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When you purchaseor use FreenoveRFIDStarterKit for Raspberry Piplease note the following:
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This product contains small parts. Swklwing or improper operation can cause serious infections and
death. Seek immediate medical attention when the accident happened.

Do not allow children under 3 years old to play with or near this product. Please place this product in
where children under 3years of age cannot reach.

Do not allow children lack of ability of safe to use this product alone without parental care.

Never use this product and its parts near any AC electrical outlet or other circuits to avoid the potential
risk of electric shock.

Never use this product near any liquid and fire.

Keep conductive materials away from this product.

Never store or use this product in any extreme environments such as extreme hot or cold, high humidity
and etc.

Remember to turn off circuits when not in usethis product or when left.

Do not touch any moving and rotating parts of this product while they are operating.

Some parts of this product may become warm to touch when used in certain circuit designs. This is
normal. Improper operation may cause excessély overheating.

Using this product not in accordance with the specification may cause damage to the product.
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Freenove is an opensource electronics platform. Freenove is committed to helping customer quickly realize
the creative idea and product prdotypes, making it easy to get started for enthusiasts of programing and
electronics and launching innovative open source products. Our services include:
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Electronic components and modules
Learning kits for Arduino

Learning kits for Raspberry Pi
Learning kts for Technology

Robot kits

Auxiliary tools for creations

Our code and circuit are open source. You can obtain the details and the latest information through visiting
the following web sites:
http://www.freenove.com

https://github.com/freenove

Your comments and suggestions are warmly welcomednd please send them to the following email address:
support@freenove.com
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You can download the sketches and references used in this product in the following websites:
http://www.freenove.com

https://github.com/freenove

If you have any difficuties, you can send email taechnical support for help.

The references for thisproduct is named Freenove RFID Starter Kit for Raspberry Pi which includes the
following folders and files:

Datasheet Datasheetof electronic components and modules

Code Code for project

Readme.txt Instructions

{ dzLiLI2 NI

Freenove provides free and quick technical support, including but not limited to:
Quiality problems of products
Problems in using products
Questions for learning and technology
Opinions and suggestions
Ideasand thoughts

Please sendemail to:
support@freenove.com
On working day, we usually reply to you within 24 hours.
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Freenove reserves all rights to this book. No copies or plagiarizations are allowed fahe purpose of
commercial use.

The code and circuit involved in this product are released as Creative Commons Attribution ShareAlike 3.0.
This means you can use them on your own derived works, in part or completely, as long as you also adopt
the same liense.Freenovebrand and Freenovelogo are copyright of Freenove Creative Technology Co., Ltd
and cannot be used without formal permission.
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Preface

If you want to become a maker, you may have heard of Raspberry Pi &rd t
matter. Through referencing this tutorial, you can be relaxed in using Raspberry Pi to create dozens of
electronical interesting projectsand gradually realize the fun of usingRaspberry Pto complete creative works

Raspperry Pi and Arduinohave a lot of fans in the world.They are keen to exploration, innovation and DIY
and they contributed a great number of high- quality open source code, circuit andrich knowledge base. So

we can realize our own creativity more efficietly by using these free resource. Of course, you can also
contribute your own strength to the resource.

Raspberry Pi, different from Arduino, is more like a control center with a complete operating system, which
candeal with more tasks at the same timeQOf course, you can also combine the advantages of them to make
something creative.

Usually, aRaspberryPi project consists of code and circuitlf you are familiar with computer language and
very interested in the electronic module Then this tutorial & very suitable for you. It will from easy to difficult,
explain the RaspberryPi programming knowledge, the use of various types of electronic components and
sensor modules and their operation principle. And we assign scene applications for most of theadule.

We provide code of both C and Python language versions for each project, so, whether you are a C language
user or a Python language user, you are able to easily grasp the code in this tutorial. The supporting Kkit,
contains all the electronic compaments and modules needed to complete these projects. After completing all
projects in this tutorial, you can also use these components and modules to achieve your own creativity, like
smart home, smart car and robot.

Additionally, if you have any difficdties or questions about this tutorial and the kit, you can always ask us for
quick and free technical support.

support@freenove.com s
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Raspberry Pi

Raspberry Pi (called RPi, RPI, RasPi, the text these words will be used altern&egy), amicro- computer with
size of a cad, quickly swept the world since its debut. It is widely used in desktop workstation, media center,
smart home, robots, and even the servers, etc. It can do almost anything, which continues to attract fans to
explore it. Raspberry Pi used to be running ihinux system and along with the release of winows 10 loT. We
can also run it in Windows.Raspberry Pi (with interfacedJSB, network, HDMI, camera, audio, display and
GPIO), as a microcomputer, can be running in command line mode and desktop system modé&dditionally,

it is easyto operate just like Arduino, and you can even directly operate th&PI1O of CPU.

So far, Raspberry Phas developed to the third generation Changes in versions are accompanied by increase
and upgrades in hardware. A type and Bpe, the first generation of products, have been stoppediue to
various reasonsOther versions are ppular and activeand the most important is that they areconsistentin
the order and number of pins, which makes the compatibility of peripheral devicesrgatly enhancedbetween
different versions.

Here are some practicality pictures and model diagrams of Raspberry Pi
Practicality picture of Raspberry P8 Model B+ Model diagram of Raspberry P3 Model B+
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Practicality picture of Raspberry P8 Model B: Model diagram of Raspberry PB3 Model B:
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Practicality picture of Raspberry P2 Model B: Model diagram of Raspberry P2 Model B:
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Model diagram of Raspberry PiL Model B+:
‘ pr— ‘ nou

Raspberry Pi Model B+ V1.2

© Raspberry Pi 2014
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Raspberry Pi

Practicality picture of Raspberry PZero W:

Model diagram of Raspberry Pizero W:
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Hardware interfacediagram of RPi3B+/3B/2B/1B+ is shown below:

GPIO
Connector

USB
Connector

Display
Connector

1L
DSI (DISPLAY)

Ethernet

Power Connector

(Y¥3WVYD) ISD
ETHERNET

Connector

Audio
Connector

Camera

Connector Connector

Hardware interfacediagram of RPiA+ is shown below:

GPIO

Connector Raspberry Pi Model A+
© Raspberry Pi 2014

USB
Connector

Display
Connector

Power
Connector

(vyanvo) IS0

HDMI
Connector

Audio
Connector

Camera

Connector
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Hardware interfacediagram of RPiZero/Zero W is shown below:

GPIO e,

.................

Connector

Raspberry Pi Zero W

Camera
Connector

Power
Connector

HDMI
Connector

Connector
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Install the System

Firsty, install a system for yourRPi

Component List

Required Components

5V/2 5A Power Adapter. Different versions of

Any Raspberry Pi
; Raspberry Phave different power requirements

Micro SD CardTF Card)x1,Card Reader x1

N

TransFlash L—:'—

mge - w2
1668 'f-—
J

S support@freenove.com
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Power requirement of different versions of RaspberryPiis shown infollowing table:

Product

Raspberry Pi
Model A
Raspberry Pi
Model B
Raspberry Pi
Model A+
Raspberry Pi
Model B+
Raspberry Pi 2
Model B
Raspberry Pi 3
Model B
Raspberry Pi 3
Model B +
Raspberry Pi
Zero W
Raspberry Pi
Zero

Recommended
PSU current
capacity
700mA

1.2A

700mA

1.8A

1.8A

25A

2.5A

1.2A

1.2A

Maximum total USB Typical bare- board active

current consumption

peripheral current draw

500mA 200mA
500mA 500mA
500mA 180mA
600mMA/1.2A (switchable) = 330mA
600mMA/1.2A (switchable)  350mA
1.2A 400mA

Limited by PSU, board, and 150mA
connector ratings only.
Limited by PSU, board, and 100mA
connector ratings only

For more details, please refer tdttps://www.raspberrypi.org/help/fags/#powerReqs

In addition, RPi also needs a network cable used to connect it to wide area network.

All of these components are necessary. Amonthem, the power upply is required at least 5V/2.5A, because
lack of power supply will lead to many abnormal poblems, even damage to your RPi. Spower supply with
5V/2.5A ishighly recommend. SD Card Micro (recommended capacity 16GB or more) is a hard drif@ RPi,
which is used to store the system and personal filedn later projects, the components list with a RPiwill
contains these requiredcomponents, using only RPias a representative rather tharpresenting details.

support@freenove.com s
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Optional Components

Under normal circumstance, there are two ways to login to Raspberry Pi: using independent monitor, or
remote desktop to share a monitor with your PC.

Required Accessoriesdor Monitor

If you want to use independent monitor, mouse and keyboard, you also need the following accesses.
1.Display with HDMI interface
2.Mouse and Keyboard withUSB interface

Asto PiZero and PiZero W, you also need the following accessories.

1. Mini- HDMI to HDMI converter&wire.

2. Micro- USBto USB A Receptaclesonverter&wire (Micro USBOTGwire).
3. USBHUB.

4. USBtransferringto Ethernet interface orUSBWi- Fireceiver.

For different Raspberry Rithe optional items are slightly different.But all of their aims areto convert the
specialinterface to standard interface of standard Raspberry Pi

Yes Yes Yes Yes Yes

Monitor
Mouse Yes Yes Yes Yes Yes
Keyboard Yes Yes Yes Yes Yes
Mini - HDMI to HDMI

) Yes Yes No No No
converter&wire
Micro - USBto USB A
Receptacles

. Yes Yes No No No
converter&wire
(Micro USB OTG wire)
USBHUB Yes Yes Yes No No
USBtransferring to select one optional select one Internal
Ethernet interface from two or ¢ from two or Integration Internal
USBWi- Fireceiver select two Internal select two optional Integration

from two Integration from two P

S support@freenove.com
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Required Accessories foRemote Desktop

If you don't have an independent monitor, or you want to use a remote desktopfirst you need to login to
Raspberry Pi through SSHhen open the VNC or RDP service. Sgou need the following accessories.

Micro- USBto USB-A Yes

Receptacles

converter&wire (Micro

USB OTG wire)

USBtransferring to Yes Yes Yes

Ethernet interface

support@freenove.com s
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RaspbianSystem

Tool and System image

(270 a2B
A tool Disk Imager Win2 is required to write system. You can download and install it throughvisiting the
web site: https://sourceforge.net/projects/win32diskimager/

{StSOGAy3a {ealSy
Visit RPi official website Https://www.RaspberryPi.org/

supported by RPI is aroperating system based on Linux, which contains a number of
contents required for RPi. We recoomended RASPBIAN system to beginners. Adrojects in this tutorial are
operated under the RASPBIAN system.

7
188) DOWNLOADS COMMUNITY HELP FORUMS EDUCATION Q

DOWNLOADS

Raspbian is the Foundation’s official supported Operating System. Download it

here, or use NOOBS, our easy installer for Raspbian and more.

RASPBIAN

After download, extractfile with suffix (.img). Preparationis ready to startmaking the system.

S support@freenove.com
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Write System to Micro SD Card

First put your Micro SD card into card reaer and connectit to USB portof PC. Thernopen Win32 disk imager,
choose the correct letter of yourMicro SD extracted mg and then click the
"Write".

Stepl. choose the correct letter ]

[ Step2.

2 Win32 Disk Imager — O
Image File
|—1|:|—ra5p]:-ia.n—jessiefEUlG—UE—IU—rasp'bia.n—_'iessie. img\lﬁ [T:%

Copy | [ | MDE Hash:

Progress

Y¥erzsion: 0.9.5 Cancel Read Write Exit

[ Step3. Click Writeto write the system

support@freenove.com s
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Start Raspberry Pi

After the system is writtensuccessfully take out Micro SD Card and put it into the card slotof RPi Then
connect RPi toscreenthrough the HDMI, to mouse and keyboardthrough the USB port,to network cable
through the network card interfaceand to the power supply. Then your RPstarts initially. Later, you need to
enter the user name and password tdogin. The default user name:pi; password: raspberry. Enter and login.
After login, you can enter the following interface.

$S-H%0

E

Now, you have successfully installedie RASPBIAN operating system for yourPi

S support@freenove.com
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Remote desktop VNC

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 remote desktop tontrol RPi under the
Windows operating system.

Under windows, Raspberry Pcan be generally accessed rerately through two applications. The first one is
the windows built-in application remote desktop, which corresponds to the Raspberry Birdp service.The
secondone is the free application VNC Viewer, which corsgponds to the VNC interface of Raspberry PEach
way has its ownadvantages. You can choose either one or two.

Remote Desktop Connection Xrdp
VNC Viewer VNC

VNC Viewer can not only run under Windows, but also under systemMAC, Linux 10S Android and so on.

SSH

Under previous Rasphban system, SSH is opened by default. Under thiatest version of Raspban system it is
closed by default. So you need to open it first.

Method: after the system iswritten disk, then the SSH
connection will be opened.

And then, download the tool software Putty. Its official addresshttp://www.putty.org/
Or download it here: http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html

support@freenove.com s
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Then use cable to connect your RPi to theouters of your PC LANto ensure your PCand your RPi in the same
LAN. Then putthe system TF card prepared before into the slot of the RPi and turn orhe power supply
waiting for starting RPi. Later, enter control terminal of the router tanquiry 1P

For example] haveinquired to my RPi IP addressand it

select SSH, and then click "OPEN", as shown below:

% PuTTY Configuration ot
Categony:
= Sfa-ssinn | Basic options for your PuTTY session |
i ) pecify the destination you want to connect to _
Stepl: enter _Ei ETrnlnal . Host Name for IP address) Port Step2:
the IP address ‘K: I"I’ |1521EE1 108 | 22 Select SSH
B 168.1.
- Features Connection type:
= Window {(JRaw () Telnet () Rlogin @ 55H () Sedal
.Pnppea!ance Load, save or delete a stored session
- Behaviour
.. Translation Saved Sessions
- Selection | |
- Colours :
Default Settings
= Connection ——
- Data Save
- Proxy
- Telnet Delete
- Rlogin
- S5H
- Senal Close window on exit: Step3:
() Mwayz (I Mever (@) Only on clean exit
About Cpen Cancel

Therewill appear a security warningat first login

PUTTY Security Alert b4

WARMING - POTENTIAL SECURITY BREACH!

The server's host key does not match the one PuTTY has
cached in the registry. This means that either the

server administrator has changed the host key, or you
have actually connected to another computer pretending
to be the server,

The new rsa2 key fingerprint is:

ssh-rsa 2048 7ae1:50:ba:dc:01:87:1bia3:f9:d2:d4:1 2:d6:ferab
If you were expecting this change and trust the new key,
hit Yes to update PuTTY's cache and continue connecting.
If you want to carry on connecting but without updating
the cache, hit No.

If you want to abandon the connection completely, hit
Cancel. Hitting Cancel is the ONLY guaranteed safe
choice.

S support@freenove.com
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Then there will be alogin interface (RPidefault user name pi; the password:raspberry). When you enter the
password, there will e no display on the screen.This is normal. After the correct output, press nter to
confirm.

E2 PuTTY (inacti

Then enter thecommand line of RPj which means hat you have successfully login to RPeommand line
mode.

= password:
programs 3 lude Jith ware;

exact distribution terms for each program are described in the
individual file=s in /fusr/share/doc/*/copyright.

Debian ! ABSCLUTELY NO WABREAWNTY, to the extent
permitted by applicable law.

La=st login: Tue May 10 23:51:04 2016

pifraspberrypi: I
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If you want to use built in Remote Desktop Connectionunder Windows, you need install xrdp service on
Raspberry Pi.

Next, install a xrdp service, a open source remote desktop protocol(rdp) server, for RPiType the following
command, then press enter to confirm:
sudo apt-get install xrdp

Later, the installation starts.

pi@raspberrypi: ~ — O x

After the installation is completed, you can use Widows remote desktop applications tologin to your RPi.
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Use "WIN+R" or search function, open the remote desktopaplication "mstsc.exe" undeWindows, enter the
IP address Connect.

z Remote Desktop Connection =
| Remote Desktop
1>¢ Connection

Computer; | v
Username: Mone specified

ou will be asked for credentials when you connect.

¥ Show Optio... Connect Help

Later, there will be xrdp login screen.Enter the user name and password of RPi (RRliefault user name: pi;
password: raspberry) andtlick

Module |sesman-Xvne |

Lsername |pi

password [#ereieterreteic]

(] | Cance|| Help
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Later, you can enter the RPilesktop system.

Here, you have successfully used the remote desktop logito RPi
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VNC Viewer& VNC

Type the following command. And selecb Interfacing OptionsA P3 VNCA Yed\ OKA Finish. Here Raspberry
Pimay need be restared, and choose ok.Then open VNC interface.
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Then download and installVNC Viewer by click following link:
https://www.realvnc.com/en/connect/download/viewer/windows/

After installation is completed, openVNC Viewer And click File A New Connection. Then theinterface is
shown below.

& raspberry pi - Properties - O X

General Qptions Expert

VNC Server: |192.168.1.117 |

Name: |raspberry pil |

Labels

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

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

Security
Encryption: Let VNC Server choose ~

[#] Authenticate using single sign-on [S50) if possible

Authenticate using a smartcard or certificate store if
possible

Privacy
Update desktop preview automatically

Enter ip address of your Raspberry Pi and fill in a Name. And click OK.
Then on the VNC Viewer panel, doubleclick new connection you just created, and the following dialog box
pops up.

m Authentication b4

VMC Server: 192.168.1.117:5900

Username: |pi |

Password: |lllllllll |

Remember password

Catchphrase: Sister logo octopus. Giraffe Gloria time.

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

Enter username: pi and Password: raspberry. Ardick OK.

S support@freenove.com


http://www.freenove.com/
mailto:support@freenove.com
https://www.realvnc.com/en/connect/download/viewer/windows/

) www.freenove.com

Install the System

Here, you have logyed in to Raspberry Pi successfully by using VNC Viewer

If you think resolution ratio is not OK, you can set a properesolution ratio on set interface of Raspberry Pi.

sudo raspt config

Select7 Advanced OptionsA A5 ResoluticnA proper resolution ratio(set by yourself)A OK. If it needs restart,

just restart.

- o

3 Y 4 0223 ©

Default
DMT Mode
DMT Mode
DMT Mode
DMT Mode
DMT Mode
DMT Mode

<0k>

Choose screen resolution

4
a
1€
85
35
5l

Mode 82

T20x480

640x480 €0Hz 4:3
800x600 60Hz 4:3
1024x768 €0Hz 4:3
1280x720 60Hz 16:9
1280x1024 60Hz 5:4
1600x1200 60Hz 4:3

<Cancel>

6:9
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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 PropertiesOptions label >Scaling. Then set proper
scaling.

I8 raspberry pi - Properties - O *
General Options  Expert

General
Picture quality: | Automatic ~

[1View-only

Scaling

100% v

Preserve aspect ratio

Keys
Pass media keys directly to VNC Server
Pass special keys directly to VNC Server

raspbe Connect
Rename F2
Delete
Duplicate Ctrl+D
Properties... Alt+Enter Cancel

Here, you havelogged in to Raspberry Pi successfully by using VNC Viewer and operated proper setting.
Then continue to do sane preparation work:install a GPIO library wiringPfor your RPi

Wi- Fi

RaspberryPi 3B+/ 3B integrates aWi- Fiadaptor. You can use it to connect to yourWi- Fi. Then you can use
the wireless remote desktop to control your RPi. This will be helpful for the following worlRaspberry Pi of
other models can use wireless remote desktop througlaccessing an external USB wireless card.
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Chapter 0 ? Because in the program code, athe counts are starting from 0.We choose to follow this
rule (justa joke). In this chapter, we wildo some necessary preparation workstart your Pi Raspberryand
install some necessary libraries. If yglRaspberry Pi can be started normally andsed normally, you can skip
this chapter.

WiringPi is a GPIO access library written in C for the BCM28BB1C2836 BMC2837usedin the Raspberry Pi.
license and is usable from CC++ and many other languages with suitable
. (for
more details, please refer to http://wiringpi.com/ )

New Raspbian system has integrated this library. So it mgyompt that you have installed it.
open the terminal:
$ O-HXO

B |

Wastebasket

Eile Edit Tabs Help

pil@raspberrypi:
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Follow these steps and commands$o complete the installation

Enter the following command in the terminal b obtain WiringPi using GIT:
sudo apt- get update

sudo apt-get upgrade

git clone git://git.drogon.net/wiringPi

After the cloning operation is completed, go to the wiring folder and update the latest WiringPi.
cd wiringPi
git pull origin

Run the build file to start the installation.
build

The new build script will conpile and install it all for you.It does use the sudo command at one point, so you
may wish to inspect the script bebre running it.

Run the gpio command to check the installation:

gpio -v

gpio readall

That should give you some confidence that it's workingvell.

pi@raspberrypi: gplo -w

1024MB, Maker:

L GPIO acc

More details refer to here http://wiringpi.com/do wnload- and- install/
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Obtain the ProjectCode

After the above work is done, you can visit our official websiteh{tp:// www.freenove.con) or our github
(https://github.com/ freenove) to download the latest project code. We provide both C language and Python
language code for each project in order to apply to user skilled in different languages.

Method for obtaining the code:

In the pi directory of the RPi terminal, enter he following command:

cd ~

git clone https://github.com/freenove/Freenove RFID_Starter_Kit_for_Raspberry_Pi

After the download is completed, a new folder Freenove_RFID_Starter_Kit_for_RaspbertyidPgenerated,
which contains all the tutorials and code.

If you think the folder name is too long. You can rename it by following command.
mv Freenove_RFID_Starter_Kit_for_RaspberrgxRi

Among them, "xxX' represents the new blder name. If you rename the folder, you must change every

Freenove RFID_Startéfit for_Raspberry_Pito new folder name in later commands which contain folder
name.
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If you only use C/C++, you can skip this section.

Now Python code of our kits can run on Python2 and Python3Python3 is recommend . If you want to use
python2, please make sure your Python version is above 2.7. Python2 and Python3 is not fudlympatible.
However, Python2.6 and Python2.7 areansition versiors to python3. So you canalso use Python2.6 and 2.7

to execute some Python3 code.

You can type python2 and python3 respectively to check if python has beelinstalled. Pree CtHZ to exit.

or more information.

14:11:04)

or "license" for more information.

pberrypi:
».7.13 (de

For more information.

If you want to set Python3 as default Python actuators. please follow the steps below.
1. Enterdirectory /usr/bin

cd /usr/bin

2. Delete theold python link.

sudo rm python

3. Creat new pythonlinks to python3.

sudo In s python3 python

4. Execute python to check wether the link succeeds.

python

pl@raspberrypi: ;
raspberrypl: o 1n -s python3 python
raspberrypi: on

n default, J; 2817, 14:11:04)

or "license" for more information.
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If you want to set python2 asdefault python actuators, repeat above steps andust change the third command
to the following.
sudo In s python2 python

pl@raspberrypi
L@raspberrypil

We will executea same python file Hello.pywith Python2 and Python3.
First, use Python2 to execut¢he code.
1. Use cd command to enter00.0.0_Hellodirectory of Python code.
cd ~/ Freenove_RFID_Starter_Kit_for_RaspberiCdtie/Python_Code/00.0.0_Hello
2. Use pythor2 command to execute python codeHello.py.
python2 Hello.py

pifiraspberrypi
python2 Hello.py

Hello World

Use Python3 to execute the code under same directory.
3. Use python3 command to execute pytton code Hello.py.
python3 Hello.py

pifiraspberrypl
python3 Hello.py

Hello World

As you can see, we get same results.

