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About Adeept

Adeept is a technical service team of open source software and hardware.

Dedicated to applying the Internet and the latest industrial technology in open source
area, we strive to provide best hardware support and software service for general
makers and electronic enthusiasts around the world. We aim to create infinite
possibilities with sharing. No matter what field you are in, we can lead you into the
electronic world and bring your ideas into reality.

Technical Support: support@adeept.com

Customer Service: service@adeept.com
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Components List

NO. Name Picture Qty
1 RC522 RFID Module 1
2 ID Card 11
3 Special -shaped 1D Card 1
4 LCD1602 1
5 P52 Joystick Module 1
6 Ultrasonic Distance Sensor Module 1

ADXL345
7 1
(Triaxial Accelerometer Sensor Module)
DHT-11
8 1
(Digital Tempe rature & Humidity Sensor)
9 ADC0832 - 1
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10 Stepper Motor 1
11 | ULN2003-based Stepper Motor Driver 1
12 19110 Motor Driver 1
13 DC Motor 1
14 4*4 Matrix Keyboard 1
15 Breadboard Power Supply Module 1
16 40 pin GPIO Extension Board 1

i
17 40 pin GPIO Cable :% 3
18 Light Sensor (Photoresistor) | .‘ 2
B
19 | Analog Temperature Sensor(Thermistor) 1
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20 Relay 1
21 Active Buzzer 1
22 Passive Buzzer 1
23 7-segment Display 1
24 4-digit 7-segment Display 1
25 LED Bar Graph Display m 1
26 Dot-matrix Display 333sss 1
27 74HC595 _ 2
28 Tilt Switch ‘ 1
29 Switch t 2
30 RGE LED 1
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31 Red LED = 8

32 Green LED G — 4

33 Yellow LED r . 4

34 Blue LED - . 4

35 Button (large) 4

36 Button (small)

37 Button cap (red) . 1
38 Button cap (white) : 1
39 Button cap (blue) . 2
40 Resistor(220Q)) .» . 16
41 Resistor(1k0) - 10
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42 Resistor(10k0) - 5
43 Potentiometer (10KQ) 2

44 Capacitor (104) i
| |
|
45 Capacitor (10uF) ‘ 2
46 1N4148 Diode e 2
47 1N4001 Diode - - 2
[ ]
48 NPN Transistor (8050) 4
[
49 PNP Transistor (8550) 4
50 Breadboard 1
51 Male to Male Jumper Wires 40
52 Male to Female Jumper Wires 20
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53

Female to Female Jumper Wires

a—|-

54 Header (40pin) Juuunn 1
:..-_.-.E[ED. =
...~ S
........ _m.:
55 Band Resistor Card Lo = 1

support@adeept.com [Jj



I v w.adeept.com Adeept
Contents
Learn the Raspberry Pi and GPIO ... 1
Installing the Raspberry Pi System to the SD Card Under Windows...........cccveevierenienenieneneenne. 13
Downloading the Course Experiment Code from GitHub...........cccccveeviiniriininiininieneeienienene 37
Lesson 1 BINKING LED ..ot 40
LesSOn 2 ACHIVE BUZZET......c.ooiiiiiiiiiiicccc e s 61
Lesson 3 Passive BUZZET.........ccuooiiiiiiiiiccc e 71
LesS0mn 4 Tilt SWITCH. ...c.ciiiiiiiii e 82
Lesson 5 Controlling LED By BUHON.........ccoiiiiiiiiiiiiiiii e 85
LeSSOM 6 RELAY ...t e 96
Lesson 7 LED Flowing Lights.......ccooiiiiiiiiiiiiiiiiiiiccieee e 99
Lesson 8 Breathing LED ........ccooiiiiiiiiccee e 111
Lesson 9 Controlling an RGB LED with PWM.......ccccooiiiiiiiccceece 126
Lesson 10 7-segment diSPLay........cccoiiiiiiiiiiiiiiiiiiieeceeee et 135
Lesson 11 4-Digit 7-Segment DISPplay.........cccccieiiiiiiiiiiiiiiiiii e 144
Lesson 12 LCDIO0Z........ccoiiiiii e e e 154
Lesson 13 Matrix Keyboard..........ccoooiiiiiiiiiiiciieeeeeeecee e 159
Lesson 14 Measure the diStance.........c.ooeuiiiiiiiiiiiiiceieeecee e 171
Lesson 15 Temperature & Humidity Sensor—DHT-11.......ccccciiiiiiiiiiiiiiiiicccieeee, 181
Lesson 16 Dot-matrixX diSPlay........ccooiviiiiiiiiiiiiiiiiieeccce e 193
LesSOn 17 PROtOTESISTOT . .......couiiiiiiiiiiiiiciciciece s 198
LesSOn 18 TREIMISTOT ... .c..iiuiiiiiiiiiiiieie e 202
LesSon 19 REID......cooiiiiiiiiie e e e s 205
Lesson 20 LED Bar Graph........cccoooiiiiiiiiiceereeeeeeeie e e 222
Lesson 21 Controlling an LED Through LAN ... 225
LeSS0N 22 DC MOTOT.....ccuviiiiiiiiiiiiiieie e s 230
Lesson 23 Controlling a Stepper MOTOT.........ccucoiiiiiiiiiiiicieiceeee e 235
Lesson 24 Acceleration Sensor ADXL345......c.ooiiiiiiiiiiiiieceeeeee e 238
Lesson 25 PS2 JOYSHCK. ...cuiiuiiiiiiiiiicciees et e 243
Lesson 26 A Simple Access Control SYStIM.........couevuiviiiiiiiiiiiiiicercceceee e 246
Lesson 27 Making the Game Snake...........ccoooiiiiiiiiiiiiiiiccccc e 259
Lesson 28 Making the Game Flippy Bird............cccooiiiiiiiiiiiiccceceeceee 267
Lesson 29 Making the Game Named Play Bricks.........c.cccccooiiiiiiiiiiiiiccciceeees 275
Lesson 30 Making @ CalCulator..........ccccuioiiiiiiiiiiiciciiieeeee e 283

support@adeept.com [Jj



G

I v w.adeept.com Adeept

Learn the Raspberry Pi and GPIO

1. Introduction to Raspberry Pi

(1) Raspberry Pi

Raspberry Pi (Raspberry Pi, RasPi/RPi) is developed by the British charity
organization "Raspberry Pi Foundation", based on ARM microcomputer motherboard,
only the size of a credit card, but has the basic functions of a personal computer. The
original purpose of the Foundation’s development of the Raspberry Pi was to improve
the teaching level of the school’s computer science and related disciplines, and
cultivate the youth’s computer programming interest and ability. Nowadays, most
people use the Raspberry Pi for embedded development, which is mostly used in the

Internet of Things, smart home and artificial intelligence.

(2) Raspberry Pi motherboard

In our lessons, we will use the Raspberry Pi 4 motherboard. Let's take a look at

the structure of the Raspberry Pi 4 motherboard. As shown in the following figure:

‘GPIO40-PIN Pin ‘ \ PoE HAT Pin ‘

2.4/5Ghz Bluetooth 5.0 Gigabit Ethernet

Micro SD Card Slot
USB3.0 x2
Dual-channel MIPI
DSI Display Port
USB2.0 x2
Micro HDMI Port (supports
dual-screen display with Audio Port
4k resolution) Micro HDMI Port

(supports dual-screen

display with 4k resolution) Dual-channel MIPI CSI Camera Port

support@adeept.com [Jj



G

I v w.adeept.com Adeept

The following contents will briefly explain the main structure ports of the

Raspberry Pi 4 motherboard:
(1) GPIO 40-PIN pin:

The General Purpose Input Output (GPIO) is designed as a slot with two rows of
pins on the Raspberry Pi motherboard. GPIO can be used to connect various
peripheral electronic devices and sensors to control or monitor these devices through
input/output level signals. For example, you can use GPIO to control the speed of a
DC motor, or read the measured distance of an ultrasonic sensor. These functional
characteristics of GPIO make the Raspberry Pi different from ordinary computer
motherboards because it gives developers the freedom to operate manually. We will
further introduce GPIO in the subsequent chapters and use them extensively.

(2) Gigabit Ethernet port:

The Ethernet interface allows the Raspberry Pi to connect to the computer
network in a wired manner, which allows us to easily access the Internet or log in to
the Raspberry Pi remotely. The Raspberry Pi's Ethernet interface is implemented
using a USB bus, and data is transferred through the USB bus. Most models of
Raspberry Pi provide an Ethernet interface

(3) Micro HDMI port:

High-definition multimedia interface (High Definition Multimedia Interface,
HDMI) is a fully digital video and sound transmission interface, used to transmit
uncompressed audio and video signals. By connecting it to a display (or TV) equipped
with an HDMI interface, the content of the Raspberry Pi can be displayed. The HDMI
interface can transmit video and audio signals at the same time, so when we use it, we
don't need to connect speakers to the audio interface of the Raspberry Pi. If we really
need to play sound through the audio interface, we need to modify the operating
system configuration accordingly.

(4) USB2.0/3.0 port:

The Universal Serial Bus (USB) interface is the most common interface on a

2
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computer. You can use it to connect devices such as keyboards, mice, USB flash
drives, and wireless network cards. When the number of USB ports is not enough, we
can also increase the number of USB ports through a USB hub.

