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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:
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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
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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
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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.

(2) Introduction of GPIO pins

(1) GPIO pin comparison table
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【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,

PWM0, 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 I2C interface. I2C 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 I2C 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
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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.



11

(2)The application of the GPIO Extension Board

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

following way.
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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:

https://www.raspberrypi.org/downloads/
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(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.
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(3) Choose to download the ".ZIP" file and wait for the download to complete:
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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.

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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(2) Open the downloaded file "imager.exe" and click "Install".

(3) Then click "Finish".
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(4) The software interface after opening is as shown below:

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

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

interface.

(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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(3) Find the ".img" file of the Raspberry Pi system that we downloaded and

decompressed before. Click "Open".

(4) Select the ".img" file and click "Open".
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(5) Then on the interface of Raspberry Pi Imager, the ".img" file of our selected

Raspberry Pi system will appear.

(6) Click "CHOOSE SD".
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(7) Then select the SD card we need to burn.

(8) Click "WRITE" to write it to the SD card. Wait for the burn to complete.



23

(9) After the burning is completed, the following message will be prompted,

indicating that the burning is finished, click "CONTINUE".

【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:

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

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

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

shown below:

(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:

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.

(2) Click to select the wpa_supplicant.conf file, right-click the mouse, and select

"Open Mode (H)".
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(3) Select "Notepad" to open it.

(4) Write the following contents:

country=US

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

}

"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:

(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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(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.

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

version):

(3) Find the downloaded file MobaXterm_Portable_v20.2.zip, double-click to

open it, extract it to get a new file
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.

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

MobaXterm_Personal_20.2.exe.

(5) Double-click to open MobaXterm_Personal_20.2.exe to directly open the

MobaXterm software. The interface is as shown

below:

(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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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.

(3) Remotely logging in to the Raspberry Pi system
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(1) Open the software on the desktop, as shown below:

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

(3) Click "SSH".
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(4) Enter the IP address of the Raspberry Pi previously queried: 192.168.3.157,

and confirm with "OK".
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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.

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

interface will appear as shown below:

(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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(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.
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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 on the desktop and connect to the Raspberry Pi.

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

(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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(3) Click in the upper right corner to view the downloaded course experiment

code, it is as shown below:

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

cd Adeept_RFID_Learning_Kit_Code_for_RPi

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

ls

The files that appear in the list are our course experiments code files. For example,

the folder 01_blinkingLed corresponds to our Lesson1 course. It contains the code of

the Lesson1 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 (220Ω) 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

https://baike.baidu.com/item/PN%E7%BB%93/898090
https://baike.baidu.com/item/PN%E7%BB%93/898090
https://baike.baidu.com/item/PN%E7%BB%93/898090
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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:

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 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 =
I
U =

)20~5(
3.3
mA
V = 165Ω ~ 660Ω

In the experiment, when we choose the connecting resistance, we can only choose

between 165Ω ~ 660Ω.

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

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

Raspberry Pi

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:

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:

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 Lesson1 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:

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:

ls

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:

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

display the contents of the current directory:

ls

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:

cd c

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

ls

As shown in the following figure:

8. It can be found that there is a blinkingLed.c compile-able file in this directory.



51

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:

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:

ls

As shown in the following figure:

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

./a.out

The results are as follows:

[Note]When we enter the command:

./a.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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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

the keyboard: Ctrl + C as shown below:

(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:
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2. Then set the pin of our LED: set LedPin as 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:

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:

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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(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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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:

ls

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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(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:

cd Adeept_RFID_Learning_Kit_Code_for_RPi

As shown in the following figure:

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:

ls

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:

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:

cd python

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

ls

As shown in the following figure:

8.It can be found that there is a Lesson1_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:

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.

(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:

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:

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:

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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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

Raspberry Pi 1

Breadboard 1

GPIO Extension Board 1

GPIO Cable 1

Male to Male Jumper Wire Several

Active buzzer 1

Resistor(220Ω) 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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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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Figure1：

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 S8550

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:

quot;https://baike.baidu.com/item/triode%20transistor/9393790&quot
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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 , 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:

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

3. Enter the command to display the contents of the current directory:

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

command:

./a.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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