Because the code for our kit suppors Python2 and Python3. We just sapython later, not specificPython2 or
Python3. You can shoose python version according to your situation.
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Here we will introduce three kinds of code editor: vi, nano and Geany. Among them, nano and vi are used to
edit files directly in the terminal, and Geany is an independent editing software. We will use the three editors
to open an example code "Hello.c" respectively. First we will show how use vi and nano editor:

First use cd command to enter the sample code folder.
cd ~
cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtle/C_Code/00.0.0_Hello

Use the vieditor to open the file "Hello.c",then press ":.q" nter  exit.
vi Hello.c

As is shown below:

int main(){
printf("hello, world!\n");

return 1;

Use thenano editor to open the file "Hello.c", then press "Ctrl+X " to exit.
nano Hello.c
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As isshown below

File Edit
GNU nmano

.4 File: Hello.c

@include <stdio.h>

main(){
printf("helle, world!\n");

1:

Use the following command to compile the code to generde the executable file Hello .
gcc Hello.c o Hello

Use the following command to run the executable file Hello .
sudo ./Hello

After the execution, "Hello, World!"is printed out in terminal.

File Edit Tabs Help
raspberrypi:
C Hello.c -o Hello
pifraspberrypi:
sudo ./Hello
, world
pifraspberrypi:
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Next, learn to use the Geany editorUse the following command to open the Geanyin the sample fie
"Hello.c" file directory path

Or find and open Geanydirectly in the desktop main menu, and then click File>Open to open the "Hello.c",
Or drag "Hello.c" to Geanydirectly.

I@;I @9 [__[EL| E * @ [;;![pi@raspberr}f_pi: ~fFr.. " [0

Programming Arduino IDE

42 BlueJ Java IDE
ammer's Editor

i Greenfoot Java IDE

* Mathematica

L [
Tl:] Electronics > Node-RED
Hello.c - /home/pi/Fre: XX Code/00.0.0_Hello - Geany
File Edit Search View Document Project Build Tools Help
Bvavy La| B x| KR REARA 42| FIEaE
ﬂ Symbols IZ Hello.c % I
| = @ Functions 1 #include <stdio.h> [=]
1= 2
i & main [3] 3 int main(){
1 4 printf{"hello, world!'\n");
5
6 return 1;
7t}
[+
[
Status 10:063:31: This is Geany 1.29.
s i ~ | 10:03:31: File /shome/pi/Freenove_Three-wheeled Smart_car_Kit_for_Raspberry_Pi/Server/mDev.py opened(1).
 Compiler
i— P ~| 18:03:39: File /home/pi/Freenove_Three-wheeled_smart_car_Kit_for_Raspberry_Pi/Server/mDev.py closed.
MESS8085| 10:03:42: File /home/pi/Freenove xxx starter Kit for Raspberry Pi/Code/C Code/08.0.0 Hello/Hello.c opened(1).
|| Scribble
| Terminal
i
line:7 /7 col:1 sell0 INS TAB modelF encoding:UTF-8 filetype:C scope:main
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Generates anexecuable file by clickingmenu bar Build >Build, then execute the generated fileby clicking

menu bar Build >Execute

Build Tools Help
%3 Compile

°

Make

Make Custom Target...

Make Object

w2 Mext Error

Previous Error
&5 Execute

% Set Build Commands

Shift+F9
Shift+Ctrl+F9
Shift+F8

Builld Tools Help
%3 Compile

@ Build

Make

Make Custom Target...

Make Object

& Next Error
Previous Error

o

o
AT

i Set Build Commmands

After the execution, there will be a terminalprinting out the characters

File Edit Tabs Help
hello, world

8

F9

Shift+F9
Shift+Ctrl+F9
Shift+F8

s shownbelow:
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You canclick Build->Set Build Commandsto set compiler commands. h later projects, we will ug various
compiler command options. If you choose to use Geany, you will need change the compiler command here
As is shown below:

Set Build Commands

# Label Command Working directory ~ Reset

C commands

1. ‘ Compile I gece -Wall ¢ "%f" | ‘ i

2. ! Build I gee -Wall -0 "%e” "% f | ‘ d

3. I Lint ‘ cppcheck ——Ianguagezc| | d
Error regular expression: d

Independent commands

1. Make make d

2. | Make Custom Target...| | make d

3. Make Object make %e.o d

4. 4
Error regular expression: &

Note: Item 2 opens a dialogue and appends the response to the command.

Execute commands

1. l Execute I ‘".,f'ié.e" | ‘ | l d ‘

2| | | 4]

%d, %e, %f, %p, %l are substituted in command and directory fields, see manual for details.

lQancel H OK ‘

Summary

Here we haveintroduced three code editors. There also many othergood code editors, and you can choose
any one you like. Inlater projects, about the entry path and the compilerexecute commandswe will
operate the contents in the terminal asexamples. We t emphasize the code editingprocess but will
explainthe contents of the code in detaik.
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GPIO

GPIO: General purpose input/outputWe will introduce the specific future ofthe pins on the Raspberry Pi and
what you cando with them. You can usethem for all sorts of purposes.Most of them can be used as either
inputs or outputs, depending on your program.

When programming the GPIO pins there are3 different ways to refer to them: GPIO numbering,physical
numbering, WiringPi GPIO Numbering

BCMGPIONumbering

Raspberry PiCPU use BCM2835/BCM3B36/BCM28370f Broadcom. GPIO pin number is set by chip
manufacturer. These are the GPIO pins as that computer recognize¥he numbersdon't make any sense to
humans. They jump all over the place, so there is no easy way to remember them. You will need aipted
reference or a reference board that fits over the pins.

Each pin is defined as below

=
= R = 2 o
o o o o 2 2 g o©
B o oo o L T oo
22 = oo w 202 2 r 290
— L ~ o ™ - -
-~ = om a2 o0 0aoo0cf E R oocco X3 ¥
o =2 % o w b O A BB F A oLUow o~ F o OZ w 9 D
"++DI—E‘SGDEEGUUEE’L’3@UEME
[ = =
& (O} (O] &
[=51
- S/a ¢ m
£ £
= o Y EE R coggngge
= = =
" a o 2 ¢ g m a e g 2 S
5] L & oo o o o &
LI o, 2 i

.—'
&
o
~
=
&
0

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

GFIO3 / 5CL1
GPIO10 / MOsI
GPIO3 { MISO
GPIO11 f 5CLE
GPIOOD [ 1D_SD
GPIO19 [ MISO
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PHYSICAINumbering

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 carg. This is 'physical numbering', as shown belaw

Q000000000000

0000 DOO0O090>00D00O =

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

(ario @Ground ()zav @sv (o
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WiringPi GPIO Numbering

Different from the previous mentioned two kinds of GPIO serial numbes; RPiGPD serial number of the
WiringPiwas renumbered. Here we have three kinds of GPIO number moddiased on the number of BCM
chip, based on the physical sequence number and based on wiringPi. The correspondence between ghe
three GPIO numbers is showielow:

wiringPi BCM
Pin GPIO

8 R1:.0/R2:2

9 R1:1/R2:3
7 4
0 17

2 R1:21/R2:27
| 3 22
12 10
13 9
14 11
30 0
21 5
22 6
23 13
24 19
25 26
wiringPi BCM
Pin GPID

Name

3.3v
SDA
SCL
GPIO7
Ov
GPIO0
GPIO2
GPIO3
3.3v
MOSI
MISO
SCLK
Ov
SDAO
GPIO .21
GPIO .22
GPIO .23
GPIO .24
GPIO .25
ov

Name

Header

1]2
314
5|6
718
9110
11112
13114
15116
1718
1920
21|22
23|24
25| 26
2728
2030
31|32
33|34
35|36
37138
39| 40

Header

Hame
Hv
Hv
Ov

GPIO1
Ov
GPIO4
GPIOS
Ov
GPIO6
CEOD
CE1
SCLO
ov
GPIO .26
ov
GPIO .27
GPIO .28
GPIO .29

Name

BCM
GPIO

14
15
18
23
24
25
8
7
1

12

16
20

21
BCM
GPIO

wiringPi

Pin

_ -
&)

;; =

16 5 =

@]

R R

_ o ws)

4 -t

c s

B il

10 o

11 -
(%]

31 ey
+

26 -
[~

27 L

28 O

29

wiringPi
Pin

(For more details, please refer tohttps://projects.drogon.net/raspberry- pi/wiringpi/pins/ )
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You canalso use the following commandto view their correspondence

gpio readall

—

—
o
[4K]

-

+
+
+
+

raspberrypi:

@

Pig

For more details about wiringPi, please refer tohttp://wiringpi.com/ .
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GPIOExtension Board

When we useRPito do the project, we had better use GP1O,which is more convenient to extendall IO ports
of RPito the bread board directly. The GPIO sequencen ExtensionBoard is idenical to the GPIO sequence
of RPi. Sincehe GPIOof different versionsof RPiis different, the corresponding exensions board are also
different. For example, aGPlOextensions board with 40 pins is connected to RPi as follows

g Iy

DSI (DISPLAY)

o o o 0
® o o o o
¢ e e e o
* e e o 0
* e o o o
s s o 0
e 0 o 0
e e o o o
* e e e o
* e e o o

GPIO21e X0

P #GPIO4
Pl #GPI027
LA aGND
® & & @ @
* ® o @ @
e e o o @
* o ° o @
e & & 8 @
e & & & @
* & @& @ o
*® & @ @ @
* & & @ @

Raspberry Pi GPIO Extension Shield
¢ & & o 0

(Y¥3UYD) IS

>
=
a
o

ETHERNET

RERRRERRERRERERRRRERERERRRERRRRRERERERRERE 4

il
Practicality picture of connection:

T ainar iiiroinii: "

o
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GPIOExtension Board and itschematic are shown below:

GPIO Extension Board Definition of pins
E A EEEEEEEEEEEEEEEEEDN 33V SV
—3{soas ool
—21SCL1 RXDO |10
—L1GPI04 GPIO18}-12
1iGPIO17 GPI023}-16
31GPI027 GPI024 }-18
2 1GPI022 GPI1025 |22
~191Mos| CEO0 24
croy o ZHwiso cerfe-
GPI022 GPIO23 23.1sCLK SCLO 28~
3V3  GPI024 2L1spA0 GPI012 32—
MISO  GPIOZS 291Gpios GPIO16 |36
SCK CED -311GPIo6 GPI020}38
GND  CE1 -331GPI013 GPI021 140
s, s “Herots
GPIO6 GPIO12 -3 GP1026 Raspberry Pi
g;{g}g proﬂg GPIO Extension Shield
GPI026 GPI020 GND
GND  GPIO21

BreadboardPower Module

Breadboard Power Module is an independent boad, which can provide independent 5V or 3.3V powerfor
bread board when used to build the circuit,and it can avoid excessive load power damaimg RPipower. The
schematic diagram of theBreadboard Power Moduleis shown below:

Power Switch Power light

USB Qutput Port }

[ PowerJack

[ Output voltage selection Output voltage selection }

LY OFF 3.3V

[ Output port for power + : Output port for power }
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The connectionbetween Breadboard Power Moduleand Breadboardis shown below

5V OFF 3.3V
00CO

e e o o
e s s s
e s s s
e e o s
e e s s
e e s s 0
s s s 0
e e o 0
e e s s
e s o 0
e o 0 0 0

S EEN HEE

(=]
2

e o s
LI I )
e e s 8 0
e e s s
e s 8
o s 0
e s 0 0
e e s 0 0
® e o o @
e e 8 0 0
e e o o @

AS AE'E

5V OFF 3.3V
Tt

Next

Here, all preliminary preparations have been completed. Next, we will colsine the RPi and electronic
components to do a series ofprojects from easy to difficult and focuson explaining the relevantknowledge
of electronic circuit

support@freenove.com s


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

Chapter 1 LED www.freenove.coms

Chapter1l LED

This chapteris the starting point of the journey to explore RPielectronic projects. start with simple Blink .

Projectl.1 Blink

In this RPito control LEDblinking.

Component List

Raspberry PBB x1 GPIOExtensionBoard & Wire x1

NPENNE -

13IN¥3IHLI

SI (CAMERA)

Raspberry Pi GPIO Extension Shield

#GND RXDO0s
#GPIO17 GPIO18s
#GPIO27  GNDe
#GPI022 GPI023s
«3V3 GPI024s
#MOSI GNDs
#MISO  GPIO25s
#SCK CEOs
*GND CE1e
#SDA0 SCLOs
#GPIO5 GNDs
*GPIO6 GPIO12e
#GPIO13  GNDs
#GPI019 GPIO16e
#GP1026 GPI020s
oGND  GPIO21e

(AVIdSIM) ISq

BreadBoardx1

* e 00 e e 0 *® e 0 00 U A * e 0 00 ® e 0 00 . .. ® e e 0 " e e 0 LI O

* e 0 0 e o 00 e 0 00 LI A * e 0 00 e 0 00 ® e s 00 LR R B ] s e 00 e e 0
® 9 8 9 8 T P P PSS PP PSS S PSSP E TS EETE P EEEEPEEEEeeEeeYEYYYee
® 8 8 8 8 8 O ° 8 P S S S E S S S S S S S S S S S S S S S S S S ESSSEEESEEEESEEEesssesseses
® ® 8 8 8 8 O ° 8 S S S S G S S S S S S S S S S S S S S S S E PSS E PSS e s s
® ® 8 8 8 5 © 8 S S 6 S S S S S S S S S G S S S S S T G G S S G GG T S S S GGG S S S S S S E S S s E S
® © 8 8 8 8 8 O 8 8 S S S G S S S S S S S S S S S S S S G S S S S S S S S S S S S S S S S S E S S e s S S e ee
® o 8o s 8 8 8 0 e s o s o 0 0 8 0w o s 0o 0o 0 8 8 0 ® s s 8 e 08 s e .
® e 8 s 8 8 0 0 e s s °o s 0o 0 8w ® o s 9 0 0 8 8 8 ® s s 8 e 8 8 8 s .
® e e s 8 8 8 00 e o o o o 0o 0 8 0w ® s s 0o 8 00 8 8 ® s s ® 8 o 8 8 8 .
® o 8o s 8 8 0 0 ® s s o o 0 0 8 0w ® o s 0o 0 8 8 8 0 CIRC R T T I B B .
® o o s 8 0 0 0 ® o s o e 0 0 e e ® o s 0 0 0 8 8 0 ® o9 9 0 9 0 8 e .

® e o 00 e o o o o 0 U I O U I O ® o 0 0 @ o o s 0 e . LR e 8 0 U I O

e 0 0 e o o o o 0 U O o 0o 0 @ ® o 0 0 0 o o s 0 e ® s e 0 e s o e U O
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LEDx1 Resistor Jumper

In the components list, 3B GRO, ExtensionShield Raspberry and Breadboardre necessary for eachproject.
They willbe listed only intext form later.

Component knowledge

[ 95

LED is a kind of diode. LED will shine only if the long pin of LED is connected to the positive electrode and the
short pin is connected to negative electrode.

This is also the features of the comman diode. Diode works only if the voltage of its positive electrode is
higher than its negative electrode.

The LED can not be directly connected to power supply, which can damage compone¥.resistorwith certain
resistancemust be connected in seriedn the circuit of LED

wSaAalz2N

The unit of resistancéR) is ohm( ,

Resistoris an electricalcomponent that limits or regulatesthe flow of currentin an electronic circuit.

The keft isthe appearanceof residor, and the right is the symbol of resistor represented in circuit.

Color rings attached to the resistor is ued to indicate its resistanceFor more details ofresistor color code
please refer to the appendix of thistutorial.
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With the samevoltage there will be lesscurrent with more resistance And the links among current, voltage
and resistance carbe expressed by the formula below: I=UR
In the following diagram, the currentthrough R1 is

Do not connect the two poles of power suppl with low resistance which will make the current too high to
damage electronic componens.
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Circuit

DisconnectRPifrom GPIOExtensionShieldfirst. Then build the circuit according to the circuit diagram and

the hardware connection diagram. After the circuit isbuilt and confirmed, connect RPito GPIO Extension

Shield. In addition,short circuit (especially 5V and GND, 3.3¥nd GND) should be avoid, becauseshort circuit

may causeabnormal circuit work, or even damageto RPi.
Schematic diagram

3.3V 5V
—31SDA1 TXDO =8
—2.1sCL1 RXDO }-12
—L1GPI04 GPIO18}-12
11GPI017 GPI1023}18
3 1GPI027 GPI024 }-18
2 1GPI022 GPI025}22—
gggm 19 fmosi CE0}24—
= 21IMi1s0 CE1}26_
23.1SCLK SCLO |28
2L1SDA0 GPIO12}32.
27 29.1GPIO5 GPIO16 /36—
2 A -311GPI06 GPI020 |38
-331GPI013 GPI021 40
-321GPIO19
‘EL'GP]OZS Raspberry Pi
GPIO Extension Shield
GND

Hardware connection

.......

(RRRERERRRRRERRE J

. L I A
. il
IR IO S O
CGEEEEED ° e e e v e

(I
INaGH

—

Raspberry Pi GPIO Extension Shield

BecauseNumbering of GPIOExtensionShieldis the same as RPiGPIQ later Hardware connectiondiagram
will only showthe part of breadboard and GPIOExtensionShield
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Code

According to the circuit, when the GPIO170f RPioutput high level, LEDis turned on. Conversely when the
GPIO17RPioutput low level, LEDis turned off. Therefore,we can let GPIO17output high and low levelin
cycleto make LED blinkWe will useboth C code and Python code to achéve the target
I1 2 RHPMEM Y|
First observethe project result, and then analyze the code.
1. Usecd command to enter01.1.1 Hnk directory of C code.

cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtle/C_Code1.11 Blink

2. Use the following comma

gcc Blink.c o Blink - lwiringPi
3. Then run the generated blink
sudo ./Blink
Now, LED start blinkYou can pess
The fdlowing is the program code:

and generate executable file Blink .

#include <wiringPi.h>
#include <stdio.h>

#define ledPin 0O

int  main(void)

{

if (wiringPiSetup () ==-1){ //when initialize wiring failed, print
printf ("setup wiringPi failed !" );
return 1;

}

/lwhen initialize wiring successfully, print message to screen

printf ("wiringPi initialize successfully, GPIO %d(wiringPi pin)

pinModé€ le dPin, OUTPYT

while (1){
digitalWrite (ledPin, HIGH //led on
printf ("led on... \n");
delay (1000
digitalWrite (ledPin, LOW //led off
printf ("...led off \n");
delay (1000

return O;

messige to  screen

\n", ledPin);
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GPIlOconnected to ledPinin the circuitis GPIO17. AndsP1017is defined as 0in the wiringPi numbering. So
ledPin should be defined a0 pin. You can refer to the corresponding table in Chapter 0

I #define ledPin 0

In the main function main(), initialize wiringPifirst, and then print out the initial results. Once the initialization
fails, exit the program.

if (wiringPiSetup () == -1){ //when initialize wiring failed, print message to screen
printf  ("setup wiringPi failed "y,
return 1;

}

/lwhen initialize wiring successfully, print message to screen

printf  ("wiringPi initialize successfully, GPIO %d(wiringPi pin) \n", ledPin);

After the wiringPi is initialized successfully set the ledPinto output mode. And then enter the while cycle,
which isan endlessloop. That is,the program will always be executed in this cyclaunlessit is ended outside.
In this cycle, usedigitalWrite (ledPin,HIGH to make ledPin output high level, then LEDis turned on. After a
period of time delay, use digitalWritdledPin, LOYto make ledPin output low level, then LEDis turned off,
which isfollowed by a delay. Repeat the cycle,then LED will startblinking.
pinModé€ ledPin, OUTPUYT
while (1){

digitalW rite (ledPin, HIGH //lled isturned on

printf ("led on... \n");

delay(1000;

digitalWrite (ledPin, LOW //led isturned off

printf ("...led off \n");

delay(1000;

}

Among them, the configuration function for GP1Ois shown below as
| void pinModgintpin intmode)
This sets the mode of a pin to either INPUT, OUTPUT, PWM_OUTPUT or GPIO_CLOCK. Note that
wiringPi pin 1 (BCM_GPIO 18) supports PWM output and only wiringPi pin 7 (BCM_GPIO 4suts CLOCK
output modes.

This function has no effect when in Sys mode. If you need to change the pin mode, then you can do it wi
the gpio program in a script before you start your program

Writes the value HIG1 or LOW (1 or 0) to the given pin which must have been previously set as an outpu

For morerelated functions, please refer tahttp://wiringpi.com/reference/
t 2 K2WmSBMEM Y |
Net, we will use Pythonlanguage to make LED blink.
First,observethe project result, and then analyze the code.
1. Usecd command to enter 01.1.1 Blink directory of Python code.
cd ~/ Freenove_RFID_Starter_Kit_for_RaspberiCdtle/Python_Code01.1.1 Blink
2. Use python command to execute python code blink.py.
python Blink py
Now, LED start blinking.
The following is the program code
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import RPi. GPIOas GPIO
import time

ledPin =11 # RPI Board pinl 1

def setup():
GPIlOsetmod€ GPIOBOARD # Numbers GPIOs by physical location
GPIOsetup(ledPin, GPIOOUY # Set ledPin's mode is output
GPIOoutput (ledPin, GPIOLOW # Set ledPin low to off led
print  (‘using pin%d' %edPin)

def loop():
while True:

GPIOoutput (ledPin, GPIOHIGH # led on
print ('...ledon" )
time. sleep(1)
GPIOoutput (ledPin, GPIOLOW # led off
print (‘led off...' )
time. sleep(1)

def destroy ():
GPIOoutput (le dPin, GPIOLOW # led off

GPIOcleanup() # Release resource
if _name_==' main_ ": # Program start from here
setup()
try :
loop()
except Keyboardinterrupt : # When 'Ctrl+C' is pressed, the child progr am destroy()

will be executed.
destroy ()

In subfunction setup(), GP10.setmode (GPIO.BOARD) is uséd set the serial number for GPIO based on
physical Iacation of the pin. GPIO17 usepin 11 of the board, so defne ledPin as 11 and setedPin to output
mode (output low level).

ledPin =11  # RPi Board pinll

def setup():
GPIlOsetmod€ GPIOBOARD # Numbers GPIOs by physical location
GPIOsetup(ledPin, GPIOOUY # Set ledPin to output mode
GPIOoutput (ledPin, GPIOLOY # Set ledPin to low level to turn off led
print  (‘using pin%d' %edPin)
In loop(), there is a whilecycle, which is anendless loop That is, the program will always be executed in this
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cycle, unless it is ended outsiddn this cycle setledPin output high level, then LED is turned on. Aftea period
of time delay, setledPin output low level, then LED is turned off, which ifllowed by a delay. Repeat the cycle,
then LED will start blinking.
def loop():
while True:
GPIOoutput (ledPin, GPIOHIGH # led on
print ('..ledon" )
time. sleep(1)
GPIOoutput (ledPin, GPIOLOW # led off
print (‘led off...' )
time. sleep(1)
Finally, when the programis terminated, subfunction will be executed,the LEDwill be turned off and then the
10 port will be releasdl. If closethe program terminal directly, the program will be terminated too, but destroy
() function will not be executed. SoGPIO resources be released, in thewarning message mayappear
next time you use GPIO So, it is not a good habit to close the program terminal directly.
def destroy ():
GPIOQoutput (ledPin, GPIOLOY #led isturned off
GPIOcleanup() # Release resource
About RPiIGPIO
[RPIGPIO |
Thisis a Python module to control the GPIO on a Raspberry Pit includes basic output function and input
function of GPIO,and function used to generate PWM.
| GPIOsetmodgmodp
Set themode for pin serial number of GPIO.
mode=GPIO.BOARD, which represents tHePIO pinserial number is based orphysical locationof RPi
mode=GPIO.BCM, which represents the piserialnumber is based on CPU ofBCM chip.