(5) Audio port:

Audio interface (3.5mm headphone jack) When HDMI connection is not used,
you can use the standard 3.5mm headphone jack speakers or headphones to play audio.
At the same time, the interface also integrates a composite video interface with a
composite audio and video output function, which is generally used to connect to old
models of TVs, and is currently rarely used.

(6) MIPI CSI camera port:

The CSI interface can be used to connect the CSI camera to the Raspberry Pi via
a ribbon cable for easy video recording and image capture. Compared with the USB
camera, this camera module has better performance.

(7) USB-C 5V/3A power supply port:

The Micro USB power supply interface is one of the main power supply methods
of the Raspberry Pi. The rated voltage is 5V. The standard current requirements of
different versions of the Raspberry Pi are slightly different. For example: the 1B type
only needs 700mA, and the 3B+ type requires 2.5A. The chargers of many Android
mobile phones can provide the necessary voltage and current for the Raspberry Pi.
The current demand of the Raspberry Pi is also related to the connected external
device. It is recommended that it should be calculated in advance when using it.
Choose a suitable current (power) power supply for the Raspberry Pi. When the
external device has a large power, an independent power supply should be used Power
supply for external devices.

(8) Micro SD card slot:

The SD card slot is located on the back of the Raspberry Pi motherboard. The
SD/MicroSD card is an essential storage part of the Raspberry Pi. It is used to install
the operating system and store data. The capacity of the SD card should be above

3
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2GB. In order to have a better experience, it is recommended to equip your Raspberry
Pi with a large-capacity (above 16G) high-speed (Class10 or above) SD card.

(9) Bluetooth port:

The Bluetooth function allows the Raspberry Pi to connect with
Bluetooth-enabled devices (such as a mouse, keyboard, and handle).

(10) PoE HAT port:

Active Ethernet (Power Over Ethernet, PoE) refers to a technology that uses
Ethernet for power transmission. On the basis of the original Micro USB and GPIO
power supply, the Raspberry Pi 3B+ type adds a new power supply method over
Ethernet. Users can use the network cable to supply power to the Raspberry Pi
without the need to configure an additional power supply, which is convenient for
certain application scenarios.

(11) MIPI DSI display port:

You can connect the LCD display to the Raspberry Pi, which is generally used
for embedded product development. Under normal circumstances, the HDMI
interface can already meet the demand.

(3)Operating system

The Raspberry Pi supports a variety of operating systems, mainly based on Liunx
and Windows, and most of them can be found on the official website of the Raspberry
Pi Foundation (www.raspberrypi.org). The following briefly introduces two
representative operating systems.

(1) Raspbian

Raspbian is the official operating system of the Raspberry Pi Foundation. It is
customized based on Debian GNU/Linux and can run on all versions of the Raspberry
Pi motherboard. According to the experience, Raspbian and Raspberry Pi combine the
best, stable operation, powerful, easy to use, can basically meet various application
needs, so it is strongly recommended to use Raspbian as the preferred operating

system for Raspberry Pi. In the following chapters, we will further introduce the use
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of Raspbian in detail, and develop various applications on it.

(2) Windows 10 IoT Core

Windows 10 IoT Core is an operating system specifically created by Microsoft
for the Internet of Things ecosystem. Windows 10 IoT Core is the core version of the
Windows 10 IoT operating system. It has relatively simple functions and can run on
the Raspberry Pi of type 2B or above. The installation and use of Windows 10 IoT
Core will not be described in detail here. If you are interested, you can visit
Microsoft's website for more information.

In addition to the two operating systems described above, there are several
operating systems that support the Raspberry Pi, such as Ubuntu MATE, OSMC,
LibreELEC, PiNet, RISC OS, etc. As for which one to choose, it depends on whether
you want to use Raspberry What to do. If you want to use the Raspberry Pi as an
ordinary computer or for electronic project development, then Raspbian is a very
good choice. If you plan to use the Raspberry Pi as a media center, you can consider
using OSMC or LibreELEC.

(4)Programming language

For the Raspberry Pi, there are many programming languages available. In fact,
any language that can be compiled for the ARM architecture (such as the C language)
can be used for the Raspberry Pi. The most popular language should be Python. In
fact, the Pi in the name of the Raspberry Pi was inspired by the word Python. Python
is an interpretive, object-oriented, and dynamic data type high-level programming
language with powerful functions, good compatibility, and high reliability. Python
programs are easy to write and read. At present, there are two major versions of
Python: Python 2 and Python 3. Both versions have been updated and maintained, but
people still have disputes about which version to use. You can visit Python's official
website (www.python.org) to understand more related content, in the future we will
mainly use Python 3 for development introduction. In addition, because the

compatibility of the Raspberry Pi is splendid, the program we wrote on the 3B+
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model can be run on the Zero W model with little modification.

2. Introduction to GPIO
(1) What is GPIO

GPIO (General Purpose I/O Ports) are general-purpose input/output ports. In
layman's terms, they are some pins with two rows of pins. They can be used to output
high and low levels or to read the state of the pins-whether it is high or low. Users can
interact with the hardware through the GPIO port (such as UART), control the work
of the hardware (such as LED, buzzer, etc.), read the working status signal of the

hardware (such as interrupt signal), etc.

0 gD DEEZDS
; 0 G OEEDS
250 0 ) OO
&K reserved |7 QR+ Qs [Reserved |

- Qoreservea |
alerio 18 |

i
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(2) Introduction of GPIO pins

(1) GPIO pin comparison table
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Raspberry Pi 40Pin Pin Comparison Table

wiringPi ECM Function BOARD Encoding Function BCM wiringPi
Encoding Encoding Name  of PhysicalPins Name Encoding Encoding
3.3V 1 2 5V
8 2 SDA.1 3 4 5V
9 3 SCL.1 5 6 GND
7 4 GPIO.7 7 8 TXD 14 15
EY - o B 15 16
17 GPIO.0 1 12 GPIO.1 18 1
27 GPIO.2 13 14 m
3 22 GPIO.3 15 16 GPIO.4 23
3.3V 17 18 GPIO.5 24
ip 10 19 20 m
13 9 21 22 GPIO.6 25 6
14 11 23 24 CEO 8 10
25 26 CE1 7 11
30 0 SDA.O 27 28 SCL.0 1 31
21 s croz2t 20 30 JECH
22 6 GPID22 3 32 GPlO.26 12 26
23 13 GPIO.23 33 34 m
24 19 GPIO.24 35 36 GPIO.27 16 27
25 26 GPIO.25 37 38 GPIO.28 20 28

39 40 GPlO.29 21 29

[ Form description] :

(1) Three naming (coding) methods for Raspberry Pi pins

Three ways to name the Raspberry Pi pins:

The WiringPi number is the pin number of the functional wiring (such as TXD,
PWMO, etc.); the BCM number is the Broadcom pin number, also known as GPIO;
the physical number is the number corresponding to the physical location of the pin
on the Raspberry Pi motherboard (1 ~40).

(2) 3.3V/5V pin and GND pin
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3.3V/5V pin and GND pin are commonly known as power and ground pins. The
power and ground pins allow your Raspberry Pi to power some external components,
such as LED lights. It should be noted that before using these pins to power any
external modules or components, care should be taken. Excessive operating current or
peak voltage may damage the Raspberry Pi. Do not use voltages greater than 5V!

(3) SDA and SCL pins

The SDA and SCL pins constitute the [2C interface. 12C is a simple, bidirectional
two-wire synchronous serial bus developed by Philips. It only requires two wires to
transfer information between devices connected to the bus. The Raspberry Pi can
control multiple sensors and components through the I2C interface. Their
communication is done through SDA (data pin) and SCL (clock speed pin). Each
slave device has a unique address, allowing rapid communication with many devices.
The ID_EEPROM pin is also an 12C protocol, which is used to communicate with
HATs.

(4) SCLK, MOSI and MISO pins

SCLK, MOSI and MISO pins form the SPI interface. SPI is a serial peripheral
interface, used to control components with a master-slave relationship, and works in a
slave-in, master-out and master-in-slave manner. The SPI on the Raspberry Pi consists
of SCLK, MOSI, and MISO interfaces, and SCLK is used for controlling data speed,
MOSI sends data from the Raspberry Pi to the connected device, while MISO does
the opposite.

(5) TXD and RXD pins

TXD and RXD form a UART interface. TXD is a pin to send data, and RXD is a

pin to receive data. A friend who uses Arduino must have heard of UART or Serial.
The Universal Asynchronous Receiver/Transmitter interface is used to connect the
Arduino to the computer for which it is programmed. It is also used for
communication between other devices and the RX and TX pins. If the Raspberry Pi
has a serial terminal enabled in raspi-config, you can use these pins to control the

8
support@adeept.com [Jj



G

I v w.adeept.com Adeept
Raspberry Pi through a computer or directly to control the Arduino.

3. The use of Breadboard (breadboard) in the circuit

Breadboard is a commonly used plug-in board with porous sockets in circuit
experiments. When conducting circuit experiments, you can insert pins and wires of
electronic components into the corresponding holes according to the circuit

connection requirements to make it flexible with the holes. The contact springs are in

contact and thus connected into the required experimental circuit.
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The internal circuit connectivity of the Breadboard:

(1) In the number 1 area in the figure, only the five holes from left to right are
connected, and the red line is drawn. The upper and lower holes are not connected.

