi' user has not been changed.

This is a security risk — please login as the 'pi' user and type 'passwd' to set
a new password.

piPraspberrypi:~ $ I
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You can also use the IP address to log in Pi.
Enter router client to inquiry IP address named “raspberry pi”. For example, | have inquired to my RPi IP
address, and it is “192.168.1.131".

Open the terminal and type following command.
ssh pi@192.168.1.131
When you see pi@raspberrypi:~ $, you have logged in Pi successfully. Then you can skip to next section.

@ Terminal Shell Edit View Window Help

@® @ freenove — pi@raspberrvoi: ~ — ssh pi@192.168.1.131 — 81x44

[freenove@PandeMacBook-Air ~ %|ssh pi@192.168.1.131 B
The authenticity of host '192.168.1.131 (192.168.1.131)' can't be established.
ECDSA key fingerprint is SHA256:95hc761SxQ/+z9TGG57136senETX60yaAaqds1ENpE4.

Are you sure you want to continue connecting (yes/no/[fingerprint])? yes

| Warning: Permanently added '192.168.1.131' (ECDSA) to the list of known hosts.
[pi192.168.1.131's password:

Linux raspberrypi 4.19.58-v7+ #1245 SMP Fri Jul 12 17:25:51 BST 2019 armv71l

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.
Last login: Wed Jul 22 09:56:32 2020 from fe80::82d:356d:4027:2fc5%wlan®

SSH is enabled and the default password for the 'pi' user has not been changed.
This is a security risk — please login as the 'pi' user and type 'passwd' to set
a new password.

[pi@raspberrypi:~ $ sudo raspi-config

Raspberry Pi 3 Model A Plus Rev 1.0

Raspberry Pi Software Configuration Tool (raspi-config)

1 Change User Password Change password for the current user

2 Network Options Configure network settings

3 Boot Options Configure options for start-up

4 Localisation Options Set up language and regional settings to match your
5 Interfacing Options Configure connections to peripherals

6 Overclock Configure overclocking for your Pi

7 Advanced Options Configure advanced settings

8 Update Update this tool to the latest version

9

About raspi-config Information about this configuration tool

<Finish>

<Select>

Then you can skip to VNC Viewer.
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If you are using winl0, you can use follow way to login RaspberryPi without desktop.
Press Win+R. Enter cmd. Then use this command to check IP:
ping raspberrypi.local

BX Select Command Prompt _

fa

Finging .I:"l"_-.-‘}::-i. 1|:|-::::51:l [ rdded:
The one befind raspberrypi.local is the IPV6 address of RaspberryPi
Use following command to login Raspberry Pi.

ssh pi@xxxxxxxxxx(IPV6 address)
Enter yes not y if needed.

B5T 2 armvil

] re free software;
th wact dis
indivicdual fi

with ABSOLUTELY NO WARRANTY, to the extent

HEET

ar Tt
gged y Pi

carrier 0 collisions 0

mtu 1 )
i (Ethernet)

frame 0
carrier 0 collisions O

wlanl:

rier 0 collisions ()
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VNC Viewer & VNC
Enable VNC

Type the following command. And select Interface Options>P3 VNC = Enter>Yes—>OK. Here Raspberry Pi
may need be restarted, and choose ok. Then open VNC interface.
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Set Resolution
You can also set other resolutions. If you don't know what to set, you can set it as 1280x720 first.

Then download and install VNC Viewer according to your computer system by click following link:
https://www.realvnc.com/en/connect/download/viewer/

After installation is completed, open VNC Viewer. And click File = New Connection. Then the interface is
shown below.
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raspberry pi - Properties - O X

General QOptions Expert

VNC Server: [192.168.1.117 |

Marme: |raspberr_|,r pi| |

Labels

To nest labels, separate names with a forward slash (/)

Enter a label name, or press Down to apply existing labels |

Security

Encryption: Let VMC Server choose ~ |

[#] Authenticate using single sign-on (550) if possible

Authenticate using a smartcard or certificate store if

o
- possible

Privacy
Update desktop preview automatically

Cance

Enter ip address of your Raspberry Pi and fill in a name. Then click OK.
Then on the VNC Viewer panel, double-click new connection you just created,

VNC Viewer - O b4
File View Help

|EnteraVNC Server address or search | sgignin... A

raspberry pi

and the following dialog box pops up.

Authentication X

VNC Server: 192.168.1.117:5900

Username: |pi |

Password: |......... |

Remember password

Catchphrase: Sister logo octopus. Giraffe Gloria time.

Signature:  8b-6b-40-50-f6-9d-8b-f8

Gance

Enter username: pi and Password: raspberry. And click OK.
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Here, you have logged in to Raspberry Pi successfully by using VNC Viewer
If there is black window, please set another resolution.

Cannot currently show the des

In addition, your VNC Viewer window may zoom your Raspberry Pi desktop. You can change it. On your
VNC View control panel, click right key. And select Properties->Options label->Scaling. Then set proper
scaling.

3 raspberry pi - Properties — O >
General Options  Expert
General
Picture quality: | Automatic w
[ View-only
—i\' Scaling
Connect
raspbe |190% v
Rename F2 Preserve aspect ratio
Delete
. K
Duplicate Ctrl+D i
; Pass media keys directly to VNC Server
Properties... Alt+Enter
Pass special keys directly to VNC Server
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Here, you have logged in to Raspberry Pi successfully by using VNC Viewer and operated proper setting.

Raspberry Pi 4B/3B+/3B integrates a Wi-Fi adaptor.If you did not connect Pi to WiFi. You can connect it to
wirelessly control the robot.
NN |

thinclient_driy.
es

B support@freenove.com


mailto:support@freenove.com
http://www.freenove.com/

Why “Chapter 0"? Because in program code the first number is 0. We choose to follow this rule. In this chapter,

we will do some necessary foundational preparation work: Start your Raspberry Pi and install some necessary
libraries.

Raspberry Pi OS is based on the Linux Operation System. Now we will introduce you to some frequently used
Linux commands and rules.

First, open the Terminal. All commands are executed in Terminal.

> Terminal

When you click the Terminal icon, following interface appears.

File Edit Tabs Help

pi@raspberrypl:
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Note: The Linux is case sensitive.
First, type “Is” into the Terminal and press the “Enter” key. The result is shown below:

File Edit Tabs Help

plfraspberrypi:

The "Is” command lists information about the files (the current directory by default).

Content between “$" and "pi@raspberrypi:” is the current working path. “~" represents the user directory,
which refers to “/home/pi” here.

“cd” is used to change directory. “/” represents the root directory
pifiraspberrypi: '
pl@raspberrypl:

pl@raspberrypi:
pi@raspberrypi:

Later in this Tutorial, we will often change the working path. Typing commands under the wrong directory
may cause errors and break the execution of further commands.

Many frequently used commands and instructions can be found in the following reference table.

