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CHAPTER
ONE

1.DESCRIPTION

Do you want to learn about programming?

As long as you’re passionate about science and dare to explore new things, this kit is surely the best choice for you. The
Keyestudio ESP32 Learning Kit Basic Edition mainly contains some common electronic components/sensors/modules,
a ESP32 mainboard and bread wires are also included.

As many as 74 project tutorials are provided, which contain detailed wiring diagrams, components knowledge, and
fascinating project code. Each project is produced using Thonny for Windows, Arduino IDE for Windows, and Arduino
IDE for Raspberry Pi. It’s easy to get started.

You can create numerous fascinating DIY experiments with one controller (ESP32), various of sensors/modules and
electronics. These courses can give you a deeper understanding of programming methods, logic, electronic circuits
and the Linux operating system (Raspberry Pi).




ESP32 Learning Kit

4 Chapter 1. 1.Description






ESP32 Learning Kit

CHAPTER
TWO
2.KIT LIST
[ 4
ESP32 Main- Blue LED*10 Red LED*10 Yellow LED*10 Green LED*10
board*1
White LED*10 RGB*1 220Resistor*10  10KResistor*10 1KResistor*10
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Photoresistor*3 Flame Sensor*1 10K Thermis- Yellow Cap*2 Blue Cap*2
tor*1
i
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IC 74HC595N *1 1-Digit Tube Display*1 4-Digit Tube 8*8 Dot Matrix LCD_128X32_DOT
Display*1 Display *1 *1
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S8050 Triode *2 S8550 Triode *2 Fan*1 Dc Motor*1 Breadboard
Wire*30
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CHAPTER
THREE

3.KEYESTUDIO ESP32 CORE BOARD
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Introduction

Keyestudio ESP32 Core board is a Mini development board based on the ESP-WROOM-32 module. The board has
brought out most I/O ports to pin headers of 2.54mm pitch. These provide an easy way of connecting peripherals
according to your own needs.

When it comes to developing and debugging with the development board, the both side standard pin headers can make
your operation more simple and handy.

The ESP-WROOM-32 module is the industry’s leading integrated WiFi + Bluetooth solution with less than 10 external
components. It integrates antenna switches, RF balun, power amplifiers, low noise amplifiers, filters as well as power
management modules. At the same time, it also integrates TSMC’s low-power 40nm technology, power performance
and RFperformance, making it safe, reliable and easy to expand to a variety of applications.

Specifications
* Microcontroller: ESP-WROOM-32 Module
» USB to serial port chip: CP2102-GMR
* Working voltage: DC 5V
* Working current80mA Average
* Current supply500mAMinimum
* Working temperature range : -40°C ~ +85°C
* WiFi modeStation/SoftAP/SoftAP+Station/P2P
» WiFi protocol802.11b/g/n/e/i802.11nspeed up to 150 Mbps
» WiFi frequency range2.4 GHz ~ 2.5 GHz
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* Bluetooth protocolconform to Bluetooth v4.2 BR/EDR and BLE Standard
* Dimensions55%26*13mm
* Weight9.3g

Pin out
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ESP32 has fewer pins than commonly used processors, but it doesn’t have any problems reusing multiple functions on
pins.

Warning: The pin voltage level of the ESP32 is 3.3V. If you want to connect the ESP32 to another device with an
operating voltage of 5V, you should use a level converter to convert the voltage level.

Power Pins: The module has two power pins +5V and 3.3V. You can use these two pins to power other devices and
modules.

8 Chapter 3. 3.Keyestudio ESP32 Core board
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GND Pins: The module has three grounded pins.

Enable pin (EN) : This pin is used to enable and disable modules. The pin enables module at high level and disables
module at low level.

Input/Output pins (GPIO) : You can use 32 GPIO pins to communicate with LEDs, switches and other input/output
devices. You can also pull these pins up or down internally.

Note: Though GPIO6 to GPIO11 pins (SCK/CLK, SDO/SDO0, SDI/SD1, SHD/SD2, SWP/SD3 and SCS/CMD pins)
are used for SPI communication for the internal module, which are not recommended.

ADC: You can use the 16 ADC pins on this module to convert analog voltages (the output of some sensors) into
digital voltages. Some of these converters are connected to internal amplifiers and which are capable of measuring
small voltages with high accuracy.

DAC: ESP32 module has two A/D converters with 8-bit precision.

Touch pad: There are 10 pins on the ESP32 module that are sensitive to capacitance changes. You can attach these
pins to certain PCB’s pads and use them as touch switches.

SPI: There are two SPI interfaces on the module, which can be used to connect the display screen, SD/microSD
memory card module as well as external flash memory, etc.

I2C: SDA and SCL pins are used for [2C communication.

Serial Communication (UART) : There are two UART serial interfaces on this module, which can be used to transfer
up to SMbps of information between two devices . The UARTO also has CTS and RTS control functions.
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PWM: Almost all ESP32 input/output pins can be used for PWM(pulse-width modulation). Using these pins can
control the motors, LED lights and color changes for some other sensorsfor example: color sensor, etc.

Components

ESP32 - ¥
POWER Regulator
LED

USB Bridge
RESET BOOT

MicroUSB

10 Chapter 3. 3.Keyestudio ESP32 Core board



CHAPTER
FOUR

GETTING STARTED WITH ARDUINO

Development Environment Configuration

Click on the link to enter the development environment setup tutorialDevelopment Environment Configuration-
Windows

4.1 Windows System

11
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4.1.1 Download and install Arduino software

1First, enter arduino’s official website: https://www.arduino.cc/, and click “SOFTWAREto enter the download page.
As shown in the figure below

PROFESSIONAL EDUCATION m Q. Search on Arduino.cc Hm

% HARDWARE SOFTWARE cLOUD DOCUMENTATION - COMMUMNITY + BLOG ABOUT

LATEST
WHAT IS ARDUINO? ARDUINO

EDUVISION

Time to play
What do the UN, loT

Check out the best of our Kids
¥4
& Al have in common? preducts, for all the fun of the

i iiir!
October 21st -5pm CEST electronics fair

Sign up now! Enter here for fun!

BUY AN ARDUINO .

% HARDWARE SOFTWARE CLOUD DOCUMENTATION - COMMUNITY ~ BLOG ABOUT

Downloads

DOWNLOAD OFTIONS

Al'dLliI'IO IDE 1.8.1 6 Windows Win 7 and newer

Windows ZIF file

The open-source Arduino Software (IDE) makes it easy to write code Windows app Win&.1or 10
and upload it to the board. This software can be used with any

i 32 bits
Arduino board. Linux 32 bits

Linux 64 bits
Refer to the Getting Started page for Installation instructions. Linux ARM 32 bits

Linux ARM 64 bits
SOURCE CODE Mac 0S X 10.10 or newer
Active development of the Arduino software is hosted by GitHub.
See the instructions for building the code. Latest release source
code archives are available here. The archives are PGP-signed so
they can be verified using this gpg key.

Release Notes Check: = [shaS12)

(2) Then, select and download the corresponding installer for your operating system. If you are a Windows user, please
select “Windows Installer” to download to install the driver correctly.

12 Chapter 4. Getting started with Arduino
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DOWNLOAD OPTIONS

o<l Arduino IDE 1.8.16 T ——

Windows ZIF file

The open-source Arduino Software (IDE) makes it easy to write code Windows app wing1er10 Getig
and gpluad it to the board. This software can be used with any Linux 32 bits
Arduino board. - :
Linux &4 bits
Refer to the Getting Started page for Installation instructions. Linux: ARM 32 bits

Linux ARM &4 bits

SOURCE CODE Mac 05 X 10.10 or newer
Active development of the Arduino software is hosted by GitHub.
See the instructions for building the code. Latest release source
code archives are available here. The archives are PGP-signed so
they can be verified using this gpg key.

Release Motes Checksums (sha512)

Choose to click the Windows Win7 and newer to download Arduino 1.8.16 version installer, which requires manual
installation. But when click the Windows ZIP File, the Arduino 1.8.16 zip file will be downloaded directly, just unzip
it to complete the installation.

Support the Arduino IDE

Since the release 1.x release in March 2015, the Arduino IDE has
been downloaded 55,637,345 times — impressive! Help its
development with a donation.

$3 $5 $10 $25 $50 Other

JUST DOWNLOAD CONTRIBUTE & DOWNLOAD

In general, you can click JUST DOWNLOAD to download it.

(3) After the Arduino IDE is downloaded, continue the installation. When you receive the warning from the operating
system, please allow the driver installation by clicking I Agree first, and then click Next after selecting the components
to install.

4.1. Windows System 13
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)

#9 FPlease review the license agreement before installing Arduine. If you
.2 accept all terms of the agreement, did: I Agree.

GMU LESSER. GEMERAL PLUBLIC LICEMSE L
Version 3, 29 June 2007
Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.org/=

Everyone is permitted to copy and distribute werbatim copies of this license
document, but changing it is not allowed.

This version of the GMU Lesser General Public License incorporates the terms

and conditions of version 3 of the GNU General Public License, supplemented

by the additional permissions listed below. v

Cancel I Agree |

2}

9

€

Ny, Chedk the components you want to install and unchedk the compaonents
o you don't want to install, Click Mext to continue,

Select components to install: Install Arduino software
Install USE driver

Create Start Menu shortout
Create Desktop shortout
Assodate .ino files

Space required: 543.4MB

Cancel « Back Mext =

4Select the installation directory (we recommend keeping the default directory), and then click Install.

14 Chapter 4. Getting started with Arduino
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@ Arduino Setup: Installation Folder

Setup will install Arduino in the following folder. To install in a different
5.0 folder, dick Browse and select another folder, Click Install to start the

*

installation.
Destination Folder
’VIE:‘psers‘lﬁd'riistrator‘Desktopwm Browse... |

Space required: 543.4MB
Space available: 14, 7GE

Cancel Mullsaft Inskall Swskem w3.0

« Back

Install ||

5Select Install if the following screen appears.

(5] Windows Seauity

# Publisher: Arduino LLC

Name: Arduino USB Driver

Would you like to install this device software?

4

Always trust software from "Arduino LLC". | _Install |

Don't Install

@ You should only install driver software from publishers you trust. How can |
decide which device software is safe to install?

LS

This process extracts and installs all the necessary files to properly execute the Arduino software (IDE).

4.1. Windows System

15
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@' Arduino Setup: Installing —

Extract: iox128a1u.h

&/ I
Show details |

Zancel | Mullsaft Inskall System w30 = Back. Close

After installation is complete, an Arduino Software shortcut will be generated in the desktop.

@' Arduino Setup: Completed —

Completed
S
Show details |

Cancel | Mullsoft Install System w30 = Back

4.1.2 Install a driver on Windows

Notelf you have installed the driver, just skip it

Before using the ESP32 board, you must install a driver, otherwise it can not communicate with the computer. Unlike
the USB series chip (ATMEGA8U2) of the Arduino UNO R3, the ESP32 board is used the CP2102 chip USB series
chip and USB type C interface.

The driver of the CP2102 chip is included in 1.8.0 version and newer version of Arduino IDE. Usually, you connect the
board to the computer and wait for Windows to begin its driver installation process. After a few moments, the process
will succeed.

Note:

1. Please make sure that your IDE is updated to 1.8.0 or newer version

16 Chapter 4. Getting started with Arduino
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2. If the version of Arduino IDE you download is below 1.8, you should download the driver of CP2102 and install it
manually.

Link to download the driver of CP2102: CP2102-Driver-File-Windows

If the driver installation process fail, you need to install the driver manually. Open device Manager for your computer
and right-click“the computer”—click“Properties”—Click“Device Manager”. Look under Ports (COM & LPT) or other
device, a yellow exclamation mark means that the CP2102 driver installation failed.

File Action View Help
= @ H=EE
| ~ % DESKTOP-980KTTG
ij| Audio inputs and outputs
3 Computer

- Lisk drives
& Display adapters

=x |DE ATA/ATAP| controllers
= Keyboards

@ Mice and other pointing devices
[ Menitors
Metwork adapters
R Other devices
B CP2102 USB to UART Bridge Controller
i =0 PNt quedes
[J Processors
!t Software components
B Software devices
ij| Sound, video and game controllers

&y Storage controllers
i3 System devices
i Universal Serial Bus controllers

It shows that the driver for CP2102 fails to be installed successfully if there is a yellow mark. Double-

click 55; CPZ102 USE to UART Bridge Controller , and then click “Update drive...” to update the driver.

4.1. Windows System 17
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:.].'_ Device bananer — O 5
CP2102 USE to UART Bridae Controller Propertics

File At CP2102 USE to UART Bridge Controller Propertie o

& $‘| f General Driver Details Events

i}
v wu DES !” CP2102 USB to UART Bridge Controller

> Iy
> |
> o | Device type: Cther devices
> g | Manufacturer: LInknown
> | Location: Port_#0012.Hub_#0001
> m |
? | Device status
» B ! The drivers for this device are not installed. (Code 28)
> [ |
3 ? | There are no compatible drivers for this device.
v 7
l To find a driver for this device, click Update Driver.
» M|
>
> lt ! Update Driver...
> B
> i |
> S !
s ]
> § oK Cancel

Click “Browse my computer for drivers”to find the Arduino software we installed or downloaded.

18 Chapter 4. Getting started with Arduino
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B Update Drivers - CP2102 USE to UART Bridge Controller

How do you want to search for drivers?

—» Search automatically for drivers

Windows will search your computer for the best available driver and install it on
your device,

—» Browse my computer for drivers
Locate and install a driver manually.

Cancel

There is a drivers folder in Arduino software installed package Arduing ), open the driver folder and you can see
the driver of CP210X series chips.

Click“Browse...”, then find the drivers folder, or you could enter““driver’’to search in rectangular box, then click*“Next”,

4.1. Windows System 19
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& B Update Drivers - CP2102 USE to UART Bridge Controller

Browse for drivers on your computer

Search for drivers in this location:

| Ch\Users\Administrator,Desktoph\Arduinchdrivers v Browse.., o

[] Include subfolders

— Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the
same category as the device.

(2]

After a while, the driver is installed successfully.

20 Chapter 4. Getting started with Arduino
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B Update Drivers - Silicon Labs CP210x USE to UART Bridge (COM3)

Windows has successfully updated your drivers
Windows has finished installing the drivers for this device:

Silicon Labs CP210x USE to UART Bridge
- ?

| Close

Open the computer device Manager again, you can see that the CP2102 driver has been successfully installed, and find

the yellow exclamation mark disappear.

4.1. Windows System 21



ESP32 Learning Kit

iy Device Manager — O >

File Action View Help

o= D HE B

~ % DESKTOP-980K7TG

I Audic inputs and outputs

E Computer

o Disk drives

& Display adapters

Human Interface Devices

== |DE ATA/ATAPI controllers

Keyboards

g Mice and other pointing devices

[ Meonitors
Metwork adapters

v Ports (COM BLLPT) !

ﬁ Silicon Labs CP210x USE to UART Bridge (COM3)

™ Print queues

[} Processors

lt Software components |

H Software devices

Ij| Sound, video and game controllers

ﬁ‘m Storage controllers
i3 Systemn devices
i Universal Serial Bus controllers

4.1.3 Install the ESP32 on Arduino IDE

The installation process for ESP32 is almost the same as that for ESP8266. If you are to install ESP32 on an Arduino
IDE, follow these steps

Noteyou need to download Arduino IDE 1.8.5 or advanced version to install the ESP32.

©.0)
2

Arduinc iy open the Arduino IDE

1) Click the icon

22 Chapter 4. Getting started with Arduino
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File Edit Sketch Tools Help

sketch_jan0O7Va
vold setup() | LS
J/ put your setup code here, to run once:

wvoid loop() {
Jf put your main code here, to run repeatedly:

Arduino Uno an COM3

2Click“File” —**“Preferences”**copy the website addresshttps://dl.espressif.com/dl/package esp32_index.json in
the““Additional Boards Manager URLs:”and then click“OK?” to save the address.

4.1. Windows System 23
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) sketch_jan07a | Arduino 1.8.16

File JEdit Sketch Tools Help
Mew Ctrl+M
Open... Ctrl+0
Open Recent b
Sketchbook ¥
Examples ]
Close Ctrl+W
Save Ctrl+5
Save As... Ctrl+5hift+5

e,

Page Setup  Ctrl+5Shift+P
Print Ctrl+P
Preferences  Ctrl+Comma
Chuit Ctrl+C

re, To run once:

to run repeatedly:

Arduing Uno an COM3

24

Chapter 4. Getting started with Arduino
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Settings Network

Sketchbook location:

C:\Users\Admini strator\Documents'\Arduine

Editor language: System Default “ (requires restart
Editor font size: 12

Interface secale: [] dutemstic 100 - % (requires restart of Arduins)

Theme: Default theme - (requires restart of Arduine)

Show verbose output during: [ | compilation [ Jupload

Compiler warnings: Hone R

I:‘ Dizplay line numbers |:| Enable Code Folding

[#] Verify code after upload [JUse external editer

Chec]{ for updates on startup Sa\:e when verifying or uploading

I:‘ Use accessibility features

Additional Boards Manager URLs: | https://dl. espressif. comfdlfpackage_esp32_index.jsonI o

More preferences canm be edited directly in the file
C:\Users\Admini strator\&ppData\Local \drduinel5S\preferences. txt

{edit only when Arduino is not rumning)

Browse

of Arduine)

(2]
Cancel

3First click “Tools”— “Board:”and click “Boards Manager...’to enter“Boards Manager”, enter“ESP32”in the box-
after“ALL”, then select the latest version to install, the installation package is not large, click“Install”’to Install the

plug-in, as shown in the figure below.

@ Boards Vlanage
1)

Type 411 « |||Espaz

asp32

by Espressif Systems

Boards included in this package:

ESPZ2 Dev Module, WEMOS LoLin32, WEMOS D1 MINI ESP32.
Mare Info

1.0.6 w Install

Fd

(2]

Close

4.1. Windows System

25
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@ Boards Manager x
Type |Al1 =R
esp32 -~

by Espressif Systems

Boards included in this package:

ESP32 Dev Module, WEMOS LolLin32, WEMOS D1 MINI ESP32.
Mare Infa

Installing. ..

|| Dovnloading boards definitions. Downloaded 17, 637kb of 51, 126kh.

4. After successful installation, click“Close”to Close the page

4.1.4 Arduino IDE Setting:

©.0)

2

1Click the iconssias] ¢, open the Arduino IDE.

26 Chapter 4. Getting started with Arduino
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File Edit Sketch Tools Help

sketch_jan0O7Va
vold setup() | LS
J/ put your setup code here, to run once:

wvoid loop() {
Jf put your main code here, to run repeatedly:

Arduino Uno an COM3

2When downloading the code to the board, you must select the correct name of Arduino board that matches the board
connected to your computer, then click“Tools”—*“Board:”. As shown below ;

(Note: we use the ESP32 board in this tutorial; therefore, we select ESP32 Arduino**)**
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& sketch_jan10a | Arduing 1.8.16 — O X

Tools

File Edit Sketch Help

. Auto Format Ctrl+T
Archive Sketch n
Skj‘i“—tlzl'”{?a :: EmdLi'Zg B'tRemd Ctrl+Shift+| 2 s
void setup +Shift+
i Se::lai:m:it:r”es Ct:l+ e ESP32 Wrover Module
ESP32 Pico Kit
} Serial Plotter Ctrl-+Shift+L TIGO LoRa32-OLED V1

WiFi101 / WiFiININA Firmware Updater KinaBox CW02

void loop() {

// put your Board: "Arduino Uno" I b Boards Manager... sparkFun ESPBEThlng
: —— ] Arduimo AVR Boards ] u--blox MIMA-W10 series (ESP32)
) Widora AIR

Get Board Info Arduino Mbed OS RP2040 Boards 3 Electronic SweetPeas - ESP320

Programmer: "AVRISP mkll" i 1 Nano32

Burn Bootloader LOLIN D32
LOLIN D32 PRO
WEMOS LOLIN32

Dongsen Tech Pocket 32
"WeMos" WiFi&Bluetooth Battery
ESPea32

Moduine Quantum

Noded2s

Harnhill FSP32 New

Arduino Uno an COM3
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File Edit Sketch Tools Help

sketch_jan10a

vold setup() | ~
S/ put your setup code here, to run once:

void loop() {
Jf put your main code here, to run repeatedly:

Invalid lib

Invalid lib

over Module

Set the board type as follows:
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) sketch_jan10a | Arduino 1.8.16 — O >
File Edit Sketch Help
Auto Format Ctrl+T
Archive Sketch
sketch_jan10a Fix Encoding & Reload
vold setup() Manage Libraries... Ctrl+Shift+I ~
[ BREVORE L geial Manitor Ctrl+Shift- M
1 Serial Plotter Ctrl+5Shift+L

void loop() | WiFi101 S WiFiNINA Firmware Updater

S put your

Board: "ESP32 Wrover Module" b
} Upload Speed: "921600" »
Flash Frequency: "80MHz" »
Flash Mode: "Q10" 5
Partition Scheme: "Default" »
Core Debug Level: "Mone" »
Port: "COM3" H

Get Board Info

Programmmer
In id 1i

mvalid libra Burn Bootloader

Then select the correct COM port (the corresponding COM port can be seen after the driver is installed successfully).
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iy Device Manager
File Action View Help

a= | T HE B

~ % DESKTOP-980K7TG
i Audic inputs and outputs
E Computer
o Disk drives
& Display adapters
Human Interface Devices
"= |DE ATA/ATAPI controllers
Keyboards
8 Mice and other pointing devices
[ Meonitors
I? Metwork adapters

v & Ports (COM BLLPT)
@ Silicon Labs CP210x USE to UART Bridge (COM3)

= Print queues

[J Processors

Et Software compenents

B Software devices

i Sound, video and game controllers
S:?F Storage controllers

i3 Systemn devices

i Universal Serial Bus controllers

4.1. Windows System
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) sketch_jan10a | Arduino 1.8.16 — O >
File Edit Sketch Help
Auto Format Ctrl+T
Archive Sketch
sketch_jan10a Fix Encoding & Reload
vold setup() Manage Libraries... Ctrl+Shift+] -
[ BREEORE oeial Monitor Ctrl+Shift-+ M
1 Serial Plotter Ctrl+5Shift+L

void loop{) | WiFi101 / WiFiNINA Firmware Updater

/i pae your Board: "E5P32 Wrover Module" *
1 Upload Speed: "921600" »
Flash Frequency: "80MHz" »
Flash Mode: "CQIO" »
Partition Scheme: "Default” »
Core Debug Level: "Mone” »
Port: "COM3" ; Serial ports

Get Board Info

Prograrmrmer

Burn Bootloader

Before a code was uploaded to the ESP32 mainboard, we have to demonstrate the functionality of each symbol that
appeared in the Arduino IDE toolbar.

32 Chapter 4. Getting started with Arduino



ESP32 Learning Kit

@ sketch_jan10a | Arduino 1.8.16 a - .

ode here, to run once:

ABCDE
void loop() {
Jf put your main code here, to run repeatedly:

over Module

A- Used to verify whether there is any compiling mistakes or not.
B- Used to upload the sketch to your Arduino board.

C- Used to create shortcut window of a new sketch.

D- Used to directly open an example sketch.

E- Used to save the sketch.

F- Used to send the serial data received from board to the serial monitor.

4.1. Windows System
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4.2 Arduino MacOS

4.2.1 Development Environment Configuration—-Mac OS

Click on the link to enter the development environment setup tutorial Development Environment Configuration-MacOS
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4.2.2 Download Arduino IDE:
Downloads

DOWNLOAD OPTIONS

m ArdUinD IDE 1 .8.1 6 Windows Win 7 and newer

Windows ZIP fie

The open-source Arduino Software (IDE) makes it easy to write code el e R
and upload it to the board. This software can be used with any
Arduino board.

Linux 32 bits
Linue &4 bits

Linux ARM 32 bits
Linu ARM 64 bits

Refer to the Getting Started page for Installation instructions.

SOURCE CODE Mac 05 X 1010 or newer

Active development of the Arduino software is hosted by GitHub.
See the instructions for building the code. Latest release source
code archives are available here. The archives are PGP-signed so
they can be verified using this gpg key.

Rejeaze Maotes Checksurms [shaS1Z)

4.2.3 How to install the CP2102 driver

(Note: If you haven’t installed the driver installed, please do the following.)

(1) Connect the ESP32 motherboard to your MacOS computer using a USB cable and open the Arduino IDE.
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sketch_auglOa

volid setup() {
// put your setup code here, to run once:

}

void loop()
/7 put your main code here, to run repeatedly:

|

Click Tools—Board: ESP32 Dev Module and /dev/cu.usbserial-0001.
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@ Arduino File Edit Sketch Tools Help

Auto Format
Archive Sketch
Fix Encoding & Reload
sketch_jan19a Manage Libraries...
void setup() { Serial Monitor
// put your setup code here, to ru .
Serial Plotter

]
WiFi101 / WiFiNINA Firmware Updater

void loop() {
// put your main code here, to runfRACIEIIES
} Board: "ESP32 Dev Module"
Upload Speed: "921600"
CPU Frequency: "240MHz (WiFi/BT)"
Flash Frequency: "80MHz"
Flash Mode: "QIO"
Flash Size: "4MB (32Mb)"
Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)"
Core Debug Level: "None"
PSRAM: "Disabled"
Port Serial ports
Get Board Info /dev/cu.Bluetooth-Incoming-Port

/dev/cu.usbserial-0001
Programmer

Burn Bootloader

Click-to upload the test code

Note: If the the upload fails, follow the steps below to install the CP2102 driver. Perform step (2) to (16).
2Download link for CP2102CP2102-Driver-File-MAC.zip

3Download MacOS version

Download for WinCE

Platform Software Release Notes

# WinCE 8.0 (2.1) Download VCFP (276 KB) Download WinCE 6.0 Revision History

S WinCESD(27) Download VCP (271 KB) Download WinCE on History
Download for Macintosh OSX (v5.3.5)

Platform Software Release Notes

“. Mac 05X Download VCP (832 KB) Download Mac VCP Revision History
Download for Linux

Platform Software Release Notes

A Linux 3.xx and 4% Download VCP (10.0 KB) Download Linux 3.x.x and 4.x.x VCF Revision Histary

D linux 2.6x Download VCP (10.2 KB) Download L WCP Revision History

*hote: The Linux 3.xx and 4. version of the driver is maintained in the current Linux 3.cx and 4.xx tree of www kernel org.
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4Unzip the downloaded package

Mac_OSX_VCR: Driv
er.zip e

Mac:OSX_VCP_Driv-

Movies

i) AirDrop
L Documents
1] Pictures
£ rRecents
) Desktop
J7 Music
£\ Applications
) pownloads

@ iCloud Drive

Locations

[T lisagu Y MacBook...

Then you can see the following file
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B silicon Labs VCP Driver Install Disk

@ - o

TXT

Install CP210x VCP Driver Legacy MacVCP Driver ReleaseNotes.txt Troubleshooting

uninstaller.sh

Double-click**“Install CP210x VCP Driver’tap**“Don’t warn me when opening application on this disk im-
age”’and click“Open”

o2 - A i

Install CP210x% VICP Driver Legacy MacVCP Driver ReleaseNotes.txt Troubleshooting

uninstaller.sh

“Install CP210x VCP Driver” is an app downloaded from
m the internet. Are you sure you want to open it?

www.silabs.com

+ Don't warn me when opening applications on this disk image

Cancel Show Web Page Open

7Click“Continue”
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@ Install CP210x VCP Driver

® Introduction

You will be guided through the steps necessary to install
the virtual COM port driver for the Silicon Labs CP210x
USB to UART Bridge.

SILICON LABS

8Click““Agree”then tap“Continue”
Install CP210x VCP Driver
To install this software you must agree to the terms of this software
@ license agreement.

Click Agree to continue or Disagree to cancel the installation.

\MS
Read License Disagree Agree

‘TO

R
AGREEMENT CONSTITUTES YOUR AND (IF APPLICABLE)
YOUR COMPANY'S ASSENT TO AND ACCEPTANCE OF THIS
END-USER LICENSE AGREEMENT (THE "LICENSE" OR
"AGREEMENT"). IF YOU DO NOT AGREE WITH ALL OF THE
TERMS, YOU MUST NOT USE THIS PRODUCT. WRITTEN
APPROVAL IS NOT A
PREREQUISITE TO THE VALIDITY OR ENFORCEABILITY OF
THIS AGREEMENT, AND NO SOLICITATION OF SUCH WRITTEN
APPROVAL BY OR ON BEHALF OF SILICON LABORATORIES,
INC. ("SILICON LABS") SHALL BE CONSTRUED AS AN
INFERENCE TO THE CONTRARY. |IF THESE TERMS ARE
CONSIDERED AN OFFER BY SILICON LABS, ACCEPTANCE IS

® EXPRESSLY LIMITED TO THESE TERMS.

LICENSE AND WARRANTY: The Licensed Product and the

embedded Software which is made the subject of this License is
aithar tha nranarhi nf QULICONL 1 ARQ ar a third narhs fram wiham

S I LI E D N LA BS Back Continue

9Click“Continue’’then input your user password
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] Install CP210x VCP Driver
Introduction To Be Installed: Version 5.3.5
License Currently Installed: None
Version 5.3.5 will be installed in /Library/Extensions/.
@ Info

You will be prompted to enter your password.

S | LI E U N LA BS Back Continue

Install CP210x VCP Driver is trying to install a new
helper tool.

Enter your password to allow this.

Username:

Password: |

Cancel Install Helper

10. Select“Select Open Security Preferences”
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System Extension Blocked

A program tried to load new system extension(s)
signed by “Silicon Laboratories Inc”, which will be
incompatible with a future version of macOS. If you
want to enable these extensions, open Security &
Privacy System Preferences.

Open Security Preferences OK

11Click on security lock and enter your user password to authorize.

Security & Privacy

General  FileVault Firewall Privacy

A login password has been set for this user Change Password...

v Require password 1 hour C after sleep or screen saver begins

Allow apps downloaded from:

System software from developer “Silicon Laboratories Inc” was
blocked from loading.

BB [Click the lock to make changes.
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System Preferences is trying to unlock Security &
Privacy preferences.

Enter your password to allow this.

Username:

Password: eeeees

Cancel Unlock

11) When you see that the lock is opened, click “Allow”.

Security & Privacy

General  FileVault Firewall Privacy

A login password has been set for this user Change Password...

v Require password = 1 hour C after sleep or screen saver begins

Show a message when the screen is locked
v Disable automatic login

Allow apps downloaded from:

App Store
App Store and identified developers

® Anywhere

System software from developer “Silicon Laboratories Inc" was
blocked from loading.

8 Click the lock to prevent further changes. Advanced...

Return to the installation interface and wait for the installation as prompted.
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B hl

@ Install CP210x VCP Driver

Introduction

License
Info
Install
M/,
Guidance
. Please wait while the driver cache is being rebuilt.
® Rebuild Cache This may take several minutes.

SILICON LABS

L 4

14The installation is successful

r Al

@ Install CP210x VCP Driver

Introduction

License

Info

Install Success
Guidance

Rebuild Cache Installation of the driver succeeded.

® Summary

SILICON LABS —

L 4

150pen arduinolDEclick*“Tools”and tap “ESP32 Dev Module” and‘/dev/cu.usbserial-0001".
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@ Arduino File Edit Sketch Tools Help

Auto Format
Archive Sketch
Fix Encoding & Reload

sketch_jan19a Manage Libraries...
void setup(Q) {
// put your setup code here, to ru

Serial Monitor
Serial Plotter

]
WiFi101 / WiFiNINA Firmware Updater

void loopQ) {
// put your main code here, to runfRACIEIIES
} Board: "ESP32 Dev Module"
Upload Speed: "921600"
CPU Frequency: "240MHz (WiFi/BT)"
Flash Frequency: "80MHz"
Flash Mode: "QIO"
Flash Size: "4MB (32Mb)"
Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)"
Core Debug Level: "None"
PSRAM: "Disabled"

Port Serial ports
Get Board Info /dev/cu.Bluetooth-Incoming-Port
/dev/cu.usbserial-0001

Programmer
Burn Bootloader

16CIick-to upload the program, and you can see the program burned successfully
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CHAPTER
FIVE

ARDUINO TUTORIAL

5.1 Download Arduino code and library files

Click on the link to download Arduino code files and library files: Arduino-Codes-and-Libraries

5.2 Project 01: Hello World

5.2.1 1.Introduction

For ESP32 beginners, we’ll start with some simple things. In this project, you just need an ESP32 mainboard, a USB
cable and a computer to complete*““Hello World!”’Project. It is not only a communication test for ESP32 mainboard and
computer, but also a primary project for ESP32.

5.2.2 2.Components

ESP32%*1 USB Cable*1

5.2.3 3.Wiring

In this project, we use a USB cable to connect the ESP32 to the computer.
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5.2.4 4.Test Code

//*
/:’r
* Filename
* Description

* Auther

:':/

char val;// defines variable '"val"
void setup()

{
Serial.begin(115200);// sets baudrate to 115200
}
void loop()
{

Hello World
Enter the letter R,and the serial port displays'"Hello
:http//www.keyestudio.com

World".

if (Serial.available() > 0) {
val=Serial.read();// reads symbols assigns to "val"
if(val=='R')// checks input for the letter "R"
{ // if so,
Serial.println("Hello World!");// shows “Hello World !”.

(o] Project_01_Hello_World | Arduino 1.8.16 — O b
File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch M
Froject_01_He Fix Encoding & Reload ESP32 Dev Module
J ARk ke ke Manage Libraries... Chrl+ Shifts] e e A e # .I £33 Wraver Miodule I
Serial Monitor Ctrl+Shift+M ESP32 Pico Kit
Serial Plotter Ctrl+Shift+L TIGO LoRa32-0LED V1
WiFi101 / WiFININA Firmware Updater Hpabodivi2
char wali// d SparkFun ESP32 Thing
void setup() Board: "ESP32 Wrover Module” | | Boards Manager.. u-blox NINA-W10 series (E5P32)

{

Serial beginl

Upload Speed: "921600"
Flash Frequency: "80MHz"
Flash Mode: "CIO"
Partition Scheme: "Default"

Programmer
Burn Bootloader

d in C:

ound in C:\Us

Select the serial port.

Arduinc AVR Boards
Arduine Mbed 05 RP2040 Boards

ESP32 Arduino

ESP8266 Boards (2.5.0)

o

Widora AIR
Electronic SweetPeas - ESP320
Mana32

if (Serial. c Debua L LN i LOLIM D32
—Serial ore Debug Level: "None
o ? LOLIN D32 PRO
if{val== Port: "COM3"
{ 7/ if WEMOS LOLIN32
- Get Board Info
Serial.p

Dongsen Tech Pocket 32
"WeMos" WiFi&EBluetooth Battery
ESPea32

MNoduine Quantum

Node32s

Hornbill ESP32 Dev

Hornbill ESP32 Minima
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@ Project_01_Hello_World | Arduino 1.8.16

File Edit Sketch| Tools |Help

Project_01_He

P

char wal;// d
vold setup()
{

Serial .begin|

if (Serial.
wval=Serial

if {wal=="
{ FFf if

Serial.p

Auto Format

Archive Sketch

Fix Encoding & Reload

Manage Libraries...
Senal Monitor

Serial Plotter

WiFI101 / WiFiNINA Firmware Updater

Board: "ESP32 Wrover Module"
Upload Speed: "921600"
Flash Frequency: "80MHz"

Flash Mode; "CQIO"

Partition Scheme: "Default"

Core Debug Level: "Mone”

Port: "COM3"

Get Board Info

Programmer

Burn Bootloader

Ctrl+T

Ctrl+5hift+1
Ctrl+5Shift+ M
Ctrl+Shift+L

L o O R o o Fu)
Serial ports
| COM3
v

Note: For macOS users, if the uploading fails, please set the baud rate to 115200 before clicking..

5.2. Project 01: Hello World
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File Edit Sketch

Project_01_He

P

r wval;// d
vold setup()
{

Serial .begin|

cha

if (Serial.
wval=5erial
if {wal=="

[ ¢/ if

Serial.p

1

(o) Project_01_Hello_World | Arduine 1.8.16

Tools

Help

Auto Format

Archive Sketch

Fix Encoding & Reload
Manage Libraries...
Serial Monitor

Serial Plotter
WiFI101 / WiFiNINA Firmware Updater

Board: "ESP32 Wrover Module"

Upload Speed: "921600"

Flash Frequency: "80MHz"
Flash Mode: "CI0O"
Partition Schemne: "Default”
Core Debug Level: "Mone”
Port: "COM3"

Get Board Info

Programmer

Burn Bootloader

ClickE]to download the code to ESP32.

Ctrl+T

Ctrl+5hift+|
Ctrl+5hift+ M
Ctrl+Shift+L

Wrover Module, Default, @10, 20MH

L

® 921600
256000
230400
512000
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@3:e::_:_-e:_:.‘—.‘.':ff _ O

File Edit Sketch Tools Help

Project_01_Hello_Warld

P .l

char wal;/,/ defines wariabkle "wal"

volid setup()

{
Serial .begin({ll5200);// sets baudrate to 115200
}
wvoid loop()
{
if (Serial.awvailakle() = 0) {
val=Serial .read();// reads symbols assigns to "wal"™
if{wal=="R")/) checks input for the letter "R"
{ F/ if so,
Serial .println{"Hello World!™);/,/ shows "Hello World !*.
}
}
} W

Note: If uploading the code fails, you can press the Boot button on ESP32 after click., and release the Boot button
after the percentage of uploading progress appears, as shown below:

RESET BOOT
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File Edit Sketch Tools Help

Froject_01_Hello_World

i .l

char wal;// defines wvariakle "wal"™

setup ()

if (Serial.awvailakle() = 0) {
val=Serial .readl);// reads symbols assigns to "wal"™
if{wal="2")// checks input for the letter "R"
{ J/ if so,
Serial .println{"Hello World!™);// shows "Hello World !".
}

ind in C

found in C
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5.2.5 5.Test Result

After the code is uploaded successfully, power up with a USB cable and click the icon.to enter the serial monitor.

Set baud rate to 115200 and type “R” in the text box. Click “Send”, and the serial monitor will display “Hello World!”.

2 comz3 - O by
1O
Hello World! ™
Hello World! 9

W

[/] futoseroll [ | Show timestamp Hewline s | 1115200 baud Clesr output

5.3 Project 02: Turn On LED

5.3.1 1.Introduction

In this project, we will show you how to light up the LED. We use the ESP32’s digital pin to turn on the LED so that
the LED is lit up.

5.3.2 2.Components

_. :
=

ESP32*1 Breadboard*1 USB Cable*1
Red LED*1 220 Resistor*1 Jumper Wire*2
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5.3.3 3.Component Knowledge

1LED:

The LED is a semiconductor known as “light-emitting diode” , which is an electronic device made from semiconducting
materials(silicon, selenium, germanium, etc.). It has an anode and a cathode, the short lead is cathode, which connects
to GND, the long lead is anode, which connects to 3.3V or 5V.

A.Iil-ode f f Cathode

Cathode (-)
Short Lead

Anode (+)
Long Lead

2Five-band resistor

A resistor is an electronic component in a circuit that restricts or regulates the flow current to flow. On the left is the
appearance of the resistor and on the right is the symbol for the resistance in the circuit . Its unit is(). 1 m= 1000 kl1k=

1000.
v —
g 1-\ 3
A
\
Y
\"'\.
\

!

We can use resistors to protect sensitive components, such as LED. The strength of the resistance is marked on the
body of the resistor with an electronic color code. Each color code represents a number, and you can refer to it in a
resistance card.

-Color 1 — 1st Digit.
-Color 2 — 2nd Digit.
-Color 3 — 3rd Digit.
-Color 4 — Multiplier.

-Color 5 — Tolerance.
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Black

Brown

Red

Orange

Yellow

Green

Blue

Violet

Grey

White

Gold

Silver

1st Digit 2ndDigit 3rdDigit Multiplier Tolerance

I
I T T T
=T L

I I T T S
T e o o

9 9 9 x1G

In this kit, we provide three five-band resistors with different resistance values. We three five-band resistors as an
example.

220 Resi

Sl N

stor*10

(2 2 0)x1x1%

red red black black blown

1 2 3 it 5

10K Resistor*10
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(T 0 0)x100x1%

SRS

blawn black black red blown
1 2 3 I 5

1K Resistor*10

(1T 0 0)x10x1%

S

blawn black black blown blawn
1 / 3 Ly 5

In the same voltage, there will be less current and more resistance. The connection between current(I), voltage(V), and
resistance® can be expressed by the formula: I=U/R. In the figure below, if the voltage is 3V, the current through R1
is: I=U/R=3V/10K=0.0003A= 0.3mA.

3V

R1

OM0l

Don’t connect a low resistance directly to the two poles of the power supply, which will cause excessive current to
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damage the electronic components. Resistors do not have positive and negative poles.

3Bread board

Breadboards are used to build and test circuits quickly before completing any circuit design. There are many holes in the
breadboard that can be inserted into circuit components such as integrated circuits and resistors. A typical breadboard
is shown below

U B fu e% € fu £d £d P4 O

=
L]
L]
o
]
]

fg@ hi)|j

abcde

The breadboard has strips of metal , which run underneath the board and connect the holes on the top of the board. The
metal strips are laid out as shown below. Note that the top and bottom rows of holes are connected horizontallywhile
the remaining holes are connected vertically.

The first two rows (top) and the last two rows (bottom) of the breadboard are used for the positive pole (+) and negative
pole (-) of the power supply respectively. The conductive layout of the breadboard is shown in the figure below:
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—) power rails

.
i

~) power rails

When we connect DIP (Dual In-line Packages) components, such as integrated circuits, microcontrollers, chips and so
on, we can see that a groove in the middle isolates the middle part, so the top and bottom of the groove is not connected.
DIP components can be connected as shown in the following diagram:

: / Components
: Ravine.h “J

-
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HORIZONTAL ROWS

Each series of 5 sockets marked
a—e and f— are connected.

Components connected to a row
will be connected to any other

part inserted in the same row.

» POWER BUS

Each side of the breadboard has a pair of

vertical connections marked - and +

+ POWER: Each + sign runs power

anywhere in the vertical column.

-~ GROUND: Each - sign runs to ground

anywhere in the vertical column.

9

4 & @ @
A\

W\
Y 00

>\
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s
@A@%
AN

7 RGN

AKX N
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et
00

G 8 00,
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000
00
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00
000
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8 M

T\ %

9 0&. i

BN
SN
R
Q0K

000
gwu%mﬂw

0
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o
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L
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SN

0
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SOOI
BN\
@p@ﬁ@&ﬁwwmw
NS

N0
O

9%

%

XA
@@0@%@@@»

+*

%

-

2

O
Y

-

CENTERLINE

This line divides the breadboard

in half, restricting electricity to one

half or the other.
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4Power Supply

The ESP32 needs 3.3V-5V power supply. In this project, we will connect the ESP32 to the computer via an USB cable.

5.3.4 4.Wiring Diagram

First, disconnect all power from the ESP32. Then build the circuit according to the wiring diagram. After the circuit
is built and verified correctly, connect the ESP32 to your computer via a USB cable.

Note: Avoid any possible short circuits (especially connecting 3.3V and GND)!

WARNING: A short circuit can cause high current in your circuit, create excessive component heat and cause perma-
nent damage to your hardware!

io 25 AL/

»
.
=]
—

=

oipnisaha>
!!!l!!!!!b

OJOOXOIOIOOXOXO)

Note:

How to connect a LED
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7 A

Anode

Cathode

Cathode ()

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-band resistor

(2 2 0)x1x1%

S

red red black black blown
1 2 3 [ 5

5.3.5 5.Test Code

% ¥ e e S e e e e o e e o o e ok o o 5 o o o 0 S o 3 0 S o S 0 0 S S Sk S ot ek sk S sk ok
Vai
* Filename : Turn On LED
* Description : Make an led on.
* Auther : http//www.keyestudio.com
®/
#define LED_BUILTIN 15

// the setup function runs once when you press reset or power the board
void setup() {

// initialize digital pin LED_BUILTIN as an output.

pinMode (LED_BUILTIN, OUTPUT);
}
void loop() {

digitalWrite(LED_BUILTIN, HIGH); // turn the LED on (HIGH is the voltage level)
}
//7'.-:':7':7':-.’.-7':7':7':;':-.’.-:':7'::':;':7’.-:':7'::':;':7’.-7':7':7'::':7'.-7':7':;'::':7'.-:':7':7':-.’.-7'.-7':7':;':-.’.-:':7':7':;':7’.-:':7'::':;':7’.-7':7':7'::':7'.-7':7':>'r:':7'.-:':7':7':-.’.-7'.-7':7':;':-.’.-:':7':7':;':7’.-:':7(‘:(‘;1‘71‘:?71‘;?:1‘7'.-7?7?

Before uploading the code to ESP32click*“Tools”—*“Board” and select“ESP32 Wrover Module”.
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@ Project_02_Turn_On_LED | Arduine 1.8.16
File Edit Sketch Help

Project_02_Tu

Rk kek & ke ke ke

g#define LED E

/ the setup

setup ()

initiali
le (LED

PRk k ok ke k keok

Auto Format

Archive Sketch

Fix Encoding & Reload
Manage Libraries...
Serial Monitor

Serial Plotter

WiFi101 / WiFiNINA Firmware Updater

Board: "ESP32 Wrover Medule" I

Upload Speed: "921600"
Flash Frequency: "80MHz"
Flash Mode: "QI0"
Partition Scheme: "Default”
Core Debug Level: "Mone”
Port: "COM3"

Get Board Info

Programmer

Burn Beotloader

Select the serial port.

Ctrl+T

Ctrl+Shift+]
Ctrl+Shift+M
Ctrl+Shift+L

aver Maodule, Default, Q10

etk bk kek ke k ke

Boards Manager...
Arduine AVR Boards

Arduine Mbed 05 RP2040 Boards 3

ESP32 Arduino

ESP8266 Boards (2.5.0)

H is the woltage lewvel)

ek ek ek ke ek ke ke ke ke ke ke

Mone on COM3

Fal
ESP32 Dev Module

ESP32 Wrover Module I

ESP32 Pico Kit

TTG0 LoRa32-0OLED V1

XinaBox CW02

SparkFun ESP32 Thing

u-blox MINA-W10 series (ESP32)
Widora AIR

Electronic SweetPeas - ESP320
Nano32

LOLIN D32

LOLIN D32 PRO

WEMOS LOLIN32

Dongsen Tech Pocket 32
"WeMos" WiFi&Bluetooth Battery
ESPea32

MNeduine Quantum

Noededds

Hornbill ESP32 Dev

Hernbill ESP32 Minima

CirmDrmtla CEN27
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(oo Project_02_Turn_On_LED | Arduine 1.8.16 — O =

Tools

File Edit Sketch

Help

Auto Format Ctrl+T
Archive Sketch
Froject_D2_Tu Fix Encoding 8 Reload
._,I':,I'J.J.J.J.J.J.J.J.J.J.J. Manage L|brar|e5m ctr|+5h|ﬂ+| kkkkkkkkkkkk ™
Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L
WiFi101 / WiFiNINA Firrnware Updater
$define LED B
Board: "ESP32 Wrover Module" ¥
/f the setup Upload Speed: "921600" 3 [£ the board
vold setup()
sf initiali Flash Frequency: "20MHz" >
pinMode (LED Flash Pode: "CIO" b
! B Partition Scheme: "Default” ¥
woid loop() {
digitalWrit Core Debug Level: "Mone” *H is the wvoltage level)
t Port: "COM3" : Serial ports
_,f',fAAAAJ.AAAAAA D o
. Get Board Info ~ | COM3
Programmer > v

Burn Bootloader

¥ found in C:oh

frover Module, Default, @10, BOMH= 1600, None an COM3

Note: For macOS users, if the uploading fails, please set the baud rate to 115200 before clicking..
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(] Project_02_Turn_On_LED | Arduino 1.8.16 — O >
File Edit Sketch Help
Auto Format Ctrl+T
Archive Sketch
Froject_02_Tu Fix Encoding & Reload
S Manage Libraries... Ctrl+5Shift+| prmm ~
Serial Monitor Ctrl+5Shift+M
Serial Plotter Ctrl+5Shift+L

WiFi101 S WiFNIMNA Firmware Updater

$define LED BE
Board: "ESP32 Wrover Module” ¥

// the setup Upload Speed: "921600" i ® 921600
void setupl()

// initiali Flash Frequency: "280MHz" ; 115200

pinMode (LED Flash Mode: "QI0" : 256000
! - 0o Partition Scheme; "Default” : 230400
wold ooR

digitalWrit Core Debug Level: "None" : 312000 ftage lewel)
} Port: "COM3" *
._.I'._.I'J.J.J.J.J.J.J.J.J.J.J. B O S A A A

Get Board Info

Prograrmmer ¥

Burn Bootloader

frover Module, Default, @10, B0MH=, 921600, Mone on COM3

Click.to download the code to ESP32.
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@

File Edit Sketch Tools Help

Project_02_Turn_On_LED

i e e .l

$define LED BUILTIN 15

f the setup function runs once when you press reset or power the board

id setupl) {
f initialize digital pin LED BUILTIN as an output.

pinMode (LED_BUILTIN, OUTFPUT);

wvoid loop() {
digitalWrite(LED BUILTIN, HIGH); S turn the LED on (HIGH is the woltage lewel)
}

i e e e

W

| I

~

Note: If uploading the code fails, you can press the Boot button on ESP32 after click and release the Boot

- fimiics
L] = M = e

RESET BOOT

button ' after the percentage of
uploading progress appears, as shown below:

I
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The code is uploaded successfully

@ Project_02_Turn_On_LED | Arduino 1.8.16 — O >

File Edit Sketch Tools Help

Project_02_Turn_On_LED

P i e e e e e .l

#define LED BUILTIN 1%

£ the setup function runs once when you press reset or power the board
volid setup() {
S initialize digital pin LED BUILTIN as an output.
pinMode (LED BUILTIN, OUTFUT);
}
wvoid loop() {
digitalWrite (LED BUILTIN, HIGH); S turn the LED on (HIGH is the wvoltage lewel)
}

e e e e R

5.3.6 6.Test Result

After uploading the code successfully, power up with a USB cable and the LED will lit up.

led.value(1)

\l/
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5.4 Project O3LED Flashing

5.4.1 1.Introduction

In this project, we will show you the LED flashing effect. We will work to use the ESP32’s digital pin to turn on the

LED and make it flash.

5.4.2 2.Components

¥ RICETEEEETONET
*

=
=

ESP32*1 Breadboard*1

el
X

Red LED*1 220 Resistor*1

USB Cable*1

AN

Jumper Wire*2

5.4.3 3.Wiring Diagram

First, disconnect all power from the ESP32. Then build the circuit according to the wiring diagram. After the circuit

is built and verified correctly, connect the ESP32 to your computer via a USB cable.

Note: Avoid any possible short circuits (especially connecting 3.3V and GND)!

WARNING: A short circuit can cause high current in your circuit, create excessive component heat and cause perma-

nent damage to your hardware!

5.4. Project 03LED Flashing

67



ESP32 Learning Kit

. .
. .
2 2
Z
(] ™
® @ 8 8 8 e B e S R e E S eSS e S " e S e e T I
JOIOICXONCROROICONCRORONCIONCEC) @ @ o o o s oo
EEEENEEEENEEEN LA A A v v
e o o o " e o @
—mn
AW
() e 8 & o C I
£.ﬁl
'ﬂ.’
unm -
=+
C
9: e 8 o o @ * o e w w
Om
® 8 ® ® 8 8 e e 8 e e e
PSSR € S
'*"*'-.l.l.l..u—'
.

Note:

How to connect a LED

7 A

Anode Cathode
+ 1l

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-band resistor
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(2 2 0)x1+x1%

SIS

red red black black blown
1 2 3 L 5

5.4.4 4.Test Code

/7 95 e o oo o ko ko o sk o et
/%
* Filename : External LED flashing
* Description : Make an led blinking.
* Auther : http//www.keyestudio.com
*/
#define PIN_LED 15 //define the led pin

// the setup function runs once when you press reset or power the board
void setup() {

// initialize digital pin LED as an output.

pinMode (PIN_LED, OUTPUT);
}

// the loop function runs over and over again forever
void loop() {
digitalWrite(PIN_LED, HIGH); // turn the LED on (HIGH is the voltage level)
delay(500); // wait for 0.5s
digitalWrite(PIN_LED, LOW); // turn the LED off by making the voltage LOW
delay(500); // wait for 0.5s
}
//*************************************************************************************

Before uploading the code to ESP32, please check the configuration of Arduino IDE.

Click “Tools” to confirm the board type and port, as shown below:
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(oo Project_03_LED_Flashing | Arduino 1.8.16 — O >
File Edit SketchITooIs IHEIp
Auto Format Ctrl+T
Archive Sketch
Froject_D3_LE Fix Encoding 8 Reload
. Manage Libraries... Ctrl+5Shift+1 "
gdefine PIN L
Serial Monitor Ctrl+Shift+M
// the setup Serial Plotter Ctrl+Shift+L |© the board
void setup()
4/ initiali WIFi101 / WiFiMINA Firmware Updater

pinMode (PIHN|

} Board: "ESP32 Wrover Module"
// the loop £ Upload Speed: "921600"
void loop() { Flash Frequency: "20MHz"
digitalWrit Elash Mode: "QIO" the woltage lewel)

delay(500);
digitalWrit Partition Scheme: "Default”

delay{500); Core Debug Level: "None”
' Port: "COM3"

Frhkkkbkkikkkk O e W

Get Board Info

ng the woltage LOW

Programmer

Burn Bootloader

Click.to download the code to ESP32.
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Eile Edit Sketch Tools Help

Project_03_LED_Flashing

fdefine PIN_LED 15 fifdefine the led pin

A4 the setup function runs once when you press reset or power the board
volid setupl) {

4 imitiali=ze digital pin LED as an output.

pintode (PIN LED, OUTFUT);

S the loop function runs over and owver again forever
wvoid loop() {
digitalWrite(PIN LED, HIGH); S turn the LED on (HIGH is the wvoltage lewel)

delay{(500); S wait for 0.5s
digitalWrite(PIN LED, LOW); S turn the LED off by making the woltage LOW
delay{(500); S wait for 0.5s
}
._,I'._,I'J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J. W

button after the percentage of
uploading progress appears, as shown below:

I

The code is uploaded successfully
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@ Project_03_LED_Flashing | Arduine 1.8.16 — O b
File Edit Sketch Tools Help

Froject_03_LED_Flashing

#define PIN_LED 15 fidefine the led pin

S the setup function runs once when you press reset or power the board
vold setup() {

£ initiali=ze digital pin LED as an output.

pintlode (PIN_LED, COUTFUT);

f£4 the loop function runs owver and over again forever
wvold loop() {

digitalWrite (PIN_LED, HIGH): S4 turn the LED on (HIGH is the wvoltage lewel)
delay ({500} ; £ wait for 0.5s
digitalWrite (PIN_LED, LOW); 4 turn the LED off by making the woltage LOW
delay(500); SF wait for 0.5s

}

i e e e R W

5.4.5 5.Test Result

After uploading the code successfully, power up with a USB cable and the LED will start flashing.

led value(1)

\I/

led. value(0)
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5.5 Project 04: Breathing Led

5.5.1 1.Introduction

In previous studies, we know that LEDs have on/off state, so how to enter the intermediate state? How to output an

intermediate state to make the LED half bright? That’s what we’re going to learn.

Breathing light, that is, LED is turned from off to on gradually, and gradually from on to off, just like “breathing”.
However, how to control the brightness of a LED? We will use ESP32’s PWM to achieve this target.

5.5.2 2.Components

_. :
=

ESP32*1

Red LED*1

Breadboard*1

Wad

220 Resistor*1

USB Cable*1

AN

Jumper Wire*2

5.5. Project 04: Breathing Led
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5.5.3 3.Component Knowledge

PWM

Analog & Digital

An Analog Signal is a continuous signal in both time and value. On the contrary, a digital signal or discrete time
signal is a time series consisting of a sequence of quantities. Most signals in life are analog signals. A familiar
example of an analog signal would be how the temperature throughout the day continuously changes and could not
change instantaneously from 0°C to 10°C. However, digital signals can instantaneously change in value. This change is
expressed in numbers as 1 and O (the basis of binary code). Their differences can be seen more easily when compared,
as shown below:

ANALOG DIGITAL

LY Y
s il

In practical application, we often use binary as the digital signal, that is a series of 0’s and 1’s. Since a binary signal
only has two values (0 or 1), it has great stability and reliability. Lastly, both analog and digital signals can be converted
into each other.
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PWM

PWM, Pulse-Width Modulation, is a very effective method for using digital signals to control analog circuits. Common
processors cannot directly output analog signals. PWM technology makes it very convenient to achieve this conversion
(translation of digital to analog signals).

PWM technology uses digital pins to send certain frequencies of square waves, that is, the output of high levels and
low levels, which alternately last for a while. The total time for each set of high levels and low levels is generally fixed,
which is called the period (Note: the reciprocal of the period is frequency). The time of high level outputs is generally
called “pulse width”, and the duty cycle is the percentage of the ratio of pulse duration, or pulse width (PW) to the total
period (T) of the waveform.

The longer the output of high levels last, the longer the duty cycle and the higher the corresponding voltage in the
analog signal will be. The following figures show how the analog signal voltages vary between 0V-3.3V(high level is
3.3V) corresponding to the pulse width 0%-100%:

20% Duty Cycle
CoEEE
. z| 40% Duty Cycle
oo =l =
S | : | |
E | 1 I I
>
80% Duty Cycle
S 100% Duty Cycle
Time

The longer the PWM duty cycle is, the higher the output power will be. Therefore, we can use PWM to control the
brightness of an LED or the speed of DC motor and so on. It is evident from the above that PWM is not real analog,
and the effective value of the voltage is equivalent to the corresponding analog. Then we can control the output power
of the LED and other output modules to achieve different effects.

5.5. Project 04: Breathing Led 75



ESP32 Learning Kit

ESP32 and PWM:
On ESP32, the LEDC(PWM) controller has 16 separate channels, each of which can independently control frequency,
duty cycle, and even accuracy. Unlike traditional PWM pins, the PWM output pins of ESP32 are configurable, with

one or more PWM output pins per channel. The relationship between the maximum frequency and bit precision is
shown in the following formula, where the maximum value of bit is 31.

80,000,000
1KLbit

For example, generate a PWM with an 8-bit precision (28=256. Values range from 0 to 255) with a maximum frequency
of 80,000,000/255 = 312,500Hz.

Freqms =

5.5.4 4.Wiring Diagram

.
L]
)
s
2

e @ @ @ 9 * & o @ @

" @ @& @ @9 * @ @ @& @

* * @ ¢ 9 * * @ ¢ 9

* @ @ @ 9 * & @ @ @9

* @ @ @ 9 * & @ @ @
- —

oipnisaha>
!!!l!!!!!b

Note:

How to connect a LED
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Cathode

A.rl'n_nde 7 la

Cathode ()

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-band resistor

(2 2 0)x1x1%

S

red red black black blown
1 2 3 [ 5

5.5.5 5.Test Code

The design of this project makes the GPIO15 output PWM, and the pulse width gradually increases from 0% to 100%,
and then gradually decreases from 100% to 0%.

/% 7 S e el el el ol ko o 0 ko S S S A et
Vai
* Filename : Breathing Led
* Description : Make led light fade in and out, just like breathing.
* Auther : http//www.keyestudio.com
*/
#define PIN_LED 15 //define the led pin
#define CHN ® //define the pwm channel
#define FRQ 1000 //define the pwm frequency
#define PWM_BIT 8 //define the pwm precision

void setup() {
ledcSetup(CHN, FRQ, PWM_BIT); //setup pwm channel
ledcAttachPin(PIN_LED, CHN); //attach the led pin to pwm channel

}

void loop() {

(continues on next page)
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(continued from previous page)
for (int i = 0; i < 255; i++) { //make light fade in
ledcWrite(CHN, i);
delay(10);
}
for (int i = 255; i > -1; i--) { //make light fade out
ledcWrite(CHN, i);
delay(10);
}
}
//:'.‘:':7':7':7’::'::':7':7':7’.-7'::':7':71‘7’.-7':7':7':7':7’.‘:':7':7'::'::'::':7':7'::i‘:'.‘:i‘:'::i‘;’::’::':7':7':-,’.‘7'::':7':;':7’.‘7':7':7':7':7’.‘:':7':7'::'::'.-:':7':7'::’::’.‘:’:7':7':7’::'::':7':7':7’:7'::':7':>i‘71‘7'.‘71‘7l‘>1‘7’.‘:1‘7(‘7'::':7'.‘:1‘7(‘

Before uploading Project Code to ESP32, please check the configuration of Arduino IDE.

Click “Tools” to confirm the board type and port as shown below:

&) Project_04_Breathing_Led | Arduino 1.8.16 — O >
File Edit Sketch Help
Auto Format Ctrl+T
Archive Sketch
Project_04_Bre Fix Encoding & Reload
Jm Manage Libraries... Ctrl+5Shift+| i ~
Serial Monitor Ctrl+5Shift+M
Serial Plotter Ctrl+5Shift+L

WIFIT01 /S WiFiNINA Firmware Updater

$define PIN_L
tdefine CHN Board: "ESP32 Wrover Module” 3
fdefine FRQ Upload Speed: "921600" 3
#define PWM B
void setupi) Flash Frequency: "80MHz" 3
ledeSetup (C Flash Mode: "QIO" ?
) ledehttachh Partition Scheme: "Default" "
Core Debug Level: "Mone” 3
roid loopl) | Port: "COM3" 3
for {int i
ledriirite Get Board Info
delay({ld) ~

Programmer ]

Burn Bootloader

ClickE]to download the code to ESP32.
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@

File Edit Sketch Tools Help

Project_04_Breathing_Led

P i oy

gdefine PIN_LED 15 f/define the led pin

gdefine CHN a Sfdefine the pwm channel

gdefine FRO 1300 Jy/define the pwvm freguency

gdefine PWM BIT =1 ffdefine the pwm precision

vold setupl) {
ledcSetup (CHN, FRQ, PWM BIT); //setup pwm channel
ledcittachPin(PIN LED, CHN); //attach the led pin to pwm channel

}

i < 285; i++) { //make light £fade in
ledcWrite (CHN, i);
delay{10);

[ 1N

RESET T ICH BOOT

button after the percentage of
uploading progress appears, as shown below:

I

The code is uploaded successfully!
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@ Project_04 Breathing_Led | Arduino 1.8.16 - O x

Eile Edit Sketch Tools Help

Project_04_Breathing_Led

FF .l

gdefine PIN_ LED 15 /fdefine the led pin

gdefine CHN a Sfdefine the pwm channel
gdefine FRQ 1000 f/define the pwm freguency
gdefine PWM BIT g Sfdefine the pwm precision

void setup() |
ledcSetup (CHN, FRQ, PWM BIT); //setup pwm channel
ledcittachPin (PIN LED, CHN); //attach the led pin to pwm channel

wvoid loop() {
for {(int i = 0; i < 285; i++) { //make light fade in
ledcWrite (CHM, i);
delay{l0); ¥

5.5.6 6.Test Result

After uploading the code successfully, power up with a USB cable and the LED is turned from ON to OFF and then
back from OFF to ON gradually like breathing.

v sy sl

ﬁ wly Wi
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5.6 Project 05Traffic Lights

5.6.1 1.Introduction

Traffic lights are closely related to people’s daily lives, which generally show red, yellow, and green. Everyone should
obey the traffic rules, which can avoid many traffic accidents. In this project, we will use ESP32 and some LEDs (red,
green and yellow) to simulate the traffic lights.

5.6.2 2.Components

& — N

ESP32*1 Red LED*1 USB Cable*1 Jumper Wires

¥

Bread board*1 Yellow LED*1 Green LED*1 220 Resistor*3

5.6.3 3.Wiring Diagram

LN '4 o o o o o e o o o o e o o o o o o o o o
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o o ® © © © 0 0 0 0 0 0 0 0 O O O O O 0O O O O O O 00
—m| ® © & © 0 0 0 0 0 0 0 O O O O O O O O O O O O O 0O 0 O 0 o0
“a- LN ® © © 0 © 0 0 0 0 0 0 O O O O O O O 0O O O O O 0o
ch |
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C m
EEE o o ® © © 0 © 0 0 0 0 0 0 O O O O O O 0O O O O O O 00
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e o o ® © © 0 © 0 0 0 0 0 0 0 O O O O O O O O O O O 00
LN ® © 0 © © 0 0 0 0 0 0 0 O O O O O O O O O O O 00
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L e o o o o o o o o o e o o o o e o o o o

fritzing

Note:

How to connect a LED
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7 A

Anode

Cathode

Cathode ()

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-band resistor
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S

red red black black blown
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5.6.4 4.Test Code

//7'.‘:':7':7':-,’.-7'::':7':;':-,’.‘:':7':7':;'::’.‘:':7?7':;':7’.‘:':7':>'::':7'.‘7':7':;'::’:7'.-:':7':;':7’:7'::’:7':;':-,’.‘:':7':7':;'::’.-:':7':7':;':7’.‘:':7':;'::':7'.‘:':7?7'::’:7'::"‘7':71‘7?71‘:1‘7?;1‘7?:?7?
/7’:

* Filename : Traffic Lights

* Description : Simulated traffic lights.

* Auther : http//www.keyestudio.com

:':/

#define PIN_LED_RED ® //define the red led pin
#define PIN_LED_YELLOW 2 //define the yellow led pin
#define PIN_LED_GREEN 15 //define the green led pin

void setup() {
pinMode (PIN_LED_RED, OUTPUT);
pinMode (PIN_LED_YELLOW, OUTPUT);
pinMode (PIN_LED_GREEN, OUTPUT);

}

void loop() {
digitalWrite(PIN_LED_GREEN, HIGH);// turns on the green led

(continues on next page)
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delay(5000);// delays 5 seconds
digitalWrite(PIN_LED_GREEN, LOW); // turns off the green led
for(int i=0;i<3;i++)// flashes 3 times.

delay(500);// delays 0.5 second
digitalWrite(PIN_LED_YELLOW, HIGH);// turns on the yellow led
delay(500);// delays 0.5 second
digitalWrite(PIN_LED_YELLOW, LOW);// turns off the yellow led

delay(500);// delays 0.5 second
digitalWrite(PIN_LED_RED, HIGH);// turns on the red led
delay(5000);// delays 5 second
digitalWrite(PIN_LED_RED, LOW);// turns off the red led

}

(continued from previous page)

//:'n'::'::1‘:1‘:1‘7!‘:1‘:1‘:?7?7'.‘:':>':-.’::':7?:%:?:?:?7?:1‘:?:’.‘7'.‘7'::':-.i-:'n'r:1‘:1‘:1‘:1‘7'.‘:1‘:1‘:?:’.‘7'.‘:':>i‘=?:?7?:%:i‘:?:i‘7'::'r-.'::':*7'::1‘:1‘:1‘7!‘:1‘:1‘:?7?7'.‘:':7':-.’::':7'.‘:1‘:?:?:?7?:1‘:?:?7?71‘:1‘:1‘7'.‘7!‘7?

Before uploading the code to ESP32, please check the configuration of Arduino IDE.

Click “Tools” to confirm the board type and port as shown below:

File Edit Sketch

Froject_06_Tn

Frokkkkkbkkikk

#define PIN L
fdefine PIN L
fdefine PIN L

volid setup()
pinMode {PIN|
pinMode {PIN|
pinMode (PIN|
}

void loop() |

digitalWri
delay (5000

@ Project_05_Traffic_Lights | Arduine 1.8.16

Tools

Help

Auto Format

Archive Sketch

Fix Encoding & Reload
Manage Libraries...
Serial Monitor

Senal Plotter

WIFIT01 / WiFiNINA Firmware Updater

Ctrl+T

Ctr|+5h|ﬂ+| kkkhkkkkkkkk
Ctrl+5Shift+ M
Ctrl+5Shift+L

Board: "ESP32 Wrover Module"
Upload Speed: "921600"

Flash Frequency: "80MHz"
Flash Mode: "QIO"

Partition Scheme: "Default”
Core Debug Level: "Mone”

Port: "COM3"

Get Board Info

Programmer

Burn Bootloader

G600, None on COM3
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Click.to download the project code to ESP32.

o)

File Edit Sketch Tools Help

Froject_045_Traffic_Lights

PP e .l

gdefine PIN_ LED RED o f/define the red led pin
#define PIN_LED YELLOW 2 ffdefine the yellow led pin
fdefine PIN LED GREEN 15 f/define the green led pin

volid setupl() {
pinMode (PIN_LED RED, OUTEUT);
pintlode (PIN_LED YELLOW, CUIPUT);
pintode (PIN _LED GREEN, OUTIDUT);

void loop() {
digitalWrite (PIN_LED RED, HICGH);// turns on the red led
delay{(5000) ;7 delays 5 seconds W

RESET - - BOOT

button after the percentage of

uploading progress appears, as shown below:

I
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The code is uploaded successfully

@ Project_05_Traffic_Lights | Arduine 1.8.16 — O *

File Edit Sketch Tools Help

Froject_04&_Traffic_Lights

b S e R o i SR S oy

fdefine PIN_LED RED o] f/define the red led pin
#define PIN LED YELLOW 2 fidefine the yellow led pin
gdefine PIN LED GREEN 15 f/define the green led pin

void setup() |
pintode (PIN_LED BRED, QUTFUT);
pintlode (PIN_LED YELLOW, CQUTFPUT);
pintode (PIN_LED GREEN, COUTFUT);

wvoid loop() {
digitalWrite (PIN_LED RED, HIGH):// turns on the red led
delay{(5000); /) delays 5 seconds

5.6.5 5.Test Result

After uploading the code successfully, power up with a USB cable and what you’ll see are below:
First, the green light will be on for five seconds then off;

Next, the yellow light blinks three times then goes off;

Then, the red light goes on for five seconds then goes off;

Repeat step 1 to 3 above.
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5.7 Project 06: RGB LED

5.7.1 1.Introduction

RGB is composed of three colors (red, green and blue),which can emit different colors by mixing these three colors.

In this project, we will introduce the RGB and show you how to use ESP32 to control the RGB to emit different color
lights .RGB is pretty basic, but it’s also a great way to learn the fundamentals of electronics and coding.
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5.7.2 2.Components

FFEFErECETENEY
[ ]

ESP32%*1 RGB LED Jumper Wires

R——

Breadboard*1 220 Resistor*3 USB Cable*1

5.7.3 3.Component Knowledge

Most monitors adopt the RGB color standard, and all colors on a computer screen are a mixture of red, green and blue
in varying proportions.

Red (R)

Blue (B) Green (G)

R
G

/‘ (-)
This RGB LED has 4 pins, with each color (red, green, blue) and a common cathode. To change its brightness, we can

use the PWM of the ESP32 pins, which can give different duty cycle signals to the RGB to produce different colors of
light.

If we use three 10-bit PWM to control the RGB, in theory, we can create 2 10¥210%210 =1,073,741,824(1billion) colors
through different combinations.
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5.7.4 4.Wiring Diagram
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(2 2 0)x1+x1%

SIS

red red black black blown
1 2 3 L 5

5.7.5 5.Test Code

/7 95 e o oo o ko ko o sk o et
/%
* Filename : RGB LED
* Description : Use RGBLED to show random color.
* Auther : http//www.keyestudio.com
*/
int ledPins[] = {0, 2, 15}; //define red, green, blue led pins
const byte chns[] = {0, 1, 2}; //define the pwm channels
int red, green, blue;
void setup() {
for (int i = 0; 1 < 3; i++) { //setup the pwm channels,1KHz,8bit
ledcSetup(chns[i], 1000, 8);
ledcAttachPin(ledPins[i], chns[i]);
}
}

void loop() {
red = random(0, 256);
green = random(0, 256);
blue = random(®, 256);
setColor(red, green, blue);
delay(200);

}

void setColor(byte r, byte g, byte b) {
ledcWrite(chns[0], 255 - r); //Common anode LED, low level to turn on the led.
ledcWrite(chns[1], 255 - g);
ledcWrite(chns[2], 255 - b);

}

//*************************************************************************************

5.7. Project 06: RGB LED
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5.7.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the RGB LED starts to display random colors.

5.8 Project 07: Flowing Water Light

5.8.1 1.Introduction

In our daily life, we can see many billboards composed of different colors of LED. They constantly change the light
(like water) to attract customers’ attention. In this project, we will use ESP32 to control 10 LEDs to achieve the effect
of flowing water.

5.8.2 2.Components

_. :
=

% FERREITERIEICE
.

ESP32*1 Breadboard*1 USB Cable*1
Red LED*1 220 Resistor*1 Jumper Wire*2
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5.8.3 3.Wiring Diagram
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Note:

How to connect a LED

7 2

Anode

Cathode

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-band resistor
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(2 2 0)x1+x1%

SIS

red red black black blown
1 2 3 L 5

5.8.4 4.Test Code

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

/% e el el el el o o ko o o ko S S S e ekt
Vi
* Filename : Flowing Water Light
* Description : Using ten leds to demonstrate flowing lamp.
* Auther : http//www.keyestudio.com
*/
byte ledPins[] = {22, 21, 19, 18, 17, 16, 4, 0, 2, 15};
int ledCounts;

void setup() {
ledCounts = sizeof(ledPins);
for (int i = 0; 1 < ledCounts; i++) {
pinMode(ledPins[i], OUTPUT);
}
}

void loop() {
for (int i = 0; i < ledCounts; i++) {
digitalWrite(ledPins[i], HIGH);
delay(100);
digitalWrite(ledPins[i], LOW);
}
for (int i = ledCounts - 1; i > -1; i--) {
digitalWrite(ledPins[i], HIGH);
delay(100);
digitalWrite(ledPins[i], LOW);
}
}
//:’::'::'::':;’::'::'::'::'::’r:'::'::'::'::’r:'::'::':7'::’::'::'::'::’::'::'::'.‘:'::’::'::'::':7':;’::'::'::'::'::’r:'::'::'::'::’r:'::'::'::'::’::'::'::1‘7’::1‘:'::’:7(‘:’::1‘:'::1‘:'::’::'::'::1‘:’::’::’::':
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5.8.5 5.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that 10 LEDs will light up from left to right and then back from right to left.

1
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5.9 Project 081-Digit Digital Tube

5.9.1 1.Introduction
A 1-Digit 7-Segment Display is an electronic display device that displays decimal numbers. It is widely used in digital
clocks, electronic meters, basic calculators and other electronic devices that display digital information.