(2) In area 2 in the figure, only the five holes from top to bottom are connected,
and the red line is drawn. Left and right are not connected.

(3) In area 3, only the five holes from top to bottom are connected, and the red
line is drawn. Left and right are not connected.

(4) In area 4 in the figure, only the five holes from left to right are connected, and
the red line is drawn. The upper and lower holes are not connected.

[Note]

Zone 1, zone 2, zone 3 and zone 4 are not connected to each other.

4. The GPIO Extension Board

(1) The introduction of the GPIO Extension Board

When we use the Raspberry Pi as an experimental project, it is best to use the
GPIO expansion board, which can more easily extend all GPIO pin ports on the
Raspberry Pi motherboard directly to the breadboard, the GPIO serial number of the
expansion board is the same as the serial number of the GPIO pin on the Raspberry Pi

motherboard.

10
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GPI10 Extension Board
www.adeept.com

3.3V 5.0V 0 2
SDA 5.0V0 4
SCL

GPI04

GND

GPIO17

GPI027

GPIO22 GPIO23() 16
3.3V GPI024 O 18
MOSI GND O 20
MISO  GPIO25() 22
SCLK  SPI-CEO() 24
GND SPI-CE1( 26
ID-SD ID-SC O 28
GPIO5 GND O 30
GPIO6  GPI012() 32
GPI013 GND O 34
GPIO19  GPIO16() 36
GPIO26 GPIO20( 38
GND* GF10210 40

(2)The application of the GPIO Extension Board

When doing experimental projects, we need to connect it to the breadboard in the

following way.

11
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Installing the Raspberry Pi System to the SD Card

Under Windows

1. Preparation

(1) When studying this lesson, you need to prepare the following components
first:

One SD card that has been formatted (we recommend using an SD card with
memory above 16G), 1 card reader, Raspberry Pi development board.

(2) You need to insert the SD card into the card reader first, and then connect the

card reader to the computer.

2. Downloading the Raspberry Pi system Raspbian

Raspbian is the official operating system of the Raspberry Pi Foundation. It is
customized based on Debian GNU/Linux and can run on all versions of the Raspberry
Pi motherboard. According to the experience, Raspbian combines Raspberry Pi the
best. It is stable, powerful, and easy to use. It can basically meet the needs of various
applications. This course uses Raspbian as the preferred operating system for the
Raspberry Pi. Next, we will teach you how to download the Raspberry Pi system
Raspbian.

(1) First, visit the official website of the Raspberry Pi through a browser to

download Raspbian:

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

After logging in to the official website, click on the location shown below:

13
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ﬁ Products Blog Downloads Community Help Forums Education Projects

Raspberry Pi OS (previously called Raspbian) is our official operating system
for all models of the Raspberry Pi.

|Jse Raspberry Pi Imager for an easy way to install Raspberry Pi 05 and other
operating systems to an SD card ready to use with your Raspberry Pi:

— Raspberry Pi Imager for Window

e

— Raspberry Pi Imager for mac0S
— Raspberry Pi Imager for Ubuntu

Alternatively, use the links below to dow,
copied to an SD card.

d 05 images which can be manually

Raspberry Pi 05 (previously called
Raspbian)

(2) We need to find out the Raspberry Pi OS (32-bit) with desktop and
recommended software. It contains a complete desktop system and recommended

software packages.

14
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Products Blog Downloads Community Help Forums Education Projects

Raspberry Pi OS (previously called Raspbian)

Raspberry Pi 08 (previously called Raspbian) is the Foundation's official supported
operating system. You can install it with NOOBS or download the image below and
follow our installation guide

Raspberry Pi OS5 comes pre-installed with plenty of software for education,
pragramming and general use. It has Python, Scratch, Sonic Pi, Java and more

corrupt ar the file is not unzipping correctly, please try using e

Unarchiver (Macintosh). Both are free of charge and have bg
image correctly.

tested to unzip the

Raspberry Pi OS (32-bit) with ( Raspberry Pi 0S (32-bit) with

L desktop and recommended | desktop

d J

) software 1 Image with desktop based on Debian Buster
Image with desktop and recommended software | ersion May 2020
based on Debian Buster Release date: 2020-05-27

= Versian: May 2020 s Kemnel version: 4.19
: - Release date: 2020-05-27 : o Size: 1123 MB
Kernel version: 4.19 Release noves
Size: 2523 MB
Relesse notes
HA-2560 b9a5¢5321b3145e605b3bcd297ca9ffe350ech1f44380aEdefb75aT

Sh7bd04

(3) Choose to download the ".ZIP" file and wait for the download to complete:

E NS Raspberry Pi OS (32-bit) with
' desktop and recommended

. software
Image with desktop and recommended software
based on Debian Buster

- - Version: May 2020
B ) } Belease date: 2020-05-27
T Kernel version: 4.19
- i,

{8 Download ZIP

15
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(4) Find the ".ZIP" file you just downloaded, double-click to open it, and extract
it. The uncompressed file format of the file is ".img". Pay attention, you must name
the path of the uncompressed .img file all English letters without special

characters.

2020-05-27-raspios-buster-full-armhf 8 2020-05-27-raspios-buster-full-armhf.zip
SEAEE: 2020/6/3 16:47
Folv 6.85 GB

I 2020-05-27 -raspios-buster-full-arrghf.img

3. Burning the downloaded Raspberry Pi system to
the SD card

We recommend using the Raspberry Pi Imager tool officially provided by the
Raspberry Pi. Raspberry Pi Imager is a new image burning tool launched by the
Raspberry Pi Foundation. Users can download and run this tool on Windows, macOS
and Ubuntu to burn the system image for the Raspberry Pi. Its usage is similar to

Etcher and win32diskimager.

(1) Downloading Raspberry Pi Imager

(1) Visit the official website of Raspberry Pi to download through a browser:
https://www.raspberrypi.org/downloads/.
Click "Raspberry Pi Imager for Windows" to download. Wait for the download

to complete.
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Raspberry Pi 08 (praviously called Rasphian) is our official cperating-system
for all models of the Raspberry Pi.

Use Raspberry Pi Imager for an easy way to install Rasfiberry Pi OS and other
operating systems to an SD card ready to use il your Raspberry Pi

Alternatively, use the links below to download OS images which can be manually

copied to an SD card.
(2) Open the downloaded file "imager.exe" and click "Install".

{7 Raspberry Pi Imager o >

Welcome to Raspberry Pi Imager
Setup

Setup will guide you through the installation of Raspberry Pi
Imager.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Install to start the installation.

: Install Cancel

(3) Then click "Finish".

17
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(it Raspberry Pi Imager —
Completing Raspberry Pi Imager
Setup

Raspberry Pi Imager has been installed on your computer,

Click Finish to dose Setup.

[<]Run Razpberry Fi Imager:

ﬁ
|m|m
:

(4) The software interface after opening is as shown below:

& Raspberry Pi Imager v1.2

Raspberry Pi

Operating System SD Card

CHOOSE 08 CHOOSE SD CARD

(2) Burning Raspberry Pi system to SD card with Raspberry Pi

18
support@adeept.com [Jj



G

I v w.adeept.com Adeept

Imager

(1) Click "CHOOSE OS" on the opened Raspberry Pi Imager software

interface.

& Raspberry Pi Imager v1.2 = >

Raspberry Pi

l:lperatmg System SD Card

CHOOSE 08 GENERIC MASSSTORA..

(2) Click "Use custom" and select a custom ".img" file from your computer,
which is the ".img" file of the Raspberry Pi system that we downloaded and

decompressed before.
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& Raspberry Pi Imager v1.2 - >

Operating System X

1 mse
. Format card as FAT32

Use custom

Select a custom .img from your computer

(3) Find the ".img" file of the Raspberry Pi system that we downloaded and
decompressed before. Click "Open".
& select image ? X
sl im: | H:\Google Voo o@dEE

| h My Computer

2020/6/3 16:47
I8 2020-05-2...armhtzip 246 GiB zip File  2020/6/3 16:40

" z ASUS

Piles of type: E-Image filas (* img * aip * gz * xa} w | Cancel

(4) Select the ".img" file and click "Open".

20
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§ select image ? X
Lock in: _- H: "Google" 2020—05-27—raspics—buster—ful l-armhf b o O O ﬁ [E] E]

B My Computer Name Size Type Date Modified

a ASUS

File name: 2020—05-27-raspios—buster—ful l-armhf. img

Files of type: |Imape files (*.imp * zip * pz * xa) v Cancal

(5) Then on the interface of Raspberry Pi Imager, the ".img" file of our selected

Raspberry Pi system will appear.

& Raspberry Pi Imager vi.2 = et

Raspberry Pi

= S il
Operating System [ SD Card

2020-05-27-RASPIOS-BUSTER-FULL-ARMHF.IMG CHOOSESD ..

(6) Click "CHOOSE SD".
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& Raspberry Pi Imager vi.2 = x

Operating System SD Card

2020-05-27-RASPIOS-BUSTER-FULL-ARMHF.IMG I CHOOSESD ..

il

(7) Then select the SD card we need to burn.