Is Lists information about the FILEs (the current directory by default) and entries
alphabetically.

cd Changes directory

sudo + cmd  Executes cmd under root authority

S Under current directory

gcc GNU Compiler Collection

git clone URL Use git tool to clone the contents of specified repository, and URL in the repository address.
There are many commands, which will come later. For more details about commands. You can refer to:
http://www.linux-commands-examples.com
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Now, we will introduce several commonly used shortcuts that are very useful in Terminal.

1. Up and Down Arrow Keys: Pressing “1” (the Up key) will go backwards through the command history and
pressing “V" (the Down Key) will go forwards through the command history.

2. Tab Key: The Tab key can automatically complete the command/path you want to type. When there is only
one eligible option, the command/path will be completely typed as soon as you press the Tab key even you
only type one character of the command/path.

As shown below, under the '~ directory, you enter the Documents directory with the “cd” command. After
typing “cd D", pressing the Tab key (there is no response), pressing the Tab key again then all the files/folders
that begin with “D” will be listed. Continue to type the letters "oc" and then pressing the Tab key, the
“Documents” is typed automatically.
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Get the Project Code

If you have not get the code. In the pi directory of the RPi terminal, enter the following commands to get.

(There is no need for a password. If you get some errors, please check your commands.)

® @M

After the download is completed, a new folder "Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi" is generated,
which contains all of the tutorials and required code.

This folder name seems a little too long. We can simply rename it by using the following command.

"Freenove Kit" is now the new and much shorter folder name.

If you have no experience with scratch, we suggest that you refer to this website for basic information and
knowledge:

https://scratch.mit.edu/projects/editor/?tutorial=getStarted
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Install and Configure Scratch 3

Installation Steps

Open the Menu, click on Preferences > Recommended Software > Programming >, and then select
Scratch 3 and click on Apply.

192.168.1.232 (raspberrypi) - VNC Viewer

@ =
ramming
é Education
& Office
Ga Internet
m Sound & Video
? Graphics

H Games ' All Programs Application Install
. Surawen -
Qaé Accessories é Education @ Version 1 of Scratch, a simple pictorial v
H Games programming language for absolute beginners.

@ Help

Scratch 3
ﬂ Add / Remove Software ;

Appearance Settings
Sense HAT Emulator

Main Menu Editor
Mouse and Keyboard Settings a A software emulatn_r for the F_iaspberry Pi
SenseHAT, as used in AstroPi.

[E’j Print Settings Sonic Pi

' Raspberry Pi Configuration Sonic Pi is a programming language that v
enables you to create and perform music. -
ol | Close Appl
! Screen Configuration | ‘7‘ |&|

We can also install scratch3 in the terminal.

Add scratch3 to desktop.

192.168.1.232 (raspberrypi) - VNC Viewer
o [t
®» O
® @
3 1l

ng

N <3 BlueJ Java IDE

@ Education > ‘i) Geany Programmer's Editor
& Office > 'i Greenfoot Java IDE

@ Internet > * Mathematica
m Sound & Video > @ mu

? Graphics > E Node-RED
A, Games > g8 Scratch
@ Accessories > 3
@ Help R E Sense HAT Emulator Properties
Sonic Pi

>
‘Wh) Thonny Python IDE

@ Wolfram

Preferences
% Run...
- Shutdown...

support@freenove.com [l


mailto:support@freenove.com
http://www.freenove.com/

< support@freenove.com www.freenove.com [l

Add Raspberry Pi Library

Double click scratch3, which takes some time to open.

[ 192.168.1.232 (raspberrypi) - VNC Viewer

I@) @ E ! EScratch Desktop

Scratch Desktop is loading...

@v File  Edit Tutorials Scratch Project

— r LY
= Code &F Costumes | o Sounds ~ . o m R

. Motion

. wrn C* @ degrees

O tumn Oy e degrees
Evenis

Contral

Sensing
Operators
Variables

My Blocks Sprite | Spritel “x0 Ty o

Show | @ | B Size 100 Direction 90

point towards  mouse-poinier v

Backdrops
1

: OO0
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Choose an Extension

Play instruments and drums.

Text to Speech
Make your projects talk.

Requires Collaboration with
- Amazon Web Services

Raspberry Pi GPIO
Control Raspberry Pi GPIO lines

Collaboration with
Raspberry Pi

.

We will learn how to use it later:

@~ File Edit @ Tutorials

= Code &f Costumes | o Seunds |

@  Raspberry PiGPIO
Motion

whengpic 0w is high »
Looks

Sound

setgpio 0 » tooutput high -

Events

setgpio O » toinput pulled high |

Cantral

Sensing

Operators
Variables

My Blocks

s

Raspberry
Pi GPID

Draw with your sprites.

Translate

Translate text into many languages.

Requires Collaboration with
- Google

Raspberry Pi Sense HAT
Control Raspberry Pi Sense HAT

Collaboration with
Raspberry Pi

Sense motion with the camera.

Makey Makey
Make anything into a key.

Collaboration with
JoyLabz

Raspberry Pi Simple Electronics
Simple electronics with Raspberry Pi

Collaboration with
Raspberry Pi
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Chapter 1 LED

This chapter is the Start Point in the journey to build and explore RPi electronic projects. We will start with
simple “Blink” project.

Project 01.0_Blink, 01.1_Keyboard_LED and 01.2 Sprite_LED

In this project, we will use RPi to control blinking a common LED.

Component List

Raspberry Pi GPIO Extension Board & Ribbon Cable
(Recommended: Raspberry Pi 4B / 3B+ / 3B
Compatible: 3A+ /2B / 1B+ / 1A+ / Zero W / Zero)

BERREREEEREEEREREEREERE R ERRERERREREERD
Raspberry Pi GPIO Extension Shield

#3V3 5Ve
#SDA1 5Ve
#SCL1 GNDs
#GPIO4  TXDOs
#GND RXD0e
#GPIO17 GPIO18s
#GPIO27 GNDs
#GPI022 GPIO23e
#3V3 GPI024+
«MOSI GNDs
eMISO  GPIO25«
#SCK CEOa
#GND CEle
#SDA0 SCLO»
#GPIO5 GND=
#GPIO6 GPIO12s
#GPIO13  GNDs
#GPIO19 GPIO16e
#GPI026 GPI020s
#GND  GPIO21e

L3INY3HLT

2]
]
3R
N
vﬁ
g
3
28
o
g

x©

” - (AvV1dsia) Isa

Breadboard x1

LI A ® o 0 00 ® o o 0o o ® o 0o 00 ® o o 0 0 L A ® o 0o 0o 0 ® o 0 00 ® o 0 0 0 ® o 0 0 0
e o 0o 00 ® o 0o 00 ® o 0o 00 ® ° o 0 o e o 0o o0 e o 0 00 ® o 0 0 0 ® o 0 00 ® o 0 00 ® o 0 0 0

GPIO

.
.
© © © 0 6 0 9 O 0 0 O O O O O O O O O O O O O O OO O OO S O OO O O O OO O O O O OO OO SO O OO O
.
© © © 0 0 0 0 ° © 0 0 O O O O O O O O OO O O O O OO O OO O O O O O S O OO O OO O OGO O GG OO S O
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LED x1

Resistor 220Q x1

Jumper

Specific quantity depends on the circuit.