Set pinto input mode or output mode . in for the GPIO pin, mode for INPUT or OUTPUT

Set pinto output mode. in for the GPIO pin, mode for HIGH (high level) or LOW (low level).

For more functions related to RPiGPIO, please refer to
https://sourceforge.net/p/raspberry- gpio- python/wiki/Examples/
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Chapter 2 Button & LED

Usually there arethree essential parts in a&omplete automatic control device: INPUT, OUTPUT, and CONTROL.

In last section, the LED module is the output partand RPlis the control part. In practical applications, wenot

only just letthe LED lidhts flash, but make the devicesensethe surrounding environment, receive instructions
and then make the appropriate actionsuch aslights the LED,make a buzzer beepand so on.

Next, we will builda simple control system to control LEDthrough a button.

Project2.1Button & LED

In the project, we will control the LEDstate through a button. When the button is pressed, LEDvill be turn

on, and when it is released LED will be turn off

Component List

Raspberry Pi 3B1
GPIO Extension Board& Wire x1
BreadBoardx1

Jumper

—-a---. 444444

Resistor 220
x1

Resistor10k
X2

Push
button x1

Component knowledge

t dzaK odzii2y

Push button has 4 pins.Two pins on the left is connected, and the right is similar as the left, which is shown
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in the below:

1 2 1 2

When the push button is pressed, the circuit is turned on.

Circuit

Schematic diagram

33V 5V §RZQ
—31SDA1 TXDO |8~ 10
—21scL1 RXDO -0
—LIGPIO4 GPIO18 H2—— A4
111GPI017 GP1023 |16 &
A31GpPI027 GP1024 |18
151GPI022 GPI025/-22— L
§ B 19 mos| CE0|-24—
-214miso CE1[46- ¥
231sCcLK SCLO 28 .
2L1spA0 GPIO12 32—
P 291GP105 GPI1016 |36
2 S -311GPI06 GPI020 |38~
-331GPI013 GPI021 40
32.1GPI019
GPIO26 Raspberry Pi
GPIO Extension Shield
GND
Hardware connection
'E- E * ® 00 * ® 00 *® o o 0 0 L I I III:: :: : : ::. .: : :...:
=
E ﬁ L] ® % 9 ® 9 9 " 8 " YYD
E _5 L ® 0 0 9 9 9 Y Y Y Y e
g E 0t My ORI DOOO P
E Lﬁ .'.-......................
e
E % G Dc . e e 0 . e o - ® @ @ 8 ° 9 0 0 e e e e Y e
& = 52233335553 S TN e e
: E‘ ® ¢ ¢ " CIEENED ® ¢ % & 8 8 8 8 8 8 8 S S S e S e S e
E -§. ...'.....llllI—I........'..lllllIIIIIIII...
E &“ * @ * @ * ® o 0 * ® 8 0 9 e 8 8 0 9 . @ ° ° 0 . @ ° 9 . 8 @ 8 9 . & @ @ @ . & * @ @

Code

This project is designedfor learning how to use button to control LED We first need to read the state of

support@freenove.com s


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

Chapter 2 Button & LED www.freenove.coms

button, and then determine whether turn on LEDaccording to the state of the button.
/1 2 RSM A [

Hrst, observethe project result, then analyzethe code.

1. Usecd command to enter 02.1.1_BubnLEDdirectory of C code.
cd ~/Freenove_RFID_Starter_Kit _for_RaspberiCdtle/C_Code02.1.1 ButtonLED

2. ButtonLED ButtonLED
gcc ButtonLEDc o ButtonLED- IwiringPi

3. Thenrunt ButtonLED
sudo ./ButtonLED

Later, the terminal window continues to print out the characters led off . Press the button, then LEDis

turned on and then terminal window prints . Release the buttonthen LEDis turned off and
then terminal window prints . You can gress "Ctrl+C" to terminate the program.
The following is the program code
#include <wiringPi.h>
#include <s tdio.h>
#define ledPin 0 /Idefine the ledPin
#define buttonPin 1 //define the buttonPin
int  main(void)
{
if (wiringPiSetup () == -1){ //when initialization for wiring fails , print message to
screen
printf ("setup wiringPi failed !" );
return 1;
}
pinModé€ ledPin, OUTPYT
pinModé buttonPin , INPUT;
pullUpDnControl (buttonPin , PUD_UP //pull up to high level
while (1){
if (digitalRead (buttonPin) == LOW //button has pressed down
digitalWrite (ledPin, HIGHt /Nled on
printf ("led on... \n");
}
else { /[button has released
digitalWrite (ledPin, LOW  //led off
printf ("...led off \n");
}
}
return 0O;
}
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In the circuit connection, LED and Button are connected with GPIO17 and GPIO18 respectively, which
correspond to 0 and 1 respectively in wiringPl. Sdefine ledPin and buttonPinas0 and 1 respectively
#define ledPin 0 /[define the ledPin

#define buttonPin 1 //define the buttonPin

In the while cycle of main function, use digitalReadbuttonPin) to determine the state of Button. When the
button is pressed, the function returnslow level, the if is true, and then turn on LED.Or, turn off
LED.

if (digitalRead (buttonPin) == LOW //button has pressed down

digitalWrite (ledPin, HIGHt /Nled on
printf ( );

}

else { //button has released
digitalWrite (ledPin, LOW  //led off
printf ( );

}

About digitalRead():

This function returns the value rad at the given pin. It will be HIGH or LOW (1 or 0) depending on the
logic level at the pin.

The code of Python language is shown below
teiK2®WSHmda 2y [ 95
Hrst, observethe project result, then analyzethe code.
1. Usecd command to enter 01.1.1 bt ED directory of Python code
cd ~/Freenove_RFID_Starter Kit for_RaspberdCdtle/Python_Codd02.11 ButtonLED
2. Use Python command to executebtnLED.py
python ButtonLEDpy
Later, the terminal window continue to print out the then LEDis turned
on, then LED is turned off and then

The following is the program code

1 import RPi GPlIOas GPIO

2

3 ledPin =11  # define the ledPin

4 buttonPin = 12 # define the buttonPin

5

6 def setup():

7 print ('Program is starting..." )

8 GPlOsetmod€ GPIOBOARD # Numbers GPIOs by physical location
9 GPIOsetup(ledPin, GPIOOUY # Set ledPin's mode is output

10 GPIOsetup(buttonPin, GPIOIN, pull_up_dowr=GPIOPUD_UP # Set buttonPin's mode is
11 | input, and pull up to high level(3.3V)

12
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13 | def loop():

14 while True:

15 if GPIOinput (buttonPin )==GPIOLOW

16 GPIQoutput (ledPin, GPIOHIGH

17 print (ledon.." )

18 else :

19 GPIQoutput (ledPin, GPIOLOYV

20 print ('led off .| )

21

22 | def destroy ():

23 GPIOQoutput (ledPin, GPIOLOY # led off

24 GPIQOcleanup() # Release resource
25

26 |if __name_==' main_": # Program start from here
27 setup()

28 try :

29 loop ()

30 except Keyboardinterrupt : # When 'Ctrl+C' is pressed, the child program destroy()
31 | will be executed.

32 destroy ()

In subfunction setup (), GPIO.setmode (GPIO.BOARD) is used to set the serial number of the GRAMBich is
based on physical location of the pin.So, GPI017 and GPI018 coespond to pin1l and pinl2respectivelyin
the circuit. Then set ledPin tooutput mode, buttonPin to input mode with a pull resistor.

ledPin =11 # define the ledPin

buttonPin = 12 # define the buttonPin

def setup():
print ('Program is starting... )
GPIOsetmod€ GPIOBOARD # Numbers GPIOs by physical location

GPIOsetup(ledPin, GPIOOUY # Set ledPin's mode is output

GPIOsetup(buttonPin, GPIOIN, pull_up_dowrrGPIOPUD_UP # Set buttonPin's mode is
input, and pull up to high level(3.3V)
In the loop function while dead circulation, continue to jidge whether the key is pressed. Wheihe button is
pressed, the GPIO.input(buttonPinyvill return low level, then theresult of if is true, ledPin outputshigh level,
LEDis turned on. Or, LED will be turned off
def loop():

while True:

if GPIOinput (buttonPin )==GPIOLOW
GPIOQoutput (ledPin, GPIOHIGH

print (ledon.." )

else :
GPIOoutput (ledPin , GPIOLOY
print ('led off ...! )
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Executethe function destroy (), close the program andreleasethe resource.
About function GPIO.input ():

This function returns the value rad at the given pin. It will be HIGH or LOW (1 or 0) depending on the
logic level at the pin.

Project2.2 MINI table lamp

We will also use a button, LED and U® to make a MINI teble lamp. But the function is different: Press the
button, the LED will be turned on, and press the button again, the LED goes out.
First, let us learn some knowledge about the button.

Debounce for PushButton

When a Push Buttonis pressed it will not change from one state to another state immediately. Due to
mechanical vibration, there will be a continuousuffeting before it becomes another state And the releasing
situation is similar with that process.

pressI sltable relleas? stable
U
N |
| |
Ideal state } }
| | N
v | | t
™ |
| |
Virtual state | ‘ ‘
| N
| V4
I

Therefore if we directly detect the state of Push Btion, there may be multiple pressing and releasing action
in one pressing processThe buffeting will mislead the high- speed operation of the microcontroller to cause
a lot of false judgments. So we need to eliminate the impact of buffeting. Our solutionsi to judge the state
of the button several times. Only when the button state is stable after a period of time, can it indicate that the
button is pressed down.

This project needs the same components and circuits with the last section.
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Code

In the project, we still detect the state of Button tocontrol LED. Here we need to define a vaable to save the
state of LED. Andwvhen the button is pressed once, the state ol.EDwill be changed once. This has achieved
the function of the table lamp.
[ 2 RSP HIO@E I¢Y LI
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 02.21 Tablelampdirectory of C code.
cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtle/C_Code02.1.1 Tablelamp
2. Use following command to compile Tablelamp.c and generate executable file Tablelamp.
gcc Tablelampc o Tablelamp: IwiringPi
3. Tablelamp Then run thegenerated file
sudo ./Tablelamp
When the program is executed, presshe Button once,then LED is turned on. Press the Button another time,
then LED is turned off.

1 #include <wiringPi.h>
#include <stdio.h>
3
4 #define ledPin 0 /ldefine  the ledPin
5 #define buttonPin 1 //define the buttonPin
6 int ledState =LOW /Istore the State of led
7 int buttonState =HIGH  //store the State of button
8 int lastbuttonState =HIGH/store the lastState of button
9 long lastChangeTime /Istore the chan ge time of button state

10 | long captureTime=50; /Iset the button state stable time
11 | int reading;
12 | int main(void)

13 | {

14 if (wiringPiSetup () ==-1){ //when initialize wiring failed,print message to screen
15 printf ( );

16 retur n 1;

17 }

18 printf ( );

19 pinModé ledPin, OUTPYT

20 pinModé buttonPin , INPUT;

21

22 pullUpDnControl (buttonPin , PUD_UP //pull up to high level

23 while (1){

24 reading = digitalRead (buttonPin); //read the currentst  ate of button

25 if ( reading != lastbuttonState ){ //if the button state has changed ,record the
26 | time point

27 lastChangeTime = millis ();

28 }
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29 /lif changing - state of the button last beyond the time we set, we considered that
30 /lthe current button state is an effective change rather than a buffeting
31 if (millis () - lastChangeTime > captureTime){
32 /lif button state is changed ,update the data.
33 if (reading != buttonState ){

34 buttonState = reading;

35 /lif the state is low ,the action is pressing
36 if (buttonState == LOW

37 printf ( );
38 ledState = !ledState ;

39 if (ledState ){

40 printf ( );
41 }

42 else {

43 printf ( );
44 }

45 }

46 /lif the state is high ,the action is releasing
47 else {

48 printf ( );
49 }

50 }

51 }

52 digitalWrite (ledPin, ledState );

53 lastbuttonState = reading;

54 }

55 return O;

56 |1}

This codefocuses on eliminating the buffeting of button. We defineseveralvariables to save the state of ED
and button. Thenread the button state in while () constantly, and determine whether the state has changed
If it is, record this time point.

reading = digitalRead (buttonPin); //read the curre nt state of button
if ( reading != lastbuttonState ){
lastChangeTime = millis ();

Returns the number of milliseconds since the Arduino board began running the current program.
Then according to just recorded time point, judge the duration of the button state change. If the duration
exceeds captureTime(buffeting time) we set,it indicates thatthe state of the button has changed.During that
time, the while () is still detecting the state of the button, so if thereis a change the time point of change will
be updated. Then duration will be judged again until the duration of there is a stable state exceeds the time
we set.
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if (millis () - lastChangeTime > captureTime){

/lif button state is changed ,update the data.

if (reading != buttonState ){

buttonState = reading;

Finally, judge the state of Button. Andf it is low level,the changing stateindicates thatthe button is pressed,
if the state ishigh level, then the buton is released. Herewe change the status of the LED variable, and then
update the state of LED.
if (buttonState == LOW

printf ( );
ledState = !ledState ;
if (ledState ){
printf ( );
}
else {
printf ( );
}
}
/lif the state is high ,the action is releasing
else {
printf ( );
}

t e K2®RHebat St YL
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 02.2.1_Tablelamp directory oPython code
cd ~/Freenove_RFID_Starter Kit for_RaspberiCdtle/Python_Codd 02.2.1 Tablelamp
2. Usepython command to execute python code
python Tablelamppy
When the program is executed, press the Button oncahen LED is turned on. Press the Button anothdime,
then LED is turned off.

1 import RPi GPlIOas GPIO

2

3 ledPin =11  # define the ledPin

4 buttonPin = 12 # define the buttonPin

5 ledState = False

6

7 def setup():

8 print ('Program is starting..." )

9 GPIlOsetmod€ GPIOBOARD # Numbers GPIOs by physical location

10 GPIOsetup(ledPin, GPIOOUY # Set ledPin's mode is output

11 GPIOsetup(buttonPin, GPIOIN, pull_up_dowr=GPIOPUD_UP # Set buttonPin's mode is
12 | input, and pull up to high

13

14 | def buttonEvent(channel): #When the button is pressed, this function will be executed
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global ledState
print ('buttonEvent GPIO%d" %hannel)
ledState = not ledState

if ledState

print (‘TurnonLED.." )
else :

print (‘Turn off LED ... )

GPIOoutput (ledPin , ledState )

def loop():
#Button detect
GPlOadd_event_detect(buttonPin , GPIOFALLINGcallback = buttonEvent, bouncetime=300)
while True:
pass

def destroy ():
GPIOoutput (ledPin, GPIOLOW # led off

GPIOcleanup() # Release resource
if __name_==' main_ ": # Program start from here
setup()
try :
loop()

except Keyboardinterrupt : # When 'Ctrl+C' is pressed, the child program destroy()
will be executed.
destroy ()

RPIGPIO provides us with a simple and effectivefunction to eliminate the jitter, that is
GPIlO.add_event_dete€}. It usescallback function. Once it detect that the buttonPin has a specified action
FALLINGexecutethe specified function buttonEvent). In the function buttonEvent, each time the led&te is
reversed the state of the LEDwill be updated.
def buttonEvent(channel):

global ledState

print ‘buttonEvent GP10%d'%hannel

ledState = not ledState

if ledState

print (‘TurnonLED .." )
else :

print (‘Turn off LED ..." )

GPIOoutput (ledPin, ledState )

def loop():
#Button detect
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GPIlOadd_event detect (buttonPin , GPIOFALLINGcallback = buttonEvent, bouncetime=300)
while True:
pass

Of course, you can also us¢he same programming idea of C code aboveto achieve this target

Thisis an event detection function. The first parameter specifiede IO port to be detected. The second
parameter spedfies the action to be detected. e third parameter specified a function name the function
will be executed wren the specified action is detected.And the fourth parameter is used to set the jitter
time.
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Chapter3 LEBar Graph

We have learned how tocontrol a LED blinking, and nextve will learn how to control a number of LED.

Project3.1 Howing Water Light

In this project, we use a number of LED to make dlowing water light.

Component List

Raspberry PBB x1 LED bar graph x1 Resistor x10
GPIOExtensionBoard & Wire x1
BreadBoardx1

Jumper

—a--. 4 444444

Component knowledge

Let us learn about the basic features of components to use them better.
[ 95 0 NJ 3INJ LXK
LED bar graph is a component Integration consist of 10 LEDs. There are two rows of pins at its bottom.

1 20 1—|>|:fzo
2 19 219
3 18 3018
4 17 417
5 16 5 {16
6 15 6 D15
7 14 7 > 14
8 13 8 - 13
9 12 9 12
10 11 10-F 11
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Cirauit

The network label is used in the circuit diagram below, and the pgwith the same network label areceonnected

together.
Schematic diagram
il 33V 5V
2200, A
[SDAT TXDO|-8-
200 5 Fr o sCL ' SCL1 RXDO -0
—L-{GPIO4 GPIO18
200 5 S g GPIO17 GPIO17 GPI1023 -
GPI027 GPI027 GPI024 GP1024
200, o GP1022 GPI022 GPI1025 GPIO25
19 mos CEO
20 o 7 21IMISO CE1 |26~
~234SCLK SCLO |28
ma 7 ~2L1SDAD GPIO12 |82~
-22.1GPIO5 GPIO16|-30-
200 o 7, -311GPI06 GPI020 |38~
-23.1GPI013 GPI1021 40
200 o r. -321GPI019
GP1026 Raspberry Pi
2200 s L5 GPIO Extension Shield
0 2k GND
200 40 M4 i
L |
Hardware connection
§ % I . * e o e e U o o 00
E ﬁ * e e e 0 L ] L ] ® ® ® & " e " S S EYOEYODE e o ® & & & & & & & " " " P " O E B PO ODN
: _5 * e e L I B R R N B ® ® % 9 " PR EE Y EPOCTY YOO
: g ..D.éc.“gﬂ.faéﬂ.l.gé‘:e.c.lﬂ.lﬂ‘&gs!: 1 ® % % 8 PR YOO
= | ""2E8E5358828883582558 HIIE "l'"“'::::::::::::::::::::
“E 5783 5 57835 m
- o = ERN O gﬁ
= KT MPSEQEQQMEE =E=T=X=Y=F=\ . ® e s s s s 88 s e s e e e
e = a.é_g_,s_g_g_g_g_;‘g_g g DR A B i
E ? * e e e LN . L] ® ® 9 ® 9 9 9 9 O " O O S " O S e S SO
g % .. lI-- . . e Sy Sy g g ¢ ® ® ® ® e e e e e e e e e RS eSS
§ g ‘ * " " 00 * " " 0 * " " 00
In this circuit, the cathode of LEDis connected to GPIO,which isthe different from the front circuit. So, LED

will be turned on when GPIO output low level in the program.
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Code

This project is designed to make a water lampFirstturn on the first LED then turn off it. Then turn on the
second LED, and therurn off it....... Until the st LEDs turned on, thenis turned off. And repeats the process
to achieve the effect offlowing water light.
/1 2RMEM [ ATKG2 T GSNJ
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 03.11 LightWater directory of C code.
cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtle/C_Code3.1.1 LightWater
2. Use following command to compile LightWater.c LightWater
gcc LightWater.c o LightWater- lwiringPi
3. Then run thegenerated
sudo ./LightWater
After the program is executed you will seethat LEDBaiGraph startswith the flowing water way to be turned
on from left to right, and then from right to left.
The following is the program code

1 #include <wiringPi.h>

2 #include <stdio.h>

3 #define leds 10

4 int pins[leds] ={0,1,2,34,5,6,8,9, 10};

5 void led_on(int n)//make led_n on

6 | {

7 digitalWrite (n, LOW

8 |}

9

10 | void led_off (int n)//make | ed_n off

11 | {

12 digitalWrite (n, HIGHt

13 |}

14

15 | int main(void)

16 | {

17 int i;

18 printf ( );

19 if (wiringPiSetup () ==-1){ //when initialize wiring failed,print message to screen
20 printf ( );

21 return 1,

22 }

23 for (i =0; i <leds;i++){ /Imake leds pins' mode is output
24 pinModé pins[i], OUTPUYT

25 }

26 while (1){

27 for (i=0;i<eds;i++){ //make led on from left to right
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28 led_on(pins[i]);

29 delay (100);

30 led_off (pins[i]);

31 }

32 for (i=leds-1;i>1;i--){ //make led on from right to left

33 led_on(pins[i]);

34 delay (100);

35 led_off (pins[i]);

36 }

37 }

38 return 0;

39 |}
In the program, configure the GPIOQ GPIO9 to output mode. Then, in the cycle of main
function, usetwo for cycle torealizeflowing water light from left to right and from right to left.

while (1){

for (i=0;i<eds;i++){ //make led on from left to right
led_on(pins[il);
delay (100);
led_off (pins[i]);

}

for (i=leds-1;i>1;i--){ //make led on from right to left
led_on(pins[il);
delay (100);
led_off (pins[i]);

te i K2R AEKG2 | G§SNJI
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 03.11 LightWater directory of Pythoncode.

cd ~/Freenove_RFID_Starter Kit _for_RaspberiCdtle/Python_Codd 03.1.1 LightWater
2. UsePython command to execute Python code

python LightWater.py
After the program is executed you will seethat LEDBar Graph starts with the flowingvater way to be turned
on from left to right, and then from right to left.
The following is the program code
1 import RPi GPlIOas GPIO

2 import time

3

4 ledPins =[11, 12, 13, 15 16, 18, 22, 3, 5 24

5

6 def setup():

7 print ('Program is starting... )

8 GPIOsetmodd GPIOBOARD # Numbers GPIOs by physical location
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for pin in ledPins:
GPIOsetup(pin, GPIOOUY # Set all ledPins' mode is output
GPIOoutput (pin, GPIOHIGH # Set all ledPins to high(+3.3V) to off led

def loop():
while True:

for pin in ledPins: #make led on from left to right
GPIOoutput (pin, GPIOLOW
time. sleep(0.1)
GPIOoutput (pin, GPIOHIGH

for pin in ledPins[ 1C: O: - 1]: #make led on from right to left
GPIOoutput (pin, GPIOLOW
time. sleep(0.1)
GPIOoutput (pin, GPIOHIGH

def destroy ():
for pin in ledPins:
GPIOoutput (pin, GPIOHIGH # turn off all leds

GPIOcleanup() # Release resource
if __name_==' main_ ": # Program start from here
setup()
try :
loop()

except Keyboardinterrupt : # When 'Ctrl+C' is pressed, the child program destroy()
will be executed.
destroy ()

In the program, first define 10 pins connected to LED, and set them to output mode in subfunction setup().
Then in the loop() function, usetwo for cyclesto realize flowing water light from right to left and from | eft
to right. Among them, ledPins[10:0= 1] is used totraverseelementsof ledPins in revese order.
def loop():
while True:
for pin in ledPins: #make led on from left to right
GPIOoutput (pin, GPIOLOW
time. sleep(0.1)
GPIOoutput (pin, GPIOHIGH
for pin in ledPins[10: O: - 1]: #make led on from right to left
GPIOoutput (pin, GPIOLOW
time. sleep(0.1)
GPIOoutput (pin, GPIOHIGH
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Chapter4 Analog & PWM

In previous study, we have known that onébutton hastwo states: pressed and releasedand LEDhas light-
on/off state, then how to enter a middle state? How to output an intermediate state to let LED "semi brigh?"