@ Raspberry Pi Imager v1.2 — x

Mounted as F\

‘l, Generic MassStorageClass USB Device - 15.6 GB

(8) Click "WRITE" to write it to the SD card. Wait for the burn to complete.
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@ Raspberry Pi Imager v1.2 - X

Raspberry Pi

Operating System SD Card

2020-05-27-RASPIOS-BUSTER-FULL-ARMHF.IMG GENERIC M...

(9) After the burning is completed, the following message will be prompted,
indicating that the burning is finished, click "CONTINUE".

& Raspberry Pi Imager v1.2 =5 x

Write Successful X

2020-05-27-raspios-buster-full-armhf.img has been written to
Generic MassStorageClass USB Device

You can now remove the SD card from the reader

[ Pay Attention]

Don't remove the SD card after burning! After the Raspberry Pi Imager is burned,
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the memory card will be ejected in the program. This will cause the subsequent copy
operation to prompt that the SD card has not been found. You can unplug the card

reader from the computer and then plug it into the computer again.

4. Starting the Raspberry Pi SSH service

SSH is a protocol designed to provide security for remote login sessions and other
network services. Through the SSH service, you can remotely use the command line
of the Raspberry Pi on another machine. In the subsequent operations and the process
of using the Raspberry Pi, you can control the Raspberry Pi through another machine
in the same local area network without connecting the mouse, keyboard and monitor
to the Raspberry Pi. After 2016, Raspbian distributions disable the SSH service by
default, so we need to manually enable it.

(1) We first enter the driver D of the computer, click "View" in the upper left

corner, and select "File Extension", as shown below:

| & [ = | asus

Lo e

E [TH Preview pane | Extralarge icons (=] Large icons
small icons FE List

Navigati i S =
e [[EDetails pane == 7y = Content = || Gy

Panes Layout Current view Show/hide

[ Mediumicons l []] Group by ~

DiAdd columns ~ File name extensions &

e de selected  Options
Frm Size all columns to fit Hidden items items -

(2) Right-click on the blank space of the D drive, select "New", and select "Text

File".

Folder
#| Shortcut

| ' Aegisub Advanced 55A subtitles

View >\ &y emp BRI
Sort by > | @) pocIzky

Group by > @) DOCX3TRY
Refresh lj| PPTETITS
Customize this folder... @] PPTXETRE
Paste P WinRAR [EAR3Z{+

Paste shortcut

Undo Delete Ctrl
A LR
: e arcessio b G xisx Ties
> | 8§ winRAR ZIP RS

Properties
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(3) Name the file "ssh", as shown below:

lfsshee ] 2020/6/3 19:04 SSH 3T

Lo
7
m

(4) Then delete the suffix ".txt". We will get an ssh file without any extension. As

shown below:

[ 7 ssh 2020/6/3 19:04

it
s
g
-~
o

(5) Copy this ssh file to the root directory of the SD card of the Raspberry Pi
system. When the Raspberry Pi starts, it will automatically find this ssh file. If it is
found, it will start SSH. This method only needs to be used once. After that, every
time you start the Raspberry Pi, it will automatically start SSH without repeating the
above operations. Copy the ssh file to the Raspberry Pi as shown below:Copy the ssh
file to the Raspberry Pi as shown below:

ssh —. cmdlinetxt

e =3 g
i jk
R —

07 =l 208 =%

EE— L

kernel7limg kernel8.img

SRR RSN ; ST
L | s553MB L— | 132 MmB
start x.elf T startdelf

5. Setting up Raspberry Pi WIFI wireless connection

Next, we also need to set up a WIFI wireless connection for the Raspberry Pi.
(1) Create a new file named wpa_supplicant.conf in the root directory of the D
driver of the

computer.

| wpa_supplicant.conf 2020/6/3 1%:22 CONF 3044 0 KB

(2) Click to select the wpa_supplicant.conf file, right-click the mouse, and select
"Open Mode (H)".
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Local Disk (E Open
Mame b Type Size
FEHREEFFRENEL
[ ssh A File
Ewpa [ Edit with Notepad++ A CONF File
a2 w1l >
& THLaywifi
| Share

(3) Select "Notepad" to open it.

Mame Date modifie

[] ssh 6/15/202
E wpa_supplicant.conf

(4) Write the following contents:

country=US

- Adobe Premiere Pro CC 2018

N
=

How do you want to open this file?

114
J MNotepad
B/15/202811; y

Lock for an app in the Microsoft Store
Adobe Acrobat 7.0

Adabe Photoshop CC 2018

Aegisub
CorelDRAW(R) v

Iways use this app to open .conf files

ctrl_interface=DIR=/var/run/wpa_supplicant GROUP=netdev

update config=1
network={
ssid="WIFI"
psk="PASSWORD"
key mgmt=WPA-PSK
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priority=1

il *wpa_supplicant.conf - Notepad

Eile Edit Format View Help

country=US

ctrl_interface=DIR=/var/run/wpa_supplicant GROUP=netdev
update config=1

network={

ssid="WIFI"

psk="PASSWORD"

key mgmt=WPA-PSK

Triority=1

]

"Country" is your country code, do not modify it, the default is US; "ssid" needs
to be changed to the name of the WIFI you want to connect; "psk" needs to be
changed to the password of the WIFI you want to connect; other parts do not need to
do any modifications.

For example, our company's WIFI name is Adeept, WIFI password is 123456, and
the modified wpa_supplicant.conf file is as shown below:

i| *wpa_supplicant.conf - Notepad

Fite Edit Format View Help

country=US

ctrl interface=DIR=/var/run/wpa_supplicant GROUP=netdev
update config=1

network={

ssid="Adeept"

psk="123456"

key mgmt=WPA-PSK

priority=1

(5) Save the set wpa supplicant.conf file, and then copy it to the root directory of

the SD card of the Raspberry Pi system. As shown below:
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View

C » boot(F) »

"y wpa_supplicant.conf [E =t issuetxt = -
1 COMF File ——| Text Document T
= 157 bytes | 145 bytes :

L ernel/l.img [y kernel®img [ o
‘ A‘ Disc lmage File ‘ A‘ Disc Image File ‘ —‘ E
= 553 MR =2 127 MR 2

(6) Now we can take out the SD card and put it into the "MICRO SD CARD"
card slot on the Raspberry Pi development board, and use the Type-C data cable to
supply power to the Raspberry Pi. And then the Raspberry Pi will start up and

run.

6. Remotely logging in to the Raspberry Pi system

(1) Download and install MobaXterm software

MobaXterm is a terminal tool software that can be used to remotely control the
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Raspberry Pi.

(1) Log in to the official website through a browser to download:

https://mobaxterm.mobatek.net/download.html. Select Free version to

download.

!Mobaxterm Home Democ Features Download

Free

Full X server and SSH support
Remote deskiop (RDP, VNC, Xdmcp)
Remote terminal (SSH, telnet, rlogin, Mosh)

X11-Forwarding

Automatic SFTP browser
Master password protection
Plugins support
Portable and installer versions
Full documentation
Max. 12 sessions
Max_ 2 SSH tunnels
Max. 4 macros
Max. 360 seconds for TftE Nfs and Cron

Help  Contact f i

& Download now

$69 / 49€ per user*

* Excluding tax. Volume discounts available

Every feature from Home Edition +
Customize your startup message and logo
Modify your profile script
Remove unwanted games, screensaver or tools
Unlimited number of sessions
Unlimited number of tunnels and macros
Unlimited run time for network daemons
Enhanced security settings
12-months updates included
Deployment inside company

Lifetime right to use

p B3 Subscribe online / Get a quote

(2) Download the Portable edition of MobaXterm Home Edition (current

version):

!Mobaxterm Home Demo Features Download

MobaXterm Home Edition

[Download MobaXterm Home Edition (current version)

& MobaXterm Home Edition v20.2
(Portable edition)

Help  Contact f =

Download previous stable version: MobaXterm Portable v20 1

MobaXterm Home Edition v20.2
(Installer edition)

MobaXterm Installer v20 1

You can also get early access to the latest features and improvements by downloading MobaXterm Preview version:

MobaXierm Preview Version

open it, extract it to get a new file

(3) Find the downloaded file MobaXterm Portable v20.2.zip, double-click to
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% MobaXterm Portable v20.2.zip

MobaXterm Portable v20.2

(4) Open the unzipped folder, there is a file

MobaXterm_Personal 20.2.exe.

=Fr fEprHER s
lJ CygUtils.plugin 2020/1724 23:49 PLUGIN 7%
B MobaXterm Personal 20.2.exe 2020/3/6 5:15 RTERTRRE

(5) Double-click to open MobaXterm_Personal 20.2.exe to directly open the

MobaXterm software. The interface is as shown

below:
B MobaXterm = ] x
Terminal Sessions View Xserver Tools Games Settings Macros Help
R - T s ; &

B % % < o x @B Y B A & 0 X ©
Session  Servers Tools Games  Sessions View Split MultiExec Tunnelng Packages Settings Help X server Exit

Quick connect... a s &
> e

Sessions

E MobaXterm

I € Start local terminal I ©* Recover previous sessions

. Macros % Tools

Find existing session or server name...

Recent sessions

192.168.3.157 192.168.3.168

Enable advanced features and enhance security with MobaXterm Professional Edition!