—ea. 4444444

In the components list, GPIO Extension Board, Raspberry and Breadboard are necessary for each project. Later,
they will be reference by text only (no images as in above).

GPIO

GPIO: General Purpose Input/Output. Here we will introduce the specific function of the pins on the Raspberry
Pi and how you can utilize them in all sorts of ways in your projects. Most RPi Module pins can be used as

either an input or output, depending on your program and its functions.

When programming GPIO pins there are 3 different ways to reference them: GPIO Numbering, Physical
Numbering and WiringPi GPIO Numbering.

BCM GPIO Numbering

The Raspberry Pi CPU uses Broadcom (BCM) processing chips BCM2835, BCM2836 or BCM2837. GPIO pin
numbers are assigned by the processing chip manufacturer and are how the computer recognizes each pin.
The pin numbers themselves do not make sense or have meaning as they are only a form of identification.
Since their numeric values and physical locations have no specific order, there is no way to remember them,
so you will need to have a printed reference or a reference board that fits over the pins.

Each pin’s functional assignment is defined in the image below:
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Pin 1
+3V3 +5Y
GPIOZ [ SDAL +5V
GPIO3 [ SCL1 GND
GPIO4 TXDO / GPIO 14
GND RXDO / GPIO 15
GPIO17 GPIO 18
GPIOZT GND
DSI (DISPLAY) @ GPIO22 GPIO 23
@ . o +3V3 GPIO 24
GPIOL0 / MOSI GND
— GFI03 | MISO GPIO 25
g of GPIO11 / SCLK CEO0# / GPIOB
3% GND CE1# | GPIOT
;% GPIOD /1D _5D ID 5C{ GRIOL
b GPIOS GND
GPIOG GPIO12
A= GPIO13 GND
gmm;ig GPIO19 / MISO CE2# / GPIO16
GPIO26 MOSI / GPIO20
GND SCLK / GPI021

Pin 39 Pin 40

For more details about pin definition of GPIO, please refer to http://pinout.xyz/

PHYSICAL Numbering

Another way to refer to the pins is by simply counting across and down from pin 1 at the top left (nearest to
the SD card). This is 'Physical Numbering', as shown below:

s 00000 >»0000»D <000

0000 : 000000 >00P00 =

Raspberry Pi A+ / B+ and Raspberry Pi 2 physical pin numbers

(crio @Ground ()sav @sv (eEme

B support@freenove.com


mailto:support@freenove.com
http://www.freenove.com/
http://pinout.xyz/

B www.freenove.com

D4 support@freenove.com

Circuit

CAUTION: Avoid any possible short circuits (especially connecting 5V or GND, 3.3V and GND)!
WARNING: A short circuit can cause high current in your circuit, create excessive component heat and
cause permanent damage to your RPi!

Schematic diagram

PHYSICAL GPIO Numbering

The code uses this one.

b

R1
220Q
<

LED1

UL

GND

GPI0O12]
GPIO16
GP1020]
GPI1021

(GPI026 Raspberry Pi
GPIO Extension Shield

BEFRBRRRERE

Scratch use BCM numbering.

BCM(Extension)
3.3V
SDA1
SCL1

GPIO4
GND
GPIO17
GPIO27
GP1022
3.3V
GPIO10/MOSI)
GPIO9/MOIS
GPI0O11/SCLK
GND
GPIO0/SDAO
GPIO5
GPIO6
GPIO13
GPIO19
GPI026
GND

Physical BCM(Extension)

5V
GND
GPI1014/TXDO
GPIO15/RXD0
GPIO18
(€]\\[p)
GP1023
GP1024
(€]\[p)
GP1025
GPIO8/CEO
GPIO7CE1
GPIO1/SCLO
GND
GPIO12
GND
GPIO16
GP1020
GP1021
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Hardware connection. If you need any support, please contact us via: support@freenove.com

Longer Pin

DSI (DISPLAY

s

P

b 1d Ausqdsey

8102 Id Auaqdsey
e e 0 e e
e e e e

Raspberry Pi GPIO Extension Shield

ETHERNET

Note:
Do NOT rotate Raspberry Pi to change the way of this connection.
Please plug T extension fully into breadboard.
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If you have a fan, you can connect it to 5V GND of breadboard via jumper wires.

How to distinguish resistors?

There are only three kind of resistors in this kit.

The one with 1 red ring is 10KQ e jlli

The one with 2 red rings is 220Q e

The one with 0 red ring is 1KQ Fhy

Future hardware connection diagrams will only show that part of breadboard and GPIO Extension Shield.
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Component knowledge

LED

An LED is a type of diode. All diodes have two Poles and only work if current is flowing in the correct direction.
An LED will only work (light up) if the longer pin (+) of LED is connected to the positive output from a power
source and the shorter pin is connected to the negative (-) output, which is also referred to as Ground (GND).
This type of component is known as “Polar” (think One-Way Street).

All common 2 lead diodes are the same in this respect. Diodes work only if the voltage of its positive electrode
is higher than its negative electrode and there is a narrow range of operating voltage for most all common
diodes of 1.9 and 3.4V. If you use much more than 3.3V the LED will be damaged and burnt out.

=4

/y LED Voltage Maximum current Recommended current

- 1 2 Red 1.9-22V 20mA 10mA

Green 29-34V 10mA 5mA

- - Blue 29-34V 10mA 5mA
-4 Volt ampere characteristics conform to diode

Note: LEDs cannot be directly connected to a power supply, which usually ends in a damaged component. A
resistor with a specified resistance value must be connected in series to the LED you plan to use.

Resistor

Resistors use Ohms (Q) as the unit of measurement of their resistance (R). 1MQ=1000kQ, 1kQ=1000Q.

A resistor is a passive electrical component that limits or regulates the flow of current in an electronic circuit.
On the left, we see a physical representation of a resistor, and the right is the symbol used to represent the
presence of a resistor in a circuit diagram or schematic.

1

The bands of color on a resistor is a shorthand code used to identify its resistance value. For more details of
resistor color codes, please refer to the card in the kit package.

With a fixed voltage, there will be less current output with greater resistance added to the circuit. The
relationship between Current, Voltage and Resistance can be expressed by this formula: I=V/R known as
Ohm'’s Law where | = Current, V = Voltage and R = Resistance. Knowing the values of any two of these allows
you to solve the value of the third.

In the following diagram, the current through R1 is: I=U/R=5V/10kQ=0.0005A=0.5mA.
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WARNING: Never connect the two poles of a power supply with anything of low resistance value (i.e. a
metal object or bare wire) this is a Short and results in high current that may damage the power supply and
electronic components.

Note: Unlike LEDs and Diodes, Resistors have no poles and re non-polar (it does not matter which direction
you insert them into a circuit, it will work the same)

Breadboard

Here we have a small breadboard as an example of how the rows of holes (sockets) are electrically attached.
The left picture shows the ways the pins have shared electrical connection and the right picture shows the
actual internal metal, which connect these rows electrically.