Though they may not look modern enough, they are an alternative to more complex dot matrix displays and are easy
to use in limited light conditions and strong sunlight. In this project, we will use ESP32 to control 1-Digit 7-segment
display displays numbers.

5.9.2 2.Components

]

USB Cable*1

ESP32*1 Breadboard*1

é - N

1-Digit 7-Segment Display*1 220 Resistor*8 Jumper Wire*2
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5.9.3 3.Component Knowledge

1-Digit 7-Segment Display principle:

Digital tube display is a semiconductor light emitting device, its basic unit is a light-emitting diode (LED). The digital
tube display can be divided into 7-segment display and 8-segment display according to the number of segments. The
8-segment display has one more LED unit than the 7-segment display (used for decimal point display). Each segment
of the 7-segment display is a separate LED. According to the connection mode of the LED unit, the digital tube can be
divided into a common anode digital tube and a common cathode digital tube.

In the common cathode 7-segment display, all the cathodes (or negative electrodes) of the segmented LEDs are con-
nected together, so you should connect the common cathode to GND. To light up a segmented LED, you can set its
associated pin to“HIGH”.

In the common anode 7-segment display, the LED anodes (positive electrodes) of all segments are connected together,
so you should connect the common anode to“+5V”. To light up a segmented LED, you can set its associated pin
to“LOW”.
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G
. c
At b cied el el el 'd'

kbbb S5

il
Common Anode

Each part of the digital tube is composed of an LED. So when you use it, you also need to use a current limiting resistor.
Otherwise, the LED will be damaged. In this experiment, we use an ordinary common cathode one-digit digital tube.
As we mentioned above, you should connect the common cathode to GND. To light up a segmented LED, you can set
its associated pin to“HIGH”.

5.9.4 4.Wiring Diagram

Note: The direction of the 7-segment display inserted into the breadboard is consistent with the wiring diagram, with
one more point in the lower right corner.
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5.9.5 5.Test Code

The digital display is divided into 7 segments, and the decimal point display is divided into 1 segment. When certain
numbers are displayed, the corresponding segment will be lit. For example, when the number 1 is displayed, segments
b and ¢ will be turned on.

//**********************************************************************

/*
* Filename : 1-Digit Digital Tube
* Description : One Digit Tube displays numbers from 9 to 0.
* Auther : http//www.keyestudio.com

*/

// sets the IO PIN for every segment

int a=16; // digital PIN 16 for segment a
int b=4; // digital PIN 4 for segment b
int c=5; // digital PIN 5 for segment c
int d=18; // digital PIN 18 for segment
int e=19; // digital PIN 19 for segment
int f=22; // digital PIN 22 for segment
int g=23; // digital PIN 23 for segment
int dp=17; // digital PIN 17 for segment dp
void digital_O0(void) // displays number 0

{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,HIGH);
digitalWrite(£f,HIGH);
digitalWrite(g,LOW);
digitalWrite(dp,LOW);
}
void digital_1(void) // displays number 1

Q H 0 Q

(continues on next page)
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(continued from previous page)

{
digitalWrite(a,LOW);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,LOW);
digitalWrite(e,LOW);
digitalWrite(£f,LOW);
digitalWrite(g,LOW);
digitalWrite(dp,LOW);
}
void digital_2(void) // displays number 2
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,LOW);
digitalWrite(d,HIGH);
digitalWrite(e,HIGH);
digitalWrite(£f,LOW);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void digital_3(void) // displays number 3
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(£f,LOW);
digitalWrite(e,LOW);
digitalWrite(dp,LOW);
digitalWrite(g,HIGH);
}
void digital_4(void) // displays number 4
{
digitalWrite(a,LOW);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,LOW);

digitalWrite(e,LOW);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);

}

void digital_5(void) // displays number 5
{

digitalWrite(a,HIGH);
digitalWrite(b,LOW);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,LOW);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);

(continues on next page)
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(continued from previous page)
digitalWrite(dp,LOW);
}
void digital_6(void) // displays number 6
{
digitalWrite(a,HIGH);
digitalWrite(b,LOW);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,HIGH);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void digital_7(void) // displays number 7
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,LOW);
digitalWrite(e,LOW);
digitalWrite(£f,LOW);
digitalWrite(g,LOW);
digitalWrite(dp,LOW);
}
void digital_8(void) // displays number 8
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,HIGH);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void digital_9(void) // displays number 9
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,LOW);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void setup()
{
// initialize digital pin LED as an output.
pinMode(a, OUTPUT);
pinMode (b, OUTPUT);
pinMode(c, OUTPUT);

(continues on next page)
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(continued from previous page)

pinMode(d, OUTPUT);
pinMode(e, OUTPUT);
pinMode (£, OUTPUT);
pinMode(g, OUTPUT);
pinMode(dp, OUTPUT);

}

void loop()

{

while(1)

{

digital 9(Q);// displays number 9

delay(1000); // waits a sencond

digital_8();// displays number 8

delay(1000); // waits a sencond

digital_7Q;// displays number 7

delay(1000); // waits a sencond

digital 6();// displays number 6

delay(1000); // waits a sencond

digital_5Q);// displays number 5

delay(1000); // waits a sencond

digital_4(Q;// displays number 4

delay(1000); // waits a sencond

digital_3(Q);// displays number 3

delay(1000); // waits a sencond

digital_2(Q);// displays number 2

delay(1000); // waits a sencond

digital_1(Q);// displays number 1

delay(1000);// waits a sencond

digital _0Q);// displays number 0

delay(1000);// waits a sencond

1}

//:’.‘:':7':7':7’::'.‘:':7':7'::’::'.‘:':7':7'::’::'.‘:':7':7'::'.‘:'.‘:':7':7'::'.‘:'.‘:':7':7’::'.‘:'::':7':7’::'.‘:':7'.'7'::’::'.‘:':7':7'::’::'.‘:':7':7':7'.‘:'.‘:':7':7'::'.‘:'.‘:':7':7’::'.‘:'.‘:1'7':7(‘:'.‘:1'7':71‘:’::’.‘:1’

5.9.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the 1-Digit 7-Segment Display will display numbers from 9 to 0.

5.10 Project 094-Digit Digital Tube

5.10.1 1.Introduction

A 4-digit 7-segment display is a very practical display device and it is used for devices such as electronic clocks, score
counters and the number of people in the park. Because of the low price, easy to use, more and more projects will use
4 Digit 7-segment display. In this project, we use ESP32 to control 4-digit 7-segment display to display digits.
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5.10.2 2.Components

_. :
=

Breadboard*1 USB Cable*1
4-digit 7-segment display Module*1 220 Resistor*8 Jumper Wire*2

5.10.3 3.Component Knowledge

4-digit 7-segment display

It is a device with common cathode and anode, its display principle is similar to the 1-Digit digital tube display. They
all have eight GPIO ports to control the digital tube display, that is 8 leds. However, here is 4-digit, so it needs four
GPIO ports to control the bit selection end. Our 4 - digit digital tube is common cathode.

The following figure shows the pin diagram of the 4-digit digital tube. G1, G2, G3 and G4 are the control pins.
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Schematic Diagram
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5.10.4 4.Wiring Diagram
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5.10.5 5.Test Code

[
J*

* Filename : 4-Digit Digital Tube

* Description : Four Digit Tube displays numbers from 0® to 9999.

* Auther : http//www.keyestudio.com

:':/
#define
#define
#define
#define
#define
#define
#define
#define

//Define nixie tube a to pin 18

N NN
%(Q'-hfbb..hc‘m
[ T R e N R )
© N O W

EN

#define G1 21 //Define the first set of nixtube Gl to pin 21
#define G2 22
#define G3 14
#define G4 15

//Nixie tube 0-F code value

(continues on next page)
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unsigned char num[17][8] =

{

//a b c d e f g
{1, 1, 1, 1, 1, 1, O,
{0, 1, 1, 0, 0, 0, O,
{1, 1, 0, 1, 1, 0, 1,
{1, 1, 1, 1, 0, 0O, 1,
{0, 1, 1, 0, 0, 1, 1,
{1, 0, 1, 1, 0, 1, 1,
{1, 0, 1, 1, 1, 1, 1,
{1, 1, 1, 0, 0, 0, O,
{1, 1, 1, 1, 1, 1, 1,
{1, 1, 1, 1, O, 1, 1,
{1, 1, 1, 0, 1, 1, 1,
{1, 1, 1, 1, 1, 1, 1,
{1, 0, 0, 1, 1, 1, O,
{1, 1, 1, 1, 1, 1, 0,
{1, 0, ®, 1, 1, 1, 1,
{1, 0, 0, 0, 1, 1, 1,
{0, 0, 0, 0, 0, 0, O,

};

void setup()
{
pinMode(d_a,OUTPUT) ;
pinMode (d_b,OUTPUT) ;
pinMode (d_c,OUTPUT) ;
pinMode (d_d, OUTPUT) ;
pinMode(d_e,OUTPUT) ;
pinMode (d_£,0UTPUT) ;
pinMode (d_g,OUTPUT) ;
pinMode (d_dp,OUTPUT) ;

pinMode (G1,O0UTPUT);
pinMode (G2 ,0UTPUT) ;
pinMode (G3,0UTPUT) ;
pinMode (G4,0UTPUT) ;
}

void loop()
{

//Start counting from ® and gradually increase by 1 to 9999, repeating.
for(int 1 = 0;1 < 10;1++ )

{

for(int k
{

dp

(N
(1
0},
0},
0},
0},
(1
0},
0},
0},
1},
1},
1},
1%,
1%,
1},
1},

//Set to output pin

0; k < 10;k++)

//0
//1
//2
//3
//4
//5
//6
//7
//8
//9
//A
//B
//C
//D
//E
//F
/.

for(int j = 0; j < 10; j++)

{

for(int i = 0;1 < 10;i++)

{

//125 flashes a second equals one second.

(continued from previous page)

(continues on next page)
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//1000/8=125

for(int q = 0;9<125;q9++)

{
Display(1,1);//The first nixie tube shows the value of L.
delay(2);
Display(2,k);
delay(2);
Display(3,3);
delay(2);
Display(4,i);
delay(2);

//Display functions: g ranges from 1 to 4,num ranges from 0 to 9
void Display(unsigned char g,unsigned char n)
{
digitalWrite(d_a,LOW); //Remove the light
digitalWrite(d_b,LOW);
digitalWrite(d_c,LOW);
digitalWrite(d_d,LOW);
digitalWrite(d_e,LOW);
digitalWrite(d_£f,LOW);
digitalWrite(d_g,LOW);
digitalWrite(d_dp,LOW);

switch(g) //Gate a choice
{

case 1:
digitalWrite(G1l,LOW); //Choose the first digit
digitalWrite(G2,HIGH);
digitalWrite(G3,HIGH);
digitalWrite(G4,HIGH);
break;

case 2:
digitalWrite(Gl,HIGH);
digitalWrite(G2,LOW); //Choose the second bit
digitalWrite(G3,HIGH);
digitalWrite(G4,HIGH);
break;

case 3:
digitalWrite(Gl,HIGH);
digitalWrite(G2,HIGH);
digitalWrite(G3,LOW); //Choose the third bit
digitalWrite(G4,HIGH);
break;

case 4:

(continues on next page)
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(continued from previous page)

digitalWrite(Gl,HIGH);

digitalWrite(G2,HIGH);

digitalWrite(G3,HIGH);

digitalWrite(G4,LOW); //Choose the fourth bit

break;

default:break;
}

digitalWrite(d_a,num[n][0]); //a Queries the code value table

digitalWrite(d_b,num[n][1]);

digitalWrite(d_c,num[n][2]);

digitalWrite(d_d,num[n][3]);

digitalWrite(d_e,num[n][4]);

digitalWrite(d_f,num[n][5]);

digitalWrite(d_g,num[n][6]);

digitalWrite(d_dp,num[n][7]);
3
/7% 95 el ko ok o o o ko o s o et

5.10.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the 4-digit 7-segment display displays 0-9999and repeat these actions in an infinite loop.

5.11 Project 108x8 Dot-matrix Display

5.11.1 1.Introduction

Dot matrix display is an electronic digital display device that can display information on machine, clocks, public trans-
port departure indicators and many other devices.

In this project, we will use ESP32 to control 8x8 LED dot matrix to display digits.
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5.11.2 2.Components

_. :
=

ESP32*1 Breadboard*1 USB Cable*1

8*8 dot matrix module *1 220 Resistor*8 Jumper Wire*2

5.11.3 3.Component Knowledge

8%8 dot matrix module

The 8*8 dot matrix is composed of 64 LEDs, including row common anode and row common cathode. Our module is
row common anode, that is, each row has a line connecting the positive pole of the LED, and the column is connecting
the negative pole of the LED lamp, as shown in the following figure :

X0(A) X1(B) X2(C) X3(D) X4(E) X5(F) X6(G) X7(H)

S i i i i i i i i
P e e T e e

B i Wi il i i D Wi i
O i B s B D B

- l—ba ‘+H > l—'% ré > V'H r"%
wo TP P P

Y7(7)

8*8 Dot Matrix LED Equivalent Circuit

106 Chapter 5. Arduino Tutorial



ESP32 Learning Kit

H G1 A3 F DO
0000000

8*8 Dot Matrix Soldering Pins

4 6: B C T E 5 2
0000000

788BS Silk Print

8*8 Dot Matrix Outlook and Pinouts

5.11.4 4.Wiring Diagram
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5.11.5 5.Test Code

//:’::':

: 88 Dot-matrix Display

* Filename

: 88 Dot-matrix displays numbers from 0 to 9.

: http//www.keyestudio.com

* Description
* Auther

{14,26,4,27,19,16,18,17};

int R[]

int C[] = {32,21,22,12,0,13,33,25};

unsigned char data_0[8][8] =

{

!®}l

{0,1,0,0,0,1,0,0},

0
0
0
0

0
1
1
1

’
Ll
’
’

1
0
0
0

1
0
0
0

1
0
0
0

0
1
1
1

0
0
0
0

[V A ]

unsigned char data_1[8][8] =

{

{9,9,9,9,1,0,0,0},

{0,0,0,0,1,9,0,0},

unsigned char data_2[8][8] =

{

{9,9,1,1,1,9,0,0},
{90,1,0,0,0,1,0,0},

0
0
0
0

0
0
0
0

{9,1,1,1,1,1,0,0},
{0,0,0,0,0,0,0,0}

};

unsigned char data_3[8][8] =

—

(continues on next page)
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(continued from previous page)

(=R = — =]

S DD D -
N N N

unsigned char data_4[8][8] =

{

B A T
ooz
cce 22 e
coceo-ocooa
S H e

®®®1®®®®

@001@@00
1111®®®®

@0@@@@0@

L . o ey

unsigned char data_5[8][8] =

{

B T
)
]

®1®1111®

@1010@1@
®1®1®®1®

@1010@10

1111®®1®

®®®®®®®®

SN S B b b b S

unsigned char data_6[8][8] =

{

B
)
]

l®®1111®

1@@1@01@
1®®1®®1®

1@@1001@
1111111®

0@@@0@00

“

unsigned char data_7[8][8] =

{

T
@@00@@@@
00000@00
®11®®®®®
@1010@@0
®1®®1®®®
@;1000;1@;0
®1®®®®1®

®®®®®®®®
L = v et

(continues on next page)
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3

unsigned char data_8[8][8] =
{
{0,1,1,1,1,1,0,03},
{0,1,0,0,0,1,0,03},
{0,1,0,0,0,1,0,0},
{0,1,1,1,1,1,0,0},
{0,1,0,0,0,1,0,0},
{0,1,0,0,0,1,0,0},
{0,1,1,1,1,1,0,03},
{0,0,0,0,0,0,0,0}
};

unsigned char data_9[8][8] =
{
{0,1,1,1,1,1,0,03},
{0,1,0,0,0,1,0,0},
{0,1,0,0,0,1,0,0},
{0,1,1,1,1,1,0,0},
{0,0,0,0,0,1,0,03},
{0,0,0,0,0,1,0,03},
{0,1,1,1,1,1,0,0},
{0,0,0,0,0,0,0,0}
};

void Display(unsigned char dat[8][8])

{

for(int c = 0; c<8;c++)

{

digitalWrite(C[c],LOW);
for(int r = 0;r<8;r++)

{

digitalWrite(R[r],dat[r][c]);

}
delay(1);
Clear(Q);

3
}

void Clear()
{

for(int i = 0;i<8;i++)

{

digitalWrite(R[i],LOW);
digitalWrite(C[i],HIGH);

}
}

void setup(){

for(int i = 0;i<8;i++)

{

(continued from previous page)

(continues on next page)
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}

}

pinMode (R[i],OUTPUT);
pinMode (C[i],OUTPUT);

void loop(){
for (int i = 1; i <=

}

3

Display(data_0);

for (int i = 1; 1 <=

3

Display(data_1);

for (int i = 1; 1 <=

3

Display(data_2);

for (int i = 1; 1 <=

}

Display(data_3);

for (int i = 1; i <=

3

Display(data_4);

for (int i = 1; i <=

}

Display(data_5);

for (dnt i = 1; i <=

3

Display(data_6);

for (int i = 1; 1 <=

}

Display(data_7);

for (dnt i = 1; i <=

3

Display(data_8);

for (int i = 1; 1 <=

3

Display(data_9);

100;

100;

100;

100;

100;

100;

100;

100;

100;

100;

(1))

€5))

(1

(1))

(1))

(1))

(1))

(1))

€5))

(1))

(continued from previous page)

//:’::'::'::'.';’::'::'.':1‘:'.':’-‘:'.':'::':7'::’::'::'::':7’::’::'::'.‘:1':’.':1‘:'.':'.‘:(‘:’.':1‘:i':(‘:l';’.':i':'.':(‘:l‘:i‘:!‘:'::'::'::’r:'::'.‘:1'7'.':’-‘:'.':'.‘:1'7’.':1‘:'.':'.‘:(‘:’.':1‘:'::'::':;’::'::'.':1‘:'.';&‘:'.':i':i‘:l':i‘:i‘:'.‘:i‘:l‘:i‘:i‘:'::':7’:

5.11.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you

will see that the 8*8 dot matrix displays the numbers 0~9 respectively.
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5.12 Project 1174HC595N Control 8 LEDs

5.12.1 1.Introduction

In previous projects, we learned how to light up an LED.

With only 32 10 ports on ESP32, how do we light up a lot of leds? Sometimes it is possible to run out of pins on
the ESP32, and you need to extend it with the shift register. You can use the 74HC595N chip to control 8 outputs at a
time, taking up only a few pins on your microcontroller. In addition, you can also connect multiple registers together
to further expand the output.

In this project, we will use an ESP32a 74HCS595 chip and LEDs to make a flowing water light to understand the function
of the 74HC595 chip.

5.12.2 2.Components

LT
= RERELENLRNRRE
! cnmimhmi
TEEEEFEETRERTT T THET THET 15
- - -

ESP32*1 Breadboard*1 74HCS595N chip*1  Jumper Wires

- = ——

220 Resistor*8 Red LED*8 USB Cable*1

5.12.3 3.Component Knowledge

74HC595N Chip:

The 74HCS595 chip is used to convert serial data into parallel data. A 74HC595 chip can convert the serial data of one
byte into 8 bits, and send its corresponding level to each of the 8 ports correspondingly. With this characteristic, the
74HCS595 chip can be used to expand the 10 ports of an ESP32. At least 3 ports are required to control the 8 ports of
the 74HCS595 chip.
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Q[T
Q2[2]
Q3[3]
Q4[4

Q5[5

T6]VCC
15]Q0
14]S|
13]OE
T72]RCK
Q66 SCK
Q77T T0JSCLR
GND[E" 9]SQH

NS6SOHYL  (

The ports of the 74HCS595 chip are described as follows

Note: Note the orientation the 74HC595N chip is inserted.
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fritzing

5.12.4 5.Test Code

//:’::'r:'r:l‘:’::’::'r:'r>':-.’::'::'r:X‘:’::’::'.‘:'r:l‘:’::’::’::'r:'r-.':-.’::'::'r:l‘:’::’::'r:'r:l‘:’::’::'r:'r>’:=’::’::'r:i‘:’::’::'.‘:'r:'r-.':-.’::'::'r:l‘:’::’::?:'r:l‘:’::’::'r:'r:l‘:’::'::'r:'::’::’::’::'r

/7’:
* Filename : 74HC595N Control 8 LEDs
* Description : Use 74HC575N to drive ten leds to display the flowing light.
* Auther : http//www.keyestudio.com

:’r/

int dataPin = 14; // Pin connected to DS of 74HC595(Pinl4)
int latchPin = 12; // Pin connected to ST_CP of 74HC595(Pinl2)
int clockPin = 13; // Pin connected to SH_CP of 74HC595(Pinll)
void setup() {

// set pins to output

pinMode (latchPin, OUTPUT);

pinMode(clockPin, OUTPUT);

pinMode (dataPin, OUTPUT);
}

void loop() {
// Define a one-byte variable to use the 8 bits to represent the state of 8 LEDs of,
—LED bar graph.
// This variable is assigned to 0x01, that is binary 00000001, which indicates only.,
—one LED light on.
byte x = 0x01; // 0b 0000 0001
for (int j = 0; j < 8; j++) { // Let led light up from right to left
writeTo595(LSBFIRST, x);
X <<= 1; // make the variable move one bit to left once, then the bright LED move.
—one step to the left once.
delay(50);
}
delay(100);
x = 0x80; //0b 1000 0000
for (int j = 0; j < 8; j++) { // Let led light up from left to right
writeTo595(LSBFIRST, X);
X >>= 1;
(continues on next page)
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(continued from previous page)

delay(50);

}

delay(100);
}
void writeTo595(int order, byte _data ) {

// Output low level to latchPin

digitalWrite(latchPin, LOW);

// Send serial data to 74HC595

shiftOut(dataPin, clockPin, order, _data);

// Output high level to latchPin, and 74HC595 will update the data to the parallel.,
—output port.

digitalWrite(latchPin, HIGH);
}
//7'::'.‘

5.12.5 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the 8 LEDs start flashing in flowing water mode.

5.13 Project 12Active Buzzer

5.13.1 1.Introduction

Active buzzer is a sound component that is widely used as a sound component for computersprintersalarmselectronic
toys and phonestimers etc. It has an internal vibration source, just by connecting to a 5V power supply, it can continu-
ously buzz.

In this project, we will use ESP32 to control the active buzzer to beep.

5.13.2 2.Components

ESP32*1 Breadboard*1 Active buzzer*1

B— e W\ —

NPN Transistor(S8050)*1 1k Resistor*1 Jumper Wires USB Cable*1
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5.13.3 3.Component Knowledge

Active buzzer:
Active buzzer inside has a simple oscillator circuit, which can convert constant direct current into a certain frequency
pulse signal. Once active buzzer receives a high level, it will produce sound.

Passive buzzer is an internal without vibration source integrated electronic buzzer, it must be driven by 2k to Sk square
wave, rather than a DC signal.

The two buzzers are very similar in appearance, but one buzzer with a green circuit board is a passive buzzer, while
the other buzzer with black tape is an active buzzer.

Passive buzzers don’t have positive polarity, but active buzzers have. As shown below:
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"+" indicates the }Q%égi‘lm W<
positive pole = | &
of the bv er D \

HYD2Z
REMOVE
SEAL
AFTER
WASHING

Transistor:

Because the buzzer requires such large current that GPIO of ESP32 output capability cannot meet the requirement, a
transistor of NPN type is needed here to amplify the current.

Transistor, the full name: semiconductor transistor, is a semiconductor device that controls current. Transistorcan be
used to amplify weak signal, or works as a switch. It has three electrodes(PINs): base (b), collector © and emitter (e).
When there is current passing between “be”, “ce” will allow several-fold current (transistor magnification) pass, at this
point, transistor works in the amplifying area. When current between “be” exceeds a certain value, “ce” will not allow
current to increase any longer, at this point, transistor works in the saturation area. Transistor has two types as shown
below: PNP and NPN,

1 E 31C

18283 3lc 10203 1lE
E B C E B C

PNP transistor NPN transistor
In our kit, the PNP transistor is marked with 8550, and the NPN transistor is marked with 8050.
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Based on the transistor’s characteristics, it is often used as a switch in digital circuits. As micro-controller’s capacity
to output current is very weak, we will use transistor to amplify current and drive large-current components.

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

When using PNP transistor to drive buzzer, we often adopt the following method. If GPIO outputs low level, current
will flow through R1, the transistor will get conducted, and the buzzer will sound. If GPIO outputs high level, no
current flows through R1, the transistor will not be conducted, and buzzer will not sound.

NPN transistor to drive buzzer PNP transistor to drive buzzer
5V 5V

R1
L 1kQ

1 1]
B
i ? uzzer @ —'\/VV\I I:CH

R1
1kQ am
@ VVV\’ I:Q1 7|Z| Buzzer
1T
5.13.4 4.Wiring Diagram
@E?GB‘.... * o o o 0 * o o o 0 o e o o o e e o o 0
I&‘m<§ o o L . ® ° o 0
i
e PPPDPP PPPPPPP .o
GRaanassssRRas PSSP PPPPPPPPPPPSPPPPPPPPPPPPPPPPPPP-
fritzing

Note: The buzzer power supply in this circuit is 5V. On a 3.3V power supply, the buzzer can work, but it will reduce
the loudness.
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5.13.5 5.Test Code

//:’::'::'::.“:’.-:’::'::'::.“:’::’::'::'::’::’-:’.-:'::'::’.-:’::’.-:'::'::’.-:’r:'::'::.“;’.-:’::'::'::.“:’.-:’::'::'::.“:’::’::E:?:(-:i-:i-:l‘:{‘:’.-:i-:i-:'::'::’::’::’::'::.“;’.-:’::'::'::.“:’.-:’::'::'::E:’::’::':
/:’r

* Filename : Active Buzzer

* Description : Active buzzer beeps.

* Auther : http//www.keyestudio.com

*/

#define buzzerPin 15 //define buzzer pins

void setup (O
{
pinMode (buzzerPin, OUTPUT);
}
void loop QO
{
digitalWrite (buzzerPin, HIGH);
delay (500);
digitalWrite (buzzerPin, LOW);
delay (500);
}
//:’.‘:’:71‘:1‘7?7!‘:1‘71‘:1‘7?7?7(‘7?7':-,’.-:':7':7?:':7'.-:'.‘7(‘7(’:1‘:'.‘:1‘7(‘:1‘7?:’.‘:1‘7'::':7’:7'::':7'::':7’:7':7':7':7':-,’.-7':7':7'::':7'.-:':7':7'::'::'.-:'r7'::':-.'::'.-:':7'::':7’::'.-:':7'::':7’::':7':71‘;1‘7(‘:'.‘7(‘71‘:1‘7'.‘:’.‘7(‘7(’:1‘

5.13.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the active buzzer beeps.

5.14 Project 13Passive Buzzer

5.14.1 1.Introduction

In a previous project, we studied an active buzzer, which can only make a sound and may make you feel very
monotonous. In this project, we will learn a passive buzzer and use the ESP32 control it to work. Unlike the active
buzzer, the passive buzzer can emit sounds of different frequencies.
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5.14.2 2.Components

ESP32*1 Breadboard*1 Passive Buzzer *1

NPN Transistor(S8050)*1  1kResistor*1 Jumper Wires USB Cable*1

5.14.3 3.Component Knowledge
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Passive buzzer:
A passive buzzer is an integrated electronic buzzer with no internal vibration source and it has to be driven by 2K-5K
square waves, not DC signals.

The two buzzers are very similar in appearance, but one buzzer with a green circuit board is a passive buzzer and the
other buzzer with black tape is an active buzzer.

Passive buzzers cannot distinguish between positive polarity while active buzzers can.

Transistor:

Please refer to Project 12.

5.14.4 4.Wiring Diagram

oo . © © 606 0606060606060 00000 000000000 e
””””” GG © 06 000060600000 0000000000 00000
EEEEEEEEEEEEEN © © 6 0 0006000000000 00000000 e
- ® © 6 0 00 000000000000 e 000000
é: ® 6 6 6 0000000000000 00N ee e
m
i2
c mj
E‘lE © © 66 606000 00000000 e e e e e e e e
© © 66 6060000000000 060 e e e e e e e
ASAGSGGAGEEAEAR ® 6 & 0 0 0 0 0 0 00 0 00000000000 e e e
© © 6 6 6000000000000 e 0 e e 0 e e e
© 6 0 0000060000000 00 s 00 e e e
. . .
. U IR TR o o 0 00 oo 0 0
[ o
fritzing

5.14.5 5.Test Code

/ /:’::’: 7 3% ¥ 3% 7 3% 7 3
/:’r

* Filename : Passive Buzzer

* Description : Passive Buzzer sounds the alarm.

* Auther : http//www.keyestudio.com

:‘L/

#define LEDC_CHANNEL_0 @

(continues on next page)
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(continued from previous page)

// LEDC timer uses 13 bit accuracy

#define LEDC_TIMER_13_BIT 13

// Define tool I/O ports

#define BUZZER_PIN 15

//Create a musical melody list, Super Mario

int melody[] = {330, 330, 330, 262, 330, 392, 196, 262, 196, 165, 220, 247, 233, 220,.
-196, 330, 392, 440, 349, 392, 330, 262, 294, 247, 262, 196, 165, 220, 247, 233, 220,.
-196, 330, 392,440, 349, 392, 330, 262, 294, 247, 392, 370, 330, 311, 330, 208, 220,.
—262, 220, 262,

294, 392, 370, 330, 311, 330, 523, 523, 523, 392, 370, 330, 311, 330, 208, 220, 262,220,.
—262, 294, 311, 294, 262, 262, 262, 262, 262, 294, 330, 262, 220, 196, 262, 262,262,.
—262, 294, 330, 262, 262, 262, 262, 294, 330, 262, 220, 196};

//Create a list of tone durations

int noteDurations[
-.8,4,8,4,3,8,8,2
-4,8,4,8,4,8,2,8
void setup() {

pinMode (BUZZER_PIN, OUTPUT); // Set the buzzer to output mode
}

= {874l4!8!4’2’2l3’3!3!4!4l8’4l8!8!8l478l4!3!8!8!3l3’3!3!4!4l874l8!8!
) !8!8,4!4l8!8!4’8!8’378l8!8!4,474l8!2!8’8!814!4!8!8!4,878l3!3!3,178l4!
,4,4,8,4,1,8,4,4,8,4,8,4,8,2};

void loop() {
int noteDuration; //Create a variable of noteDuration

for (int i = 0; 1 < sizeof(noteDurations); ++i)

{
noteDuration = 800/noteDurations[i];
ledcSetup (LEDC_CHANNEL_O, melody[i]*2, LEDC_TIMER_13_BIT);
ledcAttachPin(BUZZER_PIN, LEDC_CHANNEL_O);
ledcWrite (LEDC_CHANNEL_O®, 50);
delay(noteDuration * 1.30); //delay
}
3
VA

122 Chapter 5. Arduino Tutorial




ESP32 Learning Kit

5.14.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the passive buzzer plays music.

5.15 Project 14: Mini Table Lamp

5.15.1 1.Introduction

Do you know that the ESP32 can light up an LED when you press a button? In this project, we will use a ESP32a
button switch and an LED to make a mini table lamp.

5.15.2 2.Components

ESP32*1 Breadboard*1 Button*1 Button Cap*1

e G Gup —am

10K Resistor*1 Red LED*1 22 Resistor*1 USB Cable*1 Jumper Wires

5.15.3 3.Component Knowledge
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Button:
A button can control the circuit on and off, the button is plugged into a circuit, the circuit is disconnected when the
button is not pressed. The circuit works when you press the button, but breaks again when you release it.

Why does it only work when you press it? It starts from the internal structure of the button, which don’t allow current
to travel from one end of the button to the other before it is pressed; When pressed, a metal strip inside the button
connects the two sides to allow electricity to pass through.

The internal structure of the button is shown in the figure

Before the button is pressed, 1 and 2 are on, 3 and 4 are also on, but 1, 3 or 1, 4 or 2, 3 or 2, 4 are off (not working).
Only when the button is pressed, 1,3 or 1,4 or 2, 3 or 2, 4 are on.

The button switch is one of the most commonly used components in circuit design.

Schematic diagram of the button:

o |=F ol

PN
\ /

-

—

e

—JcN

What is button [shake](javascript:;)?
We think of the switch circuit as “press the button and turn it on immediately”, “press it again and turn it off immedi-
ately”. In fact, this is not the case.

The button usually uses a mechanical elastic switch, and the mechanical elastic switch will produce a series of
[shake](javascript:;) due to the elastic action at the moment when the mechanical contact is opened and closed (usually
about 10ms).

As a result, the button switch will not immediately and stably turn on the circuit when it is closed, and it will not be
completely and instantaneously disconnected when it is turned off.
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Ideal button waveform

Actual button waveform

How to eliminate the [shake](javascript:;)?
There are two common methods, namely fix [shake](javascript:;) in the software and hardware. We only discuss the
[shake](javascript:;) removal in the software.

We already know that the [shake](javascript:;) time generated by elasticity is about 10ms, and the delay command can
be used to delay the execution time of the command to achieve the effect of [shake](javascript:;) removal.

Therefore, we delay 0.02s in the code to achieve the key anti-shake function.

Effect excluding jitter
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5.15.4 4.Wiring Diagram
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Note:

How to connect the LED

A.Iil-ode f f Cathode

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 5-band resistor and 10K 5-band resistor
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(2 2 0)x1+x1%

SIS

red red black black blown

1 2 3 ot

5

(T 0 0)x100x1%

aailinb

]

blaown black black red blown

1 2 3

5.15.5 5.Test code

5

//:'::':7':7'::’:7'::':7':7'::’.‘:’::':7':71‘:’.‘:'.‘:1‘7':7'::’::'.‘:':7':7’::'::'::':7'::’::'::':7':7'::’::'::':7':7'::’:7'::':7':7'::’.-:'::':7':7':7’::'.‘:':7':7’::’::'::':7'::’::'::?:{‘71‘71‘7?:?7?71‘71‘7?:?

/7’:

* Filename : Mini Table Lamp

* Description : Make a table lamp.

* Auther : http//www.keyestudio.com
7':/

#define PIN_LED 4
#define PIN_BUTTON 15
bool ledState = false;

void setup() {

// initialize digital pin PIN_LED as an output.

pinMode (PIN_LED, OUTPUT);
pinMode (PIN_BUTTON, INPUT);
}

// the loop function runs over and over again forever

void loop() {
if (digitalRead(PIN_BUTTON) == LOW) {

(continues on next page)
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(continued from previous page)

delay(20);
if (digitalRead(PIN_BUTTON) == LOW) {
reverseGPIO(PIN_LED);
}
while (digitalRead(PIN_BUTTON) == LOW);
}
}

void reverseGPIO(int pin) {
ledState = !ledState;
digitalWrite(pin, ledState);

}

//7’::’::’:;’::’:7’::'::'::'::’:7(‘:’.‘:’::’.’:’:7(‘:’.‘:‘::&;’-—7"‘:'::'::’:;’::1‘:':;(‘:’-'7’:*:’:;?:’:*:'::'::'::’:7(‘:’::’::’::’:7?:'::'::l-;’:7'::'::'::(-;’::'r:':;’::’r:’::1‘:':;?:’:7(‘:’::’::('*7(‘:’:

5.15.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that press the push button switch, the LED turns on; When it is released, the LED is still on. Press it again,
and the LED turns off. When it is released, the LED stays off. Doesn’t it look like a mini table lamp?

5.16 Project 15Tilt and LED

5.16.1 1.Introduction

The ancients without electronic clock, so the hourglass are invented to measure time. The hourglass has a large capacity
on both sides, and which is filled with fine sand on one side.

What’s more, there is a small channel in the middle, which can make the hourglass stand upright , the side with fine
sand is on the top. due to the effect of gravity,the fine sand will flow down through the channel to the other side of the
hourglass.

When the sand reaches the bottom, turn it upside down and record the number of times it has gone through the hourglass,
therefore, the next day we can know the approximate time of the day by it.

In this project, we will use ESP32 to control the tilt switch and LED lights to simulate an hourglass to make an electronic
hourglass.
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5.16.2 2.Components

L i)
ey
5 At
Tl L
al L)

ESP32%*1 Tilt Switch*1 Red LED*4 10K Resistor*1

e —a N\

Breadboard*1 220 Resistor*4 USB Cable*1 Jumper Wires

5.16.3 3.Component Knowledge

Tilt switch is also called digital switch. Inside is a metal ball that can roll.

The principle of rolling the metal ball to contact with the conductive plate at the bottom, which is used to control the on
and off of the circuit. When it is a rolling ball tilt sensing switch with single directional trigger, the tilt sensor is tilted
toward the trigger end (two gold-plated pin ends), the tilt switch is in a closed circuit and the voltage at the analog port
is about 5V (binary number is 1023).

In this way, the LED will light up. When the tilting switch is in horizontal position or tilting to the other end, the tilting
switch is in open state the voltage of the analog port is about OV (binary number is 0), the LED will turn off. In the
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program, we judge the state of the switch based on whether the voltage value of the analog port is greater than 2.5V
(binary number is 512).

The internal structure of the tilt switch is used here to illustrate how it works, as shown below:

free mass rolling ball that opens

/ or closes connection with circuit
& conductive plate

at bottom

Open circuit
Closed circuit -

5.16.4 4.Wiring Diagram

L
L
L
L
A
.m-J ®
"_--J
= lﬂ.’
= . T
= - —+m
cm
= e o @ (]
Om
e o @ 1
e @ o @ L |
e @ o @ L |
e o @ L |
e 9 1
s o @ 1
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Note:

How to connect the LED

A.Iil-ode .’ fl Cathide

Anode (+)
Long Lead

Cathode (-)
Short Lead

How to identify the 220 5-band resistor and 10K 5-band resistor

(2 2 0)x1x1%

Sl N

red red black black blown
1 2 3 L 5

(T 0 0)x100x1%

SRS

blown black black red blown
1 / 3 I 5
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5.16.5 5.Test Code

//:’::'::'::.“:’.-:’r:'::'::.“:’::i-:'::'::'.-:’::’::'::'::’.-:’::’::'::'::’.-:’::'::'::'::’.-:’.-:'::'::.“:’.-:’r:'::'::.“:’::i-:'::'::'.-:’::’.-:'::'::’::’::’::'::'::’::’::'::'::'::’.-;’.-:'::'::.“:’::i-:'::’::.“:’::i-:':

* Filename : Tilt And LED

* Description : Tilt switches and four leds to simulate an hourglass.
* Auther : http//www.keyestudio.com

:':/

#define SWITCH_PIN 15 // the tilt switch is connected to Pinl5
byte switch_state = 0;
void setup()
{
for(int i=16;i<20;i++)
{
pinMode (i, OUTPUT);
}
pinMode (SWITCH_PIN, INPUT);
for(int i=16;i<20;i++)
{
digitalWrite(i,0);
}
Serial.begin(9600);
}
void loop()
{
switch_state = digitalRead(SWITCH_PIN);
Serial.println(switch_state);
if (switch_state == 0)
{
for(int i=16;i<20;i++)
{
digitalWrite(i,1);
delay(500);
}
}
if (switch_state == 1)
{
for(int i=19;i>15;i--)
{
digitalWrite(i,0);
delay(500);
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5.16.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that when you tilt the breadboard to an angle, the LEDs will light up one by one. When you turn the breadboard
to the original angle, the LEDs will turn off one by one. Like the hourglass, the sand will leak out over time.

5.17 Project 16: 12C 128x32 LCD

5.17.1 1.Introduction

In everyday life, we can do all kinds of experiments with the display module and also DIY a variety of small objects.

For example, you can make a temperature meter with a temperature sensor and display, or make a distance meter with
an ultrasonic module and display.

In this project, we will use the LCD_128X32_DOT module as the display and connect it to the ESP32, which will be
used to control the LCD_128X32_DOT display to display various English words, common symbols and numbers.

5.17.2 2.Components

-

* FECEErETITONET

ESP32*1 Breadboard*1

_. :
]

LCD_128X32_DOT*1 M-F Dupont Wires USB Cable*1
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5.17.3 3.Component Knowledge

LCD_128X32_DOT:

It is an LCD module with 128%32 pixels and its driver chip is ST7567A.

The module uses the IIC communication mode, while the code contains a library of all alphabets and common symbols
that can be called directly. When using, we can also set it in the code so that the English letters and symbols show
different text sizes.

To make it easy to set up the pattern display, we also provide a mold capture software that converts a specific pattern
into control code and then copies it directly into the test code for use.
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Schematic diagram of LCD_128X32_DOT

LCD LCD 12§*32 dot

J1

|-
O

SCL
sSDA

47K H4.7K

Features:

* Pixel: 128*32 character

* Operating voltage(chip)4.5V to 5.5V

* QOperating current100mA (5.0V)

* Optimal operating voltage(module):5.0V
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5.17.4 4.Wiring Diagram

L ]
@@
ENEENENENEEEEN

io12
io 14
io 27
io 26
io 25
io 33
io 32
io 35
io 34
io 36
L RST
L 3V3
¢EXBCL Ao

[}
L
L ]
[ ]
[ 1
L}
[ ]
[ ]
@ Elio 39

oipnisahas
l!lll!!!!b

5.17.5 5.Adding the Icd128_32 _io library

This code uses a library named “led128_32_io”, if you haven’t installed it yet, please do so before learning. The steps
to add third-party libraries are as follows:

Open the Arduino IDEclick “Sketch”—“Include Library”—“Add .ZIP Library...”.
Click on the link to download the library fileArduino C “lcd128_32_io.h” Librarie
Select the LCD_128X32.ZIP file and then click“Open”.
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@ Project_17_12C_128 32 LCD | Arduine 1.8.16 —

File EditISketch ITooIs Help

Verify/Compile Ctrl+R
Upload Ctrl+U
Froject Upload Using Programmer Ctrl+Shift+L
fprmms Export compiled Binary Ctrl+Alt+5 = e ~
' Manage Libraries... Ctrl+5Shift+|
* Fils Show Sketch Folder Ctrl+K
¥ Desg - Add ZIP Library...
— Include Library : L
Add File... Arduino libraries
. " = = " ]
#include "lcodIlZ2E8_ 32 _io h Bridge
//Create 1CD128 *32 pin, sda——-»21, scl--->32 Esplora
led ledi{2l, 22); Ethernet
vold setup() { i
led.Init{); //initialize G5M
led.Clear{); //clear LiquidCrysta
}
Mouse
void loop() { Robot IR Remote
. i .
led.Cursor(d, 4); /f/5et display position Robot Motor
led Display ("EEYESTUDIO™); //Setting the d W
@ Selecta zip file or a folder containing the library you'd like to add x
Look 1in: 3. Labraries e j. - "' l
? |M LCD_128X32 |~¢—-—h 0 ‘
Recent Items .
File name: .earning Kit Bazic Edition\2. Windows System)2. C_Tutoriall3. Libraries
- Files of type: | ZIP files or folders W Cancel

5.17.6 6.Test Code

//;’.‘;'::l‘:h’::’::'::l‘:":;’::’.‘:'::l‘:’:;’::’::'::l‘:’::’::'::'::l‘:’::’.‘:’::'::h’::’.‘:'::l‘:h’::’.‘:'::l‘:"::’::’.-:'::%:’::’::’::'r:l“.’:;’::’::'::l‘:’:;’.‘:’.‘:'::h’::’:;'::l‘:h’::’.‘:'::l‘:‘.‘;’.‘:’.‘:‘::l‘:’::’::’::. B R

/7’:
* Filename : LCD 128%*32
* Description : LCD 128%32 display string
* Auther : http//www.keyestudio.com
:‘:/
#include "lcd128_32_io.h"

//Create 1CD128 *32 pinsda--->21 scl--->22
lcd 1lcd(21, 22);

void setup() {
lcd.Init(Q); //initialize
lcd.Clear(); //clear

(continues on next page)
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¥

void loop() {

lcd.
.Display("KEYESTUDIO"); //Setting the display
lcd.
lcd.
.Cursor(2, 0);
lcd.
lcd.
lcd.

lcd

lcd

¥

Cursor(®, 4); //Set display position

Cursor(l, 0);
Display("ABCDEFGHIJKLMNOPQR") ;

Display("123456789+-%/<>=$%@");
Cursor(3, 0);
Display("%A&O{}:;"1?,.~\\[1");

(continued from previous page)

//:’:7%:'::!‘:’::’::?:'::':;’r:'::'r:'::':;’:7(‘:’:;‘::(';’:*:’:*:('7’:*:'::l‘:’.-:’::'r:’::!‘:’::’::'r:'::':;’r:'::'r:'::':;’:*:’:;‘::(';’:*:':;l‘:’:7’:7'::'::l‘:’.-:’:*:’::!‘:’r:’:*:'::':;’::':*:'::'.‘*:1'*;'::(';’:*:':;1‘:('

5.17.7 7.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you will
see that the 128X32L.CD module display will show“KEYESTUDIOat the first line“ABCDEFGHIJKLMNOPQR”will
be displayed at the second line*123456789+*/<>=$@”will be shown at the third line and“%"&(){}:;’|?,.~\[1"will be
displayed at the fourth line.

5.18 Project 17Small Fan

5.18.1 1.Introduction

In hot summer, we need electric fans to cool us down, so in this project, we will use the ESP32 to control a DC motor
and small fan blades to make a small electric fan.
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5.18.2 2.Components

ESP32%*1

AA Battery(Self-prepared)*6

-

PNP Transistor (S8550)*1

1

- USB Ca-

ble*1

Breadboard*1

Fan*1

omp

1K Resistor*1

6 AA Battery Holder*1

DC Motor*1

AN

Jumper Wire

Breadboard Power Module*1

—

NPN Transistor (S8050)*1

Diode*1

5.18.3 3.Component Knowledge

Keyestudio Breadboard Power Supply Module

Introduction

This breadboard power supply module is compatible with 5V and 3.3V, which can be applied to MB102 breadboard.
The module contains two channels of independent control, powered by the USB all the way.

The output voltage is constant for the DC5V, and another way is powered by DC 7-12V, output controlled by the slide
switch, respectively for DC5V and DC3.3V.

If the other power supply is DC 7-12v, when the slide switch is switched to +5V, the output voltages of the left and
right lines of the module are DC 5V. When the slide switch is switched to +3V, the output voltage of the USB power
supply terminal of the module is DC5V , and the output voltage of the DC 7-12V power supply terminal of the other

power supply is DC3.3V.

5.18. Project 17Small Fan
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Specification

* Applied to MB102 breadboard

¢ Input voltageDC 7-12V or powered by USB

* Output voltage3.3V or 5V

* Max output current<700mA

* Up and down two channels of independent control, one of which can be switched to 3.3V or 5V

* Comes with two sets of DC output pins, easy for external use

5.18.4 4.Wiring Diagram 1

ifiidSSAAAEEAE : : : : : : : : : : : : :

@® @OOO®O® G e e 0000000000
(9] @ (9]
1EEEERE
cr cr cr
B @ B @ B @
[°] =3 1] =3 (19} =3
m < m S m <

g g g
<
=-= = ~—
fritzing

(Note: Connect the wires and then install a small fan blade on the DC motor. )
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5.18.5 5. Test Code

//***********************n********n****n****n****n****n********n****n***

/*
* Filename
* Description :
* Auther
*/

void setup() {

: Small_Fan
S8050 triode drives the motor working
: http//www.keyestudio.com

pinMode (15, OUTPUT); // Initialize pin 15 as output.

¥

void loop() {
digitalWrite(l5, HIGH);
delay (4000);
digitalWrite(1l5, LOW);
delay(2000);

// Turn on the motor (HIGH means HIGH level)
// Delay 4 seconds
// Reduce the voltage and turn off the motor
// Delay 2 seconds

//**********************************************************************************

5.18.6 6.Test Result 1

Upload the code to the ESP32 and power up. The motor rotates for 4s, stops for 2s, in loop way.

5.18.7 7.Wiring Diagram 2

‘We use the S8550 PNP transistor to control the motor.
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L L L L B .
@ e 0o 000 000000000000 s e 00 e
® 9 0 00 0 000 0 0 e 00 000 o @
..................l......
® & & & 5 5 5 5 5 .
® ® 0 ¢ 0 0 0 0 O s e e S e e e e b e o o ‘V=
2
‘oo
u
G
= Cc mf
e s s 00000000000 E"‘—:
=
T I I I B N A A A I
® @ ¢ o 0 0 0 " O O O PC PO QOO
® @ 0 0 0 0 0 0 0 0 0 0 0 0 0
® & & & & 5 0 5 00 e o
L L L . .
e s 0 0 e e o s 0 .

AJuazaeg /v
AJda3geg iv.
AJajieg .

AA Battery
AA Battery
AA Battery

|

fritzing

Note: wire up and connect a fan on the motor.

5.18.8 8.Test Code 2

/)5

/:’:

* Filename : Small_Fan

* Description : S8550 triode drives the motor working
* Auther : http//www.keyestudio.com

:':/

void setup() {

pinMode (15, OUTPUT); // Initialize pin 15 as output.
}

void loop() {
digitalWrite(l5, LOW); // Turn on the motor (LOW means LOW level)

delay(4000); // Delay 4 seconds
digitalWrite(l5, HIGH); // Raise the voltage and turn off the motor
delay(2000); // Delay 2 seconds

(continues on next page)
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(continued from previous page)

{//:’::'::'::'::’::'::'::'::'::’::'::'::'::'::'::'::'::':7'::'::'::'::'::’::'::'::'::'::’::’::'::'::'::’::’::'::'::'::’::’::'::'::'::'::'::'::':7'::'::'::'::'::’::'::'::'::'::’::'::'::'::'::’::'::'::'::'::’::’::'::1‘:'.':'::'.‘:'.‘:':7'::’::’.‘:'.‘:'::’:

5.18.9 9.Test Result 2

Upload the code to the ESP32 and power up. The motor rotates for 4s, stops for 2s, in loop way.

5.19 Project 18Dimming Light

5.19.1 1.Introduction

A potentiometer is a three-terminal resistor with sliding or rotating contacts that forms an adjustable voltage divider.
It works by changing the position of the sliding contacts across a uniform resistance.

In the potentiometer, the entire input voltage is applied across the whole length of the resistor, and the output voltage
is the voltage drop between the fixed and sliding contact.

In this project, we will learn how to use ESP32 to read the values of the potentiometer, and make a dimming lamp with
LED.

5.19.2 2.Components

B EEELD)
ARRERRARTANLLE

i

R

(Tl

ESP32*1 Breadboard*1 Potentiometer®1 Red LED*1

-
=

b AN

220Resistor*1 Jumper Wires USB Cable*1

5.19.3 3.Component Knowledge

5.19. Project 18Dimming Light 143



ESP32 Learning Kit

Adjustable potentiometer:

It is a kind of resistor and an analog electronic component, which has two states of 0 and 1(high level and low level).
The analog quantity is different, its data state presents a linear state such as 1 ~ 1024.

ADC :

An ADC is an electronic integrated circuit used to convert analog signals such as voltages to digital or binary form
consisting of 1s and Os.

The range of our ADC on ESP32 is 12 bits, that means the resolution is 2"12=4096, and it represents a range (at 3.3V)
will be divided equally to 4096 parts. The rage of analog values corresponds to ADC values. So the more bits the ADC
has, the denser the partition of analog will be and the greater the precision of the resulting conversion.

DIGITAL

255
254
253
252
251

= TR

- M
ov 33V © ANALOG

Subsection 1: the analog in rang of 0V—3.3/4095 V corresponds to digital 0;
Subsection 2: the analog in rang of 3.3/4095 V—2%3.3 /4095V corresponds to digital 1;

The following analog will be divided accordingly.

The conversion formula is as follows:
Ana loglVoltage
3.3

ADCValue = #4095

DAC

The reversing of this process requires a DAC, Digital-to-Analog Converter. The digital I/O port can output high level
and low level (0 or 1), but cannot output an intermediate voltage value. This is where a DAC is useful. ESP32 has two
DAC output pins with 8-bit accuracy, GPIO25 and GPIO26, which can divide VCC (here is 3.3V) into 2A8=256 parts.

For example, when the digital quantity is 1, the output voltage value is 3.3/256 *1 V, and when the digital quantity is
128, the output voltage value is 3.3/256 *128=1.65V, the higher the accuracy of DAC, the higher the accuracy of output
voltage value will be.

The conversion formula is as follows:

DACValue y
55

Ana log Voltage = 3.3(7)
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ADC on ESP32
ESP32 has 16 pins can be used to measure analog signals. GPIO pin sequence number and analog pin definition are
shown in the following table

ESP32 has two 8-bit digital analog converters to be connected to GPIO25 and GPIO26 pins, respectively, and it is
immutable. As shown in the following table

The DAC pin number is already defined in ESP32’s code base; for example, you can replace GPIO25 with DACI in
the code.

Read the ADC value, DAC value and voltage value of the potentiometer.

We connect the potentiometer to the analog 10 port of ESP32 to read the ADC value, DAC value and voltage value of
the potentiometer, please refer to the wiring diagram below

L ] L o o @
[ ] [ ] ]
1 B B
HEE
L N L
000000066 .
EEEENENREENEES ¢
-, L]
EE *
H H n
-
= L]
Om .
ififiiSSESSREEE L
00O O66 .
L
o
L

* Filename : Read Potentiometer Analog Value
* Description : Basic usage of ADCDAC and Voltage
* Auther : http//www.keyestudio.com

:(‘/
#define PIN_ANALOG_IN 36 //the pin of the Potentiometer

void setup() {
Serial.begin(115200);
}

(continues on next page)
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(continued from previous page)

//In loop()the analogRead() function is used to obtain the ADC value,
//and then the map() function is used to convert the value into an 8-bit precision DAC.
—value.
//The input and output voltage are calculated according to the previous formula,
//and the information is finally printed out.
void loop() {

int adcVal = analogRead (PIN_ANALOG_IN);

int dacVal = map(adcVal, 0, 4095, 0, 255);

double voltage = adcVal / 4095.0 * 3.3;

Serial.printf("ADC Val: %d, \t DAC Val: %d, \t Voltage: %.2fV\n", adcVal, dacVal,.
—voltage);

delay(200);
}
/7 9 el el el sl ol ol ksl sl skl sk st et

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable, open the
serial monitor and set the baud rate to 115200. You will see that the serial monitor window will print out the ADC
value, DAC value and voltage value of the potentiometer.

When turning the potentiometer handle, the ADC value, DAC value and voltage value will change. As shown below:

@ coms - O X
Send
ADC Wal: Te, DAC Val: 4, Voltage: 0.0V L4l
ADC Wal: 402, DAC Val: 25, Voltage: 0.32V
ADC Wal: S08, DaC Wal: 5&, Voltage: 0.73V
ADC Wal: %05, DaC Wal: B&, Voltage: 0.73W
ADC Wal: 1577, DAC WVal: 58, Voltage: 1.27V
ADC Wal: 1711, DaC Wal: 10&, Voltage: 1.38V
ADC WVal: 1904, DAC Val: 11=, Voltage: 1.53V
ADC Wal: 22E5, Dac Wal: 141, Voltage: 1.83VW
ADC Wal: 2271, DaC Wal: 141, Voltage: 1.33VW
ADC Wal: 2555, DaC Wal: 1559, Voltage: 2.0€W
ADC Wal: 2547, DaC Wal: 158, Voltage: 2.05V
ADC Wal: 3003, DAC WVal: 127, Voltage: 2.42V
ADC Wal: 3327, Dac Wal: 207, Voltage: 2.88V
ADC Wal: 4085, DaCT Wal: 255, Voltage: 3.30W
ADC Wal: 40855, DaC Wal: 255, Voltage: 3.30W
W

Autoseroll [ Show timestamp Hewline ~ I 115200 baud =~ I Clear output
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5.19.4 4.Wiring diagram of the dimming lamp

In the previous step, we read the ADC value, DAC value and voltage value of the potentiometer.

Now we need to convert the ADC value of the potentiometer into the brightness of the LED to make a lamp that can
adjust the brightness.The wiring diagram is as follow:

S EIMEEIE <
oll]e]t]e o
(CXCCORCOROXORCXOXONCXCRCONC RO
- o= HEEEEENENNEEEN
- 1 -

®
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]
[ Lo
]
1]
+
c
a
o

5.19.5 5.Test Code

V4

Vi

* Filename : Dimming Light

* Description : Controlling the brightness of LED by potentiometer.
* Auther : http//www.keyestudio.com

*/

#define PIN_ANALOG_IN 36 //the pin of the potentiometer

#define PIN_LED 15 // the pin of the LED

#define CHAN 0

void setup() {
ledcSetup (CHAN, 1000, 12);
ledcAttachPin(PIN_LED, CHAN);
}

void loop() {
int adcVal = analogRead(PIN_ANALOG_IN); //read adc

(continues on next page)
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(continued from previous page)

int pwmVal = adcVal; // adcVal re-map to pwmVal
ledcWrite(CHAN, pwmVal); // set the pulse width.
delay(10);
}
/% ¥ 3 e S e e ke e e e o o e o o o 9 ok o o 9 9 0 o o 9 5 o 3 9 5 S 0k 0 S S ok o S S S 0k Sk S o S gk Sk S S Sk ok Sk b S sk Sk b ek sk ko

5.19.6 6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that turn the potentiometer handle and the brightness of the LED will change accordingly.

I L% RN F A 1

RN

5.20 Project 19Flame Alarm

5.20.1 1.Introduction

Fire is a terrible disaster and fire alarm systems are very useful in houses, commercial buildings and factories.

In this project, we will use ESP32 to control a flame sensor, a buzzer and a LED to simulate fire alarm devices. This is
a meaningful maker activity.
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5.20.2 2.Components

ESP32*1 Breadboard*1 Red LED*1 Active Buzzer*1

- — e - AN

Flame Sensor*1 220 Resistor*1 10KResistor*1 Jumper Wires

B— e

NPN Transistor(S8050)*1 1k Resistor*1 USB Cable*1

't

5.20.3 3.Component Knowledge

e

The flame emits a certain amount IR light that is invisible to the human eye, but our flame sensor can detect it and alert
a microcontroller (such as ESP32) that a fire has been detected.

It has a specially designed infrared receiver tube to detect the flame and then convert the flame brightness into a
fluctuating level signal. The short pin of the receiving triode is negative pole and the other long pin is positive pole.
‘We should connect the short pin (negative) to SV and the long pin (positive) to the analog pin, a resistor and GND. As
shown in the figure below
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vCC

The negative of infrared receiving triode

z Flatne zenzor

® The pesitive of infrared receiving triode

\
R

Connect to analog pin

10K

Note:

Since vulnerable to radio frequency radiation and temperature changes, the flame sensor should be kept away from heat
sources like radiators, heaters and air conditioners, as well as direct irradiation of sunlight, headlights and incandescent
light.

5.20.4 4. Read the ADC value, DAC value and voltage value of the flame sensor

We first use a simple code to read the ADC value, DAC value and voltage value of the flame sensor and print them out.
Please refer to the wiring diagram below
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/:’:
* Filename : Read Analog Value Of Flame Sensor
* Description : Basic usage of ADCDAC and Voltage
* Auther : http//www.keyestudio.com
;’:/

#define PIN_ANALOG_IN 36 //the pin of the Flame sensor

void setup() {
Serial.begin(115200);
}

//In loop()the analogRead() function is used to obtain the ADC value,
//and then the map() function is used to convert the value into an 8-bit precision DAC.
—value.
//The input and output voltage are calculated according to the previous formula,
//and the information is finally printed out.
void loop() {
int adcVal = analogRead(PIN_ANALOG_IN);
int dacVal = map(adcVal, 0, 4095, 0, 255);
double voltage = adcVal / 4095.0 * 3.3;

(continues on next page)
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(continued from previous page)

Serial.printf("ADC Val: %d, \t DAC Val: %d, \t Voltage: %.2fV\n", adcVal, dacVal,.
—voltage);

delay(200);
}
/% e el el el ol ol ol ol ol ol ol o ol o o ke e e S s et

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable, open the
serial monitor and set the baud rate to 115200. You will see that the serial monitor window will print out the ADC
value, DAC value and voltage value of the flame sensor.

When the sensor is closed to fire, the ADC value, DAC value and voltage value will get greater. Conversely, the ADC
value, DAC value and voltage value decrease.

& cc — O >
Send
ADC Wal: T&, DaC Wal: 4, Voltage: 0.0€W L4l
ADC Wal: 402, DaC Wal: 25, Voltage: 0.32W
ADC Wal: 508, DAC Wal: 5&, Voltage: 0.73W
ADC Wal: 0%, DaC Wal: 5&, Voltage: 0.73V
ADC Wal: 1577, DAC Val: 98, Voltage: 1.27V
ADC Wal: 1711, DaC Wal: 1l0&, Voltage: 1.38VW
ADC Wal: 1904, Dac Wal: 1ll=, Voltage: 1.53W
ADC Wal: 2265, Dac Wal: 141, Voltage: 1.83W
ADC Wal: 2271, DaC Wal: 141, Voltage: 1.33V
ADC Wal: 2555, DAC Wal: 1545, Voltage: 2.0&W
ADC Wal: 2547, DAC Val: 158, Voltage: 2.05V
ADC Wal: 3003, Dac Wal: 187, Voltage: 2.42V
ADC Wal: 3327, DaC Wal: 207, Voltage: 2.88V
ADC Wal: 4055, DaC Wal: 255, Voltage: 3.30W
ADC Wal: 40855, DaC Wal: 255, Voltage: 3.30W
W
Autnscroll DShow timestamp Hewline ~ (/115200 baud -~ Clear output

5.20.5 5.Wiring diagram of the flame alarm

Next, we will use a flame sensor, a buzzer, and a LED to make an interesting project, that is flame alarm. When flame
is detected, the LED flashes and the buzzer alarms.
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5.20.6 6.Test Code

value = get value()
if|value >500:

Note buzzer.value(1) the threshold of 500 in the code can be reset as required)

[
Vai
* Filename : Flame Alarm
* Description : Controlling the buzzer and LED by flame sensor.
* Auther : http//www.keyestudio.com
*/
#define PIN_ADCO 36 //the pin of the flame sensor
#define PIN_LED 15 // the pin of the LED
#define PIN_BUZZER 4 // the pin of the buzzer

e e e e %k EE R

void setup() {
pinMode (PIN_LED, OUTPUT);
pinMode (PIN_BUZZER, OUTPUT);
pinMode (PIN_ADC®, INPUT);

}

void loop() {
int adcVal = analogRead(PIN_ADC®); //read the ADC value of flame sensor
if (adcval >= 500) {
digitalWrite (PIN_BUZZER, HIGH); //turn on buzzer
digitalWrite(PIN_LED, HIGH); // turn on LED

(continues on next page)
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(continued from previous page)
delay(500); // wait a second.
digitalWrite (PIN_BUZZER, LOW);
digitalWrite(PIN_LED, LOW); // turn off LED
delay(500); // wait a second

}
else
{
digitalWrite(PIN_LED, LOW); //turn off LED
digitalWrite (PIN_BUZZER, LOW); //turn off buzzer
}
}
//:’::'::'::'::’::'::'.':1‘:1':’.‘:'.‘:'.':1':'.':&':'.‘:'::'::’::'::'.‘:'::':7’::'::'::'::'::’::'::'.':'.‘:l':’.':'.‘:'.':(‘:l‘:’.‘:’.‘:'::'::'::’::'::'.':1':’.':'-‘:'.‘:'.‘:1‘7’::’.‘:'::'::'::’::'::'::'::'::’::'::'::'::'::’::'::i':i':l':i‘:i‘:'.‘:i‘:’.‘:’-‘:!‘:'::':7’:

5.20.7 7.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that when the flame sensor detects the flame, the LED will flash and the buzzer will alarm; otherwise, the LED
does not light up and the buzzer does not sound.

5.21 Project 20Night Lamp

5.21.1 1.Introduction
Sensors or components are ubiquitous in our daily life. For example, some public street lamps will automatically turn
on at night and turn off during the day.

Why? In fact, this make use of a photosensitive element that senses the intensity of external ambient light. When the
outdoor brightness decreases at night, the street lights will turn on automatically; In the daytime, the street lights will
automatically turn off.

The principle of which is very simple, In this Project, we use a ESP32 to control a LED to achieve the effect of the
street light.

5.21.2 2.Components

ESP32*1 Breadboard*1 Red LED*1 10KResistor*1

¢ Gudp AN —

Photoresistor*1 220Resistor* 1 Jumper Wires USB Cable*1
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5.21.3 3.Component Knowledge

Photoresistor :

It is a kind of photosensitive resistance, its principle is that the photoresistor surface receives brightness (light) to reduce
the resistance, the resistance value will change with the detected intensity of the ambient light . With this characteristic,
we can use the photosensitive resistance to detect the light intensity.

Photosensitive resistance and its electronic symbol are as follows

1 2

The following circuit is used to detect changes in resistance values of photoresistors

5.21. Project 20Night Lamp 155



ESP32 Learning Kit

3.3V 3. 3V
R2
10K
R1
Pin
Pin
R1
R2
10K

In the circuit above, when the resistance of the photoresistor changes due to the change of light intensity, the voltage
between the photoresistor and resistance R2 will also change.

Thus, the intensity of light can be obtained by measuring this voltage.

5.21.4 4.Read the ADC value, DAC value and voltage value of the photoresistor

We first use a simple code to read the ADC value, DAC value and voltage value of the photoresistor and print them out.
Please refer to the following wiring diagram
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/:’:

* Filename : Read Photosensitive Analog Value

* Description : Basic usage of ADC

* Auther : http//www.keyestudio.com

:':/

#define PIN_ANALOG_IN 36 //the pin of the photosensitive sensor

void setup() {
Serial.begin(115200);
}

//In loop()the analogRead() function is used to obtain the ADC value,
//and then the map() function is used to convert the value into an 8-bit precision DAC.
—value.
//The input and output voltage are calculated according to the previous formula,
//and the information is finally printed out.
void loop() {

int adcVal = analogRead(PIN_ANALOG_IN);

int dacVal = map(adcVal, 0, 4095, 0, 255);

double voltage = adcVal / 4095.0 * 3.3;

Serial.printf£("ADC Val: %d, \t DAC Val: %d, \t Voltage: %.2fV\n", adcVal, dacVal,.
—voltage);

(continues on next page)
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(continued from previous page)
delay(200);

}
//:'::':

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable, open the
serial monitor and set the baud rate to 115200.

You will see that the serial monitor window will print out the ADC valueDAC value and voltage value of the photore-
sistor. When the light intensity around the photoresistor is gradually reduced, the ADC value, DAC value and voltage
value will gradually increase. On the contrary, the ADC value, DAC value and voltage value decrease gradually.

& cc — O
Send

ADC Val: T&, Dac Val: 4, Voltage: 0.0V A
ADC Wal: 402, DAC Val: 25, Voltage: 0.32V
ADC Wal: S08, DaC Wal: 5&, Voltage: 0.73V
ADC Wal: %05, DaC Wal: 5&, Voltage: 0.73W
ADC Wal: 1577, DAC WVal: 58, Voltage: 1.27V
ADC Wal: 1711, DaC Wal: 10&, Voltage: 1.38V
ADC Wal: 13504, DAC Wal: 1l1s, Voltage: 1.53V
ADC Wal: 22E5, Dac Wal: 141, Voltage: 1.83VW
ADC Wal: 2271, DaC Wal: 141, Voltage: 1.33VW
ADC Wal: 2555, DaC Wal: 1559, Voltage: 2.0&€W
ADC Wal: 2547, DaC Wal: 158, Voltage: 2.05V
ADC Wal: 3003, DAC WVal: 127, Voltage: 2.42V
ADC Wal: 32327, DAC Val: 207, Voltage: 2.&2V
ADC Wal: 40585, DaC Wal: 255, Voltage: 3.30W
ADC Wal: 40855, DaC Wal: 255, Voltage: 3.30W

W

butoseroll [|Show timestamp Mewline ~ I 115200 baud =~ I Clear output

5.21.5 5.Wiring diagram of the light-controlled lamp

We made a small dimming lamp in the front, now we will make a light controlled lamp. The principle is the same, that
is, the ESP32 takes the ADC value of the sensor, and then adjusts the brightness of the LED.
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5.21.6 6.Test Code

/% 9 e S e e e e e e ok o e ok ok o 9 ok o 9 9 o o 9 5 o 3 9 5 3 0k 0 S ok ok S S S 0k Sk b o S ok sk S b e ok ok Sk b Sk Sk b ek sk ko
Vi
* Filename : Night Lamp
* Description : Controlling the brightness of LED by photosensitive sensor.
* Auther : http//www.keyestudio.com
;':/
#define PIN_ANALOG_IN 36 // the pin of the photosensitive sensor
#define PIN_LED 15 // the pin of the LED
#define CHAN 0
#define LIGHT_MIN 372
#define LIGHT_MAX 2048

void setup() {
ledcSetup(CHAN, 1000, 12);
ledcAttachPin(PIN_LED, CHAN);
3

void loop() {

int adcVal = analogRead(PIN_ANALOG_IN); //read adc

int pwmVal = map(constrain(adcVal, LIGHT_MIN, LIGHT_MAX), LIGHT_MIN, LIGHT_MAX, O,.
—4095); // adcVal re-map to pwmVal

ledcWrite(CHAN, pwmVal); // set the pulse width.

delay(10);
}

(continues on next page)
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(continued from previous page)

5.21.7 7.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that when the intensity of light around the photoresistor is reduced, the LED will be bright, on the contrary,
the LED will be dim.

5.22 Project 21: Temperature Instrument

5.22.1 1.Introduction

Thermistor is a kind of resistor whose resistance depends on temperature changes, which is widely used in gardening,
home alarm systems and other devices.

Therefore, we can use the features to make a temperature instrument.

5.22.2 2.Components

EEETATEREREERE

‘ "_

ESP32*1 Breadboard*1 Thermistor*1 10KResistor*1

\\ =

M-F Dupont Wires LCD 128X32 DOT*1 Jumper Wires USB Cable*1

5.22.3 3.Component Knowledge

Thermistor: It is a temperature sensitive resistor.

When it senses a change in temperature, the resistance of the thermistor will change. We can take advantage of this
characteristic to detect temperature intensity. The thermistor and its electronic symbol are shown below:
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The relationship between resistance and temperature of the thermistor is

11
72 Tl

Rt = R* EXP[B * ]

Rt is the thermistor resistance under T2 temperature;

R is the nominal resistance of thermistor under T1 temperature;

EXPI[n] is nth power of e;

B is temperature index;

T1, T2 is Kelvin temperature (absolute temperature). Kelvin temperature=273.15 + Celsius temperature.
Parameters : B=3950, R=10k, T1=25.

The circuit connection method of the thermistor is similar to the photoresistor, as shown below
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3. 3

R1
LOK

IADCO

We can use the value measured by the ADC converter to obtain the resistance of thermistor, and then we can use the
formula to obtain the temperature value.

Therefore, the temperature formula can be derived as:

12=1/ L+ln & / B
11 R

162 Chapter 5. Arduino Tutorial



ESP32 Learning Kit

5.22.4 4.Read the value of the Thermistor

First we will learn the thermistor to read the current ADC value, voltage value and temperature value and print them
out. Please connect the wirings according to the wiring diagram below

@@@@@@@

oipnisaha>

TTTTTTIITITIT]
@@@E@@@@@@@@@@@@@@@

N~ = ~ B b & B
=) o -} OION:-¥ o

o o @ o o © O @ o o o O o o o { ] { ]
o o @ 0 * ® o @ o o O @ @ ©° o © © o o ¢
//7’::'::':>'::’::'::':7':;'::’::'::':7':;'::’.‘:1‘:’:7':>'::’::'::':7':>':7’:7'::':;'::’:7’::’::':>'::’:7'::':7':>'::’.-:'::':7':>':7’.‘:'::':7':;'::’::'::':7':;':7’::'::':>'::':7’::'::':>'::’:7'::':7':;'::’::'::':7(‘;{‘:?:?:?71‘;?:?:?:{‘71‘;?
/7’:
* Filename : Thermomter
* Description : Making a thermometer by thermistor.
* Auther : http//www.keyestudio.com
;':/
#define PIN_ANALOG_IN 36
void setup() {
Serial.begin(115200);
}
void loop() {
int adcValue = analogRead(PIN_ANALOG_IN); //read ADC pin
double voltage = (float)adcValue / 4095.0 * 3.3; // calculate voltage
double Rt = 10 * voltage / (3.3 - voltage); //calculate resistance.,

—value of thermistor
double tempK = 1 / (1 / (273.15 + 25) + log(Rt / 10) / 3950.0); //calculate,

(continues on next page)

5.22. Project 21: Temperature Instrument 163




ESP32 Learning Kit

(continued from previous page)

—temperature (Kelvin)

double tempC = tempK - 273.15; //calculate.,
—temperature (Celsius)

Serial.printf£("ADC value : %d,\tVoltage : %.2fV, \tTemperature : %.2fC\n", adcValue,.
—voltage, temp(C);

delay(1000);
}
//*

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable, open the
serial monitor and set the baud rate to 115200.

You will see that the monitor prints out the thermistor’s current ADC value, voltage value and temperature value. Try
pinching the thermistor with your index finger and thumb (don’t touch wires) for a while, and you will see the temper-
ature increasing.

@
Send

ADC walue : 18cl, Voltage 1.50W, Temperature : 25_17C -~
ADC walue : 1870, Voltage 1.51W, Temperature : 28_5&C
ADC walue : 1872, Voltage 1.51V, Temperature : 28_52C
ADC walue : 1871, Voltage 1.51W, Temperature : 28_54C
ADC walue : 187¢, Voltage 1.51W, Temperature : 28_83C
ADC walue : 1874, Voltage 1.51W, Temperature - 28_87C
ADC walue : 1875, Voltage 1.51W, Temperature : 28_85C
ADC walue : 1875, Voltage 1.51V, Temperature : 28_85C
ADC walue : 1887, Voltage 1.52W, Temperature : 28_58C
ADC walue : 1505, Voltage 1.54V, Temperature : 28.02C
ADC walue : 1851, Voltage 1457, Temperature : 25_40C
ADC walue : 1875, Voltage 1.51Vv, Temperature : 28_.7&C
ADC walue : 1883, Voltage 1.52W7, Temperature : 28_&7C
ADC walue : 1862, Voltage 1.50V, Temperature : 25_15C
ADC walue : 1810, Voltage 1_4&W7, Temperature : 30_34C

W

[ sutoseroll [ Show timestsmp Hewline w | 1115200 baud - Clear output
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5.22.5 5.Wiring diagram of the temperature instrument
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LCD 128X32

5.22.6 6.Adding the Icd128_32_io library

Open the Arduino IDEclick “Sketch”—“Include Library”—*“Add .ZIP Library...”.