(2) Obtaining the IP address of the Raspberry Pi

We provide a simple and fast way to get the Raspberry Pi IP address. You need to
prepare the following components:
(1) One Type-C data cable: used to supply power to the Raspberry Pi.
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(2) One HDMI cable: used to connect the monitor.
(3) One mouse: used to operate.
(4) One monitor

(5) One Raspberry Pi

Connect the HDMI cable to the HDMI port of the monitor:
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T AR

Turn on the monitor switch, and connect the mouse to the USB port of the
Raspberry Pi, supply power to the Raspberry Pi with the Type-C data cable, then the
Raspberry Pi starts. After entering the system interface, we move the mouse cursor to
the " " in the upper right corner, then it will display the IP address of the Raspberry Pi:
192.168.3.157 (the IP address of each Raspberry Pi is different). It is necessary for
you to record this IP address for it is needed to log in to the Raspberry Pi system later.

o)) 0335
ot e hivadoset

wian0: Configured 192.168.3.157/24
WIaNW LoNTguren ZaueTesZ 1 Zauuocyy:B88304e21b/128

(3) Remotely logging in to the Raspberry Pi system

32
support@adeept.com [Jj



I v w.adeept.com Adeept

(1) Open the softwarel

B MobaXterm

on the desktop, as shown below:

[m] X

£ @ X ©

Terminal Sessions View Xserver Tools Games Settings Macros Help

B o% % . & B Y =

Session  Servers Taols Games  Sessions View Split MultExec Tunneling Packages Settings Help X server Exit
Quick connect... & \ & &

> Lo
E MobaXterm

2

w

E € Start local terminal ] ‘ " Recover previous sessions

i

ki . . . .
1 Find existing session or server name...

Recent sessions

192.168.3.157 192.168.3.168

™ Macros

Enable advanced features and enhance security with MobaXterm Professional Edition!

UNREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edition here: https://mobaxterm.mobatek.net

(2) Click "Session" in the upper left corner.

B MobaXterm - m| X

Terminal Sessions View Xserver Tools Games Settings Macros Help

< X ® B Y B &8 5 0 X o

Toals Games  Sessions Wiew Split MultExec Tunneling Packages Settings Help X server Exit

Quickpgonnect... & \& &
» e
E MobaXterm
:
(2]

E €) Start local terminal ; ¢* Recover previous sessions

§
 aul . N . .
’ Find existing session or server name...
n 5
2 Recent sessions
&
j BN 192.168.3.157 192.168.3.168

Enable advanced features and enhance security with MobaXterm Professional Edition!

UNREGISTERED VERSION - Please support MobaXterm by subscribing to the professional edition here: https://mobaxterm.mobatek.net

(3) Click "SSH".
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Session settings x
H X E & @ ¥ ¥ m @& x ¥ H
SSH Inet Rsh Xdmcp  RDP VHNC FP SFTP  Serial File Shell Browser Mosh Aws 83 WSL

‘ Choose a session type...

& oK | € Cancel

(4) Enter the IP address of the Raspberry Pi previously queried: 192.168.3.157,

and confirm with "OK".

Session settings

N B B ¥ @ @ € @ f¥ ¥ m @ x ¥ =
Fie

SSH  Telnet Rsh Xdmcp  RDP VNC SFTP  Serial File Shell Browser Mosh Aws 53 WSL

BN Basic SSH settings

Remote host * [192.168.3.157] I [ Specify usemame 2]
|

Advanced SSH settings Bl Terminal settings "8 Network settings . Bookmark settings

Secure Shell (SSH) session
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(5) Enter the default account of Raspberry Pi: pi, then press Enter, and then enter
the default password of Raspberry Pi: raspberry. Press Enter to log in to the Raspberry

Pi system.

B 102.168.3.157 = o X

Terminal Sessions View Xserver Tools Games Setiings Macros Help

B o= o A BB Y B A 0 X ©

Sesson  Servers  Took  Games Sessons  View Spit  MultiExec Tumeling Packages Settings  Help Xserver  Exit
o (=2 1921 x 5 &

T30 User sessions ¥ login as: pill
«
192.168.3.157

2

2

g

3

2

&

2

=

g

g

g

=

4

UNREGISTERED VERSION - Please support Mebaiterm by subscribing to the edition here: htip:

(6) After successfully logging into the Raspberry Pi system, the following

interface will appear as shown below:

® 102.168.3.157 = o X

Terminal Sessions View Xserver Tools Games Seftings Macros Help

B % % % A E OB Y & & @ X ©

Session  Servers  Tools  Games  Sessions  View spit  MutExec Tunmeling Packages Settings  Help Xserver  Exit
= ~
WiTO®R Al
homelpi’ Q
B - tame ~
g m.
= .cache ;
«config ? a - (remote displ forwarded through SSH)
T e automatically set on remote server)
2 b For more
" Bookshelf
Desktop
2 Documents Linux raspberrypi 4.19.118-v7l+ #1311 SMP Mon Apr 27 14:26:42 BST 2620 armv7l
g Dovrloads
= Music The pregrams included with the Debian GNU/Linux sy are free software;
“ Pictures the exact_distribution terms f I i
5 i individual files in Jusr
]
Teqpates Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
deos permitted by applicable
+bash_history : g Thu Jun 4 04:25:01 2020 from 192
bash_logout
bashre : and the default password for the 'pi' user has n changed.
o ecurity risk - pl login as the 'pi’ user and typ d' to set a new password.
Xauthority £ )
< > s 1

EE Remote monitoring

[ Follow terminal folder

Jsysifsicaroup: 0%

A raspherrvel | W 1% - B 0.08GB/189GE | £ 0.01Mbjs | & 0.00Mbs | [ Somin | EMpipi | @ k43%

frun: 1% | frunflock: 1%

jboot: 21 3
(7) The red box in the figure below is the command window, where you can

control the Raspberry Pi by entering commands.
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B 192.168.3.157

- o x
Terminal Sessions View Xserver Tools Games Setfings Macros Help

O % % ok & B Y E & & @ X ©
Session  Servers Tools Games  Sessions View Split MultiExec Tunneling Packages Settings Help

2o

Xserver  Exit

A 1 £ &

T30 User sessions

«
192,168.3. 157
"
H
s ion to
H ? SSH compre:
SSH-brow
X11-forwe (remote di: forwarded through SSH)
= DISPLAY 1 v (automatic t on remote server)
2
5
i For more info, ctrl+click on } or visit our
8 Linux raspberrypi 4.19.118 w71+ #1311 SMP Mon Apr 27 14:26:42 BST 2020 armv7l
= The programs included with the Debian GNU/Linux tem are free software;
L the exact dis s scribed in the
= individual fil / copyright.
2
@
with ABSOLUTELY NO WARRANTY, to the extent
lics
Thu Jun 4 04 2 from
rd for the 'pi’ user not been changed.
Togin as the *pi’ user a /pe *passwd’ to set a new password.
A raspperyni | 88 1% [ = 0058 1868 | F ootmos | & ooombs | [ ssmn | B pip | @ f4% | 1%i/mnﬂuck: l%lfsysffs/(gmup‘ﬂ% fooot: 27 @
UNRFGTSTERFD VERGTON - Please by siihsrrihinn th the edifion here: b mohatek.net

(8) When we close the MobaXterm software and then open it to connect to the
Raspberry Pi, we can double-click the IP address under the "User sessions" on the left:

192.168.3.157, enter the account name: pi. Then the Raspberry Pi will be directly

connected.

B MobaXterm = u] x

Terminal Sessions View Xserver Tools Games Seftings Macros Help

B % % & & E Y 2 & & @ X ©

Session  Severs  Tools  Games  Sessions  View  Spit  MuliExec Tunneling Packages Settngs  Help Xsever  Bxit
Quick connect... @ + &

73] User sessions

A

2

192, 16

Sessions.

& Tools

. Macros

Recent sessions

BN 192.168.3.157

Enable advanced features and enhance security with MobaXterm Professional Edition!
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Downloading the Course Experiment Code from

GitHub

1. Downloading the course experiment code from

GitHub

In all the following course experiment projects, we upload all the C and Python
code associated with the course experiment to GitHub, so that everyone can directly
download and use it when learning.

The name of this folder is: Adeept RFID Learning Kit Code for RPi. Now

let’s learn how to download it.

(1) Open the software Mobater on the desktop and connect to the Raspberry Pi.

After successful connection, it is as shown in the following figure:

B 192.168.3.157 - [m] x

Terminal Sessions View Xserver Tools Games Setfings Macros Help

B OE % & x B B Y EH & e X o

Session  Servers  Tools  Games  Sessions  View Split  MuitExec Tunneling Packages Settngs  Help Xserver  Exit

(w1
N e —)

= MName

t

Sessions

.cache
config 1-forwarding : + (remote dis is forwarded through SSH)
.arupg (automatica et on remote server)

Jocal
Bookshelf
Desktop
Documents Linux raspberrypi 4.19.118-v7l+ #1311 SMP Mon Apr 27 14:26:42 BST 2020 armv7l
Downloads
Music The programs included with the Debian GNU/Linu tem are free software;
Pictures Xa stribution for each program ar ribed in the

Public div / e/doc/*/copyright.