Il

Sl D

GPIO Extension Board

GPIO board is a convenient way to connect the RPi I/O ports to the breadboard directly. The GPIO pin
sequence on Extension Board is identical to the GPIO pin sequence of RPi.

Raspberry Pi GPIO Extension Shield
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Code

According to the circuit, when the GPIO17 of RPi output level is high, the LED turns ON. Conversely, when the
GPIO17 RPi output level is low, the LED turns OFF. Therefore, we can let GPIO17 repeatedly output high and
low level to make the LED blink.

01.0_Blink

You can refet to chapter 0 about how to open scratch.
If you have any concerns, please contact us via: support@freenove.com

Scrat

I @v File  Edit ! Tutorials Scratch Project

Sort Go Tools

| Load from your computer ile Edit View

Motion (-]
Save to your computer n | D ..||.z

‘EI Home Folder

Load the code.

Click the green flag, then the led will keep blinking until you click stop.

@v File Edit Q Tutorials 01.0 Blink

: e .
= Code &f Costumes o) Sounds - . M m K
. when this sprite clicked

Motion
Laoks when backdrop switches to  backdropl
Sound
[ QR en ouiness v > m
Events
Caontrol
when | receive  messagel «
Sensir h
M cadcast messagel v high =
Operators
broadeast messagel » | and wait
variables
Control
Stage

My Blocks
' wait o seconds

Raspberry
Pi GPIO

Sprite | Ball - 0 1 [

Show @ | & Size 300 Direction 90

Backdrops
1

repeat @)

Generallya, we make a program starting from , which you can click on the right.
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There are four modules in scratch for Raspberry Pi.

e .

whengpic 0+ is high = | F

is a kind of event like

is a condition for judgment, which usually works with if.

setgpio 0 = tooutput high

is to set a GPIO to output hight level or low level.

setgpio 0 = toinput pulled high =

is use to set a GPIO to input mode.

switch costume to ball-a -

In the code, we use to change the color of ball.

is similar to delay or sleep.

Click constumes, we will see there are two ball costumes. We can also define more costumes. We will define
three costumes in RGB section.

Scratch Desktop

@~ Fie  Ean Q- Tutorials | 01.0_Blink

= Code & Cosumes o) Sounds ~N®

Costume  ball-b = X

S ERCl = CEE A.
(I

A

& T

7/ O

O

Sprite | Ball
Show | @

Ball

Click this we can choose to use other sprites or upload a sprite.

Choose a Sprite
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01.1_Keyboard LED

The circuit is the same as previous section.
If you have any concerns, please contact us via: support@freenove.com
Load the code to scratch3.

Click the green flag. Then when you press space key on your keyboard, the LED will be turned on. Otherwise,
the LED will be turned off.

when clicked

setgpio 17 = tooutput low =

Forever means the code under it will will continue to execute in a loop.

Here we use space on key board.
We can also detect if other keys on key board are pressed.

setgpioc 17 = tooutput high «

switch costume to  ball-b =

_ If yes (the key is pressed) then
wait o seconds execute code 1;
else (if the key is not pressed)
execute code?.

else

setgpic 17V = tooutput low =

switch costume to  ball-a =

wait o seconds
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01.2_Sprite_LED

The circuit is the same as previous section.
If you have any concerns, please contact us via: support@freenove.com
Load the code to scratch3.

Click the green flag. Then click the ball. The LED will be turned on or turned off.

o 17+ tooutput low =

ume to  ball-a »
set my variable = fo o
Click
when this sprite clicked
if my variable = o then
17 + tooutput high «
Sprite | Ball - x 0 1
Show @ @ @ & Size 300 Direction
setgpic 17 =+ tooutput low =
my variable = o o
When the ball is clicked.
when this sprite clicked
my variable my variable will be changedto 1,0, 1,0, 1, 0.

setgpio 17 + tooufput high =

switch costume to ball-b =

set  my variable =+ to o

elzse

setgpio 17 » iooutput low «

So every time we click the ball the LED status will be changed.
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Freenove Car, Robot and other products for Raspberry Pi

We also have car and robot kits for Raspberry Pi. You can visit our website for details.

https://www.amazon.com/freenove

FNKO0043 Freenove 4WD Smart Car Kit for Raspberry Pi

https://www.youtube.com/watch?v=42v0GZUQjZc
FNKO0050 Freenove Robot Dog Kit for Raspberry Pi

T https://www.youtube.com/watch?v=7BmIZ8 R9d4

FNK0052 Freenove_Big_Hexapod_Robot_Kit_for Raspberry_Pi
https://youtu.be/Lvghn]2DNZ0

Functions é -~ .‘:
; i .

B support@freenove.com


mailto:support@freenove.com
http://www.freenove.com/
https://www.amazon.com/freenove
https://www.youtube.com/watch?v=4Zv0GZUQjZc
https://www.youtube.com/watch?v=7BmIZ8_R9d4
https://youtu.be/LvghnJ2DNZ0

B www.freenove.com D4 support@freenove.com

Chapter 2 Buttons & LEDs

Usually, there are three essential parts in a complete automatic control device: INPUT, OUTPUT, and CONTROL.
In last section, the LED module was the output part and RPI was the control part. In practical applications, we
not only make LEDs flash, but also make a device sense the surrounding environment, receive instructions
and then take the appropriate action such as turn on LEDs, make a buzzer beep and so on.

Next, we will build a simple control system to control an LED through a push button switch.

Project 02.0_Electronic_Button_LED and 02.1_Keyboard_Button_LED

Component List

Raspberry Pi (with 40 GPIO) x1 LED x1 | Resistor 220Q | Resistor 10kQ | Push
GPIO Extension Board & Wire x1 x1 X2 Button
Breadboard x1 Switch x1

Jumper Wire

B —

Please Note: In the code “button” represents switch action.
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Component knowledge

Push Button Switch

This type of Push Button Switch has 4 pins (2 Pole Switch). Two pins on the left are connected, and both left
and right sides are the same per the illustration:
1 2

1 2 1 2

When the button on the switch is pressed, the circuit is completed (your project is Powered ON).

Circuit

Schematic diagram

3.3V 5V
J-_S_ 28611 &Bg 8 R3 is used to limit current
—a 85:8‘1‘ 85{8;2 g to protect GPIO 18, if you
7 R3 i
13 gPI827 8P|824 e 0 set it to output HIGH level
151GpI022 PI025|22— .
R0 19 1mos| CE0 24— \ bv mistake.
2L1Imiso CE1}26 !
231scLK SCLO 28~ .
-2L1SDAD GPIO12|-32—
v 29.1GPI05 GPI016 |36~
¥ -311GPIO6 GPI1020|38—
331GPI013 GPI021 40
351GPI019
GP1026 Raspberry Pi
GPIO Extension Shield
GND

Hardware connection. If you need any support, please feel free to contact us via:support@freenove.com

e e o o
e e e o
e e e o o
e e e o0
e e 0 o 0
e e oo
LI )
e e 0 0 e
e e e o
e e o o
e e e o0 0
e e 0 0 o
e e e o
e e e 0o
e e o 0