In the pop-up window, find the file named ‘2. Windows System\2. C_Tutorial\3. Libraries\LCD_128X32.ZIP”,
which locates in this directory. Select the LCD_128X32.ZIP file and then click “Open”.
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(oo Project_31.2_Temperature_|nstrument | Arduinc 1.8.16 & O >
Manage Libraries... Ctrl+5Shift+|
File EdﬁlSkﬂchITﬂds Help
Verify/Compile Ctrl+R Add .ZIP Library...
_ SEloss il Arduino libraries
Froject Upload Using Programmer Ctrl+Shift+L T
} - -
char sd Export compiled Binary Ctri+Alt+5 Esplora
Show Sketch Folder Ctrl+K Ethernet
void 1o = = ¢
int a Include Library ; It
doubl Add File... G5M ltage
doublEe ET = 10U * WOLCEQE [ (3.3 — VOLCEge]| quuldcr_""stal istance 1
doukle tempE = 1 / (1 / {(273.15% + 25) + lo erature
doubkle templZ = tempE - 273.15; Mouse Eerature
led.Cursor{d,0); /f/Set display position Robot IR Remote
: wr sy . : :
led.Display("Voltage:"); /f/Setting the dis Robat Motor
led.Cursor (0, 8);
led.DisplayMum{voltage) ; 50
led. Cursori{0,11); Servo
led.Display("V™) 7
led. Cursor(2,0; Spacebrewun
led.Display {"tempC:™) ; TFT
- W
led.Cursor (2, 8); Temboo
£ >
@ Selecta zip file or a folder containing the library you'd like to add *
Loak in: 3. Libraries o _? ¥ "
? Hﬁ LCD_128X32 [ 1]
Becent Items ‘e
Desktep File name: ! Learning Kit Basic Edition‘2. Windows System\2 C_Tutoriall3. Libraries
[EES Files of type: | ZIP files or folders e Cancel

5.22.7 7.Test Code

//:'::'::'::"::(‘:’::'::'::'::’::’::1':':;1':(‘:’::'::':;i':(‘:’::'::‘1':1':’::’::"':‘.':l':"‘:"':'::"::’::’::'::'::'::’::'::1':':;1':’::’::'::':;i':(‘:’::'::‘l‘:h’::’::':z"::i'**:':z"::(‘:’::’::'::'::’::'::l':':;i':(‘:’::'::':;i':(‘:’::'::‘l‘:l‘

/;’:
* Filename : Temperature Instrument
* Description : LCD displays the temperature of thermistor.
* Auther : http//www.keyestudio.com

:':/

#include "lcd128_32_io.h"
#define PIN_ANALOG_IN 36
lcd 1cd(21, 22); //Create 1CD128 *32 pinsda->21 scl->22

(continues on next page)
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(continued from previous page)
void setup() {
lcd.Init(); //initialize
lcd.Clear(); //clear

}
char string[10];

void loop() {

int adcValue = analogRead(PIN_ANALOG_IN); //read ADC pin
double voltage = (float)adcValue / 4095.0 * 3.3; // calculate voltage
double Rt = 10 * voltage / (3.3 - voltage); //calculate resistance.

—value of thermistor

double tempK = 1 / (1 / (273.15 + 25) + log(Rt / 10) / 3950.0); //calculate.
—temperature (Kelvin)

double tempC = tempK - 273.15; //calculate.
— temperature (Celsius)

lcd.Cursor(0,0); //Set display position

lcd.Display("Voltage:"); //Setting the display

lcd.Cursor(0,8);

lcd.DisplayNum(voltage);

lcd.Cursor(0,11);

lcd.Display("'V");

lcd.Cursor(2,0);

lcd.Display("tempC:");

lcd.Cursor(2,8);

lcd.DisplayNum(tempC) ;

lcd.Cursor(2,11);

lcd.Display("C™);

delay(200);

//:'::'::'r:l‘:’r:’::?:'r:':-.h'::’::’:

5.22.8 8.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the LCD 128X32 DOT displays the voltage value of the thermistor and the temperature value in the current
environment.
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5.23 Project 22Bluetooth

This chapter mainly introduces how to make simple data transmission through Bluetooth of ESP22 and mobile phones.
Project 22.1 is classic Bluetooth while project 22.2 is Bluetooth control LED.

5.23.1 Project 22.1Classic Bluetooth

1.Components

T EELEEE LY

TELANEARTNALEE

(Tt

USB Cable*1 ESP22*1

In this tutorial we need to use a Bluetooth APP called serial Bluetooth terminal to assist in the experiment.
Download link: https://www.appsapk.com/serial-Bluetooth-terminal/.

Here is its sign

2.Component Knowledge

Bluetooth is a short-distance communication system that can be divided into two types, namely low power Bluetooth
(BLE) and classic Bluetooth. There are two modes for simple data transfer: master mode and slave mode.

Master Mode:

In this mode, work is done on the master device and can be connected to the slave device. When the device initiates a
connection request in the main mode, information such as the address and pairing password of other Bluetooth devices
are required. Once paired, you can connect directly to them.

Slave Mode:

A Bluetooth module in the slave mode can only accept connection requests from the host, but cannot initiate connection
requests. After being connected to a host device, it can send and receive data through the host device.

Bluetooth devices can interact with each other, when they interact, the Bluetooth device in the main mode searches
for nearby devices. While a connection is established, they can exchange data. For example, when a mobile phone
exchanges data with ESP22, the mobile phone is usually in master mode and the ESP22 is in slave mode.
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3.Wiring Diagram

We can use a USB cable to connect ESP22 mainboard to the USB port on a computer.

........

R
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4.Test Code

Eile Edit Sketch Tools Help

Project_22.1_Classic_Bluetooth

$includes "BluetoothSerial.h"

BluetoothSerial SerialBET:
String buffer;
vold setup() {
Serial .begin (115200} ;
SerialBT.begin ("ESP32test"); //Bluetooth device name

Serial.println ("' nThe device started, now vou can pair it with blustooth!™):

vold loop() {
if (Serial.availakble()) {

/;’:

* Filename : Classic Bluetooth--SerialToSerialBT

* Description : ESP32 communicates with the phone by bluetooth and print phone's data..

—via a serial port

* Auther : http//www.keyestudio.com
:':/
#include "BluetoothSerial.h"

BluetoothSerial SerialBT;

String buffer;

void setup() {
Serial.begin(115200);
SerialBT.begin("ESP32test"); //Bluetooth device name
Serial.println("\nThe device started, now you can pair it

}

void loop() {

with bluetooth!");

(continues on next page)

170

Chapter 5. Arduino Tutorial




ESP32 Learning Kit

(continued from previous page)
if (Serial.available()) {
SerialBT.write(Serial.read());
}
if (SerialBT.available()) {
Serial.write(SerialBT.read());
}
delay(20);
}
/5 el ol ol o ol o o o ko s st

6.Test Result

Compile and upload the code to the ESP22. After uploading successfully, we will use a USB cable to power on. Open
the serial monitor and set the baud rate to 115200.

When you see the serial monitor prints out the character string as below, it indicates that the Bluetooth of ESP22 is ready
and waiting for connection with a phone. (If open the serial monitor and set the baud rate to 115200, the information
is not displayed, please press the RESET button of the ESP22)

RESET BOOT

@

Send

ets Jun & 201€ 00:22:57 L]

rst:0xl (POWERCN RESET) ,boot:0x13 (S5PI_FAST FLASH BOOT)

configsip: 0, SPIWP:(Oxee

clk drv:0:200,g dev:0x00,d drv:02:200, 050 drv:0x00, hd dev:0x00, wp_dev:0x00
mode -DI0, clock diw:-1l

load:0x3£f££0018 len: 4

load:0x3£££001c, len:145¢

load:0x40072000, len:255:

load:-0x40020400, len: 6580

entry 0x40020sf4

The dewvice started, now you can pair it with bluetooth!

[] sutoscrell [|Show timestamp Hewline w | 1115200 baud - Clear output

Make sure that the Bluetooth of your phone has been turned on and “Serial Bluetooth Terminal” has been installed.
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serial Bluetoot...

Click*“Search”search for the nearby Bluetooth and select to connect the“ESP22 test”.

i cMmce 11:24 2@ 2 CR 46 93% WD
£ Bluetooth
Bluetooth b}

Rename this device
MyBluetooth

Paired devices

fi

O  ESP32test

Available devices
R  4E:17:CF:AA:84:38

With the Bluetooth enable, this device will be visible to nearby

devices

Turn on software APP, click the left of the terminal. Select “Devices” .
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20 ALCD 46 93% My ] ¥ cMmec 2 %@ @ 0[E 4G 93% WD

S 0,
r—
Serial Bluetooth Terminal
Terminal
Devices

Settings

Info

Select ESP22test in classic Bluetooth mode, and a successful connecting prompt will appear as shown below.

— Devices

BLUETOOTH CLASSIC BLUETOOTH LE o ESP32test ...

ESP32test
C4:4F

M4

Data can be transferred between your phone and a computer via ESP22 now.

Send “Hello”, When the computer receives it, which will reply with “Hi!”.
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© - O
Hi! Send
ets Jun 8 201§ 00:22:57 )

rst:0x1l (POWERON RESET), boot:0:x13 (SPI_FAST FLASH BOOT)

configsip: 0, SPIWE:Oxee

clk drv:0x00,qg drv:0x00,d drv:0x00,cs0_drv:0x00,hd drv:0x00,wp_ drv:0x00
mode :DIC, clock diw:l

load:0x3£f££0018, len:-4

load:0x3£££001c, len: 1456

load:0x40072000, len: 8556

load:0x400280400, len:e930

entry Ox40030&£4

The dewvice started, now you can pair it with bluetooth!
Hello!

L

[«] futoseroll [ |Shor timestamp Hewline s §115200 baud Clear output

ol cMmee - 11:26 2O 201 46 92% W

Terminal N B8

11:25:41.094 Connecting to ESP32test ...

25:4
11:25:41.195 Connected
1

11:26:11.913 Hello!
11:26:24.759

M1 M2 (I
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5.23.2 Project 22.2Bluetooth Control LED

1.Components

]
¥
]
1
=
1
i
1
]
§

*  ErEEERTETINEET
» -

ESP22*1 Red LED*1 Jumper Wires

(el

Breadboard*1 220Resistor*1 USB Cable*1

ia

2.Wiring Diagram

— .

JORORONONOXCXOXCONC)

L y
HENENEEEERENER

oipnisafas
!!!ll!!!!b
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3.Test Code

& Project_22.2_Bluetooth_Control_LED | Arduina 1.8.16 — O *

File Edit Sketch Tools Help

Project_22.2_ Bluetooth_Control_LED

#include "BluetoothSerial.h"

#include "string.h"

#define LED 15

BluetcothSerial SerialBT;

char buffer[20]:

static int count = 0;

void setup() {

pinMode (LED, CUTPUT) :

SerialBT.begin("ES5P32test™); //Blustooth device name
Serial.begin (115200} ;

Serial.println("\nThe device started, now vou can pair it with blustooth!™):

Wraver Maodule, Default, @10, BOMHz, ¢ 00, Mone on COM3

//:'.‘7'.‘7':7':-.'::'.‘7"‘7':7':-.'.‘:'.‘7':7':7':-.'.‘7':7"‘:'»‘:':-.’:7':7'::'r:'::'.‘:'::'::’r:’::'::'r7':7':-.'::'.‘7':7'::'::’.‘7'.‘7':7':7':-.'.‘:':7'::'r:'::’.‘:'-‘:'::i‘:’.‘:’.‘:'-‘7'::'r:'::'.‘:'.‘:'::'::’::'n'r7':7':-.'.‘:'.‘7':7':7':3':7':7'::'r:'::’.‘:'-‘:'::’r:’:
/7’:
* Filename : Bluetooth Control LED
* Description : The phone controls esp32's led via bluetooth.
When the phone sends "LED_on," ESP32's LED lights turn on.
When the phone sends "LED_off," ESP32's LED lights turn off.
* Auther : http//www.keyestudio.com
*/
#include "BluetoothSerial.h"
#include "string.h"
#define LED 15
BluetoothSerial SerialBT;
char buffer[20];
static int count = 0;
void setup() {
pinMode (LED, OUTPUT);
SerialBT.begin("ESP32test"); //Bluetooth device name
Serial.begin(115200);

(continues on next page)
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(continued from previous page)

Serial.println("\nThe device started, now you can pair it with bluetooth!");

¥

void loop() {
while(SerialBT.available())
{
buffer[count] = SerialBT.read();
count-++;
}
if(count>0){
Serial.print (buffer);
if(strncmp (buffer,"led_on",6)==0){
digitalWrite(LED,HIGH);
}
if(strncmp(buffer,"led_off",7)==0){
digitalWrite(LED,LOW);
3
count=0;
memset (buffer,0,20);

//:’::'::':7'::’::’::'::':7'::’.':'::'::':7'::'::'::'::'::'::'::'::':7'::'::'::'::':7'::’::’::'::':7'::’::'::'::':7'::’::'::'::':7'::'::'::'::'::'::'::'::':7'::'::'::'::':7'::’::’::'::':7'::’::’::'::':7'::’::’::’::':7'::'::'::'::'::'::’::'::’:7'::’:

4.Test Result

Compile and upload the code to the ESP22. After uploading successfully, we will use a USB cable to power on. The
APP operation is the same as the project 22.1. To make the external LED on and off, simply change the sending content
to “led_on” and “led_off”.

Moving the APP to send data:

Tl CMmCC

The serial monitor will display as follows:
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-

& coma - 0o X
Send

abcd "
led on
led off
led on
led off

v
[] Autoseroll [ Show timestamp Hewline v i115200 baud Clear output

LED Circumstance

N

- e Send:"led on”
E E @ Send:"led off”

Note: If the sent content is not “led-on ‘or” led-off “, the status of the LED will not change. If the LED is on, it remains
on when irrelevant content is received; Conversely, if the LED is off, it continues to be off when irrelevant content is
received.
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5.24 Project 23WiFi Station Mode

5.24.1 1.Introduction

ESP32 has three different WiFi operating modes: Station mode, AP mode and AP+Station mode. All WiFi program-
ming projects must be configured with WiFi operating mode before using, otherwise WiFi cannot be used.

In this project, we are going to learn the WiFi Station mode of the ESP32.

5.24.2 2.Components

EEELEEEELL

TERAMNLATAANEE

USB Cable*1 ESP32*1

5.24.3 3.Wiring Diagram

Plug the ESP32 to the USB port of your PC

T E L L EE L

TERENRNRNTNARLE

EREERRARIR

EECERTERTANEES

5.24.4 4.Component Knowledge

Station mode

When setting Station mode, the ESP32 is taken as a WiFi client. It can connect to the router network and communicate
with other devices on the router via a WiFi connection.

As shown in the figure below, the PC and the router have been connected. If the ESP32 wants to communicate with
the PC, the PC and the router need to be connected.
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o STATION

Stati'on
(ESP32)
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5.24.5 5.Test Code

File Edit Sketch Tools Help

Project_23_WIiFi_Station_Mode

II."II."J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J.J. el

$include <WiFi.h> //Include the WiFi Likbrary header file of ESP32.

//Enter correct router name and password.
const char *ssid_Router = "Chinalet-2.4G-0DF0"; //Enter the router name
const char *password Router = "ChinaNet@233"; //Enter the router password

vold setup(){
Serial.begin({ll5200);
delavy (2000} ;
Serial.println("Setup start™):;
WiFi.begin(ssid Router, password Router);//5et E5F32 in Station mode and connect it to yc
Serial.println(3tring ("Connecting to ")+s3id_Router);
//Check whether ESP32 has connected to router successfully every 0.53. W

< >

Wrover Module, Default, 210, BOMH=z , Mo an COM3

Since WiFi names and passwords vary from place to place, thereby users need to enter the correct WiFi names and
passwords in the box shown below before the program code runs.
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File Edit Sketch Tools Help

Froject_23_WiFi_Station_Mode

Enter the correct Router
name and password.

$include <WiFi.h> //Include the WiFi Library header 1= of ESP32.

//Enter correct router name and password.

const char *ssid Router = "ChinaWNet-2.4G-0DF0"; //Enter the router name
const char *password Router I "ChinaNet@233"; //Enter the router password

vold setup{){
Serial.begin({ll5200):
delay (2000) ;

Serial.println{"Setup start™); ¥

V& ¢ ¢ ¢ ¢ ¢ ¢ g ¢ ¢
/;’:

* Filename : WiFi Station

* Description : Connect to your router using ESP32

* Auther : http//www.keyestudio.com

7':/

#include <WiFi.h> //Include the WiFi Library header file of ESP32.

//Enter correct router name and password.
const char *ssid_Router = "ChinaNet-2.4G-ODF0"; //Enter the router name
const char *password_Router = "ChinaNet@233"; //Enter the router password

void setup(){
Serial.begin(115200);
delay(2000);
Serial.println("Setup start");
WiFi.begin(ssid_Router, password_Router);//Set ESP32 in Station mode and connect it to.
-,your router.
Serial.println(String("'Connecting to ")+ssid_Router);
//Check whether ESP32 has connected to router successfully every 0.5s.
while (WiFi.status() != WL_CONNECTED) {
delay(500);
Serial.print(".");
(continues on next page)
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(continued from previous page)
}
Serial.println("\nConnected, IP address: ");

Serial.println(WiFi.localIP());//Serial monitor prints out the IP address assigned to..
—ESP32.

Serial.println("Setup End");
}

void loop() {
}
S/

5.24.6 6.Test Result

After making sure the router name and password are entered correctly, compile and upload the code to ESP32, open
serial monitor and set baud rate to 115200.

When ESP32 successfully connects to*“ssid_Router”, serial monitor will print out the IP address, then monitor will
display as follows: (If open the serial monitor and set the baud rate to 115200, the information is not displayed, please
press the RESET button of the ESP32)

RESET

@ comze — O *

Send

clk drv:0x00,q dev:0x00,d drv:0x00, cs0_drv:0x00, hd_ drv:0x00, wp_drv:-0x00
mode :DI0, clock diw:l
load:0x3£££0018, len:-4
load:0x3£££001c, len:145&
load:0x40072000, len: 8556

load: 0240020400, len:e930

entry Ox40030&£4

Setup start

Connecting to ChinaMet-2.4F-0DF0

Connected, IP address:

152 _1le28.1._10%8
Setup End

W

Autc-scroll DSho‘r timestamp Hewline w | 1115200 baud - Clear output
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5.25 Project 24WiFi AP Mode

5.25.1 1.Introduction

In this project, we are going to learn the WiFi AP mode of the ESP32.

5.25.2 2.Components

EEEEEELY"

TERRENANNANEEE

USB Cable*1 ESP32*1

5.25.3 3.Wiring Diagram
Plug the ESP32 mainboard to the USB port of your PC

R EEEEEEY

RERRRNENENNELR

.

5.25.4 4.Component Knowledge

AP Mode:
When setting AP mode, a hotspot network will be created, waiting for other WiFi devices to connect. As shown below;

Take the ESP32 as the hotspot, if a phone or PC needs to communicate with the ESP32, it must be connected to the
ESP32’s hotspot.

Communication is only possible after a connection is established via the ESP32.
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5.25.5 5.Test Code

@ Project_24_WiFi_AP_Mode | Arduino 1.8.16 — O X

File Edit Sketch Tools Help

Project_24_WiFi_AP_Mode

e e e e e iy e e ke e e o e ooy e el o e A ok oy ol e el e o oy e e ool e e e ooy A ool e e e o o ol e ol ol e e o e e Ll

#include <WiFi.h> //Include the WiFi Librarv header file of ESP3Z.

const char *ssid AP = PESP32Z WiFi"; //Enter the router name

const char "password AP "12345e78"; Sf/Enter the router password
IPAddress 1Dcal_IP1192,168,1,108},:,f,"Set the IP address of ESP32 itself
IPAddress gateway(192,1658,1,1): /fSet the gateway of ESP32 itself
IPAddress subnet (255,255,255,0); //Set the subnet mask for ESF3Z itself

void setup(}{
Serial.begin(115200):; W

Before running the code , you can make any changes to the ESP32 AP name and password in the box as shown below,
but in a default circumstance, it doesn’t need to modify.
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File Edit Sketch Tools Help

Project_24_WiFi_AF_Maoce

Set a name and a
password for ESP32 AP.

$include <WiFi.h> //Include the WiFi Lib header file of ESF32.

"ESP32 WiFi"; //Enter the router nams

har *ssid AP
ar "12345678"; f/Enter the router password

‘password_ AP

IPAddress local IP(152,168,1,108);://Set the IP address of ESP32Z itself
IPAddre=ss gateway(192,168,1,1); [/5et the gateway of ESP32 itself
IPAddress subnet (255,255,255,0): /J/5et the subnet mask for ESP32 itself

void setup(){
Serial.begin (115200) ; W

frover Module, Default, 210, B0MHz, i00, Mone on COM3

/ / 3 ¥ 3k ¥ 3 ¥ 3 3
/ *

* Filename : WiFi AP

* Description : Set ESP32 to open an access point

* Auther : http//www.keyestudio.com
% /

#include <WiFi.h> //Include the WiFi Library header file of ESP32.

const char *ssid_AP "ESP32_WiFi"; //Enter the router name
const char *password_AP = "12345678"; //Enter the router password

IPAddress local_IP(192,168,1,108);//Set the IP address of ESP32 itself
IPAddress gateway(192,168,1,1); //Set the gateway of ESP32 itself
IPAddress subnet(255,255,255,0); //Set the subnet mask for ESP32 itself

void setup(){
Serial.begin(115200);
delay(2000);
Serial.println("Setting soft-AP configuration ... ");
WiFi.disconnect();
WiFi.mode (WIFI_AP);
Serial.println(WiFi.softAPConfig(local _IP, gateway, subnet) ? "Ready" : "Failed!");

(continues on next page)
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(continued from previous page)

Serial.println("Setting soft-AP ... ");
boolean result = WiFi.softAP(ssid_AP, password_AP);
if(result){

Serial.println("Ready™);
Serial.println(String("Soft-AP IP address = ") + WiFi.softAPIP().toString());
Serial.println(String("MAC address = ") + WiFi.softAPmacAddress().c_str());
}else{
Serial.println("Failed!");
}
Serial.println("Setup End");
}

void loop() {
}
//:':7'::'::1‘:1‘:1‘7!‘:1‘:1‘:?7?7?:':>':-.’::':7?:1‘:?:?:?7?:1‘:?7?7?7'::':-.i-:'n'r71‘:1‘:1‘:1‘7'.‘:1‘:1‘:?:’.‘7?:':>i‘=?:?71‘:1‘:1‘:1‘:?7'::'r:'::'::':7'::1‘:1‘:1‘7!‘71‘:1‘:1‘7?7'.‘:':>':-.’::':7?:1‘:1‘:?:?7?:1‘:1‘:?7?7'::'::':

5.25.6 6.Test Result
Enter the ESP32 AP name and password correctly, compile and upload the code to ESP32, open the serial monitor and
set the baud rate to 115200, then monitor will display as follows:

(If open the serial monitor and set the baud rate to 115200, the information is not displayed, please press the RESET
button of the ESP32)

Send

configsip: 0, SPIWP:Oxee -~
clk drv:0x00,g drv:0x00,d drv:0x00,cs50_drv:0x00,hd drv:0x00,wp_drv:0x00

mode :DI0, clock diw:-1
load:0x3£££0018, len-4
load:0x3£££001c, len: 14586
load:0x40078000,len-855¢
load:0x40080400, len- €580

entry Oxd40030E£4

Setting soft-AP configuration ...

Ready

Setting soft-RP ...

Ready

Soft-AP IP address = 192.1&8.1.10%8
MAC address = 58:BF:25:8R:1%:D1
Setup End

[] sutoseroll []Shor timestamp Hewline w | 115200 baud Clear output
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When observing the printed information of the serial monitor, turn on the WiFi scanning function of the mobile phone,
you can see the ssid_AP on ESP32, which is dubbed “ESP32_Wifi” in this code. You can connect to it either by typing
the password “12245678” or by modifying the code to change its AP name and password.

Wi=Fi

Settings ki o«

View help

Mare settings

1 Search
Log in to AVAILABLE NETWORKS
L]
HUAWEI 1D .
g Accass Claud 4 ESP32_Wifi ==
—  AppGallery, and Connected s
more
ChinaMet-2.4G-0DF0 =
Saved, encrypred i
@ WLAN  ESPI2Z_WIG >
ChinaMet-Dswv =

Frererlen

5.26 Project 25WiFi Station+AP Mode

5.26.1 1.Introduction

In this project, we are going to learn the AP+Station mode of the ESP32.

5.26.2 2.Components

EEEEEELY"

A fELTENANT L

B gErrascasrares
5 & g

USB Cable*1 ESP32*1
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5.26.3 3.Wiring Diagram

Plug the ESP32 mainboard to the USB port of your PC

T ErEEEEETYT L

RERRRNERNRNAELR

.

5.26.4 4.Component Knowledge

AP+Station mode:

In addition to the AP mode and the Station mode, AP+Station mode can be used at the same time. Turn on the Station
mode of the ESP32, connect it to the router network, and it can communicate with the Internet through the router. Then
turn on the AP mode to create a hotspot network.

Other WiFi devices can be connected to the router network or the hotspot network to communicate with the ESP32.
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5.26.5 5.Test Code

File Edit Sketch Tools Help

Project_25_WiFi_Station_AP_Mode

include «<WiFi.h>

[
%]

*ssid Router = "ChinaNet-2.4G-0DFO0"™; //Enter the router name
*password Router = "ChinaWNet@233"; //Enter the router password
*ssid RP = "ESP32_WiFi"; //Enter the router name

“password AP "12345678"; S/Entexr the router password
void setup(){

Serial.begin (115200)

Serial.println("Setting soft-AP configuratiom ... ")

WiFi.disconnect () W

Wraver Madule, Default, QI0, 80MH=z 10, None on COM32

Before running the code, you need to modify the ssid_Router, password_Router, ssid_AP and password_AP, as shown
in the box below:
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@ Project_25_WiFi_Station_AP_Meode | Arduine 1.8.16 - O

File Edit Sketch Tools Help

Project_25_WiFi_Station_AFP_Mode

e e e e e e oy e e iy A ke e oy e e e e ookl oy el e ool o oy ol o e o ool e e o o ol e ol e e o

e ‘srecen - Please enter the correct names and

#include <WiFi.h>

const char *ssid Router =] "ChinaNet-2.4G-0DF0"™; //Enter the router name
const char *password Router = "ChinaNet@233™; J/Enter the router password
const char *ssid AP =| "ESP32_WiFi"; //Enter the router name

const char *password AP =| "12345678"; f/Enter the router password

void setup(){
Serial.begin(115200) ;
Serial.println("Setting soft-AP configuration ... ");

WiFi.disconnect(};

/;’:
* Filename : WiFi AP+Station
* Description : ESP32 connects to the user's router, turning on an access point
* Auther : http//www.keyestudio.com

:.“/

#include <WiFi.h>

const char *ssid_Router = "ChinaNet-2.4G-ODF0"; //Enter the router name
const char *password_Router = "ChinaNet@233"; //Enter the router password
const char *ssid_AP = "ESP32_WiFi"; //Enter the router name

const char *password_AP "12345678"; //Enter the router password
void setup(){
Serial.begin(115200);
Serial.println("Setting soft-AP configuration ... ");
WiFi.disconnect();
WiFi.mode (WIFI_AP);

Serial.println("Setting soft-AP ... ");
boolean result = WiFi.softAP(ssid_AP, password_AP);
if(result){

Serial.println("Ready");
Serial.println(String("Soft-AP IP address = ") + WiFi.softAPIP().toString());

(continues on next page)
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}

Serial.println(String("MAC address = ") + WiFi.softAPmacAddress().c_str());

lelse{
Serial.println("Failed!");
}
Serial.println("\nSetting Station configuration ... ");

WiFi.begin(ssid_Router, password_Router);
Serial.println(String("Connecting to ")+ ssid_Router);
while (WiFi.status() != WL_CONNECTED) {

delay(500);

Serial.print(".");
}
Serial.println("\nConnected, IP address: ");
Serial.println(WiFi.localIP());
Serial.println("Setup End");

void loop() {

}

(continued from previous page)

6.Test Result

Ensure that the code in the program has been modified correctly, compile and upload the code to the ESP32. After
uploading successfullywe will use a USB cable to power on.

Open the serial monitor and set the baud rate to 115200, then monitor will display as follows: (If open the serial monitor
and set the baud rate to 115200, the information is not displayed, please press the RESET button of the ESP32)

RESET

BOOT

5.26. Project 25WiFi Station+AP Mode
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@ coms3 - | X

Send

load:0x40072000, len:38559¢6 -~
load: 040080400, len: €580

entry O0x400806£4

Setting soft-AP configurationm ...
Setting soft-RAP ...

Beady

Soft-AP IP address = 192.1&8.4.1
MAC address = 58:BF:25:8R:1%:D1

Setting Station configuration ...
Connecting to ChinaNet-2 _4G-0DEQ
Connected, IP address:

152 _.1€8.1.157

Setup End

Autoscroll DShow timestamp Hewline w [ 11115200 baud Clear output

Open the WiFi scanning function of the mobile phone, you can see the ssid_AP.

Wi-Fi
i WI—Fi
SEttlngS View help ‘:)
Mare settings 5
3 Search
Log in to AVAILABLE NETWORKS
HUAWEI 1D ‘ -
g Aecass Cloud b ESP32_Wifi =
—  AppGallery, and Connected .
mare
ChinaMet-2.4G-0DF0 =
Saved, encrypted -
@ WLAMN  ESPIZ_WIR >
ChinaMet-Dsvy s,
Frireeenl e Tl
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SIX

GETTING STARTED WITH PYTHON

1.Install Thonny

Thonny is a free and open source software platform with small size, simple interface, simple operation and rich func-
tions. It is a Python IDE suitable for beginners. In this tutorial, we use this IDE to develop a ESP32. Thonny supports

multiple operating systems including Windows, Mac OS, Linux.

2.Download Thonny
1) Enter the websitehttps://thonny.org to download the latest version of Thonny.

(2)Thonny open-source code libraryhttps://github.com/thonny/thonny.
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< C @

Thonny

Python IDE for beginners
T Thonny
File Edit View Run Tools Help
JE e 5% @32
factorial.py -
def fact(n):
if n ==
return 1
else:

return fact(n-1)} * n
n = int{input("Enter a natural number

print("Its factorial is", Fact(3))

Entés a Natusdl lumbas: 3

1. The downloaded Thonny icon is as follow:

thonny-3.3.13.exe

2.Double-click“thonny-3.3.13.exe”’and

31 https://thonny.org

-

fact(3

fact
def

Local variables

Mame Value

n

select

— Install for me only (recommended)

= Download version 3.3.13 for
Windows » Mac « Linux

Variables
MName Value
fact <function fact =
n 3
fact(2)
fact
fact(n):
if n == def fact(m):
retur if n == @:
else: return 1
E&tur‘

else:
freturn - fact(E=1) * n

Local variables

Mame Value
3
n 2
E__
install mode. You can

choose
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Select Setup Install Mode

[
Thonny can be installed for you only, or for all users
(requires administrative privileges).

— Install for me only (recommended)

Select install mode

¥ Install for all users

Cancel

3.You can also keep selecting Next to finish the installation.

riq Setup - Thonny

S O% 52
LESs. oy

1 im andom

2 n randir
3

4  pguess = int(input
5

6 while n != "guess
7 if guess < n:
8 print(”gL
9 guess = J
| & elif guess >
11 print(”gL
12 guess = J
13 else:

L4 print("yc

Welcome to using Thonny!

This wizard will install Thonny 3.3, 13 for all users,

| Cancel
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ch

License Agreement
Please read the following important information before continuing. h

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

The MIT License (MIT)
Copyright (c) 2020 Aivar Annamaa |

Permission is hereby granted, free of charge, to any person obtaining a copy of
this software and assodated documentation files (the “Software™), to deal in the
Software without restriction, induding without limitation the rights to use, copy,
modify, merge, publish, distribute, sublicense, andjor sell copies of the Software,

[ | S| RS WY WP | WU . FU  SYNPUSET U o et (| IRl [ SR O e N S | S

(@)1 gccept the agreement
()1 do not accept the agreement

4.If you want to change the route of installing Thonnyjust click“Browse...”to select a new route and click OK.

ch

Select Destination Location
Where should Thonny be installed? h

t | E Setup will install Thonny into the following folder.

To continue, dick Mext. If you would like to select a different folder, didk Browse,

|C:‘|.Prngram Files (x86)\Thonny Browse...

At least 99.5 MB of free disk space is required.
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kg Setup - Thonm — et
Select Start Menu Folder
Where should Setup place the program's shortouts? | h

[n]
B Setup wil create the program's shortouts in the following Start Menu folder.

To continue, dick Mext, If you would like to select a different folder, did: Browse.

Thonny Browse. ..

Back Mext Cancel

5.Click Create desktop icon, you will view Thonny on your desktop.

kg Setup - Thonm — et
|
Select Additional Tasks
Which additional tasks should be performed? h

| Select the additional tasks you would like Setup to perfarm while installing Thonny,
then dick Next.

Create desktop icon

Cancel

6.Click“Install”
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kg Setup - Thonny — et
Ready to Install
Setup is now ready to begin installing Thonny on your computer. h

Click Install to continue with the installation, or dick Badk if you want to review or
change any settings.

Destination location:
C:\Program Files (x36)\Thonny

Start Menu folder:
Thonny

Additional tasks:
Create desktop icon

Back Install Cancel

7.Wait for a while but don’t click **Cancel

kg Setup - Thonny — *
Installing
Please wait while Setup installs Thonny on your computer. | h
Extracting files. ..

C:\Program Files (x86)\ThonnyLibYdlelibrpc.py

G. Click**“Finish”**
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cla
B i 3 T o5 3 %
Great success!
LEss.py,
. d Thonny is now installed. Run it via shortout or right-didc a *.py
| imp andom file and select "Edit with Thonny™,
! n =fra randir

guess = int(input

while n != "guess
if guess < n:

print("gL
guess = j
elif guess > Compute s Th b
M " QMPUTErs are Useless. 2y Can only give you
print( g'“_ answWers,
guess = ]
else: —Pablo Picasso
print("yc

Th

Thonmny

2.Basic Setting

Double-click Thonny, choose language and initial settings and click Let’s go

7

Language: English e

Initial settings: | Standard e

g—

Let's go!

201



ESP32 Learning Kit

Language: English

» _ Cettina [BETA] A
4 Initial settings: Deutsch

Espanu

Frangais

ltaliano

Lietuviy

Magyar [BETA]

Morsk (Bokmal)

Morsk (Mynorsk)
Mederlands

Polski

Portugués (PT)

Portugués (BR) W

Language: English e

} Initial settings: | Standard o

Let's go!

Click“View”—“File”and“Shell”
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T& Thonny - <untitled> @ 1:1 — O X
File Edit | View | Run Tools Help
0DER Assistant
F"'E[‘H""
This com Heap
i Help
= Wi Motes
=150 Objectinspector
Outline
Program tree
v Shell I
Stack
Wariables
Program arguments
Plotter
Increaze font size Ctrl++
Decrease font size Ctrl+-
Focus editor Alt+E
Focus shell Alt+5
Python 3.
»>»> Jcd
»»» Jcd
>
Python 3.7.9
T& Thonny - <untitled> @ 1:1 — O >
File Edit View Run Tools Help
DEH O% w
<untitled> -
Run~file 1
Restart/Stop running
So .
Save file
Open file
Create file
Shell =
2> ~
Python 3.7.9 (bundled)
2> W
Python 3.7.9
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‘_ T& Thonny - <untitled> @ 1:1 - O x
IF”E Edit View Run Tools HeIpI'"—MGnU Bar

DEHE O% @

Files ~ <untitled= ~

This computer = 1

=1 Windows10 1909 (C:)
= Software (D)

Code Editor

File Management

Shell -

332

Shell

Python 3.7.9

Install the CP2102 driver

Before using the Thonny, we need to install the CP2102 driver in the computer.
Windows system

Check if the CP2102 driver has been installed

1. Interface the ESP32 with your PC with a USB cable

EEELEEEELY
EEENENENTNUERE

rEr P r e

2. Click“This PC”and right-click Manage”
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Open

Pin to Quick access

Manage

Pin to Start

Map network drive...
Disconnect network drive...

Create shortout
Delete

Properties

3.Click“Device Manager”, if the CP2102 driver has been installedSilicon Labs CP210x USB to UART Bridge(COMXx)
will be shown.

B Computer Management — O b
File Action View Help
e 2@ EHEZ EX®

ﬁ Computer Management (Local | ~ |f_!| DESKTOP-980KTTG Actions
v m Systermn Tools » iq Audio inputs and outputs

b i FY
» [(£) Task Scheduler > 3 Computer m

More Actions  »

I Metwork adapters
Ports (COM & LPT)
ﬁ Silicon Labs CP210x USE to UART Bridge (COM3)
» Print queues
» ﬁ Processors
» r Software components
> B Software devices
> iq Sound, video and game controllers
>
>
>

» f‘ﬁ Services and Applications

> [a] Event Viewer b Disk drives
> | Shared Folders » & Display adapters
» ¥ Local Users and Groups » Hurman Interface Devices
» @ Performance » =@ |DE ATA/ATAPI controllers
F_!, Device Managerl » Keyboards
v Storage » D Mice and other pointing devices
=7 Disk Management » [ Monitors
¥
w

&y Storage controllers
i3 System devices

i Universal Serial Bus controllers

If the CP2102 has not been installed
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@ Performance

% Device Manager I

w =5 Storage

= Disk Management

> i‘ Services and Applications

i Computer Management — O b
File Action View Help
Ll AN ol ? N li=
;E'J Computer Management (Local| | » & DESKTOP-980KTTG Actions
W [fé System Tools i Audio inputs and outputs Device Ma ; .
» @ Task Scheduler [ Computer
> 2] Event Viewer s Disk drives More Actions  »
» @zl Shared Folders 53 Display adapters
> % Local Users and Groups iy Human Interface Devices
>

IDE ATA/ATAPI controllers
Keyboards
Mice and other pointing devices

12

flelld

Maonitors
Metwork adapters

{vvvvvvvvvv|

2 Other devices

B4 CP2102 USB to UART Bridge Controller

= Fnnt queues

ﬁ Processors

f Software components

B Software devices

iq- Sound, video and game controllers

W W W W W

& Storage controllers
» i3 System devices
» i Universal Serial Bus controllers

Click“CP2102USB to UART Bridge Controller’and Update driver”.
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< >

Launches the Update Driver Wizard for the selected device.

& Computer Management - d x
File Action View Help
e n@E HE B EX®
;{1 Computer Management (Local | :.'.-_ DESKTOP-980KTTG Actions
W m System Tools » B Audioinputs and outputs Device Ma ] .
» @ Task Scheduler > [ Computer
» {2 Event Viewer » s Disk drives More Actions  »
> [zz| Shared Folders » [GF Display adapters
> i Local Users and Groups » Human Interface Devices
» @ Performance > =@ |DE ATASATAPI controllers
% Device Manager » Keyboards
~ ‘ﬂ Storage > B Mice and cther pointing devices
=7 Disk Management » [ Monitors
> _-:_J'¢ Services and Applications > ? MNetwork adapters
~ §7 Other devices
Ei CP2102 USB to UART Bridge Centrolle Update driver
» [ Print queues Dicable devi
» [l Processors sabie device
> [F Software components Uninstall device
> 1 SO&WEFE.dE‘VICES Scan for hardware changes
» B Sound, video and game controllers
> & Storage controllers Properties
» i@ System devices
3 i Universal Serial Bus controllers

Click“Browse my computer for drivers .

207



ESP32 Learning Kit

B8 Computer Management = O *

File  Action w

A * | 4] l Update Drivers - CP2102 USE to UART Bridge Controller
E'l Computer

v ﬁ’g System . —A
5 (D) Tas How do you want to search for drivers? L

» Eve 4

» @) Sha

b

>

¥ Loc —» Search automatically for drivers
@ Per Windows will search your computer for the best available driver and install it on
é Dey your device,

v E Storag
= Disl

B, ;
> o4 Service

—> Browse my computer for drivers
Lecate and install a driver manually.

<

Click Browse... to choose CP210x_6.7.4 (“4. Python Tutorial\l.Development Environment Configuration\CP2102
Driver File-Windows”) and click Next

B Computer Management = O *

File Action W

® $ | ] [ <« l Update Drivers - CP2102 USE to UART Bridge Controller
E'l Computer

v 'ﬁ’& System . "
s (D Tasl Browse for drivers on your computer L_
Eve »
g fha Search for drivers in this location:

oc
@ Per | Get started with Python\CP2102 Driver File-Winde LCP210 r: | Browse...
& Dey
v E Storage
= Disl

g. -
> D4 Service

WO W W

1 Include subfolders

—> Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the
same category as the device.

< | Mext I | Cancel
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The CP2102 driver will be installed

>
> [2] Event Viewer
> 2| Shared Folders
> & Local Users and Groups
> @ Performance

j Device Manager
v g Storage

=7 Disk Management

5> Services and Applications

b s Disk drives

» [F Display adapters

» Human Interface Devices
» =g IDE ATA/ATAPI controllers
> Keyboards

> g Mice and other pointing devices

» [ Menitors
> Metwork adapters

v Ports (COM & LPT)

ﬁ Silicon Labs CP210x USE to UART Bridge (COM3)

o FHTIL qUEUES
» ﬁ Processors
> lt Software components
» l Software devices

> iq Sound, video and game controllers

» S Storage controllers
» K System devices
» ﬂ Universal Serial Bus controllers

3 Comput w |O *
File  Action . - -
- B Update Drivers - Silicon Labs CP210x USE to UART Bridge (COM3) —
L ol AN
& Comput . ;
& Compute Windows has successfully updated your drivers
v 'ﬁ% Syster L N
> @ Ta
> @ Ev Windows has finished installing the drivers for this device:
> & Sh
> 8 L9 Silicon Labs CP210x USE to UART Brid
s (9 Pe ilicon Labs o ridge
& De
v g Storad
= Dis
5 F Servic
<
& Computer Management — O X
File Action View Help
e 2E B HE P EX®
;EJ Computer Management (Local | ~ j DESKTOP-930KTTG Actions
v 'ﬁ’& System Tools » 0y Audic inputs and outputs Device Ma . .
@ Task Scheduler > E Computer
More Actions

MAC System
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Download link for CP2102CP2102-Driver-File-MAC.zip

Download MacOS version

Download for WinCE

Platform Software Release Notes
A WinCE6.0 (2.1) Dowrload VCP (276 KB Download WinCE 6.0 Revision History
o WincES0 (2T Download VCP (271 KB| Download WinCE 5.0 Revision Histon

Download for Macintosh OSX (v5.3.5)

Platform Software Release Notes

B Mzc 05X Daownload VCP (832 K

i

Download for Linux

Platform Software Release Notes
QL“UXE,axa“a-tx,e Download VCP (10.0 KB) Download Linux 3 xx and 4.3 x VCP Revision Histary

A Linux 2.6

nux 3x.x and 4.xx tree at

Unzip the downloaded package

AELUUAL Mac:OSX_VCP_Driv-

er.zip <

Open the folder and double-click*SiLabsUSBDriverDisk.dmg”file
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1 Movies

AirDrop

“‘ Documents Mac_0OSX VCP Dri| SiLabsUSBDriver
= ver_Rele... it Disk.dmg
(1] Pictures

] Recents

] Desktop

J7 Music

£\ Applications
0 Downloads

d
& iCloud Drive

Locations

[ lisagu # MacBook...

Then you can see the following file

B silicon Labs VCP Driver Install Disk

TXT

Install CP210x VCP Driver Legacy MacVCP Driver ReleaseNotes.txt Troubleshooting

uninstaller.sh

Double-click**“Install CP210x VCP Driver”tap**“Don’t warn me when opening application on this disk im-
age”and click“Open”
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] - f -

Install CP210x% VCP Driver Legacy MacVCP Driver ReleaseMotes.txt Troubleshooting

uninstaller.sh the internet. Are you sure you want to open it?

. ﬂ “Install CP210x VCP Driver” is an app downloaded from
-

www.silabs.com

~ Don't warn me when opening applications on this disk image

Cancel Show Web Page Open

Click*“Continue”

® Install CP210x VCP Driver

® Introduction

You will be guided through the steps necessary to install
the virtual COM port driver for the Silicon Labs CP210x
USB to UART Bridge.

SILICON LABS

L 4

Click*“Agree”then tap“Continue”
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Install CP210x VCP Driver

To install this software you must agree to the terms of this software
@ license agreement.

Click Agree to continue or Disagree to cancel the installation.

\WMS

Read License Disagree Agree

'TO

3
AGREEMENT CONSTITUTES YOUR AND (IF APPLICABLE)
YOUR COMPANY'S ASSENT TO AND ACCEPTANCE OF THIS
END-USER LICENSE AGREEMENT (THE "LICENSE" OR
"AGREEMENT"). IF YOU DO NOT AGREE WITH ALL OF THE
TERMS, YOU MUST NOT USE THIS PRODUCT. WRITTEN
APPROVAL IS NOT A
PREREQUISITE TO THE VALIDITY OR ENFORCEABILITY OF
THIS AGREEMENT, AND NO SOLICITATION OF SUCH WRITTEN
APPROVAL BY OR ON BEHALF OF SILICON LABORATORIES,
INC. ("SILICON LABS") SHALL BE CONSTRUED AS AN
INFERENCE TO THE CONTRARY. IF THESE TERMS ARE
CONSIDERED AN OFFER BY SILICON LABS, ACCEPTANCE IS
EXPRESSLY LIMITED TO THESE TERMS.

LICENSE AND WARRANTY: The Licensed Product and the

embedded Software which is made the subject of this License is
aithar tha nranarhs af QILICON I ARQ Ar a third narhs fram wiham

S I LI C u N LA BS Back Continue

Click“Continue”then input your user password

r ~]

@® Install CP210x VCP Driver

Introduction To Be Installed: Version 5.3.5

License Currently Installed: None

Version 5.3.5 will be installed in /Library/Extensions/.

® Info

You will be prompted to enter your password.

S | LI E U N LA BS Back Continue
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Install CP210x VCP Driver is trying to install a new
helper tool.

Enter your password to allow this.
Username:

Password: |

Install Helper

Select“Select Open Security Preferences”

System Extension Blocked

A program tried to load new system extension(s)
signed by “Silicon Laboratories Inc”, which will be
incompatible with a future version of macOS. If you
want to enable these extensions, open Security &
Privacy System Preferences.

Open Security Preferences 0] 4

Click on security lock and enter your user password to authorize.
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Security & Privacy

General  FileVault Firewall Privacy

A login password has been set for this user Change Password...

v Require password = 1 hour C after sleep or screen saver begins

Allow apps downloaded from:

System software from developer “Silicon Laboratories Inc" was
blocked from loading.

BB [Click the lock to make changes.

System Preferences is trying to unlock Security &
Privacy preferences.

Enter your password to allow this.

Username:

Password: eeeees

When you see that the lock is opened, click “Allow”.
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Security & Privacy

General  FileVault Firewall Privacy

A login password has been set for this user Change Password...

v Require password = 1 hour C after sleep or screen saver begins

Show a message when the screen is locked
+ Disable automatic login

Allow apps downloaded from:
App Store
App Store and identified developers

® Anywhere

System software from developer “Silicon Laboratories Inc" was
blocked from loading.

he lock to pr he ges. Advanced...

Return to the installation interface and wait for the installation as prompted.
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@ Install CP210x VCP Driver

» Introduction
» License

® Info
) Install

Guidance

. Please wait while the driver cache is being rebuilt.
® Rebuild Cache This may take several minutes.

SILICON LABS

L

The installation is successful

r

@ Install CP210x VCP Driver

Introduction
License

® Info
Install

Guidance

Rebuild Cache Installation of the driver succeeded.

® Summary

SILICON LABS

L

3.Burn Micropython firmware

My,

Success
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To run a Python program on the ESP32 board, we need to burn the firmware to the ESP32 board first.

Download Micropython firmware

microPython websitehttp://micropython.org/

ESP32 firmwarehttps://micropython.org/download/esp32/

Firmware

Releases
v1.18 (2022-01-17) .bin [elf] [ map] [Release notes] (latest)

v1.17 (2021-09-02) _bin [ elf] [ map] [Release notes)
v1.16 (2021-06-23) .bin [elf] [ . map] [Release noles]
v1.15 (2021-04-18) _bin [elf] [ map] [Release notes)
v1.14 (2021-02-02) _bin [elf] [ map] [Release notes)
v1.13 (2020-09-02) _bin [elf] [ map] [Release notes)
v1.12 (2019-12-20) .bin [ elf] [ map] [Release notes]

Nightly builds

v1.18-121-gd8a7bf83c (2022-02-10) .bin [.elf] [ map]
v1.18-107-gacad0127b (2022-02-09) _bin [.elf] [ map]
v1.18-105-gada836b83 (2022-02-08) .bin [.elf] [map]
v1.18-103-g6f7d6C567 (2022-02-08) _bin [.elf] [ map]

Firmware (Compiled with IDF 3.x)

Releases

v1.14 (2021-02-02) .bin [elf] [ map] [Release notes] (latest)
v1.13 (2020-09-02) _bin [elf] [ map] [Release notes)
v1.12 (2019-12-20) .bin [ elf] [ map] [Release notes]
v1.11 (2018-05-29) .bin [.elf] [ map] [Release notes]
v1.10 (2019-01-25) .bin [elf] [ map] [Release notes)
v1.9.4 (2018-05-11) .bin [.elf] [ map] [Release notes]

—_— T ——
—_— T ——

The firmware we use**esp32-20210902-v1.17.bin

FirmwareDownload Python Firmware

Burn the Micropython firmware

Connect the ESP32 to your PC with a USB cable
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Make sure the driver has been installed successfully and the COM port can be identified correctly. Open Device
Manager and expand “Ports”.

B Computer Management — O X

File Action View Help
= 2HE HE B EXE

A Computer Management (Local | +~ :.'.: DESKTOP-980KTTG ~ | Actions
w ]j’j Systemn Tools | Audioinputs and outputs I "
@ Task Scheduler [ Computer
2] Event Viewer s Disk drives More Actions 4
| Shared Folders & Display adapters
& Local Users and Groups Fey Hurman Interface Devices
I@S\\ Performance == |IDE ATA/ATAPI controllers
:.l.: Device Manager Keyboards ; COM
v 23 Storage @ Mice and other pointing devices
= Disk Management [ Monitors

Metwork adapters

~ ﬁ Ports (COM 8 LPT)

ﬁ Silicon Labs CP210x USB to UART Bridge (COM3)
==

I Processors

!‘t Software components

B Software devices

i Sound, video and game controllers

T4 Services and Applications

ﬁta Storage controllers
Em System devices

M |lnirarcal Sarial Bue cantrallars

Open Thonnyclick“run”and‘“Select interpreter. .."”
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T& Thonny - <untitled> @ 1:1 — O >
¥
File Edit View Tools  Help
0OEA Select interpreter...
. Run current script F5
Fil v
Hes -
i Debug current script (nicer) Ctrl+F5
WS G Debug current script (faster) Shift+F5

=1 Window: @, Debug current script (birdseye) Ctrl+5hift+B
=i Software

“.» Step over F6
., Step into F7
. i, Step out

Resume F8

4 Run to cursor Ctrl+F2
Step back Ctrl+B
|E Run current script in terminal Ctrl+T

Dock user windows

Pygame Zero mode

@ Stop/Restart backend Ctrl+F2 "
Interrupt execution Ctrl+C to COM2Z: port not found
Send EOF / Soft reboot Ctrl+D .
: H or disconnected. Use ‘stujp/Restart‘ to restart.
Disconnect
v
D:\python.exe

Select Micropython (ESP32) and Silicon Labs CP210x USB to UART Bridge(COM3) and click “Install or update
firmware”.
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| T& Thenny options >
: General Interpreter Editor Theme & Font Run & Debug Terminal Shell Assistant

_Which interoreter or device sheould Thonny use for running vour codel o
MicroPython (ESP32} e

Dretails

Connecting via USE cable:

Connect your device to the computer and select corresponding port below
(look for your device name, "USE Serial” or "UART").

If you can't find it, you may need to install proper USE driver first,

Connecting via WebREPL (EXPERIMEMTAL):

If your device supports WebREPL, first connect via serial, make sure WebREPL is enabled
(import webrepl_setup), connect your computer and device to same network and select
< WebREPL > below

Port or WehBFPI
Silicon Labs CP210x USE to UART Bridge (COM3) ~

©

Install or update firmware 1

| Cancel |

Select“Silicon Labs CP210x USB to UART Bridge(COM3)”click “ Browse...”and choose the firmware esp32-
20210902-v1.17.bin. Check“Erase flash before installing”and‘Flash mode”then click“Install”.

If you haven’t downloaded the firmware, please click on the link to downloadDownload Python Firmware

(Notelf you fail to install the firmwarepress the Boot button on the ESP32 board and click“Install”

221



ESP32 Learning Kit

T& ESP32 firmware installer >

Port Silicon Labs CP210x USE to UART Bridge (COM3) | Reload |

Firmware rted with Python/Python_Firmware/esp32-20220117-v1.18.bin | Browse...|

Flash mode
(® From image file (keep) () Quad 1/0 (gic)
O Dual I/0 (dio) O Dual Output (dout)

[] Erase flash before installing

[ Install | Cancel
T& Open *
« v D, « 1, Development ... *+ Python_Firmware w | @ & Search Python_Firmware
Organize - Mew folder f== « [H o
o
: " MName Date modified Type Size
|

. D esp32-20210902-v1.17.bin \ 2/10/2022 11:23 AM EIM File 1,492 KB

File name: | esp32-20210902-v1.17.bin V| |hi'fr V|
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T& ESP32 firmware installer

Port Silicon Labs CP210x USB to UART Bridge (COM3) v Reload |

Firmware | class for Python/Python_Firmware/esp32-20210802-v1.17.bin | Browse...|
Flash mode

(®) From image file (keep) ) Quad I/0 (gio)

() Dual I/O (dio) () Dual Output (dout)

[7] Erase flash before installing

Then click Close and OK

[ instal ||| Cancel |
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T& ESP32 firmware installer

Port Silicon Labs CP210x USE to UART Bridge (COM3) || Reload |

Firmware |on {Impeortant} /Python_Firmware/esp32-20210902-v1.17.bin |Bmwst|

Flash mode
(® From image file (keep) () Quad 1/0 (gio)
O Dual I/O (dio) O Dual Output (dout)

[*] Erase flash before installing

B Wiiting at 0x0006521c... (19 %) install
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Te ESP32 firmware installer

Port Silicon Labs CP210x USB to UART Bridge (COM3) v| Reload |

Firmware | class for Python/Python_Firmware/esp32-20210902-v1.17.bin | Browse...|

Flash mode
(®) From image file (keep) ) Quad I/0 (gio)
() Dual IY0 (dic) () Dual Output (dout)

[7] Erase flash before installing

E— 0
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T& Thonny = O *
File | Ta Thonny options et

R : : :

General Interpreter Editor Theme 8 Font Run & Debug Terminal Shell Assistant
Files
1 Which interpreter or device should Thonny use for running your code?
ThiS | MicroPython (ESP32) ~
=
Details
=

Connecting via USE cable:

Connect your device to the computer and select corresponding port below
(look for your device name, "USB Serial” or "UART").

If you can't find it, you may need te install proper USE driver first.

Connecting via WebREPL (EXPERIMEMNTAL):

If your device supports WebREPL, first connect via serial, make sure WebREPL is enabled
(import webrepl_setup), connect your computer and device to same network and select
< WebREPL > below

Port or WebREPL
Silicon Labs CP210x USB to UART Bridge (COM3) w

Install or update firmware

W

- 9 Cancel t}pythc-n.exe
1]

Turn off all windows and turn to the main page and click @“STOP.

T Thorn — a X
File Edit VYiew Run Tools Help

BN & | STOP Bution

Files

This computer =

=1 Windows10 1909 (C)
1 Software (D)

/:Root directory
Inter space of ESP32
used to save files.

MicraPython device = Shell
i) boot.py "
33> v
MicroPython (ESP32)
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Test Code
Test the Shell commander

Input print(‘hello world’) in the*‘Shell”and press Enter

T&

File Edit VYiew Run Tools Help
0 & -

Files

This computer

+ =1 Windows10 1909 ()
+ 1 Software (D:)

MicroPython device

& bootpy Shell
el
>»> print('Hello World")
Hello World
>>> v

MicroPython (ESP32)

Run the test code(online)

Connect the ESP32 to your PC. Users can program and debug programs with Thonny.

Open Thonny and click Open.

If you haven’t downloaded the code file yet, please click on the link to download it:Download Python Codes
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T&

File Edit VYiew Run Tools Help

] o

Open... (Ctrl+ Q)

This computer =
=1 Windows10 1909 (C:)
— Software (D)

Files

MicroPython device

& bootpy Shell
~
»>> print('Hello World")
Hello World
>3> v

MicroPython (ESP32)

When a new window pops up, click“This computer”

TG
File Edit View Run Tools Help

Q= w
Files

This computer =

~ Windows10 1909 (C:)

=~ Software (D:)

T

This computer

MicroPython device

MicroPython device

& boot.py Shell = § |
l".'""11 T TOT  TmoT = ""lll'lflf‘.} -~
»>>> print('Hello World')
Hello World
> ]

MicroPython (ESP32)

228 Chapter 6. Getting started with Python



ESP32 Learning Kit

Select the file*Project_01_HelloWorld.py”

T Open st
« v A “ 2, Python Projects » Project 01: Hello World W [v/] A2 Search Project 01: Hello W...
Organize - Mew folder ==~ [H 0
~ MName Date modified Type Size

3+ Quick access
[ Desktop +

* Downloads o o

Documents v

e >
File name: | Project_01_HelloWorld | v| P)rth:)tils v

Open Cancel

T Project_01_HelloWorld 10/15/2021 8:30 AM Thonny

Click ﬂ,“Hello World”will be printed in the“Shell ’monitor.

T Thenny - ChUsers\Administrator\Desktop\KS3003(KS5004)Keyestudio ESP32 42 in 1 Sensor Kit\Windows.., — d x

File Edit View Run Tools Help

D& [o]e ®

Files - lesson_01_HelloWerld.py -
This computer = 1 print{"Hello World!™)
e Windows10 1909 (C2) 2 print("Welcome Keyestudio™)
F = Software (D) 3
Shell ~
MicroPython v1.17 on odule with ESP32 »
MicroPython device = Type "help()" for more 3
& boot.py »»» ¥Run -c $EDITOR_CONTEMN
Hello World!
Welcome EKeyestudio
333 v

MicroPython (ESP32)

Note: Press the reset button to reboot

Run the test code(offline)

After rebooting the ESP32, run the boot.py file under the root directory first then run your code file.
So, we need to add a guide program to run the code of users.

Move the file*“4. Python Tutorial\2. Python Projects” to the disk(D)the route is*“D:/2. Python Projects”, then open the
“Thonny”.
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T& Thonny - <untitled> @& - O
File Edit View Run Tools Help
NEH © Y
Files <untitled=
This computer = 1
) Windows10 1909 (C:)
| Software (D:)
Shell
MicroPython device = ~
lﬁ' boot.py
>3 v

MicroPython (ESP32)

Click project 00. Boot.Boot and double-click boot.py, then the code under MicroPython device can run offline.

T& Thonny - D:\2. Python Projects\Project 00: Boot\boot.py @ 30:14 - O X
File Edit View Run Tools Help

B 7= 0 w

Files boot.py

n
>
>

This computer
D: %\ 2. Python Projects

/2 dimport uos as os
= |} Project 00: Boot 3

3 dmport uerrno as errno
4 diter = os.ilistdir()

)1 Project 01: Hello World 5 IS5_DIR = @x4888
) Project 02: Turn On LED 5 IS_REGULAR = Bx3000
) Project 03: LED Flashing 7
)i Project 04: Breathing LED % while True:
) Project 05: Traffic Lights 9 try:
) Project 06: RGB LED 18 entry = next(iter)
)1 Project 07: Flowing Water Light 11 filename = entry[8]
) Praject 08: 1-Digit Digital Tube v 12 file type = entry[1] v
MicrePython device = Shell
~
335 v

MicroPython (ESP32)

If you want to run the code offline, you nee to upload boot.py and program code to MicroPython device, then press the
ESP32’s reset button. We will take the project 00 and project O1 as an example. Select boot.py and right-click Upload
to /.
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T& Thenny - D2 Python Projects\Project 00 Boot\bootpy @ 30:14 - O x
File Edit View Run Teols Help
= 0 w
Files boot.py
This computer =~ 1 "
D: % 2. Python Projects 2 import uos as os
= |}y Project 00: Boot S import uerrnoc as errno
m Open in Thenny “_1' iter = os.ilistdir()
] PrqectO‘I: He Open in system default app . IS_DIR = @x4000
A Proj.ectO?_: Tu Configure .py files.. 6 IS _REGULAR = Bx80eo
) Project03: LEl 7
)1 Project 04: Bre Upload te / I 5 while True:
21 Project 05: Tra Mave to Recycle Bin 9 try:
) Project 06: RG  Mew directory... 18 entry = next(iter)
) Project 07: Flg ] 11 filename = entry[8]
- ) Properties 4 3 =
)| Project 08: 1- 12 file type = entry[1] v
MicroPython device = s NO code has been uploaded here.
A
3> v
MicroPython (ESP32)

Similarly, upload the project_01_Helloworld. py file to the “MicroPython Device”.

T& Thonny - D:\2. Python Projects\Project 01: Hello World\Project_01_HelloWorld.py @ 3:1 — O X
File Edit View Run Tools Help

e (V) W
Files ~ Praject_01_HelloWerld.py -
This computer = [ 1 print("Hello World!")

D: \ 2. Python Projects 2 print("Welcome Keyestudio™)
)1 Project00: Boot 3
[= |} Project 01: Hello World

Project 01: Hello World.docx

g Project 01_HelloWorld.py

Open in Thenny

) Project 02: Turn On LED Open in system default app

) Project 03: LED Flashing ) )
. . Canfigure .py files...

) Project 04: Breathing LED

) Project 05: Traffic Lights Upload te /

) Project 06: RGE LED Move te Recycle Bin

)1 Project 07: Flowing Water Lig MNew directory...

MicrePython device Properties
& bootry boot.py has been uploaded here,

>y W
MicroPython (ESP32)

Press the Reset button, you will view code running in the Shell monitor
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T& Thonny - D:A2. Python Projects\Project 0 Hello World\Project_01_HelloWorld.py @ 3 — O
File Edit View FRun Tools Help

Q= 0o e

Files Project_01_HelloWorld. py

print(“Hello World!™)
2 print("Welcome Keyestudio™)

m
>

This computer

D:\ 2. Python Projects

) Project 00: Boot

= 1) Project 07: Hello World

| Project 01:  Hello World.docx
&) Project_01_HelloWorld.py
Project 02: Turn On LED

Project 03: LED Flashing

Project 04: Breathing LED Shell
Project 05: Traffic Lights W (22) rtc clk init: Potentially bogus XTAL freguency: 35 MHz, gues s
Project 06: RGB LED Bl AV Ll
Project 07: Flowing Water Light v

HEEEEEE

Project_01_HelloWorld.py

MicroPython device
Hello World!

& boot.py Welcome Heyestudio
a-Project_m_HeIIoWorld.py MicroPython wl.17 on 2021-09-02; ESP32 module with ESP32
Iype "help()™ for more information.

>3y v
MicrePython (ESP32)

Upload the code to the ESP32

We take the boot.py as an example. If we add a boot.py in each code directory, reboot the ESP32, the boot.py will run
first.

T& Thonny - D2 Python Projects\Project 03: LED Flashing\boot.py @ 17:3% - O x
File Edit Yiew FRun Tools Help

B=; o w

Files boot.py

mn
>
>

This computer
D: % 2. Python Projects

[l

)1 Project 00: Boot 3
)1 Project 01: Hello World il Code in ESP32's root
) Project 023 5 . .
=) Project“ : directory will be
&) boot.py 7  dimport os .
| Project 03: LED flashing.docx % files=os.listdir() executed automatically.
&) Project_03_LED_Flashing.py 9 if len(files)»>=2:
)| Project 04: Breathing LED 18 print(‘The device have %d files'¥len(files))
)/ Project 05: Traffic Lights 11 for i in range(len(files)):
)| Project 06: RGE LED w 12 if files[i]!="boot.py":
A7 [ SIS | TR R . [afCh R i B Y W
MicroPython device = s >
& boot.py Shell
Ll
33> v

MicroPython (ESP32)

Select “boot.py”in the file Project 03LED Flashing, right-click to select“Upload to /. Then the code will be uploaded
to the root directory of the ESP32 and click OK.
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T& Thonny - D2, Python Projects\Project 03: LED Flashing\boot.py @ 17:39 - O X
File Edit View FRun Tools Help
B = 0 W
Files ~ boot.py ~
This computer = ~ 1 X
D: % 2, Pythen Prejects 7]
) Project 00: Boot 3
) Project 01: Hello World 4
) Project 02: Turn On LED 5
= | ) Project 03: LED Flashing (3]
: Open in Thonny ! 1TP°H: 05 . .
7 Project 03: LEC Owen in svstem default a & files=os.listdir()
& Project 03 LED|  PH IR PP 19 if len(files)s-2:
) Project 04: Breathi___ o '9ure Py fies.. Lo print('The device have %d files'%len(files))
) Project 05: Traffic %ll for i in range(len(files)):
) Project 06: RGBLE ove to Recycle Bin | 2 if files[i]!="boot.py":
) - e PR3 F2d__ .1 rEa_ T2 W
MicroPython device New directory... >
@J boot.py Properties "
el -
~
33 v
MicroPython (ESP32)
T& Thonny - D2, Python Projects\Project 03: LED Flashing\bootpy @ 17:3 — O *
File Edit View FRun Teols Help
e O W
Files ~ boot.py ~
This computer = | 1 2
D: % 2. Python Projects 2
)1 Project 00: Boot 3
) Project07: Hello World 4
)i Project 02: Turn On LED 5 fhuebrepl.start
B IJ proj ~+ M2 LEM Elachi = _ X
&b Th Owerwrite? >
| 1P
&P . o . o/
i This operation will overwrite .
)/ Proje o 35 "¥len(files))
)i Proje ‘/boot.py’ with a file of same size (468 E)
1 Proje
Cancel Vorza__r:an W
MicroPyth Cancel | >
boot.,
® booths Shell -
-
> v

Download the code to your PC:

MicraPython (ESP32)

MicroPython device<boot.py, then right-click Download to...
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T& Thonny - D2, Python Projects\Project 03: LED Flashing\boot.py @ 17:39 - O X
File Edit View Run Tools Help
= 0 ™
Files boot.py
This computer = | 1 2
D: % 2. Python Projects 2
)1 Project 00: Boot 3
) Project 01: Helle World 4
) Project 02: Turn On LED 5
) Project 03: LED Flashing 6
)1 Project 04: Breathing LED 7  import os
)| Project 05: Traffic Lights & files=os.listdir()
)/ Project 06: RGB LED 9 if len(files)»=2:
) Project 07: Flowing Water Light v 16 print(‘The device have %d files'¥len(files))
11 for 1 in range(len(files)):
MicroPythen device = 12 if files[i]!="boot.py":
5 : a9 et afAme.__=__ rri___.1 rri__T=1r v
A pen in Thonny '( >
Open in system default app
Configure .py files... Shell
- el
Download to D2, Python Projects
Delete -
Mew directory... .3y -
Properties MicroPython (ESP32)
Delete files of the ESP32
For example, click“boot.py”in the MicroPython device and right-click Delete.
T& Thenny - D2 Python Projects\Project 03: LED Flashing\boot.py @ 17: 39 - O x
File Edit View Run Tools Help
B = 0o W
Files boot.py
This computer = ~ 1 2
D: % 2, Python Projects 2
) Project 00: Boot 3
)1 Project 01: Hello World il
)1 Project 02: Turn On LED 5
) Project 03: LED Flashing 6
) Project 04: Breathing LED 7 import os
)\ Project 05: Traffic Lights & files=os.listdir()
)/ Project 06: RGE LED 9 if len(files)»=2:
)/ Project 07: Flowing Water Light v 18 print( ' The device have %d files'%len(files))
MicroPvthon dev _ 11 for i in range(len(files)):
by s = 12 if files[i]!="boot.py':
Open in system default app
Configure .py files... hell
Download to D:\2, Pihon Projects | "
New directory... ]
¥ v
Ligpsiies MicroPython (ESP32)

Select boot.py in the Project 03LED Flashing folder, right-click Move to Recycle Bin to delete it.
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T& Thonny - D2, Python Projects\Project 03: LED Flashing\boot.py @ 17:39 - O X
File Edit View Run Tools Help
B = 0 W
Files = boot.py ~
This computer = A 1 “
D: % 2, Pythen Prejects 7]
) Project 00: Boot 3
) Project 01: Helle World 4
) Project 02: Turn On LED 5
= | ) Project 03: LED Flashing [
e Open in Thonny ! :|.r!'|p-or‘t s . .
N rOJ-ECt : Open in system default spp 8 ‘-F:L:LES—OS:].IStdlr‘()
&) Project_03_ Confiaure ov files 9 if len(files)»=2:
) Project 04: Bre 2P = 10 print('The device have %d files'%len(files))
)/ Project05: Tral  Uploadto/ 11 for i in range(len(files)):
) Project 06: RG 12 if files[i]!="boot.py":
|J prDJECtOT: FIO Newdirector_l’r“l a ——Er iV F2a__ [ I Ry ot B B Y w
£ >
MicroPython device Properties
Shell ~
~
33 v
MicroPython (ESP32)

Create and save code

Click“File”—“New”to create and edit code.
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Th Thonny - O *
| File | Edit View Run Tools Help
B New Ctrl+M
[ Open... Ctrl+0
Recent files L4
Close Chrl+W =
Close all Ctrl+Shift+W
i Save Ctrl+5
Save All files Ctrl+Alt+5
Save as... Ctrl+5Shift+5
Save copy...
Mowve / rename...
Print... Ctrl+P
Exit Alt+F4

MicroPython device

Shell ~

i
+
rm
"
Q
o]

L

MicroPython (ESP32)

Enter the code in the new file. We take the Project_03_LED_Flashing.py as an example.

T Thonny - <untitled> @ 14:1 - O s
File Edit View FRun Teols Help
U=EH O W
Files ~ <untitled=> * -
This computer = 1 from machine impert Pin .
=i Windows10 1909 (T 2 import time
i Software () 3
4 led = Pin(15, Pin.OUT) # create LED object from Pin 16,
5
6 try:
7 while True:
8 led.wvalue(1) # or
9 time.sleep(B.5) +
18 led.value(@) # ¢ off
11 time.sleep(B.5) # !
12  except:
13 pass
-- v
MicroPython device =
Shell
e; boot.py n
ith ESP32
W

MicraPython (ESP32)
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Click = to save the code to your PC or the ESP32.

T Thonny - <untitled> @ 14:1 — O *
File Edit WView Run Tools Help
D &d| 0 @
Files - <untitled= * =
This computer = 1 from machine import Pin ~
=) Windows10 1909 (C:) 2 import time
L= Software (D) 3
S 1" B 211 A 1 4 ) # create LED object from Pin 16,
T& Where to save to? X
4 rn on
This computer 4
& rn off
MicroPythaen device
v
MicroPython device =
ej boot.py ~
with ESP32
v
MicroPython (ESP32)
Select MicroPython device and enter main.py in the new page and click OK.
T Thonny - <untitled> @ 14:1 - O *
File Edit View FRun Tools Help
UzZd O w
Files - T& Save to MicroPython device 4
This computer ~
| Windows10 1909 (C:) MicroPython device =
| Software (D) Name Size (bytes) Pin 16
& boot.py 139 P o
v
MicroPython device o 9
QD boot.py File name: |mair|.py| | | OK | | Cancel | n
- - 52
Type "help for more information
bkl w
MicrePython (ESP32)

Then the code will be uploaded to the ESP32.
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T Thonny - MicroPython device = /mainpy @ 14:1 — O X
File Edit View FRun Tools Help
U= 0 W
Files = [ mainpy] ~
This computer = 1 from machine impert Pin »
= Windows10 1909 (C:) 2 import time
= Software (D:) 3
4 led = Pin(15, Pin.OUT) # create LED object from Pin 16,
5
b try:
7 while True:
8 led.value(1l) # Se "n o
9 time.sleep(8.5) #
16 led.value(8) # Se rn off
11 time.sleep(B.5) #
12  except:
13 pass
- . b
MicroPython device =
Shell
Q;J boot.py n
ejmain.py . _ ) L ) o
ython v1.17 on 2821- ) SP32 module with ESP32
W
MicraPython (ESP32)

Disconnect the USB cable and connect it, you can see the effect of the LED flashing continuously in the circuit on a
cycle.

led.value(0)
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CHAPTER
SEVEN

PYTHON TUTORIAL

7.1 Download Python code files

Click on the link to download the Python code fileDownload Python Codes

7.2 Development Environment Configuration

Click on the link to enter the development environment setup tutorial: Pythin Development Environment Configuration

7.3 Project 01: Hello World

1. Overview

For ESP32 beginners, we will start with some simple things. In this project, you only need a ESP32 mainboard, a USB
cable and Raspberry Pi to complete the “Hello World!” project, which is a test of communication between the ESP32
mainboard and the Raspberr y Pi as well as a primary project.

2. Components

ESP32%*1 USB Cable*1

3. Wiring Diagram

In this project, we will use a USB cable to connect the ESP32 to Raspberry Pi.

B "

TR
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Running code online

To run the ESP32 online, you need to connect the ESP32 to the computer, which allows you to compile or debug
programs using Thonny software.

Advantages:
1. You can use the Thonny software to compile or debug programs.

2. Through the “Shell” window, you can view error messages and output results generated during the running of
the program as well as query related function information online to help improve the program.