) Sftp N Macros @ Tools

Templates
Videos
<bash_history a t J :40 2020 from 192.168
.bash_logout
bashrc ] and the default password for the 'pi’ user has not been changed.

s s is a security risk - please login as the 'pi‘ user and type 'passwd' to set a new password.
authority - .
xsession-errors ] R |

LUTELY NO WARRANTY, to the extent

= Remote monitoring

LU i fifo D raspberyoi | 88 1% [ == oosee/ves | F ooimeis | § votvbs | [ zomn | B eie | @ ‘Irurv‘ 1% | funflock: 1% | Isysifs/caroup: 0% | fooot: | €3

UNREGISTERED VERSION - Please support MobaXterm by subscribing to the ional edition here: https: batek.net

(2) Enter the download command in the command window and press the Enter
button, it is as shown below:
sudo git clone

https://github.com/adeept/Adeept RFID Learning Kit Code for RPi.git
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loning into
Enumerating

3) Click{‘% in the upper right corner to view the downloaded course experiment
code, it is as shown below:

B 192.168.3.157
Terminal Sessions View Xserver Tools Games Settings Macros  Help
.t - 3 = o
E % % =& A E B2 Y B & 4
Sezgion  Servers Tools Games  Sessions View Split MultiExec Turnelng Packages Settings

Quick connect... NN (|2 192.168.3.157

rx ) >
- (sSH client,
|.fhume.fpi.-'
E = Mame :'lmj t
2 = compr
.cache
.config
® .anupg
S local
a5 JA0Ca
L s
Linux ras
5
8 The programs included with the Debian GNU/Linu
=

Documenits the exact distribution terms for each program

(4) We use a command to enter the course experiment code directory:

cd Adeept RFID Learning Kit Code for RPi

pt_RFID _Learning_Kit Code_for_RPi/

(5) Enter the command to display the contents of the current directory:

Is

The files that appear in the list are our course experiments code files. For example,
the folder 01 blinkingled corresponds to our Lessonl course. It contains the code of

the Lessonl course. In the following courses, we will teach you how to use them.
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[ Tips for MobaXterm ]

How to implement copy and paste commands between Windows and
MobaXterm?
First copy the used commands in Windows, then move the mouse in the command

window of MobaXterm, and click the right key of mouse to realize the paste.
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Lesson 1 Blinking LED

In this lesson, we will learn how to light the LED lights.

1. Components used in this course

Components Quantity Picture

Raspberry Pi 1

Led 1

Resistor (220Q) 1
Male to Male Jumper Wire Several

Breadboard 1

GPIO Extension Board 1

GPIO Cable 1

2. The LED Light-Emitting Diode

(1)What is the Diode?

1. Definition:

A diode is an electronic device made of semiconductor materials (silicon,
selenium, germanium, etc.). It has unidirectional conductivity. In the circuit, current
(voltage) is allowed to flow in a single direction, and it will prevent current and
voltage from passing in the opposite direction. Therefore, the diode has positive and
negative poles (anode and cathode). When a positive voltage is applied to the anode

and cathode of the diode, the diode conducts. When a reverse voltage is applied to the
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anode and cathode, the diode is turned off. Therefore, the turning on and off of the
diode is equivalent to the turning on and off of the switch.
2. Structure of a diode:

A diode is made up of a PN junction plus corresponding electrode leads and
package.

PN junction: P-type semiconductor and N-type semiconductor are made on the
same semiconductor (usually silicon or germanium) substrate, and a space charge
region formed at their interface is called PN junction. The electrode drawn from the P
area is called the anode, and the electrode drawn from the N area is called the cathode.
Because of the unidirectional conductivity of the PN junction, the direction of the
current when the diode is turned on is from the anode to the cathode through the

inside of the tube. The following picture is a common diode:

Picture 1-1

(2)Anode (Positive Electrode) and Cathode (Negative Electrode)

of Common Diodes:

1. The positive and negative electrodes of ordinary diodes are shown in the
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picture:

Picture 1-2
2. The positive and negative poles of the light-emitting diode are shown in the

picture: the long pin is the positive pole, and the short pin is the negative pole.

Picture 1-3

(3)What is a Light-Emitting Diode?
1. Definition
Light-emitting diode is short as LED. The light-emitting diode is a type of diode,
composed of a PN junction. With the characteristics of a diode, it has unidirectional

conductivity like a diode. In the circuit, current can only flow in from the anode of the
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diode and out of the cathode. The difference between a light emitting diode and a
diode is that it can emit light, red light, green light, blue light, yellow light, etc.
2. Why do LEDs emit light?

(1) The reason why the light-emitting diode emits light is that its core
light-emitting part is a chip. The chip in the light-emitting diode is a compound
gallium nitride, which has a property: it emits light when low current passes, mainly
to convert electrical energy into light energy.

(2) The principle of light emitting diode:

The principle of light emission is mainly a combination of N (-: negative)
semiconductors with many electrons (negatively charged) and P (+: positive)
semiconductors with many holes (positively charged). When the semiconductor is
applied with a forward voltage, electrons and holes will move and combine again at
the junction. It is during the junction that a lot of energy is generated, and this energy

is released in the form of light. As shown below:

Light

P-type semiconductor M-type semiconductor

@—hl
D> ®©:@
D= | <

_I_

Picture 1-4
Light-emitting diodes have a wide range of uses in modern society, such as
lighting, displays, medical devices, circuits and instruments as indicator lights.

(3) Classification of light-emitting diodes

Light-emitting diodes can also be divided into ordinary monochrome
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light-emitting diodes, high-brightness light-emitting diodes, ultra-high-brightness
light-emitting diodes, color-changing light-emitting diodes, flashing light-emitting
diodes, voltage-controlled light-emitting diodes, infrared light-emitting diodes, and

negative resistance light-emitting diodes.

(4) How to wire (connect) the LED in the circuit

1. The LED has positive and negative poles. When connecting to the circuit, we
need to connect the positive pole of the LED to the positive pole of the power supply,
and the negative pole to the negative pole of the power supply. The light emitting
diode cannot be directly connected to the power supply, which can damage the
components. In the circuit using LED light-emitting diodes, a resistor with a certain
resistance value must be connected in series.

2. Calculation formula of LED current limiting resistor:

Limit Voltage (U)
Limit Current (I)

Limit Resistance (R) =

The limit current I of the LED light-emitting diode in our course is 5-20mA, and

the limit voltage U is 3.3V, so our limit resistance R is:

R_Y_ 33

_ 2% =165Q ~ 660Q
I (5~20mA)

In the experiment, when we choose the connecting resistance, we can only choose
between 165Q ~ 660€.

3. The circuit diagram of the LED light-emitting diode is as follows:
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+ AR -

LED

Picture 1-5

4. Two ways to connect LED and GPIO

The first method is as shown in the picture below: The positive pole of the
LED is connected to the positive pole of VCC (+ 3.3V), and the negative pole of
the LED is connected to the Raspberry Pi GPIO. When GPIO outputs a low level,
the LED lights up because of a potential difference between VCC and GPIO;
when GPIO outputs a high level, because the potential difference between VCC
and GPIO does not form, the LED turns off.

220Q /"
el l-_l + -
VCC| 1 <_GPIO
R LED

The second method is as follows: the positive pole of the LED is connected
to GPIO, and the negative pole of the LED is connected to GND (0V). When the
GPIO outputs a high level, the LED lights up because of the potential difference
between GPIO and GND; when the GPIO outputs a low level, because the
potential difference between the GPIO and GND does not form, the LED lights

are off.
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P
2200 % o |
GPIO — N — I||| GND(0V)
R LED

(5) Main parameters and precautions of Light-emitting Diodes

(1) Allowable power consumption (Pm): Maximum value of the product of the
forward DC voltage applied to both ends of the LED and the current flowing through
it. If this value is exceeded, the LED will become hot or damaged.

(2) Maximum forward DC current (IFm): Maximum forward DC current allowed
to be added. Exceeding this value can damage the diode.

(3) Maximum reverse voltage (VRm): Maximum reverse voltage allowed to be
applied. Above this value, the light emitting diode may be damaged by breakdown.

(4) Working environment (topm): Ambient temperature range where the LED can
work normally. Below or above this temperature range, the LED will not work
properly and the efficiency will be greatly reduced.

[ Remarks]
1. LED cannot be directly connected to the power supply, which can damage the
components. In the circuit using LED light-emitting diodes, a resistor with a certain

resistance value must be connected in series.