Raspberry Pi GPIO Extension Shield

There are two kinds of push button switch in this kit.
The smaller push button switches are contained in a plastic bag.
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This is how it works.
When button switch is released:
N - . . vevee v ¢ seeve vreve ve
. 2
-
2 o . se s s e e s e ss e
5 e - se e s e s s e e e e
E 2 22 o . D
& = oSS i 4 I ceveessrvseveere:
e o S
& 5 88558 sevdle
E =il o o e e e s s e s e
B 2 Stereemmmmpesseeforerrsevsevrone
- g ."""o"'_oot' L L I I R
- [}
: K
= B3 e 9 ee Geeee eeeee SeeeE eeeee eeeee seeee seeee oo,
When button switch is pressed:
E eeeee seeee eeeoee -oco: EEEE on::: ::::: ::::: :
gy 2
- I
=, 2 D I A Y
5 D A I A
. @ D I I
z § D I A )
l:.l‘ DR I R R I R
& o
% se s e s s e s s es e
E =l ¢ e s s s s e s s e e e
= & ceseseesecesvevee
% oo..onno.coo.'.oa
I
- B3 eeseee Geeee eeese eeeee eeeee eeeee eeeee eeeee o

Code

This project is designed for learning how to use Push Button Switch to control an LED. We first need to read
the state of switch, and then determine whether to turn the LED ON in accordance to the state of the switch.

02.0_Electronic_Button_LED

If you have any concerns, please contact us via: support@freenove.com
Load the code to scratch3.
Freenove Kit/Code/Scratch3/02.0_Electronic_Button_LED.sb3

Click the green flag. Then when you press button swtich, the LED will be turned on. Otherwise, the LED will
be turned off.
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when clicked

setgpio 17 = tooutput low w

setgpio 18 =+ toinput pulled high =

switch costume to  ball-a

forever

18+ is highw ?

17 = tooutput low -

switch costume
else

o output  high -

switch costume to  ball-b «

put  pulled high |

Here is to set a GPIO to input mode, which is used to detect button swtich

condition.
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02.1_Floating_Ballon

The circuit is the same as previous section.
Load the code to scratch3.

Click the green flag. Then when you press button switch, the ballon will rise. Otherwise, the ballon will fall.
When the ballon is too high or too low, touching the edges, game is over. The falling speed will increase over
time.

toinput  pulled high «

wait o seconds

repeat until touching Line =

speed + 10 o + rmound @ @imer |/ @

L

or  touching Line2 =

score * o
gpio 18 + s
setgpio 17 to output  high «

change vPos » by speed
else

change vPos = by o *  speed

setgpio 17 + tooutput low «

setyto  yPos

abs + of backGround - yPos = @ then
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of backGround - yPos = @ then

to yPos

setyto  yPos

stop all -

If we select variables in the left, they will be shown on the right.

@~ File Edt @ Tutorials | 02.1 Floating Ballon

- ~ ~
= Code &¥ Costumes & Sounds ~ .
. Variables

Motion when
. Make a Variahie

reset imer

o toinput pulled high «

Looks
backGround

Operators are used in this code.

e
] ® ()
2 ao
e Ao
Events
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Chapter 3 LED Bar Graph

We have learned how to control one LED to blink. Next, we will learn how to control a number of LEDs.

Project 03.0_LED_Bar_Graph

Component List

Raspberry Pi (with 40 GPIO) x1 Bar Graph LED x1 Resistor 220Q x10
GPIO Extension Board & Ribbon Cable x1
Breadboard x1

Jumper Wire x 1

—--

Component knowledge

Let us learn about the basic features of these components to use and understand them better.

Bar Graph LED

A Bar Graph LED has 10 LEDs integrated into one compact component. The two rows of pins at its bottom
are paired to identify each LED like the single LED used earlier.

1 20 1—{>E20
2 19 219
3 18 3018
4 17 417
5 16 5 16
6 15 6~ 15
7 14 7014
8 13 8 —>f-13
9 12 9 - 12
10 11 10K 11
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Circuit

A reference system of labels is used in the circuit diagram below. Pins with the same network label are
connected together.

Schematic diagram

2200 | S
- AMM—ro ;

2200 ., An :
_,\MA'_?QUQ 33V 5V

o i :

S Gpio7 —3.ISDA1 TXDO g &PI014

200 , 2m —21SCL1 RXDO -3
A ~Rs —1T--GP|04 GPIO18 12

31Gpi02r  Gplo2ald8

GPIO9 .

200 2-{GPI022 GPI025}22
A=< GPio1g [Gp1010 — A 9-IMOSI CE0 |24 Gpiog

2200 2, lgP109 %; MISO CE1 %g GPIO7
F Mg —=epion (GPIO11 SCLK SCLO

2200 ¢ 7n gg SDAO GPIO12 gg GPIo13
A — >+ GP1012 GPI05 GPIO5 GPIO16

2200 5 cpios — 211 GPIO6 GPI020}38
b A5 —LF = GPio13 erio13 —-331GPIO13 GPIO21 40

2200 0 oy Hg?- GPIO19
GPI1026 Raspberry Pi

GPIO Extension Shield
GND

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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If LEDbar doesn’t work, rotate LEDbar 180° to try. The label is random.

In this circuit, the cathodes of the LEDs are connected to the GPIO, which is different from the previous circuit.
The LEDs turn ON when the GPIO output is low level in the program.

Code

This project is designed to make a flowing water lamp, which are these actions: First turn LED #1 ON, then
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turn it OFF. Then turn LED #2 ON, and then turn it OFF... and repeat the same to all 10 LEDs until the last LED
is turns OFF. This process is repeated to achieve the “movements” of flowing water.

03.0_LED Bar_Graph

First, observe the project result, and then learn about the code in detail.

If you have any concerns, please contact us via: support@freenove.com
The circuit is same as previous section.

Load the code to scratch3.

Click the green flag. Then the sprite will move from number 0 to 9.

when clicked

% = myvanable

setgpio .~ ®  to output

setgpio =~ ®  to output

change x* by o

change my variable =+ by o
wiait n seconds

Here are two repeat functions.

support@freenove.com [l


mailto:support@freenove.com
http://www.freenove.com/

< support@freenove.com www.freenove.com [l

Chapter 4 RGB LED

In this chapter, we will learn how to control an RGB LED.

An RGB LED has 3 LEDs integrated into one LED component. It can respectively emit Red, Green and Blue
light. In order to do this, it requires 4 pins (this is also how you identify it). The long pin (1) is the common
which is the Anode (+) or positive lead, the other 3 are the Cathodes (-) or negative leads. A rendering of a
RGB LED and its electronic symbol are shown below. We can make RGB LED emit various colors of light and
brightness by controlling the 3 Cathodes (2, 3 & 4) of the RGB LED

W 1
R G B
I Rt
2 ] 3 2 3 4
Red, Green, and Blue light are called 3 Primary Colors when discussing light (Note: for pigments such as paints,
the 3 Primary Colors are Red, Blue and Yellow). When you combine these three Primary Colors of light with

varied brightness, they can produce almost any color of visible light. Computer screens, single pixels of cell
phone screens, neon lamps, etc. can all produce millions of colors due to phenomenon.