Disadvantages:
1. To run the ESP32 online, you must connect the ESP32 to a computer and run it with the Thonny software.
2. If the ESP32 is disconnected from the computer , when they reconnect, the program won’t run again.
Basic Operation:

1. Open Thonny and click“Open...".

T Thonny - <untitled> @ 1:1 — | et
File Edit View Run Tools Help
JZ|4d O w
Open... (Cirl+0)
Files <untitled=

This computer

¥ ) Windows10 1909 (C:)
1w Software (1)

MicroPython device
el boot.py

Shell

33> W
MicroPython (ESP32)

2. Click*“This computer”in the new pop-up window.
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T Where to open from? >

This cormputer

MicroPython device

In the new dialog boxselect“Project_01_HelloWorld.py”,click“Open”. (If you haven’t downloaded the code file, please
click on the link to download it:Download Python Codes)

T& Open x
“— v I <« Software (D¢) » 2. Python Projects » Project 01: Hello World w I [J] & Search Project 01: Hello W...
Organize « New folder Bz~ [ o
4 Downloads ~ MName a Date modified Type Size
J.’ Music Th Project_01_HelloWorld 10/15/2021 8:30 AM Python file 1KB
[&] Pictures

m Videos \o
e Windows10 190t

(2]
File name: | Project_01_HelloWorld | v|  Pythogiles v

Open Cancel

3. Clickﬂ“Run current script”to execute the program‘Hello World!”, “Welcome Keyestudio” , which will be
printed in the“Shell”window.
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T& Thonny - DA2. Python Projects\Project 01: Hello World\Project_01_HelloWorld.py @ 3 — O X

File Edit View Run Tools Help

1z [oleg ©

Files Project_01_HelloWorld.py

This computer = A~ 1 print("Hello World!")
D: \ 2. Python Projects 2 print(“Welcome Keyestudio™)
)1 Project 00: Boot 3
= |} Project 01: Hello World
| Project 07: Hello World.docx
&) Project_01_HelloWorld.py
) Project 02: Turn On LED
)i Project 03: LED Flashing
) Project 04: Breathing LED
) Project03: Traffic Lights
) Project 06: RGE LED Shell
" 'y
MicroPython device =
%J boot.py 22>
Hello World!
Welcome Kevestudio
22> hd

MicroPython (ESP32)
Exit running online
When running online, click@ “Stop /Restart Backend”or press “Ctrl+C”on the Thonny to exit the program.
T& Thonny - D:\2. Python Projects\Project 01: Hello World\Projed

File Edit View Run Tools Help

NESHE O ol

5. Test Code

print("Hello World!")
print("Welcome Keyestudio")

7.4 Project 02: Turn On LED

1. Introduction

In this project, we will show you how to light up the LED. We use the ESP32’s digital pin to turn on the LED so that
the LED is lit up.

2. Components
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ESP32*1 Breadboard*1 USB Cable*1

= i A\

Red LED*1 220 Resistor*1 Jumper Wire*2

¥ RICETEEEETONET
*

3. Component Knowledge

1LED:

The LED is a semiconductor known as “light-emitting diode” , which is an electronic device made from semiconducting
materials(silicon, selenium, germanium, etc.). It has an anode and a cathode, the short lead is cathode, which connects

to GND, the long lead is anode, which connects to 3.3V or 5V.

A.Iil-ode f f Cathode

Cathode (-)
Short Lead
Anode (+)
Long Lead

2Five-band resistor

A resistor is an electronic component in a circuit that restricts or regulates the flow current to flow. On the left is the
appearance of the resistor and on the right is the symbol for the resistance in the circuit . Its unit is(). 1 m= 1000 k1k=

10007)
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We can use resistors to protect sensitive components, such as LED. The strength of the resistance is marked on the
body of the resistor with an electronic color code. Each color code represents a number, and you can refer to it in a
resistance card.

-Color 1 — 1st Digit.
-Color 2 — 2nd Digit.
-Color 3 - 3rd Digit.
-Color 4 — Multiplier.

-Color 5 — Tolerance.
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Black

Brown

Red

Orange

Yellow

Green

Blue

Violet

Grey

White

Gold

Silver

1st Digit 2ndDigit 3rdDigit Multiplier Tolerance

I
I T T T
=T L

I I T T S
T e o o

9 9 9 x1G

In this kit, we provide three five-band resistors with different resistance values. We three five-band resistors as an
example.

220 Resi

Sl N

stor*10

(2 2 0)x1x1%

red red black black blown

1 2 3 it 5

10K Resistor*10
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(T 0 0)x100x1%

SRS

blawn black black red blown
1 2 3 I 5

1K Resistor*10

(1T 0 0)x10x1%

S

blawn black black blown blawn
1 / 3 Ly 5

In the same voltage, there will be less current and more resistance. The connection between current(I), voltage(V), and
resistance® can be expressed by the formula: I=U/R. In the figure below, if the voltage is 3V, the current through R1
is: I=U/R=3V/10K=0.0003A= 0.3mA.

3V

R1

OM0l

Don’t connect a low resistance directly to the two poles of the power supply, which will cause excessive current to
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damage the electronic components. Resistors do not have positive and negative poles.
3Bread board

Breadboards are used to build and test circuits quickly before completing any circuit design. There are many holes in the
breadboard that can be inserted into circuit components such as integrated circuits and resistors. A typical breadboard
is shown below

~r o Twe~ea 2N TR 22 IR ARIRNERERS
~ 2 8 8 ® §F B 0D 0 B O S B EE® NWNEENNE NN
- F § § 8 F U0 0 FD S D FEEFENNEENNE NN
T B B R R OQ0 Q0 ROFDEEENNEERNEERNEEN RS
o B R R RO N O RO RN RN NENE R
-~ @ ¥ § ® U W W R U R U RN E R YRR -
o ¥ 8 B EEEEEEYEEE RN RN D
T "8 B EENEE VYV ENFEEREEEERFEEFERRNENE R NERRTD
cE AR I ENEEE PR E R RN RN R R RN R RN
" FE EEFFEEFEESEENEREREENEENNERNEENEEFENEERERE o
CEEEEEEE SRR EE RS NN RN NN
—rMm T e R ECT N TRLC R RS RRIRRERASR
! mmmmn mmmmn wmEmm mmmEm mmwEnm |
+I-l-. L L LB L ....'+

The breadboard has strips of metal , which run underneath the board and connect the holes on the top of the board. The
metal strips are laid out as shown below. Note that the top and bottom rows of holes are connected horizontallywhile
the remaining holes are connected vertically.

The first two rows (top) and the last two rows (bottom) of the breadboard are used for the positive pole (+) and negative
pole (-) of the power supply respectively. The conductive layout of the breadboard is shown in the figure below:
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—) power rails

.
i

~) power rails

When we connect DIP (Dual In-line Packages) components, such as integrated circuits, microcontrollers, chips and so
on, we can see that a groove in the middle isolates the middle part, so the top and bottom of the groove is not connected.
DIP components can be connected as shown in the following diagram:

: / Components
: Ravine.h “J

-
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POWER BUS r HORIZONTAL ROWS
Each side of the breadboard has a pair of Each series of 5 sockets marked
vertical connections marked - and + a—e and f-j are connected.

Components connected to a row
= PRI Each * Sig KIS DUt will be connected to any other

anywhere in the vertical column. part inserted in the same :

= GROUND: Each - sign runs to ground
anywhere in the vertical column.
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CENTERLINE
This line divides the breadboard

in half, restricting electricity to one
1 half or the other.

4) Power Supply
The ESP32 needs 3.3V-5V power supply. In this project, we will connect the ESP32 to the computer via an USB cable.

JIFRRFRIRERNND
=T

4.Wiring Diagram
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First, disconnect all power from the ESP32. Then build the circuit according to the wiring diagram. After the circuit
is built and verified correctly, connect the ESP32 to your computer via a USB cable.

Note: Avoid any possible short circuits (especially connecting 3.3V and GND)!

WARNING: A short circuit can cause high current in your circuit, create excessive component heat and cause perma-
nent damage to your hardware!

.
L
(=]
—

2

oipnisaha>
!!!ll!!!!b

Note:

How to connect a LED

7 A

Anode Cathode
+ —

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-band resistor
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5. Test Code

If you haven’t downloaded the code file yet, please click on the link to download it:Download Python Codes

Share Wiew 0
» This PC * Software (I:) » 2. Python Projects o Search 2. Python ...
Marme Date modified Type Size ™
Project 00: Boot 271772022 10:21 AM File folder
Project 01: Hello World 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 201772022 11:10 AM File folder

Project 031 LED Flashing 217720221112 AM File folder
Project 04: Breathing LED 2/17/2022 10:21 AM File folder

Exit running online

Open“Thonny” , click*“This computer”—*“D:”—*2. Python Projects”—*“Project 02Turn On LED”

7.4. Project 02: Turn On LED 251



ESP32 Learning Kit

T& Thonny - D:\2. Python Projects\Project 01: Hello
File Edit View FRun Tools Help

B = (b] w

Files

n
>

This computer

D: % 2. Python Projects

Ji Project 00: Boot
)1 Project 01: Hello World
)1 Project 02: Turn On LED
| Project 02: Turn On LED.docx

=

Project 03: LED Flashing

Project 04: Breathing LED
Project 03: Traffic Lights

Project 06: RGB LED

3 B 2 R
T T T T

Click*“Project 02Turn On LED”, double-click*“Project_02_Turn_On_LED.py’’to open it, as shown below;

T& Thonny - D2, Python Projects\Project 02: Turn On LED\Project_02_Turn_On_LED.py @ 8:1 - O x
File Edit View Run Tools Help

DEHE 0 @

Files Project_02_Turn_On_LED.py

This computer = 1 from machine import Pin

D: % 2. Python Projects
)1 Project 00: Boot
) Project 01: Hello World
) Project 02: Turn On LED

2 import time

led = Pin(15, Pin.OUT)

=

led.value(1)

ST I N - Y]

! 8
). Project 04: Breathing LED
)1 Project 05: Traffic Lights
) Project 06: RGE LED
v o< >

MicroPython device = Shell

QJ boot.py ~

555 v

MicroPython (ESP32)

from machine import Pin

import time

led = Pin(15, Pin.OUT) # create LED object from Pin 15, Set Pin 15 to output
led.value(l) # Set led turn on

Connect the ESP32 to your PC. Click @ “Stop/Restart backendthen go to the Shell window to check.
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T Thonny - D2, Python Projects\Project 02:
File Tools

B =

Edit View Run

o

Help

Files =

m
>

This computer

D:\ 2. Python Projects

|}y Project 00: Boot

|}y Project 01: Hello World

= |}/ Project 02: Turn On LED
|| Project 02: Turn On LED.docx
@ Project_02_Turn_On_LED.py

| )1 Project 03: LED Flashing

| )1 Project 04: Breathing LED

| )1 Project 05: Traffic Lights

MicraPythaen device =

Turn On LEDAProject_02_Turn_On_LED.py @ 8:1

Praject_02_Turn_On_LED.py ~

1 from machine import Pin
import time

led = Pin(15, Pin.OUT)

led.value(1) =

B~ WA s R

Set led

e) boot.py

This indicates that the /

=}
(o]

-
[}
T
[=H
~+
m
¥4

L

conection is successful.

MicrePython (ESP32)

Click @“Run current script”the code starts to be executed and the LED in the circuit lit up.

click@ “Stop/Restart backend” to exit the program.

Press “Ctrl+C” or

T& Thonny - D2, Python Projects\Project 02:
File Edit View Run Tools

SERN ) N

Files =

Help

This computer

D: % 2. Python Projects

| /) Project 00: Boot

| /) Project 01: Hello World

= WM Project 02: Turn On LED
|| Project 02: Turn On LED.docx
@ Project_02_Turn_On_LED.py

| /) Project 03: LED Flashing

| /) Project 04: Breathing LED

| /) Project 05: Traffic Lights

MicroPython device
Q;J boot.py

Turn On LEDVProject_02_Turn_On_LED.py @ 8:

Project_02_Turn_On_LED.py ~

1  from machine import Pin
2 import time

4 led = Pin(15, Pin.OUT)

led.value(1) # Set

n 15,

This indicates that the code starts'o

be executed. v
MicroPython (ESP32)
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led.value(1)

\/

Note: This is the code running online. If you disconnect USB cable and power up the ESP32 or press its reset button,
LED is not bright and the following messages will be displayed in the “Shell” window of Thonny:

T Thonny - DA2. Python Projects\Project 02: Turn On LED\Project_02_Turn_On_LED.py @ 8:1 — O X
File Edit View FRun Tools Help

0= @

Files Project_02_Turn_On_LED.py

This computer = il 1 from machine impert Pin

D: "\ 2. Python Projects 2 impert time

) Project 00: Boot 3

) Project 01: Hello World 4 led = Pin(15, Pin.0UT)

= |} Project 02: Turn On LED 5

| Project 02: Turn On LED.docx 5 led.wvalue(l)
&) Project_02_Turn_On_LED.py 7

) Project 03: LED Flashing 8

} Project 04: Breathing LED

! Project 03: Traffic Lights

) Project 06: RGE LED < *

) Project 07: Flowing Water Light Shell

) Project 08: 1-Digit Digital Tube >35> ~
) Project 09: 4-Digit Digital Tube

1 Project 10: 828 Dot-matrix Display ] ]

J) Project 113 74HC585N Control & LEDs Backend terminated or disconnected. Use 'Stop/Restart' to restart.

L L

MicrePython (ESP32)
Code running offlineUpload the code to ESP32

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend”.
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T Thonny - D:A2. Python Projects\Project 02: Turn On LED\Pro n_On_LED.py @ — O X
File Edit View FRun Tools Help
U= 0
Files = Praject_02_Turn_On_LED.py ~
This computer =~ 1 from machine import Pin »
D:\ 2. Python Projects 2 import time
)i Project 00: Boot 3
)/ Project 01: Hello World 4 led = Pin(15, Pin.0UT)
= | ) Project 02: Turn On LED 5
| Project 02: Turn On LED.docx 5 led.wvalue(l)
&) Project_02_Turn_On_LED.py 7
) Project 03: LED Flashing = R
)| Project 04: Breathing LED < B
) Project 05: Traffic Lights y Shell -
Backend terminated or disconnected. Use 'Stop/Restart' to restart. ~

MicroPythen device
@J boot.py

>y W
MicrePython (ESP32)

As shown below, right-click the file*“Project_02_Turn_On_LED.py”select “Upload to /”’to upload the code to ESP32.

T& Thonny - D:\2. Python Projects\Project 02: Turn On LED'Project_02_Turn_On_LED.py @ 8:1 - O X
File Edit View FRun Teols Help
B 7= o o
Files = Project_02_Turn_On_LED.py ~
This computer = 1 from machine import Pin ~
O: % 2. Python Projects 2 import time
) Project 00: Boot 3
)1 Project01: Hello World 4 led = Pin(15, Pin.0UT)
= |} Project02: Turn On LED 5
Project 02: Turn On LED.docx 5 led.value(l)
g F'ro_iect_DZ_Tum_tn_LED.pj.f Open in Thonny y
) Project 03: LED Flashing Open in system default app
)1 Project 0d: Breathing LED . . z
’ o Configure .py files...
) Project 05: Traffic Lights
T rminated or disconnected. Use 'Stop/Restart' to restart. "~
MicroPython device oveto Recycletin
Mew directory...
@boot.py ew directory
Properties
> v
MicroPython (ESP32)

Upload‘boot.py”’in the same way.
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T& Thonny - D:\2. Python Projects\Project 02: Turn On LED\Project_02_Turn_On_LED.py @ 8:1 - O X
File Edit View Run Tools Help

0eE 0 W

Files ~ Project_02_Turn_On_LED.py ~

n
>

This computer

1  from machine import Pin
D: % 2, Python Projects

2 import time

= | ), Project00: Boot 3
m Open in Thonny 4 led = Pin(15, Pin.OUT) # create LED object from Pin 15,

’ PrOJ:ectU'I: s Open in system default app 5 B
) Project 02: Tu i ' 5 led.value(l) # Set led t or
. Configure .py files...
JiProject03: LEO " 7
) Project 04: Br4 Upload to / I 8
) Project05: Tra  Move to Recycle Bin
/) Project06: RG  New directory...
Properties
MicroPython device < >
ej boot.py
%J Project_02_Turn_On_LED.py Shell -
~
Make sure you have uploaded Project =~ i o
T|MicroPython v1.17 on 2 ith ESP32
02 Turn_On_LED.py and boot.py here. 1,0= "4 for more : ;
W
S

MicroPython (ESP32)

Press the reset button of ESP32 and you can see LED is ON .

led.valu e(1j

\|/

NoteCodes here is run offline. If you want to stop running offline and enter*Shell”, just Click@“Stop/Restart back-
end”’in Thonny.

T& Thonny - D:\2. Python Projects\Project 023 Turn On
File Edit View Run Tools Help

O & O @ [
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7.5 Project O3LED Flashing

1.Introduction
In this project, we will show you the LED flashing effect. We use the ESP32’s digital pin to turn on the LED and make
it flashing.

2.Components

_. :
=

% FERRCITENEOICE
L ]

ESP32*1 Breadboard*1 USB Cable*1
Red LED*1 220 Resistor* 1 Jumper Wire*2
3.Wiring diagram

First, disconnect all power from the ESP32. Then build the circuit according to the wiring diagram. After the circuit
is built and verified correct, connect the ESP32 to your computer using a USB cable.

Note: Avoid any possible short circuits (especially connecting 3.3V and GND)!
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Note:

How to connect a LED

7 A

Anode Cathode
+ 1l

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-color ring resistor
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4 Project code

Codes used in this tutorial are saved in “2. Python Projects”.

If you haven’t downloaded the code file yet, please click on the link to download it:Download Python Codes

Share Wiew o
» This PC » Software (D:) » 2. Python Projects 1 Q Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Helle World 201772022 10:21 AM File folder
Project 022 Turn On LED 2772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder

Code running online:

Open“Thonny”’click“This computer”—“D:”—“2. Python Projects”—*“Project 03LED Flashing”.

7.5. Project 03LED Flashing 259



ESP32 Learning Kit

This computer
[: % 2. Python Projects

)1 Project 00: Boot

0EHH
The The Tl

@;J boot.py

HEH BB

File Edit View FRun Tools
0 = 0O
Files

Project 01: Helle World
Project 02: Turn On LED
Project 03: LED Flashing

Project 03: LED flashing

) Project 04: Breathing LED
)1 Project 05: Traffic Lights
)1 Project 06: RGB LED

) Project 07: Flowing Water Light

(docx

T Thonny - D:A\2. Python Projects\Project 03:
Help

w

LED Flask

1]
>

W

Expand folder*Project 03: LED Flashing”and double left-click ‘“Project_03_LED_Flashing.py” to open it. As shown

in the illustration below

File Edit View Run Tools Help

B3 0

Files

This computer

D: %\ 2. Python Projects

J1 Project 00: Boot
Project 01: Helle World
Project 02: Turn On LED
Praject 03: LED Flashing

@;J boot.py
Project 03: LED flashing.docx

B E

o &
o e

(=]

) Proj

)1 Project 03: Traffic Lights

)1 Project 06: RGB LED

)1 Project 07: Flowing Water Light

HEH

MicrePython device
%J boot.py

@

T& Thonny - D:\2. Python Projects\Project 03: LED Flashing\\Project_03_LED_Flashing.py @ 13:9

Project_03_LED_Flashing.py

>

from machine import Pin
import time

led = Pin(15, Pin.OUT)

try:
while True:
led.value(1)
time.sleep(B.5)
led.value(8)
time.sleep(B.5)

— O X
~
v
>
~
v
MicroPython (ESP32)

from machine import Pin
import time

led = Pin(15, Pin.OUT)

try:

# create LED object from Pin 15, Set Pin 15 to output

(continues on next page)
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while True:

led.value(l)

time.sleep(0.5) # Sleep 0.5s

led.value(0)

time.sleep(0.5) # Sleep 0.5s

except:
pass

(continued from previous page)

# Set led turn on

# Set led turn off

Make sure the ESP32 has been connected to the computer. Click@ “Stop/Restart backend” and see what will display
in the“Shell”window.

W

File Edit View

0=

Files

This

computer

Run Tools Help

0

D:\ 2. Python Projects

?

OEBEBH

?
?
?

EEEHE

MicroPython device

Project 00
Project 01
Project 02
Project 03

: Boot

: Hello World
t Turn On LED
: LED Flashing

%J boot.py
| Project 03: LED flashing.docx

i) Project_03_LED_Flashing.py

Project 04
Project 05
Project 06
Project 07

%J boot.py

l

: Breathing LED

:+ Traffic Lights

: RGB LED

: Flowing Water Light v

This indicates that the’/
conection is successful.

_03_LED_Flashing @ 2:12 — O X
Praject_03_LED_Flashing.py
1  from machine import Pin ~

2 dimport time

4 led = Pin(15, Pin.OUT)

b try:

7 while True:

8 led.value(1l)
9 time.sleep(8.5)

18 led.value(8)

11 time.sleep(8.5)

12 except: w
< >
Shell

]
> W

MicrePython (ESP32)

Click @“Run current script”the code starts to be executed and you can see the LED flash. Press“Ctrl+C”or

click@ “Stop/Restart backend”to exit the program.
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T Thonny - D:\2. Python Projects\Project 03: LED Flashing!\Project_03_LED_Flashing.py @ 2:12 - O X
File Edit View FRun Teols Help
bz e foley @
Files ~ Project_03_LED_Flashing.py -
This computer = [ 1 from machine import Pin ~
D: % 2. Pythen Projects 2 import time
[} Project 00: Boot 3
|} Project 01: Hello World 4 led = Pin(15, Pin.OUT) # create LED object from Pin 15,
| /) Project 02: Turn On LED 5
= | ) Project03: LED Flashing 6 try:
& boot.py 7 while True:
| ] Project 03: LED flashing.dooc 8 led.wvalue(1) # on
& Project_03_LED Flashing.py 9 time.sleep(B8.5) #
|}/ Project 04: Breathing LED 10 led.value(@) # oFE
|} Project 05: Traffic Lights 11 time.sleep(0.5) #
| )| Project 06: RGB LED 12  except: w
| /) Project 07: Flowing Water Light v ¢ 3
MicroPython device = Shell
@ boot.py 2821-09 ESP32 module with ESP32 ~
re i’—'c-“r'.s_lL-_ S
c:::||-5||-}_.'.Th|s indicates that the code starts te
be executed. v
MicroPython (ESP32)

led.value(1)

\|/

led.value(0)

0.5s

Note: This is the code running online. If you disconnect USB cable and power up the ESP32 or press its reset button,
the LED in the circuit will stop flashing and the following messages will be displayed in the “Shell”
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T D:\2 ects\Proje
File Edit View Run Tools Help
Y
Files
This computer
D: % 2, Python Projects
) Project00: Boot
) Project 01: Hello World
)1 Project 02: Turn On LED
= |}y Project 03: LED Flashing
ﬁ- boot.py
| Project 03: LED flashing.docx
& Project_03_LED_Flashing.py
) Project 04: Breathing LED
)1 Project 05: Traffic Lights
) Project 06: RGE LED
) Project 07: Flowing Water Light
) Project 08: 1-Digit Digital Tube
)1 Project 09: 4-Digit Digital Tube
)1 Project 10: 8x8 Dot-matrix Display
) Project 11: 74HC595N Control 8 LEDs
)1 Project 12: Active Buzzer
)/ Project 13: Passive Buzzer

Project_03_LED_Flashing.py

n
>

= o]

Shell

from machine import Pin
import time

led = Pin(15, Pin.OUT)

try:
while True:
led.value(1)
time.sleep(B8.5)
led.value(8)
time.sleep(0.5)
except:

Connection leost (EQF)

Use Stop/Restart to reconnect.

Code running offlineUpload the code to ESP32

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend”.

T
File

Edit View FRun Tools Help

Br=; 0

Files

This
D:
/

0OFE &

/
/
’

HEERB
o e P P

computer

2. Python Projects
Project 00: Boot
Project 01: Hello World
Project 02: Turn On LED
Project 03: LED Flashing
3’ boot.py
| Project 03: LED flashing.docx
i) Project_03_LED_Flashing.py
Project 04: Breathing LED
Project 03: Traffic Lights
Project 06: RGB LED
Project 07: Flowing Water Light

MicroPython device
ﬁ- boot.py

Project_03_LED_Flashing.py

]
MicraPython (ESP32)

= 1 from machine import Pin ~
2  dimport time
4 led = Pin(15, Pin.OUT)
b try:
7 while True:
8 led.value(1)
: time.sleep(8.5)
1 led.value(8)
11 time.sleep(B8.5)
12  except: v
Yl >
- Shell
-~
35> v

MicroPython (ESP32)

As shown below, right-click the file“Project_03_LED_Flashing.py”select “Upload to /”to upload the code to ESP32.

7.5. Project 03LED Flashing
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T& Thonny - D:\2. Python Projects\Project 03:  LED Flashing\Project_03_LED_Flashing.py @ 2:12 — O X
File Edit View FRun Tools Help
0= o -
Files « Project_03_LED_Flashing.py -
This computer = [l 1 from machine import Pin ~
D: % 2. Python Projects 2 import time
) Project 00: Boot 3
) Project 01: Hello World 4 led = Pin(15, Pin.0OUT)
)1 Project 02: Turn On LED 5
[= |}/ Project 03: LED Flashing b  try:
& boot.py 7 while True:
i : E 8 led.value(1)
| F'ro_iect_l:l“J_LEDFlashing.pj,r Open in Thonny time.sleep(@.5)
) PrOJ-ect'Dd: Breai-:hln.g LED Open in system default app lgd.value(@)
) Pro_!ect'DS: Traffic Lights Configure .py files... time.sleep(8.5)
)1 Project 06: RGB LED v
) Project 07: Flowing Water Light N
i . Muove to Recycle Bin
MicroPython device i
New directory...
ﬂl boot.py | -~
Properties
22> hi
MicroPython (ESP32)
Upload‘“boot.py”’in the same way.
T& Thonny - D2, Python Projects\Project 03: LED Flashing'Project_03_LED_Flashing.py @ 2:12 - O X
File Edit View FRun Teols Help
B = V] -
Files ~ Project_03_LED_Flashing.py ~
This computer =~ 1 from machine import Pin »
D: % 2. Python Projects 2 import time
= |} Project 00: Boot 3
_ Open in Thonny -_1 led = Pin(15, Pin.OUT)
- PIT=EiliB e Open in system default app -
) Project 02: Tur ) ) 6 try:
. Configure .py files... - .
A Project03: LEO________— F while True:
)i Project04: Bre Upload to / I 8 led.value(1)
)i Project05: Tral  Move to Recycle Bin 9 time.sleep(B.5)
/. Project06: RGE  New directory... 10 led.value(@)
)| Project 07: Flo ] 11 time.sleep(8.5)
Properties 12 except: .
MicroPython device =
£ >
@J boot.py
&) Project_03_LED_Flashing.py Shell
Make sure you have uploaded "
Project 03 LED Flashing.py and
boot.py here. >>> v
MicroPython (ESP32)

Press the reset button of ESP32 and you can see the LED flash
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led.value(1)

\ |/

led.value(0)

0.5s

NoteCodes here is run offline. If you want to stop running offline and enter“Shell”, just click @“Stop/Restart back-
end”’in Thonny.

T& Thonny - DAZ. Python Projects\Project 03:  LED Flashir
File Edit WView PRun Tools Help

R o @ [—

7.6 Project 04: Breathing Led

1.Introduction

In previous studies, we know that LEDs have on/off state, so how to enter the intermediate state? How to output an
intermediate state to make the LED half bright? That’s what we’re going to learn.

Breathing light, that is, LED is turned from off to on gradually, and gradually from on to off, just like “breathing”. So,
how to control the brightness of a LED? We will use ESP32’s PWM to achieve this target.

2.Components
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FEEEENEERRINE Y

ESP32*1 Breadboard*1 USB Cable*1

= i A\

Red LED*1 220 Resistor*1 Jumper Wire*2

L ]

3.Component knowledge

PWM

Analog & Digital:

An Analog Signal is a continuous signal in both time and value. On the contrary, a Digital Signal or discrete time signal
is a time series consisting of a sequence of quantities. Most signals in life are analog signals. A familiar example of
an Analog Signal would be how the temperature throughout the day is continuously changing and could not suddenly
change instantaneously from 0°C to 10°C. However, Digital Signals can instantaneously change in value. This change
is expressed in numbers as 1 and O (the basis of binary code). Their differences can more easily be seen when compared
when graphed as below.
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ANALOG DIGITAL

> >
t t

In practical application, we often use binary as the digital signal, that is a series of 0’s and 1’s. Since a binary signal
only has two values (0 or 1), it has great stability and reliability. Lastly, both analog and digital signals can be converted
into the other.

PWM

PWM, Pulse-Width Modulation, is a very effective method for using digital signals to control analog circuits. Common
processors cannot directly output analog signals. PWM technology makes it very convenient to achieve this conversion
(translation of digital to analog signals).

PWM technology uses digital pins to send certain frequencies of square waves, that is, the output of high levels and
low levels, which alternately last for a while. The total time for each set of high levels and low levels is generally fixed,
which is called the period (Note: the reciprocal of the period is frequency). The time of high level outputs are generally
called “pulse width”, and the duty cycle is the percentage of the ratio of pulse duration, or pulse width (PW) to the total
period(T) of the waveform.

The longer the output of high levels last, the longer the duty cycle and the higher the corresponding voltage in the
analog signal will be. The following figures show how the analog signal voltages vary between 0V-3V3 (high level is
3V3) corresponding to the pulse width 0%-100%:
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20% Duty Cycle
Sk : :
o | I 40% Duty Cycle
T ==
S : : | |
E | 1 I I
>
80% Duty Cycle
A 100% Duty Cycle
Time

The longer the PWM duty cycle is, the higher the output power will be. Now that we understand this relationship, we
can use PWM to control the brightness of an LED or the speed of DC motor and so on. It is evident from the above
that PWM is not real analog, and the effective value of the voltage is equivalent to the corresponding analog. So, we
can control the output power of the LED and other output modules to achieve different effects.

ESP32 and PWM:

The ESP32 PWM controller has 8 independent channels, each of which can independently control frequency, duty
cycle, and even accuracy. Unlike traditional PWM pins, the PWM output pins of ESP32 are configurable and they can
be configured to PWM.

4. Wiring diagram
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Note:

How to connect a LED

7 A

Anode Cathode
+ 1l

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-color ring resistor
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5.Project code

The design of this project makes the GP15 output PWM, and the pulse width gradually increases from 0% to 100%,
and then gradually decreases from 100% to 0%.

Codes used in this tutorial are saved in*“2. Python Projects”.

If you haven’t downloaded the code file yet, please click on the link to download it:Download Python Codes

Share Wiew 0
» This PC » Software (0:) » 2. Python Projects w | O Search 2. Pythen ...
Mame Date modified Type Size ™
Project 00: Boot 201772022 10:21 AM File folder
Project 07 Helle World 271772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 21772022 11:12 AM File folder
Project 04: Breathing LED 2/17/2022 10:21 AM File folder

Open‘“Thonny”click*“This computer”—“D:”—*2. Python Projects”—"Project 04Breathing Led”, and double left-click
“Project_04_Breathing_LED.py”.
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T& Thonny - D:\2. Python Projects\Project 04: Breathing LED\Project_04_Breathing_LED.py @ 6: 15 — O X
File Edit View Run Tools Help

DSH O e

Files ~ Project_04_Breathing_LED.py * ~

This computer = 1 import time 2
D: % 2. Python Projects 2 from machine import Pin,PWM

) Project 00: Boot 3

) Project 01: Helle World 4 BT E 2 +

) Project 02: Turn On LED 5 #It g

) Project 03: LED Flashing B #Define G 15's output frequency as 18888Hz it it

(= |}/ Project 04: Breathing LED 7  pwm =PWM(Pin(15,Pin.0UT),16086,0)

Praoject 04: Breathing LED.docx 8

7g¥ Project_04 Breathing_LED.py 9 try:
)1 Project 05: Traffic Lights 18 while True:
) Project06: RGBLED . | = - Y
< >
MicraPython device = Shell -
ej boot.py ~
2 <

MicroPython (ESP32)

import time
from machine import Pin,PWM

#The way that the ESP32 PWM pins output is different from traditionally controllers.

#It can change frequency and duty cycle by configuring PWM’s parameters at the.
—initialization stage.

#Define GPIO15’s output frequency as 10000Hz and its duty cycle as 0, and assign them to.
—PWM.

pwm =PWM(Pin(15,Pin.OQUT), 10000, 0)

try:
while True:
#The range of duty cycle is 0-1023, so we use the first for loop to control PWM to.
—»change the duty
#cycle value,making PWM output 0% -100%; Use the second for loop to make PWM output 100%-
- 0%.
for i in range(0,1023):
pwm.duty (i)
time.sleep_ms(1)

for i in range(0,1023):

pwm.duty(1023-i)

time.sleep_ms(1)
except:
#Each time PWM is used, the hardware Timer will be turned ON to cooperate it. Therefore,..
—after each use of PWM,
#deinit() needs to be called to turned OFF the timer. Otherwise, the PWM may fail to.
—work next time.

pwm.deinit()

6.Project result
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Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .

T

File Edit VYiew FRun Teols Help
NZH O

Files

This computer

D: Y 2, Pythen Projects

\/ Project 00: Boot

Project 07: Hello World
Project 02: Turn On LED
Project 03: LED Flashing
Project 04: Breathing LED

| Project 04: Breathing LED.docx
@ Project_04_Breathing_LED.py
)1 Project 05: Traffic Lights

) Project 06: RGE LED

OEEBEBE
o o o o

MicroPython device
@ boot.py

Project_04_Breathing_LED.py *

import time ~
from machine import Pin,PWM
pum =PWM{Pin(15,Pin.0UT),106068,8)
try:
while True:

W
< >
Shell

Ll
> v

MicroPython (ESP32)

Click @“Run current script”, the code starts to be executed and you’ll see that the LED is turned from ON to OFF

and then back from OFF to ON gradually like breathing. Press“Ctrl+C”or click@ “Stop/Restart backend” to exit the

program.

T

File Edit View FRun Tools Help

D5 [O]em— o

Files

This computer
i 2, Pythen Projects

} Project 00: Boot

) Project 01: Hello World

) Project 02: Turn On LED

) Project 03: LED Flashing

= |} Project 04: Breathing LED
| Project 04: Breathing LED.docx
ﬁ Project_0d_Breathing_LED.py

) Project 05: Traffic Lights

)/ Project O6: RGB LED

MicroPython device
@ boot.py

Project_04_Breathing_LED.py

import time ~
from machine import Pin,PUWM
pwm =PWM(Pin(15,Pin.0UT),1060666,8)
try:
while True:

w
< >
Shell

]
|>>> |

b

MicrePython (ESP32)
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7.7 Project 05Traffic Lights

1.Introduction

Traffic lights are closely related to people’s daily life, which generally show red, yellow, and green. Everyone should
obey the traffic rules, which can avoid many traffic accidents. In this project, we will use ESP32 and some LEDs (red,
green and yellow) to simulate the traffic lights.

2.Components

Red LED*1 USB Cable*1 Jumper Wires

aui

Bread board*1 Yellow LED*1 Green LED*1 220 Resistor*3
‘:‘;ri_g E"é "é ® @ @ ° ° O O O O O O O O O O O O O O O O O O 0 0
' L ' L ' ® ® o o o * e o o o
fritzing
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Note:

How to connect a LED

7 A

Anode Cathode
+ -
Cathode (-)
Short Lead
Anode (+)
Long Lead

How to identify the 220 Five-color ring resistor

(2 2 0)x1+x1%

SIS

red red black black blown
1 2 3 L 5

4 Project code

Codes used in this tutorial are saved in“2. Python Projects”.

If you haven’t downloaded the code file yet, please click on the link to download it:Download Python Codes

Share Wiew 0
» This PC » Software (D:) * 2. Python Projects v Search 2. Python ..
Marme Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Hello World 201772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 271772022 10:21 AM File folder
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Open‘““Thonny”’click*“This computer”—*“D:”—*“2. Python Projects”—“Project 05Traffic Lights”. and double left-click
“Project_05_Traffic_Lights.py”.

Ti Thonny - D:\2. Python Projects\Project 05: Traffic Lights\Project_05_Traffic_Lights.py @ 6: 13 - O X
File Edit View Run Tools Help

B = 0 w

Files Project_05_Traffic_Lights.py

This computer = A 1 from machine import Pin .

D: "\ 2, Python Projects 2 import time

) Project 00: Boot 3
) Project 01: Hello World 4 led red = Pin(8, Pin.0UT)
)i Project 02: Turn On LED 5 led yellow = Pin(2, Pin.OUT)
) Project 03: LED Flashing & led green = Pin(15, Pin.0UT)
) Project 04: Breathing LED 7
= | )1 Project 05: Traffic Lights 5 while True:

Project 05: Traffic Lights.docx g led _red.value(l)

@ Project 05 Traffic Lights.py 10 time.sleep(5)
) Proje B LED v 11 led red.wvalue(@)
- . - - Fan hd
MicroPython device = Shell
& boot.py ~
>3 v

MicroPython (ESP32)

from machine import Pin
import time

led_red = Pin(®, Pin.OUT) # create red led object from Pin 0, Set Pin 0 to output
led_yellow = Pin(2, Pin.OUT) # create yellow led object from Pin 2, Set Pin 2 to output
led_green = Pin(15, Pin.OUT) # create green led object from Pin 15, Set Pin 15 to output

while True:
led_red.value(l) # Set red led turn on
time.sleep(5) # Sleep 5s
led_red.value(0) # Set red led turn off
led_yellow.value(1)
time.sleep(0.5)
led_yellow.value(0)
time.sleep(0.5)
led_yellow.value(l)
time.sleep(0.5)
led_yellow.value(0)
time.sleep(0.5)
led_yellow.value(l)
time.sleep(0.5)
led_yellow.value(0)
time.sleep(0.5)
led_green.value(1)
time.sleep(5)
led_green.value(0)

5.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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Te

File Edit

Bl 0

View FRun Tools Help

Files

This computer
v\ 2, Python Projects
) Project 00:
Project 01:
Project 02:
Project 03:

Boot

Helle World

Turn On LED

LED Flashing

Project 04: Breathing LED

Project 05: Traffic Lights

| Project 03: Traffic Lights.docx
lﬁ_ Project_05_Traffic_Lights.py
Project 06: RGB LED

E B

B B
A A ] A =

o =

R

MicroPython device
&) boot.py

Project_05_Traffic_Lights.py

= from machine import Pin ~
import time
led_red § Pin(@, Pin.OUT)
led_yellow = Pin(2, Pin.0OUT)
led_green = Pin(15, Pin.0UT)
while True:
led red.value(1)
time.sleep(5)
v led_red.value(8) .
S shel
-~
233 v

MicrePython (ESP32)

Click @“Run current script”, the code starts to be executed and you’ll see are below:

First, the green light will be on for five seconds and then off; Next, the yellow light blinks three times and then goes
off; Then, the red light goes on for five seconds and then goes off; Repeat steps 1 to 3 above.

Press “Ctrl+C” or click@ “Stop/Restart backend” to exit the program.

T

File Edit View FRun Tools Help

0= [::}!h-.m @

Files

This computer
D: \ 2. Python Projects
L) Project 00:
Project 07:
Project 02:
Project 03:

Boot

Hello Warld

Turn On LED

LED Flashing

Project 04: Breathing LED
Project 05: Traffic Lights

| Project 05: Traffic Lights.doox
lﬁ_ Project_03_Traffic_Lights.py
Project 06: RGB LED

0HBHBEBHBE
A A A ] =

)

MicroPython device
@__ boot.py

Project_05_Traffic_Lights.py

= from machine impert Pin ~
import time
led red [ Pin(@, Pin.OUT)
led yellow = Pin(2, Pin.OUT)
led_green = Pin(15, Pin.0UT)
while True:
led red.value(1l)
time.sleep(5)
v led_red.value(8) .
: Shell
”~
333
I W

MicrePython (ESP32)
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7.8 Project 06: RGB LED

1.Introduction

RGB is composed of three colors (red, green and blue), which can emit different colors of light by mixing these three
basic colors.

In this project, we will introduce the RGB and show you how to use ESP32 to control the RGB to emit different color
light. RGB is pretty basic, but it’s also a great way to learn the fundamentals of electronics and coding.

2.Components
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Y

v =
¥ B
FEEEENEERRINE Y
L ]

RGB LED Jumper Wires

:
e

Breadboard*1 220 Resistor*3 USB Cable*1

3.Component knowledge

Most monitors adopt the RGB color standard, and all colors on a computer screen are a mixture of red, green and blue
in varying proportions.

Red (R)

Blue (B) Green (G)

G

At

This RGB LED has 4 pins, each color (red, green, blue) and a common cathode, to change its brightness, we can use
the PWM of the ESP32 pins, which can give different duty cycle signals to the RGB to produce different colors of light.

If we use three 10-bit PWM to control the RGB, in theory, we can create 2 10¥210%210 = 1,073,741,824(1 billion)
colors through different combinations.

4. Wiring diagram
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Note
The longest pin (common cathode) of the RGB LED is connected to GND.
R B
G
/l ()
How to identify the 220 Five-color ring resistor
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5.Project code

Codes used in this tutorial are saved in“2. Python Projects”.

If you haven’t downloaded the code file yet, please click on the link to download it:Download Python Codes

Share Wiew o
» This PC » Software (D:) » 2. Python Projects 1 Q Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Helle World 201772022 10:21 AM File folder
Project 022 Turn On LED 2772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder

Open“Thonny”click*“This computer”—“D:”—*2. Python Projects”—‘Project 06RGB LED”, and double left-click
“Project_06_RGB_LED.py”.
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T Thonny - D2, Python Projects\Project 06: RGB LED\Project_06_RGB_LED.py @ 17:22 - O
File Edit View FRun Tools Help
0= o -
Files Project_06_RGE_LED.py
This cormputer = A 1
D: \ 2. Pythen Projects 2 from machine import Pin, PWM
)1 Project 07: Hello World 5 from random import randint
)1 Project 02: Turn On LED 4 import time
) Project 03: LED Flashing 5
) Project 04: Breathing LED b
) Project 05: Traffic Lights 7 pins = [B, 2, 15]
= |}/ Project 06: RGB LED 8
Project 06: RGB LED.docx 9 pwum® = PWM(Pin(pins[8]),16088)
“g* Project 06 RGE _LED.py 16 pwml = PWM{Pin(pins[1]),16608)
) Praject 07: Flowing Water Light v 11 pwm2 = PWM(Pin(pins[2]),16608)
MicroPython device = Shell
%boot.py
>33

MicroPython (ESP32)

W

# import Pin, PWM and Random function modules.

from
from

machine import Pin, PWM
random import randint

import time

#Configure ouput mode of GPIO15, GPIO2 and GPIO® as PWM output and PWM frequency as.

—~10000Hz.

pins = [0, 2, 15]

pwm® = PWM(Pin(pins[0]),10000)
pwml = PWM(Pin(pins[1]),10000)
pwm2 = PWM(Pin(pins[2]),10000)

#define a function to set the color of RGBLED.
def setColor(r, g, b):

pwm® . duty (1023-r)

pwml.duty(1023-g)

pwm2 . duty(1023-b)

try:
while True:

red = randint (0, 1023)
green = randint(0, 1023)
blue = randint(®, 1023)
setColor(red, green, blue)
time.sleep_ms(200)

except:

pwm®.deinit ()
pwml.deinit ()
pwm2 .deinit ()

6.Project result

7.8.
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Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .

T D2

File Edit View
B (P]
Files

This computer
D: % 2. Python Projects

?

OEEEEBE

Project 01:
Project 02:
Project 03:
Project 04:
Project 05:
Project 06:

Run Tools Help

Hello World
Turn On LED
LED Flashing
Breathing LED
Traffic Lights
RGE LED

[ele—

.| Project 06: RGB LED.docx
) Project_06 RGB_LED.py
) Project 07: Flowing Water Light

MicroPython device
@ boot.py

ect_ 06_RGB_LED.py @ 6:15 — O
Project_06_RGE_LED.py
]
2 from machine import Pin, PWM
%  from random import randint
4 import time
6
7 pins = [B, 2, 15]
9 pum@ = PWM(Pin(pins[@]),10008)
18 puml = PWM{Pin(pins[1]),166088)
11 pum2 = PWM{Pin(pins[2]),l16088)
- W
Shell
]
22> w

MicrePython (ESP32)

Click a“Run current script”, the code starts to be executed and you’ll see that RGB begins to display random colors.

Press“Ctrl+C”or Click@ “Stop/Restart backend”to exit the program.

"

File

Edit  View

Run Tools

1 5 i [0 ]

Files

This computer
D\ 2. Python Projects

HEHE B

0o =
A A ] A

!

Project 01:
Project 02:
Project 03:
Project 04:
Project 051
Project 06:

Helle World
Turn On LED
LED Flashing
Breathing LED
Traffic Lights
RGE LED

Help

w

| Project 06: RGB LED.docx
& Project_06_RGB_LED.py
) Project 07: Flowing Water Light

MicroPython device
ﬁ boot.py

Project_06_RGE_LED.py

]
2 from machine import Pin, PWM
S  from random import randint
4 dimport time
6
7 pins = [B, 2, 15]
9 pum@ = PWM(Pin(pins[8]),10608)
18 puwml = PWM({Pin(pins[1]),10608)
11 pum2 = PWM(Pin(pins[2]),16888)
- L
Shell
”~
|>>> |
L

MicrePython (ESP32)
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7.9 Project 07: Flowing Water Light

1.Introduction

In our daily life, we can see many billboards composed of different colors of LED. They constantly change the light
(like water) to attract customers’ attention. In this project, we will use ESP32 to control 10 leds to achieve the effect of
flowing water.

2.Components

FEEEErEENREINE T

_. :
=

ESP32*1 Breadboard*1 USB Cable*1
Red LED*1 220 Resistor*1 Jumper Wire*2
3.Wiring diagram :

® e e e 0 0 0 00

® e e e 0 0 0 00

® e e e 0 0 0 00

® e 0 0 000 0
<

[~ ® e e 00 0 0 0 e
|
5
S
cmj

om e e e 0000 00
Om|

® e 0 0000 0

® e 0 0000 0

® e 0 0000 0

® e e 00 00 0

fritzing

Note:

How to connect a LED
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7 A

Anode

Cathode

Cathode ()

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-color ring resistor

(2 2 0)x1x1%

S

red red black black blown
1 2 3 [ 5

4 Project code

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

Codes used in this tutorial are saved in“2. Python Projects”.

If you haven’t downloaded the code file yet, please click on the link to download it:Download Python Codes

Share Wiew o
» This PC » Software (D:) » 2. Python Projects 1 Q Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Helle World 201772022 10:21 AM File folder
Project 022 Turn On LED 2772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder
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Open‘“Thonny”click*This computer”—*“D:”—*“2. Python Projects”—“Project 07Flowing Water Light”, and double
left-click “Project_07_Flowing_Water_Light.py”.

T& Thonny - D:\2. Python Projects\Project 07: Flowing Water Light\Project_07_Flowing_Water Light.py @ 5:44 - O *
File Edit View Run Tocls Help

DEH O @

Files Project_07_Flowing_Water_Light.py *

This computer =~ 1 from machine import Pin ~

D: % 2. Python Projects 2 dimport time

) Project 01: Hello World 3
J) Project 02: Turn On LED 4
)i Project 03: LED Flashing 5 pins = [22, 21, 19, 18, 17, 16, 4, 8, 2, 15]
)1 Project 04: Breathing LED 6
) Project 03: Traffic Lights 7 def showled():
J Project 06: RGE LED 8 for pin in pins:
= |} Project 07: Flowing Water Light 9 print(pin)
Project 07: Flowing Water Light.docx 10 led = Pin(pin, Pin.0UT)

< >
/ W
i . Shell
MicroPython device = ~
% ) boot.py
»5> v

MicroPython (ESP32)

from machine import Pin
import time

#Use an array to define 10 GPIO ports connected to LED Bar Graph for easier operation.
pins = [22, 21, 19, 18, 17, 16, 4, 0, 2, 15]
#Use two for loops to turn on LEDs separately from left to right and then back from.,
—right to left
def showLed():
for pin in pins:
print(pin)
led = Pin(pin, Pin.OUT)
led.value(1)
time.sleep_ms(100)
led.value(0)
time.sleep_ms(100)
for pin in reversed(pins):
print (pin)
led = Pin(pin, Pin.O0UT)
led.value(1)
time.sleep_ms(100)
led.value(®)
time.sleep_ms(100)

while True:
showLed ()

5.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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T& Thonny - DA2. Python Projects\Project 07: Flowing Water Light\Project_07_Flowing_Water_Light.py 12 — O X
File Edit View FRun Tools Help

Files - Project_07_Flowing_Water_Light.py *

This computer =~ 1 from machine import Pin .
D:\ 2. Python Projects import time

|41 Project 01: Hello World

| 1) Project 02: Turn On LED #Use an array to defi 16 GPIO ports connected to LED Bar
[ | ) Project03: LED Flashing pins = [22, 21, 19, 18 17, 16, 4, @, 2, 15]

|/} Project 04: Breathing LED two for 1009: to turn on _ED:' separately from left tc

|40 Project 03: Traffic Lights
|/} Project 06: RGE LED
[= 1)) Project 07: Flowing Water Light

def showled():
for pin in pins:
print{pin)

I - R R ST ¥}
-i ]
n
T

[ Project 07: Flowing Water Light.docx 1 led = Pin(pin, Pin.OUT)
i) Project 07 _Flowing_Water _Light.py - - R v
7] Project 08: 1-Digit Digital Tube ™
) . Shell
MicroPython device =
"
@boot.py n v1.17 on 2
)" for more
v
MicroPythen (ESP32)

Click Q“Run current script”, the code starts to be executed and you’ll see that 10 LEDs will light up from left to right

and then back from right to left. Press“Ctrl+C” or click@ “Stop/Restart backend” to exit the program.

Ti Thonny - D2 Python Projects\Project 07: Flowing Water Light\Project_07_Flowing_Water_Light.py 12 - O >
File Edit View Run Tools Help
15 O o @
Files - Project_07_Flowing_Water_Light.py -
This computer =~ 1 from machine import Pin .
D:\ 2. Python Projects 2 import time
|40 Project 01: Hello World 3
|} Project 02: Turn On LED 4 | #lse an array to define 18 I0 ports connected to LED Bar
|40 Project 03: LED Flashing 5 pins = [22, 21, 19, 18, 17, 16 4, @, 2, 15]
| ) Project 04: Breathing LED 6 #Use two for loops to turn on LEDs separately from left tc
|1} Project 05: Traffic Lights 7 def showled():
|/} Project 06: RGE LED 8 for pin in pins:
= | ) Project 07: Flowing Water Light 9 print(pin)
| | Project 07: Flowing Water Light.docx 18 led = Pin(pin, Pin.OUT)
i) Project_07_Flowing_Water_Light.py 11 led.value(1) v
|}) Project 08: 1-Digit Digital Tube v < >
MicroPython device = Shell
& boot.py MicroPython 20 ith ESP32 ~
Iype &lp more information.
»>» ¥Run -c ._CONTENT
22 W
MicroPython (ESP32)
P | 2
-k -/-I--- EEEEE EEEN N EEN EEEEN e EE. EEEEE EEEEN N EEN |
L . -I- L I- --I -I-I-. -I- L I- --I -I-I
& 5| 8 i) { e | 8 i) { e
L LA L L L LA L] LA L L L LA L
- L N | . L | L] L - L N | . L | L] L
L EEE EEE s EEN . EEE EEE EEE EEE s EEN . EEE -
L | LB | - EE e N -EE EEE EEE LB | - EE e N -EE EEE L]
L LA B LB LA B - LA B | - . LA B LB LA B - LA B | -
LR LA B LA B LA LA LA B | L LN LA B LA B LA LA LA B | L]
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7.10 Project 081-Digit Digital Tube

1.Introduction

A 1-Digit 7-Segment Display is an electronic display device that displays decimal numbers. It is widely used in digital
clocks, electronic meters, basic calculators and other electronic devices that display digital information. Even though
they may not look modern enough, they are an alternative to more complex dot matrix displays and are easy to use in
limited light conditions and strong sunlight. In this project, we will use ESP32 to control 1-Digit 7-segment display to
display numbers.

2.Components

o W
ELINERARINERE

ESP32*1 Breadboard*1 USB Cable*1

.@' b '\

1-Digit 7-Segment Display*1 220 Resistor*8 Jumper Wire*2

* FEEECTEEETOEET
*

L ]

3.Component knowledge
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1-Digit 7-Segment Display principle: Digital tube display is a semiconductor light emitting device,its basic unit is
a light-emitting diode (LED). Thedigital tube display can be divided into 7-segment display and 8-segment display
according to the number of segments. The 8-segment display has one more LED unit than the 7-segment display (used
for decimal point display). Each segment of the 7-segment display is a separate LED. According to the connection
mode of the LED unit, the digital tube can be divided into a common anode digital tube and a common cathode digital
tube.

In the common cathode 7-segment display, all the cathodes (or negative electrodes) of the segmented LEDs are con-
nected together, so you should connect the common cathode to GND. To light up a segmented LED, you can set its
associated pin to“HIGH”.

In the common anode 7-segment display, the LED anodes (positive electrodes) of all segments are connected together,
so you should connect the common anode to“+5V”. To light up a segmented LED, you can set its associated pin
to“LOW”.
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Each part of the digital tube is composed of an LED. So when you use it, you also need to use a current limiting resistor.
Otherwise, the LED will be damaged. In this experiment, we use an ordinary common cathode one-digit digital tube.
As we mentioned above, you should connect the common cathode to GND. To light up a segmented LED, you can set
its associated pin to“HIGH”.

4.Wiring diagram

Note: The direction of the 7-segment display inserted into the breadboard is consistent with the wiring diagram, with
one more point in the lower right corner.
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fritzing
5.Project code

The digital display is divided into 7 segments, and the decimal point display is divided into 1 segment. When certain
numbers are displayed, the corresponding segment will be lit. For example, when the number 1 is displayed, segments
b and c will be turned on.

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes

| 2. Python Projects — O *
Share Wiew 0
» This PC & Software (D:) » 2. Python Projects o A Search 2, Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 01 Hello Warld 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 27772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder

Open“Thonny”click*“This computer”’—*“D:”—*2. Python Projects”—‘Project 08: 1-Digit Digital Tube”, and double
left-click “Project_08_One_Digit_Digital_Tube.py”.
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T& Thonny - D:\2. Python Projects\Project 08: 1-Digit Digital Tube\Project_08_One_Digit_Digital_ Tube.py @ 3:1 — O X
File Edit View FRun Tools Help
B = [F) w
Files Project_08_One_Digit_Digital_Tube.py
This computer =~ 1 from machine import Pin .
D: \ 2. Python Projects 2 import time
) Project 03: LED Flashing 3
) Project 04: Breathing LED 4 a = Pin(16, Pin.0UT)
) Project 05: Traffic Lights b = Pin(4, Pin.0UT)
1 Project 06: RGE LED ¢ = Pin(5, Pin.0UT)
) Project 07: Flowing Water Light 7 d = Pin(18, Pin.0UT)
= | )1 Project 08: 1-Digit Digital Tube 5 e = Pin(19, Pin.0UT)
) f = Pin(22, Pin.0UT)
: 1 g = Pin(23, Pin.OUT)
11 Proj v 11 dp = Pin(17, Pin.0OUT)
MicroPython device = : v
&) boot.py Shell
A
23> hd
MicroPython (ESP32)

from machine import Pin
import time

a Pin(16, Pin.OUT)
b = Pin(4, Pin.O0OUT)

c = Pin(5, Pin.O0UT)

d = Pin(18, Pin.OUT)
e

f

= Pin(19, Pin.OUT)

= Pin(22, Pin.OUT)
g = Pin(23, Pin.OUT)
dp = Pin(17, Pin.OUT)

pins = [Pin(id,Pin.OUT) for id in [16, 4, 5, 18, 19, 22, 23, 17]]

def show(code):
for i in range(®, 8):
pins[i].value(~code & 1)
code = code >> 1

#Select code from 0 to 9
mask_digits = [0xc0®, 0xf9, Oxa4, 0xb0®, 0x99, 0x92, 0x82, 0xf8,0x80, 0x90]

for code in reversed(mask_digits):
show(code)
time.sleep(1)

6.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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&

File Edit View
BN 0O
Files

This computer
D: % 2. Python Projects

?

0 EBEHEHB
S B e e

G

Project 03:
Project 04:
Project 05:
Project 06:
Project 07:
Project 08:

Run Tools Help

LED Flashing
Breathing LED
Traffic Lights

RGE LED

Flowing Water Light
1-Digit Digital Tube

| Project 08: 1-Digit Digital Tube.docx
@_ Project_08_0One_Digit_Digital_Tube.py

Pr.oject 09:

4-Digit Digital Tube

MicraPython device

&

boot.py

Project_08_One_Digit_Digital_Tube.py

L}
>

from machine import Pin

import time

a
b
c
d
3
.F
g
d

Shell

22>

Pin(16, Pin.OUT)
Pin(4, Pin.OUT)

Pin(5, Pin.OUT)

Pin(18, Pin.OUT)
Pin(19, Pin.OUT)
Pin(22, Pin.OUT)
Pin(23, Pin.OUT)

p = Pin(17, Pin.OUT)

W

MicroPython (ESP32)

Click ﬁ“Run current script”, the code starts to be executed and you’ll see that the 1-Digit 7-Segment Display will

display numbers from 9 to 0. Press“Ctrl+C”or click@ “Stop/Restart backend” to exit the program.

TG

File Edit View

N[O @

Files

This computer
I\ 2. Python Projects

?

B B

0B B
A A A ] =

?

Project 03:
Project 04:
Project 03:
Project 06:
Project 07:
Project 08:

Run Tools Help

LED Flashing
Breathing LED
Traffic Lights

RGE LED

Flowing Water Light
1-Digit Digital Tube

| Project 08: 1-Digit Digital Tube.doox

@_ Project_08_One_Digit_Digital_Tube.py
Project 09:

4-Digit Digital Tube

MicroPython device

€

boot.py

Project_08_One_Digit_Digital_Tube.py

n
>

from machine impeort Pin

import time

a
b
[«
d
e
.F
g
d

Shell

Pin(16, Pin.OUT)
Pin(4, Pin.OUT)

Pin(5, Pin.OUT)

Pin(18, Pin.OUT)
Pin(19, Pin.OUT)
Pin(22, Pin.OUT)
Pin(23, Pin.OUT)

p = Pin(17, Pin.OUT)

|>>>

]
MicrePython (ESP32)
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7.11 Project 094-digit Digital Tube

1.Introduction

The 4-digit 7-segment display is a very practical display device and it is used for devices such as electronic clocks,
score counters and the number of people in the park. Because of the low price, easy to use, more and more projects
will use the 4 Digit 7-segment display. In this project, we use ESP32 to control the 4-digit 7-segment display to display
digits.

2.Components

o\ PerreTersere —
.

-

ESP32*1 Breadboard*1 USB Cable*1
4-digit 7-segment display Module* 1 220 Resistor*8 Jumper Wire*2

3.Component Knowledge

**4-digit 7-segment display**It is a device with common cathode and anode, its display principle is similar to the 1-
Digit digital tube display. Both of them have eight GPIO ports to control the digital tube display, that is 8 leds. However,
here is 4-digit, so it needs four GPIO ports to control the bit selection end. Our 4 - digit digital tube is common cathode.

The following figure shows the pin diagram of the 4-digit digital tube. G1, G2, G3 and G4 are the control pins.
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294 Chapter 7. Python Tutorial



ESP32 Learning Kit

o PX) @
® [es)] @ @
Lo 12 BLA

L]
L
=
-
o
.

oipnisafa)
ug !!!!!!!b

GND

ElEEEEEERl =
I

.

[=]
=
(4]

[kl ®

5.Test Code

Codes used in this tutorial are saved in*2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes

2. Python Projects — O et
Share Wiew 0
» This PC * Software (i) » 2, Python Projects ' £ Search 2, Python ..
Mame Date modified Type Size ™
Project 00: Boot 271772022 10:21 AM File folder
Project 01 Hello World 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 21772022 11:10 AM File folder
Project 03: LED Flashing 21772022 11:12 AM File folder
Project 04: Breathing LED 2/17/2022 10:21 AM File folder

Open“Thonny”click*“This computer”—“D:”—*2. Python Projects”—*“Project 094-Digit Digital Tube”, then double
left-click “Project_09_Four_Digit_Digital_Tube.py”.
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File Edit View Run Tools Help

B 0

Files

This computer

D:\ 2, Python Projects

) Project 03: LED Flashing
Project 04: Breathing LED
Project 05: Traffic Lights
Project 06: RGB LED

Project 07: Flowing Water Light
Project 08: 1-Digit Digital Tube
Project 09: 4-Digit Digital Tube

DEEHEEHEBHBE
LEEEEE

MicroPython device
%J boot.py

1 Project 100 8x8 Dot-matrix Display

@

Project 09: 4-digit Digital Tube.docx

Project_08_Four_Digit_Digital_Tube.py

T Thonny - C\Users\Administrator\Desktop\Keyestudio ESP32 Learning Kit Complete Edition\2. Windows Systerm\1... — O s

from machine import Pin
import time

m - M oM oW

Pin(18, Pin.OUT)
Pin(13, Pin.OUT)
Pin(2, Pin.OUT)
Pin(16, Pin.OUT)
Pin(17, Pin.OUT)
Pin(19, Pin.OUT)
Pin(@, Pin.OUT)

MicroPython (ESP32)

from machine import Pin
import time

#Pin of each digit of nixie tube

a = Pin(18, Pin.OUT)
b = Pin(13, Pin.O0UT)
c = Pin(2, Pin.O0UT)
d = Pin(16, Pin.OUT)
e
f

= Pin(17, Pin.OUT)
= Pin(19, Pin.OUT)
g = Pin(0®, Pin.OUT)
dp = Pin(4, Pin.OUT)

Gl = Pin(21, Pin.OUT)
G2 = Pin(22, Pin.OUT)
G3 = Pin(14, Pin.OUT)

G4 = Pin(15, Pin.OUT)

#digital tube a to dp corresponding development board pins
d_Pins=[Pin(i,Pin.OUT) for i in [18,13,2,16,17,19,0,4]]

#Pin corresponding to digital tube segment G1, G2, G3, and G4
w_Pins=[Pin(i,Pin.0UT) for i in [21,22,14,15]]

number={
'0':
[t,1,1,1,1,1,0,0],#0
"1':
[0,1,1,0,0,0,0,0],#1
"2 g
[1,1,0,1,1,0,1,0],#2

(continues on next page)
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(continued from previous page)
'3':
[+,1,1,1,0,0,1,0],#3
"4':
[0,1,1,0,0,1,1,0],#4
'5':
[1,0,1,1,0,1,1,0],#5
'6':
[1,0,1,1,1,1,1,0],#6
'7':
[1,1,1,0,0,0,0,0],#7
'8':
[(+,1,1,1,1,1,1,0],#8
"9Y g
[t,1,1,1,0,1,1,0]1,#9

def display(num,dp):
global number
count=0
for pin in d_Pins:#displays the value of num
pin.value (number [num] [count])
count+=1
if dp==1:
d_Pins[7].value(0)
def clear():
for i in w_Pins:
i.value(0)
for i in d_Pins:
i.value(l)
def showData(num):

#the hundreds, thousands, ones, and fractional values of a numeric value
d_num=num
location=d_num.find('.")
if location>0:

d_num=d_num.replace('."',"'")
while len(d_num)<4:
d_num="0"+d_num
for i in range(0,4):
time.sleep(2)
clear()
w_Pins[3-i].value(l)
if i==location-1:
display(d_num[i], 1)
else:
display(d_num[i],0)
if location<O0:
for i in range(0,4):
time.sleep(2)
clear()
w_Pins[3-i].value(l)
display(d_num[i],0)
while True:

(continues on next page)
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num="'9016"
showData (num)

(continued from previous page)

6.Test Result

Make sure the ESP32 has been connected to the computer, then click@ “Stop/Restart backend” .

Te
File Edit View Run Tools Help
QS 0 o[
Files Project_09_Four_Digit_Digital_Tube.py
This computer = from machine impeort Pin .
D: % 2. Python Projects import time
)i Project 03: LED Flashing
)i Project 04: Breathing LED
1 Project 05: Traffic Lights a = Pin(18, Pin.0OUT)
)i Project 06: RGE LED b = Pin(13, Pin.0UT)
)1 Project 07: Flowing Water Light c = Pin(2, Pin.0UT)
)/ Project 08: 1-Digit Digital Tube d = Pin(16, Pin.OUT)
[= |} Project 09: 4-Digit Digital Tube e = Pin(17, Pin.OUT)

"] Project 09: 4-digit Digital Tube.docx f = Pin(19, Pin.OUT)

i) Project 09 Four Digit_Digital Tube.py g = Pin(B, Pin.0UT) v
L1 Project 10: 8=38 Dot-matrix Display

Shell
MicroPython device =
lﬁ boot.py
33

MicroPython (ESP32)

Click®@“Run current script”, the code starts to be executed and you’ll see that 4-digit 7-segment display displays

digitsand repeat these actions in an infinite loop. Press “Ctrl+C” or click @ “Stop/Restart backend” to exit the program.
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&
File Edit View Run Tools Help
N5 [0 e @
Files Project_09_Four_Digit_Digital_Tube.py
This computer =~ from machine import Pin .
Ot % 2. Python Projects import time
)i Project 03: LED Flashing
L1 Project 04: Breathing LED
)1 Project 03: Traffic Lights a = Pin(18, Pin.0UT)
) Project 06: RGB LED b = Pin{13, Pin.0UT)
)i Project 07: Flowing Water Light ¢ = Pin{2, Pin.0OUT)
L1 Project 08: 1-Digit Digital Tube d = Pin{16, Pin.OUT)
= |} Project 09: 4-Digit Digital Tube e = Pin(17, Pin.OUT)

] Project 09: 4-digit Digital Tube.docx f = Pin(19, Pin.0UT)

i) Project 09 Four Digit_Digital_Tube.py g = Pin{8, Pin.0UT) w
11 Project 10: 8:x8 Dot-matrix Display v

Shell
MicroPython device =
@ boot.py
[>>> |

MicroPython (ESP32)

7.12 Project 108x8 Dot-matrix Display

1.Introduction

Dot matrix display is an electronic digital display device that can display information on machine, clocks, public trans-
port departure indicators and many other devices. In this project, we will use ESP32 to control 8x8 LED dot matrix in
a way that lights it up.

2.Components

_. .
=

ESP32*1 Breadboard*1 USB Cable*1

i A\

8*8 dot matrix module *1 220 Resistor*8 Jumper Wire*2

3.Component Knowledge

7.12. Project 108x8 Dot-matrix Display 299



ESP32 Learning Kit

8*8 dot matrix module The 8*8 dot matrix is composed of 64 LEDs, including row common anode and row common
cathode. Our module is row common anode, each row has a line connecting the positive pole of the LED, and the
column is connecting the negative pole of the LED lamp, as shown in the following figure :

X0(A) X1(B) X2(C) X3(D) X4(E) X5(F) X6(G) X7(H)

PRl Sl el ol
B i i i i o o o o

D, |l ol 1l o il f
» 5 5 1 P R P
S i i i N i i i i i

wo LI P P

Y7(7)

8*8 Dot Matrix LED Equivalent Circuit

H G1 A3 F DO
o0 000000

8*8 Dot Matrix Soldering Pins

4 6: B C 7 E b 2
0000000

788BS Silk Print

8*8 Dot Matrix Outlook and Pinouts

4.Wiring Diagram
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5.Test Code

The code used in this tutorial is saved in*2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it:Download Python Codes

| 2. Python Projects — O x
Share Wiew 0
» This PC » Software (D:) * 2. Python Projects v £ Search 2. Python ...
Marme Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Hello World 201772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 211772022 11:12 AM File folder
Project 04: Breathing LED 271772022 10:21 AM File folder

Open‘“Thonny”’click*“This computer”—“D:”—*2. Python Projects”—‘“Project 108x8 Dot-matrix Display”, then dou-
ble left-click“Project_10_8x8_Dot_Matrix_Display.py”.
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T& Thonny - D2, Python Projects\Project 10 8x8 Dot-matrix Display\Project_10_8x8_Dot_Matrix_Display.py @ 74:9 - O X
File Edit View Run Tools Help

Bl 0 @

Files Project_10_8:8_Dot_Matrix_Display.py

This computer = & 1  from machine import Pin ”

D: % 2, Python Projects 7 import time

) Project 05: Traffic Lights 3
) Project 06: RGB LED 4
)| Project 07: Flowing Water Light 5 rowl = Pin(14, Pin.OUT)
) Project 08: 1-Digit Digital Tube 5 row2 = Pin(26, Pin.0OUT)
) Project 09: 4-Digit Digital Tube 7 row3 = Pin(4, Pin.0OUT)
= | ) Project 10: 8x8 Dot-matrix Display 5 rowd = Pin(27, Pin.0OUT)

Project 10: 8x8 Dot-rmatrix Displ

doc 9 row5 = Pin(19, Pin.0OUT)

18 rowb = Pin(16, Pin.0UT)
L Project 11: 74HC395N Control 8 LEDs 11 row/7 = Pin(18, Pin.0UT) v
J Project 12: Active Buzzer
Shell
MicroPython device =
& boot.py
x>

MicroPython (ESP32)

from machine import Pin
import time

#Define the pin of the row and Set to output.
rowl Pin(14, Pin.OUT)

row2 = Pin(26, Pin.OUT)

row3 = Pin(4, Pin.OUT)

row4 = Pin(27, Pin.OUT)

row5 = Pin(19, Pin.OUT)

row6 = Pin(16, Pin.OUT)

row7 = Pin(18, Pin.OUT)

row8 = Pin(17, Pin.OUT)

#Define the pins of the column and Set to output
coll = Pin(32, Pin.OUT)

col2 = Pin(21, Pin.OUT)

col3 = Pin(22, Pin.OUT)

col4d = Pin(12, Pin.OUT)

col5 = Pin(®, Pin.OUT)

col6 = Pin(13, Pin.OUT)

col7 = Pin(33, Pin.OUT)

col8 = Pin(25, Pin.OUT)

#Sets the pin of the column to low level
coll.value(0)
col2.value(0)
col3.value(0)
col4.value(0)
col5.value(0)
col6.value(0)
col?7.value(0)
col8.value(0)

(continues on next page)

302 Chapter 7. Python Tutorial




ESP32 Learning Kit

(continued from previous page)

#Since the column of the lattice has been set to low level,
#the corresponding row of the lattice will light up when the pin of the row is at high.
—~level
def Row(d):
if(d ==1):
rowl.value(l) #Light the first line
if(d ==2):
row2.value(l) #Light the second line
if(d ==3):
row3.value(l)
if(d ==4):
rowd.value(l)
if(d ==5):
row5.value(l)
if(d ==6):
row6.value(l)
if(d ==7):
row7.value(l)
if(d ==8):
row8.value(l)

#Close the lattice

def off():
rowl.value(0)
row?2.value(0)
row3.value(0)
row4.value(0)
row5.value(0)
row6.value(0)
row?7 .value(0)
row8.value(0)

try:
print("test...")
while True:
for num in range(1,10): #Light the lattice line by line
Row (num)
if(mum == 9): #Because the lattice has only 8 rows, and I'm limiting it.
—here, is equal to 9
off(Q) #Close the lattice
time.sleep(0.2)

except:
pass

6.Test Result

Make sure the ESP32 has been connected to the computer, then click@ “Stop/Restart backend” .
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& Thonny - D2, Python Projects\Project

File Edit View Run Tools Help

B o

Files Project_10_8=8_Dot_Matrix_Display.py

This computer =& 1 from machine import Pin

D: % 2, Python Projects 2 import time

) Project 03: Traffic Lights 3

)| Project 06: RGB LED 4

L Project 07: Flowing Water Light 5 rowl = Pin(14, Pin.0UT)

L Project 08: 1-Digit Digital Tube 5 row2 = Pin(26, Pin.0OUT)

L Project 09: 4-Digit Digital Tube 7 row3 = Pin(4, Pin.0OUT)

= | )1 Project 10: 8x8 Dot-matrix Display g rowd = Pin(27, Pin.0UT)
] Project 10: 8x8 Dot-matrix Display.doc 9 row5 = Pin(19, Pin.0UT)
&) Project_10_8x3_Dot_Matrix_Display.py 18 rows = Pin(16, Pin.OUT)

A1 Project 111 74HC595M Control 8 LEDs

)1 Project 12: Active Buzzer

MicroPython device
@)‘J boot.py

11 row? = Pin(18, Pin.OUT)

>33

MicroPython (ESP32)

Click@“Run current script”, the code starts to be executed and you’ll see that the 8*8 dot matrix gradually lights up.

Press“Ctrl+C” or click@ “Stop/Restart backend”to exit the program.

T& Thonny - DA2. Python Projects\Project

File Edit View Run Tools Help

05 [o]e—

Files

This computer
D: % 2, Python Projects

Project_10_8:8_Dot_Matrix_Display.py

m
>
=

from machine impeort Pin
import time

(]

) Project 05: Traffic Lights 3
) Project D6: RGB LED 4
)| Project 07: Flowing Water Light 5 rowl = Pin(14, Pin.OUT)
) Project 08: 1-Digit Digital Tube 5 row2 = Pin(26, Pin.OUT)
)| Project 09: 4-Digit Digital Tube 7 row3 = Pin(4, Pin.OUT)
= |} Project 10: 8x=8 Dot-matrix Display 2 rowd = Pin(27, Pin.OUT)
| Project 10: 8x8 Dot-matrix Display.docx 9 row5 = Pin(19, Pin.OUT)
i) Project_10_8=3_Dot_Matrix_Display.py 18 rowh = Pin(16, Pin.0OUT)
}) Project 11: 74HC395N Control 8 LEDs 11 row7 = Pin(18, Pin.0UT)
L Project 12: Active Buzzer W
Shell
MicroPythen device =
&J boot.py
33>
test...

L

MicroPython (ESP32)
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7.13 Project 1174HC595N Control 8 LEDs

1.Introduction
In previous projects, we learned how to light up an LED.

With only 32 IO ports on ESP32, how do we light up a lot of leds? Sometimes it is possible to run out of pins on
the ESP32, and you need to extend it with the shift register. You can use the 74HCS595N chip to control 8 outputs at a
time, taking up only a few pins on your microcontroller. In addition, you can also connect multiple registers together
to further expand the output. In this project, we will use ESP32, 74HC595 chip and LED to make a flowing water light
to understand the function of the 74HC595 chip.