That's what we're going to learn
Frst, let

aLED.

Project4.1 BreathingLED

Breathing light, that is, LEDis turned from off to on gradually, gradually from on to off, just like "breathing”.
So, how to control the brightness of a LE? We will usePWM to achieve this target

Component List

Raspberry PBB x1
GPIOExtensionBoard & Wire x1
BreadBoardx1

Jumper

—a--. 4 444444

LED x1

Resistor

x1

Circuitknowledge

lylrf23 g9 S5AIAGET

The analog signal is a continuous signal in time and valu€®n the contrary, digital signal is a discrete signal
in time and value. Most signals in life are analog signals, for example, the temperature in one day is
to 10 ,whilethe digital signal

continuously changing,and will not appeara sudden changedirectly from 0
is a jump change,which can be directly from 1to 0.

Their difference can be illustrated by the following figure.

ANALOG

N
V4

In practical application, we often use binary signal as digital signal, that is 0 and 1. The binary signal only has
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two forms (0 or 1), so it has strong stability. And digital signal and analog signal can be converted to each
other.

t 2 a

PWM, namely Width ModulationPulse, is a very effective technique for using digital signals to control analog
circuits. The common processors can not directly output analog signals. PWM technology make it very
convenient to achieve this purpose.

PWM technology uses digital pins to sed certain frequency of square waves, that is, the output of high level
and low level that last for a while alternately. The total the for each set of high level and low level is generally
fixed, which is called period (the reciprocal of the priod is frequency). Thetime of high level outputting is
generally called pulse width, and the percentage of pulse width is called duty cycle.

The longer the output of high level last, the larger the duty cycle and the larger the corresponding voltage in
analog signalwill be. The following figures show how the analogsignalks voltage vary between 0V 5V (high
level is 5V) corresponding to the pulse width 094.00%:

ANALOG
DIGITAL
/MNU
5V
0% Duty Cycle H N m
0 N
7
AN U
5V
25% Duty Cycle -‘ H —l 1 H
0 > .
Period
MNU Pulse width
5V — —
50% Duty Cycle
0 N
7t
/N U

75% Duty Cycle

100% Duty Cycle

The larger PWM duty cycle is, the lager the output power will be. So we can use PWM to control the brigigss
of LED, the speed of DC motor and so on.

It is evident from the above that PWM is not real analog, and theffective value of the voltage is equivalent
to the corresponding analog. so, we can control the output power of the LED and other output modulgsto
achieve different effects.

In RPi, only GP1018 has the ability to output PWM with &0- bit accuracy, that is, 100% of the pulse width can
be divided into 2'°=1024 equal parts.
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Circuit

Schematic diagram

Hardware connection

3.3V sV = . . . . . . EEER .
—31SDA1 TXDO }-8— E <o .
—21sCL1 RXDO |10 : E ||
—L‘GPIO4 GP|O18 ‘2 E cg EEEE R B R I .
1GPIO17 GPIO23 118 S .
= XoNFeSLSefaeay sre e
5|Ghi0se  GPioos|22 d : 53053555TE25005 SNMRE
J-9—MOS| CEU--Zﬂ'— =l o (] :w ] [c] l.::lgu:l ‘
211IMISO CE1 (8- E 588 5e. 0288888 vaisd,
231sCLK SCLO28 & = SEE2S20 seslo
271spao GPIO12}32- = E AR RARRRRRT - oo
_29_‘GP|05 GP|O16|_&6_ E é ------------------- ——— .
211GPIO6 GPI1020 38 Y B
-231GPIO13 GPIO21}40- 2 X & o ———=
351GPIO19 : vee +
GP1026 Raspberry Pi
GPIO Extension Shield
GND

Rl
220Q

Code

Thisproject is desgned to make PWM output GP1018 with pulse width increasindgrom 0% to100%, and then
reducing from 100% to 0%radually.
/] 2 REMONB I G KAY3I[ 95
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 04.11 BreathingLEDdirectory of C code.
cd ~/Freenove_RFID_Starter Kit for_RaspberiCdtle/C_Codel04.1.1 BreathingLED

2. Use following command to compile BreathingLED

BreathingLED

gcc BreathingLEDc o BreathingLED- lwiringPi

3. Then run thegenerated
sudo ./ BreathingLED

BreathingLED

After the program is executed, you'll see that LED itrned from on to off and then from off to on gradually

/IOnly GP1018 can output PWM

== -1){ //when initialize wiring failed,print message to screen

like breathing.
The following is the program code
1 #include <wiringPi.h>
2 #include <stdio.h>
3 #define ledPin 1
4 int  main(void)
5 | {
6 int i;
7 if (wiringPiSetup ()
8 printf  (“setup wiringPi

failed 1" );

S support@freenove.com


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

s www.freenove.com Chapter 4 Analog & PWM m

return 1;

pinModé ledPin, PWM_OUTRUNT wmoutput mode
while (1){
for (i =0;i <1024 i ++){
pwmWrité¢ledPin, i);
delay(2);
}
delay (300);
for (i =1023i>=0;i -- ){
pwmWritéledPin, i);

delay(2);
}
delay(300);
}
return 0O;

}
Sinceonly GPI018of RPihas hardware capability to output PWM, the ledPinshould be defined as 1 and set
its output mode to PWM_OUTRJT based onthe corresponding chart for pins.

[ pinModgledPin, PWM_OUTRUvM output mode
There are two for cyclesin the nextendless while cycle The firstmakes the ledPin output PWM from 0% to
100% and the scond makes the ledPin output PWM from 100% to 0%.
whil e( 1){
for (i =0;i <1024 i ++){
pwmWritéledPin, i);
delay(2);

}
delay(300);

for (1=1023i>=0;i -- ){
pwmWritéledPin, i);
delay(2);

}
delay (300);

}

You can al® adjust the rate of the statechange of LEDby changing the parameters of the delay) function in
the for cycle.

Writes the value to the PWM register for the given pin. The Raspberry Pi hase on- board PWM pin, pin
1 (BCM _GPIO 18, Phys 12) and the range is 0024..
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teiK2®WmoOm . NBFIKAY3I[ 95
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 04.11 BreathingLEDdirectory of Python code.
cd ~/Freenove_RFID_Starter_Kit_for Raspy PICode/Python_Codéd04.1.1 BreathingLED
2. U BreathingLED
python BreathingLED.py
After the program is executed, you'll see that LED is tued from on to off and then from off to on gradually
like breathing.
The following is the program code

1 import RPi. GPIOas GPIO
import time
3 LedPin = 12
4 def setup():
5 global p
6 GPI10Osetmod€ GPIOBOARD # Numbers GPIOs by physical location
7 GPIOsetup(LedPin, GPIOOUY # Set LedPin's mode is output
8 GPIOoutput (LedPin, GPIOLOYV # Set LedPin to low
9 p = GPIOPW\LedPin, 1000 # Set Frequency to 1KHz
10 p. start (0) # Duty Cycle =0
11 | def loop():
12 while True:
13 for dc in range(0, 101, 1): # Increase duty cycle: 0~100
14 p. ChangeDutyCyclédc) # Change duty cycle
15 time. sleep(0.01)
16 time. sleep(1)
17 for dc in range(10Q, -1, -1): # Decrease duty cycle: 100~0
18 p. ChangeDutyCyclédc)
19 time. sleep(0.01)
20 time. sleep(1)
21 | def destroy ():
22 p. stop()
23 GPIOQoutput (LedPin, GPIOLOY  # turn off led
24 GPIOcleanup()
25 |if _name _==' main_': # Program start from here
26 setup()
27 try :
28 loop()
29 except Keyboardinterrupt : # When 'Ctrl+C' is pressed, the child program destroy()
30 | will be executed.
31 destroy ()

LEDis connected to the 1O port called GPIO18And LedPinis defined as 12 and seto output mode according
to the corresponding chart for pins. Then create a PWM instance and set the PWM frequency ttH00HZ, the
initial duty cycle to 0%.
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LedPin = 12
def setup():
global p
GPIlOsetmod€ GPIOBOARD # Numbers GPIOs by physical location
GPIOsetup(LedPin, GPIOOUY # Set LedPin's mode is output
GPIOoutput (LedPin, GPIOLOYW # Set LedPin to low
p = GPIOPWML.edPin, 1000 # Set Frequency to 1KHz
p. start (0) # Duty Cycle =0
used to realze breathing LED
ledPin output PWM from 0% to 100% and the second makes the ledPin output PWM from 100% to 0%.
def loop():
while True:
for dc in range(0, 101, 1): # Increase duty cycle:0 ~100
p. ChangeDutyCyclédc) # Change duty cycle
time. sleep(0.01)
time. sleep(1)
for dc in range(10Q, -1, -1): # Decrease duty cycle: 100~0
p. ChangeDutyCyclédc)
time. sleep(0.01)
time. sleep(1)
Therelated functions of PWM aredescribed as follows:

To create a PWM instance:

To start PWM: where dc is the duty cycle (0.0 <= dc <= 100.0)

To change the frequency where freq is the new frequency in Hz

To change the duty cycle where 0.0 <= dc <= 100.0

To stop PWM
For more detailsabout usage method for PWM of RPIGPIQ please refer ta
https://sourceforge.net/p/raspberry- gpio- python/wiki/PWM/
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Chapter5 RGBLED

In this chapter, we will learn how to control a RGBLED.

RGB LED has integrated 3 LEDs that can respectively emit red, green and blue ligkrid it has 4 pins. The
long pin (1) is the common port, that is, 3 LED "positive or negative port The RGB LED with commopositive
port and its symbol areshown below. We can make RGB LED emit various colors of lighy controlling these
3 LEDBs to emit light with different brightness,

& 1
R G |B
I
2 ; 3 2 3 4
Red, green, and blue lidpt are called 3 primary colors. When you combine these three primargolor light with

different brightness, it can produce almost all kinds of visible lights. Computer screens, single pixel of cell
phone screen, neon, and etc. are working under this principl

RGB

If we use three 8 bitPWM to control the RGBLED, in theorywe can create 2*#2*2°=16777216 (16 million)
color through different combinations.
Next, wewill use RGBLED to make a colorful LED

Project5.1 Colorful LED

Inthis project, we will makea colorful LED And we cancontrol RGBLERo switchdifferent colors automatically.
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Schematic diagram
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Code

Since tis project requires 3 PWM, but inRPj only one GPIO haghe hardware capability to output PWM, we
need to use the software to make the ordinary GPIO output PWM.
/Il 2Fp dmdm [/ 2f 2NFdzf [ 95

Firstobservethe project result, and then analyzethe code.

1.

Usecd command to enter 05.11 ColorfulLEDdirectory of C code
cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtle/C_Code/05.1.1 ColorfulLED
Use following command to compile ColorfulLED

this project, the software PWM uses a multithreading mechanism.S
the compiler.

gcc ColorfulLEDc o ColorfulLED- IwiringPi Ipthread

And then run the generated by ColorfulLED.

sudo ./ColorfulLED

ColorfulLED Note: in

-Ipthread option need to be add

After the program is executed, you will seghat the RGBLED shosdight of different color randomly.
The following is the program code:

#include <wiringPi.h>
#include <softPwm.h>
#include <stdio.h>

#define ledPinRed O
#define ledPinGreen 1

#define ledPinBlue 2

void ledlnit (void)

{
softPwmCreaté ledPinRed, 0, 100);
softPwmCreaté ledPinGreen, 0, 100);
softPwmCreaté ledPinBlue, 0, 100);
}

void ledColorSet (int r_val, int g_val, int b_val)
{
softPwmWrite(ledPinRed,  r_val );
softPwmWrite( ledPinGreen, g_val);
softPwmWrite( ledPinBlue, b_val);

}
int  main(void)
{
int r,g,b;
if (wiringPiSetup () ==-1){ //when initialize wiring failed,print
printf );

message to screen
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return 1,
}
printf ("Program is starting ... \n");
ledinit ();
while (1){
r =randon{)%100,
g=randon()%100
b=randon{)%0100,
ledColorSet (r, g, b);
printf  ("r=%d, g=%d, b=%d \n",r,g,b);
delay(300);
}
return 0O
}

First in subfunction of ledInit(), create the software PWM control pins used tacontrol the R G, RGBLED, B pin
respectively

void ledInit (void)
{

softPwmCreaté ledPinRed, 0, 100);
softPwmCreaté ledPinGreen, 0, 100);
softPwmCreaté ledPinBlue, 0, 100);

}

Then createsubfunction, and setthe PWM of three pins.

void ledColorSet (int r_val, int g_val, int b_val)
{
softPwmWrite( ledPinRed, r_val);
softPwmWrite( ledPinGreen, g_val);
softPwmWrite( ledPinBlue, b_val);

}
Finally, in the while main function, get three random numbersand specify themas the PWM duty
cycle which will be assigned to the corresponding pirs. So RGBLERan switch the colorrandomly all the time.
while (1){

r =randon{)%100,

g=randon()%100

b=randon{)%0100,

ledColorSet (r, g, b);

printf ("r=%d, g=%d, b=%d\n",r,g,b);
delay(300);

—
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The related function of Software PWMcan be described as follws:

This creates a software controlled PWM pin

This updates the PWM value on the given pin.

This function will return a random number.

For more details aboutSoftware PWM please refer to:http://wiringpi.co m/reference/software- pwm- library/

teiK2PIHMdm / 2f 2NFdzZH [ 95
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 05.11 ColorfulLEDdirectory of Python code.
cd ~/Freenove_RFID_Starter_Kit_for RaspberiCdtle/Python_Code/05.1.1 ColorfulLED
2. U ColorfulLED.py.
python ColorfulLED.py
After the program is executed, you will seghat the RGBLED shosfight of different color randomly.
The following is the program code:
import RPi GPlIOas GPIO
import time
import random

pins ={'pin_R' :11, 'pin_G':12, 'pin_B' :13} # pinsisadict

def setup():
global p_Rp_Gp_B
print ('Program is starting ..." )
GPIlOsetmod€ GPIOBOARD # Numbers GPIOs by physical location

for i in pins:
GPIlOsetup(pins[i], GPIOOUY # Set pins' mode is output
GPIOoutput (pins[i], GPIOHIGH # Set pins to high(+3.3V) to off led

p_R= GPIOPW\pins['pin_R' ], 2000 # set Frequece to 2KHz

p_G= GPIOPWpins['pin_G' ], 2000

p_B= GPIOPWpins['pin_B' ], 2000

p_Rstart (0) # Initial duty Cycle = 0

p_Gstart (0)

p_Bstart (0)

def setColor (r_val, g_val, b_val):
p_R ChangeDutyCyclér_val ) # Change duty cycle
p_G ChangeDutyCyclég_val)
p_B ChangeDutyCycléb_val)

def loop():
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while True :
r=randomrandint (0, 100) #get a random in (0,100)
g=randomrandint (0, 100
b=randomrandint (0, 100
setColor (r, g, b)#set random as a duty cycle value
print ('r=%d, g=%d, b=%d ' %¢ ,g, b))
time. sleep(0.3)

def destroy ():

p_Rstop()
p_Gstop()

p_B stop()
GPIOcleanup()

if _name_==' main_ ": # Program start from here

setup()
try :
loop()
except Keyboardinterrupt : # When 'Ctrl+C' is pressed, the child program destroy()
will be executed.
destroy ()

In last chapter, we have learned howto use python language to make a pin output PWM. In this project, we
let three pins output PWM, and the usageis exactly the sameas last chapter. In the while of loop
function, we first obtain three random numbers, and thenspecify these three randan numbers as he PWM
value of the three pinso that the RGBLED switching of different coloreandomly.
def loop():
while True :

r=randomrandint (0, 100

g=randomrandint (0, 100

b=randomrandint (0, 100

setColor (r, g, b)

print  ('r=%d, g=%d, b=%d ' %¢ , 9, b))

time. sleep(0.3)

About function randint():

The function canreturns a random integer within thespecified range (a, b).
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Chapter 6 Buzzer

In this chapter, wewill learn a conponent that can sound, buzzer.

Project6.1 Doorbell

We will make this kind of doorbell:when the button is pressed, the buzzer soundsand when the button is
released the buzzer stops sounding.

Component List

Raspberry PBB x1 Jumper

GPIOExtenson Board & Wire x1

BreadBoardx1

NPN transistorx1 Active buzzer x1 Push button x1 | Resistorlk x1 | ResistorlOk x2
(S8050)
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Component knowledge

dzl I S NJ
Buzzeris a sounding component, which is widely used in electronic devices such as calculator, electronic
warning clock, alarm. Buzzerhas active and passivetype. Active buzzer has oscillator inside, and it will sound
aslong asit is supplied with power. Passivebuzzerrequires external oscillator signal (generallyuse PWM with
different frequency)to make a sound.

Active buzzer Passive buzzer

=+
L

n o
s 2

Active buzzeris easyto use.Generally,it can only make a specificfrequency of sound. Passivebuzzer

requires an external circuit to make a sound, but it can be controlled to make a sound with different
frequency. The resonant frequency of the passive buzzer is 2kHz, which means the passive buzzer is loudest
when its resonant frequency is 2kHz.

Next, wewill use an active buzzer tomake a doorbell anda passive buzzer tomake an alarm.

¢CNF yairaidz2N
Due to the current operating of buzzer is so large that GPIO of RRiutput capability can not be satisfied,a
transistor of NPN typeis needed here to amplify thecurrent.

Transistor the full name: semiconductor transistor,is a semiconductor device that controls current. Transistor
can be usedto amplify weak signal, or works as a switch. It hasthree electrodes(PINs)base (b), collector (c)
and emitter (e). When there is current passing between "be", "ce" will allow several fold current (transistor
magnification) pass,at this point, transistorworksin the amplifying area.When current between "be" exceeds
acertainvalue,"ce" will not allow current to increaseany longer, at this point, transistorworksin the saturation
area. Transistorhastwo types shown below: PNPand NPN,

PNP transistor NPN transistor

1| E 31C

E B C E B C

In our kit, the PNP trarsistor is marked with 8550and the NPN transistor is marked with 8050
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According to the transistor's characteristics, it is often used as a switch in digital circuits. For miccontroller's
capacity of output current is very weak, we will use transist to amplify current and drive large current
components.

When use NPN transistor to drive buzzer, we often adopt the following method. If GPIO outputs high level,
current will flow through R1, the transistor gets conducted, and the buzzer make a sound.®PIO outputs low
level, no current flows through R1, the transistor will not be conducted, and buzzer will not sound.

When use PNP transistor to drive buzzer, we often adopt the following method. If GPIOoutputs low level,
current will flow through R1,the transistor gets conducted, buzzer make a sound. If GPIOoutputs high level,
no current flows through R1,the transistorwill not be conducted, and buzzer will not sound.