RGB

If we use a three 8 bit PWM to control the RGB LED, in theory, we can create 2°2°+2°=16777216 (16 million)
colors through different combinations of RGB light brightness.
Next, we will use RGB LED to make a multicolored LED.
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Project 04.0_RGBLED and 04.1_Keyboard_RGBLED

In this project, we will make a multicolored LED, which we can program the RGB LED to automatically change
colors.

Component List

Raspberry Pi (with 40 GPIO) x1 RGB LED x1 Resistor 220Q x3
GPIO Extension Board & Wire x1
Breadboard x1 M
Jumper Wire [
—aa-a.. 4 44949999

Circuit

Schematic diagram

3.3V 5V
—31SDA1 TXDO |8~
_ —2.4sCL1 RXDO 9
LEDL —L1GPIO4 GPIO18}12
=W 11GPIO17 GPI023}16
™ e 3 1GPI027 GPI024 18—
AW -121GPI022 GPI025 22
N 5500 19dmosi CEO0}-24~
AW 211miso CE1[26~
N -23.1SCLK SCLO |28~
220Q
-2L1SDAD GPIO12}-32—
-29.1GPI05 GPIO16-36—
-311GPI06 GPI020}-38
-331GPI013 GPI021140
ﬁ GPIO19
GPIO26 Raspberry Pi
GPIO Extension Shield
GND

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com

3
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2
%
w
]
o
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b
&
£
3
2
a
@
©
4

iasassanazaasaananaanan

In this kit, the RGB LED is Common anode. The voltage difference between LED will make it work. There
is no visible GND. The GPIO ports can also receive current while in output mode.
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There is no need to modify code for random color.

If circuit above doesn’t work, the RGB LED may be common cathode. Please try following wiring.

ry Pi GPIO

e esee seeee seee
eeeee eseeee eeee

I A )
D I I A )
I I I R )
D I )
I I I ]

seeeev e
eev e s
ses s
D I )
D A I A )

ees e e
cee v e
ee e

.
.

s
ce e

]
ee e

Code

04.0_RGBLED

Load the code to scratch3.
Freenove_Kit/Code/Scratch3/04.0_RGBLED.sb3

Click the green flag. Then the LED and the ball will show red, green and blue color in turn.

The code is for common anode RGB LED. One low level and two high.

repaat@

setgpio 17 » fooutput low «
setgpio 18 = tooutput high =

high =

setgpio 17 -+ tooutput high =
setgpio 18 = toouiput low =

set gpio » ftooufput high =

switch costume to  ball-g =

| wait o seconds

setgpio 17 + tooutput high =

setgpio 18 « tooutput high «
set gpio w tooutput low =

switch costume to  ball-b =

| wait e seconds
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04.1_Keyboard RGBLED

Load the code to scratch3.

Click the green flag. Then click “r’, “g” and “b” randomly and observe the color change.
“r”, “g” and “b” on key board will be used and detect.

when

forever

set gpic 17 to output  low -

setgpic 18 to output  high =

set gpio 27 to output  high =

switch costume to

pressed? - then
set gpic 17 to output  high
set gpioc 18 to output  low =

setgpic 27 =+  tooutput  high =

h costume o ball-g +

pressed? - then

setgpic 17 = tooutput  high =

setgpic 18 =+ tooutput high =

setgpic 27 +*  tooutput  low -

switch costume to  ball-b +
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Chapter 5 Two Electronic Button Switch

Project 05.0_Two_Electronic_Button_LED, 05.1_SquashO and 5.2_Jump

Components
Raspberry Pi (with 40 GPIO) x1 Resistor 10kQ x4 Push Button
GPIO Extension Board & Wire x1 Switch x2
Breadboard x1 .
Jumper Wire
—eaea. 4 444444

Circuit

Schematic diagram

| % R8 % R2
10kQ 10kQ
3.3V 5V

—3.1spA1 TXDO |8~
—21scL1 RXDO 10— o
—L1GPI04 GPIO18-12—Ap,
~dGrio17 GPI023 {16~ -
-131GPI027 GPI024 |18 10k
-121GPI022 GPI025 }-22—— A4\ —o—
19 {mos| CEO 24—
s
271SpA0 GPIOT2 32— [ L
291GPI05 GPI016 |36
-311GPI06 GPI020}38 o o
-331GPI013 GPI021 40
% GPIO19

GPIO26 Raspberry Pi

GPIO Extension Shield
GND

Hardware connection. If you need any support, please feel free to contact us via:support@freenove.com

B support@freenove.com


mailto:support@freenove.com
http://www.freenove.com/

B www.freenove.com D4 support@freenove.com

: * o 0 00 * o e 00 * e 0 0 * e 0 00 * o e 00 ® e 0 00 e 0 00 L B L L B

- o e e o 00 L L 3 * e e 0 * e 0 00 L . e 0 00 LI L B L B L B

-

= = = :

- (2]

— = e o0 0000 s o e|leeee o000 000000000000 0000
= .g ® 8 e 8 e e 0 e e ® ® 0 8 0 0 0 S P P PP N e e e
- e g e e s e e e e e s e s e e e s e s e s s e e e e e
L 2 ® 9 0 8 S P 0 P P PP PN TSP
- I:j “ e . ® o 0 0 0 000 . ® 9 9 9 0 00 e PP e e
= ©

= % ~~~~~ LA L A I LU I O I I I T O IR O
- T U T T O R B A B A ® 8 0 ¢ 000 0 e 000 e 00 e e e e e
- LA ® % 0 0 0 0 0 00 0 e ® 8 0 0 0 8 P O G e e e e e e e
: E‘ ceoolle il ooooolfle D I I I B
= g LA AN * e e 0 L e 00 ® 9 0 0 0 0 00 e
= [-3

= B b

MY ©

gy R eese seese Voeeel votvl KL cocvl eeesee seees seeee

= see e “eee seees essees sews sesee sew Peees eseeee eseew

Code

05.0_Two_Electronic_Button_LED

Load the code to scratch3.
Freenove Kit/Code/Scratch3/05.0_Two_Electronic_Button LED.sbh3
Click the green flag. Then press two button switches to observe the change.

There are two balls. We need write two sections of code for two GPIOs.

setgpio 18 v toinput pulled high *

setgpio 25+ toinput pulled high +

switch costume to ball-a +

forever

gpio 25« is loww ?

] gpio 18w i

switch costume to  ball-b »
costume to ball-b «
else

else
switch costume to ball-a »

switch costume to ball-a ¥

Sprite § - Ball Sprite | Bali2
Show il @ Show | @ | & Size
=
G
Ball
Bal
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05.1_Squash

Load the code to scratch3.

Click the green flag. Press the two button swtiches to move the green paddle.