]
EEELNTNLENALE
i
1 -
rEEEEREETRERLT
= & LW R

ESP32*1 Breadboard*1 74HCS595N chip*1  Jumper Wires
-

2.Components

k- X] B 2

220 Resistor*8 Red LED*8 USB Cable*1

3.Component knowledge

74HCS595N Chip: The 74HCS595 chip is used to convert serial data into parallel data. A 74HC595 chip can convert
the serial data of one byte into 8 bits, and send its corresponding level to each of the 8 ports correspondingly. With
this characteristic, the 74HC595 chip can be used to expand the IO ports of an ESP32. At least 3 ports are required to
control the 8 ports of the 74HCS595 chip.
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Q[T
Q2[2]
Q3[3]
Q4[4

Q5[5

T6]VCC
15]Q0
14]S|
13]OE
T72]RCK
Q66 SCK
Q77T T0JSCLR
GND[E" 9]SQH

NS6SOHYL  (

The ports of the 74HCS595 chip are described as follows
4. Wiring diagram

Note: Note the orientation in which the 74HC595N chip is inserted.
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5.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it:Download Python Codes

| 2. Python Projects — O >
Share Wiew 0
» This PC » Software (Dt) * 2. Python Projects o £ Search 2. Python ...
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Hello World 271772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 031 LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 271772022 10:21 AM File folder

Open‘“Thonny”’click“This computer”—*“D:”—“2. Python Projects”—*Project 1174HC595N Control 8§ LEDs”.

Select“my74HC595.py”, right click your mouse to select“Upload to /’wait for “my74HC595.py” to be uploaded to
ESP32, and then double left-click “Project_11_74HC595N_Controls_8_LEDs.py”.
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T& Thonny
File Edit View FRun Tools Help

BN W
Files -

This cemputer

D: \ 2. Python Projects
) Project 08: 1-Digit Digital Tube
) Project 09: 4-Digit Digital Tube

! Project 10: 8x8 Dot-matrix Display
= |} Project 11: TAHC595M Control 8 LEDs

Open in Thonny
Open in system default app

] Project 11: T4HC
&) Project_11_74HC5!

) Project 12: Active Bu

). Project 13: Passive BU ISR EEY]

? Project‘ld: Mini Tabl Move to Rec_!,rcle Bin

Configure .py files...

New directory...
MicroPython device s

% boot.py Properties | P

> W
MicroPython (ESP32)

T& Thonny - D:\2. Python Projects\Project 11: T4HC595N Control 8 LEDs\Project_11_74HC595N_Controls 8 LEDs.py @ 10:1 — O X
File Edit View Run Tools Help
U= 0 -

Files = Project_11_74HC595N_Controls_8 LEDs.py -

n
>
=

This computer
D: % 2. Python Projects
) Project 08: 1-Digit Digital Tube
) Project 09: 4-Digit Digital Tube
) Project 10: 88 Dot-matrix Display
) Project 11: 74HC595N Centrol 8 LEDs
&) myT4HC595.py
Project 11: 74HC595N Control 8 LEDs.docx

from my74HC595 import Chip74HC595
import time

OEEHBE

chip = Chip74HC595(14, 12, 13)

00 =] % LA P g R

g Project_11_74HC595N_Controls_8_LEDs.py 9
)1 Project 12: Active Buzzer 1@
1 Project 13: Passive Buzzer 11 o
) Project 14: Mini Table Lamp v ¢ o
MicroPython device = Shell -
@J boot.py ~

&) myT4HC595.py

v
MicroPython (ESP32)

3>

#Import time and my74HC595 modules.
from my74HC595 import Chip74HC595
import time

#Create a Chip74HC595 object and configure pins
chip = Chip74HC595(14, 12, 13)

# ESP32-14: 74HC595-DS(14)

# ESP32-12: 74HC595-STCP(12)

# ESP32-13: 74HC595-SHCP(11)

(continues on next page)
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(continued from previous page)

#The first for loop makes LED Bar display separately from left to right
#while the second for loop make it display separately from right to left.
while True:
x = 0x01
for count in range(8):
chip.shiftOut(1l, x)
X = x<<1;
time.sleep_ms(300)
x = 0x01
for count in range(8):
chip.shiftOut (0, x)
X = x<<1
time.sleep_ms(300)

6.Project result
Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .

Ta

File Edit VYiew FRun Teols Help

1S5H 0

Files Project_11_T4HC395M_Contrels_2_LEDs.py

This computer =~ ~
D: \ 2. Pythen Projects from my74HC595 import Chip74HC595

) Project 08: 1-Digit Digital Tube import time

)1 Project 09: 4-Digit Digital Tube
)1 Project 10z 8x8 Dot-matrix Display
) Project 11: 74HC595M Control 8 LEDs chip = Chip74HC595(14, 12, 13)

B B

=]
&) myT4HC595.py
| Project 11: 74HC395N Control 8 LEDs.docx
ﬁ Project_11_T4HC595MN_Controls_8_LEDs.py
) Project 12: Active Buzzer
)1 Project 13: Passive Buzzer v
) Project 14: Mini Table Lamp v o >
MicrePython device = Shell
&) bootpy -

&) myT4HC595.py

> LY
MicroPython (ESP32)

Click @“Run current script”, the code starts to be executed and you’ll see that the 8 LEDs start flashing in flowing

water mode. Press“Ctrl+C”or click@ “Stop/Restart backend”to exit the program.
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Te

File Edit View FRun Tools Help

35 [0 &

Files Project_11_T4HC395N_Controls_8_LEDs.py

This computer
D: \ 2. Python Projects from my74HC595 import Chip74HC595

1 Project 08: 1-Digit Digital Tube import time

Project 09: 4-Digit Digital Tube

Praject 10: 8= 8 Dot-matrix Display

Project 11: 74HC595N Control 8 LEDs chip = Chip74HC595(14, 12, 13)

&) my74HC595.py

| Project 11: 74HC595M Control 8 LEDs.docx

wﬁ_ Project_11_74HC593N_Controls_8_LEDs.py

Project 12: Active Buzzer

Project 13: Passive Buzzer -
Project 14: Mini Table Lamp v ¢ N

0B B
o o P

B E B
o e

MicroPython device = Shell

&) boot.py ~
&) my74HC595.py

|>>> |

L

MicroPython (ESP32)

7.14 Project 12Active Buzzer

1.Introduction

Active buzzer is a sound component that is widely used as a sound component for computersprintersalarmselectronic
toys and phonestimers etc. It has an internal vibration source, just by connecting to a 5V power supply, it can continu-
ously buzz. In this project, we will use ESP32 to control the active buzzer to beep.

2.Components

ESP32*1 Breadboard*1 Active buzzer*1

— - \\ =

NPN Transistor(S8050)*1 1k Resistor* 1 Jumper Wires USB Cable*1

3.Component knowledge
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Active buzzer: Active buzzer inside has a simple oscillator circuit, which can convert constant direct current into a
certain frequency pulse signal. Once active buzzer receives a high level, it will produce sound. Passive buzzer is an
internal without vibration source integrated electronic buzzer, it must be driven by 2k to 5k square wave, rather than
a DC signal. The two buzzers are very similar in appearance, but one buzzer with a green circuit board is a passive
buzzer, while the other buzzer with black tape is an active buzzer. Passive buzzers don’t have positive polarity, but
active buzzers have. As shown below:

"+" indicates the ?Q%A‘Q—?ﬁ’\f W

positive pole = | B

of the bv er O \ S
|

HYDZ
REMOVE
SEAL
AFTER
WASHING

Transistor:

B—

Because the buzzer requires such large current that GPIO of ESP32 output capability cannot meet the requirement, a
transistor of NPN type is needed here to amplify the current.
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Transistor, the full name: semiconductor transistor, is a semiconductor device that controls current. Transistorcan be
used to amplify weak signal, or works as a switch. It has three electrodes(PINs): base (b), collector © and emitter (e).
When there is current passing between “be”, “ce” will allow several-fold current (transistor magnification) pass, at this
point, transistor works in the amplifying area. When current between “be” exceeds a certain value, “ce” will not allow
current to increase any longer, at this point, transistor works in the saturation area. Transistor has two types as shown
below: PNP and NPN.

14283 3lc 18283 1l e
EBC E B C

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

Based on the transistor’s characteristics, it is often used as a switch in digital circuits. As micro-controller’s capacity
to output current is very weak, we will use transistor to amplify current and drive large-current components.

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

When using PNP transistor to drive buzzer, we often adopt the following method. If GPIO outputs low level, current
will flow through R1, the transistor will get conducted, and the buzzer will sound. If GPIO outputs high level, no
current flows through R1, the transistor will not be conducted, and buzzer will not sound.

NPN transistor to drive buzzer PNP transistor to drive buzzer
v =
i 1 R1
Buzzer ) 1kQ
L ? uzz @ J\/VV\, a1
R1
1kQ 11
IE\/ 'VVV\J EQ1 7 1l| Buzzer
| T
4. Wiring diagram
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Note: The buzzer power supply in this circuit is 5V. On a 3.3V power supply, the buzzer can work, but will reduce the
loudness.

5.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it:Download Python Codes

| 2. Python Projects — O
Share Wiew 0
» This PC * Software (I:) » 2. Python Projects o 2 Search 2. Python ...
Marme Date modified Type Size ™
Project 00: Boot 271772022 10:21 AM File folder
Project 01: Hello World 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 201772022 11:10 AM File folder
Project 031 LED Flashing 217720221112 AM File folder
Project 04: Breathing LED 2/17/2022 10:21 AM File folder

Open“Thonny”click*“This computer”—*“D:”—*“2. Python Projects”—"Project 12: Active Buzzer”, and then double
left-click “Project_12_Active_Buzzer.py”.

7.14. Project 12Active Buzzer 313



ESP32 Learning Kit

File Edit View
Q= 0
Files

This computer

) Project 06:
)1 Project 07:
) Project 08:
) Project 09:
) Project 10:
) Project 11z
= | ) Project 12:

Run Tools Help

i

n
>

v % 2. Python Projects

RGE LED

Flowing Water Light
1-Digit Digital Tube
4-Digit Digital Tube

8x 8 Dot-matrix Display
TAHC595N Control & LEDs
Active Buzzer

MicraPythaon device
nf:; boot.py

T& Thonny - DAZ2. Python Projects\Project 12: Active Buzzer\Project_12_Active_Buzzerpy @ 4:75

Project_12_Active_Buzzer.py

1

[+ LN I LWy R T R )

>3

from machine import Pin
import time

buzzer = Pin(15, Pin.OUT)

try:
while True:
buzzer.value(l1)
time.sleep(8.5)
buzzer.value(8)
time.sleep(@.5)

W

MicrePythen (ESP32)

import time

try:

except:
pass

buzzer = Pin(15, Pin.OUT)

from machine import Pin

while True:
buzzer.value(l)
time.sleep(0.5) # Sleep 0.5s
buzzer.value(0)
time.sleep(0.5) # Sleep 0.5s

# create buzzer object from Pin 15, Set Pin 15 to output

# Set buzzer turn on

# Set buzzer turn off

6.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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Te
File Edit View FRun Tools Help
NEE O D [—
Files Project_12_Active_Buzzer.py
This computer =~ from machine import Pin
D: % 2. Python Projects import time
)1 Project 06: RGB LED
)/ Project 07: Flowing Water Light buzzer = Pin(15, Pin.0OUT)
)1 Project 08: 1-Digit Digital Tube
) Project 09: 4-Digit Digital Tube try:
)1 Project 10: 8x8 Dot-matrix Display while True:
)/ Project 11: 74HC595N Control 8 LEDs buzzer.value(l)
= |}/ Project 12: Active Buzzer time.sleep(0.5)
| Project 12: Active Buzzer.docx buzzer.value(9)
&) Project_12_Active Buzzer.py time.sleep(8.5)
) Project 13: Passive Buzzer v oo
MicrePython device = Shell
@_. boot.py

22>

W

MicroPython (ESP32)

Click a“Run current script”, the code starts to be executed and you’ll see that the active buzzer beeps. Press“Ctrl+C”or

click @ “Stop/Restart backendto exit the program.

T
File Edit View FRun Tools Help
354 Sl - @
Files Project_12_Active_Buzzer.py
This computer =l from machine import Pin
I\ 2. Python Projects import time
) Project 06: RGE LED
) Project 07: Flowing Water Light buzzer = Pin(15, Pin.OUT)
) Project 08: 1-Digit Digital Tube
)1 Project 09: 4-Digit Digital Tube try:
) Project 10: 88 Dot-matrix Display while True:
)1 Project 11: 74HC595N Control 8 LEDs buzzer.value(l1)
= |} Project 12: Active Buzzer time.sleep(8.5)
] Project 12: Active Buzzer.docx buzzer.value(@)
&) Project_12_Active_Buzzer.py time.sleep(8.5)
)1 Project 13: Passive Buzzer v ¢
MicroPython device = Shell
lﬁ_ boot.py

[ 2> |

L

MicrePython (ESP32)
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7.15 Project 13Passive Buzzer

1.Introduction:

In a previous project, we studied an active buzzer, which can only make a sound and may make you feel very
monotonous. In this project, we will learn a passive buzzer and use the ESP32 control it to work. Unlike the active

buzzer, the passive buzzer can emit sounds of different frequencies.

ESP32*1 Breadboard*1 Passive Buzzer *1

2.Components

NPN Transistor(S8050)*1  1kResistor*1 Jumper Wires USB Cable*1

3.Component knowledge

Passive buzzer: A passive buzzer is an integrated electronic buzzer with no internal vibration source and it has to be
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driven by 2K-5K square waves, not DC signals. The two buzzers are very similar in appearance, but one buzzer with a
green circuit board is a passive buzzer and the other buzzer with black tape is an active buzzer. Passive buzzers cannot
distinguish between positive polarity while active buzzers can.

Transistor: Please refer to Project 12.

4. Wiring diagram:

® ® © ¢ 0 0 0 O O O O O O O O O O S S O O O SO SO S SO

@O0 ® 6 0 0 6 0 0 0 0 0 0 0 OO 00O S S S S S e O e

!!’!!!!!!!!!’! ® ® & ¢ 0 0 0 O O O O OO O O O O S SO O O S S S OSODS

I_- ® ® ¢ 0 0 0 O O O O OO O O O OSSO O OSSN OSORTS

" a- ® ® ® 0 0 O O O O OO O S O S S S eSS Y S OSNOTS
48
4
chl

EEE ® ® ¢ 0 0 0 " O OO S OO OO SO eSS eSO

® ® ¢ ¢ 0 0 O O O O O O O O O O O O O O O O O O O SO

® ® ¢ ¢ 0 0 0 O O O O O O O O O O O O O O O O O S SO

® ® o ¢ 0 0 0 O O O O O O O O O O O O O O O O e S OSOTS

® ® ¢ 0 0 O O O O O O O O O O O O O OO e eSS S ODS

Ll .
L L * o o 0 * e o o 9 * e 9 9 9
fritzing

5.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes

Share Wiew o
» This PC » Software (D:) » 2. Python Projects 1 Q Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Helle World 201772022 10:21 AM File folder
Project 022 Turn On LED 2772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder

Open“Thonny”’click*“This computer”—“D:”—*2. Python Projects”—"Project 13: Passive Buzzer”, and then double
left-click “Project_13_Passive_Buzzer.py”.
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T& Thonny - D2, Python Projects\Project 13: Passive Buzzer\Project_13_Passive Buzzerpy @ 5: 16
File Edit View Run Tools Help

B 0 w
Files Project_13_Passive_Buzzer.py
This computer =~ 1  from machine import Pin
D: % 2. Python Projects 7 import time
) Project 07: Flowing Water Light 3
)1 Project 08: 1-Digit Digital Tube 4
)/ Project 09: 4-Digit Digital Tube 5 buzzer = Pin(15,Pin.0UT)
)1 Project 10z 8x8 Dot-matrix Display 6
) Project 111 7T4HC595M Control 8 LEDs 7
) Project 12: Active Buzzer % while True:
= | )/ Project 13: Passive Buzzer 9
Project 13: Passive Buzzer.dock 1@ for i in range(80):
'roject_13_Passive_Buzzer.p) 11 buzzer.value(l)
)/ Project 14: Mini Table Lamp v 12 time.sleep(8.8681)
MicroPython device = Shell
QJ boot.py
>33

W

MicroPython (ESP32)

from machine import Pin
import time

#Initialize the passive buzzer
buzzer = Pin(15,Pin.O0UT)

#Simulate two different frequencies
while True:
#0utput 500HZ frequency sound
for i in range(80):
buzzer.value(l)
time.sleep(0.001)
buzzer.value(0)
time.sleep(0.001)
#0utput 250HZ frequency sound
for i in range(100):
buzzer.value(l)
time.sleep(0.002)
buzzer.value(0)
time.sleep(0.002)

6.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend”.
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Te

File Edit View FRun Tools Help
B = o
Files

This computer

D: \ 2. Python Projects

)1 Project 07: Flowing Water Light
Project 08: 1-Digit Digital Tube
Project 09: 4-Digit Digital Tube
Project 10: 8x8 Dot-matrix Display
Project 11: 74HC595N Control 8 LEDs
Project 12: Active Buzzer

Project 13: Passive Buzzer

| Project 13: Passive Buzzer.docx
lﬁ_ Project_13_Passive_Buzzer.py

) Project 14: Mini Table Lamp

OHEEHEHBHB
A A ] i i i

MicroPython device
&) boot.py

[ele—

Project_13_Passive_Buzzer.py

from machine import Pin
import time

buzzer = Pin(15,Pin.0UT)

while True:
for i in range(88):
buzzer.value(1)

time.sleep(d.0861)

Shell

>

w
MicroPython (ESP32)

Click a“Run current script”, the code starts to be executed and you’ll see that the passive buzzer sounds alarm.

Press“Ctrl+C”or click@ “Stop/Restart backend”to exit the program.

T

File Edit View FRun Tools Help

jﬁ@-@— @

Files

This computer
D: \ 2. Python Projects

| Project 13: Passive Buzzer.docx
@__ Project_13_Passive_Buzzer.py
1 Project 14: Mini Table Lamp
MicroPython device
@__ boot.py

) Project 07: Flowing Water Light

) Project 08: 1-Digit Digital Tube

) Project 09: 4-Digit Digital Tube

) Project 10: 88 Dot-matrix Display

) Project 11: 7T4HC595M Control 8 LEDs
) Project 12 Active Buzzer

= |} Project 13: Passive Buzzer

Project_13_Passive_Buzzer.py

from machine import Pin
import time

buzzer = Pin(15,Pin.0UT)

while True:
for i in range(80):
buzzer.value(l)

time.sleep(8.0801)

Shell

|>>> |

W

MicrePython (ESP32)

7.15. Project 13Passive Buzzer
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7.16 Project 14: Mini Table Lamp

1.Introduction

Do you know that the ESP32 can light up an LED when you press a button? In this project, we will use ESP32a button
switch and an LED to make a mini table lamp.

2.Components

ESP32*1 Breadboard*1 Button*1 Button Cap*1

< @l ) —a =\

10K Resistor*1 Red LED*1 22 Resistor*1 USB Cable*1 Jumper Wires

3.Component knowledge

Button: A button can control the circuit on and off, the button is plugged into a circuit, the circuit is disconnected when
the button is not pressed. The circuit works when you press the button, but breaks again when you release it. Why does
it only work when you press it? It starts from the internal structure of the button, which don’t allow current to travel
from one end of the button to the other before it is pressed; When pressed, a metal strip inside the button connects the
two sides to allow electricity to pass through.

The internal structure of the button is shown in the figure = " . Before the button is pressed, 1 and 2 are
on, 3 and 4 are also on, but 1, 3 or 1, 4 or 2, 3 or 2, 4 are off(not working). Only when the button is pressed, 1, 3 or 1,
4o0r2,3o0r2,4 are on.

The button switch is one of the most commonly used components in circuit design.

Schematic diagram of the button:
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14

PN
o
s

— Jen

What is button shake javascript?

CLINT3

We think of the switch circuit as “press the button and turn it on immediately”, “press it again and turn it off immedi-
ately”. In fact, this is not the case.

The button usually uses a mechanical elastic switch, and the mechanical elastic switch will produce a series of shake
javascript due to the elastic action at the moment when the mechanical contact is opened and closed (usually about
10ms). As a result, the button switch will not immediately and stably turn on the circuit when it is closed, and it will
not be completely and instantaneously disconnected when it is turned off.

Ideal button waveform

Actual button waveform

How to eliminate the [shake](javascript:;)?

There are two common methods, namely fix [shake](javascript:;) in the software and hardware. We only discuss the
[shake](javascript:;) removal in the software.

We already know that the [shake](javascript:;) time generated by elasticity is about 10ms, and the delay command can
be used to delay the execution time of the command to achieve the effect of [shake](javascript:;) removal.

Therefore, we delay 0.02s in the code to achieve the key anti-shake function.
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Effect excluding jitter

4. Wiring Diagram

:

b
e & & o o
e & o o @

'

=
]
n
-+
c
.l

ol
LT

iiiiiiiiiiiiii. : : I—Jud—-

DOOOOO®® @ ( 10k
0O OOOG O o 19KQ

Note:

How to connect the LED

A.Iil-ode f f Cathode

Cathode (-)
Short Lead

Anode (+)
Long Lead

How to identify the 220 5-band resistor and 10K 5-band resistor
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(2 2 0)x1+x1%

SIS

red red black black blown
1 2 3 L 5

(T 0 0)x100x1%

il s

blaown black black red blown
1 / 3 I 5

5.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click

on the link to download it:Download Python Codes

Share Wiew 0
» This PC » Software (Dt) * 2. Python Projects 1 0 Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Hello World 271772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 21772022 11:12 AM File folder
Project 04: Breathing LED 271772022 10:21 AM File folder

Open‘“Thonny”’click*“This computer”—“D:”—*“2. Python Projects”—"Project 14: Mini Table Lamp”, and then double

left-click “Project_14_Mini_Table_Lamp.py”.

7.16. Project 14: Mini Table Lamp
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T& Thonny - D:\2. Python Projects\Project 14: Mini Table Larp\Project_14_Mini_Table_Lamp.py @ 5: 80 — O X
File Edit View Run Tools Help
BT 0 -
Files Project_14_Mini_Table_Lamp.py
This computer =~ 1 from machine import Pin .
D: \ 2. Python Projects 2 import time
) Project 08: 1-Digit Digital Tube 3
)1 Project 09: 4-Digit Digital Tube 4 led = Pin(4, Pin.0OUT)
) Project 10: 8x8 Dot-matrix Display 5 button = Pin(15, Pin.IN, Pin.PULL_UP)
) Project 11: 74HC595N Centrol 8 LEDs 6
) Project 12: Active Buzzer 7
)1 Project 13: Passive Buzzer & def reverseGPIO():
[ | )/ Project 14: Mini Table Lamp 9 if led.value():
Project 14: Mini Table Lamp.docx 10 led.value(8)
 Proj ini ; 11 else:
) Project 15: Tilt And LED v 12 led.value(1) v
MicroPython device = Shell
QJ boot.py A
ey W
MicroPython (ESP32)
from machine import Pin
import time
led = Pin(4, Pin.OUT) # create LED object from Pin 4,Set Pin 4 to output o

—

button = Pin(15, Pin.IN, Pin.PULL_UP) #Create button object from Pinl5,Set GP15 to input

#Customize a function and name it reverseGPIO(),which reverses the output level of the.
—LED
def reverseGPIO():

if led.value():

led.value(®) #Set led turn off
else:
led.value(1) #Set led turn on
try:
while True:
if not button.value(Q):
time.sleep_ms(20)
if not button.value():
reverseGPIO()
while not button.value():
time.sleep_ms(20)
except:
pass

6.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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T&

File Edit View FRun Tools Help
B = o

Files

This computer
D: \ 2. Python Projects

)1 Project 08: 1-Digit Digital Tube

(=]

) Project 09: 4-Digit Digital Tube

)1 Project 10: 8x8 Dot-matrix Display

) Project 11: T4HC595M Control 8 LEDs
) Project 12: Active Buzzer

) Project 131 Passive Buzzer

=11} Project 14: Mini Table Lamp

| Project 14: Mini Table Lamp.docx
@_ Project_14_Mini_Table_Lamp.py
) Project 15: Tilt And LED
MicroPython device =
@__ boot.py

[Gle—0m

Project_14_Mini_Table_Lamp.py

from machine import Pin .
import time
led = Pin(4, Pin.OUT)
button = Pin(15, Pin.IN, Pin.PULL_UP)
def reverseGPIO():
if led.value():
led.value(@)
else:
led.value(1) -
]
w

MicrePython (ESP32)

Click @“Run current script”, the code starts to be executed and you’ll see that press the push button switch, the LED
turns on. When it is released, the LED is still on. Press it again, and the LED turns off. When it is released, the LED

stays off. Doesn’t it look like a mini table lamp? Press*“Ctrl+C”or click@ “Stop/Restart backend”to exit the program.

T
File Edit View Run Tools Help

05 1 [O]e— @

Files

This computer
v\ 2. Python Projects

) Project 08: 1-Digit Digital Tube

)1 Project 09: 4-Digit Digital Tube

)1 Project 10z 8x8 Dot-matrix Display

)1 Project 11: 74HC595N Control 8 LEDs
) Project 12: Active Buzzer

! Project 131 Passive Buzzer

=11} Project 14: Mini Table Lamp

| Project 14: Mini Table Lamp.docx
@_ Project_14_Mini_Table_Lamp.py
! Project 15: Tilt And LED

MicroPython device
&) boot.py

Project_14_Mini_Table_Lamp.py

from machine import Pin ~
import time
led = Pin(4, Pin.OUT)
button = Pin(15, Pin.IN, Pin.PULL_UP)
def reverseGPIO():
if led.value():
led.value(8)
else:
led.value(1) -
~
w

MicraPython (ESP32)

7.16. Project 14: Mini Table Lamp
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7.17 Project 15Tilt And LED

1.Introduction

The ancients without electronic clock, so the hourglass are invented to measure time. The hourglass has a large capacity
on both sides, and which is filled with fine sand on one side. What’s more, there is a small channel in the middle, which
can make the hourglass stand upright , the side with fine sand is on the top. due to the effect of gravity,the fine sand will
flow down through the channel to the other side of the hourglass. When the sand reaches the bottom, turn it upside down
and record the number of times it has gone through the hourglass, therefore, the next day we can know the approximate
time of the day by it.

In this project, we will use ESP32 to control the tilt switch and LED lights to simulate an hourglass and make an
electronic hourglass.

2.Components

ERETETERERNRRT

ESP32*1 Tilt Switch*1 Red LED*4 10K Resistor*1

Gd —a N\

Breadboard*1 220 Resistor*4 USB Cable*1 Jumper Wires

3.Component knowledge
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Tilt switch is also called digital switch. Inside is a metal ball that can roll. The principle of rolling the metal ball to
contact with the conductive plate at the bottom, which is used to control the on and off of the circuit. When it is a rolling
ball tilt sensing switch with single directional trigger, the tilt sensor is tilted toward the trigger end (two gold-plated pin
ends), the tilt switch is in a closed circuit and the voltage at the analog port is about 5V (binary number is 1023).

In this way, the LED will light up. When the tilting switch is in horizontal position or tilting to the other end, the tilting
switch is in open state the voltage of the analog port is about OV (binary number is 0), the LED will turn off. In the
program, we judge the state of the switch based on whether the voltage value of the analog port is greater than 2.5V
(binary number is 512).

The internal structure of the tilt switch is used here to illustrate how it works, as shown below:

free mass rolling ball that opens

/ or closes connection with circuit
R conductive plate

at bottom

Open circuit

Closed circuit
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4.Wiring Diagram

.’ @ @
s @ @
cra,‘ﬂ%
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s, ce
o o o @ 4
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e o @ ]
s o o @ ]
s o o @ 'l
e o @ 'l
) ]
o 0o 0 ]

Note:

How to connect the LED

A.I'I'I-Ode f f Cathode

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 5-band resistor and 10K 5-band resistor
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(2 2 0)x1+x1%

SIS

red red black black blown
l,

(T 0 0)x100x1%

1 2 3

il s

5

blaown black black red blown

1 2 3

5.Project code

b 5

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click

on the link to download it:Download Python Codes

Share View

» This PC » Software (Dt) * 2. Python Projects

Marme

Project 00: Boot

Project 07 Hello World
Project 02: Turn On LED
Project 03: LED Flashing
Project 04: Breathing LED

1 0 Search 2. Python ..
Date modified Type Size ™
2772022 10:271 AM File folder
2O72022 10:271 AM File folder
20772022 11:10 AM File folder
272022 1112 AM File folder
272022 10:27 AM File folder

Open“Thonny”’click*“This computer”—*“D:”—*“2. Python Projects”—*“Project 15: Tilt And LED”, and then double

left-click “Project_15_Tilt_And_LED.py”.

7.17. Project 15Tilt And LED
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T& Thonny - D:\2. Python Projects\Project 15: Tilt And LED\Project_15_Tilt_And_LED.py @ 7:67 - O X
File Edit View Run Tools Help
DEH O e
Files Project_15_Tilt_And_LED.py *
This computer =& 1  from machine import Pin .
D: \ 2. Python Projects 2 import time
) Project 09: 4-Digit Digital Tube 3
)1 Project 10: 8x8 Dot-matrix Display 4 ledl = Pin(1l6, Pin.OUT)
1 Praject 11: 74HC395M Control 8 LEDs 5 led2 = Pin(17, Pin.OUT)
)1 Project 12: Active Buzzer 5 led3 = Pin(18, Pin.OUT)
)| Project 13: Passive Buzzer 7 led4 = Pin(19, Pin.OUT)
)1 Project 14: Mini Table Lamp & Tilt_Sensor = Pin(15,Pin.IN)
= | )i Project 13: Tilt And LED 9
Project 13: Tilt And LED.docx 18 while True:
7@ Project 15 Tilt And LED.py 11 if(Tilt_Sensor.wvalue() == @) :
)1 Project 16: Burglar Alarm v 12 ledl.value(l) o
MicroPython device = Shell
er boot.py A
2> hd

MicroPython (ESP32)

from machine import Pin
import time

ledl = Pin(16, Pin.OUT) # create LED object from Pin 2,Set Pin 2 to output
led2 Pin(17, Pin.OUT) # create LED object from Pin 0,Set Pin 0® to output
led3 = Pin(18, Pin.OUT) # create LED object from Pin 4,Set Pin 4 to output
led4 = Pin(19, Pin.OUT) # create LED object from Pin 16,Set Pin 16 to output
Tilt_Sensor = Pin(15,Pin.IN) #Create tilt object from Pinl5,Set GP15 to input

while True:

if(Tilt_Sensor.value() == 0) : #when the value of tilt sensor is 0
ledl.value(l) # ledl turn on
time.sleep_ms(200)#delay
led2.value(l) # led2 turn on
time.sleep_ms(200) #delay
led3.value(l) # led3 turn on
time.sleep_ms(200)#delay
led4.value(l) # led4 turn on
time.sleep_ms(200) #delay

else : #when the value of tilt sensor is 1
led4.value(0) # led4 turn off
time.sleep_ms(200)#delay
led3.value(®) # led3 turn off
time.sleep_ms(200) #delay
led2.value(®) # led2 turn off
time.sleep_ms(200)#delay
ledl.value(0) # ledl turn off
time.sleep_ms(200)#delay

6.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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Ta
File Edit

0= o

view

Files

This computer

Run Tools Help

D: \ 2. Python Projects

4-Digit Digital Tube

8x8 Dot-matrix Display
TAHC3595M Control 8 LEDs
Active Buzzer

Passive Buzzer

Mini Table Lamp

Tilt And LED

| Project 15: Tilt And LED.docx
) Project_15_Tilt_And_LED.py

)1 Project 09:
)1 Project 10:
) Project 11:
)1 Project 12:
)1 Project 13:
) Project 14:
= | ) Project 15:
) Project 16:

Burglar Alarm

MicroPython device

lﬁ_. boot.py

Praject_15_Tilt_And_LED.py

Shell

>

from machine import Pin

import time

ledl = Pin(15, Pin.OUT)
led2 = Pin(17, Pin.OUT)
led3 = Pin(18, Pin.OUT)
ledd = Pin(19, Pin.OUT)
Tilt_Sensor = Pin(15,Pin.IN)

while True:

if(Tilt_Sensor.value() ==

ledl.value(1)

8) :

v
MicroPython (ESP32)

Click a“Run current script”, the code starts to be executed and you’ll see that when you tilt the breadboard to an angle,
the LEDs will light up one by one. When you turn the breadboard to the original angle, the LEDs will turn off one by

one. Like the hourglass, the sand will leak out over time. Press“Ctrl+C”or click @ “Stop/Restart backend”to exit the

program.

T
File Edit

0=

View

Files

This computer
D: \ 2. Python P

1) Project 09

OEEREEER

[o}e—

1) Project 10:
1) Project 11:
1) Project 12:
1) Project 13:
1) Project 14:
1) Project 15:

Run Tools Help

rojects

1 4-Digit Digital Tube

=8 Dot-matrix Display
TAHC395M Control 8 LEDs
Active Buzzer

Passive Buzzer

Mini Table Lamp

Tilt And LED

| Project 15: Tilt And LED.docx
@) Project_15_Tilt_And_LED.py

) Project 16

: Burglar Alarm

MicroPython device

@__ boot.py

@

Project_15_Tilt_And_LED.py

Shell

from machine import Pin

import time

ledl = Pin(16, Pin.OUT)
led? = Pin(17, Pin.OUT)
led3 = Pin(18, Pin.OUT)
led4 = Pin(19, Pin.OUT)

Tilt_Sensor = Pin(15,Pin.IN)

while True:

if(Tilt_Sensor.value() ==

ledl.value(l)

[>>>

a) :

L

MicroPython (ESP32)

7.17. Proje

ct 15Tilt And LED
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7.18 Project 16: 12C 128x32 LCD

1.Introduction

In everyday life, we can do all kinds of experiments with the display module and also DIY a variety of small objects.
For example, you can make a temperature meter with a temperature sensor and display, or make a distance meter with an
ultrasonic module and display. In this project, we will use the LCD_128X32_DOT module as the display and connect it
to the ESP32, which will be used to control the LCD_128X32_DOT display to display various English words, common
symbols and numbers.

2.Components

TTINERE

&

* FICEErETETONET
»

L]

ESP32*1 Breadboard*1

_. :
]

LCD_128X32_DOT*1 M-F Dupont Wires USB Cable*1

3.Component knowledge

LCD_128X32_DOT: It is an LCD module with 128%32 pixels and its driver chip is ST7567A. The module uses the
IIC communication mode, while the code contains a library of all alphabets and common symbols that can be called
directly. When using, we can also set it in the code so that the English letters and symbols show different text sizes. To
make it easy to set up the pattern display, we also provide a mold capture software that converts a specific pattern into
control code and then copies it directly into the test code for use.

Schematic diagram of LCD_128X32_DOT
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LCD LCD 128*32 dot

1
) ||'GI“D Ul 3V
<2 3 7]
g % = I‘ Vm :EU out : 1
_ca _ 100 S e
TOONF =~ —
GND GND GND GND GND GND  sCL
SDA
Features:

Pixel: 128+%32 character

Operating voltage(chip)4.5V to 5.5V
Operating current]100mA (5.0V)
Optimal operating voltage(module):5.0V

4. Wiring Diagram
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5.Project code

ceEX8ZL Ao

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click

on the link to download it: Download Python Codes

Share Wiew 0
» This PC * Software (i) » 2, Python Projects O Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 271772022 10:21 AM File folder
Project 01 Hello World 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 21772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 2/17/2022 10:21 AM File folder
Open“Thonny”click“This  computer”—“D:”—*2. Python Projects”—“Project 16: 12C  128x32
LCD”. Select“led128_32.py”and  “lcd128_32_fonts.py”right-click your mouse to select“Upload

to/’wait  for“lcd128_32.py”and“lcd128_32_fonts.py”’to be uploaded to ESP32and then
click“Project_16_I2C_128_32_LCD.py”.

double left-
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T& Thonny

File Edit VYiew Run Tools Help

B

Files =

This computer
D: % 2. Python Projects

w

)1 Project 14: Mini Table Lamp

Project 15: Tilt And

LED

Project 16: [2C 128x32 LCD

gk lcd128 32.py
i led1d8 32 fonts
| Project 16: 12C
&) Project_16_12C_
)1 Project 17: Small

FI Upload to / |

Open in Thonny
Open in system default app

Configure .py files...

Move to Recycle Bin

MicroPython device New directory...
Q;J boot.py
Properties n
P w
MicroPython (ESP32)
T& Thenny - O =
File Edit View Run Tools Help
D& @
Files ~
This computer = "
D: % 2. Python Projects
) Project 14: Mini Table Lamp
)1 Project 15: Tilt And LED
=l |} Project 16: 12C 128x32 LCD
Open in Thonny
e
Open in system default a
@) Project 16 2C128.3 C:nfi urs: files. "
) Project 17: Small Fan S
Upload to /
MicroPythen device Move to Recycle Bin
%3 boot.py Mew directory...
& 1cd128_32.py ~
Properties .
553 w

MicroPython (ESP32)
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T& Thonny - D:\2. Python Projects\Project 161 12C 128:32 LCDVProject_16_12C_128 32 | CD.py @ 42:4 - O X
File Edit View Run Tools Help
D= o @
Files Project_16_12C_128 32 L CD.py
This computer = A 1 import machine -
D: % 2. Python Projects 2 import time
) Project 14: Mini Table Lamp 5 import 1lcdl28 32 fonts

) Project 15: Tilt And LED from lcdl28 32 import lcdl28 32
= |} Project 16:  12C 128x32 LCD

ﬁ led128_32.py

@) 1cd128_32_fonts.py 7 clock pin = 22
Project 16: 12C 128232 LCD.dt & data_pin = 21
' : 5 bus =@

) i2¢_addr = Bx3f

o 1€
11 use_i2c = True
MicroPython device = v
& boot.py Shell
& lcd128_32.py n
i) 1cd128_32_fonts.py
> v

MicroPython (ESP32)

import machine

import time

import 1lcd128_32_fonts

from 1cd128_32 import 1lcd128_32

#i2c config
clock_pin = 22
data_pin = 21
bus = 0
i2c_addr = 0x3f
use_i2c = True

def scan_for_devices():
i2c = machine.I2C(bus,sda=machine.Pin(data_pin),scl=machine.Pin(clock_pin))
devices = i2c.scan()
if devices:
for d in devices:
print Chex(d))
else:
print('no i2c devices')

if use_i2c:

scan_for_devices()

lcd = 1cd128_32(data_pin, clock_pin, bus, i2c_addr)
lcd.Clear()

lcd.Cursor(0®, 4)

(continues on next page)
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(continued from previous page)

lcd.Display("KEYESTUDIO™)
lcd.Cursor(l, 0)
lcd.Display ("ABCDEFGHIJKLMNOPQR™)
lcd.Cursor(2, 0)
lcd.Display("123456789+-%/<>=$@")
lcd.Cursor(3, 0)
lcd.Display ("%A&O{ x5 "7, .~\\[1")
while True:
scan_for_devices()
time.sleep(0.5)

o

6.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .

Te
File Edit View PRun Tools Help
1SH O A
Files Project_16_12C_128_32_LCD.py
This computer = A import machine “
D: % 2. Python Projects import time
) Project 14: Mini Table Lamp import lcdl28 32 fonts
) Project 15: Tilt And LED from lcd128 32 import lcdl28_32
= |} Project 16: 12C 128=32 LCD
@ 1cd128_32.py
&) 1cd128_32_fonts.py clock pin = 22
| Project 16: 12C 12832 LCD.dt data_pin = 21
@) Project_16_12C_128 32_LCD.py bus = @
) Project 17: Small Fan v i2¢_addr = @x3f
use_i2¢ = True
MicroPython device = e
&) boot.py Shell
i) lcd128_32.py IS
i) 1cd128 32 fonts.py
>33 “

MicroPython (ESP32)

Click @“Run current script”, the code starts to be executed and you’ll see that the 128X32LCD module dis-
play will show“KEYESTUDIOat the first line,”ABCDEFGHIJKLMNOPQR”will be displayed at the second line,
”123456789+*/<>=$@”will be shown at the third line and“%*&(){}:;’|?,.~\[]”will be displayed at the fourth line.

Press“Ctrl+C”or click @ “Stop/Restart backend”to exit the program.
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T& Thonny - D02, Python Projects\Project 16 2C 128x32 LCDNProject_16_12C_128 32 LCDpy @ 42:4 — O
File Edit View Run Tools Help

B -] O | -

Files Project_16_12C_128_32_LCD.py

This computer =~ 1  dimport machine ~
D: %\ 2. Python Projects 7 import time

) Project 14: Mini Table Lamp S dimport 1lcdl128 32 fonts

) Project 15: Tilt And LED from 1lcd128 32 import lcdl28 32

= |} Project 16: 12C 128<32 LCD
@) 1cd128_32.py

i) 1cd128_32 fonts.py 7 clock pin = 22
] Project 16: 12C 128x32 LCD.d« 8 data_pin = 21
@) Project_16_12C_128_32_LCD.py 9 bus =0

)i Project 17: Small Fan v 18 i2¢_addr = 8x3f

11 use_i2c = True

MicroPython device = v
&) boot.py Shell
@) 1cd128_32.py ~
i) 1cd128_32 fonts.py
[>>> | v

MicroPython (ESP32)

7.19 Project 17Small Fan

1.Introduction

In hot summer, we need electric fans to cool us down, so in this project, we will use a ESP32 to control a DC motor
and small fan blades to make a small electric fan.

2.Components
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ESP32*1 Breadboard*1 6 AA Battery Holder*1  Breadboard Power Module*1

& D a8 B

AA Battery(Self-prepared)*6 Fan*1 DC Motor*1 NPN Transistor (S8050)*1

B— am N\ —
— B _
PNP Transistor (S8550)*1 1K Resistor*1 Jumper Wire Diode*1
-
q --
- USB Ca-

ble*1

Keyestudio Breadboard Power Supply Module

Introduction:

This breadboard power supply module is compatible with 5V and 3.3V, which can be applied to MB102 breadboard.
The module contains two channels of independent control, powered by the USB all the way.

The output voltage is constant for the DC5V, and another way is powered by DC6.5-12V, output controlled by the slide
switch, respectively for DC 5V and DC 3.3V.

If the other power supply is DC 6.5-12v, when the slide switch is switched to +5V, the output voltages of the left and
right lines of the module are DC 5V. When the slide switch is switched to +3V, the output voltage of the USB power
supply terminal of the module is DC 5V, and the output voltage of the DC 6.5-12V power supply terminal of the other
power supply is DC3.3V.

3.Wiring Diagram 1

We use the SSO50NPN transistor) to control the motor
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fritzing

Wire up first, then connect a fan at the DC motor
5.Test Code 1

Codes used in this tutorial are saved in 2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes

2 Projects — O
Share Wiew 0
» This PC & Software (D:) » 2. Python Projects o 2 Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 01 Hello Warld 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 27772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder

Open“Thonny”’click*“This computer”—“D:”—*2. Python Projects”—“Project 17: Small Fan”, and then double left-
click“Project_17.1_ Small_Fan.py”.
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File Edit View Run Tools Help
= 0 -

Files Project_17.1_Small_Fan.py

1]
>
=

This computer
D: %\ 2. Python Projects

from machine import Pin
import time

[NV N

)1 Project 14: Mini Table Lamp
[+ |} Project 15: Tilt &nd LED 4 motor = Pin(15, Pin.0OUT)
)i Project 16:  [2C 128x32 LCD 5
= 1)) Project 17: Small Fan b try:
7 while True:
8 motor.value(1)
9 time.sleep(4)
16 motor.value(8)
MicroPython device = <
@;J boot.py Shell
>

T& Thonny - D:\2. Python Projects\Project 17: Small Fan\Project_17.1_ Small_Fan.py @ 14:1 —

W

MicroPython (ESP32)

from machine import Pin
import time

motor = Pin(15, Pin.OUT) # create S8050 object from Pin 15, Set Pin 15 to output

try:
while True:
motor.value(l) # Set motor turn on
time.sleep(4) # Sleep 4s
motor.value(0) # Set motoe turn off
time.sleep(2) # Sleep 2s
except:
pass

Ensure the ESP32 is connecteed to the computer and tap @ “Stop/Restart backend”.

6.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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T
File Edit View Run Tools Help
DEHE O W [—
Files Project_17.1_5mall_Fan.py
This computer = A from machine import Pin
D: %\ 2. Python Projects import time
) Project 14: Mini Table Lamp
)1 Project 15: Tilt And LED motor = Pin(15, Pin.0UT)
) Project 16: 12C 12832 LCD
= |} Project 17: Small Fan try:
] Project 17: Small Fan.docx while True:
i) Project_17.1_Small_Fan.py motor.value(l)
&) Project_17.2_ Small_Fan.py time.sleep(4)
)i Project 13: Dimming Light v motor.value(@)
MicroPython device = <
&) boot.py Shell
333

W

MicroPython (ESP32)

Power up and click@“Run current script”, the code starts to be executed and you’ll see that the small fan turn for 4s

and stop for 2s.

Press“Ctrl+C”or click@ “Stop/Restart backend”to exit the program.

Tk
File Edit Wiew Run Tools Help
N5 | O [m— -
Files Project_17.1_Small_Fan.py
This computer = » from machine import Pin
D: %\ 2. Python Projects import time
)1 Project 14: Mini Table Larnp
)| Project 15: Tilt And LED motor = Pin(15, Pin.0UT)
1 Project 16:  12C 128=32 LCD
= '} Project 17: Small Fan try:
| Project 17: Small Fan.docx while True:
&) Project_17.1_Small_Fan.py motor.value(l1)
& Project_17.2_Small_Fan.py time.sleep(4)
)i Project 18: Dimming Light v motor.value(8)
MicroPython device = <
) boot.py Shell
|>>> |

v

MicroPython (ESP32)
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7.Wiring Diagram 2

‘We use the S8050PNP transistor) to control the motor

o o 00 o e o0 @ e o e 0 o e o 0
o o o 00 o e o 0

® 8 6 6 08 0 6000000000008 00000
® © o o006 0000 00009000 08
"'onnnonnnv"oooolttﬁcn
® o 00000000 00000000
®© 8 6 608 060000000000 s o s o
®© e 0000 0000 000 0 0
® 8 o600 00600000 0 0
® e o 000 0000 000 00
® @ 9 e 0 e 0 e e e e e e e e
® o o 000 0000 000 00

. o . .

¢ oo 0 e e o e 0 .

Wire up first, then connect a fan at the DC motor

8.Test Code 2

alpn.;saﬁa)h
LLELLLLLL]

AA Battery

ﬂ

AA Battery

\l- fuonieg vy

|

AA Battery

AJuajqe
]- H

1
J

] AJaqge
’H jieg vv

fritzing

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes

Share Wiew
» This PC & Software (D:) » 2. Python Projects W
Mame Date modified

Project 00 Boot 21772022 10:21 AM
Project 01: Helle Warld 211772022 10:21 AM
Project 02: Turn On LED 2/17/2022 11:10 AM
Project 03: LED Flashing 2/17/2022 11:12 AM
Project 04: Breathing LED 21772022 10:21 AM

& o
Type

File folder
File folder
File folder
File folder

File folder

s

Search 2. Python ..

Size ™
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Open“Thonny”’click*“This computer”—“D:”—*2. Python Projects”—‘“Project 17Small Fan”, and then double left-

click“Project_17.2_ Small_Fan.py”.

T& Thonny - D:\2. Python Projects\Project 17: Small Fan\Project_17.2_ Small_Fan.py @ 14:1 - O prd
File Edit View Run Tools Help
D= o -
Files Project_17.2_ Small_Fan.py
This computer = * 1 from machine import Pin "
D: % 2. Python Projects 2 import time
)1 Project 14: Mini Table Larnp 3
) Project 15: Tilt And LED 4 motor = Pin(15, Pin.OUT)
) Project 16: 12C 128x32 LCD 5
[= |}/ Project 17: Small Fan 5 try:
7 while True:
8 motor.value(@)
9 time.sleep(4)
& |y w 16 motor.value(l) "
MicroPython device = < )
& boot.py Shell
A
>3 v
MicroPython (ESP32)

from machine import Pin
import time

motor = Pin(15, Pin.OUT)

# create S8550 object from Pin 15,

Set Pin 15 to output

try:
while True:
motor.value(0) # Set motor turn on
time.sleep(4) # Sleep 4s
motor.value(l) # Set motoe turn off
time.sleep(2) # Sleep 2s
except:
pass
9.Test Result 2

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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Te

File Edit View Run Tools Help
B = o

Files

This computer
D: %\ 2. Python Projects

)/ Project 14: Mini Table Larnp
) Project 15: Tilt And LED
) Project 16: 12C 128x32 LCD
= |} Project 17: Small Fan
| Project 17: Small Fan.docx
@ Project_17.1_Small_Fan.py
F Project_17.2_ Small_Fan.py
)1 Project 18: Dimming Light

MicroPython device
IF boot.py

—

Project_17.2_ Small_Fan.py

from machine import Pin "
import time
motor = Pin(15, Pin.OUT)
try:
while True:
motor.value(8)
time.sleep(4)
motor.value(l) .
< >
Shell
L]
>33 W

MicroPython (ESP32)

Power up and clicka“Run current script”, the code starts to be executed and you’ll see that the small fan turn for 4s

and stop for 2s. Press“Ctrl+C”or click@ “Stop/Restart backend”to exit the program.

T&

File Edit View Run Tools Help
N E | O [

Files

This computer
D: %\ 2. Python Projects

)1 Project 14: Mini Table Larnp
)\ Project 15: Tilt And LED
1 Project 16:  12C 128=32 LCD
= '} Project 17: Small Fan
| Project 17: Small Fan.docx
F Project_17.1_5Small_Fan.py
F Project_17.2_5mall_Fan.py
1 Project 18: Dimming Light

MicroPython device
@ boot.py

Project_17.2_5mall_Fan.py

from machine import Pin ~
import time
motor = Pin(15, Pin.0UT)
try:
while True:
motor.value(8)
time.sleep(4)
motor.value(1) "
< >
Shell
sl
|>>> |
L

MicroPython (ESP32)
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7.20 Project 18Dimming Light

1.Introduction

A potentiometer is a three-terminal resistor with sliding or rotating contacts that forms an adjustable voltage divider.
It works by changing the position of the sliding contacts across a uniform resistance. In the potentiometer, the entire
input voltage is applied across the whole length of the resistor, and the output voltage is the voltage drop between the
fixed and sliding contact.

In this project, we will learn how to use ESP32 to read the values of the potentiometer, and make a dimming lamp with
LED.

2.Components

EEFEEEERECREET

ESP32*1 Breadboard*1 Potentiometer*®1 Red LED*1

e

(Y AN

220Resistor*1 Jumper Wires USB Cable*1

3.Component knowledge

Adjustable potentiometer: It is a kind of resistor and an analog electronic component, which has two states of 0 and
1(high level and low level). The analog quantity is different, its data state presents a linear state such as 1 ~ 1024.

ADC : An ADC is an electronic integrated circuit used to convert analog signals such as voltages to digital or binary
form consisting of 1s and Os. The range of our ADC on ESP32 is 12 bits, that means the resolution is 2*12=4096, and
it represents a range (at 3.3V) will be divided equally to 4096 parts. The rage of analog values corresponds to ADC
values. So the more bits the ADC has, the denser the partition of analog will be and the greater the precision of the
resulting conversion.
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DIGITAL

e

ov 33V © ANALOG

Subsection 1: the analog in rang of 0V—3.3/4095 V corresponds to digital 0;
Subsection 2: the analog in rang of 3.3/4095 V—2%3.3 /4095V corresponds to digital 1;

The following analog will be divided accordingly.

The conversion formula is as follows:

ADCT alne — Analogloltage

3.3

**DAC**The reversing of this process requires a DAC, Digital-to-Analog Converter. The digital I/O port can output
high level and low level (0 or 1), but cannot output an intermediate voltage value. This is where a DAC is useful.
ESP32 has two DAC output pins with 8-bit accuracy, GPIO25 and GP1026, which can divide VCC(here is 3.3V) into
278=256 parts. For example, when the digital quantity is 1, the output voltage value is 3.3/256 *1 V, and when the
digital quantity is 128, the output voltage value is 3.3/256*128=1.65V, the higher the accuracy of DAC, the higher the
accuracy of output voltage value will be.

* 4095

The conversion formula is as follows:

Analogloltage = DAS;:ZW *3.3(17

ADC on ESP32

ESP32 has 16 pins can be used to measure analog signals. GPIO pin sequence number and analog pin definition are
shown in the following table

DAC on ESP32

ESP32 has two 8-bit digital analog converters to be connected to GPIO25 and GPIO26 pins, respectively, and it is
immutable. As shown in the following table

We connect the potentiometer to the analog 1O port of ESP32 to read the ADC value, DAC value and voltage value of
the potentiometer, please refer to the wiring diagram below
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Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes

Share Wiew 0
» This PC & Software (D:) » 2. Python Projects 1 O Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 01 Hello Warld 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 27772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder

Open“Thonny”’click*This computer”—“D:”—*2. Python Projects”—“Project 18Dimming Light”and then double left-
click “Project_18.1_Read_Potentiometer_Analog_Value.py”.
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Tl Thonny - DA2. Python Projects\Project 18: Dimming Light\Project_18.1_Read_Potentioreter_Analog_Valuepy ... — O X
File Edit View Run Tools Help
0 & 0 @
Files Project_18.1_Read_Potentiometer_Analog_Value.py
This computer = | 1 &3
D: \ 2. Python Projects 7 from machine impert ADC,Pin,DAC
}) Project 15: Tilt And LED S dimport time
) Project 16: 12C 128=32 LCD 4
) Project 17: Small Fan 5
=R Pro_]ect'IB Dlmmlng L|ght 6 adc=ADC({Pin(38))

adc.atten(ADC.ATTN_11DB)
&  adc.width(ADC.WIDTH_12BIT)

] PrOJect'Ig FIameAIarm - 18
. v
MicroPython device = s >
&) boat.py Shell
~
33> v

MicroPython (ESP32)

# Import Pin, ADC and DAC modules.
from machine import ADC,Pin,DAC
import time

# Turn on and configure the ADC with the range of 0-3.3V
adc=ADC(Pin(36))

adc.atten(ADC.ATTN_11DB)

adc.width(ADC.WIDTH_12BIT)

# Read ADC value once every 0.1seconds, convert ADC value to DAC value and output it,
# and print these data to “Shell”.

try:
while True:
adcVal=adc.read()
dacVal=adcVal//16
voltage = adcVal / 4095.0 * 3.3
print("ADC Val:",adcVal, "DACVal:",dacVal, "Voltage:",voltage,"V'")
time.sleep(0.1)
except:
pass

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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T
File

B

View Run Tools Help

0

Edit

aifp—

Files

m
>

This computer

D:\ 2. Python Projects

) Project 15: Tilt And LED

) Project 16: 12C 128x32 LCD

)i Project 17: Small Fan

)1 Project 18: Dimming Light
| Project 18: Dimming Light.docx
@_ Project_18.1_Read_Potentiometer_Anal
i) Project_18.2_Dimming_Light.py

)1 Project 19: Flame Alarm o

[

00 H

MicroPython device
@, boot.py

Project_18.1_Read_Potentiometer_Analog_Value.py

]
from machine impeort ADC,Pin,DAC
import time
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)
L
>
]
L

MicroPython (ESP32)

Click a“Run current script”, the code starts to be executed and you’ll see that the “Shell” window of Thonny IDE
will print the ADC value, DAC value and voltage value of the potentiometer, turn the potentiometer handle, the ADC

value and voltage value will change. Press“Ctrl+C”or click@ “Stop/Restart backend”to exit the program.

T
File

B

View Run Tools Help

[0]e—

This computer
D:\ 2. Python Projects
) Project 15: Tilt And LED
) Project 16: 12C 128=32 LCD
)i Project 17: Small Fan
)1 Project 18: Dimming Light
| Project 18: Dimming Light.docx
@_ Project_18.1_Read_Potentiometer_Anal
i) Project_18.2_Dimming_Light.py
)1 Project 19: Flame Alarm o

Edit

-

Files

[

00

MicroPython device
@., boot.py

Shell

Project_18.1_Read_Potentiometer_Analog_Value.py

]
from machine impeort ADC,Pin,DAC
import time
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)
L
>
]

|>>>

| »

MicroPython (ESP32)
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Shell

—— e ———r —————————

ADC Val: 0 DRCVal: 0 Voltage: 0.0 W "~
ADC Val: 23 DACVal: 1 Voltage: 0.0185348 W

ADC Val: 438 DACVal: 3 Voltage: 0.03868132 V

ADC Val: 268 DACVal: 16 Voltage: 0.2159707 WV

RADC Val: 55% DACVal: 34 Voltage: 0.4504762 V

ADC Val: 0 DARCWVal: 0 Voltage: 0.0 W

ADC WVal: 553 DRCVal: 34 Voltage: 0.445641 W

ADC Val: 2810 DACVal: 50 Voltage: 0.6527472 V

ADC Val: 1294 DRCWVal: 80 Voltage: 1.042784 V

ADC Val: 1280 DRCVal: 80 Voltage: 1.031502 V

BADC Val: 12587 DRCVal: 80 Voltage: 1.037143 V

BADC Val: 1514 DRCVal: 94 Voltage: 1.220073 V

ADC Val: 2160 DRCWal: 135 Voltage: 1.740659
ADC Val: 2162 DRCWal: 135 Voltage: 1.742271
ADC Val: 2171 DRCWal: 135 Voltage: 1.748524
ADC Val: 2467 DRCVal: 154 Voltage: 1.988059
ADC Val: 2642 DRCWVal: 165 Voltage: 2.129084
ADC Val: 2640 DRCWVal: 165 Voltage: 2.127473
BADC Val: 2723 DRCWVal: 170 Voltage: 2.194359
ADC Val: 2911 DRCWVal: 181 Voltage: 2.345361
ADC Val: 3008 DRCVal: 128 Voltage: 2.424025%
ADC Val: 3029 DRCVal: 18% Voltage: 2.440952
ADC Val: 3140 DRCVal: 196 Voltage: 2.530403
ADC Val: 3271 DRCWVal: 204 Voltage: 2.635971
ADC Val: 3583 DRCWal: 223 Voltage: 2.887399
ADC Val: 3664 DRCWVal: 229 Voltage: 2.952674

ssg<S<dgs<<g<=<<g<<<

5.Wiring diagram of the dimming lamp

In the previous step, we read the ADC value, DAC value and voltage value of the potentiometer. Now we need to convert
the ADC value of the potentiometer into the brightness of the LED to make a lamp that can adjust the brightness.The
wiring diagram is as follows:
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6.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click

on the link to download it:Download Python Codes

Share Wiew
» This PC » Software (:) » 2. Python Projects v
Mame Date modified

Project 00: Boot 201772022 10:21 AM
Project 01 Helle World 21772022 10:21 AM
Project 02: Turn On LED 2/17/2022 11:10 AM
Project 03: LED Flashing 21772022 11:12 AM
Project 04: Breathing LED 2/17/2022 10:21 AM

O Search 2. Python ...
Type Size ™
File folder
File folder
File folder
File folder

File folder

Open“Thonny”click“This computer”—*“D:”—*“2. Python Projects”—*“Project 18: Dimming Light”and then double

left-click“Project_18.2_Dimming_Light.py”.
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Ti Thonny - D:\2. Python Projects\Project 18: Dimming Light\Project_18.2_Dimming_Light.py @ 16:17 — O >
File Edit VWiew Run Tools Help
0 & 0 -
Files Project_18.2_Dimming_Light.py
This computer = |l 1 from machine import Pin,PWM,ADC »
D: \ 2. Python Projects 7 import time
!/ Project 15: Tilt And LED 5
) Project 16: 12C 128x32 LCD 4 pwm =PWM(Pin(15,Pin.0UT),1868)
/) Project 17: Small Fan 5 adc=ADC(Pin(36))
= |} Project 18: Dimming Light 5 adc.atten(ADC.ATTN_11DB)
] Project 18: Dimming Light.docx 7 adc.width(ADC.WIDTH_1@BIT)
..... 9 try:
)1 Project 19: Flame Alarm o 18 while True:
11 adcValue=adc.read()
MicroPython device = : : S
i) boot.py Shell
~
333 v
MicroPython (ESP32)

from machine import Pin,PWM,ADC
import time

pwm =PWM(Pin(15,Pin.0QUT), 1000)
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_10BIT)

try:
while True:
adcValue=adc.read()
pwm.duty(adcValue)
print(adc.read())
time.sleep_ms(100)
except:
pwm.deinit()

7.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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T&

File Edit View Run Tools Help

BN O

Files

This computer

D: \ 2. Python Projects

11 Project 15: Tilt And LED

) Project 16: 12C 128x32 LCD

)1 Project 17: Small Fan

) Project 18: Dimming Light
| Project 18: Dimming Light.docx
@ Project_18.1_Read_Potentiomete
i) Project_18.2_Dimming_Light.py

)1 Project 19: Flame Alarm

B ®

o &

MicroPython device
@ boot.py

@ -#-.-_
Project_18.2_Dirnming_Light.py
= & from machine import Pin,PWM,ADC ~
import time
pum =PWM{Pin(15,Pin.0UT),168088)
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_18BIT)
r_Anal
try:
- vhile True:
adcValue=adc.read() "
Shell
]
> v

MicrePython (ESP32)

Click a“Run current script”, the code starts to be executed and you’ll see that turn the potentiometer handle and the

brightness of the LED will change accordingly. Press“Ctrl+C”or click@ “Stop/Restart backend”to exit the program.

Te
File Edit View Run Tools Help
Jsufgle— -
Files Project_18.2_Dimming_Light.py
This computer = from machine import Pin,PuWM,ADC -
D: \ 2. Python Projects import time
)i Project 13: Tilt And LED
)1 Project 16: 12C 128x32 LCD pwm =PWM(Pin(15,Pin.0UT),1088)
!/ Project 17: Small Fan adc=ADC(Pin(36))
£ |}/ Project 18: Dimming Light adc.atten(ADC.ATTN 11DB)
] Project 18: Dimming Light.docx adc.width(ADC.WIDTH_18BIT)
@ Project_18.1_Read_Potentiometer_Anal
i) Project_18.2_Dimming_Light.py try:
1 Project 19: Flame Alarm v while True:
adcValue=adc.read()
MicraPython device = = = v
& boot.py Shell
A
[>>> | W

MicroPython (ESP32)
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7.21 Project 19Flame Alarm

1.Introduction

Fire is a terrible disaster and fire alarm systems are very useful in housescommercial buildings and factories. In this
project, we will use ESP32 to control a flame sensor, a buzzer and a LED to simulate fire alarm devices. This is a
meaningful maker activity.

2.Components
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ESP32*1 Breadboard*1 Red LED*1 Active Buzzer*1

== = (ELiD - N

Flame Sensor*1 220 Resistor*1 10KResistor*1 Jumper Wires

B— o

NPN Transistor(S8050)*1 1k Resistor*1 USB Cable*1

Wt

3.Component knowledge

e

The flame emits a certain amount IR light that is invisible to the human eye, but our flame sensor can detect it and
alert a microcontroller(such as ESP32) that a fire has been detected. It has a specially designed infrared receiver tube
to detect the flame and then convert the flame brightness into a fluctuating level signal. The short pin of the receiving
triode is negative pole and the other long pin is positive pole. We should connect the short pin (negative) to 5V and the
long pin(positive) to the analog pin, a resistor and GND. As shown in the figure below
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The negative of infrared receiving triode

z Flatne zenzor

® The pesitive of infrared receiving triode

\
R

Connect to analog pin

10K

Note: Since vulnerable to radio frequency radiation and temperature changes, the flame sensor should be kept away
from heat sources like radiators, heaters and air conditioners, as well as direct irradiation of sunlight, headlights and
incandescent light.

4 Read the ADC value, DAC value and voltage value of the flame sensor

We first use a simple code to read the ADC value, DAC value and voltage value of the flame sensor and print them out.
Please refer to the wiring diagram below
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Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes

Share Wiew 0
» This PC & Software (D:) » 2. Python Projects 1 O Search 2. Python ..
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 01 Hello Warld 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 27772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder

Open“Thonny”click*“This computer”—“D:”—*2. Python Projects”—"Project 19: Flame Alarm”, and then double
left-click “Project_19.1_Read_Analog_Value_Of_Flame_Sensor.py”.
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Ti Thonny - DAZ. Python Projects\Project 19: Flame Alarm\Project_19.1_Read_Analog_Value Of Flame_Sensor.py ... — O x
File Edit View Run Tools Help

R o w

Files Project_19.1_Read_Analog_Value_Of_Flame_Sensor.py

m
>
[N

This computer

D: % 2. Python Projects 2 from machine impert ADC,Pin,DAC

1 Project 16: 12C 128x32 LCD 5 import time

) Project 17: Small Fan 4

)1 Project 18: Dimming Light 5

= |} Project 19: Flame Alarm 5 adec=ADC(Pin(36))

Project 19: Flame Alarm.docx /  adc.atten{ADC.ATTN_11DB)
| %  adc.width(ADC.WIDTH 12BIT)
& Project_19.2_Flame_Alarm.py 9

) Project 20: Night Lamp o 18

v
MicroPython device = s >
QJ boot.py Shell
~
5> v

MicroPython (ESP32)

# Import Pin, ADC and DAC modules.
from machine import ADC,Pin,DAC
import time

# Turn on and configure the ADC with the range of 0-3.3V
adc=ADC(Pin(36))

adc.atten(ADC.ATTN_11DB)

adc.width(ADC.WIDTH_12BIT)

# Read ADC value once every 0.1seconds, convert ADC value to DAC value and output it,
# and print these data to “Shell”.
try:
while True:
adcVal=adc.read()
dacVal=adcVal//16
voltage = adcVal / 4095.0 * 3.3
print("ADC Val:",adcVal,"DACVal:",dacVal,"Voltage:",voltage,"V'")
time.sleep(0.1)
except:
pass

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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T

File Edit View Run Tools Help
0 & 0

Files

This computer
D: % 2. Python Projects

FH H

(N

) Project 16: 12C 128=32 LCD
)1 Project 17: Small Fan
)1 Project 18: Dimming Light
)i Project 19: Flame Alarm
| Project 19: Flame Alarm.docx

@__ Project_19.1_Read_Analog_Value_Of_F

@_ Project_19.2_Flame_Alarm.py
)1 Project 20 Night Lamp

MicrePython device

@_ boot.py

h——-—
Project_19.1_Read_~Analog_Value_Of_Flame_Sensor.py
= A ~
from machine import ADC,Pin,DAC
import time
adc=ADC(Pin{36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)
" v
= < >
Shell
™~
>33 w

MicroPython (ESP32)

Clicka“Run current script”, the code starts to be executed and you’ll see that the “Shell” window of Thonny IDE will
print the ADC valueDAC value and voltage value of the flame sensor. When the flame is close to the flame sensor, the
ADC value, DAC value and voltage value increase; Conversely, the ADC value, DAC value and voltage value decrease.

Press“Ctrl+C”or Click@ “Stop/Restart backend”to exit the program.

T

File

Edit Run Toels Help

View

165 [0

Files

This computer

E H

(N

D:\ 2. Python Projects
) Project 16: [2C 128x32 LCD
) Project 17: Small Fan
)1 Project 18: Dimming Light
)i Project 19: Flame Alarm
| Project 19: Flame Alarm.docx

@, Project_19.1_Read_Analeg_Value_Of_Fl

@_ Project_19.2_Flame_Alarm.py

) Project 20: Night Lamp

MicroPython device
lﬁ, boot.py

-

Project_19.1_Read_Analeg_Value_Of_Flame_Sensor.py
= A ~
from machine import ADC,Pin,DAC
import time
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)
w7 v
= < >
Shell
sl
I>>> | v

MicroPython (ESP32)
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Shell

—— e ———r —————————

ADC Val: 0 DRCVal: 0 Voltage: 0.0 W "~
ADC Val: 23 DACVal: 1 Voltage: 0.0185348 W

ADC Val: 438 DACVal: 3 Voltage: 0.03868132 V

ADC Val: 268 DACVal: 16 Voltage: 0.2159707 WV

RADC Val: 55% DACVal: 34 Voltage: 0.4504762 V

ADC Val: 0 DARCWVal: 0 Voltage: 0.0 W

ADC WVal: 553 DRCVal: 34 Voltage: 0.445641 W

ADC Val: 2810 DACVal: 50 Voltage: 0.6527472 V

ADC Val: 1294 DRCWVal: 80 Voltage: 1.042784 V

ADC Val: 1280 DRCVal: 80 Voltage: 1.031502 V

BADC Val: 12587 DRCVal: 80 Voltage: 1.037143 V

BADC Val: 1514 DRCVal: 94 Voltage: 1.220073 V

ADC Val: 2160 DRCWal: 135 Voltage: 1.740659
ADC Val: 2162 DRCWal: 135 Voltage: 1.742271
ADC Val: 2171 DRCWal: 135 Voltage: 1.748524
ADC Val: 2467 DRCVal: 154 Voltage: 1.988059
ADC Val: 2642 DRCWVal: 165 Voltage: 2.129084
ADC Val: 2640 DRCWVal: 165 Voltage: 2.127473
BADC Val: 2723 DRCWVal: 170 Voltage: 2.194359
ADC Val: 2911 DRCWVal: 181 Voltage: 2.345361
ADC Val: 3008 DRCVal: 128 Voltage: 2.424025%
ADC Val: 3029 DRCVal: 18% Voltage: 2.440952
ADC Val: 3140 DRCVal: 196 Voltage: 2.530403
ADC Val: 3271 DRCWVal: 204 Voltage: 2.635971
ADC Val: 3583 DRCWal: 223 Voltage: 2.887399
ADC Val: 3664 DRCWVal: 229 Voltage: 2.952674

ssg<S<dgs<<g<=<<g<<<

5.Wiring diagram of the flame alarm

Next, we will use a flame sensor, a buzzer, and a LED to make an interesting project, that is flame alarm. When flame
is detected, the LED flashes and the buzzer alarms.
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@ @ @ (

S

-
) @ {

value = get value()

ifjvalue >500:
6.Project code:Note buzzer.value(1) te threshold of 500 in the code can be reset itself as required)

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes

| 2. Python Projects — O *
Share Wiew 0
» This PC & Software (D:) » 2. Python Projects o O Search 2. Python ...
Mame Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 01 Hello Warld 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 27772022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 201772022 10:21 AM File folder

Open“Thonny”click*“This computer”—“D:”—*“2. Python Projects”—‘“Project 19: Flame Alarm”, and then double
left-click“Project 19Flame Alarm”.
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Th Thonny - DAZ2. Pythen Projects\Project 19: Flame Alarm’\Project_19.2_Flame_Alarm.py @ 28: 1

File Edit VYiew Run Tools Help

B o -
Files Project_19.2_Flame_Alarm.py
This computer =~ 1  from machine import ADC, Pin
D: %\ 2. Python Projects 2 import time
) Project 16:  12C 128x32 LCD 3
)1 Project 17: Small Fan 4
) Project 18: Dimming Light 5 adc=ADC({Pin(26))
[ | ) Project 19: Flame Alarm & adc.atten(ADC.ATTN_11DB)
] Project 19: Flame Alarm.docx 7  adc.width(ADC.WIDTH_12BIT)
= 8
. 9 led = Pin(15, Pin.O0UT)
o 18
MicroPython device = <
) boot.py Shell
55>

L

MicroPython (ESP32)

from machine import ADC, Pin
import time

# Turn on and configure the ADC with the range of 0-3.3V

adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)

# create LED object from Pin 15,Set Pin 15 to output

led = Pin(15, Pin.O0UT)

# create buzzer object from Pin 4, Set Pin 4 to output

buzzer = Pin(4, Pin.OUT)

# If the flame sensor detects a flame,

# and the LED will blink when the analog value is greater than

the buzzer will beep

# Otherwise, the buzzer does not sound and the LED goes off

while True:

adcVal=adc.read()

if adcval >500:
buzzer.value(l)
led.value(1)
time.sleep(0.5) # Sleep 0.5s
buzzer.value(0)
led.value(0)
time.sleep(0.5) # Sleep 0.5s

else:
buzzer.value(0)
led.value(®)

# Set buzzer turn on
# Set led turn on

# Set led turn off

# Set buzzer turn off
# Set led turn off

500

7.Project result
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Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .

Te

File Edit VYiew PRun Tools Help

RY=; o

W |[—

Files

This computer
D: \ 2. Python Projects

)1 Project 16: [2C 128x32 LCD
)i Project 17: Small Fan

1 Project 18: Dimming Light
[= |} Project 19: Flame Alarm

| Project 19: Flame Alarm.docx

Project_19.2_Flame_Alarm.py

@_ Project_19.1_Read_Analog_Value Of FI

@_ Project_19.2_Flame_Alarm.py
) Project 20: Might Lamp

MicrePython device
lﬁ, boot.py

= | from machine import ADC, Pin
import time
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)
led = Pin(15, Pin.0OUT)
~ == == — W
= < >
Shell
]
353 v

MicroPython (ESP32)

Click a“Run current script”, the code starts to be executed and you’ll see that when the flame sensor detects the flame,
the LED flashes and the buzzer alarms. Otherwise, the LED does not light, the buzzer does not sound. Press*“Ctrl+C”or

click@ “Stop/Restart backend”to exit the program.

T

File Edit View Run Tools Help
1 E H | O [t

Files

This computer
D: % 2. Python Projects
) Project 16:  12C 128=32 LCD
)1 Project 17: Small Fan
) Project 18: Dimming Light
)i Project 19: Flame Alarm
_| Project 19: Flame Alarm.docx

E B H

(]

@__ Project_19.1_Read_Analog_Value_Of FI

@__ Project_19.2_Flame_Alarm.py
)i Project 20: Might Lamp

MicroPython device
@_, boot.py

-
Project_19.2_Flame_Alarm.py
=~ from machine import ADC, Pin ~
import time
adc=ADC({Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)
led = Pin(15, Pin.0UT)
w2 _ o v
= < >
Shell
Ll
[>>> |
W

MicraPython (ESP32)

364

Chapter 7. Python Tutorial



ESP32 Learning Kit

7.22 Project 20Night Lamp

1.Introduction

Sensors or components are ubiquitous in our daily life. For example, some public street lamps will automatically turn
on at night and turn off during the day. Why? In fact, this make use of a photosensitive element that senses the intensity
of external ambient light. When the outdoor brightness decreases at night, the street lights will turn on automatically.
In the daytime, the street lights will automatically turn off. the principle of which is very simple, In this Project, we
use ESP32 to control a LED to achieve the effect of the street light.