3. How to light the LED
(1)Wiring diagram (Circuit diagram)

In this course, we used a LED Module and a Breadboard. Before the experiment,
we connected them in the circuit as shown in the following figure. When connecting

the circuit, we should pay attention to the difference between positive and negative

electrodes, as shown in the following figure:
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--------

R R A

-------------------------
D R I R

A A f\ A 1 3.3V Raspberry Pi 5.0V 2 A
= 3 SDA 5.0V 4 g—
) 5 SCL GND 6
= 7 GPIO4 TXD 8 g
=t 9 GND RXD 10 g
- 11 GPIO17 GPI018 12 §=—
== 13 GPI027 GND 14 ===
/ SZ = 15 GPI022 GPI0Z23 16 fe—
/ S 7 3.3V GPIO24 18 77—
v —h 19 MOSI GND 20 g
m— 21 MISO GPI025 22
st 23 SCLK SPI-CEQ 24 e
m— 25 GND SPI-CEl 20 peee——
= 27 1D-SD ID-SC 28 g
—t 29 GPI05 GND 30 g
= 31 GPIO6 GPIO12 32 §=—
33 GPIOL3 GND 34 f=—
sy 35 GPIO19 GPIO16 36 f=
w—t 37 GP1026 GPI020 38 e
g 39 _GND GPT0O21 40

(2) Programming and controlling the LED in C language on

Raspberry Pi

the

For learners who have learned the C language, let us introduce how to program

and control the LED in C language on the Raspberry Pi:

Here are the processes:
1. Open the MobaXterm software.
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2. Click the corresponding IP under "User sessions" on the left and connect to
our Raspberry Pi.
3. Enter the account name and password in the command line to log in, after

successful login, the interface is as shown in the following figure:

H client,

sion to
compression
-browser
? X11-forwarding (remote da: s forwarded through SSH)
? DISPLAY : v (automatically t on remote server)

For more info, ctrl+click on h or visit our

12:21:14 GMT 28208 armv7l

s included with the Debian GNU/Linux tem are free software;
stribution te i program are described in the
copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.
La 1 : Tue Apr 28 09:17:11 20620

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

In the previous chapter, we introduced how to download the associated code
used in the project from github. The downloaded file will be saved in our user
directory. When you use it, you can directly go to the directory to find the
corresponding course code. As shown below, enter the command to display the

contents of the current directory:

(remote disp
(automatic et on remote server)

are free software;
ribed in the

nd the default iord for the 'pi' user has not been changed.
ty risk - plea ogin as the 'pi' user and type 'pa ' to set a new pé

We found that the file Adeept RFID Learning Kit Code for RPi downloaded
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from github exists in the directory. However, the code programs associated with the
courses in this section are stored in the folder:
Adeept RFID Learning Kit Code for RPi.
During the experiment, you need to find the code of the corresponding course in
this folder. After compiling and running, you can test our experiment.
(1) Compile and run the code program of this course
1.The associated code corresponding to each of our course experiments is stored
in the:
Adeept RFID Learning Kit Code for RPi
Our lesson is Lessonl Blinking LED, just go to this folder and find the
corresponding code to run. We need to enter the:
Adeept RFID Learning Kit Code for RPi directory, and enter the command in
the command line:
cd Adeept RFID Learning Kit Code for RPi

As shown in the following figure:

¢ cd Adeept RFID Learning Kit Code for RPi/

2. Then we check which course files are in the:
Adeept RFID Learning Kit Code for RPi file directory
And enter the command to display the contents of the current directory:

Is

As shown in the following figure

3. We find the course directory name 01 blinkingLed of this lesson in the picture,
and enter the command to enter the course directory below:

cd 01 _blinkingLed
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As shown in the following figure:

1 5 cd 01_blinkingled

4.Let' s check what files are in the code directory, and enter the command to
display the contents of the current directory:

Is

As shown in the following figure

5.There are two folders "c" and "python" under this directory. The "c" folder is
used to store the C code associated with our courses, and "python" is the Python code
associated with our courses. If you are good at C language, when you are doing
experiments, and you need to use the corresponding code of the corresponding course,
you can go to the "C" folder directory to compile and run the corresponding program;
if you are good at Python language, when you are doing the experiment, and you need
to use the corresponding code of the corresponding course, you can go to the
"Python" folder directory to compile and run the corresponding program.

6. Now we are using C language to light the LED, so we first enter the "C" folder
to find the experiment related code of the first lesson, and enter the command to enter

the "C" file:

cdce

7. Enter the command to display the contents of the current directory:
Is

As shown in the following figure:

8. It can be found that there is a blinkingLed.c compile-able file in this directory.
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This file is the associated code we need for this lesson. We need to use it. Compile it
first, and enter the command:
sudo gcc blinkingLed.c -lwiringPi

As shown in the following figure:

- ¢ sudo gece blinkingled.c -lwiringPi

9.At this time, we also need to check whether the program has been run. The
successfully compiled program will generate an "a.out" file and enter the command to
display the contents of the current directory:

Is

As shown in the following figure:

10. Finally, we run the "a.out" file and enter the command:

Ja.out

The results are as follows:

.o.led off

[Note] When we enter the command:

Ja.out

When you can't test the blinking light, we need to try it using the following
command:

sudo ./a.out.

11. When you are running, pay attention to observe the status of the LED lamp. If

the lamp continuously flashes, it means that our experimental test was successful.
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10

12. "led on ..... led off" appears as shown in the picture. But we will find that the
program cannot be stopped. At this time, there is a little trick to teach you how to

terminate the running program. We only need to press and hold the shortcut key on

(2) The main code program to control the LED flashing

After the above practical operation, everyone must be very curious to know how
we control the LED flashing in C language on the Raspberry Pi. Below we will
introduce how our main code is implemented:

1. First we need to initialize wiringPi:

if(wiringPisetup() == -1){ // when initialize
wiringPi failed, print message to screen
printf("setup wiringPi failed !\n");
return -1;
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2. Then set the pin of our LED: set LedPin as output:

pinMode(LedPin, OUTPUT);

3. Finally, we can set the blinking of the LED light through digitalWrite ():
First of all, we control the LED light through digitalWrite (LedPin, LOW).
When (LOW) is low, we control the LED light to turn on (open), and use delay (500)

to control it to keep on (open) for 500ms, as shown in the following picture:
digitalwrite(LedPin, LOW);
printf("led on...\n");
delay(500);

Then we control the LED lights to turn off (extinguish). Control the LED lights
through digitalWrite (LedPin, HIGH) at (HIGH) high level, we control the LED
lights to turn off (extinguish), and use delay (500) to control it Close 500ms, as

shown below:

e et e . e S

digitalwrite(LedPin, HIGH);
printf("....led off\n");
delay(500);

3

Finally, the above program is connected to run together, it will control the LED
light generation: after 500ms on, and 500ms off, this flashing phenomenon is very
short, which is not conducive to our observation, so we need to execute this
program loop, we use while () to achieve, so that the program will always run, as

shown in the following picture:
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while(1){

digitalwrite(LedPin, LOW);
printf("led on...\n");
delay(500);
digitalwrite(LedPin, HIGH);
pranti(C .. led aff\n") ;
delay(500);

}

(3)Programming and controlling the LED in Python language on

Raspberry Pi

For learners who have learned the Python language, let us introduce how to
program and control the LED in Python language on Raspberry Pi:
Here are the processes:
1. Open the MobaXterm software.
2. Click the corresponding IP under "User sessions" on the left and connect to our
Raspberry Pi.
3. Enter the account name and password in the command line to log in, after

successful login, the interface is as shown in the following figure:
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7 . s forwarded through SSH)
? DISPLAY : v (automatic: on remote server)

For more info, ctrl+click on h

Linux raspberrypl 4.19.97-v71+ #1294 SMP Thu Jan 30 13:21:14 GMT 20828 armv7l
The programs included with the Debian GNU/Linux tem are free software;

the exact distribution terms for r am a described in the
individual files in fusr/share/doc

applicable law.
: Tue Apr 28 09:17:11 2820

nd the default password for the 'pi' user has not been changed.
rity risk - please login as the 'pi' user and type 'passwd' to set a new password.

In the previous chapter, we introduced how to download the associated code used
in the project from github. The downloaded file will be saved in our user directory.
When you use it, you can directly go to the directory to find the corresponding
course code. As shown below, enter the command to display the contents of the
current directory:

Is

We found that the file Adeept RFID Learning Kit Code for RPi downloaded

from github exists in the directory. However, the code programs associated with the
courses in this section are stored in the folder:

Adeept RFID Learning Kit Code for RPi.

During the experiment, you need to find the code of the corresponding course in

this folder. After compiling and running, you can test our experiment.
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(SSH client,

Iser
? X11-forwarding
7 DISPLAY : v (automatically set

» For more info, ctrl+click on he

ogram are described in the
pyright.

with ABSOLUTELY NO WARRANTY, to the extent

'pi' user has not been changed.
‘pi' user and type 'psz ' to set a new password.

(1) Compile and run the code program of this course
1. The associated code corresponding to each of our course experiments is
stored in the Adeept RFID Learning Kit Code for RPi folder. Our lesson in this
lesson is 01 blinkingLed. Enter this folder and find the corresponding code to run.
We need to enter the Adeept RFID Learning Kit Code for RPi directory and
enter the command in the command line:
c¢d Adeept RFID Learning Kit Code for RPi

As shown in the following figure:

¢ cd Adeept RFID Learning Kit Code for RPi/

2. Then we check which course files are in the
Adeept RFID Learning Kit Code for RPi file directory, and enter the command to
display the contents of the current directory:

Is

As shown in the following figure:

3. We find the course directory name 01 _blinkingLed of this lesson in the picture,
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and enter the command to enter the course directory below:
cd 01 blinkingled

As shown in the following figure:

P15 cd 81 _blinkingled

4. Let's check what files are in the code directory, and enter the command to
display the contents of the current directory

1s

As shown in the following figure:

5. There are two folders "c¢" and "python" under this directory. The "c¢" folder is
used to store the C language code associated with our courses, and "python" is the
Python code associated with our courses. If you are good at C language, when you are
doing experiments, and you need to use the corresponding code of the corresponding
course, you can go to the "C" folder directory to compile and run the corresponding
program; if you are good at Python language, when you are doing the experiment, and
you need to use the corresponding code of the corresponding course, you can go to the
"Python" folder directory to compile and run the corresponding program.