There are two sprites moving, so we need to write two sections of code. One is for the ball, the other
for the paddle.

wait o seconds

repeat until . touching L

Sprite | Ball

B

Sprite Paddle

Show | @

Show | @ | & Sizi

change score = by o if on edge, bounce i
Ball

Paddle

stop all =

repeat until

touching edge = 2 H

It means Paddle touching edge ﬁ ﬁ
auching e w7 _SEhen
‘_..I

e o = o then Spiite | Ball

ng line2

Sprite | Paddle

Show | @ | & Size

¢

touching edge = 2

turn {®  pick random m to @ degrees

Pick random “range”. It can ne any one of 145~180, like: 145 150 180 146.
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05.2_Jump

Load the code to scratch3.

Click the green flag. Press the two button swtiches to make the sprite move without touching the other items.

when clicked

setgpic 18 = toinput  pulled high -

setgpic 2%+ toinput pulled high =

forever

touching Line = 2 touching Frog» 2 or  touching Crab =

@ e 10000

Ling =

touching touching Frog = or touching Crab =

A or B or C. When one of them is true, the whole result would be true. It means the spritel cannot touch
any other items.
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Chapter 6 Buzzer

In this chapter, we will learn about buzzers and the sounds they make. And in our next project, we will use an
active buzzer to make a doorbell and a passive buzzer to make an alarm.

Project 06.0_Buzzer

We will make a doorbell with this functionality: when the Push Button Switch is pressed the buzzer sounds
and when the button is released, the buzzer stops. This is a momentary switch function.

Component List

Raspberry Pi (with 40 GPIO) x1 Jumper Wire
GPIO Extension Board & Ribbon Cable x1
Breadboard x1

NPN transistorxl Active buzzer x1 Push Button Resistor 1kQ x1 | Resistor 10kQ x2

(S8050) Switch x1
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Component knowledge

Buzzer

A buzzer is an audio component. They are widely used in electronic devices such as calculators, electronic
alarm clocks, automobile fault indicators, etc. There are both active and passive types of buzzers. Active
buzzers have oscillator inside, these will sound as long as power is supplied. Passive buzzers require an
external oscillator signal (generally using PWM with different frequencies) to make a sound.

Active buzzer Passive buzzer

-+

i

1 1
— 2
T e

Active buzzers are easier to use. Generally, they only make a specific sound frequency. Passive buzzers
require an external circuit to make sounds, but passive buzzers can be controlled to make sounds of various
frequencies. The resonant frequency of the passive buzzer in this Kit is 2kHz, which means the passive
buzzer is the loudest when its resonant frequency is 2kHz.

How to identify active and passive buzzer?

1. Asarule, there is a label on an active buzzer covering the hole where sound is emitted, but there are
exceptions to this rule.

2. Active buzzers are more complex than passive buzzers in their manufacture. There are many circuits and
crystal oscillator elements inside active buzzers; all of this is usually protected with a waterproof coating
(and a housing) exposing only its pins from the underside. On the other hand, passive buzzers do not
have protective coatings on their underside. From the pin holes, view of a passive buzzer, you can see
the circuit board, coils, and a permanent magnet (all or any combination of these components
depending on the model.

Active buzzer bottom Passive buzzer bottom
Transistors

A transistor is required in this project due to the buzzer's current being so great that GPIO of RPi's output
capability cannot meet the power requirement necessary for operation. A NPN transistor is needed here to
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amplify the current.

Transistors, full name: semiconductor transistor, is a semiconductor device that controls current (think of a
transistor as an electronic “amplifying or switching device”. Transistors can be used to amplify weak signals,
or to work as a switch. Transistors have three electrodes (PINs): base (b), collector (c) and emitter (e). When
there is current passing between "be" then "ce" will have a several-fold current increase (transistor
magnification), in this configuration the transistor acts as an amplifier. When current produced by "be" exceeds
a certain value, "ce" will limit the current output. at this point the transistor is working in its saturation region
and acts like a switch. Transistors are available as two types as shown below: PNP and NPN,

PNP transistor NPN transistor
1) E 3]C
P 5 I g
B B
14283 ] e 18283 11 E
E B C E B C

In our kit, the PNP transistor is marked with 8550, and the NPN transistor is marked with 8050.

Thanks to the transistor's characteristics, they are often used as switches in digital circuits. As micro-controllers
output current capacity is very weak, we will use a transistor to amplify its current in order to drive components
requiring higher current.

When we use a NPN transistor to drive a buzzer, we often use the following method. If GPIO outputs high
level, current will flow through R1 (Resistor 1), the transistor conducts current and the buzzer will make sounds.
If GPIO outputs low level, no current will flow through R1, the transistor will not conduct currentand buzzer
will remain silent (no sounds).

When we use a PNP transistor to drive a buzzer, we often use the following method. If GPIO outputs low level,
current will flow through R1. The transistor conducts current and the buzzer will make sounds. If GPIO outputs
high level, no current flows through R1, the transistor will not conduct current and buzzer will remain silent
(no sounds). Below are the circuit schematics for both a NPN and PNP transistor to power a buzzer.

NPN transistor to drive buzzer PNP transistor to drive buzzer
SV sV
(111 R1
2 ||| Buzzer 1kQ
1T Uno Pin AN [Q1
R1
1kQ
Uno Pin AW Q1 111
2 |J)| Buzzer
T
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Circuit

Schematic diagram with RPi GPIO Extension Shield

1
=2
T R2
3.3V 5V ke
—31sDA1 TXDO }-8
» —24SCL1 RXDOHO- o
bt GRICI] GPIO181-12 AN—9
H\Nv——%—cmow GPI1023 g
GPI027 GPI024
150 51GPI022 GPI025 }-22..
194mosi CEO0 |24
21Imiso CE1 28 ™
-234SCLK scLopeé- |
271spAao GPIO12}32 |
291GPI05 GPI016 |36~
S11GpPios GP1020 |38~
-331GPI013 GP1021 140
Jj%»emom
(GP1026 Raspberry Pi
GPIO Extension Shield
GND

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com

GNDe

GPI024e

Raspberry Pi GPIO Extension Shield

R R R R R R R R R R R R R R R R R R RRRRRRR R

Note: in this circuit, the power supply for the buzzer is 5V, and pull-up resistor of the push button switch is
connected to the 3.3V power feed. Actually, the buzzer can work when connected to the 3.3V power feed
but this will produce a weak sound from the buzzer (not very loud).
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Code

06.0_Buzzer

Load the code to scratch3.

Click the green flag. Press the button swtich and the buzzer will beep.

The principle is the same to using a button switch to control an LED.

setgpio 15 + toinput  pulled high +

forever

gpic 18« is low = 7 then

setgpic 17 + toouwtput  high =+

switch costume to dinosaurd-d «
else

setgpic 17 = fooutput low -

stume o dinosaurd-a =«

Here we use active buzzer. For use of passive buzzer, please refer to Tuttoiral.pdf
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Chapter 07.0_Motor

In this chapter, we will learn a kind of special switch module, Relay Module. We can use small current to
control big current via this module.