2.Components

kY] RITee 3

ESP32*1 Breadboard*1 Red LED*1 10KResistor*1
\ —il:
Photoresistor*1 220Resistor* 1 Jumper Wires USB Cable*1

3.Component knowledge

¥
1

Photoresistor : It is a kind of photosensitive resistance, its principle is that the photoresistor surface receives brightness
(light) to reduce the resistance, the resistance value will change with the detected intensity of the ambient light . With
this characteristic, we can use the photosensitive resistance to detect the light intensity. Photosensitive resistance and
its electronic symbol are as follows

1 2

The following circuit is used to detect changes in resistance values of photoresistors
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3. 3V 3. 3V
R2
10K
R1
Pin
Pin
R1
R2
10K

In the circuit above, when the resistance of the photoresistor changes due to the change of light intensity, the voltage
between the photoresistor and resistance R2 will also change. Thus, the intensity of light can be obtained by measuring
this voltage.

4. Read the ADC value, DAC value and voltage value of the photoresistor

We first use a simple code to read the ADC value, DAC value and voltage value of the photoresistor and print them out.
Please refer to the following wiring diagram
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Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it:Download Python Codes

Share Wiew 0
» This PC » Software (D:) * 2. Python Projects 1 Q Search 2. Python ..
Marme Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Hello World 201772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 271772022 10:21 AM File folder

Open“Thonny”click*“This computer”—“D:”—*2. Python Projects”—"Project 20: Night Lamp”and then double left-

9999

click “Project_20.1_Read_Photosensitive_Analog_Value.py””.
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Ti Thonny - DA2. Python Projects\Project 20: Night Larmp\Project_20.1_Read_Photosensitive_Analog_Valuepy ® 2.. — O X
File Edit View Run Tools Help
B o w
Files Project_20.1_Read_Photosensitive_Analog_Value.py
This computer = | 1 &3
D: \ 2. Python Projects 7 from machine impert ADC,Pin,DAC
)1 Project 17: Small Fan S dimport time
)1 Project 18: Dimming Light 4
) Project 19: Flame Alarm 5
£ |} Project20: Might Lamp 6 adc=ADC{Pin(36))
Project 20: Night Lamp.docx 7 adc.atten(ADC.ATTN_11DB)
% adc.width(ADC.WIDTH_12BIT)
- g
) Project 21: Temperature Instrument o 18 v
MicroPython device = S 24
i boot.py Shell
Ll
33> v
MicroPython (ESP32)

# Import Pin, ADC and DAC modules.
from machine import ADC,Pin,DAC
import time

adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)

# and print these data to “Shell”.
try:
while True:
adcVal=adc.read()
dacVal=adcVal//16

time.sleep(0.1)
except:
pass

# Turn on and configure the ADC with the range of 0-3.3V

# Read ADC value once every 0.1seconds, convert ADC value

voltage = adcVal / 4095.0 * 3.3
print("ADC Val:",adcVal, "DACVal:",dacVal, "Voltage:",voltage,"V'")

to DAC value and output it,

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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Th
File Edit View Run Tools Help
DEHE O W [ —
Files Project_20.1_Read_Photosensitive_Analog_Value.py
This computer = ~ ~
D: \ 2. Python Projects from machine impert ADC,Pin,DAC
)1 Project 17: Small Fan import time
1 Project 18: Dimming Light
)i Project 19: Flame Alarm
[E )i Project 20: Might Lamp adc=ADC(Pin(36))
| Project 20: Night Lamp.docx adc.atten(ADC.ATTN_11DB)
@_ Project_20.1_Read_Photosensitive_Ana adc.width(ADC.WIDTH_12BIT)
@__ Project_20.2_Night_Lamp.py
)1 Project 21: Temperature Instrument o
v
MicrePython device = S td
i) boot.py Shell
~
53> v

MicrePython (ESP32)

Clicka“Run current script”, the code starts to be executed and you’ll see that the “Shell” window of Thonny IDE will
print the ADC valueDAC value and voltage value of the photoresistor. When the light intensity around the photoresistor
is gradually reduced, the ADC valueDAC value and voltage value will gradually increase. On the contrary, the ADC

value, DAC value and voltage value decreases gradually. Press“Ctrl+C”or click@“StOp/Restart backend’’to exit the

program.
Te

File Edit View Run Tools Help
1| O [ @
Files

This computer

D: ' 2. Python Projects

)i Project 17: Small Fan

)1 Project 18: Dimming Light

)1 Project 19: Flame Alarm

)1 Project 20: Might Lamp
| Project 20: Might Lamp.docx
@_ Project_20.1_Read_Photosensitive_Ana
@, Project_20.2_Might_Lamp.py

) Project 21: Temperature Instrument

FH B H

|

MicrePython device
@__ boot.py

Project_20.1_Read_Photosensitive_Analog_Value.py

A M
from machine impert ADC,Pin,DAC
import time
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)

" v
< >
Shell

M
¥
L

MicrePython (ESP32)
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Shell
ADC Val: 1472 DRCVal: 92 Voltage: 1.186227 V ~
ADC Val: 1645 DRCVal: 102 Voltage: 1.325641 WV
ADC Val: 1847 DRCVal: 115 Voltage: 1.488425 V
EDC Val: 2043 DRCVal: 127 Voltage: 1.646374 WV
BEDC Val: 2254 DRCVal: 140 Voltage: 1.81641 WV
ADC Val: 2442 DRCVal: 152 Voltage: 1.967912 V
ADC Val: 2625 DRCVal: 164 Voltage: 2.115385 WV
ADC Val: 2752 DRCVal: 172 Voltage: 2.217729 WV
ADC Val: 2832 DRCVal: 177 Voltage: 2.282198 V
ADC Val: 2880 DRCVal: 180 Voltage: 2.320879 WV
ADC Val: 2887 DRCVal: 180 Voltage: 2.32652 V
EDC Val: 2873 DRCVal: 179 Voltage: 2.315238 V
BADC Val: 2922 DRCVal: 182 Voltage: 2.354725 WV
ADC Val: 2991 DACVal: 186 Voltage: 2.41033 V
ADC Val: 3051 DRCVal: 190 Voltage: 2.458681 WV
ADC Val: 3103 DRCVal: 193 Voltage: 2.500586 V
ADC Val: 3145 DRCVal: 196 Voltage: 2.534432 V
EDC Val: 3163 DRCVal: 197 Voltage: 2.548938 V
ADC Val: 3181 DRCVal: 198 Voltage: 2.563443 V
BEDC Val: 3187 DRCVal: 199 Voltage: 2.568278 V
BEDC Val: 3214 DRCVal: 200 Voltage: 2.5%0037 WV
ADC Val: 3314 DRCVal: 207 Voltage: 2.6706823 V W

5.Wiring diagram of the light-controlled lamp

We made a small dimming lamp in the front, now we will make a light controlled lamp. The principle is the same, that
is, the ESP32 takes the ADC value of the sensor, and then adjusts the brightness of the LED.
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6.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it:Download Python Codes

| 2. Python Projects — | *
Share Wiew 0
» This PC » Software (0:) » 2. Python Projects o O Search 2. Python ...
Mame Date modified Type Size ™
Project 00: Boot 201772022 10:21 AM File folder
Project 07 Helle World 271772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 21772022 11:12 AM File folder
Project 04: Breathing LED 2/17/2022 10:21 AM File folder

Open“Thonny”click“This computer”—“D:”—*2. Python Projects”—"Project 20: Night Lamp”and then double left-
click “Project_20.2_Night_Lamp.py”.

T& Thonny - D:\2. Python Projects\Project 20: Night Lamp'\Project_20.2_Night_Lamp.py @ 16:17 - O *
File Edit View Run Tools Help
B 0 -
Files Project_20.2_Might_Lamp.py
This computer = " 1  from machine import Pin,PWM,ADC .
D:\ 2. Python Projects 7 import time
)1 Project 17: Small Fan 3
J1 Project 18: Dimming Light 4 pwm =PWM(Pin{15,Pin.0UT),16880)
)/ Project 19: Flame Alarm 5 adc=ADC(Pin(38))
= | )1 Project 20: Might Lamp 5 adc.atten(ADC.ATTN_11DB)
] Project 20: Night Lamp.docx 7/ adc.width(ADC.WIDTH_18BIT)
& Project 20.1 Read Photosensitive_Ana 8
9 try:
) Project 21: Temperature Instrument o 1@ while True:
11 adcValue=adc.read()
MicroPython device = : : v
&J boot.py Shell
~
>3 w
MicroPython (ESP32)

from machine import Pin,PWM,ADC
import time

pwm =PWM(Pin(15,Pin.0QUT), 1000)
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_10BIT)

(continues on next page)
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try:
while True:
adcValue=adc.read()
pwm.duty(adcValue)
print(adc.read())
time.sleep_ms(100)
except:
pwm.deinit ()

(continued from previous page)

7.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .

T
File Edit View Run Tools Help

0= 0 & [ —

Files

This computer

D: % 2. Python Projects

)i Project 17: Small Fan

)i Project 18: Dimming Light

) Project 19: Flame Alarm

1 Project 20: Might Larnp
| Project 20: Might Lamp.docx
@_ Project_20.1_Read_Photosensitive_Ana
@__ Project_20.2_Night_Lamp.py

) Project 21: Temperature Instrument

0 BB

MicroPython device
lﬁ_ boot.py

Click a“Run current script”, the code
the photoresistor is reduced, the LED

Project_20.2_Might_Lamp.py
~ from machine import Pin,PWM,ADC ~
import time
pwm =PWM{Pin(15,Pin.0UT),1808)
adc=ADC({Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_18BIT)
try:
- while True:
adcValue=adc.read() y
Shell
Ll
333 v

MicraPython (ESP32)

starts to be executed and you’ll see that when the intensity of light around
will be bright, on the contrary, the LED will be dim. Press“Ctrl+C” or

click@ “Stop/Restart backend”to exit the program.
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T
File Edit View Run Tools Help
15 1 [Ofem— o
Files Project_20.2_Might_Lamp.py
This computer = " from machine import Pin,PWM,ADC .
D:\ 2. Python Projects import time
) Project 17: Small Fan
J1 Project 18: Dimming Light pwm =PWM({Pin{15,Pin.0UT),1668)
)/ Project 19: Flame Alarm adc=ADC(Pin(36))
= | )1 Project 20: Might Lamp adc.atten(ADC.ATTN_11DB)
"] Project 20: Might Lamp.docx adc.width(ADC.WIDTH_18BIT)
@ Project_20.1_Read_Photosensitive_Ana
@ Project_20.2_Might_Lamp.py try:
)1 Project 21: Temperature Instrument v while True:
adcValue=adc.read()
MicroPython device = : : v
@ boot.py Shell
~

>y
L

MicroPython (ESP32)

7.23 Project 21Temperature Instrument

1.Introduction

Thermistor is a kind of resistor whose resistance depends on temperature changes, which is widely used in gardening,
home alarm system and other devices. Therefore, we can use the feature to make a temperature instrument.

2.Components

ESP32*1 Breadboard*1 Thermistor*1 10KResistor*1

_. :
=

M-F Dupont Wires LCD 128X32 DOT*1 Jumper Wires USB Cable*1

3.Component knowledge

Thermistor: A Thermistor is a temperature sensitive resistor. When it senses a change in temperature, the resistance
of the Thermistor will change. We can take advantage of this characteristic by using a Thermistor to detect temperature
intensity. A Thermistor and its electronic symbol are shown below:
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The relationship between resistance value and temperature of a thermistor is

11
Rt = R* EXP[B * ]
T2 Tl

Where:

Rt is the thermistor resistance under T2 temperature;

R is the nominal resistance of thermistor under T1 temperature;

EXP[n] is nth power of e;

B is for thermal index;

T1, T2 is Kelvin temperature (absolute temperature). Kelvin temperature=273.15 + Celsius temperature.
For the parameters of the Thermistor, we use: B=3950, R=10k, T1=25.

The circuit connection method of the Thermistor is similar to photoresistor, as the following
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3. 3

R1
LOK

ADCD

We can use the value measured by the ADC converter to obtain the resistance value of Thermistor, and then we can use
the formula to obtain the temperature value.

Therefore, the temperature formula can be derived as:

4 \
: :ln&/B
7’1 R )

4.Read the value of the Thermistor

12=1/

First we will learn the thermistor to read the current ADC value, voltage value and temperature value and print them
out. Please connect the wires according to the wiring diagram below
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Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it:Download Python Codes

Share Wiew 0
» This PC » Software (D:) * 2. Python Projects w | O Search 2. Python ..
Marme Date modified Type Size ™
Project 00: Boot 2/17/2022 10:21 AM File folder
Project 07 Hello World 201772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 2/17/2022 11:12 AM File folder
Project 04: Breathing LED 271772022 10:21 AM File folder

Open“Thonny”’click*“This computer”’—“D:”—*2. Python Projects”—‘“Project 21: Temperature Instrument, and then
double left-click “Project_21.1_Read_the_thermistor_analog_value.py”.
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Ti Thonny - DA2. Python Projects\Project 21: Temperature Instrument'\Project_21.1_Read_the_thermistor_analog_va.. — O X
File Edit View Run Tools Help
Q2= o w
Files Project_21.1_Read_the_thermistor_analog_value.py
This computer =~ 1 from machine import Pin, ADC ~
D: \ 2. Python Projects ?  import time
}1 Project 20: Night Lamp S import math
= |} Project 21: Temperature Instrument 4
i) 1cd128_32.py 5
i 1cd128 32 fonts.py 5 adc=ADC(Pin(36))
Project 21: Temperature Instrument. 7 adc.atten(ADC.ATTN_11DB)
% adc.width(ADC.WIDTH_12BIT)
& Project_21.2_Temperature_|Instrumen c
1) Project 22: WiFi Station Mode o 1 try:
11 while True:
MicroPython device = b
ﬁ boot.py Shell
Ll
3> v
MicroPython (ESP32)
from machine import Pin, ADC
import time
import math
#Set ADC
adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)
try:
while True:
adcValue = adc.read()
voltage = adcValue / 4095 * 3.3
Rt = 10 * voltage / (3.3-voltage)
tempK = (1 / (1 / (273.15+25) + (math.log(Rt/10)) / 3950))
tempC = (tempK - 273.15)
print("ADC value:",adcValue," Voltage:",voltage,"V"," Temperature: ",tempC,"C
=");
time.sleep(1)
except:

pass

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend”.
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&
File Edit View Run Tools Help
DEE O le—
Files Project_21.1_Read_the_thermistor_analog_value.py
This computer = | from machine import Pin, ADC ”
:\ 2. Python Projects import time
! Project 20: Might Lamp import math
[= |} Project 21: Temperature Instrument
i) lcd128 32.py
i) lcd128_32 fonts.py adc=ADC(Pin(36))
] Project 21: Temperature Instrument. adc.atten(ADC.ATTN_11DB)
@_ Project_21.1_Read_the_thermistor_an adc.width(ADC.WIDTH 12BIT)
@_ Project_21.2_Temperature_Instrurnern
) Project 22: WiFi Station Mode o try:
while True:
MicrePython device = v
&) boot.py Shell
A
>3 v

MicroPython (ESP32)

Click 0“Run current script”, the code starts to be executed and you’ll see that the “Shell” window of Thonny IDE
will continuously display the thermistor’s current ADC valuevoltage value and temperature value. Try pinching the
thermistor with your index finger and thumb (don’t touch wires) for a while, and you will see the temperature increase.

Press“Ctrl+C”or click@ “Stop/Restart backend’to exit the program.

Te
File Edit Yiew Run Tools Help
Files Project_21.1_Read_the_thermistor_analog_value.py
This computer = & from machine import Pin, ADC A
D: %\ 2. Python Projects import time
) Project 20: Might Lamp import math
= |} Project 21: Temperature Instrument
i) 1cd128_32.py
i 1cd128 32 fonts.py adc=ADC(Pin(36))
| Project 21: Temperature Instrument. adc.atten(ADC.ATTN_11DB)
lﬁ, Project_21.1_Read_the_thermistor_an adc.width(ADC.WIDTH_12BIT)
lﬁ_ Project_21.2_Temperature_Instrumen
1) Project 22: WiFi Station Mode - try:
while True:
MicroPython device = d
@) boot.py Shell
A
|>>> | v
MicrePython (ESP32)
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Shell

2> ™
ADC walue: 2305 Voltage: 1.85730% WV Temperature: 1%9.415%92 C
ADC walue: 2287 Voltage: 1.343004 W Temperature: 1%.80316 C
ADC walue: 2256 Voltage: 1.818022 V Temperature: 20.47055 C
ADC walue: 2246 Voltage: 1.8509% 3 V Temperature: 20.65604 C
ADC wvalue: 2271 Voltage: 1.83011 V  Temperature: 20.14752 C
ADC wvalue: 22659 Voltage: 1.8284%8 V  Temperature: 20.158058 C
ADC walue: 21497 Voltage: 1.770476 WV Temperature: 21.74371 C
ADC walue: 2218 Voltage: 1.787399 ¥V Temperature: 21.2%9001 C
ADC walue: 2251 Voltage: 1.813993 V Temperature: 20.57831 C
ADC walue: 2227 Voltage: 1.794652 V Temperature: 21.0%58 C
ADC walue: 2227 Voltage: 1.794652 V Temperature: 21.0%58 C
ADC walue: 2247 Voltage: 1.81076% WV Temperature: 20.6644% C
ADC wvalue: 2257 Voltage: 1.818828 V  Temperature: 20.44%04 C

5.Wiring diagram of the temperature instrument

olpn_;gaﬁé)&
1LLLLLLL]
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2 ° o .

—n |

LCD 128X32

6.Project code

Codes used in this tutorial are saved in*2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes
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Share View
» This PC » Software (:) » 2. Python Projects v
Marme Date modified

Project 00: Boot 21772022 10:21 AM
Project 01: Hello World 272022 10621 AM
Project 02: Turn On LED 21772022 11:10 AM
Project 03: LED Flashing 21772022 11:12 AM
Project 04: Breathing LED 21772022 10:21 AM

o

b

£ Search 2. Python ...

Type

File folder
File folder
File folder
File folder

File folder

Size ™

Open“Thonny”click*“This computer’—“D:”—*2. Python Projects”—‘Project 21: Temperature Instrument”. Se-
lect“lcd128_32.py”and “lcd128_32_fonts.pyright-click your mouse to select“Upload to/”wait for“lcd128_32.py”an
“lcd128_32_fonts.py”to be uploaded to ESP32and double left-click*Project_21.2_Temperature_Instrument.py”.

Ti Thonny — O s
File Edit View Run Tools Help
BT @
Files -
This computer = ~
Dt % 2. Python Projects
1) Project 19: Flame Alarm
1) Project 20: Might Larnp
= |} Project 21: Temperature Instrument
———— Open in Thenny
E L onts. Open in system default app
_] Project21: Temy Configure .py files...
i) Project 21.1_Reac
i) Project_21.2_Term| NV T Ll)
Move to Recycle Bin
MicroPython device New directory,
%J boot.py
Properties
~
>33 v
MicroPython (ESP32)
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Ti Thonny
File Edit View Run

BT @

Files =

Tools  Help

it
>

This computer

D: \ 2. Python Projects

1) Project 19: Flame Alarm
1) Project 20: Might Larnp
= |} Project 21: Temperature Instrument
a0 1cd128 32,

2

L 28 32 5. Oy .
R et Innt=mel Open in Thonny

Project 21: Tempera
i) Project 21.1 Read_th
%J Project_21.2_Temperz

MicroPython device

i boot.py Mew directory...

Open in system default app
Configure .py files...

goveto aecyc 3 gln

i) 1cd128_32.py

Properties

W

MicroPython (ESP32)

T& Thenny - D2, Python Projects\Project 21: Temperature Instrument\Project_21.2_Temperature_Instrument.py @ ...

File Edit VYiew Run Tools

B 0 o

Files -

Help

]
>

This computer
D: \ 2. Python Projects

1) Project 20: Might Larnp

= |} Project 21: Temperature Instrument
i 1cd128 32.py
i) 1cd128 32 fonts.py
| Project 21: Temperature Instrument.d

Project_21.1_Read_the_thermistor_anal

g Project 21 E_Ter'ﬂperature_lnstrur'r'|er1t.||

) Project 22: WiFi Station Mode

MicroPython device

%J boot.py
i) lcd128_32.py
i 1ed128 32 fonts.py

Project_21.2_Temperature_Instrument.py ~

from machine import Pin, ADC, I2C
import machine

import time

import math

import 1lcd1l28 32 fonts

from lcd128 32 import lcdl28_ 32

L9 TR =S Wy U )

fel

|

[=:2]

9 ade=ADC(Pin(36))
16 adc.atten(ADC.ATTN_11DB)
11  adc.width(ADC.WIDTH_12BIT)

55>

- d X

W

MicroPython (ESP32)

from machine import Pin, ADC, I2C
import machine

import time

import math

import lcd128_32_fonts

from 1cd128_32 import 1cd128_32

(continues on next page)
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(continued from previous page)

#Set ADC

adc=ADC(Pin(36))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)

#12c config
clock_pin = 22
data_pin = 21
bus = 0
i2c_addr = 0x3f
use_i2c = True

def scan_for_devices():

i2c = machine.I2C(bus,sda=machine.Pin(data_pin),scl=machine.Pin(clock_pin))
devices = i2c.scan()
if devices:

for d in devices:

print Chex(d))

else:

print('no i2c devices')

try:
while True:
adcValue = adc.read()
voltage = adcValue / 4095 * 3.3
Rt = 10 * voltage / (3.3-voltage)
tempK = (1 / (1 / (273.15+25) + (math.log(Rt/10)) / 3950))
tempC = int(tempK - 273.15)
if use_i2c:
scan_for_devices()
lcd = 1cd128_32(data_pin, clock_pin, bus, i2c_addr)
lcd.Clear()
lcd.Cursor (0, 0)
lcd.Display("Voltage: ")
lcd.Cursor(0, 8)
lcd.Display(str(voltage))
lcd.Cursor(0, 20)
lcd.Display("'V"™)
lcd.Cursor(2, 0)
lcd.Display("Temperature:")
lcd.Cursor(2, 12)
lcd.Display(str(tempC))
lcd.Cursor(2, 15)
lcd.Display('C™)
time.sleep(0.5)
except:
pass

7.Project result

Make sure the ESP32 has been connected to the computer, click@ “Stop/Restart backend” .
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Te
File

Q= o

Edit View Run Tools

Help

Files

n
>

This computer

:\ 2. Python Projects

) Project 20: Might Lamp

=l | Ji Project 21: Temperature Instrument
i) lcd128 32.py
i) lcd128_32 fonts.py
| Project 21: Temperature Instrument.d
@_ Project_21.1_Read_the_thermistor_anal
@_ Project_21.2_Temperature_Instrurnent.|

) Project 22: WiFi Station Mode

MicrePython device

i) boot.py Shell
i) 1cd128 32.py
i) 1cd128_32_fonts.py

>y

p——

Project_21.2_Temperature_Instrument.py

from machine import Pin, ADC, I2C ~

import machine

import time

import math

import 1lcdl128 32 fonts

from 1lcdl128 32 import lcdl128_32

adc=ADC(Pin(36))

adc.atten(ADC.ATTN_11DB)

adc.width(ADC.WIDTH_12BIT) y
]
L

MicroPython (ESP32)

Click a“Run current script”, the code starts to be executed and you’ll see that the LCD 128X32 DOT displays
the voltage value of the thermistor and the temperature value in the current environment. Press“Ctrl+C”or click

@ “Stop/Restart backend”to exit the program.

Te
File Edit View Run Tools Help
05 | O @
Files Project_21.2_Temperature_Instrument.py
This computer = 4 from machine import Pin, ADC, I2C -
D: % 2. Python Projects import machine
1 Project 20: NMight Lamp import time
= |} Project 21: Temperature Instrument import math
i) 1cd128 32.py import lcdl128 32 fonts
i) Icd128 32 fonts.py from 1cd128 32 import 1lcd128 32
| Project 21: Temperature Instrument.d
@__ Project_21.1_Read_the_thermistor_anal
i) Project_21.2 Temperature_Instrument,| adc=ADC(Pin(36))
/1 Project 22: WiFi Station Mode v adc.atten(ADC.ATTN_11DB)
adc.width (ADC.WIDTH_12BIT)
MicrePython device = d
&) boot.py Shell
i) 1cd128_32.py ~
i) 1cd128_32 fonts.py
[>>> |
w

MicroPython (ESP32)

7.23. Project 21Temperature Instrument
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7.24 Project 22WiFi Station Mode

1.Introduction

ESP32 has three different WiFi operating modes : Station modeAP mode and AP+Station mode. All WiFi programming
projects must be configured with WiFi operating mode before using WiFi, otherwise WiFi cannot be used. In this
project, we will learn about ESP32’s WiFi Station mode.

2.Components

LEELEELY

TERRENANNANEEE

USB Cable*1 ESP22*1

3.Project wiring

Connect the ESP32 to the USB port on your computer using a USB cable.

FEREERAEE R

4.Component knowledge

Station mode: When ESP32 selects Station mode, it acts as a WiFi client. It can connect to the router network and
communicate with other devices on the router via WiFi connection. As shown below, the PC is connected to the router,
and if ESP32 wants to communicate with the PC, it needs to be connected to the router.
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Statit:n
(ESP32)

5.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it:Download Python Codes
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2. Python Projects — g e
Share Wiew 0
» This PC » Software (:) » 2. Python Projects w O A Search 2. Python ...
Mame Date modified Type Size ™
Project 00: Boot 201772022 10:21 AM File folder
Project 01: Hello World 2/17/2022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 21772022 11:12 AM File folder
Project 04: Breathing LED 2/17/2022 10:21 AM File folder

Open“Thonny”click*“This computer”—“D:”—*“2. Python Projects”—“Project 22WiFi Station Mode”and double left-
click “Project_22_WiFi_Station_Mode.py”.

T& Thonny - DAZ2. Python Projects\Project 22: WiFi Station Mode\Project_22_WiFi_Station_Mode.py @ 26: 24 - O X
File Edit VYiew Run Tools Help
RT=S 0 -
Files = Project_22_WiFi_Station_Mode.py Enter the correct Router
This cemputer = ~ 1  import time 2
D: \ 2. Python Projects 2 | import network name and,password.
) Project 18: Dimming Light 3
1 Project 19: Flame Alarm 4 | ssidRouter = 'Chinallet-2.4G-8DF@"
)| Project 20: Night Lamp 5 | passwordRouter = 'Chinallet@233’
1 Project 21: Temperature Instrument 6
=] | ) Project 22: WiFi Station Mode 7 def STA_Setup(ssidRouter,passwordRouter):
Project 22: WiFi Station Mode.d: 8 print("Setup start")
7gh Project 22 WiFi_Station_Mode.py 9 sta_if = network.WLAN(network.STA_IF)
) Project 23: WiFi AP Mode v| [ 18 if not sta_if.isconnected():
- = oe . . - v
MicroPython device = < *
&) boot.py Shell
A~
»»> v
MicroPython (ESP32)

import time
import network

ssidRouter
passwordRouter

# Import network module.

= 'ChinaNet-2.4G-0DFQ' # Enter the router name
= 'ChinaNet@233' # Enter the router password

def STA_Setup(ssidRouter,passwordRouter):
print("Setup start")
sta_if = network.WLAN(network.STA_IF) # Set ESP32 in Station mode.
if not sta_if.isconnected():
print(’
# Activate ESP32’s Station mode, initiate a connection request to the router
# and enter the password to connect.
sta_if.

connecting to',ssidRouter)

active(True)
(continues on next page)
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(continued from previous page)

sta_if.connect(ssidRouter,passwordRouter)
#Wait for ESP32 to connect to router until they connect to each other successfully. o
while not sta_if.isconnected():
pass
# Print the IP address assigned to ESP32-WROVER in “Shell”.
print('Connected, IP address:', sta_if.ifconfig())
print("Setup End")

try:
STA_Setup(ssidRouter,passwordRouter)
except:
sta_if.disconnect()

Because the names and passwords of routers in various places are different, before the code runs, users need to enter
the correct router’s name and password in the box as shown in the illustration above.

After making sure the router name and password are entered correctly, click a“Run current script”, the code starts to
be executed and wait for ESP32 to connect to your router and print the IP address assigned by the router to ESP32 in
the “Shell” window of Thonny IDE.

T& Thenny - D:\Z. Python Projects\Project 22 Fi Station Mode\Project_22_WiFi_Station_Mode.py @ 26: 24 — O
File Edit View Run Tools Help
R O [o— w
Files Project_22_WiFi_Station_Mode.py
This computer = | 1 dimport time a
D: \ 2, Python Projects 7 import network
) Project 16: 12C 128x<32 LCD 3
)1 Project 17: Small Fan 4 ssidRouter = "Chinallet-2.4G-8DF@"
! Project 18: Dimming Light 5 passwordRouter = "Chinalet@?33’
) Project 19: Flame Alarm
)/ Project 20: Might Lamp 7 def STA_Setup(ssidRouter,passwordRouter):
)| Project 21: Temperature Instrument 8 print("Setup start™)
[ | ) Project 22: WiFi Station Mode 9 sta_if = network.WLAN(network.STA_IF)
| ] Project 22: 'WiFi Station Mode.di = S oo hm S Secwsrams o w7
i i) Project 22 WiFi_Station_Mode.p d B
1 Project 23: WiFi AP Mode . Shel
A
| MicroPython device = 233
| @ boot.
H [ Setup start
i connecting to ChinalNet-2.4G-0DF0
Connected, IP address: ('19%2.165.0.147", "255.255.255.0", "l182.163.0.1"
, '192.168.0.1")
Setup End
223 b

MicroPython (ESP32)
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Shell
>3 ~

Setup start

connecting to ChinaNet-2.4G-0DF0

Connected, IP address: ("192.165.0.147", "255.255.255.0", "1%2.168.0.1"
, '192.168.0.1")

Setup End

25> v

7.25 Project 23WiFi AP Mode

1.Introduction

ESP32 has three different WiFi operating modes : Station mode AP mode and AP+Station mode. All WiFi programming
projects must be configured with WiFi operating mode before using WiFi, otherwise WiFi cannot be used. In this
project, we will learn about ESP32’s WiFi AP mode.

2.Components

EEELEEEELT

TERANNARTAANLER

USB Cable*1 ESP22*1

3.Project wiring

Connect the ESP32 to the USB port on your computer using a USB cable.

T ELELEEEY]

RERNENERRNNELR

FEEEERERAE

4.Component knowledge

AP mode : When ESP32 selects AP mode, it creates a hotspot network that is separated from the Internet and waits for
other WiFi devices to connect. As shown in the figure below, ESP32 is used as a hotspot. If a mobile phone or PC wants
to communicate with ESP32, it must be connected to the hotspot of ESP32. Only after a connection is established with
ESP32 can they communicate.
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5.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it: Download Python Codes
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L=

Share View

» This PC » Software (:) » 2. Python Projects

Mame

Project 00: Beo
Project 01:
Project 02:
Project 03:

Project (4

o

ot

Hello World
Turn On LED
LED Flashing
Ereathing LED

Date modified

e TR dr VPP
2 aUes

0:21 AM
10:21 AM
11:10 AM
11:12 AM

10:21 AM

3172022
of L eles

301772022
2 eee

e TR dr VPP
aF 1 eUee

301772022
oL eUes

d bt

Search 2. Python ..

e

Type Size ™

File folder
File folder
File folder
File folder

File folder

Open“Thonny”click*“This computer”—“D:”’—*“2. Python Projects”—“Project 23WiFi AP Mode”, and double left-
click “Project_23_WiFi_AP_Mode.py”.

T& Thonny - DA2. Python Projects\Project 23: WiFi AP Mode\Project_23_WiFi_AP_Modepy @ 7:32 - O X
File Edit VYiew Run Tools Help
DESHE O @
Files ~ Project_23_WiFi_AP_Modepy * ~ Set a name and a
This computer =~ 1 import network “
D: X 2. Python Projects . passiword for ESP32 AP.
) Project 17: Small Fan 3
1 Project 18: Dimming Light 4 | ssidAP = "ESP32_WiFi®
)| Project 19: Flame Alarm 5 | passwordAP = "12345678°
1 Project 20: Might Larnp 6
1 Project 21: Temperature Instrument 7 local IP = '1592.168.0.147"
)| Project 22: WiFi Station Mode 2 gateway = '192.168.8.1"
= |} Project 23: WiFi AP Mode S subnet = '255.255.255.8"
Project 23: WiFi AP Mode.docx 18 dns = '8§.8.8.8°
gk Project_23_WiFi_AP_Mode.py 11
1 Project 24: WiFi Station+AP Mode v
Shell
MicroPython device = ~
@l boot.py
> v
MicroPython (ESP32)

import network

#Enter correct

#Import network module.

router name and password.

#Enter the router name
#Enter the router password

ssidAP = "ESP32_WiFi'
passwordAP = '12345678'
local_IP = '192.168.0.147'
gateway = '192.168.0.1"
subnet = '255.255.255.0"'
dns = '8.8.8.8'

#Set ESP32 in AP mode.

ap_if = network.WLAN(network.AP_IF)

(continues on next page)

390

Chapter 7. Python Tutorial




ESP32 Learning Kit

(continued from previous page)

def AP_Setup(ssidAP,passwordAP):
ap_if.ifconfig([local_IP,gateway,subnet,dns])
print("Setting soft-AP ... ")
ap_if.config(essid=ssidAP,authmode=network.AUTH_WPA_WPA2_PSK, password=passwordAP)
ap_if.active(True)
print('Success, IP address:', ap_if.ifconfig())
print("Setup End\n")

try:
AP_Setup(ssidAP,passwordAP)

except:
print("Failed, please disconnect the power and restart the operation.")
ap_if.disconnect()

6.Project result
Before the code runs, you can make any changes to the AP name and password for ESP32 in the box as shown in the

illustration above. Of course, you can leave it alone by default.

Click a“Run current script”, the code starts to be executed and open the AP function of ESP32 and print the access
point information in the “Shell” window of Thonny IDE.

&

File Edit View Run Tools Help

05 [o]e— e

Files Project_23_WiFi_AP_Mode.py

This computer
D: \ 2. Python Projects

import network

) Project 17: Small Fan

) Project 18: Dimming Light ssidaP = "ESP32_WiFi-®

)| Project 19: Flame Alarm passwordAP = "12345678"

) Project 20: Night Larmp

)1 Project 21: Temperature Instrument local IP = "192.168.0.147"

)1 Project 22: WiFi Station Mode oatawav = "192 1RR A 1° v
= |} Project 23: WiFi AP Mode

| Project 23: WiFi AP Mode.docx Shell

) Project_23 WiFi_AP_Mode.py 335
) Project 24: 'WiFi Station+ AP Mode

W Setting soft-AP
Success, IP address: ('192.165.0.147', '1%2.168.0.1", "255.255.255.0',
MicroPython device = | g z.3.8

@ boot.py Setup End

it
5
o
o
H

555 v
MicroPython (ESP32)
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Shell

55

Setting soft-AP ...

Succeas, IP address: ("192.168.0.1477,

'8.8.58.8"
Setup End
22>

"182.168.0.17,

'255.255.255.0",

L

Turn on the WiFi scanning function of your phone, and you can see the ssid_AP on ESP32, which is called
“ESP32_Wifi” in this code. You can enter the password “12345678” to connect it or change its AP name and password

by modifying ode.

Settings

1 Search

Log in to

HUAWEI 1D
g Accass Claud,

AppGallery, and
maore

@ WLAMN  ESPIZ_WIN »

7.26 Project 24WiFi Station+AP Mode

1.Introduction

Wi=Fi

Wi—Fi
View help

Mare settings

AVAILABLE HETWORKS

ESP32_Wifi

Connected

.:.:]}

ChinaNet-2 4G-00F0
Saved, encrypted

ChinaMet-Dswv

Frererlen

2)

)

ESP32 has three different WiFi operating modes : Station modeAP mode and AP+Station mode. All WiFi programming
projects must be configured with WiFi operating mode before using WiFi, otherwise WiFi cannot be used. In this
project, we will learn ESP32’s WiFi Station+AP mode.

2.Components

EEEELY

WIARNNAREE

USB Cable*1

ESP22*1
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3.Project wiring

Connect the ESP32 to the USB port on your computer using a USB cable.

4.Component knowledge

AP+Station mode: In addition to AP mode and Station mode, ESP32 can also use AP mode and Station mode at the
same time. This mode contains the functions of the previous two modes. Turn on ESP32’s Station mode, connect it to
the router network, and it can communicate with the Internet via the router. At the same time, turn on its AP mode to
create a hotspot network. Other WiFi devices can choose to connect to the router network or the hotspot network to
communicate with ESP32.

5.Project code

Codes used in this tutorial are saved in“2. Python Projects”. If you haven’t downloaded the code file yet, please click
on the link to download it:Download Python Codes

| 2. Python Projects — |
Share Wiew 0
» This PC » Software (0:) » 2. Python Projects o D Search 2. Python ...
Mame Date modified Type Size ™
Project 00: Boot 201772022 10:21 AM File folder
Project 07 Helle World 271772022 10:21 AM File folder
Project 02: Turn On LED 2/17/2022 11:10 AM File folder
Project 03: LED Flashing 21772022 11:12 AM File folder
Project 04: Breathing LED 2/17/2022 10:21 AM File folder

Open“Thonny”click*“This computer”—“D:”—‘2. Python Projects”—‘“Project 24 WiFi Station+ AP Mode”and double
left-click “Project_24_WiFi_Station+AP_Mode.py”.
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T& Thonny - DAZ Python Projects\Project 24: WiFi Station+ AP Mode\Project_24 WiFi_Station+AP_Modepy @ 9:32 — O X
File Edit View Run Tools Help Bl t th n
ease enter the correc
JZzd O w
names and passwords of
Files Project_24_WiFi_Station+AP_Mofle.py *
This computer =~ 1 import network #iwaUter.and AP

e

D:\ 2. Python Projects

1 Project 17: Small Fan o | ssidRouter = "Chinallet-2.4G-80F@"

! Project 18: Dimming Light 4 | passwordRouter = "ChinalNet@233"

! Project 19: Flame Alarm 5

11 Project 20: Night Lamp 5 | ssidAP = "ESP32_WiFi-®

! Project 21: Temperature Instrument 7/ | passwordAP = "12345678"

11 Project 22: 'WiFi Station Mode 8

) Project 23: WiFi AP Mode 9 local_IP = "192.168.8.147"

[= |} Project 24: WiFi Station+AP Made 10 gateway = "192.168.8.1"
Project 24: WiFi Station+AP Mo 11 subnet = "255.255.255.09"

MicroPython device
%J boot.py

>33

L

MicroPython (ESP32)

import network #Import network module.

ssidRouter = 'ChinaNet-2.4G-ODF0®' #Enter the router name
passwordRouter = 'ChinaNet@233' #Enter the router password
ssidAP = "ESP32_WiFi'#Enter the AP name

passwordAP = '12345678' #Enter the AP password

local TP = '192.168.0.147'

gateway = '"192.168.0.1"'

subnet = '255.255.255.0"'

dns = '8.8.8.8'

sta_if = network.WLAN(network.STA_IF)
ap_if = network.WLAN(network.AP_IF)

def STA_Setup(ssidRouter,passwordRouter):
print("Setting soft-STA ... ")
if not sta_if.isconnected():
print('connecting to',ssidRouter)
sta_if.active(True)
sta_if.connect(ssidRouter,passwordRouter)
while not sta_if.isconnected():
pass
print('Connected, IP address:', sta_if.ifconfig())
print("Setup End")

def AP_Setup(ssidAP,passwordAP):
ap_if.ifconfig([local_IP,gateway,subnet,dns])
print("Setting soft-AP ... ")

ap_if.config(essid=ssidAP,authmode=network.AUTH_WPA_WPA2_PSK,

password=passwordAP)
(continues on next page)
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ap_if.active(True)
print('Success, IP address:', ap_if.ifconfig())
print("Setup End\n")

try:
AP_Setup(ssidAP,passwordAP)
STA_Setup(ssidRouter,passwordRouter)
except:
sta_if.disconnect()
ap_if.idsconnect()

(continued from previous page)

6.Project result

It is analogous to Project 35 and project 36. Before running the code, you need to modify ssidRouter, passwordRouter,

ssidAP and password AP shown in the box of the illustration above.

After making sure that the code is modified correctly, click @ “Run current script” the code
the*“Shell”’window of Thonny IDE will display as follows:

T

File Edit View FRun Tools Help

1 [o]e— @

starts to be executed and

Files Project_24_WiFi_Station+AP_Mode.py
This computer =~ import network .
Dt \ 2. Python Projects
1 Project 17: Small Fan ssidRouter = 'Chinalet-2.4G-8DF@"
) Project 18: Dimming Light passwordRouter = "Chinalet@233’
) Project 19: Flame Alarm
1 Project 20: Might Lamp ssidAP = "E5P32_WiFi®
)1 Project 21: Temperature Instrument passwordAP = '12345678"
) Project 22: WiFi Station Mode
)1 Project 23: WiFi AP Mode local IP = "192.168.0.147" o
= 1) Project 24: WiFi Station+ AP Mode
| Project 24: WiFi Station+AP Mos Shell
wﬁ Project_24_WiFi_Station+AP_Moc 555 b
v
. i Setting soft-AF
MicroPython device = Success, IP address: ('192.168.0.147', '192.168.0.1"', '255.255.255.0°,
& boot.py 15.8.8.8")

Setup End

Setting soft-5TA

connecting to ChinaNet-2.4G-0DF0

Connected, IP address: ('1%2.168.0.147', "255.255.255
, "192.168.0.1")

Setup End

>

0", "1%2.168.0.1°

W

MicroPython (ESP32)
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Shell =
22> L
Setting soft-AP ...
Success, IP address: ("182.168.0.147"', "192.168.0.1", '255.255.255.0°",
'8.8.8.8")
Setup End
Setting scft-STA ...
connecting to ChinaNet-2.4G-0DF0
Connected, IP address: ("1%2.1685.0.147", '255.255.255.0", '192.168.0.1"
, 11582.168.0.1")
Setup End
P> "

Turn on the WiFi scanning function of your phone, and you can see the ssidAP on ESP32.

Settings

i Search

)

&

Log in to

HUAWEI ID

Accass Claud, b
AppGallery, and

maore

WLAN  ESPIZ_WIG >

Wi-Fi

Wi—Fi

View help ‘:)
More settings 2

AVAILABLE NETWORKS

ESP32_Wifi —
Connected 0
ChinaMet-2.4G-0DF0 =
Saved, encrypted -
ChinaMet-Dsvy s,
Frieeemlend Tl s
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CHAPTER
EIGHT

GETTING STARTED WITH C LANGUAGE(RASPBERRY PI)

Raspberry Pi is a card computer whose official system is Raspberry Pi OS, which can be installed on other systems, such
as: ubuntu, Windows IoT. Raspberry Pi can be used as a personal server, a router camera monitoring and recognition,
as well as voice interaction by connecting a camera and a voice interactive assistant.

Furthermore, Raspberry Pi leads out 40Pin pins that can be connected to various sensors and control LEDs, motors,
etc, making it can be used to create a robot.

8.1 Install the Raspberry Pi OS System

8.1.1 1. Tools needed for the Raspberry Pi system

1.1. Hardware Tool

1Raspberry Pi 4B/3B/2B
2Above 16G TFT Memory Card
3Card Reader

4Computer and other parts

1.2. Software tools that need to be installed

Windows System
1Install putty

Download linkhttps://www.chiark.greenend.org.uk/~sgtatham/putty/
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@ PuTTY: a free 55H and Telnet ¢ b4 -+
< C & chiarkgreenend.org.uk/~sgtatham/putty/ #*r 6
PuTTY: a free SSH and Telnet client

Home | FAQ | Feedback | Licence | Updates | Mirrors | Keys | Links | Team
Download: Stable - Snapshot | Docs | Changes | Wishlist

PuTTY is a free implementation of S5H and Telnet for Windows and Unix platforms, along with an
xterm terminal emulator. It 1s written and maintained primarily by Simon Tatham.

The latest version 15 0. 74 Download it here.

LEGAL WARNING: Use of PuTTY, PSCP, PSFTP and Plink 1s illegal in countries where
encryption 1s outlawed. We believe 1t 1s legal to use PuTTY, PSCP, PSFTP and Plink 1n England and
Wales and in many other countries, but we are not lawyers, and so if in doubt yvou should seck legal
advice before downloading it. You may find useful information at cryptolaw org, which collects
information on cryvptography laws in many countries, but we can't vouch for its correctness.

Use of the Telnet-only binary (PuTT Ytel) 1s unrestricted by any cryptography laws.
Latest news
2020-11-22 Primary git branch renamed

The primary branch in the PuTTY git repository 1s now called main, instead of git's default of
master. For now, both branch names continue to exist, and are kept automatically in sync by a
symbolic-ref on the server. In a few months' time, the alias master will be withdrawn.
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‘@ Download PuTTY: latest release | X +
& C @ chiark.greenend.org.uk/~sgtatham/putty/latest.html a % 6

Download PuTTY: latest release (0.74)

Home | FAQ | Feedback | Licence | Updates | Mirrors | Eevs | Links | Team
Download: Stable - Snapshot | Docs | Changes | Wishlist

This page contains download links for the latest released version of PuTTY. Currently this 1s 0.74, releazed on 2020-
06-27.

When new releases come out, this page will update to contain the latest, zo this iz a good page to bookmark or link
to. Alternatively, here is a permanent link to the 0.74 release.

Releasze versions of PuTTY are versions we think are reasonably likely to work well. However, they are often not the
most up-to-date version of the code available. If vou have a problem with this release, then it might be worth trying
out the development snapshots. to see if the problem has already been fixed in those versions.

4 )
Package files

You probably want one of these. They include versions of all the PuTTY utilities.
(Not sure whether vou want the 32-bit or the §4-bit version? Read the FAQ entry)

MSI ("Windows Installer)
32 -bit- putty-8.74-installer.msi {or bv FTEPY (sionature}
54-bit: putty-64bit-8.74-installer.msi {or by FTP) (signature)

Unix source archive
tar.gz: putty-8.74.tar.gz {or by FTP) (signature)

A vy

i3 putty-64bit-0.74-installer

After downloading the package file , double-click it and tap“Next”.
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ﬁ PuUTTY release 0.74 (B4-bit) Setup - >

Welcome to the PuTTY release 0.74
(64-bit) Setup Wizard

The Setup Wizard allows you to change the way PUTTY
release 0,74 (64-bit) features are installed on your computer
or to remove it from your computer. Click Next to continue or
Cancel to exit the Setup Wizard.

Back [ mNext || | cancel

Click “Next”.
ﬁ PuTTY release 0.74 (B4-bit) Setup — >

Destination Folder
Click Mext to install to the default folder or didk Change to choose another.,

Install PUTTY release 0,74 (64-hit) to:

IE:‘lProgram Files\PuTTYY,

Back || MNext || @ Cancel

Select “Install Putty files”, and click “Install”
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ﬁ PuTTY release 0.74 (64-bit) Setup - X

Product Features
Select the way you want features to be installed.

Install PUTTY files

Add shortout to PUTTY on the Desktop

Put install directory on the PATH for command prompts
Assodate PPK files with PUTTYgen and Pageant

This feature requires 3914KB an your hard drive,

Back |  ®instal || | Cancel

After a few seconds, the installation is complete, click “Finish”.

ﬁ PuTTY release 0.74 (B4-bit) Setup — X

Completed the PuTTY release 0.74
(64-bit) Setup Wizard

Click the Finish button to exit the Setup Wizard.

View README file

Remote Login software -WinSCP
Download link: https://winscp.net/eng/download.php
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B WinSCP-5.17.9-Setup.exe

After downloading the WinSCP software file ,  double-click

¥ Install for all users (recommended)
click

E" Select install mode

Win5CP can be installed for all users (requires
administrative privileges], or for you only.

@ Install for all users (recommended)

—> Install for me only

Cancel

Click*“Accept’then select the appropriate option and click*“Next”, then click*“Install”.

it

B Setup - WinSCP 5.17.0 _

r &

License Agreement
Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this agreement before
continuing with the installation,

You can also review this license and further details online at:
https:/jwinscp.netfeng/docs license

A, GNU General Public License
B. License of WinSCP Icon Set
C. Privacy Palicy

A, GMU GEMERAL PUBLIC LICEMSE
Version 3, 29 June 2007

Copyright (C) 2007 Free Software Foundation, Inc. <htips: (www. fsf.oraf=
Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it
is not allowed.

Help

Cancel

then
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Setup Type
What type of setup do you want?

(®) Typical installation {recommended)

« installs to default destination
« installs all components
« enables most typical features

() Custom installation

o allows full selection of destination, components and features

Help < Back Cancel
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B cotup - WinSCP 5.17.0 _
Initial User Settings
Please, select your preferred user interface options.
(®) Commander « two panels (left for local directory, right for remote directory)
« keyboard shortouts like in Morton Commander (and other similar programs as
== Total Commander, Midnight Commander...)
=kE= « drag & drop to/from both panels
() Explorer « only remote directory
« keyboard shortouts like in Windows File Explorer
« drag & drop
Help < Back Cancel
404
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Ready to Install
Setup is now ready to begin installing WinSCP on your computer.

Click Install to continue with the installation, or dick Badz if you want to review or change any settings.

Destination location:
C:\Program Files (x3&8)WinsCP

Setup type:
Typical installation

Selected components:
WinSCP application
Drag & drop shell extension (allows direct downloads, may reguire restart)
Pageant (55H authentication agent)
PuTTYgen (key generatar)
Translations

Additional tasks:
Enable automatic chedk for application updates (recommended)
Enable collecting anonymous usage statistics
Create a desktop icon
Add upload shortout to Explorer's 'Send to' context menu
Register to handle URL addresses

Help = Back

After a few seconds, the installation is complete, click “Finish”.

Install

Cancel
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By Setup - WinSCP 5.17.9 -

Completing the WinSCP Setup Wizard

Setup has finished installing WinSCP on your computer. The application may
be launched by selecting the installed shortouts.

Click Finish to exit Setup.

[+] Launch WinScP

["] Open Getting started page

Please consider donating to support WinSCP development.

Donate

Donate $18 . Paypal

Donate 549
About donations == VIsA EEE -]

Format TFT card tool- SD Card Formatter
Download link

http://www.canadiancontent.net/tech/download/SD_Card_Formatter.html
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SD Card Formatter Download File

9 Download SD Card
Formaltter

Hard Dirive Formatters

Hardware Software Hard Drrive Soltware

Software Downloads

- [l

NN NN

Software Review:

S0 Card Formatter is a simple and basic B cod fomate a Publisher
formatted which is designed to be used § 5 &% _ )
. Select card License: rreeware
with 50, SDHC and SDXC memory Fil - BOMY_36G s
cards. E OWHIH()II‘H: Windows 7. Windows 8 (564
bit, 32-bit) / Vista / XP
L Filarmaen
. , " T s 3 Filesize:
The application itself isn't too different § e, (i
e . \ Fil : ardFor I VinEM

from the format utility included with § s s fename -
Windows and includes two modes; “?Mw Cost fFull

) . () hvererte: Forwaat Version):
Quick format and Overwrite format, o et e A
CHS format size adjustment is the only J| fee=is Fating:

. calsen® o Motes T
other option.
Once the appropriate card and volume
label has been selected, the format can
begin after hitting "Format™,
TrustRank

Wersion 5.0.1 is a freeware program which does not have restrictions and it's free

so it doesn't cost anything.

CanadianContent —

Seftware Downloads Hardware Sollware Hard Drive Software Hard Dwive Formallers S0 Card Formaller

— Download 5D Card Formatter

Download SD Card Formatter 5.0.1 (x64 8 x32) Free

Y — . Have you tried the 5D Card Formatter before? If yes, please consider
fhe Hel recommending it by clicking the Facebook “Recommend” button!
Sebern ol
Pl - SONT_1G

@ pownload 50 Card Formatter 5.0.1 fn:-n-l Hosted by Sdcard.org

Covdlir Formaban

Trpe Es ;

Casacty 1455 68 E

— <D Card Formatter has been tested for viruses and malware

ik ot

O 5 This download is 100% clean of viruses. It was tested with 24 different antivirus and anti-malware
o B S programs and was clean 100% of the time. View the full 50 Card Formatter homepage for virus test

e resuls,
SONT_35G

The file that was tested: SDCardFormattenss_ WinEM.zip.

Tip: It you're expeniencing troubsle downlaading this hile, please disable any download managers to 5D
Card Formatter you may be using.

50 Card Formatber 5.0.1 Soreenshot

If you're recenang a 404 Fide Mot Found errar, this means the publisher has taken the fle offline and
has not updated their links with us for 5D Card Formatter. Please do drop us a note in the event of & missing file.
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Unzip the SDCardFormatterv5_WinEN  package and double-click the SD Card Formatter

file B4 SD Card Formatter 5.0.1 Setup.exe (.o

50 Card Formatter - InstallShield Wizard

Preparing to Install...

5D Card Formatter Setup is preparing the InstallShield Wizard,
which will guide you through the program setup process.
Pleaze wait.

Extracting: 5D Card Formatter Setup.msi

Cancel

(@)1 accept the terms in the license agreement ,

Click “Next”’select and click “Next”.

ﬁ 50 Card Formatter - InstallShield Wizard pod

Welcome to the Installshield Wizard for SD
Card Formatter

The Installshield(R) Wizard will install SO Card Formatter on
your computer, Ta continue, dick Mext.

WARMNIMG: This program is protected by copyright law and
international treaties.

coade [ Next>
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ﬁ 50 Card Formatter - InstallShield Wizard

License Agreement

Pleasze read the following license agreement carefully,

END USER LICENSE AGREEMENT -

MOTICE:
BY DOWNLOADING, INSTALLING OR USING THE PRODUCT, THE ENTITY OR INDIVIDUAL

ENTERING INTO THIS AGREEMENT AGREES TO BE BOUND BY THE FOLLOW ING TERMS.
IF YOU DO MOT AGREE WITH ANY OF THESE TERMS, DO NOT DOWMNLOAD, INSTALL,
OR USE THE PRODUCT; PROMPTLY RETURN (IF APPLICABLE) THE PRODUCT TO THE
S04 OR YOUR SDA DISTRIBUTOR. IF YOU REIECT THIS AGREEMENT, YOU WILL NOT

ACOUIRE ANY LICENSE TO USE THE PRODUCT. v

(®) I accept the terms in the license agreement

I_J 1 do not accept the terms in the license agreement

Installshield

= Back || Mext = I | Cancel
Click “Next” again, and then click “Install”.
ﬁ 50 Card Formatter - InstallShield Wizard ot

Destination Folder
Click Mext to install to this folder, or dick Change to install to a different folder

[:7 Install S0 Card Formatter to:

C:\Program Files (x86)\SDAYSD Card Formatter!,

Installshield
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ﬁ 50 Card Formatter - InstallShield Wizard

Ready to Install the Program
The wizard is ready to begin installation.

If you want to review or change any of your installation settings, didk Back. Click Cancel to
exit the wizard.

Current Settings:

Setup Type:
Typical
Destination Folder:

C:\Program Files (x36)\SDAVSD Card Formatter),

ser Information:
Marme:

Company:

Installshield

 <oak | sl || cancel |

After a few seconds, the installation is complete, click “Finish”.

ﬁ 50 Card Formatter - InstallShield Wizard -

InstallShield Wizard Completed

The InstallShield Wizard has successfully installed S0 Card
Formatter. Click Finish to exit the wizard.

Launch the program

<gack | __Fnsh ]| cancel

4Burn mirror system software tool— Win32DiskImager

Download linkhttps://sourceforge.net/projects/win32diskimager/
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ger

A Windows tool for writing images to USB sticks or S0/CF cards

Brought to you by:

Last Update:

Yk k Downloads:

Download

Files Reviews Support Wiki Feature Requests Bugs Code Mailing Lists Blog

This program is designed to write a raw disk image to a removable device or backup a removable device to a raw image file. It is very
useful for embedded development, namely Arm development projects [Android, Ubuntu on Arm, etch, Amyoene s free to branch and

madify this program, Patches are ahways weloome,
This release is for Windows 7/8.1/100 It will should also work on Windows Server 2008,/201 2/2014 (although not tested by the
developmers). For Windows XP/Vista, please use v0.9 (in the files archive).

il - - ) .
After downloading the software file = win32diskimager-1.0.0-install.exe double-click it and then click “Run”.
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>SmartScreen can't be reached right
now

Check your Internet connection. Windows Defender SmartScreen is
unreachable and can't help you decide if this app is ok to run.

Publisher: Unknown Publisher

App: win32diskimager-1.0.0-install exe

After selecting @1 accept the agreement and click “Next”.
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(i

License Agreement
Flease read the following important information before continuing,

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

This program is licensed under the GMU GPL Version 2 License. Induded libraries  »
are licensed under GPL w2 and LGPL w2, 1 accordingly.

GMU GEMERAL PUBLIC LICEMSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.,

- e A o e - T

@I accept the agreement

{1 do not accept the agreement

Click “Browse. .. select the location where Win32DiskImager is installed and click “Next”.

=

=
-

I
[ Select Destination Location
| Where should Win32DiskImager be installed?

Setup will install Win32DiskImager into the following folder.

To continue, dick Mext. If vou would like to select a different folder, didk Browse.

|C:‘I.Program Files (x86)\ImageWriter Browse...

At least 44,2 MB of free disk space is required.

1. Click “Browse. .. ’select the location where Win32DiskImager is installed and click“Next”.
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“2 Setup - Win3Z2Disklmager —

Select Start Menu Folder
Where should Setup place the program's shortouts?

\_—I Setup will create the program's shortouts in the following Start Menu folder.
[

To continue, dick Mext, If you would like to select a different folder, dick Browse.

| Browse...

2. Select Create a desktop shortcut 54 click*“Next”and then click“Install”.

i

Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while installing
Win32DiskImager, then dick Mext.

Additional shortouts;

reate a desktop shortout

< Back Cancel
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Ready to Install
Setup is now ready to begin installing Win32DiskImager on your computer,

Click Install to continue with the installation, or didk Back if you want to review or
change any settings.

Destination location:
C:\Program Files (x36)\Image\Writer

Start Menu folder:
Image Writer

Additional tasks:
Additional shortouts:
Create a desktop shortout

< Back Install Cancel

d. After a few seconds, the installation is complete, click “Finish”.

i

-

Completing the Win32DiskImager
Setup Wizard

Setup has finished installing Win32DiskImager on your
computer, The application may be launched by selecting the
installed shortouts.

Click Finish to exit Setup.

View README. tt
Launch Win32DiskImager

5Scan for IP address software tool—WNetWatcher

Download Linkhttp://www.nirsoft.net/utils/wnetwatcher.zip
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1.3. Raspberry Pl mirror system

Download link for the latest version
https://www.raspberrypi.org/downloads/raspberry-pi-os/
Download link for the old version
. Raspbian
. https://downloads.raspberrypi.org/raspbian/images/
. Raspbian full
. https://downloads.raspberrypi.org/raspbian_full/images/
. Raspbian lite
. https://downloads.raspberrypi.org/raspbian_lite/images/

We use the 2020.05.28 version in the tutorial and recommend you to use this version(Please download this version as
shown in the picture below.)

https://downloads.raspberrypi.org/raspios_full_armhf/images/raspios_full _armhf-2021-05-28/

Index of /raspios full armhf/images/raspios full armhf-2021-05-28

Name Last modified Size Description
a Parent Directory -
20210507 -raspios-buster-armhf-full info 2021-05-07 16:23 288K

2021-05-07-raspros-buster-armhi-full zip 2021-03-07 16:35 2.8G I‘d—
2021-05-07-raspios-buster-armhf-full zip shal  2021-05-28 15:49 83

@ 2021-05-07-rasping-buster-armhf-full 7ip sha?56 2021-05-28 1549 107
@ 2021-05-07-raspios-buster-armbf-full zipsig~ 2021-05-28 15:00 488
@ 2021-05-07-raspios-buster-armhf- full #zip torrent 2021-03-28 15:50 28K
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8.1.2 2. Install Raspberry Pi OS system on Raspberry Pi 4B:

2.1.Connect the TFT memory card to a card reader, then plug the card reader into a computer’s USB port.

2.2.Use the SD Card Formatter to format a TFT memory card, as illustrated below

. SD Card Formatter X
File Help
Select card
E:\ - boot v
Refresh
Card information

Type SDXC s ;-
Capacity 59,48 GB X

Formatting options
(® Quick format

() Overwrite format
CHS format size adjustment

Volume label
boot

| Format |

SD Logo, SDHC Logo and SDXC Logo are trademarks of SD-3C, LLC.
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B 5D Card Formatte .
File Help
Select card
E:\ - boot "
L Refresh |
50 Card Formatter

Farmatting will erase all data on this card.
! Do you want to continue?

Mote: As formatting can take some time [especially when
overwrite option is selected], please make sure that your
computer is connected to a power supply and that sleep
mode is disabled.

Yes Mo

—| boot |_

Format

5D Logo, SDHC Logo and S0XC Logo are trademarks of SD-3C, LLC.

. 5D Card Formatter %

File Help
Select card
E:\ - boot W
I o
S0 Card Formatter A
Card
Type o Formatting was successfully completed. -,
Capa Volume information: i
File system: exFAT
Form Capacity: 59.45 GB [63,831,015,424 bytes)
@ Q Free space: 59.45 GE (63,830,622 208 bytes)
Cluster size: 128 kilobytes
OD Volume label: boot
a
Volun oK

oo |

SD Logo, SDHC Logo and SDXC Logo are trademarks of SD-3C, LLC.
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2.3.Burn System:
Use Win32DiskImager to burn the official Raspberry Pi OS mirror to the TFT memory card.

¥ Win32 Disk Imager - 1.0 Choose the corrett letter

Image File De’co

|1'.1'|.i strator Desktop,Z020-1202raspios—buster—armhf—full. img [E:n] =

s e/

Nome ~ | [Gemerste] [Copy Click, and then find the mirror
system(".img"file)that you
download and unzipped

|:| Read Only Allocated Partitions
Progre=s

Click Write to write the system

Cancel Read Write Verify Only Exit

Waiting for a task.

% Win32 Disk Imager - 1.0 - o X

Image File Device

|inistrat-:nr,-"]:lesktanZDED—IE—DE—raspi-:ns—]:nuster—armhf—full. imgl [E:n] =

Hash ¥ Confirm overwrite - 1.0 >

Hone Writing to a physical device can corrupt the device,
(Target Device: [EN] "boot")
Are you sure you want to continue?

D Read
Yes Mo
Progres
Cancel Read Write Verifir Onlay Exit
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=
=

Image File Derice

inistrator/Tesktop2020-1 2077 aspios—buster—armhf—full. img | [E:n] =

Hash &

=i

o Write Successful,

D Fead Only Allocated ]

Hone ¥ |  (renerate

Frogress
Cancel Read Write Verifir Only Exit
Done. 08:40,/08:40

After the mirror system is burned, don’t pull out the card reader, use a notepad to create a file named SSH and
delete**.txt**, then copy it to the boot directory of the TFT card, so that you can open the SSH login function, as
shown in the following figure:
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— v el r ThisPT » oot (B2 w» 0 Saprch book

" Hame Ty Size L
B Ol ccaes | start 2k ELF File IBEOK
W Desitap d | start_cd.eif ELF File 1 KE
+ Dioranlnads: o 1] start_dn et ELE Fili A LTAKE
[ Documents # | start_s.elf ELF File 3 [
& Pichures ¢ | startd.elf ELF File 182K
1] startdcedet ELF File T KE
W T PC | startddh.=F ELF File 167K
3 30 Objects | startdu et ELF File 2904 KB
B Deskiop ] o TS e bt 1B File 15 KE
[ Documents | bemITIE- rpi-b-plus.dits TR File 25 KE
* R ——— biem2TOE- rpe-b-resy 1. dtl 070 File 25 KB
J" Music _ borm MO8 nge cm.din O7E kil 15 KE
| bemITOE- g, it 25 KE
= Pictures _ R
biem2T08- rps- ero-we.dth 26 KB
B Videos | bem2i- e 2-budth 25 KE
S Windowst0 1505 10 | ] bemaTii -2 bk 26 KB
= FOOE (D) bemZ T nps-3-b.dib 20 KE
= Dok (E _ b F10- nge-3-b-plus.stb OB Hie JEKE
o USB D (K} 1] bemaTI pi-em3.chb TR Fils 76 KE
5 New Foldes (deskiop-ang) (2] ! bemZT - rpi-d-b.dth 07D File {7 KE
| bema - nge-40.4dth OTH File 47 KB
o= boot (B} L] bemaT1- rgi-emd b CFTR File 7 KE
availays | boctoods,bin M Fie 52 KB
) | fucup.dat DT Fil BEE
= malmein) L] Nwup_cd dat i 4KE
o Metwork | fiwcup_db.det DWAT Fi | KE
I CESKTOP-1VAIG2C | focup_x. dat st TKE
I DESKTOR-S01CHI i - o
B CESKTOP-BDCTIVE ) ficupbcrddat e "
focupdao dat ik YKE
I pESKIOP-CMPIKIE [ et st ———— — -
A ESCTOR-SMTIRCK | UEENCE broadeom SHV2020 12:00 P BROATCOM File 2 KE
I ol | COPIMG. e SAATF020 1057 A LIMLIX File 19KE
I FOSACICIEIDMS ity 12/ 22020 12:39 PM Fike Tl
[ ——— I | S5H TR0 17:43 AM Text Document :nml v
[ L ATV R L

Pull out the card reader.
2.4.Log in system:
The following operations require raspberry to share the same LOCAL area network with the PC.

Insert the burned TFT memory card into the Raspberry Pi, connect internet cables and plug in power. If there is a screen
and a HDMI cable of Raspberry Pi, connect the screen, and you can see the Raspberry Pi OS startup screen. If there is
not a HDMI cable of Raspberry Pi, you can enter the desktop of Raspberry Pi via SSH remote login software—WinSCP
and xrdp.

Remote login
Use WinSCP to log in using the default Raspberry Pi system namedefault user namedefault password.

Note that only a raspberry pi can be connected to a network.
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B ul
Local Mark Files Commands Session Options Femote Help
K = & | B Qweue = Teansfer Seltings Defail - -
G Mew Session
[ My documents =~ (2« 5] - - (GBS N
i ~ B Login ® l :
- J Gession
Hame Gie | | Hewsie - Rights Qv
i Choose the SCP =¥ ||s v
Dovanlaads Hast name Pact -
FomnesFactory . . -
HEuikderProjects Host name ra5F'hE'”!r’F" Mo e | = |
Inverdnr Senver far &u.. Lis=r name!
LEGE Cremtions User name : pi —=[z | | D ]
Picosmmos
Pretiobles Gave v r Avanced... |
Processing /
Pytivan Scnipts .
e Save Password : raspberry
SOLIBWORKS Downil., Lagin
SOLIWORKE  ampa...
Tencent Files
Wirtual Mechines
WeChat Fies Lok v Hanage = Cinse Help
__'-'-'F'S'CluudFilu || Shews Login dalog on stariup and when the lst sesson is desed
[ Cents 5 FITEERAA.. 18 R —— —
h Lagin — )4
@ Mew Site Session
File protocol:
SCP A
Save session as site 7 hod Paort number:
27 =S
Site name: | | E||
|pi@raspberryp4’ | prd:
Folder: TIIL) |
| <none> v | | advenced... |v|
/ Save password (not recommended)
[ ] create desktop shortout
Save the password [ ok | | concel | [ wep |
| Tools v| | Manage - | | Login |V| | Close | | Help

Show Login dialog on startup and when the last session is dosed
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B ¢ - peerspberry - WinSCp

Local Maek Fles Comemands Sesson Qpfions

4 o F3 Symctwonze | |§
& pilna

W - - -

CihUserddministrator Desktop's
Plarme
3035 CSharp_Cortrol

dwd_matoe_test

TH IR
5 Ele_at
alenzhangyw-Slocil.
arduino-espi2-espiisd

firen_zer

Hegnner-Ki-d..
HTIEK3A St Gaict_ma
weyeshadio-e-Paper
M_car

TEITIT CORDBOT AD...

View the ip address and mac address = . o e

Click to open terminal and input the password: raspberry, and tap“Enter”on keyboard.
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File Telder
File talder
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File folder
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File fezlder
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File talder
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File frzlder
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File Tealilis
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i
!
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t.
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lost+found
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fa—
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(=4

020 12208 3

POV 2020 19:06:3

011970 080000

n file far the rasobherr
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pi@raspberrypi: ~ — O >

After successfully login, open the terminal, input ip a and tap“Enter”’keyboard to view the ip address and mac address.

pi@raspberrypi: ~ - O X

From the above figure, mac address of this Raspberry Pi is a6:32:17:61:9¢c, and ip address is 192.168.1.128(use ip
address to finish xrdp remote login).

Since mac address never changes, you could confirm ip via mac address when not sure which ip it is.
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Fix the IP address of Raspberry Pi

IP address is changeable, therefore, we need to make IP address fixed for convenient use.
Follow the below steps:

Switch to root user

If without root user’s password

Set root password

Input password in the terminal: sudo passwd root to set password.
Switch to root user

su root

Fix the configuration file of IP address

Firstly change IP address of the following configuration file.
#New IP address:address 192.168.1.99

Copy the above new address to terminal and tap“Enter”’keyboard.
Configuration File:

echo -e’

auto ethO

iface eth0 inet static

#Change IP address

address 192.168.1.99

netmask 255.255.255.0

gateway 192.168.1.1

network 192.168.1.0

broadcast 192.168.1.255

dns-domain 119.29.29.29

dns-nameservers 119.29.29.29

metric 0

mtu 1492

‘>/etc/network/interfaces.d/ethO
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Reboot the system to activate the configuration file.
Input the restart command in the terminal: sudo reboot
You could log in via fixed IP afterwards.

Check IP to ensure IP address fixed well.

gdisc mg state T

Log in desktop on Raspberry Pi wirelessly

If we don’t have an HDMI cable to connect to the display, can we wirelessly log in to the Raspberry Pi desktop from the
Windows desktop? Yes, there are many methods, VNC and Xrdp are commonly used to log in desktop of Raspberry
Pi wirelessly.

Let’s take an example of Xrdp.
Install Xrdp Service in the terminal

Installation commands:
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Switch to root User: su root
Installation commands: apt-get install xrdp
Enter y and tap“Enter”’keyboard. ..

As shown below:

EF pi@raspberrypi: ~ — O x

Open the remote desktop connection on Windows
Press WIN+R on keyboard and enter mstsc.exe.

As shown below:

Type the name of a program, folder, document, or Internet
resource, and Windows will open it for you.

Open: mstsc.exe -

QK Cancel Browse...

Enter the IP address of the Raspberry Pi, as shown below. Click“Connect” and then click “Connect”again. 192.168.1.99
is the ip address we use, you could change it into your IP address.
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! ',.] Do you trust this remote connection?

N

This remote connection could ham your local or remote computer. Make sure that you trust the remote
computer before you connect.

% Type: Remote Desktop Connection
[ Remote computer: 152.168.1.599

[ ] Don't ask me again for connections to this computer

v Show Details Connect Cancel

A prompt will appear and you can click“Yes”.

| *,3 Remote Desktop Connecti

The identity of the remote computer cannot be verified. Do you want to
connect anyway 7

on x>

m

This problem can occur f the remote computer is running a version of
Windows that is earlier than Windows Vista, or if the remote computer is not
configured to support server authentication.

For assistance, contact your netwark administrator or the owner of the remote
computer.

[ ] Don't ask me again for connections to this computer

Yes Mo

Then enter the user name: pi ,and the default password: raspberry, as shown below:

428 Chapter 8. Getting started with C language(Raspberry Pi)



ESP32 Learning Kit

% 192.168.1.253 - TREESE — O *

Login to raspberrypi

connecting

Session |xgrg

usernarme I|p| I

password I#_I

FIAZETS: raspberry

(a4 | Cancel

Click“OK”or tap“Enter”’keyboard, you will view the desktop of Raspberry Pi OS, as shown below:

B

&=

Now, we finish the basic configuration of the Raspberry Pi OS system.
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8.2 Preparation of C language control basic hardware:

C language is a programming language with a considerably fast running speed. There are numerous software and
system core code written in it, such as Linux system. Notably, hardware MCU and embedded class are not exception.
Thereby, it makes sense to learn the C language to control hardware.

8.2.1 (1)Description of basic raspberry pi accessories

Raspberry Pi 4B

Below are the raspberry pi pictures and model pictures supported by this learning kit. There are 40 pins.

Raspberry Pi 4B Raspberry Pi 4B Model

Hardware Interfaces
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8.2.2 Raspberry Pi +ESP32 main board + breadboard +USB cable, as shown below

(3)Copy Example Code Folder to Raspberry Pi

Place example code folder to the pi folder of Raspberry Pi. Just copy and paste the 2. Projects.zip file (the default is

Z1P file)that we provided into user pi and unzip it, as shown below:
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thinclient_drniv

a5

File Edit View Sort Go Tools

affngis:::

= EED | [ &
3 Home Folder
4 Filesystern Boot
e J Arduing
2 thinclient_drives
- harme m HH
I Public
B Arduino
Bookshelf
=| Desktop -

12 items (22 hidden)

432

“I | home/pi
= = A
Bookshelf Desktop Document Downloads
i o
— -
Templates thinclient.  Videos | RespherryPi-
drives Arduing-
Codes.zip

il -

Music Pictures

Free space: 17.2 GiB (Total: 28 4 GiB)

Chapter 8. Getting started with C language(Raspberry Pi)



ESP32 Learning Kit

File Edit View Sort Go Tools

— | o/5 JEEEN &= &=
= mw [
| HE A |1|':|': =Y =

n & I | fhome/pi =

BY omeFolder = B W W B
=% Fil tem Root . )
&8 Filesys o Arduino  Bookshelf Desktop Document Downloads — Music Pictures
= thinclient_drives & 5
= | home B s El o Open
_ Public  Templates thinclient.  \ideos }
: Archiver
drives
] | Arduino Open With
Bookshelf Extract To
i=| Desktop
2| Documents ot
b | 1] Downloads Copy
_b] Music - Move to Wastebasket
1 L3
'2. Projects.zip” (36.4 MiB) Zip archive Freesp Copy Pathis) 3

Eile Edit View Sort Go Tools
D saBHEESE @ € > A |momen -

B romeroder | = & [y [w
= Fil tem Root ; .
= Filesys o [fasPoemyP- ) Arduino  Bookshelf Desktop Document Downloads — Music
(=3 thinclient_drives A |||Arduino-Code s
- n : 1
| home A Bt o H
_ Pictures Public ~ Templates thinclient.  Videos 2
drives Projects.zi
[ | 2. Projects p
b Arduing
| Bookshelf
‘=] Desktop
| Documents
b | 4| Downloads -
| I— ]
13 items (22 hidden) Free space: 17.2 GiB (Total: 28.4 GiB)
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Gle Edit View Sort Go Tools

fingp =
& Home Folder = B = B ™
3 Filesystem Root ( | | (

(& & ’PIFthE'.-’FIi.«'Haspberry Pi-Arduino-Codes I -

Project Praject Project Project Project Project Project

= thinclient_drives & || 01:Hello 02:Tun 03:LED 04 : 05 : 06 : RGE ov:
e — World OnLED  Flashing Breathing.. TrafficLig..  LED Flowing ..
Dl etc I . [ | - . . | [ .
= []home Project Project Project Project Project Project Project
{ d ] ] d ] ]
= &l pi 0g:1- 0o 4- 10 : 8=8 1: 12 13: 14 @ Mini

m Digit Digit... Digit Digit.. Dot-matr.. 7T4HC595.. Active Bu.. Passive B.. Tablela..