NPN transistor to drive buzzer PNPtransistorto drive buzzer
5V 5V

L R1

1
=y 5 1kQ
2l e | s im—] o

R1
1kQ 1]
Pin Q1 2 ||| Buzzer
T
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Circuit

Schematic diagram

1
2
T R2
33V 5V i
—3.1SDA1 TXDO }=8—
5 —2.1SCL1 RXDOMOQ- o
N —LIGPIO4 GPIO18 : !
N 11 lGPIO17 GPI023}16
_ Ky =134dGPIO27 GPI024 {18
151GPI022 GPI025}22—
19 1Mosi| CEO0}24-
21IMISO CE1}ef- £
-23.1SCLK SCLO }28- .
~2L1SDAD GPIO12}32 Bt
291GPIO5 GPIO16 }35—
S11GPIO6 GPI020 }-38
-331GPIO13 GPI021 40
%-GPIO&
GP1026 Raspberry Pi
GPIO Extension Shield
GND
Hardware connection

Raspberry Pi GPIO Extension Shield
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Note: in this circuit, the power supply forbuzzeris 5V, and pull- up resistor of the button connected to the
power 3.3V. The buzzercan workwhen connected to power 3.3V, butit will reduce the loudness.
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Code

In this project, buzzeris controlled by the button. Whenthe button is pressed, the buzzer sounds. And when
the button is releaseal, the buzzer stops sounding. In the logic, it is the same to usingbutton to control LED.
/1 2RDB@® ND St f
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 06.11_Doorbell directory of Ccode.

cd ~/Freenove_RFID_Starter_Kit_for_RaspberiiCdtle/C_Code/f06.1.1 Doorbell

2. Use following command tocompile Doorbell.c Doorbell.c
gcc Doorbell.c o Doorbell - lwiringPi
3. Then

sudo ./Doorbell
After the program is executed press the button,then buzzer sounds. And when the button is release, the
buzzer will stop sounding.
The following isthe program code:

#include <wiringPi.h>
#include <stdio.h>

#define buzze RPin 0 /ldefine the buzze RPin
#define buttonPin 1 /ldefine the buttonPin

int  main(void)

{
if (wiringPiSetup () ==-1){ //when initialize wiring failed, print message to screen
printf ("setup wiringPi failed !" );
return 1;
}

pinModé buzzeRPin, OUTPYT
pinModé buttonPin , INPUT;

pullUpDnControl (button Pin, PUD_UP //pull up to high level
while (1){

if (digitalRead (buttonPin) == LOW //button has pressed down
digitalWrite (buzzeRPin, HIGH /lbuzzer on
printf ("buzzeron... \n");

}

else { /Ibutton has released
digitalWrite (buzzeRPin, LOYW  //buzzer off
printf ("...buzzer off \n");

}

S support@freenove.com


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

s www.freenove.com Chapter 6 Buzzer

29
30 return 0;
31 |}
The codeis exactly the sameto using button to control LED logically. You can try to use the IRP transistor to
achievethe function of his circuitonce again
t e K2RIPBEB®® ND St
Firstobservethe project result, then analyze the code.
1. Usecd command to enter 06.11_Doorbelldirectory of Python code.

cd ~/Freenove_RFID_Starter_Kit_for RasphePiCode/Python_Codéd06.1.1 Doorbell
2. Doorbell

python Doorbell.py
After the program is executed, press the button, then buzzer soundsAnd when the button is released, the
buzzer will stop sounding.
The following is the program code:

1 import RPi. GPIOas GPIO

3 buzzerPin = 11 # define the buzzerPin

4 buttonPin = 12 # define the buttonPin

5

6 def setup():

7 print ('Progr am is starting...' )

8 GPI1Osetmod€ GPIOBOARD # Numbers GPIOs by physical location
9 GPIOsetup(buzzerPin, GPIOOUY # Set buzzerPin's mode is output
10 GPIOsetup(buttonPin, GPIOIN, pull_up_dowr=GPIOPUD_UP # Set buttonPin's mode is
11 | input, and pull up to high level(3.3V)

12

13 | def loop():

14 while True:

15 if GPIQinput (buttonPin )==GPIOLOW

16 GPIOQoutput (buzzerPin, GPIOHIGH

17 print (‘buzzeron.." )

18 else :

19 GPIOoutput (buzzerPin, GPIOLOW

20 print (‘buzzer off ..." )

21

22 | def destroy ():

23 GPIOoutput (buzzerPin, GPIOLOW # buzzer off

24 GPIOcleanup() # Release resource

25

26 |if _name ==' main_": # Program start from here

27 setup()

28 try :

29 loop()

30
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except Keyboardinterrupt : # When 'Ctrl+C' is pressed, the child program destroy()
will be executed.
destroy ()
The code is exactly the same to using button to control LED logically. You can try to use the PNP transistor
to achieve thefunction of his circuit once again.

Project6.2 Alertor

Next, we will use a passive buzzer to make an alarm.
Component list and the circuit part is the similartto last section In the Doorbell circuit only the active buzzer
needs to be replacedwith a passive buzzer.

Code

In this project, the buzzer alarm is controlled by the button. Press the button, then buzzer sounds. If you
release the button, the buzzer will stop sounding. In the logic, it is the same to using button to control LED.
In the control method, passivebuzzer requires PWM of certain frequency to sound.
/1 2 RH & NI 2 NJ
Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 06.2.1 Alertor directory of C code.
cd ~/Freenove_RFID_Starter_Kit_for RaspberiCdtle/C_Codel06.2.1 Alertor
2. Use following command tocompile Alertor . -lIm and -Ipthread
compiler options are needed to add here
gcc Alertor.c o Alertor IwiringPi Im - Ipthread
3. Thenrun
sudo / Alertor
After the program is executed, press the button then buzzer sounds. And wherthe button is release, the
buzzer will stop sounding.
The following is the program code:

#include <wiringPi.h>
#include <stdio.h>
#include <softTone.h>
#include <math.h>

#define buzze RPin 0 /[define the buzze RPin
#define buttonPin 1 /[define the buttonPin
void alertor (int pin){

int x;

double sinVal, toneVal,;
for (x=0; x<360, x++){ // The frequency is based on the sine curve
sinval = sin(x * (M_PI/ 180);
toneVal = 2000 + sinval * 500
softToneWrite ( pin, toneVal);
delay(1);
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

}

void stopAlertor (int pin){
softToneWrite (pin, 0);

}
int

{

}

main(void)

if (wiringPiSetup () == -1){ //when initialize wiring failed,print

}

printf ( );
return 1;

pinMod€ buzzeRPin, OUTPYT

pinModé buttonPin, INPUT;

softToneCreate (buzzeRPin);

pullUpDnControl (buttonPin , PUD_UP //pull up to high level
while (1){

if (digitalRead (buttonPin) == LOW //button has pressed down
alertor (buzzeRPin); /lbuzzer on

printf ( );
}
else { //button has released
stopAlertor (buzzeRPin); /lbuzzer off
printf ( );
}
}
return O;

message to screen

The codeis the same tothe active buzzerlogically, but the way to control the buzzer is different. Passive
buzzer requires PWM of certain frequencyto control, so you need to create a software PWM pirthough
softToneCreate (buzz&Pn). Here softTone is dedicated togenerate square wavewith variable frequency and
duty cycle fixed to 50%vhich is a better choice for controlling the buzzer.

‘ softToneCreate (buzzeRPin);

In the while cycleof main function, when the button is pressed,subfunction alertor() will be called and the
alertor will issue a waning sound. The frequency curve of the #&arm is based on the sine curveWe need to
calaulate the sine valuefrom 0 to 360 degree andmultiply a certainvalue (here is 500) and plus the resonant
frequency of buzzer. We canset the PWM frequencythrough softToneWrite (pin, toneVal)

void alertor (int pin){

int x;

double sinVal, toneVal;

for (x=0; x<360 x++){ // The frequency is based on the sine curve.

sinvVal = sin(x * (M_PI/ 180);
tonevVal = 2000 + sinvVal * 500
softToneWiite (pin, toneVal);
delay(1);
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If you want to closethe buzzer,just set PWM frequency of the buzzer pin to 0.

void stopAlertor (int pin){
softToneWrite (pin, 0);
}

The related functions of softTone is described as follows:

This creates a software controlled tone pin.

This updates the tone frequency value on the given pin.

For more details about softTone, please refer tahitp://wiringpi.com/reference/software- tone- library/

t 0 K2RH DM | £ SNI 2 NJ

Firstobservethe project result, and then analyze the code.

1. Usecd command to enter 06.2.1_Alertordirectory of Python code.

cd ~/Freenove_RFID_Star_Kit_for_Raspberry Riode/Python_Codd06.2.1 Alertor
2. Use the python command to execute the Python codeAlertor.py .
python Alertor.py

After the program is executed, press the button, then the buzzer soundd/Vhen the button is releasa, the

buzzer will stop sounding.

The following is the program code:
import RPi. GPIOas GPIO
import time
import math

buzzerPin = 11 # define th e buzzerPin
buttonPin = 12 # define the buttonPin

def setup():
global p
print ('Program is starting...' )
GPIlOsetmod€ GPIOBOARD # Numbers GPIOs by physical location

GPIOsetup(buzzerPin, GPIOOUY # Set buzzerPin's mode is out  put

GPIOsetup(buttonPin, GPIOIN, pull_up_dowrrGPIOPUD_UP # Set buttonPin's mode is
input, and pull up to high level(3.3V)

p = GPIOPW\buzzerPin, 1)

p. start (0);
def loop():
while True:
if GPIOinput (buttonPin )==GPIOLOW
alertor ()
print (‘buzzeron..' )
else :
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24 stopAlertor ()

25 print (‘buzzer off ..." )

26 | def alertor ():

27 p. start (50)

28 for x in range(0, 361): #frequency of the alarm along the sine wave change
29 sinVal = math sin (x * (math pi / 180.0)) #calculate the sine value
30 toneVal = 2000 + sinvVal * 500 #Add to the resonant frequency with a Weighted
31 p. ChangeFrequendytoneVal) #output PWM

32 time. sleep(0.001)

33

34 | def stopAlertor ():

35 p. stop()

36 | def destroy ():

37 GPIQoutput (buzzerPin, GPIOLOW # buzzer off

38 GPIQcleanup() # Release resource

39 |if _name_ ==' main_ ': # Program start from here

40 setup()

41 try :

42 loop ()

43 except Keyboardinterrupt :  # When 'Ctrl+C' is pressed, the child program destroy()
44 | will be executed.

45 destroy ()

The code is thesame to the active buzzerlogically, but the way to control the buzzer is different. Passive
buzzer requires PWM of certainfrequency to control, so you need to create a software PWM pin ttough
softToneCreate (buzz&Pn). The way to create PWM is also introduced before in the sections about
BreathingLEDand RGBLED

def setup():
global p
print ('Program is starting... )
GPIOsetmod€ GPIOBOARD # Numbers GPIOs by physical location

GPIOsetup(buzzeRPin, GPIOOUY # Set buzze RPin's mode is output
GPIOsetup(buttonPin, GPIOIN, pull_up_dowrrGPIOPUD_UP # Set buttonPin's mode is
input, and pullupt o high level(3.3V)
p = GPIOPWMuUzzeRPin, 1)
p. start (0);
In the while cycle of main function,when the button is pressed, subfunction alertof) will be called and the
alertor will issue a warning sound. The frequency curve of the alarm is basech ¢he sine curve. We need to
calculate the sine value from 0 to 360 degree and multiply a certain value (here is 500) and plus the resonant
frequency of buzzer. We can set the PWM frequency through p.ChangeFrequency(toneVal).
def alertor ():
p. start (50)
for x in range(0, 361):
sinvVal = math sin (x * (math pi / 180.0))
toneVal = 2000 + sinVal * 500
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p. ChangeFrequenditoneVal)
time. sleep(0.001)

When the button is released, the buzzer will beclosed.

def stopAlertor ():
p. stop()
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Chapter 7 PCF8591

We have learned how to control the brightness of LEDhrough PWM and understood that PWM is not the
real analog before. In this chapter, wewill learn how to read aralog quantities through PCF8591convert it
into digital quantity and convert the digital quantity into analog output. That is, ADC and DAC.

Project7.1 Readthe Voltage of Potentiometer

In this project, we will use the ADC function ofPCF8591to read the voltage value ofpotentiometer. And then
output th e voltage value through the DACto control the brightness of LED.

Component List

Raspberry PBB x1 Jumper

GPIOExtensionBoard & Wire x1

BreadBoardx1  R———
Rotary potentiometerx1 | PCF8591x1 Resistorl0Ok x2 | Resistor220 x1 | LED x1

e
M
-
o=
(0p]
)
=

support@freenove.com s


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

m Chapter 7 PCF8591 www.freenove.coms

Circuit knowledge

I'5/

ADC, Analog- to- Digital Converter, is a device used to convert analog to digital. The range of the ADC on
PCF8591 is &its, that means the resolution is 2°8=256, and it representsthe range (here is 3.3V) will be
divided equallyto 256 parts. Theanalog of eachrange correspondsto one ADCvalues.Sothe more bits ADC
has,the denserthe partition of analog will be, alsothe higher precision of the conversionwill be.

DIGITAL
N

255
254
253
252
251

o= WA

oV 33V 7 ANALOG
Subsection 1: the analog in rang of 0V3.3/256 V corresponds to dgital O;
Subsection 2: the analog in rang of 3.3 /256 V2*3.3 /256V corresponds to digital 1;

The following analog will be divided accordingly.

51/

DAC, that is, Digitalto- Analog Converter, is the reverse process of ADCThe digital /O port can output high
level and low level,but can not output an intermediate voltage value which can besolved by DAC. PCF8591
has a DAC output pin with8- bit accuracy, which candivide VDD (here is 3.3V)nto 2°=256 parts. For example,
when the digital quantity is 1, the output voltage value is3.3/256 *1 V, and when the digital quantity is 128,
the output voltage value is 3.3/256 *128=1.65V, the higher accuracy of PCF8591s, the higherthe accuracy
of output voltage value is.
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Component knowledge

t 2GSy GA2YSGSNI

Potentiometer is a resistive element with three Terminal part and the resistance can be adjusted according to
a certain variation. Potentiometer is often made up by resistance and removable brush. When the brustoves
along the resistor body, there will be resisance or voltage that has a certain relationship with displacement
on the output side (3). Figure shown below is the linear sliding potentiometer and its symbol.

»
>
< 1

1 32 2

What between potentiometer pin 1 and pin 2 is the resistor body, and pins 3 is connected to brush. When
brush movesfrom pins 1 to pin 2, the resistancebetween pin 1, and pin 3 will increaseup to body resistance
linearly,and the resistancebetween pin 2 and pin 3 will decreasedown to O linearly.

In the circuit. The both sidesof resistancebody are often connected to the positive and negative electrode of
the power. When you slide the brush pin 3, you can get a certain voltage in the range of the power supply.

. R1
Pin 3 10kQ)

w20FNE LRISYGA2YSGSNI
Rotary potentiometer and linear potentiometer have similar function; the only difference is: the resistanceis
adjusted through rotating the potentiometer.
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The PCF8591 is a singlehip, single supply low power 8 bit CMOS data acquisition device with four analog
inputs, one analog outputand a serial I2Cbus interface.

FEATURES
Single power supply . Auto-incremented channel selection
Operating supply voltage 2.5V to 6 V . Analog voltage rangesfrom VSS to VDD
Low standby current . On-chip track and hold circuit
Serial input/output via 12G bus . 8-bit successive approximation A/D conversion
Address by 3 hardware address pins . Multiplying DAC with one analog output.
Sampling rate given by 12Cbus speed . 4 analog inputs programmable as singleended
, differential inputs or
PINNING
SYMBOL PIN DESCRIPTI® TOP VIEW
AINO 1
AIN1 2 .
Analog inputs (A/D converter)
AIN2 3 U
AIN3 4 AINO [ 1] 16] Voo
A0 5 :
Al 6 Hardware address AINT E EI AOUT
A2 7 AIN2 [3] [14] Vrer
Vss 8 Negative supply voltage AIN3 E E AGND
SDA 9 I2C- bus data input/output PCF8591 ,
SCL 10 I2G- bus clock input AO E EI EXT
OSsC 11 Oscnlato.rlnput/outpu'F - AT '_-6—_ 1__1] 0sC
EXT 12 externalinternal switch for oscillator
input A2 E _1_2] SCL
AGND 13 Analog ground | Veg E 3] sDA
Vref 14 Voltage reference input
AOUT 15 Analog output(D/A converter)
Vdd 16 Positive supply voltage

For more details about PCF8591, please refer to datasheet.

I2C(Inter- Integrated Circuit) is a two- wire serial communication mode, which can be used to connection of
micro controller and its peripheral equipment. Devices using I2C communication must be connected to the
serialdata (SDA)line, and serialclock (SCLJine (called 12Cbus). Each device has a unique addresand canbe
used asa transmitter or receiverto communicate with devicesconnected to the bus.
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Circuit

Schematic diagram
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The 12C interface rapberry pie is closedin default. You need to openit manually. You can enable the 12C
interface in the following way.
Type command in the terminal:
sudo raspt config
Then open the following dialog box:

— 1 Raspberry Pi Software Configuration Tool (raspi-config) b——

1 Change User Password Change password for the current u
2 Network Options Configure network settings
3 Boot Options Configure options for start-up
4 Localisation Options Set up language and regional sett
5 Interfacing Options Configure connections to peripher
6 Overclock Configure overclocking for your P
7 Advanced Options Configure advanced settings
8 Update Update this tool to the latest ve
9 About raspi-config Information about this configurat
<Select> <Finish>
5 Interfacing A P5 A A RPilater. Then the 12C

module is started.
Type a command to check whether the 12C module is started:
Ismod | grep i2c
If the 12C module has been started, the followingcontent will be shown:

pi@raspberrypi:

12c_bcm2708

12c_dev

pi@raspberrypi:
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Type the command to install 12G Tools.
sudo apt- get install i2¢ tools

I2C device address detection:
i2cdetect y 1

pi@raspberrypi:
o 1 2 3

igraspberrypi:

Here 48 (HEX)s the 12C addressof PCF8591.

Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 07.11_ PCB591 directory of C code.

cd ~/Freenove_RFID_Starter Kit for_RaspberdCdtle/C_Code7.1.1 PCB591
2. Use following command to compile PCR591.c PCRB591

gcc PCB591.c o PCRB591 IwiringPi
3. Then run thegenerated PCmB591

sudo ./PCRB591
After the program is executed, shift the potentiometer then the terminal will print out the potentiometer
voltage value and the conveted digital content. When the voltage is greater thanl.6V {oltage need to turn
on red LED, LEDstarts emitting light. If you continue to increasethe output voltage, the LED willbecome
more bright gradually.

o
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The following is the code:

#include <wiringPi.h>
#include <pcf 8591.h>
#include <stdio.h>

#define address 0x48 /Ipcf8591 default address
#define pinbase 64 /lany number above 64
#define AO pinbase + 0

#define Al pinbase + 1

#define A2 pinbase + 2

#define A3 pinbase + 3

int  main(void){

int value;

float voltage ;

wiringPiSetup ();

pcf8591Setup pinbase, address);

while (1){
value = analogReadAQ; //read AO pin
analogWrite ( pinbase+0, value);
voltage = (float )value / 255.0 * 3.3; // calculate voltage
pri ntf ("ADC value : %d , \tVoltage : %.2fV \n", value, voltage );
delay (100);

}
The default 12C address of PCF8591 x48.The pinbase is arany value greater than or equal to 64. Andve

have defined the ADC input channel Al, A2, A0, A8f PCF8591
#define address 0x48 /Ipcf8591 default address
#define pinbase 64 /lany number above 64
#define AO pinbase + 0
#define Al pinbase + 1
#define A2 pinbase + 2
#define A3 pinbase + 3
In the main function, after PCF8591s initialized by pcf8591Setip(pinbase, address)you can use the function
analogRead() and analogWrité to operate the ADC and DAC.
- pcf8591Setup( pinbase, address); ‘
, analogRead (A0) is used to read the ADC value of the A0 pajtonnected potentiometer),
then the read ADC valueis output through analogWrite(). And then the corresponding actual voltage value
will be calculated and displayed.
while (1){
value = analogReadAQ; //read AO pin
analogWrite ( pinbase+0, value);
voltage = (float )value / 255.0 * 3.3; // calculate voltage
printf ("ADC value : %d , \tVoltage : %.2fV \n", value, voltage );
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delay (100);
}
Details aboutanalogRead(Jand analogWrite():
void analogWrite (int pin, int value) ; \
This writes the gien value to the supplied analog pin. You will need to register additional analog module
to enable this function for devices
int analogRead (int pin ) ; |
This returns the value read on the supplied analog input pin. You will need to register additionalnalog
modules to enable this function for devices

For more detailedinstructions about PCF8591of wiringPi, please refer to:
http://wiringpi.com/extensiones/i2c- pcf8591/

First install a smins module, and the command is as follows:

sudo apt- get install python- smbus
After the installation is completal, operate according to the following steps Observe theproject result, and
then analyze the code.
1. Usecd command to enter 07.1.1 pcf8591 directory of Pythoncode.

cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtlie/Python_Code07.1.1 pcf8591
2. Use the python command to execute the Python code

python pcf8591.py
After the program is executed, shift the potatiometer, then the terminal will print out the potentiometer
voltage value and the converted digital content. When the voltage is greater than 1.6V (voltage need to turn
on red LED), LED starts emitting light. If you continue to increase the output voltag the LED will become
more bright gradually.

The following is the code:

import smbus
import time

address = 0x48 #default address of PCF8591
busssmbus SMBU&L)
cma0x40 #command

~N O OB WN P
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8 def analogReadchn): #read ADC value,chn:0,1,2,3
9 value = bus. read_byte data(address, cmechn)
10 return value
11
12 | def analogWrite (value): #write DAC value
13 bus. write_byte_data (address, cmdvalue)
14
15 | def loop():
16 while True:
17 value = analogRead0) #read the ADC value of channel O
18 analogWrite (value) #write the DAC value
19 voltage = value / 255.0 * 3.3 #calculate the voltage value
20 print ('ADC Value : %d, Voltage : %.2f"  %falue, voltage ))
21 time. sleep(0.01)
22
23 | def destroy ():
24 bus. close ()
25
26 |if __name_==' main_ ':
27 print ('Program is starting ..." )
28 try :
29 loop()
30 except Keyboardinterrupt :
31 destroy ()
First, define the 12C address andcontrol byte of PCF8591, ad then instantiate object bus of SMBus,which
can be used to operate ADC and DACof PCF8591
address = 0x48 # default address of PCF8591
busssmbus SMBUsl)
cme0x40 # command
Thissubfunction is used toread the ADC s the input channel number: 0, 1, 2, 3.

Its return value is theread ADC value.
def analogReaqchn): # read ADC value' chn:0,1,2,3
value = bus. read_byte_data(address, cmachn)

return value
This subfunction is used to write DAC. Its parameter value representsthe digital quality to be written,
between 0 255.

def analogWrite (value): # write DAC value

bus. write _byte data(address, cmdvalue)

Inthe while first read the ADC valueof channel 0, and thenwrite the value as the DAC digital quality

and output corresponding voltage in the out pin of PCF8591 Then calculate the corresponding voltage value

and print it out.

def loop():
while True:
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value = analogRead0) #read the ADC value of channel O

analogWrite (value) # write ADC value

voltage = value / 255.0 * 3.3 # calculate voltage value
print ('ADC Value : %d, V oltage : %.2f  %§alue, voltage ))
time. sleep(0.01)

About smbus module:

_smbus Module |
That is System Management Bud his module defines an object type that allows SMBus transactions @
hosts running the Linux kernelThe host kernel must have 12C quport, 12C device interface support, and g
bus adapter driver. All of these can be either buitin to the kernel, or loaded from modules.
In Python, you can use help(smbus) teiew the relevant function andtheir descriptions.
bus=smbus.SMBug(1) Create an SMBus class object.
bus.read_byte_data(address,cmd+chn) Read a byteof data from an address and returnit.
bus.write_byte data(address,cmd,value) Write a byte of data to an address.
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Chapter 8 Potentiometer & LED

We havelearned how to use ADC and DACbefore. When using DAC outputanalog to drive LED, we found
that, when the output voltage is less than led turaon voltage, the LED does not light, the output analog
voltage is greater than the LED voltage, the LED will light. This leads t@eartain degree of waste of resources.
Therefore, in the control of LED brightness, we should choose a more reasonable way of PWM control. In this
chapter, we learn to control the brightness of LED through a potentiometer.

Project8.1 Soft Light

In this project, we willmake a soft light. UsePCB591to read ADC valueof potentiometers and map it to duty
cycleratio of PWM used to control the brightness of LED Then you can makethe LED brightness change by

shifting the potentiometer.