6. Now we are using the Python language to light LED, so we first enter the
"Python" folder to find the experiment related code of the first lesson, then we enter
the command to enter the "Python" file:

c¢d python

d 5 cd pythony

7.Enter the command to display the contents of the current directory:
Is

As shown in the following figure:

01 blinkingLed.py

8.It can be found that there is a Lessonl BlinkingLed.py compile-able file in this
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directory. This file is the associated code we need for this lesson. We need to use it

For the python.py program, enter the command to run it:

sudo python3 01 blinkingLed.py

As shown in the following figure:

n ¢ sudo python3 EIlT'l.nl-:ingLed._py
9. We found "Led on .... Led off" indicates that the program runs successfully.

As shown in the following figure:

10. When you are running, pay attention to observe the status of the LED

light-emitting diode lamp. If the lamp continuously flashes, it means that our

experimental test was successful.

TR

(2) Main code program to control the LED flashing
After the above practical operation, everyone must be very curious to know how

we program the LED flash in Python on the Raspberry Pi. Below we will introduce
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how our main code is implemented:
1. Set the LED pin number to 11: LedPin = 11; set the GPIO pin code type to
BOARD through GPIO.setmode: GPIO.setmode (GPIO.BOARD); as shown in the

following picture:

GPIO0. setmode(GPIO.BOARD)
GPIO.setup{LedPin, -GPI0O.0UT)
GPI0.output{LedPin, -GPI0.HIGH)

2. Use GPIO.setup (LedPin, GPIO.OUT) to set the LedPin pin (that is, No. 11)
as the output mode; then set the state of the pin LedPin through GPIO.output
(LedPin, GPIO.HIGH) at high level, and the LED light turns off. As shown below:

GPIO.output(LedPin, -GPI0.HIGH)

3. The next step is to control our LED lights to flash. We set the pin LedPin (No.
11) to a low level state through GPIO.output(LedPin, GPIO.LOW). When it is at a
low level, the LED light is on, and then the time of the sleep. ; Finally, we also need
to use GPIO.output(LedPin, GPIO.HIGH) to set the state of the pin LedPin (No. 11)
to a high level, at this time the LED light is turned off, then use time.sleep(0.5) to

control the LED The time the lights are off. As shown below:
def-loop():

print-{'...led-on")
GPIO0.output{LedPin, -GPIO.LOW)

time.sleep(®.5)
print-{'led-off...")
GPIO0.output(LedPin, -GPI0O.HIGH)
time.sleep(9.5)

4. The above program code cannot realize the LED light blinking, because the
program code is only executed once, so we also need to add a while loop to repeat the
execution of the program code. As shown below:
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True:
print-{'...led-on")
GPIO.output(LedPin, -GPIO.LOW)

time.sleep(8.5)
print-{'led-off...")
GPIO.output(LedPin, -GPIO.HIGH)
time.sleep(8.5)

4. [ Conclusion )

This section of the course is over. In this course, we introduced the principles and
functions of diodes and LED diodes in detail. In the following courses, we will not
repeat the working principles and functions of diodes and LED diodes, but we will
introduce new knowledge in detail. By making an experiment that lights up LED
lights, everyone can grasp and understand how our LED lights are connected and used,
and how we use C language and Python language to program and control LED lights
on the Raspberry Pi. In the following experimental courses, we will continue to

introduce many interesting and fun experiments.
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Lesson 2 Active Buzzer

In this lesson, we will study the application of the Active Buzzer.

1. Components used in this course

Components Quantity Picture
. © (SR Rl
Raspberry Pi 1
Breadboard 1
GPIO Extension Board 1
GPIO Cable 1
Male to Male Jumper Wire Several

Active buzzer 1
Resistor(2209) 1
NPN Transistor(8050) 1

2. The introduction of the Buzzer

(1) The Buzzer

The Buzzer is an electronic sounder with an integrated structure. It is powered by
DC voltage and is widely used as a sounding device in electronic products such as
computers, printers, copiers, alarms, electronic toys, automotive electronic equipment,
telephones, timers, and other electronic products. . There are two types of buzzer:
active buzzer and passive buzzer. As shown in the figure below, the left is the active
buzzer (the two pins have different lengths), and the right is the passive buzzer (the

two pins have the same length).
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(2) Working principle of the Buzzer

The sounding principle of buzzer is composed of vibration device and
resonance device, and buzzer is divided into passive buzzer and active buzzer. The
working sounding principle of passive buzzer is: square wave signal input resonant
device is converted into sound signal output; the working sounding principle of active
buzzer is: DC power input is generated by the amplification sampling circuit of the
oscillation system under the action of the resonance device Sound signal. Our course
in this section uses an active buzzer. As long as the power is on, the active buzzer will
sound. We can program the Raspberry Pi output high and low alternately, so that the

active buzzer will sound.

(3) Two kinds of Transistors (S8050 and S8550)

To make the active buzzer sound, a large current is required. However, the output
current of Raspberry Pi GPIO is very weak, so we need a transistor S8050 or S8550 to
drive the active buzzer. The main function of the transistor S8050 (S8550) is to
amplify the voltage or current, and it can also be used to control the conduction or
cut-off time of the circuit.

There are two kinds of transistors, one is NPN, such as the transistor S8050 used
in our course; the other is a PNP transistor, such as the other S8550 we provide. The
pin structure of the two transistors we use is the same. Their pin structure is as shown
in the figure below. In the circuit, Emitter is abbreviated as e, Base is abbreviated as b,

and Collector is abbreviated as c.
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1.Emitter
2.Base

3.Collector
1 2 3

The S8050 and S8550 transistors provided by our course are as shown below.

The letter H is S8050, and the letter H is S8550.

The transistors S8050 and S8550 and the buzzer are connected in the circuit as

shown below:
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VCC(5V) VCC(5V)
I \ | |

&
buzzer ¢ buzzer

K K
GPIO »—i:l—K 8050 | GPIO —|—'—)|< 8550
R i R

e c

GND(OV) GND(OV)

Figure1 Figure2

Figurel:

Set the Raspberry Pi GPIO as a high level, the transistor S8050 will conduct, and
then the buzzer will sound; set the Raspberry Pi GPIO as low level, the transistor
S8050 will cut off, then the buzzer will stop.

Figure2:

Set the Raspberry Pi GPIO as low level, the transistor S8550 will conduct, and
the buzzer will sound; set the Raspberry Pi GPIO as a high level, the transistor S§550

will cut off, then the buzzer will stop.

3. The application of the Active Buzzer
(1) Wiring diagram (Circuit diagram)

In this course, we used an active buzzer and a NPN transistor (8050). Before the
experiment, we connected them in the circuit as shown in the following figure. When

connecting the circuit, we should pay attention to the difference between positive and

negative electrodes, as shown in the following figure:
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(2) Programming and controlling the Active Buzzer in C

language on Raspberry Pi

The code program used in this lesson is stored in the folder:
Adeept RFID Learning Kit Code for RPi

During the experiment, we need to go to this folder to find the corresponding
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code of the course, and then compile and run it before we can test our experiment.

(1) Compile and run the code program of this course

1. First, we opened the software BikS , logged in and connected to our

Raspberry Pi (for the second login, we only need to enter the user name, and pay
attention to the correctness of the user name). After successfully logging in, as

shown in the following figure:

(SSH client,

3SH session to

H compression

H-brows :
1-forwarding : (remote di
? DISPLAY : v lautomatic:

For more ctrli+click on |

Linux raspberrypi 4.19.97-w7l+ #1294 SMP Thu Jan 30 13:21:14 GMT 2020 armv7l

The programs included with the Debian GNU/Linux system are free software;
& istribution terms 'Fcr each program are described in the
vidual files in fu opyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
2 applicable law.
: Wed Apr 29 09:19:82 2020

d and the default password for the 'pi' user has not been changed.
urity risk - please login as the 'pi' user and type 'passwd' to set a new pa

2. In the previous experiment operation, we have already introduced that the
corresponding experiment correlation code of each class is stored in the
Adeept RFID Learning Kit Code for RPi.

Our lesson is 02 activeBuzzer, so just go to this folder and find the
corresponding code to run. Now let's enter the C language code program file and enter
the following command:

cd Adeept_RFID Learning Kit Code for RPi/02_activeBuzzer/c

» /c
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4. This code program file is the one we will use in this lesson. For C language, at
first, compile and enter the command:

sudo gcc buzzer.c -lwiringPi

/¢ 5 sudo gce buzzer.c -lwiringPi

5. The "a.out" file will be generated after successful compilation. Enter the

command:

Ja.out

6. After running the program, the buzzer will sound the program settings.The

physical connection of the experiment is as follows:

(2)The core code program for controlling the Active Buzzer in C language

After the above hands-on operation, you must be very interested to know how we
control the Active Buzzer in C language. We will introduce how our core code can be
achieved:

Use the digtalWrite() function to control the buzzer to sound, set the pin low to

start the Buzzer (buzzer), and set the pin high to turn off the Buzzer.
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