» | | Project 01 : Helle | | | |

o - - F‘ Project Project Project Praject Project Project Project

Ditems Free space: 17.2 GIiB (Total: 28.4 GiB)

Linux SystemRaspberry Pi

8.2.3 (2) Download and install Arduino IDE

1First, click on Raspberry Pi’s browser.

B} 192.168.0.167 - Remote Desktop Connection — O *

2. Enter the Official Arduino website in your browser: www.arduino.cc/en/software , as shown below:
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nate Deskton Connection

& @ E elhuTab—mmmiurn

Mew Tab - Chromium

Mew Tab % | +
e« 3 O |<@ wiww.arduy nn.cct--'.-;;-"'.-rf.‘.--:{ ) |

£

B 1e20680 - Eemote Desklop Conneclic
$ @& B € sofwareanduino-c.

Software | Arduino - Chromiurm

& Software | Arduino x| =+
<« => B arduino.ce a +« @ m

DOCUMENTATION = COMMUMNITY = BLO®

Downloads

DOWHLOAD OPTIONS

Arduino IDE 1.8.19 Windows W

Windows ZI
The open-source Arduino Software (IDE) makes It easy to write code Windows app Wi 8.1 e 10
and wplead it to the board. This software can be used with any Lirvune 12 bis

Arduino board.

Limux

Linux #

Refer to the Getting Started page for Installation Instructions.
Limux &

SOURCE COOE Mac O ¥ 1010 e
Active developmaent of the Arduing software is hosted by GitHub,
See the instructions for building the code, Latest release source

code archives are available here. The archives are PGP-signed so
they can be verified using this gpg key.

£ >

There are various versions of IDE for Arduino. Just download a version compatible with your system (install the lasted
Arduino IDE) and click“Linux ARM 32 bits”.
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Downloads

DOWNLOAD OPTIONS

m ArdUinD IDE 1 .8.1 9 Windows Win 7 and newer

Windows ZIP file

Windows app Win 3.1 or 10

The open-source Arduino 5oftware (IDE) makes it easy to write code
and upload it to the board. This software can be used with any
Arduino board.

Linux 32 bizs
Linux &4 bis
Limux ARM 32 bits

Refer to the Getting 5tarted page for Installation instructions. Lirusx ARM 64 bits

SOURCE CODE Mac 05 X 10.10 or newer
Active development of the Arduino software is hosted by GitHulb. Reiense Motes
See the instructions for building the code. Latest release source

code archives are available here. The archives are PGP-signed so Crecksums (=Nes12)
they can be verified using this gpg key.

Just click JUST DOWNLOAD to download

Support the Arduino IDE

Since the release 1.x release in March 2015, the Arduino IDE has
been downloaded 60,312,325 times — impressive! Help its

development with a donation.

$3 $5 $10 $25 $50 Other

JUST DOWMNLOAD CONTRIBUTE & DOWNLOAD

Learn more about donating to Arduine.

After a few seconds, the lastest Arduino IDEArduino 1.8.19 versionzip file can be directly downloaded.
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(4) Click I:El, then find the Downloads file from the pi folder and click it. In the Downloads folder, you can
see the package“arduino-1.8.19-linuxarm.tar.xz”’that you just downloaded. Then unzip the package‘‘arduino-1.8.19-
linuxarm.tar.xz”, after a while, the package is unzipped.

B} 192.168.0.167 - Remote Desktop Connection — d *

thinclient_driv

< > i

B 192,168.0.167 - Remote Desktop Connection — O >
g n
8O = -

File Edit View Sort Go Tools

Do s EEE S W ¢
E . !
(=3 Filesystem Root = = — |"|||||

Bookshelf ~ Desktop  Document§ Downloads | Music

BE

™ | /home/pi -

{2 thinclient_drives A

e 3 e [

< [ Thome I Pictures Public Templates thinclient.dr  Videos
- ives
4 » -
10 items (21 hidden) Free space: 19.4 GIB (Total: 284 GIB) |,
< > i
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% 192,168,0,167 - Remote Desktop Connection

Downloads

File Edit View Sort Go Tools

D& .‘;;;; = | [a] & /> /home/pi/Downloads v

| # | Home Folder
Open
(=3 Filesystem Root )
& thinclient dri Eleillsls  Archiver
thinclient_drives )
=2 Open With... !
linuxar
Extract To...
[Sl M A g
{ I 4

"arduino-1.8.19-linuxarm.tarxz" (92.21 Cut space: 19.4 GiB (Total: 28.4 GiB)

Downloads

File Edit View Sort Go Tools

 mEEg fﬁ;;; == | [ & I | /home/pi/Downloads -

| # | Home Folder \:,
(2 Filesystem Root _—
- ! arduino-1.8. arduino-1.8.
& thinclient_drives &
_ 19 19-
Documents | linuxarm.t...
- |3 Downloads
b | Jarduino-1.8_
1 »
2 items Free space: 19.0 GiB (Total: 28.4 GIB)
.

5Click|r1|51:a"-Sh file and tap itclick“Execute”in the dialog that appears to install the Arduino IDE. Once installed, an
Arduino software shortcut is generated in the desktop.

438 Chapter 8. Getting started with C language(Raspberry Pi)



ESP32 Learning Kit

File Edit View Sort Go Tools

| mE AR W & I | thome/pi/Downloads/arduing-1.8.19 -
| & | Home Folder =~ = B ( | B = =
& Filesystern Root
& thinclient_drives & examples  hardware Java lib libraries tools  tools-builder
=] LFESKIUD = ﬁ d ﬁ ‘ﬂ' i ﬁ
. - - - . - -
i= | Documents arduing arduino- arduing- | install.sh | revisions.txt uninstall sh
= [ 4| Downloads builder limux-
I setup.sh
o 3
13 iterms Free space: 19.0 GIB (Total: 28.4 GiB)

This text file 'install.sh' seems to be an executable script.
What do you want to do with it?

o

Execute ‘ Execute in Terminal ‘ ‘ Open ‘ ‘ Cancel

% 192.1628.0.128 - Remote Desktop Connection

3O o=

Arduino IC

miming

to open the Arduino IDE.

6Click
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ﬁ 192.168,0,126 - Remnote Desktop Connechion O ®

> 4 BlueJ Java IDE

& Office » 4] Geany Programmer's Editor
e Internet ¥ q Greenfoot Java IDE

' Sound & Yideo ] .‘ Mathematica

? Graphics » @mu

H Games » =tsmd Node-RED

Qaﬁ Accessones » @, Scratch
@ Help , Scratch 3

a Sense HAT Emulator
=— | Preferences b
Sonic P
| Run... TIE Thonny Python IDE

. Shutdown... 9 Wolfram
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sketch_aprOSa

void setup() {
i /4 put your setup code here, to run once:
thimchient_drie

Es 1

) vold loop() {
15:2) A put wour main code here. to run repeatedly:

Arduino IDE

1 arduing Uno

8.2.4 (3) Install the ESP32 on Arduino IDE

Note: You need to download Arduino IDE 1.8.5 or advanced version to install the ESP32.

{} Programming > ©@ Arduino IDE
1) Clic and click to open the Ar-

duino IDE.
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sketch_apr06a | Arduino 1.8.19
File Edit Sketch Tools Help

sketch_aprO6a

void setup() {
/f put your setup code here, to run once:

N

b

vold loop() {
/4 put your main code here, to run repeatedly:

Arduino Uno

2) Click “File”—**“Preferences”**, copy the website address https://dl.espressif.com/dl/package esp32_index.
json in the “Additional Boards Manager URLs:” and click “OK” to save the address.
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sketch_apr06a | Arduino 1.8.19
Edit Sketch Tools Help

New Ctrl+N

Open... Ctri+0

Open Recent >

Sketchbook > e here, to run once:
cxamples >

Close Ctrl+W

Save Cults here, to run repeatedly:
| Save As Ctr+Shift+S

Page Setup Ctri+Shift+P

2rint Ctrl+P

-

Quit Ctrl+Q

Arduino Uno
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Preferences

Sketchbook location:

fhiorne/pi/Arduing Browse
Editor language System Default *  (requires restart of Arduing)
Editor font size: 12

Interface scale: » Automatic 100 T % (reguires restan of Arduing)
Theme: Default theme | = | (reguires restart of Arduino)

Show verbose output dunng: caompilation upload

Compiler wamings: Mone | =

Display ling numbers Enable Code Folding
« Verify code after upload Use external editor
« Check for updates on startup + Save when venfying or uploading

Use accessibility features

Addinonal Boards Manager URLs: ihnps:h’dl.Es:hreﬁsif.cnma"dl.-'p&ckaqe esp32_index json (1] L

More preferences can be edited directly in the file

fhome/pid arduino 5/ preferences txt

(edit only when Arduino is not ranning) e

OK | Cancel

3. Click “Tools”—“Board:”, then click “Boards Manager...” to enter “Boards Manager” page . Enter “esp32”
as follows and select the latest version to Install. The installation package is not large, click “Install” to start the
installation.
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sketch_apr06a | Arduino 1.8.19

File Edit Sketch
Auto Format
Archive Sketch

sketch_aprOf Fiy Encoding & Reload
vold setup()
/7 put your

}

Manage Libraries...
Serial Monitor

Serial Plotter
vold loop() {

// put your WIFI101 / WIFININA Firmware Updater

3 Board: "Arduino Uno"

Port

Get Board Info

- Programmer: "AVRISP mkll"

Burn Bootloader

Boards Manager. .

Ctrl+Shift+l &
Cirl+Shift+h
Ctrl+Shift+L  *® Arduino Uno

Arduino Yun

Arduino Duemilanove or Diecimila
Arduino Nano

Arduino Mega or Mega 2560
Arduino Mega ADK

Arduino Leonardo

> Arduino Leonardo ETH

Arduino Micro

Arduino Esplora

Arduine Uno

Arduino Mini

espa2

by Esprossif Systems

Boards includad in this packaga:

ESP3Z Dewv Moedula, WEMDS LoLind2. WEMODS D1 MM ESP32,
I

106 = | Install
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Type ™ ||esp32
esp32

by Espressil Systems
Boards included in this package:

ESP3Z Daw Madule, WEMOS Lalin3?, WEMOS D1 MINI ESP3Z.
More Irfo

Installing

4. After a while, the ESP32 installation package is installed. Then click “Close”

Downloading boards definitions. Downloadad 23 526kb of 51,126kb.

Type All = | la=n32

esp32

by Espressif Systems varsion 1.0.6 INSTALLFL}
Boards inchudad in this package:

ESPI2 Dev Module, WEMOS LoLin32, WEMQS D1 MINI ESP3Z,
More Info
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8.2.5 3. Arduino IDE Settings and Toolbars:

{} Programming > ©@ Arduino IDE
Clic and click to open the Arduino IDE.

&) sketch jan07a | Arduino 1.8.16 — O >
File Edit Sketch Tools Help

sketch_jan07va

void setup() [ ™
S/ put your setup code here, to run once:

viold loop() {
S/ put your main code here, to run repeatedly:

Arduino Uno on COM3

When downloading the code to the board, you must select the correct name of Arduino board that matches the board
connected to the Raspberry Pi, click“Tools”—“Board:”, as shown below ;

(Note: We use the ESP32 board in this tutorial; therefore, we select ESP32 Arduino®**)**
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sketch_apr06a | Arduino 1.8.19

Eile Edit Sketch

Auto Format
Archive Sketch

sketch aprlf £ £mend

void setup() ,, - i -

7/ put your Manage Libramnes... Cirl+Zhift+
) Senal Mornitor Ctr=Shift+M —

Senal Flotter Ctrl+Shift+L ESP32 Dev Module

void Toop() | — i ,

A4 put wour WIFITOT S WIFIMINA Firmware Updater -

o kit

1 Board: *Arduino Uno Boards Manager TinyFICO

Port

Arduing AVR Boards  » S.0DIUIra w1
oetBosrd [nfo | EsP32 Arduina Magic8it
Programmer. "&YRISF mkll Turta loT Mode

Burn Bootloader TTGO LoHa32-0LED W1
TGO T

TG0 TY 1.3 Mimid2

arduino Uno

sketch_apr06a | Arduino 1.8.19
Eile Edit Sketch Tools Help

sketch _aprO&a

]

old setup() {
// put your setup code here, to run once:

1

vold loop() {
/4 put your main code here, to run repeatedly:

Then select the correct COM port (After connecting the ESP32 mainboard to the Raspberry Pi via a USB cable, you
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can see the corresponding COM port).

File Edit Sketch

Auto Format
Archive Sketch

sketch_aprOt gy Encoding & Reload
vold setup()
£/ put your

Manage Librares.. Ctrl+Shift+l
Senal Monitor Cri+5Shift+i4

¥ Senal Plotter Ctrl+Shift+L

woid loop() { )
A put your WIFITOT SWIFININA Firmware Updater

} Board "ESP32 Wrover Module” 3
Lpload Speed: "921600° ]
Flash Frequency: "BOMHZ’ ]
Flash Mode: "CIC" 3
Partinon Scheme: "Default 408 with spiffs (1.2MB APP/1.5MB SFIFFS) ¥
Core Debug Level: "Mone

Get Board Info

Pragramimer *

Bum Bootloader
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sketch_apr06a | Arduino 1.8.19
File Edit Sketch Tools Help

sketch_aprO&a

vold setup() { =
// put your setup code here, to run once:
1
vold loop() {
/4 put your main code here, to run repeatedly:
1
-

1 &piffs (1.2MB APP/1.5MB SPIFFS), QIO, 80MHz, 921600, None on jdevjttyl

Before uploading the code to the ESP32 mainboard, we have to demonstrate the function of each symbol.
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sketch_apr06a | Arduino 1.8.19
File Edit Sketch Tools Help

ff put yvhbur Eetup code here, to run once: F

A B CDE

vold loop() {
/4 put your main code here, to run repeatedly:

APPf1.5MB SPIFFS), Q vHz, 8921600, Mone on /o

A- Used to verify whether there is any compiling mistakes or not.
B- Used to upload the sketch to your Arduino board.

C- Used to create shortcut window of a new sketch.

D- Used to directly open an example sketch.

E- Used to save the sketch.

F- Used to send the serial data received from board to the serial monitor.

8.3 Import the Arduino C library

8.3.1 What are Libraries ?

Librariesare a collection of code that make it easy for you to connect sensors, displays and modules, etc.

For example, the built-in LiquidCrystal library helps talk to LCD displays. There are hundreds of additional libraries
available on the Internet for download.

The built-in libraries and some of these additional libraries are listed in the reference.
(https://www.arduino.cc/en/Reference/Libraries)
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8.3.2 How to Install a Library ?

E arduino-1.8.

Step 1: Click |:EItap“Downloads”ﬁle[:'':}1"""“'1'I':}E":jS and click“arduino-1.8.19"file 19 then find and

V|

click “libraries” file libraries from the “arduino-1.8.19” file.

B 152.168.0.128 - Remote Desktop Connection — O et

NE

Arau | no

FEile Edit View Sort Go Tools

D aEEsS = A [ homerpi -

) Home Folder D - B
Filesystem Root = = R -M I

Arduino  Bookshelf  Desktop  Documents | Downloads Music

L] [e]

D thinclient_drives A |

o

> [ Arduino Pictures Public Templates thmt_:llent_dr Videos
ives
4 » -
11 items (18 hidden) Free space: 48.9 GiB (Total: 58.2 GiB)
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Downloads

File Edit View Sort Go Tools

 mE f; | [w] & > /home/pi/Downloads -

[#] Home Folder D
(2 Filesystem Root
arduino-1.8.] arduinc-1.8.

19 19-
linuxarm.t...

D thinclient_drives A |

i E Jownloads

b ardiinn_l Ev

4

2 items Free space: 48.9 GiB (Total: 58.2 GiB)

arduino-1.8.19

File Edit View Sort Go Tools

E|D| ||I E:EE
e | B I 0N DN |
{2 Filesystem Root

examples  hardware Java libraries

‘> /home/pi/Downloads/arduino-1.8.19 hd

(2 thinclient_drives A

T D o / Fol o

—_
(=]
o
w

-] -] - -]
:| tools-builder  arduino arduino- arduino- install.sh  revisions.txt
=] Documents ls-builder  ard d d ll.sh
- El Downloads I builder linux-
setup.sh
- |l arduino-1.8 g
b [ |examples Lo
-
b [ |hardware || uninstall.sh
e -
4 I b
13 items Free space: 48.9 GiB (Total: 58.2 GiB)
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libraries

FEile Edit View Sort Go Tools

D .';TD 3= /™ |/home/pi/Downloads/arduino-1.8.19/libraries v
# Home Folder -
{2 Filesystem Root
L . Adafruit_Cir ~ Bridge Esplora Ethernet  examples Firmata
= F Y
({0 thinclient_drives £ || cuit_Playgro
- und

b java

4 lib I
- [l libraries GSM Keyboard LiquidCrysta  Mouse  Robot_Contr RobotlRrem

b Adafrui I ol ote

b Bridge

b Esploray | Robot_Moto SD Servo  SpacebrewY — Stepper Temboo
4 I 3 -
21 items Free space: 48.9 GiB (Total: 58.2 GiB)

Step 2 : Copy and paste the Arduino C library ZIP file (the default is ZIP file) from the provided Arduino Libraries
folder into the libraries file opened in the first stepthe route is/home/pi/Downloads/arduino-1.8.19/libraries.

Click on the link to download the library fileArduino C Librarie

File Edit View Sort Go Tools
D@3

# | Home Folder

n| & /| fhome/pi/Downloads/arduing-1.8.19/libraries -

% Filesystern Root - : .
a y Adafruit Ci Bridge Esplora  Ethemet  Firmata GSM Keyboard

= thinclient_drives A || rcuitPlayg
round

] examples n

] hardwars

B java I LiguidCryst Mouse HRobot_Con RobotiRre Robot_Mot sD Servo

al trol mote ar

B lib

[ Wb | H
» Bl Adafruit Circl]| SPRCEDrew  Temboo  TFT WiFi | LcD_128X
- Yun 32.zp

4 I 3
19 items Free space: 17.2 GIB (Total: 28.4 GIB)

LCD_128X

Step 3: Unzip the Arduino C package in the libraries folderfor exampleright-click “LCD_128X32.zip file SZ.ZID
select and tap “Extract Hereto unzip the “LCD_128X32.zipfile. Similarly, unzip the remaining library files in the
same way.). So you can see all the decompressed Arduino C library files.

454 Chapter 8. Getting started with C language(Raspberry Pi)



ESP32 Learning Kit

File Edit View Sort Go Tools

# | Home Folder
3 Filesystem Root
3 thinclient_drives

b [ ] examples
¢ [ ] hardware
b [[java

b []lib
| Mlibares

b || Adafruit_Circ

b | 7| Bndge
b | | Esplora

2 | Ethernet
A I

" ™ | thome/pi/Downloads/arduing-1.8.19/libraries -
Adafruit_Ci Bridge Esplora  Ethemet  Firmata GSM Keyboard
rcuit_Playg
round
LiquidCryst Mouse Robot_Con RobotlRre Robot Mot sD Servo
al trol mote or
| Open
Spacebrew  Temboo TFT WiFi Arehiver
¥
o Open With...
Extract To
Free CU 3iB)

"LCD_128X32.zip’ (4.5 KiB) Zip archive

Eile Edit Yiew Sort Go Tools
DD 2BHEEE | [ ¢ T | ihome/pi/Downloads/arduino-1.8.19/libraries -
# Home Folder
Fil temn Root } )
& Filesystem Roo Adafruit Ci  Bridge Esplora  Ethemet  Firmata GSM  Keyboard
(D thinclient_drives & | reuit_Playg
— round
b || examples
b | | hardware
» [ljava LCD_128X | LiguidCryst  Mouse RobotCon RobotlRre Robot Mot sD
- I 32 al trol mate or
L] . :
T -
. Adafruit C Servo  Spacebrew  Temboo TFT WiFi LCD_128X
| Adafruit_Circ Yun 32.7ip
b | Bndge
b || Esplors
P | Ethemet -
1 I 3
20 items Free space: 17.2 GIB (Total: 28.4 GiB)
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CHAPTER
NINE

C LANGUAGE (RASPBERRY PI) TUTORIAL

Development Environment Configuration

RaspberryPi Arduino Development Environment ConfigurationRaspberryPi——Arduino

9.1 Project 01: Hello World

1. Introduction

For ESP32 beginners, we’ll start with some simple things. In this project, you just need an ESP32 mainboard, USB
cable and Raspberry Pi to complete*“Hello World!”Project. It is not only a communication test for ESP32 mainboard
and Raspberry Pi, but also a primary project for ESP32.

2. Components

—.:.
—=

ESP32%*1 USB Cable*1

3. Wiring Diagram
In this project, we will use a USB cable to connect the ESP32 to Raspberry Pi.

//:’.‘:'.‘:':7':7’::'.‘:':7':7'::’::'::':7':7'::’::'.‘:':7':7'::'::'.‘:':7':7'::'::'.‘:':7':7’::’.‘:'.‘:':7':7’::’.‘:':7':7':7’::'.‘:':7':7'::’::'.‘:':7':7'::'::'::':7':7'::'.‘:'.‘:':7':7’::'.‘:'.‘:':7':7’::'::':7':7':7’::'.‘:':7':7'::1‘:'.‘:?7':71‘:’.‘:'.‘:1'7':71‘:’.‘:'.‘:1'
/:’:
* Filename : Hello World
* Description : Enter the letter R,and the serial port displays'Hello World".
* Auther :http//www.keyestudio.com
:':/

char val;// defines variable "val"

void setup()

{

Serial.begin(115200);// sets baudrate to 115200

}
void loop()

(continues on next page)
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(continued from previous page)

{

if (Serial.available() > 0) {

val=Serial.read();// reads symbols assigns to "val"
if(val=="R')// checks input for the letter "R"

{ // if so,

Serial.println("Hello World!");// shows “Hello World !”.
}

Arduing 1519

1 _Hello_Whord

Auto Format
archive Sketch

Fix Encoding & Reload

Manags Linransg

Praject_ol_F

CarlsShifte |

Ctrl+Shaft+M
Cri+Ehift+l

 Genal Monar

Senal Plotter

char wal; /¢ o YAR10T S WIFININA Firmware Updater
wold setup()

Boerds kdanager

Serial.begin - __
#M Upload Speed. 921600
vaid Loap()  Flash Frequency: S0MHE »
if {Serial, Flash Mode "0I0 »
val=8crii . . o m s st En i e
i val==' Farfition Schemne "Default 408 with apiffs (1. 208 AP SME SPIFFS) E

{ /7 1t CoreDebug Level "Mone *
Fart "/dew/myUSED »

Get Board Info

4

Frograrmmer

Burn Bootoader

Select the serial port.

_|||:,-='If'.lj

5001 Litra v
MagicBit

Turta laT Mode

TTGD LoRa32-0LED W1

W14 Minid2
YnaBox CWI2
SparkFun ESP32 Thing

SparkFun ESP32 Thing Plus
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Project_01_Hello_World | Arduing 1

File Edit Sketch

Auto Format
Archive Sketch
Project_U1_F Fix Enceding & Reload

ll,l"ln'fTi"ii‘ifﬁf‘

Manage Libranes.. Ctrl+Shift+l g

Fliename | Serial Monitor Ctrl+Shift+M “
A Ctri+ShiftsL

thei | Serial Plotter

char val;// ¢ WIFIT01 /WIRININA Firmware Updater
vold setup()

i Board: "ESP32 Wrover Module' ¥
serial.begin Upload Speed: '921500 X
void loop()  Flash Frequency: "80MHZ" >
if (serial. Flash Mode "QIO’ ;
val=Seriz o, qiion Scheme: "Default 4MB with spiffs (1.2MB APF/1 5MB SPIFFS) >

if(wal==
{ A/ if Core Debug Level "None’

Get Board Info

Pragrammes

Burm Bootloader

5), QlO, B0MHz,

Click.to download the code to ESP32.
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Project_01_Hello_World | Arduino 1.

Eile Edit Sketch Tools Help

Project 01 Hello World

’;‘,rwwwwwwwwwv.-wwv.-wwwwv.-v.-wwwwv.-wwwwwwwwwwwwwwwwww\\-wwwwwwv.-wwwwwwwv.-wwwwwwwwwwv.-w\\-wwwwwwwwwwnA

char wval;// defines variable "val"
vold setup()

{
Serial.begin(115208);// sets baudrate to 115280

}

vold Lloop()
{
if (Serial.available() = 08) {
val=Serial.read();// reads symbols assigns to "wval"
if(val=='R')// checks input for the letter "R"
{ // if so, bt

APP/1.5MB SPIFFS)

button F after the percentage of
uploading progress appears, as shown below:

I

~

wer Module, Default, @10, B0MH 00, Mone on GO

The Project code is uploaded successfully
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Project_01_Hello_ World | Arduino 1.8.19
Eile Edit Sketch Tools Help

Project 01 Hello World

/WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW“A

Filename © Hello World

Description : Enter E

char wval;// defines variable "wval"
vold setup()

Serial.begin(11520880);// sets baudrate to 115288
vold loop()
if (Serial.available() = 8) {
val=Serial.read();// reads symbols assigns to "wval"

if(val=="R')// checks input for the letter "R"
{ // if so, =

Module, Default 4MB Pf1.5MB SPIFFS MNone on

5. Project result

After the project code is uploaded successfully, power up with a USB cable and click the icon.to enter the serial
monitor.

Set baud rate to 115200 and type “R” in the text box. Click “Send”, and the serial monitor will display “Hello World!”.

(Note: If you enter“R” in the text box and click*“Send”, the serial monitor does not print“Hello World!”, you need to
press the RESET button on the ESP32 main board and repeat the above operation.)
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R E— Send
Hello World!
Hello World!
+ Autoscroll [ | Show timestamp Newline ~ |115200 baud | = | Clear output

9.2 Project 02: Turn On LED

1.Introduction

In this project, we will show you how to light up the LED. We use the ESP32’s digital pin to turn on the LED so that
the LED is lit up.

2.Components

ESP32*1 Breadboard*1
Red LED*1 220 Resistor*1

X o

Jumper Wire*2 USB Cable*1

3.Component knowledge

1LED:
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The LED is a semiconductor known as “light-emitting diode” ,which is an electronic device made from semiconducting
materials(silicon, selenium, germanium, etc.). It has an anode and a cathode, the short lead is cathode, which connects
to GND; the long lead is anode, which connects to 3.3V or 5V.

A.Iil-ode .f fl Cathide

Anode (+)
Long Lead

Cathode (-)
Short Lead

2Five-color ring resistor

A resistor is an electronic component in a circuit that restricts or regulates the flow current flow. On the left is the
appearance of the resistor and on the right is the symbol for the resistance in the circuit . Its unit is(). 1 m= 1000 klk=
1000.

A

~

We can use resistors to protect sensitive components, such as LED. The strength of the resistance is marked on the
body of the resistor with an electronic color code. Each color code represents a number, and you can refer to it in a
resistance card.

-Color 1 — 1st Digit.
-Color 2 — 2nd Digit.
-Color 3 — 3rd Digit.
-Color 4 — Multiplier.

-Color 5 — Tolerance.
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Black

Brown

Red

Orange

Yellow

Green

Blue

Violet

Grey

White

Gold

Silver

1st Digit

2nd Digit

3rd Digit

Multiplier Tolerance

o | o |

I T T T
=T L

I I T T S
T e o o

9

9

9

x1G

In this kit, we provide three Five-color ring resistor with different resistance values. Take three Five-color ring resistor
as an example.

220 Resi

[ ]

stor*10

(2 2 0)x1+

Jnng-

1%

red red black black blown

1 2

10K Resistor*10

3

ly

5

464

Chapter 9. C language (Raspberry Pi) Tutorial



ESP32 Learning Kit

(T 0 0)x100x1%

SRS

blawn black black red blown
1 2 3 I 5

1K Resistor*10

(1T 0 0)x10x1%

S

blawn black black blown blawn
1 / 3 Ly 5

In the same voltage, there will be less current and more resistance. The connection between current(I), voltage(V), and
resistance® can be expressed by the formula: I=U/R. In the figure below, if the voltage is 3V, the current through R1
is: I=U/R=3V/10K=0.0003A= 0.3mA.

3V

R1

OM0l

Don’t connect a low resistance directly to the two poles of the power supply. as this will cause excessive current to
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damage the electronic components. Resistors do not have positive and negative poles.
3Bread board

Breadboards are used to build and test circuits quickly before completing any circuit design. There are many holes in the
breadboard that can be inserted into circuit components such as integrated circuits and resistors. A typical breadboard
is shown below

T~ PR

EEE W B
=== = =

S e N W M W M S D e N M WA E o o

The breadboard has strips of metal , which run underneath the board and connect the holes on the top of the board. The
metal strips are laid out as shown below. Note that the top and bottom rows of holes are connected horizontallywhile
the remaining holes are connected vertically.

The first two rows (top) and the last two rows (bottom) of the breadboard are used for the positive pole (+) and negative
pole (-) of the power supply respectively. The conductive layout of the breadboard is shown in the figure below:
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—) power rails

.
i

—)power rails

When we connect DIP (Dual In-line Packages) components, such as integrated circuits, microcontrollers, chips and so
on, we can see that a groove in the middle isolates the middle part, so the top and bottom of the groove is not connected.
DIP components can be connected as shown in the following diagram:

Components
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» POWER BUS HORIZONTAL ROWS
Each side of the breadboard has a pair of Each series of 5 sockets marked
vertical connections marked - and + a—e and f-j are connected.

Components connected to a row
will be connected to any other
part inserted in the same row.

+ POWER: Each + sign runs power
anywhere in the vertical column.

= GROUND: Each - sign runs to ground
anywhere in the vertical column.
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‘A

q
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'
i
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CENTERLINE

This line divides the breadboard
in half, restricting electricity to one
1 half or the other.

4Power Supply
In this project, we connected the ESP32 to the Raspberry Pi by using USB cable.

4. Wiring diagram

First, disconnect all power from the ESP32. Then build the circuit according to the wiring diagram. After the circuit
is built and verified correct, connect the ESP32 to the Raspberry Pi by using a USB cable.

Note: Avoid any possible short circuits (especially connecting 3.3V and GND)!

WARNING: A short circuit can cause high current in your circuit, create excessive component heat and cause perma-
nent damage to your hardware!
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=

L
2L X X X 0 X X X

oipnisaha>
!!!!!!!!!b

Note:

How to connect a LED

7 A

Anode Cathode
+ 1l

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-color ring resistor
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(2 2 0)x1+x1%

SIS

red red black black blown
1 2 3 L 5

5.Project code

//:'::'r
/*

* Filename : Turn On LED

* Description : Make an led on.

* Auther : http//www.keyestudio.com
*/

#define LED_BUILTIN 15

// the setup function runs once when you press reset or power the board
void setup() {

// initialize digital pin LED_BUILTIN as an output.

pinMode (LED_BUILTIN, OUTPUT);
}
void loop() {

digitalWrite(LED_BUILTIN, HIGH); // turn the LED on (HIGH is the voltage level)
3
//7'::'::'::'::’.‘7’::(‘:'::?:’:7’::(‘:'::!‘:’:*:'::'::!‘7’:7'::'::'::’.‘7’::':7'::’::’.‘7’::'::'::'::’.‘7’::'::'.‘:?:’:7’::'::'::!‘:’.‘7'::?:'::!‘7(‘7'::1‘:’::’:7’::':7'::’::’.‘7’::'::'::’::’.‘7’::':7'.‘:?:’.‘7’::(‘:'::?:’:*:1‘:'::!‘7’:7'::’::’::’:7’::':7’:

Before uploading the project code to ESP32click “Tools”—“Board” and select“ESP32 Wrover Module”.
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Froject_03_Tum_On_LED | Arduino 1.8.19

Auta Forrmal
Archive Sketch
Praject_0F_T

Jradddnahd LR
” sznage Libraries Ctrl=Shift+

Fix Encoding & Reload

Senal Momtor CrShif+rd
Serial Flotter Cirl+Shift+L

ESP32 Dev Module

gdefine LEO_E WIFITDT S WARNING Firnware Updaters

#¢ the setup JESE =
wold setupf)
£ 1nitial:

i Boards Mansger fim@Iea

¥
Arduwing 8VF Boards @ 50D Ura w1

Upload Speesd *921500

¥ pinMode{LEL Flgzh Frequency. "BOMHZ" » MaaicHit

Yo Ill-m{":] 1 Flash Mode: Tk : Turta loT Nodz
digitalWril o .o o o ¢ ARE Ko 11 PFP/1_EMB SRIFFS)"

} artition Scheme: "Default 4MB with spiffs (1.28B APFA BMB S 1 * RO LoBas-OLED V1

faessestraa Conp Debug Level "MNome® T TGO T

P " e e 12RO
ot ety LSBO ’ TTGD TT W1 3 Minid?

TGO T7 V1.4 Mimi32
¥araBos CWD3Z
SparkFun ESP32 Thing

ule. Defaut AMB with spifs (1.2ME APPI1.5MB SAFFSL 010, 30MHz. 521600, Mone an idevwityUSB0 SgarkFun ESP3Z Thing Plus

Gl Board Info

Programmer

Sumn Boatloader

Project_02_Turn_On_LED | Arduino 1

Auto Format
Archive Sketch

Project_02 T gy Encoding & Reload
e a

Manage Libranes. . Cul+Shift+l

" Filename | Serial Monitor Ctrl+ShiftsM
1pT1d

" A Senal Plotter Ctrl+Shift+L

#define LED_E WIFITO01 / WIFINIMNA Firmware Updatar

£/ the setup Board "'ESP3Z2 Wrover Module'
wvold setup() , R
S oinitiali UI:I oad SICE"Ed Q21600
} pinMode({LEL Flash Frequency: "80MHz"
void loop() { Flash Mode: "QID"
) d1g1talWrit papinon Scheme: "Default 4MB with spiffs (1. 2MB APP/1 5MB SPIFFS)’

-:r‘" "YrTRTATY Core Debug Level "None’

e

o

Iu.--

L

L

(3et Board Info

Programimer

Bum Bootloader

921600, Mone cn fdey

rar Modula, Default 4k vith spiffs (1.2M8 APP/1.5MB S S). QlO, BOMHz

Click.to download the code to ESP32.
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Project 02_Turn_On_LED | Arduingo
Eile Edit Sketch Tools Help

Project 02 Turn On LED

#define LED_BUILTIN 15

// the setup function runs once when you press reset or power the board
void setup() {
// 1nitialize digital pin LED_BUILTIN as an output.
pinMode(LED_BUILTIN, OUTPUT);
1
void loop() {
digitalWrite{LED_BUILTIN, HIGH); // turn the LED on (HIGH 1is the wvoltage level)

3

,,f!.rwwwwwv.-wwv.-wv.-wwwwwwwwv.-wwv.-wwwwwwwwwwv.-wwwwwwwwv.-wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwv

4 b

APP/1.5MB SPIFFS g 0, Mone on f

BOOT

button = after the percentage of
uploading progress appears, as shown below:

I

over Module, Default, Q10, B0MH= , Mone on GO

The Project code is uploaded successfully
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Project_02_Turn_On_LED | Arduino 1.8.19
Eile Edit Sketch Tools Help

Project 02 Turn On LED

/WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW -

. Turn On LED
Make an led

#define LED_BUILTIN 15

// the setup function runs once when you press reset or power the board
void setup() {
// 1nitialize digital pin LED_BUILTIN as an output.
pinMode{LED_BUILTIN, OQUTPUT);

b
void loop() {
digitalWrite(LED_BUILTIN, HIGH); // turn the LED on (HIGH 1is the wvoltage level)

3

’,‘IIWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW*WWWWﬁv

A I — »

6.Project result

After the project code was uploaded successfully, power up with a USB cable and the LED is lit up.

led.value(1)

\l/
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9.3 Project O3LED Flashing

1.Introduction

In this project, we will show you the LED flashing effect .We use the ESP32’s digital pin to turn on the LED and make

it flashing.

2.Components

]
"
]

i

1
1
W
1

-]
® |

ESP32*1 Breadboard*1
Red LED*1 220 Resistor*1
-
q a
Jumper Wire*2 USB Cable*1
3.Wiring diagram

First, disconnect all power from the ESP32. Then build the circuit according to the wiring diagram. After the circuit
is built and verified correct, connect the ESP32 to your computer using a USB cable.

Note: Avoid any possible short circuits (especially connecting 3.3V and GND)!

WARNING: A short circuit can cause high current in your circuit, create excessive component heat and cause perma-

nent damage to your hardware!
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Note:

How to connect a LED

A.ll'n_ude f f Cathode

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-color ring resistor
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(2 2 0)x1+x1%

SIS

red red black black blown
1 2 3 L 5

(2 2 0)x1x1%

Sl N

red red black black blown
1 2 3 L 5

4.Test Code
//7’::(‘:'::?:’:7’::'r:'::?:’:7’::':;'::!‘:’:7'::’:;'::!—;’:7'::'::'::!—*:?:k:h’r**:?***:'r:'::l‘:’:7’::':;'::!‘:’:7'::'r;'::!—;’:7'::'r:'::!—7’::'::?:’::’.—:’::'::'::l‘:’r:’::l‘:'::l‘:’::’:*
/:’r

* Filename : External LED flashing

* Description : Make an led blinking.

* Auther : http//www.keyestudio.com

;l‘/

#define PIN_LED 15 //define the led pin

// the setup function runs once when you press reset or power the board
void setup() {

// initialize digital pin LED as an output.

pinMode (PIN_LED, OUTPUT);
}

// the loop function runs over and over again forever
void loop() {
digitalWrite(PIN_LED, HIGH); // turn the LED on (HIGH is the voltage level)

delay(500); // wait for 0.5s
digitalWrite(PIN_LED, LOW); // turn the LED off by making the voltage LOW
delay(500); // wait for 0.5s

(continues on next page)
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(continued from previous page)

}

//:'::l‘:'::"::(‘:i‘:i‘:l‘;'::(‘:’.‘:1':':;1':(‘:’::'::'::i':(‘:’::'::{':%:(‘:':7'::"::l':i‘:i‘:l‘:"::(‘:’.‘:{‘:l‘:'::(‘*:1':':;1':’::’::'::'::'::’::'::'::{':'::’::'::':z"::i':i‘:i‘:l‘z"::(‘:’.‘:{‘:l‘;'::(‘:’::l':':;i':(‘:’::'::'::i':(‘:’::'::{':l‘:(‘:’::‘:

Before uploading Project Code to ESP32, please check the configuration of Arduino IDE.

Click “Tools” to confirm the board type and port as shown below:

Project_03_LED_Flashing | Arduino 1.8.19

File Edit Sketch
Auto Format Cirl+T
Archive Sketch

Project_O3_L Fix Encoding & Reload
’ Manage Libraries Ctri+Shift+l g
Filename  Serial Monitor Ctrl+Shift+M
Descriptic
* puther Serial Plotter Ctri+Shift+L

#define PIN_L WIFi101 / WIFiNINA Firmware Updater

// the setup| Board: "ESP32 Wrover Module' >
void setup() a "

// initia1] Upload Speed "921600 ’
) pintode(PIN Flash Frequency: "80MHz" >

Flash Mode: "QI0" >

/7 the LoOP | panition Scheme: "Default 4MB with spiffs (1 2M8 APP/1 5MB SPIFFS)” >
vold loop()

digitalWri{ Core Debug Level "None" i e

4 3
Port "/dev/ttyUSB0" >
Get Board Info I

Programmer >

Burn Bootloader

ule, Default 4 spiffs (1.2MB APP/1.5MB SPIFFS), QIO, 80MHz, 921600, Mone on /devittylUSBO

Click.to download the project code to ESP32.
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Froject_03_LED_Flashing | Arduino 1.8.19
File Edit Sketch Tools Help

Project 03 LED Flashing

#define PIN_LED 15 //define the led pin

// the setup function runs once when you press reset or power the board
vold setup() {

// initialize digital pin LED as an output.

pinMode(PIN_LED, OUTPUT);
1

// the loop function runs over and over again forever
vold loop() {

digitalWrite(PIN LED, HIGH): // turn the LED on (HIGH is the voltage level) hd
4

SP32 Wrover Module, Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS), QIO, BOMHz, 921500, Mone on (de

Note: If uploading the code fails, you can press the Boot button on ESP32 after click., and release the Boot

RESET BOOT

button = after the percentage of
uploading progress appears, as shown below:

I

over Module,

The Project code is uploaded successfully
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Project 03_LED_Flashing | Arduino 1.8.19

Eile Edit Sketch Tools Help

Project 03 _LED Flashing

IIWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW\\’W\\’1\’WWWWWWWWWWWWWWWWWWWWWWWWW .

Filename : Extern
D ription : Ma . ) .
" Auther . http/s w. keyvestudio.co

al LED flashing

#define PIN_LED 15 //define the led pin

// the setup function runs once when you press reset or power the board
vold setup() {

4/ 1nitialize digital pin LED as an output.

pinMode(PIN_LED, QUTPUT);
1

// the loop function runs over and over again forewver
vold loop() {

. digitalwWrite(PIN LED, HIGH): /4 turn the LED on (HIGH is the voltaae level) "
|

5.Project result

After the project code was uploaded successfully, power up with a USB cable and the LED start flashing.

led.value(1)
led.value(0)
\l/
0.5s
EEE R
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9.4 Project 04: Breathing Led

1.Introduction

In previous studies, we know that LEDs have on/off state, so how to enter the intermediate state? How to output an
intermediate state to make the LED half bright? That’s what we’re going to learn.

Breathing light, that is, LED is turned from off to on gradually, and gradually from on to off, just like “breathing”. So,
how to control the brightness of a LED? We will use ESP32’s PWM to achieve this target.

2.Components

¥ rrETErEEENOIET
+

ESP32*1

Red LED*1

N\

Jumper Wire*2

Breadboard*1

id

220 Resistor*1
q '-
-

USB Cable*1

2.Component knowledge
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PWM

Analog & Digital

An Analog Signal is a continuous signal in both time and value. On the contrary, a Digital Signal or discrete time signal
is a time series consisting of a sequence of quantities. Most signals in life are analog signals. A familiar example of
an Analog Signal would be how the temperature throughout the day is continuously changing and could not suddenly
change instantaneously from 0°C to 10°C. However, Digital Signals can instantaneously change in value. This change
is expressed in numbers as 1 and O (the basis of binary code). Their differences can more easily be seen when compared
when graphed as below.

ANALOG DIGITAL

> >
t t
In practical application, we often use binary as the digital signal, that is a series of 0’s and 1’s. Since a binary signal

only has two values (0 or 1), it has great stability and reliability. Lastly, both analog and digital signals can be converted
into the other.

PWM

PWM, Pulse-Width Modulation, is a very effective method for using digital signals to control analog circuits. Common
processors cannot directly output analog signals. PWM technology makes it very convenient to achieve this conversion
(translation of digital to analog signals).

PWM technology uses digital pins to send certain frequencies of square waves, that is, the output of high levels and
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low levels, which alternately last for a while. The total time for each set of high levels and low levels is generally fixed,
which is called the period (Note: the reciprocal of the period is frequency). The time of high level outputs are generally
called “pulse width”, and the duty cycle is the percentage of the ratio of pulse duration, or pulse width (PW) to the total
period(T) of the waveform.

The longer the output of high levels last, the longer the duty cycle and the higher the corresponding voltage in the
analog signal will be. The following figures show how the analog signal voltages vary between 0V-3V3 (high level is
3V3) corresponding to the pulse width 0%-100%:

20% Duty Cycle

| Period 1 : !
& 8| 4 40% Duty Cycle
ao el B
S : : | |
E i i i i
>

80% Duty Cycle
S 100% Duty Cycle
Time

The longer the PWM duty cycle is, the higher the output power will be. Now that we understand this relationship, we
can use PWM to control the brightness of an LED or the speed of DC motor and so on. It is evident from the above
that PWM is not real analog, and the effective value of the voltage is equivalent to the corresponding analog. so, we
can control the output power of the LED and other output modules to achieve different effects.

ESP32 and PWM:

On ESP32, the LEDC(PWM) controller has 16 separate channels, each of which can independently control frequency,
duty cycle, and even accuracy. Unlike traditional PWM pins, the PWM output pins of ESP32 are configurable, with
one or more PWM output pins per channel. The relationship between the maximum

frequency and bit precision is shown in the following formula, where the maximum value of bit is 31.

80,000,000
1Kbit

Freqmsx =
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For example, generate a PWM with an 8-bit precision (28=256. Values range from 0 to 255) with a maximum frequency
of 80,000,000/255 =312,500Hz.

3.Wiring diagram

[y * *

.
.
)
o

)V POOOOGE

—

oipnisahay
!!!l!!!!!b
® e 0o o o

Note:

How to connect a LED

7 A

Anode Cathode
+ 1l

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-color ring resistor
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(2 2 0)x1+x1%

SIS

red red black black blown
1 2 3 L 5

4 Project code

The design of this project makes the GP15 output PWM, and the pulse width gradually increases from 0% to 100%,
and then gradually decreases from 100% to 0%.

/% S et el el ol ol ko S S e kot
Vi
* Filename : Breathing Led
* Description : Make led light fade in and out, just like breathing.
* Auther : http//www.keyestudio.com
*/
#define PIN_LED 15 //define the led pin
#define CHN ® //define the pwm channel
#define FRQ 1000 //define the pwm frequency
#define PWM_BIT 8 //define the pwm precision
void setup() {
ledcSetup(CHN, FRQ, PWM_BIT); //setup pwm channel
ledcAttachPin(PIN_LED, CHN); //attach the led pin to pwm channel

}

void loop() {
for (int i = 0; i < 255; i++) { //make light fade in
ledcWrite(CHN, i);
delay(10);
}
for (int i = 255; i > -1; i--) { //make light fade out
ledcWrite(CHN, i);
delay(10);
}
}
//7'-‘:':7'::'::’.‘7'-‘7'.‘7'::'::’.‘7':7':7'::':‘.'.‘7':7':>'::'::’r:':7'::'::'r:'.‘:':7'::'::'.‘7'-‘:'.‘7'::'::’:7'-‘7':7'::'::’.‘7':7'::'::'::’.‘7':7':>'::'::’r:'::'::'::'r:'.‘:':7'::'::'.‘7'.‘:'.‘7'::'::’.‘7'-‘7':7'::'::’.‘7':71‘>'::'::’.‘7':7'::'::'::’.‘:':7'::'::’::’.‘:':7':

Before uploading Project Code to ESP32, please check the configuration of Arduino IDE.

Click “Tools” to confirm the board type and port as shown below:
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Froject 04 _Breathing_Led | Arduino 1.8.19

Eile Edit Sketch
Auto Format Ctri+T
Archive Sketch

Project_04_E Fix Encoding & Reload

7 Manage Libraries... Cul+Shifi+ g
Filename | Serial Monitor Ctri+Shift+M
Descriptic

* Auther Serial Plotter Ctri+Shift+L

#define PIN_L WIFITOT / WIFININA Firmware Updater

#define CHM

#define FRQ |Board: "ESP32 Wrover Module" >

#define PWM_H{ L "

void setup() Upload Speed: "921600 >

ledcSetup(q Fash Frequency "80MHz" >
ledcAttachf

} Flash Mode "QI0" >

. Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)" >
volid loop()

. for (int i]Core Debug Level: "MNone i O

i Port: "/dev/ttyUSBO" > I
Get Board Info

Programmer >

Burn Bootloader

ule, Default 4 spiffs (1.2MB APPj1.5MB SPIFFS), QI0, 80MHz, 921600, Mene on [dev/ttylUSBO

Click.to download the project code to ESP32.
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Froject_04_Breathing_Led | Arduino 1.8.19
File Edit Sketch Tools Help

Project 04 Breathing_Led

#define PIN_LED 15 //define the led pin

#define CHN g //define the pwm channel
#define FRQ 1008 /J/define the pwm freguency
#define PWM_BIT 8 //define the pwm precision

vold setup() {
ledcSetup(CHN, FRQ, PWM_BIT); //setup pwm channel
ledcAttachPin(PIN_LED, CHN); //attach the led pin to pwm channel

1

vold loop() {
for (int i = 8; i < 255; i++) { //make light fade in =

SP32 Wrover Module, Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS), QIO, BOMHz, 921500, Mone on (de

BOOT

button
uploading progress appears, as shown below:

after the percentage of

I

over Module, Default, @10, BOMH=z , Mone on CO

The Project code is uploaded successfully
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Project_04_Breathing_Led | Arduino 1.8.19
File Edit Sketch Tools Help

Project_ 04 Breathing Led

IWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW

3

t, just like breathing.
#define PIN_LED 15 //define the led pin
#define CHN 0] //define the pwm channel
#define FRQ 1080 //define the pwm frequency
#define PWM_BIT 8 //define the pwm precision

vold setup() {
ledcSetup(CHN, FRQ, PWM_BIT); //setup pwm channel
ledcAttachPin(PIN_LED, CHN); //attach the led pin to pwm channel

3

vold loop() {
. for {(int 1 = @; 1 < 255; i++) { //make liaght fade in -
|

5.Project result

After the project code was uploaded successfully, power up with a USB cable and the LED is turned from ON to OFF
and then back from OFF to ON gradually like breathing.

I LW Y P} /T |

—"1
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9.5 Project 05Traffic Lights

1.Introduction

Traffic lights are closely related to people’s daily lives, which generally show red, yellow, and green. Everyone should
obey the traffic rules, which can avoid many traffic accidents. In this project, we will use ESP32 and some LEDs (red,
green and yellow) to simulate the traffic lights.

2.Components

ESP32*1 Bread board*1
Red LED*1 Yellow LED*1 Green LED*1
-
i aui
USB Cable*1 220 Resistor*3 Jumper Wires
3.Wiring diagram
L] ..'..... e o o o o e o o o o o o o o 0
L] L .Li_‘b. L] LN e o o o o
..% ® © © 0 © 0 0 0 0 0 0 O O O O O O O O O O O O 0o
) eseferesressoesresresresrescoe
VOO AOG®O®G o e I © 00000 0000000000000 000000
L ' L e o o 0 0

fritzing

Note:

How to connect a LED
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7 A

Anode

Cathode

Cathode ()

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-color ring resistor

(2 2 0)x1x1%

S

red red black black blown
1 2 3 [ 5

4.Test Code
//:'.‘:'::':7':7’::'::'::':7':7’::’.‘:':7':7'::’::'.‘:':7':7'::’::'.‘:':7':7’::’::'::':7':7’::'.‘:'::':7':7’::'.‘:'::':7':7’::'.‘:':7':7'::’::'::':7':7'::’::'.‘:':7':7’::'::'::':7':7’::'::(‘:1‘71‘7(‘:’.‘:(‘:1‘71‘71‘:'.‘:(‘
/:’:

* Filename : Traffic Lights

* Description : Simulated traffic lights.

* Auther : http//www.keyestudio.com

7':/

#define PIN_LED_RED 0 //define the red led pin
#define PIN_LED_YELLOW 2 //define the yellow led pin
#define PIN_LED_GREEN 15 //define the green led pin

void setup() {
pinMode (PIN_LED_RED, OUTPUT);
pinMode (PIN_LED_YELLOW, OUTPUT);
pinMode (PIN_LED_GREEN, OUTPUT);
}

void loop() {
digitalWrite(PIN_LED_GREEN, HIGH);// turns on the green led
delay(5000);// delays 5 seconds
digitalWrite(PIN_LED_GREEN, LOW); // turns off the green led

(continues on next page)
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(continued from previous page)

for(int i=0;i<3;i++)// flashes 3 times.

{
delay(500);// delays 0.5 second
digitalWrite(PIN_LED_YELLOW, HIGH);// turns on the yellow led
delay(500);// delays 0.5 second
digitalWrite(PIN_LED_YELLOW, LOW);// turns off the yellow led
}
delay(500);// delays 0.5 second
digitalWrite(PIN_LED_RED, HIGH);// turns on the red led
delay(5000);// delays 5 second
digitalWrite(PIN_LED_RED, LOW);// turns off the red led
}

//:’r:'::'::"::’::’r:i':'::'::(‘:’r:’::l‘;'::(‘:'r:'::':;i':(‘:’r:'::‘.‘;'::’r:’::'::‘.‘:’::’r:’::'::"::’::’r:i':"':'.':(‘:"‘:"':l‘;'::(‘:’r:'::':;i':(‘:’r:'::‘:;h’r:’r:'::‘.‘;’::’r:’::'::"::’::’r:i':'::'::’::'r:'::l‘;'::(‘:’r:'::':;i':(‘:’r:'::‘:;l‘:’r:’r:':

Before uploading Project Code to ESP32, please check the configuration of Arduino IDE.

Click “Tools” to confirm the board type and port as shown below:

Project_05_Traffic_Lights | Arduino 1.8.19

Eile Edit Sketch

Auto Format Ctr+T
Archive Sketch
Project_05_T Fix Encoding & Reload
’ Manage Libraries... Ctri+ShiftH g
Filename  Serial Monitor Ctrl+Shift+M
Descriptic
* Auther Serial Plotter Ctri+Shift+L

sdefine PIN L WiFi101 /WIFININA Firmware Updater

#define PIN_
#define PIN_| Board "ESP32 Wrover Module" >
void setup() Upload Speed: "921600" >
pintode(PI Flash Frequency: "80MHZ" >
pinMode(PI L
pinMode (PI| Flash Mode: "QIO >
¥ Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)’ >
void loop{) | Core Debug Level: "None® i e

Port: "/dev/ttyUSBO" > I
Get Board Info

Programmer >

Burn Bootloader

dule, Default 4Mm spiffs (1.2MB APP/1.5MB SPIFFS), QIO, B0MHz, 921600, Mone an [devfttylUSBO

Click.to download the project code to ESP32.
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Project 05_Traffic_Lights | Arduino

Eile Edit Sketch Tools Help

Project 05 Traffic_Lights

#define PIN_LED_RED B //define the red led pin
#define PIM_LED YELLOW 2 //define the yellow led pin
#define PIN_LED_GREEN 15 //define the green led pin

vold setup() {
pinMode(PIN_LED_RED, OUTPUT);
pinMode (PIN_LED_YELLOW, OUTPUT);
pinMode(PIN_LED_GREEN, OUTPUT);
3

\:oic: loop() { v

Module, Default 4M APP/1.5MB SPIFFS , 0, Mone on f

BOOT

button . after the percentage of
uploading progress appears, as shown below:

I

over Module, Default, @10, BOMH=z , Mone on CO

The Project code is uploaded successfully
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t_05_Traffic_Lights | Arduino 1.8.19

File Edit Sketch Tools Help

Project_ 05 Traffic_Lights

’,‘IIWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW

3

Filename : Traffic Lights
cription : Simulated traffic lights.
* Auther © http//www. keyvestudio.co

#define PIN_LED_RED 5] //define the red led pin
#define PIN_LED_YELLOW 2 //define the yellow led pin
#define PIN_LED GREEN 15 //define the green led pin

vold setup() {
pinMode(PIN_LED_RED, OUTFUT);
pinMode (PIN_LED_YELLOW, OUTPUT);
pinMode (PIN_LED_GREEN, OQUTPUT);

b

\ioicl loop() { -

5.Project result

After the project code was uploaded successfully, power up with a USB cable and you’ll see are below:
First, the green light will be on for five seconds and then off;

Next, the yellow light blinks three times and then goes off;

Then, the red light goes on for five seconds and then goes off;

Repeat steps 1 to 3 above.
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9.6 Project 06: RGB LED

1.Introduction

RGB is composed of three colors (red, green and blue),which can emit different colors of light by mixing these three
basic colors.

In this project, we will introduce the RGB and show you how to use ESP32 to control the RGB to emit different color
light .RGB is pretty basic, but it’s also a great way to learn the fundamentals of electronics and coding.

2.Components
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ESP32*1 Breadboard*1
RGB*1 220 Resistor*1

\ —=

jump wires USB cable *1

3.Component knowledge

Most monitors adopt the RGB color standard, and all colors on a computer screen are a mixture of red, green and blue
in varying proportions.

Red (R)

Blue (B) Green (G)

G

paxt

This RGB LED has 4 pins, each color (red, green, blue) and a common cathode,To change its brightness, we can use
the PWM of the ESP32 pins, which can give different duty cycle signals to the RGB to produce different colors of light.

If we use three 10-bit PWM to control the RGB, in theory, we can create 2 10¥210%210=1,073,741,824(1 billion) colors
through different combinations.

4. Wiring diagram
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Notice: The longest pin (common cathode) of the RGB LED is connected to GND.
/ [-:I
How to identify the 220 Five-color ring resistor
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5.Project code

el sl sl ek
/%
* Filename : RGB LED
* Description : Use RGBLED to show random color.
* Auther : http//www.keyestudio.com
*/
int ledPins[] = {0, 2, 15}; //define red, green, blue led pins
const byte chns[] = {0, 1, 2}; //define the pwm channels
int red, green, blue;
void setup() {
for (int i = 0; 1 < 3; i++) { //setup the pwm channels,1KHz,8bit
ledcSetup(chns[i], 1000, 8);
ledcAttachPin(ledPins[i], chns[i]);
}
}

void loop() {
red = random(0, 256);
green = random(0, 256);
blue = random(0®, 256);
setColor(red, green, blue);
delay(200);

}

void setColor(byte r, byte g, byte b) {
ledcWrite(chns[0], 255 - r); //Common anode LED, low level to turn on the led.
ledcWrite(chns[1], 255 - g);
ledcWrite(chns[2], 255 - b);

}

/% 3k 3 e e ok S e e ke o o e ok ok o 9 9k o o 9k o o 9 5 o 9 5 o 0k o o o o o S o o o 0k S o e ok ok S o S ok ok Sk sk S ok sk b e sk sk b o e ok ok ok

6.Project result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the RGB LED starts to display random colors.
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9.7 Project 07: Flowing Water Light

1.Introduction

In our daily life, we can see many billboards composed of different colors of LED. They constantly change the light
(like water) to attract customers’ attention. In this project, we will use ESP32 to control 10 leds to achieve the effect of
flowing water.

2.Components

FEEFErENEANETY

[ ]
ESP32*1 Breadboard*1
Red LED*1 220 Resistor* 1
-
q.-
Jumper Wires USB Cable*1
3.Wiring diagram:
AiiGASRAAAEEAR : : : : : : : : :
) ® @ @ ® o0 000000
fritzing

Note:
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How to connect a LED

A.rl'n_nde f f Cathode

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 Five-color ring resistor

(2 2 0)x1+x1%

Sl N

red red black black blown
1 2 3 L 5

4. Test Code

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

//:'::'::':;':7’::'::'::':7'::’::’::'::':7'::’::'::'::':7'::’::'::'::':7’::'::'::'::':7’::'::'::':;':7’::'::'::':7'::’::'::'::':7'::’::'::'::':7'::’::’::'::':7’::'::'::'::':7’::'.‘:'.‘:1‘;1‘7’::'.‘:’.‘:1‘71‘:’::’.‘:1‘
/:’:

* Filename : Flowing Water Light

* Description : Using ten leds to demonstrate flowing lamp.

* Auther : http//www.keyestudio.com

7':/

byte ledPins[] = {22, 21, 19, 18, 17, 16, 4, 0, 2, 15};
int ledCounts;

void setup() {
ledCounts = sizeof(ledPins);
for (int i = 0; i < ledCounts; i++) {
pinMode(ledPins[i], OUTPUT);
}
}

(continues on next page)
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(continued from previous page)

void loop() {
for (int i = 0; i < ledCounts; i++) {
digitalWrite(ledPins[i], HIGH);
delay(100);
digitalWrite(ledPins[i], LOW);
}
for (int i = ledCounts - 1; i > -1; i--) {
digitalWrite(ledPins[i], HIGH);
delay(100);
digitalWrite(ledPins[i], LOW);
}
}
//7’.‘:'.‘:'::'::’.‘7’.‘:':7!‘:’:7’.‘:’.‘:':7!‘:’:7’.‘:’::':7!‘:’:7’.‘:’::'{7!‘:’:7’.‘:'.‘:':7!‘:’:7’.‘:'::':

4 Project result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that 10 LEDs will light up from left to right and then back from right to left.

9.8 Project 081-Digit Digital Tube

1.Introduction

The 1-Digit 7-Segment display is an device that displays decimal numbers, which is widely used in digital clocks,
electronic meters, basic calculators and other electronic devices that display digital information. In this project, we
will use ESP32 to control 1-Digit 7-segment display to display numbers.

2.Components
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EEEL]

EERIARANTANERE

¥ rrETErEEENOIET
+

ESP32*1 Breadboard*1
1-Digit 7-Segment Display*1 220 Resistor*8

N —=

Jumper Wires USB Cable*1

3.Component Knowledge
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1-Digit 7-Segment Display: It is a semiconductor light emitting device, and its basic unit is a light-emitting diode
(LED). The digital tube display can be divided into 7-segment display and 8-segment display according to the number
of segments.

The 8-segment display has one more LED unit than the 7-segment display(used for decimal point display). Each
segment of the 7-segment display is a separate LED. According to the connection mode of the LED unit, the digital
tube can be divided into a common anode digital tube and a common cathode digital tube.

In the common cathode 7-segment display, all the cathodes (or negative pole) of the segmented LEDs are connected
together, so you should connect the common cathode to GND. If you are about to light up a segmented LED, you can
set its associated pin to“HIGH”.

In the common anode 7-segment display, the LED anodes (positive pole) of all segments are connected together, so you
should connect the common anode to“+5V”. If you are about to light up a segmented LED, you can set its associated
pin to“LOW”.

diife f: h

<
VR %// A %// 4
lGITD a b
Common Cathode 3 [
a b © dite f h

%ﬂ Z%/ %// ZF/ %/ -//%// y

5V
Common Anode

a b

;F// ”

m
N
":h '
—

)

Each part of the digital tube is composed of an LED. So when you use it, you also need to use a current limiting
resistor. Otherwise, the LED will be damaged. In this experiment, we will use an ordinary common cathode one-digit
digital tube. As we mentioned above, you should connect the common cathode to GND. If you are about to light up a
segmented LED, you can set its associated pin to“HIGH”.

4.Wiring Diagram

Note: The direction of the 7-segment display inserted into the breadboard is consistent with the wiring diagram, with
one more point in the lower right corner.
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fritzing

5.Test Code

The digital display is divided into 7 segments, and the decimal point display is divided into 1 segment. When certain
numbers are displayed, the corresponding segment will be lit. For example, when the number 1 is displayed, segments
b and ¢ will be turned on.

/3 el ol o ol R o S kot
Vai
* Filename : 1-Digit Digital Tube
* Description : One Digit Tube displays numbers from 9 to 0.
* Auther : http//www.keyestudio.com
*/
// sets the I0 PIN for every segment

(continues on next page)
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int a=16; // digital PIN 16 for segment a
int b=4; // digital PIN 4 for segment b
int c=5; // digital PIN 5 for segment c
int d=18; // digital PIN 18 for segment
int e=19; // digital PIN 19 for segment
int f=22; // digital PIN 22 for segment
int g=23; // digital PIN 23 for segment
int dp=17; // digital PIN 17 for segment dp
void digital_O0(void) // displays number 0

{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,HIGH);
digitalWrite(£f,HIGH);
digitalWrite(g,LOW);
digitalWrite(dp,LOW);
}
void digital_1(void) // displays number 1
{
digitalWrite(a,LOW);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,LOW);
digitalWrite(e,LOW);
digitalWrite(£f,LOW);
digitalWrite(g,LOW);
digitalWrite(dp,LOW);
}
void digital_2(void) // displays number 2
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,LOW);
digitalWrite(d,HIGH);
digitalWrite(e,HIGH);
digitalWrite(£f,LOW);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void digital_3(void) // displays number 3
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(£f,LOW);
digitalWrite(e,LOW);
digitalWrite(dp,LOW);
digitalWrite(g,HIGH);
}

Q H O Qo

(continues on next page)
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void digital_4(void) // displays number 4
{
digitalWrite(a,LOW);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,LOW);
digitalWrite(e,LOW);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void digital_5(void) // displays number 5
{
digitalWrite(a,HIGH);
digitalWrite(b,LOW);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,LOW);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void digital_6(void) // displays number 6
{
digitalWrite(a,HIGH);
digitalWrite(b,LOW);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,HIGH);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void digital_7(void) // displays number 7
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,LOW);
digitalWrite(e,LOW);
digitalWrite(£f,LOW);
digitalWrite(g,LOW);
digitalWrite(dp,LOW);
}
void digital_8(void) // displays number 8
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,HIGH);
digitalWrite(£f,HIGH);

(continued from previous page)

(continues on next page)
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digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void digital_9(void) // displays number 9
{
digitalWrite(a,HIGH);
digitalWrite(b,HIGH);
digitalWrite(c,HIGH);
digitalWrite(d,HIGH);
digitalWrite(e,LOW);
digitalWrite(£f,HIGH);
digitalWrite(g,HIGH);
digitalWrite(dp,LOW);
}
void setup()
{
// initialize digital pin LED as an output.
pinMode(a, OUTPUT);
pinMode (b, OUTPUT);
pinMode(c, OUTPUT);
pinMode(d, OUTPUT);
pinMode (e, OUTPUT);
pinMode (£, OUTPUT);
pinMode(g, OUTPUT);
pinMode (dp, OUTPUT);
}
void loop()
{
while(1)
{
digital_9Q;// displays number 9
delay(1000); // waits a sencond
digital _8();// displays number 8
delay(1000); // waits a sencond
digital_7Q;// displays number 7
delay(1000); // waits a sencond
digital_6(Q);// displays number 6
delay(1000); // waits a sencond
digital _5Q);// displays number 5
delay(1000); // waits a sencond
digital_4(Q);// displays number 4
delay(1000); // waits a sencond
digital _3(Q);// displays number 3
delay(1000); // waits a sencond
digital_2();// displays number 2
delay(1000); // waits a sencond
digital_1Q;// displays number 1
delay(1000);// waits a sencond
digital 0(Q);// displays number 0
delay(1000);// waits a sencond
1}
//71‘:'.‘71‘:1‘:1‘71‘:'.‘7'::'::’.‘7':7'.‘7'::'::’.‘:':7':>'::'::’.‘:':7'::1‘:'::'.‘:':7'::'::'.‘7'.‘:'.‘7'::'::'.‘7'.‘:':7'::'::’.‘7':7':7'::'::’.‘:':71‘:'::'::’.‘:':7'::'::'::'.‘:':7':7':-.'.‘7'.‘:':7'::'::':7'.‘:':7'::'::’.‘7':7'.‘
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6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the 1-Digit 7-Segment display will display numbers from 9 to 0.

9.9 Project 094-Digit Digital Tube

1.Introduction

The 4-digit 7-segment display is a very practical display device and it is used for devices such as electronic clocks,
score counters and the number of people in the park. Because of the low price, easy to use, more and more projects
will use the 4 Digit 7-segment display. In this project, we use ESP32 to control the 4-digit 7-segment display to display
digits.

2.Components

ESP32*1 Breadboard*1

el

4-digit 7-segment display Module* 1 220 Resistor*8

N —

Jumper Wires USB Cable*1

3.Component Knowledge

**4-digit 7-segment display**It is a device with common cathode and anode, its display principle is similar to the 1-
Digit digital tube display. Both of them have eight GPIO ports to control the digital tube display, that is 8 leds. However,
here is 4-digit, so it needs four GPIO ports to control the bit selection end. Our 4 - digit digital tube is common cathode.

The following figure shows the pin diagram of the 4-digit digital tube. G1, G2, G3 and G4 are the control pins.
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4.Wiring Diagram
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5.Test Code

//**********************************************************************

/*

* Filename : 4-Digit Digital Tube
* Description : Four Digit Tube displays numbers from 0 to 9999.
* Auther : http//www.keyestudio.com

*/

#define
#define
#define
#define
#define
#define
#define
#define

IQ'IQ'IQ'IQ'IQ'IQ'IQ'IQ'
%QH\"DQ.NU‘N
DR R Rk DN KRR
© NS W &

EN

//Define nixie tube a to pin 18

#define G1 21 //Define the first set of nixtube Gl to pin 21

#define G2 22
#define G3 14
#define G4 15

//Nixie tube 0-F code value
unsigned char num[17][8] =
{

//a b c d e f g dp
{1, 1, 1, 1, 1, 1, 0, 6}, //0
{0, 1, 1, 0, 0, 0, 0, 0}, //1
(continues on next page)
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{1, 1, 0, 1, 1, 0, 1, 0}, //2
{1, 1, 1, 1, 0, 0, 1, O}, //3
{06, 1, 1, 0, 0, 1, 1, 0}, //4
{1, 0, 1, 1, 0, 1, 1, 0}, //5
{1, 0, 1, 1, 1, 1, 1, 0}, //6
{1, 1, 1, 0, 0, 0, 0, 0}, //7
{1, 1, 1, 1, 1, 1, 1, O}, //8
{1, 1, 1, 1, 0, 1, 1, O}, //9
{1, 1, 1, 0, 1, 1, 1, 1}, //A
{1, 1, 1, 1, 1, 1, 1, 1}, //B
{1, 0, ©, 1, 1, 1, 0, 13}, //C
{1, 1, 1, 1, 1, 1, 0, 13}, //D
{1, 0, ®, 1, 1, 1, 1, 1}, //E
{1, 0, ®, 0, 1, 1, 1, 1}, //F
{0, 0, 0, 0, 0, 0, 0, 1}, //.

};

void setup()

{
pinMode(d_a, OUTPUT) ; //Set to output pin

pinMode (d_b,OUTPUT) ;
pinMode (d_c,OUTPUT) ;
pinMode(d_d, OUTPUT) ;
pinMode(d_e,OUTPUT) ;
pinMode (d_£,0UTPUT) ;
pinMode (d_g,OUTPUT) ;
pinMode (d_dp,OUTPUT) ;

pinMode (G1,0UTPUT) ;
pinMode (G2,0UTPUT) ;
pinMode (G3,0UTPUT) ;
pinMode (G4,0UTPUT) ;
3

void loop()
{

//Start counting from 0 and gradually increase by 1 to 9999, repeating.
for(int 1 = 0;1 < 10;1++ )

{
for(int k = 0; k < 10;k++)
{
for(int j = 0; j < 10; j++)
{
for(int i = 0;1i < 10;i++)
{

//125 flashes a second equals one second.

//1000/8=125

for(int q = 0;9<125;q9++)

{
Display(1,1);//The first nixie tube shows the value of L.
delay(2);

(continues on next page)
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Display(2,k);
delay(2);
Display(3,3);
delay(2);
Display(4,i);
delay(2);

}
}
}

3

//Display functions: g ranges from 1 to 4,num ranges from 0 to 9

void Display(unsigned char g,unsigned char n)

{
digitalWrite(d_a,LOW); //Remove the light
digitalWrite(d_b,LOW);
digitalWrite(d_c,LOW);
digitalWrite(d_d,LOW);
digitalWrite(d_e,LOW);
digitalWrite(d_£,LOW);
digitalWrite(d_g,LOW);
digitalWrite(d_dp,LOW);

switch(g) //Gate a choice
{

case 1:
digitalWrite(G1l,LOW); //Choose the first digit
digitalWrite(G2,HIGH);
digitalWrite(G3,HIGH);
digitalWrite(G4,HIGH);
break;

case 2:
digitalWrite(G1,HIGH);
digitalWrite(G2,LOW); //Choose the second bit
digitalWrite(G3,HIGH);
digitalWrite(G4,HIGH);
break;

case 3:
digitalWrite(G1,HIGH);
digitalWrite(G2,HIGH);
digitalWrite(G3,LOW); //Choose the third bit
digitalWrite(G4,HIGH);
break;

case 4:
digitalWrite(G1,HIGH);
digitalWrite(G2,HIGH);
digitalWrite(G3,HIGH);
digitalWrite(G4,LOW); //Choose the fourth bit
break;

default:break;

(continues on next page)
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3

digitalWrite(d_a,num[n][0]); //a Queries the code value table
digitalWrite(d_b,num[n][1]);
digitalWrite(d_c,num[n][2]);
digitalWrite(d_d,num[n][3]);
digitalWrite(d_e,num[n][4]);
digitalWrite(d_£f,num[n][5]);
digitalWrite(d_g,num[n][6]);
digitalWrite(d_dp,num[n][7]);

VA

6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the 4-digit 7-segment display displays 0-9999and repeat these actions in an infinite loop.

9.10 Project 108x8 Dot-matrix Display

1.Introduction

Dot matrix display is an electronic digital display device that can display information on machine, clocks, public trans-
port departure indicators and many other devices. In this project, we will use ESP32 to control 8x8 LED dot matrix to
display digits.

2.Components

= LERAATANERAERE

® REErErTECNEIET
] -

Breadboard*1

aonmp

8*8 dot matrix module *1 220 Resistor*8

X =

Jumper Wires USB Cable*1
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3.Component Knowledge

**8*8 dot matrix module**The 8*8 dot matrix is composed of 64 LEDs, including row common anode and row
common cathode. Our module is row common anode, each row has a line connecting the positive pole of the LED, and
the column is connecting the negative pole of the LED lamp, as shown in the following figure :

X0(A) X1(B) X2(C) X3(D) X4(E) X5(F) X6(G) X7(H)

B i i it i i i [
B i T e i e s

oo o i ¥ i i Wil il

Y4(4)

Y5(5)
l—»ar~+-f».r»-+~f<r»4
Y6(6) .