Component List

Raspbery Pi3Bx1

BreadBoardx1

GPIOExtensionBoard & Wire x1

Jumper

—a. A4 44

Rotary potentiometer x1

PCF8591x1

L)
(7]
-
o=
n
)
)

ResistorlOk x2

Resistor220 x1

LED x1
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Circuit

The circuit of thisproject is similar to the one inlast chapter. The only difference is that thgin used to control

LED isdifferent.

Schematic diagram

Raspberry Pi GPIO Extension Shield

—t bt bt

—

e T
TeS940d
.. oo

—="VWV'5 %
Tw § R2 33V 5V

w= g% 3ISDAT TXDO =B
21SCL1 RXDO 10
T 1aINO  vdd]-1© —LIGPI04 GPIO18}-12-
—2JAINT  Aout)—12 11 1GPI017 GPI023 116
—3JAIN2  vref|14 131GPI027 GPI024 |18
—2 IAIN3 AGND)-13 2 {GPI022 GPI1025}22
> 1a0 EXT M—Ih 9 IMOsI CEOQ}24—
6 a1 osc -1 21IMIsO CE1}26..
7 A2 scLl—10 231SCLK SCLo 28~
8 lves  spal—2 ¢ 2713pA0 GPIO12]32—
Preso] ol =22 GPIOS5 GPIO1636—
+ WL 311GPIos GPI020}38
- Y § -331GpI013 GPI021 40

- R -321GPI019

~3L1GPIO26 Raspberry Pi
GPI0O Extension Shield
i GND
Hardware connection

..
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Code

[ 2 RN2PNf A TKI
First observe theproject result, and then analyze the code.
1. Usecd command to enter 08.2.1 Softlight directory of C code.
cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtle/C_Code/8.1.1 Softlight
2. Softlight.c
gcc Softlight.c o Softlight IwiringPi Ipthread
3. Then run the generated file
sudo ./Softlight
After the program is executed, shift the potentiometer, then the terminal window will print out the voltage
value of the potentiometer and the converted digital quantity. And brightness of LED will be changed
consequently.
The following is the code:

#include <wiringPi.h>
#incl ude <pcf8591.h>
#include <stdio.h>
#include <softPwm.h>

#define address 0x48 /Ipcf8591 default address
#define pinbase 64 /lany number above 64
#define AO pinbase + 0

#define Al pinbase + 1

#define A2 pinbase + 2

#define A3 pinbase + 3

#define ledPin 0

int  main(void ){
int value;
float voltage ;

if (wiringPiSetup () ==-1){ //when initialize wiring failed,print message to screen
printf  ("setup wiringPi failed !" );
return 1;

}

softPwmCreaté ledPin , 0, 100);
pcf8591Setup pinbase, address);

while (1){
value = analogReadAQ; //read AO pin
softPwmWrite( ledPin , value*100Q 255);
voltage = (float )value / 255.0 * 3.3; // calculate voltage
printf ("ADC value : %d , \tVoltage : % .2fV\n", value, voltage );
delay (100);
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30 }
31 return O;
32 |}

In the code,read ADC value of potentiometers and map it toduty cycle of PWM to control LED brightness
teldK2@WwHN@wF it AIKG
First observe theproject result, and then analyze the ode.
1. Usecd command to enter 08.2.1_Softlight directory ofPython code

cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtie/Python_Codéd 08.1.1 Softlight
2. Use the python command to execute the Python code

python Softlight.py
After the program is executed, shift the potentiometer, then the terminal window will print out the voltage
value of the potentiometer and the converted digital quantity. And brightness of LED will be changed
consequently.
The following is the code:

1 import RPi. GPlIOas GPIO
import smbus
3 import time
4
5 address = 0x48
6 bus=smbus SMBU&L)
7 cme0x40
8 ledPin = 11
9
10 | def analogReadchn):
11 value = bus. read_byte data(address, cme-chn)
12 return value
13
14 | def analogWrite (value):
15 bus. write_byte_data (address, cmgvalue)
16
17 | def setup():
18 global p
19 GPIOsetmodd GPIOBOARD
20 GPIOsetup(ledPin , GPIOOUY
21 GPIOoutput (ledPin , GPIOLOW
22
23 p = GPIOPW{\kd Pin, 1000
24 p. start (0)
25
26 | def loop():
27 while True:
28 value = analogRead0) #read AO pin
29 p. ChangeDutyCyclévalue* 100 255 #Convert ADC value to duty cycle of PWM
30 voltage = value / 255.0 * 3.3 #calculate voltage
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print ('ADC Value : %d, Voltage : %.2f"  %§alue, voltage ))
time. sleep(0.01)

def destroy ():
bus. close ()
GPIOcleanup()

if __name_==' main_ ":
print ('Program is starting ..." )
setup()
try :
loop()
except Keyboardinterrupt :

destroy ()

In the code, read ADC value of potentiometers and map it taluty cycle of PWM to control LED brightness.
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Chapter 9 Potentiometer & RGBLED

In this chapter, wewill use 3potentiometers to control the brightnessof 3 LEDs ofRGBLERo make it show
different colors.

Project9.1 Colorful Light

In this project, 3 potentiometers are usedto control RGBLEDand the principle is the samewith the front soft
light. Namely, read the voltage value of the potentiometer and then convert it to PWM used to control LED
brightness. Difference is that the front one need only one LED, buhis project needsa RGBLED 3 LEDs

Component List

Raspberry Pi 3B1 Jumper
GPIO Expansion Board:. Wire x1

—a. A4 44
BreadBoardx1

Rotary potentiometerx3 | PCF8591x1 ResistorlOk x2 | Resistor220 x3 | RGRED x1

:j)

|

e
™
T
o=
L
)
=
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Circuit

Schematic diagram

3.3V

AINO  Vdd}—18
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“‘l 7 NSty T JQUE: SN by RXDO -0
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o N\AH I PCrasoT 111GPIO17 GPI023 |16
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21IMIso CE1}26-
1\/\/\/\,:—| I 231scLK SCLO |28
ax & o -2L{SDAO GPIO12 {32
W -29.1GPI05 GPIO16}-36—
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B —ww 331GPI013 GPI021 40
. P R -321GPIO19
TIRELE SNV ~3L{GPI026 Raspberry Pi
GPIO Extension Shield
GND

L
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Hardware connection
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Firstobservethe project result, and then analyze the code.
1. Usecd command to enter 09.1.1 ColorfulSoftlight directory of C code.
cd ~/Freenove_RFID_Starter Kit for RaspberiCdtie/C_Codef9.1.1 ColorfulSoftlight
2. Use following command to compile"ColorfulSoftlight.c"and generate executable file'ColorfulSoftlight".
gcc ColorfulSoftlight.c o ColorfulSoftlight IwiringPi Ipthread
3. Then run the generated file"ColorfulSoftlight".
sudo ./ColorfulSoftlight
After the program is executed, rotate one of potentiometers, then the color ofRGBLEDwill change
consequently. And the terminal window will print out the ADC value of each potentiometer.

The following is the program code:

1 #include <wiringPi.h>

2 #include <pcf8591.h>

3 #include <stdio.h>

4 #include <softPwm.h>

5

6 #define address 0x48 /pcf8591 default address

7 #define pinbase 64 /lany number a bove 64

8 #define AO pinbase + 0

9 #define Al pinbase + 1

10 #define A2 pinbase + 2

11 #define A3 pinbase + 3

12

13 #define ledRedPin 3 /I define 3 pin s of RGBLED
14 #define ledGreenPin 2

15 #define ledBluePin 0

16 | int main(void){

17 int val_Red val_Green, val_Blue;

18 if (wiringPiSetup () ==-1){ //when initialize wiring failed, print message to screen
19 printf ( );

20 return 1;

21 }

22 softPwmCreaté ledRedPin, 0, 100); Il create 3 PWNNbutput pins for  RGBLED
23 softPwmCreaté ledGreenPin, 0, 100);
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softPwmCreaté ledBluePin , 0, 100);
pcf8591Setup pinbase, address); /I initialize PCF8591

while (1){
val_Red = analogReadAQ; // read 3 potentiometers
val_Green = analogReadAl);
val_Blue = analogReadA2);
softPwmWrite( ledRedPin, val_Red 100 255); /I map the read value of
potentiometer s into PWM valueand output it
softPwmWrite( ledGreenPin, val_Green*100 255);
softPwmWrite( ledBluePin , val_Blue *100' 255);
/I print out the read AD  C value
printf ("ADC value val_Red: %d , \tval Green: %d , \tval Blue: %d
\'n", val_Red val_Green, val_Blue);
delay (100);
}
return 0O
}
In the code, read the ADC value o8 potentiometers and map itinto PWM duty cycleto control the control
3 LEDs with different color of RGBLEDrespectively
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t @0 K2 ®RIMOW zZ22F0X NI K (
Firstobservethe project result, and then analyze the code.
1. Use cd command to enter 09.1.1ColorfulSoftlight directory of Pythoncode.
cd ~/Freenove_RFID_Star_Kit_for_Raspberry_Riode/Python_Codd09.1.1 ColorfulSoftlight
2. Use python command to execute python code "ColoiulSoftlight.py".
python ColorfulSoftlight.py
After the program is executed, rotate one of potentiometers, then the color of RGBLED willhange
consequently. And the terminal window will print out the ADC value of each potentiometer.
The following is the program code:

1 import RPi. GPlIOas GPIO
import smbus
3 import time
4
5 address = 0x48
6 bus=smbus SMBU&L)
7 cma0x40
8
9 ledRedPin = 15 #define 3 pins of RGBLED
10 | ledGreenPin = 13
11 | ledBluePin = 11
12
13 | def analogReadchn): #read ADC value
14 bus. write_byte (address, cmdchn)
15 value = bus. read_byte(address)
16 value = bus. read_byte(address)
17 return value
18
19 | def analogWrite (value):
20 bus. write_byte_data (address, cmgvalue)
21
22 | def setup():
23 global p_Redp_Greenp_Blue
24 GPIOsetmod€ GPIOBOARD
25 GPIOsetup(ledRedPin, GPIOOUY #set 3 pins of RGBLED output mode
26 GPIOsetup(ledGreenPin, GPIOOUY
27 GPIOsetup(ledBluePin , GPIOOUY
28
29 p_Red= GPIOPW{\fedRedPin, 1000 #configure PWNMo 3 pins of RGBLED
30 p_Red. start (0)
31 p_Green= GPIOPWNEedGreenPin, 1000
32 p_Greenstart (0)
33 p_Blue = GPIOPW({\edBluePin, 1000)
34 p_Blue. start (0)
35
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def loop():
while True:
value_Red = analogReaq0) #read ADC
value_Green = analogRead 1)
value_Blue = analogRead?2)
p_RedChangeDutyCyclévalue_Red 100 255

into PWM value and output it

p_Green ChangeDutyCyclévalue Greert 100 255

p_Blue. ChangeliyCycle (value_Blue*100d 255
#print read ADC value
print ('ADC Value

value_Red: %d ,\tvlue_Green: %d , \tvalue_ Blue: %d'
time. sleep(0.01)

def destroy ():
bus. close ()
GPIOcleanup()

if __name
print
setup()

try :

' _main__":

'Program is starting ...

loop()
except Keyboardinterrupt :

destroy ()

value of 3 potentiometer s

#map the read value of potentiometers

%({alue_Red value_Green value_Blue))

In the code, read the ADC value of 3 potentiometers and map it into PWM duty cycle to control the control

3 LEB with different color of RGBLED, respectively.
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Chapter 10 Photoresistor & LED

In this chapter, wewill learn how to use photoresistor.

Project10.1 NightLamp

Photoresistoris very sensitiveto illumination strength. Sowe can use this featurdo make a nightlamp, when
ambient light gets darker, LEDwill become brighter automatically, and when the ambient light gets brighter,
LEDwill become darker automatically.

Component List

Raspberry PBB x1 Jumper

GPIOExtensionBoard & Wire x1

BreadBoardxl —a. A4 44
Photoresistorx1 PCF8591x1 Resistorl0Ok x3 | Resistor220 x1 | LED x1

o
™
i
o=
L
-0
=
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Component knowledge

t K2G2NBaAadz2NI

Photoresistoris a light sensitiveresistor. When the strength that light castsonto the photoresistor surfaceis
not the same, resistanceof photoresistor will change. With this feature, we can use photoresistor to detect
light intensity. Photoresistorand symbol are asfollows.

1T 2

The circuit below is often used to detect the change of photoresistor resistance:

In the above circuit, when photoresistor resistancechangesdue to light intensity, voltage between
photoresistor and resistor R1will change, so light's intensity can be obtained by measuringthe voltage.
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Circuit

The cicuit of this project is similar to the one in last chapter The only difference is lhat the input signal of the

AINO pin of PCF8591 is changedrom a potentiometer to combination of a photoresistor and a resistor.

Schematic diagram
3.3V
R4 |
ngQ 10kQ 5 3.3V 5V
1UIaINO  vdd 16— 198 o SDA1 TXDO |8~
~2dAINT  Aoutf—12- S1scL1 RXDO O
~3 AN vrefl14 —L1GPI0O4 GPIO18}-12-
—{amz aND—2 ]| 111GPI017  GPIO23}16-
5 10 ExT |12 13 1GPI027 GPI024 |18
6 Ia1 oscldl A51GP1022 GP1025 |22
7 {a2 scL}--10 194mosi CEO}-24—
8 lvss  spal-2 21IMISO CE1126
PCresol SZ 2314sCLK SCLO28.
5 271SDA0 GPIO12132-
1 w | 22 GPIOS GPIO16 136
- S11GPIO6 GPIO20 |38
33 1GPIO13 GPIO21 140
35.1GPI019
- GP1026 Raspberry Pi
7 GPIO Extension Shield
- GND
2200
Hardware connection
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Code

The
/1

code of thisproject is identical with the one in last chapterlogically.
2 RSpmBbAVI K G | Y LI

First observe theproject result, and then analyze the code.

1.

Usecd command to enter 010.1.1_Nightlamp directory of C code.
cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtle/C_Code/10.1.1 Nightlamp

Use following command to ¢ Nightlamp.c
gcc Nightlamp.c o Nightlamp  IwiringPi - Ipthread
Nightlamp

sudo ./Nightlamp

After the program is executed,when you cover the photosensitive resistanceor make a flashlight toward the
photoresistor, the brightness of LED will be enhanced or weakenedind the terminal window will print out

the
The

current input voltage valueof PCF8591 AINO pirand the converted digital quantity.
following is the program code:

1

© 00 N O O WwN

N DD NNRNNMNNNRERRERERERRR R
N o D WNREPROO©®W~NOOUuMWNDNIRO

N
(o}

#include <wiringPi.h>
#include <pcf8591.h>
#include <stdio.h>

#include <softPwm.h>

#define address 0x48 //pcf8591 default address
#define pinbase 64 /lany n umber above 64
#define AO pinbase + 0

#define Al pinbase + 1

#define A2 pinbase + 2

#define A3 pinbase + 3

#define ledPin O
int  main(void ){
int value;
float voltage ;
if (wiringPiSetup () ==-1){ //when initialize wiring failed,print message to screen
printf ( );
return 1,
}
softPwmCreaté ledPin , 0, 100);
pcf8591Setup pinbase, address);

while (1){
value = analogReadAQ; //read AO pin
softPwmWrite( ledPin , value*100Q 255);
voltage = (float )value / 255.0 * 3.3; // calculate voltage
printf ( , value, voltage );

S
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30
31
32

delay (100);
}

return 0;

}

t @0 K2 WSpmbbvaI KGt | Y LI
First observe theproject result, and then analyzethe code.

1. Usecd command to enter 09.1.1_Nightlamp directory of Bthon code.

cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtlie/Python_Codé 10.1.1 Nightlamp
2. Use the python command to execute the Python code Nightlamp.py .

python Nightlamp.py
After the program is executed, when you cover the photosensitive resistance or makeflashlight toward the
photoresistor, the brightness of LED will be enhanced or weakened. And the terminal window will print out

the current input voltage valueof PCF8591 AINO pirand the converted dgital quantity.
The following is the program code:

import RPi. GPlIOas GPIO
import smbus
import time

address = 0x48
busssmbus SMBUYsl)
cme0x40

ledPin =11

def analogReadchn):
value = bus. read_byte data(address, cme-chn)
return value

def analogWrite (value):
bus. write_byte_data (address, cmgvalue)

def setup():
global p
GPlOsetmod€ GPIOBORD
GPIOsetup(ledPin , GPIOOUY
GPIOoutput (ledPin , GPIOLOYW

p = GPIOPWNEdPIn, 1000
p. start (0)

def loop():
while True:
value = analogRead0)
p. ChangeDutyCyclévalue* 100 255
voltage = value / 255.0 * 3.3
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print ('ADC Value : %d, Voltage : %.2f'

time. sleep(0.01)

def destroy ():

if

bus. close ()
GPIOcleanup()

__hame_==' main__":

print ('Program is starting ..."

setup()
try :
loop()

except Keyboardinterrupt :

destroy ()

%(alue, voltage ))
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Chapter 11 Thermistor

In this chapter, we will learnanother new kind of resisor, thermistor.

Project11.1 Thermometer

The resistance ofthermistor will be changed with temperature change Sowe can make a thermometer
according to this feature.

Component List

Raspberry PBB x1 Jumper

GPIOExtensionBoard & Wire x1

BreadBoardxl —a. A4 44
Thermistorx1 PCF8591x1 ResistorlOk x3

o
™
i
o=
L
-0
=
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Component knowledge

¢ KSNXYAA&G2N]

Thermistor is a temperature sensitiveresistor. When the temperature changes resistanceof thermistor will
change.With this feature, we can use thermistor to detect temperature intensity. Thermistor and symbol are
asfollows.

The relationship betweenresistance value and temperature of thermistor is:
Rt=R*EXP [B*(1/T2- 1/T1)]

Where:

Rt is the thermistor resistanceunder T2 temperature;

Ris in the nominal resistanceof thermistor under T1temperature;

EXP[n]is nth power of E

B is for thermal index;

T1, T2is Kelvin temperature (absolute émperature). Kelvin temperature 273.15+celsiustemperature.
Parametes of the thermistor we useis: B=3950, R=10k, T1=25.
The circuit connection method of the thermistor issimilar to photoresistor, like the following method:

5V

R2
10kQ

WW

R1

We can use he valuemeasuredby the analog pin of UNO to obtain resistance valueof thermistor, and then
can usethe formula to obtain the temperature value.
Consequently, the temperature formula can be concluded:

T2=1/(1/T1 + In(Rt/R)/B )
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Circuit

The circuit of this project is similar to the one in last chapter. The only diffeence is that the photoresistoris

replaced by the thermistor.

Schematic diagram

3.3V
A
10kQ R3 R2
10kQ) 10kQ 3.3V 5V

1 1aINO  vdd]—16 ‘ 3 ISDA1 TXDO }=8—
~24AINT  Aout)1 5 1scL1 RXDO 1O
~3AIN2  vref|—14 —L1GPIO4 GPIO18}-12—
~AJAIN3 AGND|13 A1L1IGPIO17 GPI023}-16
st eatzle]) 131GPI027  GPIO24 118
6 a1 oscl-ll- 15 1GP1022 GPI025}-22
7 |a2 scL |10 19 Imos| CEQ |24~
8 lvss  spal-2 211IMmIso CE1 )26
R PCF850] 231sSCLK SCLO}28~
L -2L1SDAD GPIO12}32—
= 29 1GPIO5 GPIO16}36—
S11GPIos GPI1020}-38
33 1GPIO13 GPI1021 140

% GPIO19

GP1026 Raspberry Pi
5?(: GPIO Extension Shield
GND

Hardware connection

Raspberry Pi GPIO Extension Shield
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In this project code, the ADC valueis still needed to be read and the differenceis that a specific formulais
used to calculate the temperature value.

First observe theproject result, and then analyze the code.
Usecd command to enter 11.1.1 Thermometer directory of C code.
cd ~/Freenove_RFID_Starter Kit for RaspberdCdtle/C_Codefl1.1.1 Thermometer
1. Thermometer Thermometer -
option is needed.
gcc Thermometer.c o Thermometer IwiringPi Im
2. Then
sudo ./Thermometer
After the program is executed,the terminal window will print out the current ADC value, voltage glue and
temperature value. Try to pinch the thermistor (do not touch pin) with hand lasting for a whilg then the
temperature value will beincreased

Temperature
Temperature

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

The following is the code:

1 #include <wiringPi.h>
#include <pcf8591.h>
#include <stdio.h>

#include <math.h>

#define pinbase 64 /lany number above 64
#define AO pinbase + 0
#define Al pinbase + 1
10| #define A2 pinbase + 2
11 #define A3 pinbase + 3

3
4
5
6 #define address 0x48 //pcf8591 default address
7
8
9

13 | int main(void ){
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14 int adcValue;

15 float tempKtempC

16 float voltage , Rt;

17 if (wiringPiSetup () ==-1){ //when initialize wiring failed,print message to screen
18 printf ( );

19 return 1;

20 }

21 pcf8591Setup pinbase, address);

22 while (1){

23 adcValue = analogReadAQ; //read AO pin

24 voltage = (float )adcValue/ 255.0 * 3.3; /I calculate voltage

25 Rt = 10 * voltage / (3.3 - voltage); //calculate resistance value of thermistor
26 tempK= 1/( 1/( 273.15 + 25) + log(Rt/ 10)/ 3950.0); //calculate temperature (Kelvin)
27 tempC= tempK-273.15; /lcalculate temperature (Celsius)

28 printf (

29 , adcValue voltage , tempG;

30 delay (100);

31 }

32 return O;

33 |}

In the code, read the ADC valueof PCF8591 A0 portand then calculate the voltage and the resistance of
thermistor according to Ohms law: Finally, calculatethe current temperature.according to the front formula.

First observe theproject result, and then analyze the code.
1. Usecd command to enter 11.1.1_Thermometer directory oPython code.
cd ~/Freenove_RFID_Starter_Kit_for_RaspberiCdtle/Python_Codd11.1.1 Thermometer
2. Use python command to execute python code
python Thermometer.py
After the program is executed,the terminal window will print out the current ADC value, voltage glue and
temperature value. Try to pinch the thermistor (do not touch pin) with hand lasting for a whilg then the

Tempe
Temper:

Tempe
Temper:

Temper:
Tempe
Tempe
Temper

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.