Project 07.0_Motor

Component List

Raspberry Pi (with 40 GPIO) x1 Jumper Wire x11
GPIO Expansion Board & Ribbon Cable x1
Breadboard x1

—- -

9V battery (prepared by yourself) & battery line

Breadboard Power module x1 Resistor 10kQ x2 | Resistor 1kQ x1 | Resistor 220Q x1

5V OFF 3.3V 5V OFF 3.3V
0000
s oc
NPN Relay x1 Motor x1 Push button x1 Diode x1
transistor x1 1
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Component knowledge

Breadboard Power Module

Breadboard Power Module is an independent circuit board, which can provide independent 5V or 3.3V power
to the breadboard when building circuits. It also has built-in power protection to avoid damaging your RPi
module. The schematic diagram below identifies the important features of this Power Module:

Power LED

Power Switch

= O

[ Power Jack USB Output Port ]

[ Output voltage selection Output voltage selection ]

L OFF3.3V 2 5V OFF 3.2,
Q0 i 1in 0000
[ Output port for power + - T Output port for power J

Here is an acceptable connection between Breadboard Power Module and Breadboard using a 9V battery
and the provided power harness:

5V OFF 3.3V
00CO

E
ONEE EEN

o
=

a

A

m
e e o o o
e e e o o
e e o 0 0
e e 0o o o
e e o o o
e e e o o
e e o o o
e e o o o
e e o o o
e e o o o
e e o 0 0

5V OFF 3.3V
Co00
+ -
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DC Motor

DC Motor is a device that converts electrical energy into mechanical energy. DC Motors consist of two major
parts, a Stator and the Rotor. The stationary part of a DC Motor is the Stator and the part that Rotates is the
Rotor. The Stator is usually part of the outer case of motor (if it is simply a pair of permanent magnets), and
it has terminals to connect to the power if it is made up of electromagnet coils. Most Hobby DC Motors only
use Permanent Magnets for the Stator Field. The Rotor is usually the shaft of motor with 3 or more
electromagnets connected to a commutator where the brushes (via the terminals 1 & 2 below) supply
electrical power, which can drive other mechanical devices. The diagram below shows a small DC Motor with
two terminal pins.

1
2
——
1 2

When a DC Motor is connected to a power supply, it will rotate in one direction. If you reverse the polarity of
the power supply, the DC Motor will rotate in opposite direction. This is important to note.

g @8 g Q9
+ - -+

Circuit

Use caution with the power supply voltage needed for the components in this circuit. The Relay requires a
power supply voltage of 5V, and the DC Motor only requires 3.3V. Additionally, there is an LED present, which
acts as an indicator (ON or OFF) for the status of the Relay’s active status.

Schematic diagram
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5V

PEEREPERER FE

1 3 "
sl
'
ol 2 1
2 T 4 .
Ri IN1001 33V 5V
Relay 20 AN _3lspar TXDO!
. ' —21sCL1 RXDO|
—L1GPI04 GPIO18|
al :I M 11lGpio17 GPI1023|
é) k3 13 1cpio27 GPI024|
M 1kQ 15 1GPI022 GPI025/
1 19.{mosi CEQ|
- 211MIso CE1/
= 23.1SCLK SCLO
27.1SDAD GPI012]
. ) — 29 1GPI05 GPI10O16
S11GPIO6 GPI020]
J_ 331GPI013 GPIO21]
32 1GPIO19
sv— —_33v -3L4GPIO26 Raspberry Pi
- GPIO Extension Shield
GND T T GND GND
BreadBoardPower

R1
10kQ

R2
10kQ

_I\—l‘:il

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Raspberry Pi GPIO Extension Shield
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e e 0000
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© 9 09 0000 000000000 e e

e e 00
o0 00
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oo 0 00

oo 080000 0
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2 AEEHOAS ‘
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Code
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07.0_Motor

Load the code to scratch3.

Click the green flag. Press the button swtich and the motor will rotate or stop.

when clicked

seigpic 18 = toinput pulled high =

forever

if gpio 18 =

setgpic 17 = io
turn ¥ m degrees
else

setgpioc 17 =  to output
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Chapter 08 Four button swithches games.

Project 08.0_Pick_Apple and 08.1_Fish

Schematic diagram

EX

-

3.3V 5V
B —31spA1 TXDO }-8
. * —2.1SCL1 RXDO 19
—L1GPIO4 GPI018}-12 GPIOT8
GPIO17 GP1023}-16 GPI0Z3
: 31GPI027 GP1024 18~
[GP1022 9 1GPI022 GPI025 22—
~19.mos| CEO (44—
211IMISO CE1 28
231sCLK sScLo}28
2 s1 5 54 -2L1SDA0 GPIO12}32
~291GPIO5 GPIO1630—
S11GPIo6 GPI1020
[ [ 1 [] -331GPI1013 GP1021 40
-32.1GPIO19
~3L1GPI026 Raspberry Pi
e GPIO Extension Shield
GND

Hardware connection

e e o 0 0

® e e 0

o e 00
LR

L
LR A

Pttt bt

® e 0 0 0 00
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® e 0o 0 0 |
® e 0o 0 0
o e 0o 0 o
e o o 0 0 |
e e 0o 0 0

® e o 0 0 0 0 0 0 0 0
® o e 0 0 0 0 0 0 0 0
® ®e 0 0 0 0 0 0 0 0 e
® o o0 0 0 0 0 0 0 0
® o 0 00 00 0 0 0 0

Raspberry Pi GPIO Extension Shield

- ¥

LR

LR B A
o 0 00

oo ¥

o 0 00
e 0 00
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08.0_PicK_Apple

Load the code to scratch3.

Click the green flag to control the monkey to pick apple, while avoiding touching the bat.

change score » by G Sprite Apple

goto random position »

There are there items moving, so there are three sections of code.

score

gpio 22w is

when | clicked

goto random position »
forever

if touching Monkey = ? then

change x by e

gpio 23 v is

-

Show ® @ Sizt

change y by e

all »

point in direction @

repeatuptil . touching Monkey » 2

- secs to M ey
ghide a secsto M y Sprite Bat &

Show @ | D Size 30

)
Monkey Apple
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08.1_Fish

Load the code to scratch3.

Click the green flag. Control the octopus to approach the fish.

There is one octopus and four fishes. All of them will move, so there are five sections of code.

set score *  {o o
wiox @
repeat unfil size = @

change >

change >

Sprite | Octopus ~ x 90 1 v as

change y Show  ® | @ Size 44 Direction 90

- | 8

Fish3 Fish4 Fishs

0 @ + round = score ."0
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What's Next?

THANK YOU for participating in this learning experience! If you have completed all of the projects successfully
you can consider yourself a Raspberry Pi Master.

We have reached the end of this Tutorial. If you find errors, omissions or you have suggestions and/or
questions about the Tutorial or component contents of this Kit, please feel free to contact us:
support@freenove.com

We will make every effort to make changes and correct errors as soon as feasibly possible and publish a
revised version.

If you are interested in processing, you can study the Processing.pdf in the unzipped folder.

If you want to learn more about Arduino, Raspberry Pi, Smart Cars, Robotics and other interesting products
in science and technology, please continue to visit our website. We will continue to launch fun, cost -effective,
innovative and exciting products.

http://www.freenove.com/

Thank you again for choosing Freenove products.
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