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

s www.freenove.com

Chapter 11 Thermistor

import RPi. GPlIOas GPIO
import smbus

import time

import math

address = 0x48
bus=smbus SMBUYslL)
cma0x40

def analogReaqchn):
value = bus. read_byte data(address, cmechn)
return value

def analogWrite (value):
bus. write_byte_data (address, cmgvalue)

def setup():
GPIOsetmod€ GPIOBOARD

def loop():
while True:
value = analogRead0) #read AO pin
voltage = value / 255.0 * 3.3 #calculate voltage

Rt = 10 * voltage / (3.3 - voltage) #calculate resistance value of thermistor
tempK= 1/( 1/( 273.15 + 25) + math log (Rt/ 10)/ 3950.0) #calculate temperature

(Kelvin)

tempC= tempK-273.15 #calculate temperature (Celsius)
print ('ADC Value : %d, Voltage : %.2f, Temperature : %.2f'

time. sleep(0.01)

def destroy ():
GPI1Ocle anug)

if __name_==' main_ ":
print ('Program is starting ..." )
setup()
try :
loop()
except Keyboardinterrupt :

destroy ()

%(alue, voltage , tempQ)

In the code, read the ADC valueof PCF8591 A0 portand then calculate the voltage and the rsistance of
thermistor according to Ohms law. Finally, calculatethe current temperature. according to thefront formula.
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Chapter 12 Joystick

In the previous chapter, we have learned how to userotary potentiometer. Now, let's learn a newelectronic
module Joystickwhich working on the same principle asrotary potentiometer.

Project12.1 Joystick

In this project, we will readthe output data of Joystick and printit to the screen.

Component List

Raspberry Pi 3B1 Jumper

GPIO Expansion Board:. Wire x1

BreadBoardx1 ===,
PCF8591x1 ResistorlOk x2 Joystick x1

L)
(7]
-
o=
n
)
)
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Component knowledge

w20 |
Joydgick is a kind of sensorused with your fingers, which is widely used in gamepad and remote controller. It
can shift in direction Y or direction X at the sametime. And it can also be pressedin direction Z.

GND
+5V
VRX
VRY
SW

Joystick

o [ oo |

Two rotary potentiometers inside the joystick are setto detect the shift direction of finger, and a push
button in vertical direction is setto detect the action of pressing.

+5v W

|vRv - !
=

When read the data of joystick, there are some different between axisdata of X and Y axis isnalog, which

need to use ADC. Data of Z axis idigital, so you can directly use the GPIO to readpr you can also use ADC
to read.
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Circuit

Schematic diagram

3.3V

L ]

GND 1 3,3V
vee | |
VRX _3\/_<:1AIN0 vdd
VRY |- 2 1aAINT  Aout
SW —2JAIN2  Vref
T —:AIN3 AGND
AQ EXT
6 a1 0sC
L2 SCL
8 lvss  SDA
PCF8591

16

15
14

13
12
11
10

R3
10k

e

:

R2

10kQ

RN G e

3.3V

SDA1
SCL1
GP104
GPIO17
GPIO27
GPI1022
MQOSI
MISO
SCLK
SDAO
GPIO5
GPI106
GPIO13
GPIO19

5V

TXDO
RXDO
GPI1018
GP1023
GP1024
GPI1025
CEO
CE1
SCLO
GP1012
GPIO16
GP1020
GP1021

GPIO26 Raspberry Pi
GPIO Extension Shield

GND

PEBRPPEREPE

GPIO18

Hardware connection

#GPI017 GPIO18e
GNDe

GPI024e

GNDe

#GP1027
#GPI022 GPIO23e

026 GPI020e

#GND

Raspberry Pi GPIO Extension Shield
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In this project code, we will read ADCvalue of X and Y axis of Joystick, ancead digital quality of Z axis then
print these dataout.

Firstobservethe project result, and then analyze the code.
1. Use cdcommand to enter 12.1.1 Joystickdirectory of C code.
cd ~/Freenove_RFID_Starter Kit for RaspberdCdtle/C_Codefl2.1.1 Joystick
2. Use following command to compile "Joystick.c"and generate executable file"Joystick.c!'"-Im" option is
needed.
gcc Joystik.c o Joystick IwiringPi Im
3. Then run the generated file"Joystick"
sudo ./Joystick
After Program is executed the terminal window will print out the data of 3 axes X, YZ And shifting the
Joystickor pressing itwill make those datachange.

1
1
1
1
1
1
1
1

| el 8

The flowing is the code:

1 #include <wiringPi.h>

2 #include <pcf8591.h>

3 #include <stdio.h>

4 #include <softPwm.h>

5

6 #define address 0x48 //pcf8591 default address
7 #define pi nbase 64 /lany number above 64

8 #define AO pinbase + 0

9 #define Al pinbase + 1

10| #define A2 pinbase + 2

11 #define A3 pinbase + 3

12

13| #define Z Pin 1 /I define pinforaxi s Z

14

15 | int main(void ){

16 int val_X,val _Y,val Z;

17 if (wiringPiSetup () ==-1){ //when initialize wiring failed,print message to screen
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printf  ("setup wiringPi failed ! ");
return 1;
}
pinModé Z_Pin, INPUT; /I set Z_Pin as input pin and pull -up mode
pullUpDnControl (Z_Pin, PUD_UQP
pcf8591Setup pinbase, address); /linitialize PCF8591
while (1){
val_Z = digitalRead (Z_Pin); // read digital quality of axis Z
val_Y = analogRead AO); /I read analog quality of axis X and Y
val_X = analogReadAl);
printf ("val X:%d [ \tval Y:%d , \tval_Z:%d \n",val_X, val_Y,val_Z);
delay (100);
}
return 0O

}
In the code, configure Z_Pin to puHup input mode. In while cycle of main function use analogRead () to
read the value of axis X and Y and usdigitalRead () to read the value of axis Z, therprint them out.

while (1){
val_Z = digitalRead (Z_Pin); // read digital quality of axis Z
val_Y = analogReadAO); /I read analog quality of axis X and Y
val_X = analogReadAl);
printf ("val X:%d , \tval Y:%d , \tval_Z:%d \n",val_X, val_Y,val_Z);
delay (100);
}
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First observethe project result, and then analyze the code.
1. Use cd command to ente 12.1.1_Joystick directory of Pythooode.
cd ~/Freenove RFID_Starter Kit for RaspbernCé&ile/Python_Code12.1.1 Joystick
2. Use python command to execute python code "Joystick.py".
python Joystick.py
After Program is executed the terminal window will print out the data of 3 axes X, YZ And shifting the
Joystickor pressing itwill make those datachange.

b
—
i
[
—

HHHHHRFRFRHRF

The following is the program code:

1 import RPi. GPlIOas GPIO

2 import smbus

3 import time

4

5 address = 0x48

6 bus=smbus SMBU&L)

7 cme0x40

8 Z Pin =12 #define pin for Z_Pin

9 def analogReadchn): #read ADC value

10 bus. write_byte (address, cmdchn)

11 value = bus. read_byte(address)

12 value = bus. read_byte(address)

13 #value = bus.read_by te_data(address,cmd+chn)

14 return value

15

16 | def analogWrite (value):

17 bus. write_byte_data (address, cmdvalue)

18

19 | def setup():

20 global p_Redp_Greenp_Blue

21 GPIOsetmod€ GPIOBOARD

22 GPIOsetup(Z_Pin, GPIOIN, GPIOPUD_UP #setZ_Pinto pull -up mode
23 | def loop():

24 while True:

25 val_Z = GPIOinput (Z_Pin) #read digital quality of axis Z
26 val_Y = analogRead0) #read analog quality of axis X and Y
27 val_X = analogRead 1)
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print ('value_X:%d , \tviue Y:%d , \tvalue_Z: %d" %{al_X, val_Y, val_Z))
time. sleep(0.01)

def destroy ():
bus. close ()
GPIOcleanup()

if __name_==' main_ ":
print ('Program is starting ..." )
setup()
try :
loop()
except Keyboardinter rupt :
destroy ()
In the code, configure Z_Pin to pulup input mode. In while cycle ofloop, use analogRead () to read the

value of axis X and Y and us&PIO.input () to read the value of axis Z, therprint them out.

while True:
val_Z = GPIQinput (Z_Pin) #read digital quality of axis Z
val_Y = analogRead 1) #read analog quality of axis XandY
val_X = analogRead?2)

print ('value_X:%d , \tviue Y:%d , \tvalue_Z: %d" %{al_X, val_Y, val_Z))
time. sleep(0.01)
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Chapter 13 Motor & Driver

In this chapter, wewill learn some knowledge about DC motor and DC motor driveand how to control the
speed and direction of motor.

Project13.1 Control Motor with Potentiometer

In this project, a potentiometer is used to control motor. When the potentiometer is in the midpoint position,
the motor will stops rotating, and when away from the middle position, the motor speed increasesWhen
potentiometer is shifted to limited ends, the motor speed reaches maximum. When the potentiometer
position is at different side ofmiddle position, the direction of motor is different.

Component List

Raspberry PBB x1 Jumper

GPIOExtensionBoard & Wire x1

BreadBoardx1 NI
Breadboard power module x1 9V Battery frovided by yourself) & battery cable

5V OFF 3.3V
0000

+ -

Motor x1 Resistorl0Ok x2 | PCF8591x1 L293D

L

Tk5942d
dELZT
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Component knowledge

Motor

Motor is a device that converts electrical energy into mechanical energy. Motor consists of two parts: stator
and rotor. When motor works, the stationary part is stator, and the rotating part isotor. Stator is usually the
outer case of motor, and it has terminals to connect to the power. Rotor is usually the shaft of motor, and can
drive other mechanical devices to run. Diagram below is a small DC motor with two pins.

| |

Q

a

1 2
When motor get connected to the power supply, it will rotate in one direction. Reverse the polarity of power
supply, then motor rotates in opposite direction.

" N
m ”
+ - -+

[ Hpob5

L293Dis a chip integrated with 4- channelmotor drive. You can drive a unidirectional motor with 4 ports or a
bi- directional motor with 2 port or a stepper motor.

1 16 U Enable 1 +v e
2 15 21 1n1 In4 P2
3 14 31 out 1 out4 P4
4 13 4l ov ov B3
5 12 =21 ov ov P2
6 11 L1 out2 out 3 L
7 10 AR In3 PO
8 9 L +Vmotor Enable 2 9
293D
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Port description of L293D module is as follows:

Pin name Pinnumber | Description

In x 2,7,10,15 Channel x digital signal input pin

Out x 3,6,11,14 Channel x output pin, input high or low level according to In x pin, get
connected to +Vmotor or OV

Enablel 1 Channel 1 and channel 2 enable pin, high level enable

Enable2 9 Channel 3 and channel 4 enable pin, high level enable

ov 4,5,12,13 Power cathode (GND)

+V 16 Positive electrode (VCC) of power supply, supply voltage 4.5~36V

+Vmotor 8 Positive electrode of load power supply, provide power supply for the Out

pin x, the supply voltage is+V~36V

For more details, please see atasheet.
When using L293Dto drive DC motor, there are usuallytwo kinds of connection.
Following connection usesone channel,and it can control motor speedthrough PWM, but the motor can

only rotate in one direction.

L293D Pin Out >—

Motor CND

Following connection usestwo channels:one channeloutputs PWM wave,and another channel connects
GND, so you can control the speed of motor. When these two channelsignalsare exchanged,the current
direction of the motor can be reversed,and the motor will rotate in reversedirection. Thiscan not only
control the speed of motor, but also can control the steering of motor.

JTLIL

GND

GND

o)

L293D Pin Out 2 —

UL

N>

L293D Pin Out 2 —

In actual use, motor is usuallyconnected to the channell and 2, output different levelto inl and in2 to
control the rotation direction of the motor, and output PWM waveto Enablelport to control the motor
rotation speed.Or, get motor connected to the channel 3 and 4, output different levelto in3 and in4 to
control the motor's rotation direction, and output PWMwaveto Enable2 pin to control the motor rotation

speed.
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Circuit

When connecting the circuit, pay attention tothat becausethe motor is a high- power component, do not

use the power provided by the RPiwhich may do damage to your RRithe logic circuit can be powered by

RPi power orexternal power supplywhich should have the common ground with RPi
Schematic diagram

5V 3.3V

L |

5V — l 3.3v

- 3.3V

GND T T GND

, ‘ | |
BreadBoardPower }fém
gf['m 33V 5V
—tvss " Spaf— | 2-/SDA TXDO [-E-
il A2 ScL SCLA1 RXDO {19
A1 0SCl— —L1GPIO4 GPIO18 {12~
—{A0 ECTE—III 11GPIO17 GPI023 {16
' —AIN3AGND|—- 13.GPI027 GPI024 18
—— AIN2  Vrefl— 151GPI022 GPI025[22
—AINT Voutp—— | -19mos| CE0 |24
2 2 b I WARIYITY CE1}26-
R L 231sCLk SCLo |28~
—- i -2L1SDAD GPIO12}32—
T _— 291GPI05 GPIO16/-38—
‘ -311GPI06 GPIO20}38-
~g| Enable 2 +Vmotor |3 —3-3—35 g;:g]g GPI021 40
=nl In3 In2
2% outs out2 |4 1 371GPIO26 Raspberry Pi
i v Is] GPIO Extension Shield
e id ov (711 \4 GND
74| Out4 Out1f3
95| In4 In113
16 +V Enable 17

S support@freenove.com


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

s www.freenove.com Chapter 13 Motor & Driver

Hardware connection

ARnnEAnAAAAARAnIRANAARAIARARARARARAARAAn

Raspberry Pi GPIO Extension Shield

- e
PCF&59L
LI
LI

..
.

Charge the jumper cap
position to change supply
voltage for motor.

D N I A I A O O A
" e e v e e e e e e
LI A I I I A )
s e e s e s e e e e
L I I A ]

w
i
E0E NEE o =
= w
S <

E .

Logic voltage supply
end (must select
3.3V

AEE 440 AS AEE 440 AS

O =
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In this project code, first read the ADCvalue, and then control the rotation direction and speed of the motor
accarding to the value of the ADC.

First observe theproject result, and then analyze the code.
1. Usecd command to enter 13.1.1 Motor directory of C code.

cd ~/Freenove_RFID_Starter Kit for RaspberdCdtle/C_Code/l3.1.1 Motor
2. Usefollo Motor.c Motor - -

option is needed.

gcc Motor.c o Motor IwiringPi Im -Ipthread
3. Then

sudo ./Motor
After the program is executed,shift the potentiometer, then the rotation speed and direction of the motor
will change with it. And when the potentiometer is turned to midpoint position, the motor stops running.
When away from the middle position,the motor speed will increase. Wherto both ends, motor speed reach
to maximum. When the potentiometer isturned to different side of the middle position, the motor will run
with different direction. Meanwhile, the terminal will print out ADC value of the potentiometer,the motor
direction and the PWM duty cycle used to control motor speed.

va

he PWM «

he PWM dut
- Vs -|||l':' -

The following is the code:

#include <wiringP i.h>
#include <pcf8591.h>
#include <stdio.h>
#include <softPwm.h>
#include <math.h>
#include <stdlib.h>

#define address 0x48 /Ipcf8591 default address
#define pinbase 64 /lany number above 64
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#define AO pinbase + 0
#define Al pinbase + 1
#define A2 pinbase + 2
#define A3 pinbase + 3

#define moto RPin1 2 /I define the pin connected to L293D
#define moto RPiN2 0
#define enablePin 3
/I Map function: mapthe value from a range of mapping to another range
long maglong value, long fro mLowlong fromHigh, long toLow, long toHigh){
return (toHigh-toLow)*( value-fromLow / (fromHigh-fromLow + toLow,
}
/I notor function:  determine the direction and speed of the motor according to the ADC
value to be input.
void motor(int AD®
int value = ADC-128
if (value>0){
digitalWrite  (motdRPinl, HIGH
digitalWrite  (motdRPin2, LOW
printf  ("turn Forward... \n");
}
else if (value<0){
digitalWrite  (motdRPinl1, LOW
digitalWrite  (motdRPin2, HIGH
printf ("turn Back... \n");

}

else {
digitalWrite  (motdRPinl, LOW
digitalWrite  (motdRPin2, LOW
printf  ("Motor Stop... \n");

}

softPwmWrite( enablePin, mapabs(value), 0, 128 0, 255));
printf ("The PWM duty cycle is %d%%n", abs(value)* 100 127);// print the PWNMiuty cycle .

}
int  main(void){
int value;
if (wiringPiSetup () ==-1){ //when initialize wiring failed,print message to screen
printf  ("setup wiringPi failed !" );
return 1;
}

pinMod€ enablePin , OUTPYT  set mode for the pin
pinModd motdRPinl, OUTPYT

pinModd motdRPin2, OUTPYT

softPwmCreaté enablePin, 0, 100);// define PWNpin
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54 pcf8591Setup pinbase, address);// initialize PCF8591
55
56 while (1){
57 value = analogReadAQ; //read AO pin
58 printf ( , value);
59 motor(value); /I start the motor
60 delay (100);
61 }
62 return O
63 |}
We have beenfamiliar with reading learn directly subfunction void motor(int ADC):first,

compare ADC value with128 (value corresponding to midpoint). When the current ADC value is higher,
motoRPinl outputs high level and motoRPin2outputs low levelto control motor to run with forward rotation
direction. When the current ADCvalue is lower, motoRPin1 outputs low level and motoRPin2 outpus high
level to control motor run with reversed direction When the ADC value is equal to 128motoRPin1 and
motoRPiIn2 output low level, then the motor stops. And then determine PWM duty cycle according to the
difference between ADC value and 128Because the absolutedifference value stays within 0- 128. Weneed
to use the map() subfunction mapping the difference value torange of 0- 255. Finally print out the duty cycle.
void motor(int AD®
int value = ADC-128
if (value>0){
digitalWrite  (motdRPinl, HIGH
digitalWrite  (motdRPin2, LOW
printf ( );

}

else if (value<0){
digitalWrite  (motdRPin1, LOW
digitalWrite  (motdRPin2, HIGH
prin tf ( )
}
else {
digitalWrite  (motdRPinl, LOW
digitalWrite  (motdRPin2, LOW
printf ( );
}
softPwmWrite( enablePin, mapabs(value), 0, 128 0, 255);
printf ( , abs(value)* 100/ 127);//  printout  PWNuty
cycle.

}
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First observe theproject result, and then analyze the code.
1. Usecd command to enter 13.1.1_Motor directory of Pythoncode.

cd ~/Freenove_RFID_Starter Kit for RaspberdCdtie/Python_Code13.1.1 Motor
2. Motor.py

python Motor.py
After the program is executed,shift the potentiometer, then the rotation speed and direction of the motor
will change with it. And when the potentiometer is turned to midpoint position, the motor stops running.
When away from the middle position,the motor speed will increase. When toboth ends, motor speed reach
to maximum. When the potentiometer isturned to different side of the middle position, the motor will run
with different direction. Meanwhile, the terminal will print out ADC value of the potentiometer,the motor
direction and the PWM duty cycle used to control motor speed.

The PWM ¢

ADC Walue
Turn Forwa
The PWM dut

ADC Value
Turn
The PWM duty

The following is the code:

1 import RPi. GPIOas GPIO

2 import smbus

3 import time

4

5 address = 0x48

6 bus=smbus SMBU&L)

7 cme0x40

8 # define the  pin connected to L293D

9 motoRPinl= 13

10 | motoRPin2= 11

11 | enablePin = 15

12

13 | def analogReaqchn):

14 value = bus read_byte data(address, cmdchn)
15 return value

16

17 | def analogWrite (value):

18 bus. write_byte_data (address, cmdvalue)
19
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def setup():
global p
GPIOsetmodd GPIOBOARD  # set mode for pin
GPIOsetup(motoRPin1 GPIOOUY
GPIOsetup(motoRPin2 GPIOOUY
GPIOsetup(enablePin, GPIOOUY

p = GPIOPWnNnablePin, 1000 # creat PWM
p. start (0)
#mapNUM function: map the value from a range of mapping to another range.

def mapNYwalue, fromLow fromHigh, toLow, toHigh):
return (toHigh-toLow*( value-fromLow / (fromHigh-fromLow + toLow
#motor function: determine the direction and speed of the motor according to the ADC
value t o be input.
def motor(ADE
value = ADC-128
if (value > 0):
GPIOoutput (motoRPin1 GPIOHIGH
GPIOoutput (motoRPin2 GPIOLOYW
print (‘Turn Forward..." )
elif (value < 0):
GPIOoutput (motoRPin1 GPIOLOY
GPO. output (motoRPin2 GPIOHIGH
print (‘Turn Backward..." )
else :
GPIOoutput (motoRPin1 GPIOLOYW
GPIOoutput (motoRPin2 GPIOLOYW
print (‘Motor Stop..." )
p. start (mapNUkbs(value), 0, 128 0, 100)

print ('The PWM duy cycle is %d%%\ n' %@by(value)* 100/ 127))  #print PMW duty cycle.

def loop():
while True:
value = analogRead0)
print ('ADC Value : %d' %falue))
motor(value)
time. sleep(0.01)

def destroy ():
bus. close ()
GPIOcle anug)

if __name_==' main__

S support@freenove.com


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

S www.freenove.com

Chapter 13 Motor & Driver

64
65
66
67
68
69

print ('Program is starting ..." )

setup()

try :
loop()

except Keyboardinterrupt :
destroy ()

We have beenfamiliar with read

learn directly subfunction def motor( ADE: first,

compare ADC value with 128(value corresponding to midpoint). When the curent ADC value ishigher,
motoRPin1 outputs high level and motoRPin2 output low levelto control motor to run with forward rotation
direction. When the current ADCvalue is lower, motoRPinl outputs low level and motoRPin2 outpus high
level to control run with reversed direction. When the ADC value is equal to 128make motoRPinl and
motoRPiIn2 output low level, then the motor stops. And then determine PWM duty cycle according to the
difference between ADC value and 128Because the absolutdifference valuestays within 0- 128. Weneed
to use the map ()subfunction mapping the difference value torange of 0- 255. Finally print out the duty cycle.

def motor(ADE

value = ADC-128

if (value > 0):
GPIOoutput (motdRPin1, GPIOHIGHI
GPIOoutput (motdRPin2, GPIOLOW
print (‘Turn Forward..." )

elif (value < 0):
GPIOoutput (motoRPin]1 GPIOLOW
GPIOoutput (motoRPiN2 GPIOHIGHI
print ('Turn Backward..." )

else :
GPIOoutput (motoRPin]1 GPIOLOW
GPIOoutput (motoRPIiN2 GPIOLOW
print (‘Motor Stop..." )

p. start (mapNUkbs(value), 0, 128 0, 100)

print ('The PWM duty cycle is %d%% n' %@bs( value)* 100 127))

#print PMW duty cycle.
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Chapter 14Relay & Motor

In this chapter, wewill learn a kind of special switchmodule, Relay Module.

Project 14.1.1 Relay & Motor

In this project, we will use a push buttonto control a relay and drivethe motor.

Component List

Raspberry Pi 3B1 Jumper
GPIO Expansion Board:. Wire x1
BreadBoardx1

9V battery (prepared by yourself) & battery line

Breadboard extensionx1 ResistorlOk x2 | Resistorlk x1 | Resistor220 x1

SV OFF 3.3V 5V OFF 3.3V

+ +-

NPN Relay x1 Motor x1 Push button x1 LED x1 Diode x1

transistor x1 1
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Component knowledge

wSft Il e

Relay is a safe switch which can use low power circuit to control high power circuit. It consisfelectromagnet
and contacts. The electromagnet is controlled by low power circuit and contacts is used in high power circuit.
When the electromagnet is energized, it will attract contacts

The following is aprinciple diagram of common relay and thefeature and circuit symbol of 5V relayused in

this project:

Diagram Feature Symbol
/Armature Contactor
Spring T /
N 24 6
= 3 1
= &Y ° P
: DC 5V . \_l:'_ 5
3A 120VAC
L ll ] 3A 24VDC = 6
Electromagnet T 4 i 5
Signal power 1 3 5
Load power
o

Pin 5 and pin 6 are connected to each other inside. When the coil pin3 and 4 get connected to 5V power
supply, pin 1 will be disconnectedto pin 5&6 and pin 2 will be connectedto pin 5&6. Sopin 1 is called close
end, pin 2 is called open end.

Ly RdzO( 2 NJ

The unit of inductance() is the henry H). 1H=1000mH, 1mH=1000 H.

Inductor isan energy storage devicethat convertselectricalenergyinto magnetic energy.Generally it consists
of winding coil, with a certainamount of inductance.Inductor will hinder the changing current passingthrough
the inductor. When the current passingthrough inductor increases,it will attempt to hinder the increasing
trend of current; and when the current passingthrough the inductor decreasesjt will attempt to hinder the
decreasingtrend of current. Sothe current passingthrough inductor is not transient.

<2 L~V 2

Thereferencecircuit for relay is as follows. The coil of relay can be equivalentto inductor, when the transistor
disconnectspower supply of the relay,the current in the coil of the relay can't stop immediately, causingan
impact on power supply. So a parallel diode will get connected to both ends of relay coil pin in reversing
direction, then the current will passthrough diode, avoiding the impact on power supply.

5V

:; LED1
3 1
NN ER
2Rz100 ZS \‘[
D1 6
4 T 12

R2 Rela:
1kQ Y
Pin Q1

support@freenove.com s


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

Chapter 14 Relay & Motor www.freenove.coms

Circuit

Pay attention to the power supply voltageneeded for the components in circuit, in which the relayneeds
power supply voltage 5V, and the motor needs 3.3VAdditionally, a LEDis usedas an indicator for the relay
(turned on or turned off).

Schematic diagram
5\’_
3 _ 3.3V
I N
I's
I gl - 1
2[ 7T 4 .
R4 IN4001 3.3V 5V
Relay e N _31spad TXDOl8~ . &
: —51scL1 RXDOMO- Yoo 1ha §
—LIGPIO4 GPIO18!
. :I MW ———1 GPI017 GPI023/16_
é) R3 A31GPI027 GPI024 |18
M 1kQ 15 1GPI022 GPI1025 |22
1 19.1mos| CEOQ}-24— \ 51
- 21IMIS0O CE1}26 —
- 231SCLK SCLO 28—
2L1SDAO GPIO12}32—
. ) 291GPI05 GPIO16 |36
=11GPio6 GPI020 {38~ —
J_ 331GPI013 GPIO21 40 =
-321GPI019
sv— —_33v ~3L1GPIO26 Raspberry Pi
- - GPIO Extension Shield
GND T T GND GND
BreadBoardPower
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Hardware connection
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Code

The project code is in the same logic as TableLampRress the button to driver the transistor conducted.
Because the relay and LED are connected in parallel, they will be opshat the sametime. And if you press

the button again, they will be closed
[ 2 & domdm wSft I @

Firstobservethe project result, and then analyze the code.

1.

Use cd command to enter14.1.1 Relaydirectory of C code.

cd ~/Freenove_Ultimate_Starter_Kit_for_Raspberry Pi/@dd Code/l4.1.1 Relay

gcc Relay.c o Relay IwiringPi
Run the generated file "Relay".
sudo ./Relay

Usefollowing command to compile "Relay.c"and generate executable filé'Relay"

After the program is executed, press the button, then the relay is openedhe Motor starts to rotate and LED
is turned on. If you press the button again, the relay is closed, the Motor stops running, and the LED is turned

off.
The following is the program code:
1 #include <wiringPi.h>
2 #include <stdio.h>
3
4 #define relayPin 0 /ldefine the relayPin
5 #define buttonPin 1 //define the buttonPin
6 int relayState =LOW /Istor e the State of relay
7 int buttonState =HIGH  //store the State of button
8 int lastbuttonState =HIGH/store the lastState of button
9 long lastChangeTime /Istore the change time of button state
10 | long captureTime=50, /Iset the button state stable time
11 | int reading;
12 | int main(void)
13 | {
14 if (wiringPiSetup () ==-1){ //when initialize wiring fairelay,print message to screen
15 printf ( )i
16 return 1,
17 }
18 printf ( );
19 pinModé relayPin , OUTPUYT
20 pinMod€ buttonPin , INPUT;
21 pullUpDnControl (buttonPin, PUD_UP //pull up to high level
22 while (1){
23 reading = digitalRead (buttonPin); //read the current state of button
24 if ( reading != lastbuttonState ){ //if the button state has changed ,record the
25 | time point
26 lastChangeTime = millis ();
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}
/lif changing - state of the button last beyond the time we set,we considered that
/lthe current button state is an effective change rather than a buffeting
if (millis () - lastChangeTime > captureTime){
/lif button state is changed ,update the data.
if (reading != buttonState ){
buttonState = reading;
/lif the state is low ,the action is pressing
if (buttonState == LOWY
printf (" Button is pressed! \n");
relayState = !relayState ;
if (relayState ){
printf  ("turn on relay ... \n");
}
else {
printf  ("turn off relay ... \n");
}
}
/lif the state is high ,the action is releasing
else {
printf  ("Button is released! \n");
}
}
}
digitalWrite (relayPin , relayState );
lastbuttonState = reading;
}
return 0
}

The codeisin the same logic as TableLamp code above
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teiK2Wm% omdm wSft | &
First observethe project result, and then analyze the code.
1. Use cd command to erier 14.1.1 Relay directory of Pythonode.
cd ~/Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi/Code/Python_Cddel.1 Relay
2. Use python command to execute code'Relaypy".
python Relay.py
After the program is executed, press the button, then the relay is opened, the Motor starts to rotate and LED
is turned on. If you press the button again, the relay is closed, the Motor stops running, and the LED is turned
off.
The following is the program code:

1 import RPi. GPlIOas GPIO
import time
3
4 relayPin = 11 # define the relayPin
5 buttonPin = 12 # define the buttonPin
6 debounceTime= 50
7
8 def setup():
9 print ('Program is starting... )
10 GPIOsetmod€ GPIOBOARD # Numbers GPIOs by physical location
11 GPIOsetup(relayPin , GPIOOUY # Set relayPin's mode is output
12 GPIOsetup(buttonPin, GPIOIN)
13
14 | def loop():
15 relayState = False
16 lastChangeTime = round(time. time ()* 1000
17 buttonState = GPIOHIGH
18 lastButtonState = GPIOHIGH
19 reading = GPIOHIGH
20 while True:
21 reading = GPIOinput (buttonPin)
22 if reading = lastButtonState
23 lastC hangeTime= round(time. time ()* 1000
24 if (( round(time.time()* 1000 - lastChangeTimg > debounceTimp
25 if reading != buttonState
26 buttonState = reading;
27 if buttonState == GPIOLOW
28 print ("Button is pressed!" )
29 relayState = not relayState
30 if relayState :
31 print ("Turnonrelay ..." )
32 else :
33 print ("Turn off relay ... " )
34 else :
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print ("Button is released!" )
GPIOoutput (relayPin , relayState )
lastButtonState = reading

def destroy ():
GPIOoutput (relayPin , GPIOLOY
GPIOcleanup()

# relay off
# Release resourc e

if __name_==' main_ ": # Program start from here

setup()

try :
loop()

except Keyboardinterrupt :
destroy ()

The code is in the same logic as TableLamp code above.
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Chapter 15Servo

We have learned how to control thespeed and steering of the motorbefore. Inthis chapter, we will learna
kind of motor that can rotate to a specificangle, serva

Project 15.1 Servo Sweep

First, lets learn how to make the servo rotate.

Component List

Raspberry Pi 3B1 Jumper

GPIO Expansion Bard & Wire x1

BreadBoardxl —a. R A 4 44
Servo x1
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Component knowledge

{ SN2

Servois an auto- control system,consisting of DC motor, reduction gear, sensorand control circuit. Usually,
it canrotate in the range of 180 degrees.Servocan output larger torque and iswidely usedin model airplane,
robot and so on. It has three lines, including two for electric power line positive (2- VCC,red), negative (3-

GND, brown), and the signalline (1- Signal,orange).

N5

o=

We use 50Hz PWM signalwith a duty cyclein a certainrange to drive the servo.Thelastingtime 0.5ms 2.5ms
of PWM single cycle high level correspondsto the servo angle 0 degrees- 180 degree linearly. Part of the

corresponding valuesare asfollows:

High level time | Servo angle
0.5ms 0 degree
1ms 45 degree
1.5ms 90 degree
2ms 135 degree
2.5ms 180 degree

When you change the servo signal, servowill rotate to the designated position.
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Circuit

Pay attention to the power supply for stepping motor is 5v, and don't confuse the line sequence

Schematic diagram

SDA1
SCL1
GPI104

3.3V 5V

TXDO
RXDO
GPIO18

s

Signal

— |8
i | 10
i e z

GPIO17 GPIO23 ) VCC
A3.1GPI027 GPIO24}18. * 3] GND
-12.1GP1022 GPI025 )22 —
19 Imosi CE0 24~
21Imiso CE1}26 .
231scLK SCLOJ28- =
-2L4spA0 GPIO12}32-
291GPI05 GPIO16 36
-311GPI06 GPI020}-38
33.1GPIO13 GPIO21 40
_&5.5 ; GPIO19

GP1026 Raspberry Pi

GPI0O Extension Shield
GND
Hardware connection

S

et et

® ® 0 9 9 9 0 O O S S S P S S S S S P O e eSS S S e O S
® 6 8 0 8 9 0 6 6 e S S e e S S S S S e e eSS e e e e e
® ® 8 8 9 8 8 ° 6 e 8 e e e S e S G S e e e e e e e e e
® 6 8 8 8 8 0 e e S e S S S S S S S e e eSS e e e
® ® 8 9 9 9 9 ° 0 0 9 e e e S e S S S e S eSS S S e e e

Raspberry Pi GPIO Extension Shield

S support@freenove.com



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

S www.freenove.com Chapter 15 Servo

Code

In this project, we make the servorotate from O degrees to 180 degrees, and then from 180 degrees to 0
degrees.
] 2P omdm { 6SSLI
Firstobservethe project result, and then analyze the code.
1. Use cd commandto enter 15.1.1 Sweepdirectory of C code.
cd ~/Freenove_RFID_Starter_Kit_for_RaspberiiCdtle/C_Code/l5.1.1 Sweep
2. Use following command to compile"Sweepc' and generate executable file'Sweep".
gcc Sweep.c 0 Sweep lwiringPi
3. Run the generated file"Sweep".
sudo ./Sweep
After the program is executed, the servavill rotate from O degrees to 180 degrees, and then from 180 degrees
to 0 degrees, circularly.
The following is the program code:

1 #include <wiringPi.h>

2 #include <softPwm.h>

3 #include <stdio.h>

4 #define OFFSET_MS 3 // Define the unit of servo p  ulse offset: 0.1ms

5 #define SERVO_MIN_MB-OFFSET_MS /I define the pulse duration for minimum angle of
6 servo

7 #define SERVO_MAX_MS 25+OFFSET_MS // define the pulse duration for maximum angle of
8 servo

9

10 #define servoPin 1 /I define the GPIO number connected to servo

11 | long magplong value, long fromLowlong fromHigh, long toLow, long toHigh){

12 return (toHigh-toLow)*( value-fromLow / (fromHigh-fromLow + toLow,

13 |}

14 | void servolnit (int pin){ /I i nitialization function for servo  PWNbin

15 softPwmCreatd pin, 0, 200);

16 |}

17 | void servoWite (int pin, int angle){ /I Specif a certain rotation angle (0-180) for the
18 | servo

19 if (angle > 180)

20 angle = 180

21 if (angle < 0)

22 angle = 0;

23 softPwmWrite( pin, magangle, 0, 180, SERVO_MIN, BERVO_MAX)MS

24 |}

25 | void servoWriteMSint pin, int mg{ /I specific the unit for pulse(5 - 25ms) with

26 | specific duration output by servo pin :0.1ms

27 if (ms> SERVO_MAX MS

28 ms= SERVO_MAX_MS
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29 if (ms< SERVO_MIN)MS

30 ms = SERVO_MIN;MS

31 softPwmWrite( pin, m3;

32 |}

33

34 | int main(void)

35 |{

36 int i;

37 if (wiringPiSetup () == -1){ //when initialize wiring faiservo,print message to screen
38 printf ( );

39 return 1;

40 }

41 printf ( );

42 servolnit (servoPin); /I initialize PWNpin of servo
43 while (1){

44 for (i =SERVO_MIN; MSERVO_MAX_iM$){ // makeservo rotate from minimum angle
45 | to maximum angle

46 servoWriteM§ servoPin, i );

47 delay (10);

48 }

49 delay (500);

50 for (i =SERVO_MAX_iMSERVO_MIN;MS){ // makeservo rotate from maximum angle
51 | to minimum angle

52

53 servoWriteMS servoPin, i );

54 delay (10);

55 }

56 delay (500);

57 }

58 return O;

59 |}

50 Hz pulse, namelycycle for 20ms,is required to control Serva In function softPwmCreate (int pin, int

initialValue, int pwmRange)the unit of third parameter pwmRange is 100US, namely 0.1snIn order to get

the PWMwith cycle of 20ms, the pwmRangeshoulde be set to 200. So insubfunction of servolnit (), we create
a PWM pin with pwmRange 200.

void servolnit (int pin){ /linitialization function for servo PWNpIin
softPwmCreaté pin, 0, 200);

As 0 180 degreesof servocorresponds to PWM pulse width 0.52.5ms, with PwmRange 200 and unid.1ms.
So,in function softPwmWrite (int pin, int value),the scope 5- 25 of parameter value corregponds to 0- 180
degrees the number writen in subfunction servoWriteMS () should be within the range
of 5- 25. However, in practice, due to the manufactureerror of each servo, pulsevidth will also have deviation.
So we define a minimum pulse width and a maximunone and an error offset.
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#define OFFSET_MS 3  // Define the unit of servo p  ulse offset: 0.1ms
#define SERVO_MIN_MS 5+OFFSET_MS // definet he pulse duration for minimum angle of
servo
#define SERVO_MAX_MS 25+OFFSET_MS // define the pulse duration for max imum angle of
servo
I
void servoWriteMSint pin, int mg{
if (ms> SERVO_MAX MS
ms= SERVO_MAX_MS
if (ms< SERVO_MIN)MS
ms = SERVO_MIN; MS
softPwmWrite( pin, ms;
}
In subfunction servoWrite (), input directly angle (0- 180 degrees), and map the angleto the pulse width and
then output it.

void servoWrite (int pin, int angle){ /I Specif a certain rotation ang| e (0 -180) for the
servo
if (angle > 180)
angle = 180
if (angle < 0)
angle = 0;
softPwmWrite( pin, magangle, 0, 180, SERVO_MIN, BERVO_MAX)MS
}

Finally, in the"while" cycle of main function, usetwo "for" cycle to make servorotate from O degrees to 180
degrees, and then from 180 degrees to 0 degrees.
while (1){
for (i=SERVO_MIN; MGERVO_MAX iME){ // make servo rotate from minimum angle
to maximum angle
servoWriteMS§ servoPin, i );
delay (10);

}
delay (500);
for (i =SERVO_MAX_iMSERVO_MIN; MS){ // make servo rotate from maximum angle
to minimum angle
servoWriteM§ servoPin, i );
delay(10);
}
delay (500);
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tedK2Wwpawm { 6SSLI
Firstobservethe project result, and then analyze the code.
1. Use cd command to enter 15.1.1_Sweep directory of Pythocode.
cd ~/Freenove_RFID_Starter_Kit_for_RaspberfCdte/Python_Codéd15.1.1 Sweep
2. Use python command to execute code "Sweep.py"
python Sweep.py
After the program is executed, the servavill rotate from 0 degrees to 180 degrees, and then from 180 degrees
to 0 degrees, circularly.

The following is the program code:

1 import RPi. GPlIOas GPIO

2 import time

3 OFFSE_DUEY0.5 #define pulse offset of servo

4 SERVO_MIN_DWT®2.5+0FFSE_DUTY #define pulse duty cycle for minimum angle of servo
5 SERO_MAX DUV 2.5+OFFSE_DUTY #define pulse duty cycle for maximum angle of servo
6 servoPin = 12

7

8 def mag value, fromLow fromHigh, toLow, toHigh):

9 return (toHigh-toLow*( value-fromLow / (fromHigh-fromLow + toLow

10

11 | def setup():

12 global p

13 GPRQ setmod€ GPIOBOARD # Numbers GPIOs by physical location

14 GPIOsetup(servoPin, GPIOOUY # Set servoPin's mode is output

15 GPIOoutput (servoPin, GPIOLOY # Set servoPin to low

16

17 p = GPIOPWMervoPin, 50) # set Frequece to 50Hz

18 p. start (0) # Duty Cycle =0

19

20 | def servoWrite (angle): # make the servo rotate to specific angle (0 -180 degrees)
21 if (angle<0):

22 angle =0

23 elift (angle > 180):

24 angle = 180

25 p. ChangeDutyCyclémagangle, 0, 180, SERVO_MIN_DEERVO_MAX_DUAnvap the angle to
26 | duty cycle and output it

27

28 | def loop():

29 while True:

30 for dc in range(0, 181, 1): #make servo rotate from 0 to 180 deg

31 servoWrite (dc) # Write to servo

32 time. sleep(0.001)

33 time. sleep(0.5)

34 for dc in range(180, -1, -1): #make servo rotate from 180 to O deg
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35 servoWrite (dc)

36 time. sleep(0.001)

37 time. sleep(0.5)

38

39 | def destroy ():

40 p. stop()

41 GPIOcleanup()

42

43 |if __name_==' main_': #Program start from here
44 print ('Program is starting..." )

45 setup()

46 try :

47 loop()

48 except Keyboardinterrupt : # When 'Ctrl+C' is pressed, the child program destroy()
49 | will be executed.

50 destroy ()

50 Hz pulse, namely cyd for 20ms, is required to control ServoSo we need setPWM frequency of servoPin
to 50Hz.

‘ p = GPIOPW{ervoPin, 50)

# Set Frequency to 50Hz

As 0-180 degrees of servo corresponds to PWM pulse width 0-2.5mswithin cycle 20ms and to duty cycle
2.5% 12.5%In subfunction servoWrite (angle), map the angle to duty cycle tooutput the PWM, then the servo
will rotate a specific angle However, in practice, due to the manufacture error of each servo, pulse width will

also have deviation. So we define a mimum pulse width and a maximum one and an error offset.

OFFSE_DU¥EY0.5 #define pulse offset of servo
SERVO_MIN_DUT®.5+0OFFSE_DUTY #define pulse duty cycle for minimum angle of servo
SERVO_MAX_DHET®.5+0OFFSE_DUTY #define pulse duty  cycle for maximum angle of servo
def servoWrite (angle): #make the servo rotate
if (angle<0):

angle =0
elif (angle > 180):

angle = 180
p. ChangeDutyCyclémagangle, 0, 180, SERVO_MIN_DISERO_MAX_DYTY

to specific angle  (0-180 degrees)
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Finally, in the"while" cycle of main function, use two"for" cycle to make servorotate from 0 degrees to 180
degrees, and then from 180 degrees to 0 degrees.
def loop():
while True:
for dc in range(0, 181, 1): #makeservo r ot ate from O£t o 18(
servoWrite (dc) # Write to servo
time. sleep(0.001)
time. sleep(0.5)
for dc in range(180, -1, -1): #make servorotatefrom 180 £t o OE£
servoWrite (dc)
time. sleep(0.001)
time. sleep(0.5)
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Chapter 16 Stepping Motor

We have learnedDC motor and servobefore: the DC motor can rotate constantly but we can not make it
rotate to a specific angle.On the contrary, the ordinary servo can rotate to a certain anglebut can not rotate
constantly. In this chapter, we will learn a motor which can rotate not only constantly, but alsoto a specific
angle, stepping motor. Using stepping motor can achieve higher accuracy of mechanical motioeasily.

Project16.1 Stepping Motor

In this project, we will learn how to drive steppingmotor, and understand itsworking principle.

Component List

Raspberry Pi 3B1 Jumper
GPIO Expansion Board:. Wire x1
—aS. R4 44
BreadBoardx1
Stepping Motor x1 ULN2003Stepping motorDriver x1
YA OAN
A 4
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Component knowledge

{GSLIAY3I az2i2NJ

Stepping motor is an open-loop control device which converts the electric pulse signal into angular
displacement or linear displacement. Imon- overload condition, the speed of the motor and the location of
the stop depends only on thepulse signal frequency and pulse number, and not affected by the load changes.
A smallfour- phase deceleration steppingmotor is shown as follows:

o fw o |
oONwW>X>

PWR
Stepper Motor

12345

The schematic diagramof four- phase steppingmotor is shown below:

COM

The outside piece isthe stator and the insideis the rotor of the motor. There area certain number of coils,
usually integer multiple of phasesnumber, in the stator and when powered on,an electromagnetwill be
formed to attract a convex part (usudly iron or permanent magnet) of the rotor. Therefore, the electric
motor can be driven by conducting the coils on stator orderly.
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A common driving process is as follows:

In the course above, the stepping motor rotates a certain angle once, which is called a step. By corilirgg
the number of rotation steps, you can control the stepping motor rotation angle. By controlling the time
between two steps, you can control the stepping motor rotation speed. When rotating clockwise, therder
of coil powered on is: AA BA CA DA AA d the rotor will rotate in accordance with the order, step by
step down, called four steps four pats. If the coils is powered on in the reverse order ADCA BA AA DA

the rotor will rotate in anti- clockwisedirection.

Stepping motor has other control methods such asconnect A phase, then connect A B phase, the stator will
be located in the middle of the A B, only ahalf- step. This way can improve thestability of stepping motor,
and reduce noise, the sequence of coil powered on is: A ABA BA BCA CA CDA DA DAA AA the rotor
will rotate in accordance with the order, a half step by a half step, called four step eight paEqualy, if the coil
is powered on in reverse order, the stepping motor will rotate in reverse rotation.

The stator of stepping motor we use has 32magnetic poles, so a circle needs 32 steps. The output shaft of

the stepping motor is connected with a reduction gear set, and the reduction ratio is 1/64. So the final output
shaft rotates a circle requiring a 32*64=2048 step.
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