Y7(7)

8*8 Dot Matrix LED Equivalent Circuit

H G1 A3 F DO
0000000

8"8 Dot Matrix Soldering Pins

4 6: B C 7 E b 2
0000000

788BS Silk Print

8*8 Dot Matrix Outlook and Pinouts

4.Wiring Diagram
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5.Test Code

//**********************************************************************************

* Filename : 88 Dot-matrix Display
* Description : 8x8 Dot-matrix displays numbers from 0 to 9.
* Auther : http//www.keyestudio.com

*/
int R[] = {14,26,4,27,19,16,18,17};
int C[] = {32,21,22,12,0,13,33,25};

unsigned char data_0[8][8] =

L — I — I — R — R — I — R
[ = = = I — I~ I~ N
= — I — I — R — N — R

(= =
(= e N =)
(= — I — R — R — R — I — I~}
(== I — I — N — R — I — )
BSOS S Rt Vo Vo e e

L I i e e
R — I — I — N — R — I — I — ]

(continues on next page)
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unsigned char data_1[8][8] =

{

B e
000@@000
]
cocococo oo —
R R R el )
cococoe e~
coooe e
R

@@@0000@

SN B b b b b S e

unsigned char data_2[8][8] =

{

B T T
)
]

®11®®®1®

1®®1®®L®
1®®®1®1®
10@;@0110
®1®®®®1®
cococoo oo

L e e e ]

unsigned char data_3[8][8] =

{

o o S o o o o
ooz 2
00000000
11111110
1001001,0
1®®1®®1®
1;@;@;100;1;@
®®®®®®®®

0@@@@@@@

L e e e

unsigned char data_4[8][8] =

{

& o & o o i 62
®®®®®®®®
00010000
®®®l®®®®
@1111110
cco—oo oo
®,®®,1®,®,®®
1111®®®®

0@0@@0@@

S e b b b S D N

unsigned char data_5[8][8] =

{

{9,1,90,0,9,0,0,0},

(continues on next page)
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B e
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1111111@

B T
@@0@0@@@
00000000
®11®®®®®
@1@1@@0@
®1®®1®®®

@100@1@0

®1®®®®1®

®®®®®®®® a
L e e

T
ooz 2 o
]

l®®1111®

1@01001@
1®®1®®1®

1@@10@1@

11111110

1@01@010
1®®1®®1®

1001@@10
S DD -
L I

®®®®®®®®.’
“

@0000@0@.;
o

unsigned char data_8[8][8] =

unsigned char data_7[8][8] =
{

unsigned char data_6[8][8] =
{

{
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void Display(unsigned char dat[8][8])
{

for(int c = 0; c<8;c++)

{
digitalWrite(C[c],LOW);
for(int r = 0;r<8;r++)
{
digitalWrite(R[r],dat[r][c]);
}
delay(1);
Clear();
}
}

void Clear()
{
for(int i = 0;i<8;i++)
{
digitalWrite(R[i],LOW);
digitalWrite(C[i],HIGH);
}
}

void setup(){
for(int i = 0;i<8;i++)
{
pinMode (R[i],OUTPUT);
pinMode (C[i],OUTPUT);
}

}

void loop(){

for (dnt i = 1; i <= 100; i = i
Display(data_0);

}

for (int i = 1; 1 <= 100; i =1 + (1)) {
Display(data_1);

}

for (dnt i = 1; i <= 100; i =i + (1)) {
Display(data_2);

}

+

an {

for (dint i = 1; 1 <= 100; i =i + (1)) {
Display(data_3);

}

for (int i = 1; 1 <= 100; i =i + (1)) {

Display(data_4);

(continued from previous page)
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}

for (dnt i = 1; i <= 100; i =i + (1)) {
Display(data_5);

}

for (dnt i = 1; 1 <= 100; i =i + (1)) {

Display(data_6);

}

for (dnt i = 1; i <= 100; i =i + (1)) {
Display(data_7);

}

for (int i = 1; i <= 100; i =i + (1)) {
Display(data_8);

}
for (dnt i = 1; i <= 100; i =i + (1)) {
Display(data_9);
}
}
/7% 95 el o ko o o o g o ko o sk et
6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the 8*8 dot matrix displays the numbers 0~9 respectively.

9.11 Project 1174HC595N Control 8 LEDs

1.Introduction

In previous projects, we learned how to light up an LED. With only 32 1O ports on ESP32, how do we light up a lot of
leds? Sometimes it is possible to run out of pins on the ESP32, and you need to extend it with the shift register. You can
use the 74HC595N chip to control 8 outputs at a time, taking up only a few pins on your microcontroller. In addition,
you can also connect multiple registers together to further expand the output.

In this project, we will use a ESP32a 74HC595 chip and LEDs to make a flowing water light to understand the function
of the 74HC595 chip.

ESP32*1 Breadboard*1 74HCS95N chip*1  Jumper Wires
-

2.Components

& —il-

220 Resistor*8 Red LED*8 USB Cable*1
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3.Component Knowledge

74HCS595N Chip: To put it simply, 74HC595N chip is a combination of 8-digit shifting register, memorizer and
equipped with tri-state output. The shift register and the memorizer are synchronized to different clocks, and the data
is input on the rising edge of the shift register clock SCK and goes into the memory register on the rising edge of the
memory register clock RCK.

If the two clocks are connected together, the shift register is always one pulse earlier than the storage register. The
shift register has a serial shift input (SI) and a serial output (SQH) for cascading. The 8-bit shift register can be reset
asynchronously (low-level reset), and the storage register has an 8-bit Three-state parallel bus output, when the output
enable (OE) is enabled (active low), the storage register is output to the 74HC595N pin (bus).

Q[T
Q2[2]
Q3[3]
Q4[4

Q5[5

TIVCC
15]Q0
141S|
13]OE
T2]RCK
Q6[6 TT)SCK

Q7T T0]SCLR
GND[E] 9]SQH

NS6SOHYL  (

Pins
4.Wiring Diagram
Note: Pay attention to the direction in which the 74HC595N chip is inserted.
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* Filename : 74HC595N Control 8 LEDs

* Description : Use 74HC575N to drive ten leds to display the flowing light.
* Auther : http//www.keyestudio.com

:':/
int dataPin = 14; // Pin connected to DS of 74HC595(Pinl4)
int latchPin = 12; // Pin connected to ST_CP of 74HC595(Pinl2)
int clockPin = 13; // Pin connected to SH_CP of 74HC595(Pinll)
void setup() {
// set pins to output
pinMode (latchPin, OUTPUT);
pinMode(clockPin, OUTPUT);
pinMode(dataPin, OUTPUT);
}
void loop() {

// Define a one-byte variable to use the 8 bits to represent the state of 8 LEDs of,

—LED bar graph.

(continues on next page)

9.11. Project 1174HC595N Control 8 LEDs

519




ESP32 Learning Kit

(continued from previous page)

// This variable is assigned to 0x01, that is binary 00000001, which indicates only.,
—one LED light on.
byte x = 0x01; // 0b 0000 0001
for (int j = 0; j < 8; j++) { // Let led light up from right to left
writeTo595(LSBFIRST, x);
X <<= 1; // make the variable move one bit to left once, then the bright LED move.
—>one step to the left once.
delay(50);
}
delay(100);
x = 0x80; //0b 1000 0000
for (int j = 0; j < 8; j++) { // Let led light up from left to right
writeTo595(LSBFIRST, x);
X >>= 1;
delay(50);
}
delay(100);
}
void writeTo595(int order, byte _data ) {
// Output low level to latchPin
digitalWrite(latchPin, LOW);
// Send serial data to 74HC595
shiftOut(dataPin, clockPin, order, _data);
// Output high level to latchPin, and 74HC595 will update the data to the parallel.
—output port.
digitalWrite(latchPin, HIGH);

}
//:’::'::'::'::’::'::'::'::'::’::’::'::'::'::'::'::'::':7’::’::'::'::'::’::’::’::'::'::’::’::'::'::'::’::'::'::'::'::’::'::'::'::'::'::'::'::':7’::'::'::'::'::’::'::'::'::'::’::’::'::'::'::’::'::'::'::'::’::’::'::(‘:‘.‘:’::’.‘:'.‘:1‘7'.‘:"-:'.-:'.‘:1':’.'
6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the 8 LEDs start flashing in flowing water mode.

9.12 Project 12Active Buzzer

1.Introduction

Active buzzer is a sound component that is widely used as a sound component for computers, printers, alarms, elec-
tronic toys and phones, timers etc. It has an internal vibration source, just by connecting to a 5V power supply, it can
continuously buzz. In this project, we will use ESP32 to control the active buzzer to beep.

2.Components
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L]
AREE RPN

ESP32%*1

B—

NPN Transistor(S8050)*1

Breadboard*1

omp-

1k Resistor*1

Active buzzer*1

Jumper Wires USB Cable*1

3.Component Knowledge

The active buzzer inside has a simple oscillator circuit , which can convert constant direct current into a certain fre-
quency pulse signal. Once active buzzer receives a high level, it will sound. The passive buzzer is an integrated
electronic buzzer with no internal vibration source. It must be driven by 2K to 5K square wave instead of a DC signal.

The appearance of the two buzzers is very similar, but passive buzzers come with a green circuit board, and active
buzzers come with a black tape. Passive buzzers don’t have positive pole, but active buzzers have. As shown below:

9.12. Project 12Active Buzzer
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Transistor:

Since the buzzer requires such large current that GPIO of ESP32 output capability cannot meet the requirement, a
transistor of NPN type is needed here to amplify the current.

Transistor, the full name: semiconductor transistor, is a semiconductor device that controls current. Transistor can be
used to amplify weak signal, or work as a switch. It has three electrodes(PINs): base (b), collector © and emitter (e).

CEINT3

When there is current passing between “be”, “ce” , which will allow several-fold current (transistor magnification)
pass, at this point, transistor works in the amplifying area. When current between “be” exceeds a certain value, “ce” ,
which will not allow current to increase any longer, at this point, transistor works in the saturation area. Transistor has
two types as shown below: PNP and NPN,

1R E 3|1C

192083 alr 19283 ikE
E B C ERB €

PNP transistor NPN transistor

In our kit, the PNP transistor is marked with 8550, and the NPN transistor is marked with 8050.
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Based on the transistor’s characteristics, it is often used as a switch in digital circuits. As micro-controller’s capacity
to output current is very weak, we will use a transistor to amplify current and drive large-current components.

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

When using the PNP transistor to drive a buzzer, we often adopt the following method. If GPIO outputs low level,
current will flow through R1, the transistor will get conducted, and the buzzer will sound. If GPIO outputs high level,
no current flows through R1, the transistor will not be conducted, and buzzer will not sound.

NPN transistor to drive buzzer PNP transistor to drive buzzer
3V 5V
ME T R1

1kQ

B
i ? uzzer @ —'\/VV\I I:CH

R1
1kQ 11
Pin —
D VVV\’ Q1 2 ||| Buzzer
T
4. Wiring Diagram
SSES Pseeve wseves ¢ o000 o0 e e e e 0 00
W g g
;/ | .
. . © 6 6 6 66 66606066060 s e s s e e
. [OXOXOICXCNCNOOXE) ® 6 6 6 6 6 6 6 6 66 6L L L LG e e e e
. . = HEEEEEEEEEEEEE © 5 6 6 66 6566 E e s s e e
. o ® 5 5 6 66 655G B s B e e e
. R ® 5 6 5 66 655 LE L s s e e e
<
b
gE 6660600000000 0000
= 6660600000000 0000
6660600000000 0000
6660000000000 000
® 6606000000000 00 s
U A . ® o 0 00
o e oo s o000 o0 e e e 0 00

fritzing

Note: The buzzer power supply in this circuit is 5V. On a 3.3V power supply, the buzzer can work, but it will reduce
the loudness.

5.Test Code

/5 ol o o ok R R S kot
Vai
* Filename : Active Buzzer
* Description : Active buzzer beeps.
(continues on next page)
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(continued from previous page)

* Auther : http//www.keyestudio.com
;l‘/

#define buzzerPin 15 //define buzzer pins

void setup ()
{
pinMode (buzzerPin, OUTPUT);
}
void loop QO
{
digitalWrite (buzzerPin, HIGH);
delay (500);
digitalWrite (buzzerPin, LOW);
delay (500);

Ve

6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the active buzzer beeps.

9.13 Project 13Passive Buzzer

1.Introduction

In a previous project, we studied an active buzzer, which can only make a sound and may make you feel very
monotonous. In this project, we will learn a passive buzzer and use the ESP32 control it to work. Unlike the active
buzzer, the passive buzzer can emit sounds of different frequencies.

2. Components

ESP32*1 Breadboard*1 Passive Buzzer *1

NPN Transistor(S8050)*1  1kResistor*1 Jumper Wires USB Cable*1

3.Component Knowledge
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Passive buzzer: A passive buzzer is an integrated electronic buzzer with no internal vibration source and it has to be
driven by 2K-5K square waves, not DC signals. The two buzzers are very similar in appearance, but one buzzer with a
green circuit board is a passive buzzer and the other buzzer with black tape is an active buzzer. Passive buzzers cannot
distinguish between positive polarity while active buzzers can.

Transistor: Please refer to project 12.

4.Wiring Diagram
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fritzing
5.Test Code
s
/:’:
* Filename : Passive Buzzer
* Description : Passive Buzzer sounds the alarm.
* Auther : http//www.keyestudio.com
:':/

#define LEDC_CHANNEL_0 0

// LEDC timer uses 13 bit accuracy

#define LEDC_TIMER_13_BIT 13

// Define tool I/O ports

#define BUZZER_PIN 15

//Create a musical melody list, Super Mario

int melody[] = {330, 330, 330, 262, 330, 392, 196, 262, 196, 165, 220, 247, 233, 220,.
-196, 330, 392, 440, 349, 392, 330, 262, 294, 247, 262, 196, 165, 220, 247, 233, 220,.
—196, 330, 392,440, 349, 392, 330, 262, 294, 247, 392, 370, 330, 311, 330, 208, 220,.
—262, 220, 262,

294, 392, 370, 330, 311, 330, 523, 523, 523, 392, 370, 330, 311, 330, 208, 220, 262,220,.
—262, 294, 311, 294, 262, 262, 262, 262, 262, 294, 330, 262, 220, 196, 262, 262,262,.
—262, 294, 330, 262, 262, 262, 262, 294, 330, 262, 220, 196};

//Create a list of tone durations

int noteDurations[] = {8,4,4,8,4,2,2,3,3,3,4,4,8,4,8,8,8,4,8,4,3,8,8,3,3,3,3,4,4,8,4,8,8,
-.8,4,8,4,3,8,8,2,8,8,8,4,4,8,8,4,8,8,3,8,8,8,4,4,4,8,2,8,8,8,4,4,8,8,4,8,8,3,3,3,1,8,4,
-4,8,4,8,4,8,2,8,4,4,8,4,1,8,4,4,8,4,8,4,8,2};

void setup() {

pinMode (BUZZER_PIN, OUTPUT); // Set the buzzer to output mode

(continues on next page)
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(continued from previous page)

}
void loop() {
int noteDuration; //Create a variable of noteDuration

for (int i = 0; i < sizeof(noteDurations); ++i)

{
noteDuration = 800/noteDurations[i];
ledcSetup (LEDC_CHANNEL_O, melody[i]*2, LEDC_TIMER_13_BIT);
ledcAttachPin(BUZZER_PIN, LEDC_CHANNEL_O®);
ledcWrite (LEDC_CHANNEL_O®, 50);
delay(noteDuration * 1.30); //delay
}
}
//*
6.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the passive buzzer plays music.

9.14 Project 14: Mini Table Lamp

1. Introduction

Do you know that the ESP32 can light up an LED when you press a button? In this project, we will use a ESP32, a
button switch and a LED to make a mini table lamp.

2. Components

= % qurreeswercees f =
. .

ESP32*1 Breadboard*1 Button*1 10K Resistor*1

= e B N

Red LED*1 22 Resistor*1 USB Cable*1 Jumper Wires Button Cap*1

3. Component Knowledge
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Button: A button can control the circuit on and off, the button is plugged into a circuit, the circuit is disconnected when
the button is not pressed. The circuit works when you press the button, but breaks again when you release it. Why does
it only work when you press it? It starts from the internal structure of the button, which don’t allow current to travel
from one end of the button to the other before it is pressed. When pressed, a metal strip inside the button connects the
two sides to allow electricity to pass through.

The internal structure of the button is shown in the figure ; " . Before the button is pressed, 1 and 2 are
on, 3 and 4 are also on, but 1, 3 or 1, 4 or 2, 3 or 2, 4 are off(not working). Only when the button is pressed, 1, 3 or 1,
4or2,3or2,4are on.

The button switch is one of the most commonly used components in circuit design.

Schematic diagram of the button:

N =T A

£
H\V; /

e

— e

What is button shake?

We think of the switch circuit as “press the button and turn it on immediately”, press it again and turn it off immediately”.
In fact, this is not the case.

The button usually uses a mechanical elastic switch, and the mechanical elastic switch will produce a series of
[shake](javascript:;) due to the elastic action at the moment when the mechanical contact is opened and closed (usually
about 10ms). As a result, the button switch will not immediately and stably turn on the circuit when it is closed, and it
will not be completely and instantaneously disconnected when it is turned off.
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Ideal button waveform

Actual button waveform

How to eliminate the shake?

There are two common methods, namely fix shake in the software and hardware. We only discuss the shake removal
in the software.

We already know that the shake time generated by elasticity is about 10ms, and the delay command can be used to
delay the execution time of the command to achieve the effect of shake removal.

Therefore, we delay 0.02s in the code to achieve the key anti-shake function.

Effect excluding jitter

4. Wiring Diagram
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Note:

How to connect the LED

A.Iil-ode f f Cathode

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 5-band resistor and 10K 5-band resistor
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(2 2 0)x1+x1%
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red red black black blown
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5. Test code
//7'::':
/:’r
* Filename : Mini Table Lamp
* Description : Make a table lamp.
* Auther : http//www.keyestudio.com

::/

#define PIN_LED 4
#define PIN_BUTTON 15
bool ledState = false;

void setup() {
// initialize digital pin PIN_LED as an output.
pinMode (PIN_LED, OUTPUT);
pinMode (PIN_BUTTON, INPUT);

3

// the loop function runs over and over again forever
void loop() {
if (digitalRead(PIN_BUTTON) == LOW) {
delay(20);
if (digitalRead(PIN_BUTTON) == LOW) {
reverseGPIO(PIN_LED);
}
while (digitalRead(PIN_BUTTON) == LOW);
}
}

void reverseGPIO(int pin) {
ledState = !ledState;
digitalWrite(pin, ledState);
}
) o o ol R R S kot

6. Test Result
Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
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will see that press the push button switch, the LED turns on; When it is released, the LED is still on. Press it again,
and the LED turns off. When it is released, the LED stays off. Doesn’t it look like a mini table lamp?

9.15 Project 15Tilt And LED

1. Introduction

The ancients without electronic clock, so the hourglass are invented to measure time. The hourglass has a large capacity
on both sides, and which is filled with fine sand on one side. What’s more, there is a small channel in the middle, which
can make the hourglass stand upright, the side with fine sand is on the top. due to the effect of gravity,the fine sand will
flow down through the channel to the other side of the hourglass.

When the sand reaches the bottom, turn it upside down and record the number of times it has gone through the hourglass,
therefore, the next day we can know the approximate time of the day by it.

In this project, we will use ESP32 to control the tilt switch and LED lights to simulate an hourglass to make an electronic
hourglass.

2. Components

ERETETERERNRRT

Tilt Switch*1 Red LED*4 10K Resistor*1

Gud —a N\

Breadboard*1 220 Resistor*4 USB Cable*1 Jumper Wires

3. Component Knowledge
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Tilt switch is also called digital switch. Inside is a metal ball that can roll. The principle of rolling the metal ball to
contact with the conductive plate at the bottom, which is used to control the on and off of the circuit. When it is a rolling
ball tilt sensing switch with single directional trigger, the tilt sensor is tilted toward the trigger end (two gold-plated pin
ends), the tilt switch is in a closed circuit and the voltage at the analog port is about 5V (binary number is 1023).

In this way, the LED will light up. When the tilting switch is in horizontal position or tilting to the other end, the tilting
switch is in open state the voltage of the analog port is about OV (binary number is 0), the LED will turn off. In the
program, we judge the state of the switch based on whether the voltage value of the analog port is greater than 2.5V
(binary number is 512).

The internal structure of the tilt switch is used here to illustrate how it works, as shown below:

free mass rolling ball that opens

/ or closes connection with circuit
R conductive plate

at bottom

Open circuit

Closed circuit
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4. Wiring Diagram
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Note:

How to connect the LED

A.I'I'I-Ode f f Cathode

Cathode (-)

Short Lead
Anode (+)

Long Lead

How to identify the 220 5-band resistor and 10K 5-band resistor
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5. Test Code
//:’::'::'::'::’::'::'.':1':'.':&‘:'.':'::'::'.':i‘:'.':'.':i':'.‘:i‘:'.‘:’.‘:i‘:’.‘:i‘:'.':1':1':’.':1':'.':1‘:1‘:’::1‘:'::'::'::’r:'::'.':1':'.':1‘:'.':1':1':&:1‘:1‘:’.‘:1‘:’.‘:1‘:'.':1':1':’.':1':'.':1‘:1‘:’::’.‘:'.‘:%
/:’:

* Filename : Tilt And LED

* Description : Tilt switches and four leds to simulate an hourglass.
* Auther : http//www.keyestudio.com

:':/

#define SWITCH_PIN 15 // the tilt switch is connected to Pinl5
byte switch_state = 0;
void setup()

{
for(int i=16;i<20;i++)
{
pinMode(i, OUTPUT);
}

pinMode (SWITCH_PIN, INPUT);
for(int i=16;i<20;i++)
{
digitalWrite(i,0);
}
Serial.begin(9600) ;
}

(continues on next page)
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(continued from previous page)
void loop()
{
switch_state = digitalRead(SWITCH_PIN);
Serial.println(switch_state);
if (switch_state == 0)
{
for(int i=16;i<20;i++)
{
digitalWrite(i,1);
delay(500);
}
}
if (switch_state == 1)
{
for(int i=19;i>15;i--)
{
digitalWrite(i,0);
delay(500);
}
}
}
//:’:7’::'.‘:i‘:i‘:l‘:i‘:’.‘:i‘:i‘:l‘:i‘:'::'::1'7?:1‘:1‘:1‘:1‘71‘:1‘:!‘:1‘:1‘7’::'::'::'::':7’::'::'::'::'::i‘:'::'::':7'::1‘:'::'::1-7?:1‘:'.-:1-:1'71':1‘:'.-:1-:%7’::'.‘:'.‘:1‘:1‘7’::'.‘:’.‘:1‘:1‘:’::'::'::':7'::’::'.-:1-:1-7?:?:'.-:1-:%7?:?:’::{-

6. Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that when you tilt the breadboard to an angle, the LEDs will light up one by one. When you turn the breadboard
to the original angle, the LEDs will turn off one by one. Like the hourglass, the sand will leak out over time.

9.16 Project 16: 12C 128x32 LCD

1. Introduction

In everyday life, we can do a host of experiments with the display module and also DIY a broad menu of small objects.
For example, you can make a temperature meter with a temperature sensor and a display, or make a distance meter with
an ultrasonic module and a display.

In this project, we will use the LCD_128X32_DOT module as the display and connect it to the ESP32, which will be
used to control the LCD_128X32_DOT display to show various English words, common symbols and numbers.

2. Components
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ESP32*1 Breadboard*1

_. .
=

LCD_128X32_DOT*1 M-F Dupont Wires USB Cable*1

3. Component Knowledge

LCD_128X32_DOT: It is an LCD module with 128*32 pixels and its driver chip is ST7567A. The module uses the
IIC communication mode, while the code contains a library of all alphabets and common symbols that can be called
directly.

When using, we can also set it in the code so that the English letters and symbols show different text sizes. To make it
easy to set up the pattern display, we also provide a mold capture software that converts a specific pattern into control
code and then copies it directly into the test code for use.

Schematic diagram of LCD_128X32_DOT
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LCD LCD 128*32 dot

1
) ||'GI“D Ul 3V
<2 3 7]
g % = I‘ Vm :EU out : 1
_ca _ 100 S e
TOONF =~ — :
GND GND GND GND GND GND  sCL
SDA
Features:

Pixel: 128+%32 character

Operating voltage(chip)4.5V to 5.5V
Operating current]100mA (5.0V)
Optimal operating voltage(module):5.0V

4. Wiring Diagram
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5. Adding the led128_32_io library

This code uses a library named “led128_32_io”, if you haven’t installed it yet, please do so before learning. The steps
to add third-party libraries are as follows:

Click on the link to download the library file:Arduino C “lcd128_32_io.h” Librarie

6. Test Code
/)%
/:2‘
* Filename : LCD 128%*32
* Description : LCD 128%32 display string
* Auther : http//www.keyestudio.com

:'r/
#include "lcd128_32_io.h"

//Create 1CD128 *32 pinsda--->21 scl--->22
lcd lcd(21, 22);

void setup() {
lced.Init(); //initialize

(continues on next page)
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(continued from previous page)
lcd.Clear(); //clear
}

void loop() {
lcd.Cursor(0®, 4); //Set display position
lcd.Display("KEYESTUDIO"); //Setting the display
lcd.Cursor(l, 0);
lcd.Display("ABCDEFGHI JKLMNOPQR") ;
lcd.Cursor(2, 0);
lcd.Display("123456789+-%/<>=$@");
lcd.Cursor(3, 0);
lcd.Display("%*&O{}:; "7, .~\\[1");

//:'::':

6. Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you will
see that the 128X32L.CD module display will show“KEYESTUDIOat the first line“ABCDEFGHIJKLMNOPQRwill
be displayed at the second line*“123456789+*/<>=$@”’will be shown at the third line and“%"&(){ }:;’|?,.~\[]"will be
displayed at the fourth line.

9.17 Project 17Small Fan

1. Introduction

In hot summer, we need electric fans to cool us down, so in this project, we will use a ESP32 to control a DC motor
and small fan blades to make a small electric fan.

2. Components
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-E N '-_——_.—

ESP32*1 DC Motor*1 Breadboard*1 Fan*1 NPN Transistor
(S8050)*1

| -
B— em N\ i =l
PNP

Transistor 1K Resistor*1 Jumper Wire Diode*1 USB Cable*1
(S8550)*1
6 AA Battery Keyestudio Breadboard AA  Battery(Self-
Holder*1 Power Module*1 prepared)*6

3. Component Knowledge:

Keyestudio Breadboard Power Supply Module

Introduction:

This breadboard power supply module is compatible with 5V and 3.3V, which can be applied to MB102 breadboard.
The module contains two channels of independent control, powered by the USB all the way.

The output voltage is constant for the DC5V, and another way is powered by DC6.5-12V, output controlled by the slide
switch, respectively for DC 5V and DC 3.3V.

If the other power supply is DC 6.5-12v, when the slide switch is switched to +5V, the output voltages of the left and
right lines of the module are DC 5V. When the slide switch is switched to +3V, the output voltage of the USB power
supply terminal of the module is DC 5V , and the output voltage of the DC 6.5-12V power supply terminal of the other
power supply is DC 3.3V.

Specification:
» Applied to MB102 breadboard;
¢ Input voltageDC 6.5-12V or powered by USB;
e Qutput voltage3.3V or 5V
* Max output current:<700ma
* Up and down two channels of independent control, one of which can be switched to 3.3V or 5V;

Comes with two sets of DC output pins, easy for external use.
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4. Wiring Diagram 1
‘We use the S805S0NPN transistor) to control the motor
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Wire up first, then connect a fan at the DC motor

5. Test Code 1

VA
/:’:
* Filename : Small_Fan
* Description : S8050 triode drives the motor working
* Auther : http//www.keyestudio.com
:':/

void setup() {

pinMode (15, OUTPUT); // Initialize pin 15 as output.
}

void loop() {
digitalWrite(1l5, HIGH); // Turn on the motor (HIGH means HIGH level)
delay (4000); // Delay 4 seconds

(continues on next page)
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(continued from previous page)

digitalWrite(1l5, LOW); // Reduce the voltage and turn off the motor
delay(2000); // Delay 2 seconds
}
//7':7'::':7':-.'.‘7'.‘7'::'::':-.’.‘:':7'.‘:'::':-.’::':7'.‘:1‘:?:!‘:1‘:1‘:1‘:’.‘:1‘7?:':>'r-.':7':7'::1‘:1‘:1‘71‘7'.‘:1‘:1‘:?:'.‘7'.‘:'::1‘:?:1‘7'.‘:1‘:?:?:?:'r*:’::’::’::':71‘-.1‘71‘7"‘:1‘71‘:?7'.‘7'.‘:'::':-.’::':7'::1‘:1‘:?:1‘7'.‘:1‘:?:?:?:'r:'r:':

6. Test Result 1

Upload the code to the ESP32 and power up. You will view the motor rotate for 4s, stop for 2s, in a loop way
7. Wiring Diagram 2

We use the S8050PNP transistor) to control the motor
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AA Battery
AA Battery
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|

fritzing
Wire up first, then connect a fan at the DC motor

8. Test Code 2

//:'::'.

/-.':
* Filename : Small_Fan
* Description : S8550 triode drives the motor working
* Auther : http//www.keyestudio.com

7':/

(continues on next page)
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(continued from previous page)

void setup() {

pinMode (15, OUTPUT); // Initialize pin 15 as output.
}

void loop() {
digitalWrite(l5, LOW); // Turn on the motor (LOW means LOW level)

delay (4000); // Delay 4 seconds
digitalWrite(l5, HIGH); // Raise the voltage and turn off the motor
delay(2000); // Delay 2 seconds

}

//:’:7'::'::l‘;’.-:i‘:i‘:'::':;’r:'::%:'::’:;’::'::l‘;'::(':’::i‘:'::1‘:’::’:7(‘:'::l‘:’.-:’::i‘:'::l‘;’.':’::i':'::':;’::'::1':'::’:;’::'::?;'::(':’:7(‘:':;1‘:('7’:7?:'::l‘:’.-:’::i‘:'::l‘;’.-:’r:i‘:'::':;’::'::l':'::(‘;’::1':?;'::(‘;’:7?:':;1‘:('

9. Test Result 2

Upload the code to the ESP32 and power up. You will view the motor rotate for 4s, stop for 2s, in a loop way

9.18 Project 18: Dimming Light

1. Introduction

A potentiometer is a three-terminal resistor with sliding or rotating contacts that forms an adjustable voltage divider.
It works by changing the position of the sliding contacts across a uniform resistance. In the potentiometer, the entire
input voltage is applied across the whole length of the resistor, and the output voltage is the voltage drop between the
fixed and sliding contact.

In this project, we will learn how to use ESP32 to read the values of the potentiometer, and make a dimming lamp with
LED.

2. Components

ESP32*1 Breadboard*1 Potentiometer*®1 Red LED*1

T

e

220Resistor*1 Jumper Wires USB Cable*1

3. Component Knowledge
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Adjustable potentiometer: It is a kind of resistor and an analog electronic component, which has two states of 0 and
1(high level and low level). The analog quantity is different, its data state presents a linear state such as 1 ~ 1024

ADC : An ADC is an electronic integrated circuit used to convert analog signals such as voltages to digital or binary
form consisting of 1s and 0s. The range of our ADC on ESP32 is 12 bits, that means the resolution is 2*12=4096, and
it represents a range (at 3.3V) will be divided equally to 4096 parts. The rage of analog values corresponds to ADC
values. So the more bits the ADC has, the denser the partition of analog will be and the greater the precision of the
resulting conversion.

DIGITAL

255
254
253
252
251

= TR

.

ov 33V © ANALOG

Subsection 1: the analog in rang of 0V—3.3/4095 V corresponds to digital O.
Subsection 2: the analog in rang of 3.3/4095 V—2%3.3 /4095V corresponds to digital 1;
The following analog will be divided accordingly.

The conversion formula is as follows:

ADCValue = AnalogVoltage

3.3

**DAC**The reversing of this process requires a DAC, Digital-to-Analog Converter. The digital I/O port can output
high level and low level (0 or 1), but cannot output an intermediate voltage value.

* 4095

This is where a DAC is useful. ESP32 has two DAC output pins with 8-bit accuracy, GPIO25 and GPIO26, which can
divide VCC (here is 3.3V) into 278=256 parts. For example, when the digital quantity is 1, the output voltage value
is 3.3/256 *1 V, and when the digital quantity is 128, the output voltage value is 3.3/256 *128=1.65V, the higher the
accuracy of DAC, the higher the accuracy of output voltage value will be.

The conversion formula is as follows:
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Analogloltage = DASSVSQZW +3.3(V)

ADC on ESP32

ESP32 has 16 pins can be used to measure analog signals. GPIO pin sequence number and analog pin definition are
shown in the following table

ADC number in ESP32 ESP32 GPIO number

ADCO GPIO 36
ADC3 GPIO 39
ADC4 GPIO 32
ADCS GPIO33
ADC6 GPIO34
ADC7 GPIO 35
ADC10 GPIO 4

ADC11 GPIO0

ADC12 GPI102

ADC13 GPIO15
ADC14 GPIO13
ADC15 GPIO 12
ADC16 GPIO 14
ADC17 GP1027
ADC18 GP1025
ADC19 GPIO26

DAC on ESP32

ESP32 has two 8-bit digital analog converters to be connected to GPIO25 and GPIO26 pins, respectively, and it is
immutable. As shown in the following table

Simulate pin number GPIO number

DAC1 GPIO25
DAC2 GPI1026

The DAC pin number is already defined in ESP32’s code base; for example, you can replace GPIO25 with DACI in
the code.

4. Read the values of the potentiometer

We connect the potentiometer to the analog 10 port of ESP32 to read the ADC value, DAC value and voltage value of
the potentiometer, please refer to the wiring diagram below
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* Filename : Read Potentiometer Analog Value
* Description : Basic usage of ADCDAC and Voltage
* Auther : http//www.keyestudio.com
%/
#define PIN_ANALOG_IN 36 //the pin of the Potentiometer

void setup() {
Serial.begin(115200);
}

//In loop()the analogRead() function is used to obtain the ADC value, and then the map().
— function is used to convert the value into an 8-bit precision DAC value. The input and.,
—output voltage are calculated according to the previous formula, and the information.
—»1s finally printed out.
void loop() {

int adcVal = analogRead (PIN_ANALOG_IN);

int dacVal = map(adcVal, 0, 4095, 0, 255);

double voltage = adcVal / 4095.0 * 3.3;

Serial.printf("ADC Val: %d, \t DAC Val: %d, \t Voltage: %.2fV\n", adcVal, dacVal,.
—voltage);

delay(200);
}
//:’::'::':;':7’::'.‘:'::':;'::’::'.‘:'::':;'::’::'.‘:'::':7'::’::'.‘:'::':7'::’::'::':7':7’::’::'::':;':7’::'.‘:'::':;'::’::'.‘:'::':;'::’::'.‘:'::':7'::’::'::'::':7'::’::'.‘:':7':7’::’::'::':7':7’::’.‘:'::':;'::’::'.‘:'::1‘7':7’::'::1‘:1‘7?:1‘:'::1‘:’:7?
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Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable, open the
serial monitor and set the baud rate to 115200 and press the reset button first.

You will see that the serial monitor window will print out the ADC value, DAC value and voltage value of the poten-
tiometer. When turning the potentiometer handle, the ADC value, DAC value and voltage value will change. As shown
below:

/dev/ttylUSBO

ADC val: 58, DAC Val: 4, Voltage: 0.05V =

ADC Val: 43, DAC Vval: 3, Voltage: ©.03V

ADC val: 38, pAC val: 2, Voltage: 0.83V

ADC Val: 443, DAC val: 28, Voltage: 0.38V

ADC Val: 477, DAC Vval: 3@, Voltage: ©.38V

ADC val: 490, pAC val: 31, Voltage: .39V

ADC Val: 753, DAC Val: 47, Voltage: 0.81V

ADC Val: 928, DAC Val: 58, Voltage: ©.75V

ADC Val: 925, DAC Vval: 58, Voltage: 0.75V

ADC val: 1359, DAC val: 85, Voltage: 1.10V

ADC Val: 1421, DAC Vval: 88, Voltage: 1.15V

ADC Val: 1463, DAC Vval: 91, Voltage: 1.18V

ADC Val: 1775, DAC val: 111, Voltage: 1.43V

ADC Val: 1915, DAC Val: 1109, Voltage: 1.54V I
-

A m— 3

| Autoscroll [ | Show timestamp Newline > | 115200 baud = = | Clear output

5. Wiring diagram of the dimming lamp

In the previous step, we read the ADC value, DAC value and voltage value of the potentiometer. Now we need to convert
the ADC value of the potentiometer into the brightness of the LED to make a lamp that can adjust the brightness.The
wiring diagram is as follow:
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6. Test Code

* Filename : Dimming Light
* Description : Controlling the brightness of LED by potentiometer.
* Auther : http//www.keyestudio.com
*/
#define PIN_ANALOG_IN 36 //the pin of the potentiometer
#define PIN_LED 15 // the pin of the LED
#define CHAN 0
void setup() {
ledcSetup(CHAN, 1000, 12);
ledcAttachPin(PIN_LED, CHAN);
}

void loop() {
int adcVal = analogRead(PIN_ANALOG_IN); //read adc
int pwmVal = adcVal; // adcVal re-map to pwmVal
ledcWrite(CHAN, pwmVal); // set the pulse width.
delay(10);

}

//:'::'::'::'::’::'.':'.':1‘:1‘:’::'.‘:'.‘:1‘71‘:1‘:'::'::':7'::’::'::'::l':’.':'.‘:'.‘:i‘:l‘:’.‘:'.‘:’.‘:i‘:l‘:’::'::'::'::'::’::'::'::':7'::’::'::'::':7'::’::'::'::l':’.':'.‘:'.‘:i‘:i‘:’.‘:'.‘:’.‘:i‘:l‘:’::'::'::'::'::’::'::'::':7'::1‘:i':i‘:i‘:l‘:i‘:i‘:i‘:l‘:’.‘

6. Test Result
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Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that turn the potentiometer handle and the brightness of the LED will change accordingly.

I LY R P T

RN

9.19 Project 19Flame Alarm

1. Introduction

Fire is a terrible disaster and fire alarm systems are very useful in housescommercial buildings and factories. In this
project, we will use ESP32 to control a flame sensor, a buzzer and a LED to simulate fire alarm devices. This is a
meaningful maker activity.

2. Component
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e Rl

ESP32*1 Breadboard*1

Flame Sensor*1 220 Resistor*1

B—

NPN Transistor(S8050)*1 1k Resistor*1

Red LED*1

:

10KResistor*1

e

USB Cable*1

Active Buzzer*1

N

Jumper Wires

3. Component Knowledge

The flame emits a certain amount IR light that is invisible to the human eye, but our flame sensor can detect it and
alert a microcontroller(such as ESP32) that a fire has been detected. It has a specially designed infrared receiver tube

to detect the flame and then convert the flame brightness into a fluctuating level signal.

The short pin of the receiving triode is negative pole and the other long pin is positive pole. We should connect the
short pin (negative) to 5V and the long pin (positive) to the analog pin, a resistor and GND. As shown in the figure

below
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The negative of infrared receiving triode

z Flatne zenzor

® The pesitive of infrared receiving triode

\
R

Connect to analog pin

10K

Note: Since vulnerable to radio frequency radiation and temperature changes, the flame sensor should be kept away
from heat sources like radiators, heaters and air conditioners, as well as direct irradiation of sunlight, headlights and
incandescent light.

4 .Read the values of the flame sensor

We first use a simple code to read the ADC value, DAC value and voltage value of the flame sensor and print them out.
Please refer to the wiring diagram below
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/:’:
* Filename : Read Analog Value Of Flame Sensor
* Description : Basic usage of ADCDAC and Voltage
* Auther : http//www.keyestudio.com
;’:/

#define PIN_ANALOG_IN 36 //the pin of the Flame sensor

void setup() {
Serial.begin(115200);
}

//In loop()the analogRead() function is used to obtain the ADC value, and then the map().
— function is used to convert the value into an 8-bit precision DAC value. The input and.,
—output voltage are calculated according to the previous formula, and the information.
—»1s finally printed out.
void loop() {

int adcVal = analogRead (PIN_ANALOG_IN);

int dacVal = map(adcVal, 0, 4095, 0, 255);

double voltage = adcVal / 4095.0 * 3.3;

Serial.printf("ADC Val: %d, \t DAC Val: %d, \t Voltage: %.2fV\n", adcVal, dacVal,.

(continues on next page)
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(continued from previous page)
—voltage);
delay(200);
}

//:’::'r:%:?:’::’::'::%:':-.’::’::'::h’::’::’::‘r:%71‘:’:7'::'::{‘7’::’::’::%:i-:’::?:'r:h?*:’::'::%7':-.’::’::'::%7?:’::’::'::%:?:’:7'::'::':7’::’::'::'::’::’::’::'r:h?:’::’::'r:h?:’::’::'r:%7?:’::’::':*7?:’:7'::'::':7’:

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable, open the
serial monitor and set the baud rate to 115200 and press the reset button first.

You will see that the serial monitor window will print out the ADC value, DAC value and voltage value of the flame
sensor. When the sensor is closed to fire, the ADC value,DAC value and voltage value will get greater. Conversely, the
ADC value,DAC value and voltage value decrease.

{dev/ttyUSB0O

ADC Val: 58, DAC Vval: 4, Voltage:

0.5V
ADC Val: 43, DAC val: 3, Voltage: 0.83V
ADC Val: 38, DAC Vval: 2, Voltage: 0.03V
ADC Val: 443, DAC Vval: 28, Voltage: ©.36V
ADC Val: 477, DAC val: 3@, Voltage: .38V
ADC Val: 496, DAC Vval: 31, Voltage: ©.39V
ADC Val: 753, DAC Val: 47, Voltage: ©.61V
ADC Val: 928, DAC Vval: 58, Voltage: 0.75V
ADC Val: 925, DAC Val: 58, Voltage: ©.75V
ADC Val: 1359, DAC Val: 85, Voltage: 1.18V
ADC val: 1421, pAC val: 88, Voltage: 1.15V
ADC Val: 1463, DAC val: 91, Voltage: 1.18V
ADC Val: 1775, DAC Val: 111, Voltage: 1.43V
ADC val: 1915, pAC val: 119, Voltage: 1.54V I
-
4 3
v Autoscroll [ | Show timestamp Newline T |[115200 baud | = | Clear output

5. Wiring diagram of the flame alarm

Next, we will use a flame sensor, a buzzer, and a LED to make an interesting project, that is flame alarm. When flame
is detected, the LED flashes and the buzzer alarms.
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6. Test Code

if|adcVal >566:

Note: the threshold of 500 in the code can be reset as required)
//**********************************************************************************
/*
* Filename : Flame Alarm
* Description : Controlling the buzzer and LED by flame sensor.
* Auther : http//www.keyestudio.com
*/
#define PIN_ADCO 36 //the pin of the flame sensor
#define PIN_LED 15 // the pin of the LED

#define PIN_BUZZER 4 // the pin of the buzzer

void setup() {
pinMode (PIN_LED, OUTPUT);
pinMode (PIN_BUZZER, OUTPUT);
pinMode (PIN_ADCO®, INPUT);

}

void loop() {
int adcVal = analogRead(PIN_ADC®); //read the ADC value of flame sensor
if (adcval >= 500) {
digitalWrite (PIN_BUZZER, HIGH); //turn on buzzer
digitalWrite(PIN_LED, HIGH); // turn on LED
delay(500); // wait a second.
digitalWrite (PIN_BUZZER, LOW);
digitalWrite(PIN_LED, LOW); // turn off LED
delay(500); // wait a second

(continues on next page)
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(continued from previous page)
}
else
{
digitalWrite(PIN_LED, LOW); //turn off LED
digitalWrite (PIN_BUZZER, LOW); //turn off buzzer
}
3
ko ol ok ol ol ko ks ket

7. Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that when the flame sensor detects the flame, the LED will flash and the buzzer will alarm, otherwise, the LED
does not light up and the buzzer does not sound.

9.20 Project 20: Night Lamp

1. Introduction

Sensors or components are ubiquitous in our daily life. For example, some public street lamps will automatically turn
on at night and turn off during the day. In fact, this make use of a photosensitive element that senses the intensity of
external ambient light. When the outdoor brightness decreases at night, the street lights will turn on automatically. In
the daytime, the street lights will automatically turn off.

In this project, we use a ESP32 to control a LED to achieve the effect of the street light.

2. Components

- ‘-m

ESP32*1 Breadboard*1 Red LED*1 10KResistor*1

¢ Gup AN —

Photoresistor*1 220Resistor* 1 Jumper Wires USB Cable*1

3. Component Knowledge

docs/media/9eh53e75b6£976£33438171eb2f2e775-1699344906400-78.png

Photoresistor : It is a kind of photosensitive resistor, its principle is that the photoresistor surface receives brightness
(light) to reduce the resistance, the resistance value will change with the detected intensity of the ambient light . With
this characteristic, we can use the photoresistor to detect the light intensity. Photoresistor and its electronic symbol are
as follows
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‘I
1 2

The following circuit is used to detect changes in resistance values of photoresistors

3.3V 3. 3V
R2
10K
R1
Pin
Pin
R1
R2
10K

In the circuit above, when the resistance of the photoresistor changes due to the change of light intensity, the voltage
between the photoresistor and resistor R2 will also change. Thus, the intensity of light can be obtained by measuring
this voltage.

4. Read the values of the photoresistor

We first use a simple code to read the ADC value, DAC value and voltage value of the photoresistor and print them out.
Please refer to the following wiring diagram
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/:’:

* Filename : Read Photosensitive Analog Value

* Description : Basic usage of ADC

* Auther : http//www.keyestudio.com

:':/

#define PIN_ANALOG_IN 36 //the pin of the photosensitive sensor

void setup() {
Serial.begin(115200);
}

//In loop()the analogRead() function is used to obtain the ADC value, and then the map().
—function is used to convert the value into an 8-bit precision DAC value. The input and.
—output voltage are calculated according to the previous formula, and the information.
—1s finally printed out.
void loop() {

int adcVal = analogRead(PIN_ANALOG_IN);

int dacVal = map(adcVal, 0, 4095, 0, 255);

double voltage = adcVal / 4095.0 * 3.3;

Serial.printf("ADC Val: %d, \t DAC Val: %d, \t Voltage: %.2fV\n", adcVal, dacVal,.
—voltage) ;

delay(200);

(continues on next page)
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(continued from previous page)

}

//:'::l‘:'::"::(‘:i‘:i‘:l‘;'::(‘:’.‘:'::':;i':(‘:'::'::'::i‘:(‘:’::'::{':h(‘:':7'::"::l':i‘:i‘:l‘:"::(‘:’::{‘:l‘:'::(‘*:'::':;i':(‘:’::'::'::i‘:(‘:'::'::{':'::’::'::':z"::i':i‘:i‘:l‘z"::(‘:’.‘:{‘:l‘;'::(‘:’::l':':;'::(‘:’::'::'::%:(‘:'::'::‘l':':

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable, open the
serial monitor and set the baud rate to 115200 and press the reset button first.

You will see that the serial monitor window will print out the ADC valueDAC value and voltage value of the photore-
sistor. When the light intensity around the photoresistor is gradually reduced, the ADC value, DAC value and voltage
value will gradually increase. On the contrary, the ADC value, DAC value and voltage value decrease gradually.

/dev/ttyUSBO

ADC Val: 58, DAC Vval: 4, Voltage: ©.05V -

ADC Val: 43, DAC Vval: 3, Voltage: ©.03V

ADC Val: 38, DAC val: 2, Voltage: 0.83V

ADC Val: 443, DAC Vval: 28, Voltage: ©.36V

ADC Val: 477, DAC Vval: 3@, Voltage: ©.38V

ADC Val: 490, DAC val: 31, Voltage: .39V

ADC Val: 753, DAC Val: 47, Voltage: 0.61V

ADC Val: 928, DAC Val: 58, Voltage: ©.75V

ADC val: 925, pAC val: 58, Voltage: 0.75V

ADC Val: 1359, DAC Vval: 85, Voltage: 1.10V

ADC Val: 1421, DAC Vval: 88, Voltage: 1.15V

ADC val: 1463, pAC val: 91, Voltage: 1.18V

ADC Val: 1775, DAC Val: 111, Voltage: 1.43V

ADC Val: 1915, DAC Val: 119, Voltage: 1.54V I
-

{ — »

| Autoscroll [ | Show timestamp Newline > | 115200 baud @ = | Clear output

5. Wiring diagram of the light-controlled lamp

Now we will make a light controlled lamp. The principle is the same as the small dimming lamp , that is, the ESP32
takes the analog values of the sensor, and then adjusts the brightness of the LED.
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6. Test Code
/7
/:’:
* Filename : Night Lamp
* Description : Controlling the brightness of LED by photosensitive sensor.
* Auther : http//www.keyestudio.com
:':/

void loop() {

#define PIN_ANALOG_IN
#define PIN_LED

#define CHAN 0
#define LIGHT_MIN 372
#define LIGHT_MAX 2048

void setup() {
ledcSetup(CHAN, 1000, 12);
ledcAttachPin(PIN_LED, CHAN);

}

int adcVal
int pwmVal

36 // the pin of the photosensitive sensor
15 // the pin of the LED

= analogRead (PIN_ANALOG_IN); //read adc
= map(constrain(adcVal, LIGHT_MIN, LIGHT_MAX), LIGHT_MIN, LIGHT_MAX, O,.

—4095); // adcVal re-map to pwmVal
ledcWrite(CHAN, pwmVal); // set the pulse width.
delay(10);
3
/5 ol o o ol o o o ko R st
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7. Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that when the intensity of light around the photoresistor is reduced, the LED will be bright, on the contrary,
the LED will be dim.

9.21 Project 21Temperature Instrument

1.Introduction

Thermistor is a kind of resistor whose resistance depends on temperature changes, which is widely used in gardening,
home alarm systems and other devices. Therefore, we can use the features to make a temperature instrument.

2.Components

EFETATERERnEd

ESP32*1 Breadboard*1 Thermistor*1 10KResistor*1

—-
-

M-F Dupont Wires LCD 128X32 DOT*1 Jumper Wires USB Cable*1

3.Component Knowledge

Thermistor: It is a temperature sensitive resistor. When it senses a change in temperature, the resistance of the
thermistor will change. We can take advantage of this characteristic to detect temperature intensity. The thermistor and
its electronic symbol are shown below:

1 2

The relationship between resistance and temperature of the thermistor is
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1 1
12 711

Rt = R* EXP| B *

Rt is the thermistor resistance under T2 temperature;

R is the nominal resistance of thermistor under T1 temperature;

EXPI[n] is nth power of e;

B is temperature index;

T1, T2 is Kelvin temperature (absolute temperature). Kelvin temperature=273.15 + Celsius temperature.
Parameters : B=3950, R=10k, T1=25.

The circuit connection method of the thermistor is similar to the photoresistor, as shown below

3. 3V

R1
LOK

IADCO

We can use the value measured by the ADC converter to obtain the resistance of thermistor, and then we can use the
formula to obtain the temperature value.

Therefore, the temperature formula can be derived as:
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72=1/ FIn| — |/ B

4.Read the value of the thermistor

First we will learn the thermistor reading the current ADC value, voltage value and temperature value and print them
out. Please connect the wirings according to the wiring diagram below
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//:'.‘:'.‘:1‘:':71‘:i‘:i‘:i‘:l‘:i‘:’.‘:i‘:i‘:l‘:i‘:'::'::':7'::’::'.-:1-:1'7'::1‘:'.-:1-:1'7’::'::'::'::':7’::'::'::'::':71‘:'::'::'::'::i‘:'.‘:1‘:1'7?:1‘:’.‘:1‘:1‘7‘::1‘:'::'::':7’::i‘:'.‘:i‘:l‘:’::’.‘:i‘:i‘:l‘:i‘:'::'::'::'::’::'.‘:1‘:1'7?:1‘:’.‘:1‘:1‘7’:
/:’r
* Filename : Thermomter
* Description : Making a thermometer by thermistor.
* Auther : http//www.keyestudio.com
:':/

(continues on next page)
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(continued from previous page)
#define PIN_ANALOG_IN 36

void setup() {
Serial.begin(115200);

}

void loop() {
int adcValue = analogRead(PIN_ANALOG_IN); //read ADC pin
double voltage = (float)adcValue / 4095.0 * 3.3; // calculate voltage
double Rt = 10 * voltage / (3.3 - voltage); //calculate resistance.,

—value of thermistor

double tempK = 1 / (1 / (273.15 + 25) + log(Rt / 10) / 3950.0); //calculate.
—temperature (Kelvin)

double tempC = tempK - 273.15; //calculate.,
— temperature (Celsius)

Serial.printf("ADC value : %d,\tVoltage : %.2fV, \tTemperature : %.2fC\n", adcValue,.
—.voltage, tempQC);

delay(1000);
}

//:’.‘:'::'::":;’::’.‘;'::'::":;’.-:’.‘7'::l‘:‘::’::’::‘::l‘:'::’.‘:’::'::l‘:’::’.‘:’.‘:‘::‘l‘;’::’.‘:‘::l‘:"::’::’.-:'::'::"::’::’.‘7'::l‘:':;’::(‘:'::l‘:‘::’.‘:’.‘:‘::l‘:’::’::ﬂ‘:t‘:":;’::’.‘:'::'::":;’::’.‘:'::'::"::’::’.‘7'::l‘:"::’::’::'::l‘:'::’.‘:’::'::l‘;’:

Upload the code to the ESP32, power up with a USB cable, open serial monitor and set baud rate to 115200. Press the
rest button of the ESP32 board,then you will view ADC value, voltage value and temperature value of the thermistor
displayed.

Pinch the thermistor a while, the temperature value will increase.

[dev/ttyUSBO
: i Send
ADC value : 1872, Voltage : 1.51V, Temperature : 28.92C =
ADC value : 2077, Voltage : 1.67V, Temperature : 24.35C
ADC value : 1841, Voltage : 1.48V, Temperature : 29.63C
ADC wvalue : 1834, Voltage : 1.48V, Temperature : 29.79C
ADC value : 1861, Voltage : 1.58V, Temperature : 29.17C
ADC wvalue : 1835, Voltage : 1.48V, Temperature : 29.76C
ADC value : 1802, Voltage : 1.45V, Temperature : 30.52C
ADC value : 1778, Voltage : 1.43V, Temperature : 31.13C
ADC wvalue : 1834, Voltage : 1.48V, Temperature : 29.79C
ADC value : 1745, Voltage : 1.41V, Temperature : 31.85C
ADC value : 1888, Voltage : 1.46V, Temperature : 38.38C
ADC value : 1843, Voltage : 1.49V, Temperature : 29.58C
ADC value : 1870, Voltage : 1.51V, Temperature : 28.96C
ADC value : 2160, Voltage : 1.74V, Temperature : 22.54C
ADC value : 1859, Voltage : 1.58V, Temperature : 29.21C
h
v Autoscroll [ | Show timestamp MNewline > |115200 baud | = | Clear output

5.Wiring diagram of the temperature instrument
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6.Adding the 1cd128_32_io library
Please add the led128_32_io library first

-

Home Share View
v A < 3, Arduino Tutorial » 2. Raspberry Pi System W
Marme Date medified Type
1. Development Environment Configuration 7/8/2022 3:03 PM File folder
2. Projects 12022 12:05 PM File folder
3. Arduino Libraries TTF2022 1:14 PM File folder
7.Test Code
//:’:7'::'::l‘:’::’:*:'::':;’r:'::'r:'::':;’:*:’:;‘::(';’:71‘:’:*:('7’:7?:':;l‘:’.-:’::%:'::l‘:’::’::'r:'::':;’r:'::'r:'::':;’:*:’::'::(';’:7?:':;l‘:(-:’::l‘:’:;l‘:’::’:*:'::l‘:’r:’:*:'::':;’::l':l‘:'::’:**:’::'::’:;’:*:':;l‘:’:
/:’r
* Filename : Temperature Instrument
* Description : LCD displays the temperature of thermistor.
* Auther : http//www.keyestudio.com
;l‘/

#include "lcd128_32_io.h"

#define PIN_ANALOG_IN 36

(continues on next page)

9.21. Project 21Temperature Instrument 565




ESP32 Learning Kit

lcd 1cd(21, 22); //Create 1CD128 *32 pinsda->21 scl->22

void setup() {
lcd.Init(Q); //initialize
lcd.Clear(); //clear
}
char string[10];

void loop() {
int adcValue = analogRead (PIN_ANALOG_IN);
double voltage = (float)adcValue / 4095.0 * 3.3;
double Rt = 10 * voltage / (3.3 - voltage);
—value of thermistor

double tempK = 1 / (1 / (273.15 + 25) + log(Rt / 10) / 3950.0);

< temperature (Kelvin)
double tempC = tempK - 273.15;
—temperature (Celsius)
lcd.Cursor(0,0); //Set display position
lcd.Display("Voltage:"); //Setting the display
lcd.Cursor(0,8);
lcd.DisplayNum(voltage);
lcd.Cursor(0,11);
lcd.Display("V");
lcd.Cursor(2,0);
lcd.Display("tempC:");
lcd.Cursor(2,8);
lcd.DisplayNum(tempC) ;
lcd.Cursor(2,11);
lcd.Display("C™);
delay(200);

VA

(continued from previous page)

//read ADC pin
// calculate voltage
//calculate resistance.

//calculate.

//calculate,

8.Test Result

Compile and upload the code to ESP32, after the code is uploaded successfully, power up with a USB cable and you
will see that the LCD 128X32 DOT displays the voltage value of the thermistor and the temperature value in the current

environment.
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9.22 Project 22Bluetooth

This chapter mainly introduces how to make simple data transmission through Bluetooth of ESP32 and mobile phones.
Project 22.1 is classic Bluetooth while project 22.2 is Bluetooth control LED.

9.22.1 Project 22.1Classic Bluetooth

1.Components

ESP32*1 USB Cable*1

In this tutorial we need to use a Bluetooth APP called serial Bluetooth terminal to assist in the experiment.

Download link: https://www.appsapk.com/serial-bluetooth-terminal/ .

2.Component Knowledge

Bluetooth is a short-distance communication system that can be divided into two types, namely low power bluetooth
(BLE) and classic bluetooth. There are two modes for simple data transfer: master mode and slave mode.

Master Mode: In this mode, work is done on the master device and can be connected to the slave device. When the
device initiates a connection request in the main mode, information such as the address and pairing password of other
bluetooth devices are required. Once paired, you can connect directly to them.

Slave Mode: A bluetooth module in the slave mode can only accept connection requests from the host, but cannot
initiate connection requests. After being connected to a host device, it can send and receive data through the host
device.

Bluetooth devices can interact with each other, when they interact, the bluetooth device in the main mode searches
for nearby devices. While a connection is established, they can exchange data. For example, when a mobile phone
exchanges data with ESP32, the mobile phone is usually in master mode and the ESP32 is in slave mode.
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3.Wiring Diagram
We can use a USB cable to connect ESP32 mainboard to the USB port on the Raspberry P.
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4. Test Code
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Project_22.1_Classic_Bluetooth | Arduino 1.8.19
File Edit Sketch Tools Help

Project 22,1 Classic_Bluetooth

,‘/WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW“A

1--SerialToSerialBT
s with the phone by bluetooth and print phone's de

#1nclude "BluetoothSerial.h"

BluetoothSerial SerialBT;
String buffer;
vold setup() {
Serial.begin(115280);
SerialBT.begin("ESP32test"); //Bluetooth device name
Serial.println("\nThe device started, now you can pair it with bluetooth!");

3

ﬂoid loop() { v

* Filename : Classic Bluetooth--SerialToSerialBT

* Description : ESP32 communicates with the phone by bluetooth and print phone's data.
—via a serial port

* Auther : http//www.keyestudio.com

:':/
#include "BluetoothSerial.h"

BluetoothSerial SerialBT;
String buffer;
void setup() {
Serial.begin(115200);
SerialBT.begin("ESP32test"); //Bluetooth device name
Serial.println("\nThe device started, now you can pair it with bluetooth!");

}

void loop() {
if (Serial.available()) {
SerialBT.write(Serial.read());

}
if (SerialBT.available()) {

(continues on next page)
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(continued from previous page)

Serial.write(SerialBT.read());
3
delay(20);
}
//7’:7'::'::'::'-‘7’:7'::'::’:7'::’:7'::'::':71-:?7?71‘:'.‘71':1'71':1‘:'-‘71’:1’7'::'::'-:’:7'::1':1‘:'-‘71'71':1‘:1‘7'-‘:1‘7?:1‘71‘71‘:’:7':71‘:’:7!’:’:7'::'::'-7’::':7'::i‘:'-‘:!':i':(':i‘:'-‘:i‘:i’:'c:'::'-:':7'::1‘71‘71‘:1'7'.'71‘:’.‘71‘:’.‘7'.’:'::'-

5.Test Result

Compile and upload the code to the ESP32. After uploading successfullywe will use a USB cable to power on. Open
the serial monitor and set the baud rate to 115200 then press the reset button first. When you see the serial monitor
prints out the character string as below, it indicates that the Bluetooth of ESP32 is ready and waiting for connection
with a phone. (If open the serial monitor and set the baud rate to 115200, the information is not displayed, please press
the RESET button of the ESP32)

RESET BOOT

rst:0x1 (POWEROM_RESET), boot:0x13 (SPI_FAST_FLASH_BOOT)
configsip: ©, SPIWP:Oxee

clk_drv:0x08, q_drv:0x00,d_drv:0x80,cs0_drv:0x00, hd_drv:0x00, wp_drv:0x80
mode:DI0O, clock div:l

load:ox3fffeole, len: 4

load:ex3fffeelc, len: 1216

ho @ tail 12 room 4

load:0x40078000, len: 10944

load: 0x40080480, len: 6388

entry Ox400806b4

E (137) psram: PSRAM ID read error: Oxffffffff

The device started, now you can pair it with bluetooth!

-

| Autoscroll [ | Show timestamp MNewline > | 115200baud = = | Clear output

Make sure that the Bluetooth of your phone has been turned on and “Serial Bluetooth Terminal’has been installed.

Serial BEluetoot...

Click*Search”search for the nearby Bluetooth and select to connect the“ESP32 test”.
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0 CMCC 11:24 20 200 46 93% WD

< Bluetooth
Bluetooth &

Rename this device

M .:fl I_': uetoot "

Paired devices

1)

O ESP32test

Available devices
R 4E:17:CF:AA:84:38

With the Bluetooth enable, this device will be visible to nearby

'J"."-'I'.".: =

Turn on software APP, click the left of the terminal. Select “Devices” .

2@ 2 46 93% WD

Terminal o 1 | o

Serial Bluetooth Terminal

Terminal

Devices

Settings

Info

Select ESP32test in classic Bluetooth mode, and a successful connecting prompt will appear as shown below.
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<%

Devices

BLUETOOTH CLASSIC

BLUETOOTH LE

cting to ES

ed

ESP32test

C4:4f B6:3B

Data can be transferred between your phone and the Raspberry Pi via ESP32 now.

Send“Hello!”, When the Raspberry Pi receives it, which will reply with “Hi!”.

/dev/ttylUSBO

Hil

configsip: @, SPIWP: Bxee
clk_drv:exee, g_drv:0xee,d_drv:9xee, csf_drv:ex0e, hd_drv:oxee, wp_drv:oxee
mode:DI0O, clock div:1

o

load:
load:
ho @
load:
load:

Ex3fffeel18, len:

ox3fffooic, len
tail 12 room 4
Ox40078080, len
0x40080400, len

4
1216

:10944
. 6388

entry Ox400806b4
E (137) psram: PSRAM ID read error: @xffffffff

The device started, now you can palr 1t with bluetooth!

Hello!
| Autoscroll [ | Show timestamp Newline > |115200baud = = | Clear output
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il cMCC - 11:26 2O ACGD 46 92% W

Terminal -

11:25:41.094 Connecting to ESP32test ...
11:25:41.195 Connected

11:26:11.913 Hello!

11:26:24.759

M1 M2

9.22.2 Project 22.2Bluetooth Control LED

1.Components

-

*  rrETErEEENIIET
L ]

ESP32*1 Breadboard*1

el
&

Red LED*1 220Resistor*1

N\ —=

Jumper Wires USB Cable*1

2.Wiring Diagram

9.22. Project 22Bluetooth

573



ESP32 Learning Kit

L

.
.
.
-
O] »
™ .
O] »
D E]
) R
® K]
™ .
(=) B
.
® EJ
I
-
.
Ly .

> 9 @ 9@

DGl e o o o o

) &

Jnnmmmm:m

Amr._m.mj._n.__n.

3. Test Code
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Project_22.2_Bluetooth_Control_LED | Arduino 1.8.19
Eile Edit Sketch Tools Help

Project 22.2 Bluetooth Control LED

j,‘WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW“A

lame : Bluetooth Control LED

ription : The phone controls esp32

32's LED Lig'ta turn off.

#include "BluetoothSerial.h"
; #1nclude "string.h"
#define LED 15
! BluetoothSerial SerialBT;
| char buffer[28];
‘' static int count = 0;
+volid setup() {
' pinMode(LED, OUTPUT);
SerlalBT begin("ESP32test"); //Bluetooth device name -

ule, Default 4 600, None on J

/) % 3% *
Vai
* Filename : Bluetooth Control LED
* Description : The phone controls esp32's led via bluetooth.
When the phone sends "LED_on," ESP32's LED lights turn on.
When the phone sends "LED_off," ESP32's LED lights turn off.
* Auther : http//www.keyestudio.com
% /

#include "BluetoothSerial.h"
#include "string.h"
#define LED 15
BluetoothSerial SerialBT;
char buffer[20];
static int count = 0;
void setup() {
pinMode (LED, OUTPUT);
SerialBT.begin("ESP32test"); //Bluetooth device name
Serial.begin(115200);
Serial.println("\nThe device started, now you can pair it with bluetooth!");

}

void loop() {

(continues on next page)
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while(SerialBT.available())
{
buffer[count] = SerialBT.read();
count++;
}
if(count>0){
Serial.print (buffer);
if(strncmp (buffer,"led_on",6)==0){
digitalWrite(LED,HIGH);
}
if(strncmp(buffer,"led_off",7)==0){
digitalWrite(LED,LOW);
}
count=0;
memset (buffer,0,20);
}
}

(continued from previous page)

//:’r:'::'::':;i':i‘:i':'::'::’::’::'::'.':'::’::’::':;'::’.-:’::1‘:':;'::’::’r:'::'::':;(-:i‘:(‘:'::':;h’r:%:'::. e A e e A e N N N N N N e e e e e e e e e e et

4. Test Result

Compile and upload the code to the ESP32. The APP operation is the same as the project 22.1. To make the external
LED on and off, simply change the sending content to “led_on” and “led_off”’. Moving the APP to send data:

%l CMmCC

Terminal

2

Connecting to ESP32test ...

ted

The serial monitor will display as follows:

576
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/dev/ttyUSBO

load:@x3fffeelc, len: 1216

ho @ tail 12 room 4

load: @x40078080, len: 10944
load:0x40080400, len: 6388

entry Ox400806b4

E (137) psram: PSRAM ID read error: @xffffffff
g

The device started, now you can palr 1t with bluetooth!
abcd

led_on

led_off

led_on

led_off

hd

v Autoscroll [_| Show timestamp MNewline > 115200 baud | = | Clear output

Nz

e Sond:"led on”

@ Send:"led off”

- -

Note: If the “led-on ‘or” led-off ” is not sent, the status of the LED will not change. If the LED is on, it remains
on when irrelevant content is received; Conversely, if the LED is off, it continues to be off when irrelevant content is
received.

9.23 Project 23WiFi Station Mode

1.Introduction

ESP32 has three different WiFi operating modes : Station modeAP mode and AP+Station mode. All WiFi programming
projects must be configured with WiFi operating mode before using, otherwise WiFi cannot be used. In this project,
we are going to learn the WiFi Station mode of the ESP32.

2.Components
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ESP32%*] USB Cable*1

3.Wiring Diagram
Plug the ESP32 to the USB port of the Raspberry Pi

T EELEE LY

IERENRRTNARLE

-

b
k
b
L
¥
b
]
N |

CERCRTSTXRNNEE

4.Component Knowledge
Station mode

When setting Station mode, the ESP32 is taken as a WiFi client. It can connect to the router network and communicate
with other devices on the router via a WiFi connection. As shown in the figure below, the PC and the router have been
connected. If the ESP32 wants to communicate with the PC, the PC and the router need to be connected.
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Statit:n
(ESP32)

5.Test Code
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Project 23_WiFi_Station_Mode | Arduino 1.8.19
Eile Edit Sketch Tools Help

Project 23 WiFi_Station Mode

,‘/WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW“A

#include <WiFi.h> //Include the WiFi Library header file of ESP32.

//Enter correct router name and password.
const char *ssid_Router = "ChinaNet-2.4G-8DF0"; //Enter the router name
const char "“password_Router = "ChinaNet@233"; //Enter the router password

vold setup(){
Serial.begin(115208);
delay(2000);
Serial.println("Setup start");
WiFi.beoin(ssid Router, password Router);//Set ESP32 in Station mode and connect ’iv

Mone on |

Since WiFi names and passwords vary from place to place, thereby users need to enter the correct WiFi names and
passwords in the box shown below before running the program code.
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Project 23 WiFi_Station_Mode | Arduino 1.8.19

'File Edit Sketch Tools Help

Project_23 WiFi_Station_Mode

IIWWWWWWWWWWWWWWW\\’WWW\\’W\\’WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW*A

Filename © WiF1i Station
Description : Connect to your router using ESP32
Auther  hEtD/ S -tudio.con Enter the correct Router
/ o - name and password.
I #1include <WiFi.h> //Include the WiFi Libfary header file of ESP32.

! //Enter correct router name apd passwold
. const char *ssid Router "ChinaNet-2.4G-0DFQ@"; //Enter the router name
‘const char "password_Router =| "ChinaNet@233"; //Enter the router password

| void setup()}{
Serial.begin(115280);
delay(2000);

Serial.println("Setup start");
WiFi.beqgin(ssid Router, password Router);//Set ESP32 in Station mode and connect E'

/%
* Filename : WiFi Station
* Description : Connect to your router using ESP32
* Auther : http//www.keyestudio.com

7':/

#include <WiFi.h> //Include the WiFi Library header file of ESP32.

//Enter correct router name and password.
const char *ssid_Router = "ChinaNet-2.4G-ODF0"; //Enter the router name
const char *password_Router = "ChinaNet@233"; //Enter the router password

void setup(){

Serial.begin(115200);

delay(2000);

Serial.println("Setup start");

WiFi.begin(ssid_Router, password_Router);//Set ESP32 in Station mode and connect it to.
-,your router.

Serial.println(String("Connecting to ")+ssid_Router);
//Check whether ESP32 has connected to router successfully every 0.5s.

while (WiFi.status() != WL_CONNECTED) {

delay(500);

(continues on next page)
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(continued from previous page)

Serial.print(".");
}
Serial.println("\nConnected, IP address: ");
Serial.println(WiFi.localIP());//Serial monitor prints out the IP address assigned to.
—ESP32.
Serial.println("Setup End");

}

void loop() {

}
//7'::':7':7'.-:".-7'::':7'::'.-7".-:'::':7'::':7’.—7'::':7'::“:7’::’:7':71':“.':!':’:7':71'7".'71':’:7':7'.-:".-7'::':7'::'.-:".-7'::':7'::'.-7’.—7'::':7'::“:7’.—:':7':71':“.'71':':7':7'::".-7'::':7':7'.-7".-:'::':7'::':7".-7'::':7'.':':7’:7'.':':7'::“::’::’.'7'.'71':“:

RESET

6.Test Result

BOOT

After making sure the router name and password are entered correctly, compile and upload the code to ESP32, open
serial monitor and set baud rate to 115200 then press the reset button first. When ESP32 successfully connects
to*“ssid_Router”, serial monitor will print out the IP address, then monitor will display as follows: (If open the se-
rial monitor and set the baud rate to 115200 and the information is not displayed, please press the RESET button of the
ESP32).

/d ev/ttyUSBO oA X

load:@x3fffEE18, len: 4 -
load:ex3fffeolc, len: 1216

ho @ tail 12 room 4

load: @x40078086, len: 10944

load:0x40080400, len: 6388

entry Ox400806b4

E_(52) povam: PSRAM TD read srvors OxfFFFFffff

Setup start

Connecting to ChinaNet-2.4G-8DF8
Connected, IP address:
192.168.0.154

Setup End

hd

| Autoscroll [ | Show timestamp MNewline > [|115200baud = = || Clear output
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9.24 Project 24WiFi AP Mode

1.Introduction

In this project, we are going to learn the WiFi AP mode of the ESP32.

2.Components

ESP32*1 USB Cable*1

3.Wiring Diagram
Plug the ESP32 mainboard to the USB port of the Raspberry Pi
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4.Component Knowledge

AP Mode:

When setting AP mode, a hotspot network will be created, waiting for other WiFi devices to connect. As shown below;
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“ AP

5.Test Code
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Project 24 WiFi_AP_Mode | Arduino 1.8.19
Eile Edit Sketch Tools Help

Project_24 WiFi_AP_Mode

’,"iﬂ’ﬂ’wﬂ’wﬂ’\\’wﬂ’wWWWWWWWWWWWWWW\\’W\\’1\’W\\’W‘#1\’WWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW\\A

#include <WiFi.h=> //Include the WiFi Library header file of ESP32.

const char *ssid_AP
const char *password_AP

"ESP32_WiFi"; //Enter the router name
"12345678"; //Enter the router password

IPAddress local_IP(192,168,1,108);//%et the IP address of ESP32 itself
IPAddress gateway(192,168,1,1); //Set the gateway of ESP32 itself
IPAddress subnet(255, 255,255,8); //Set the subnet mask for ESP32 itself

vold setup(){
. Serial.beqin(1152088); h
. ______________________________________________________________________________________________________________________________|]

f1.5MB SPIFFS

Before running the code , you can make any changes to the ESP32 AP name and password in the box as shown below,
but in a default circumstance, it doesn’t need to modify.
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Project_24_WIiFi_AP_Mode | Arduino 1.8.19

Eile Edit Sketch Tools Help

Project_24 WiFi_AP_Mode

jWWWWWWWWWWWWWWW\\’W\\’W\\’1\’W\\’W\\’VrW\\’W\\’WW\\’W\\’W\\’\\’W\\’W\\’WWWW\\’W‘#1\’W\\’WWWWWWWWWWWWWWWWWWWWWWWWWWﬂ’wﬂ’ﬁ‘

| an acceso€tanameand a
tudio.c -;-rﬁ.-}fﬁéslé‘ﬁord for ESP32 AP.

#include =WiFi.h= //Include the WiFi Libfg}y header file of ESP32.

const char *ssid_ AP =|"ESP32_WiF1"; //Enter the router name
const char "password_AP =|"12345678"; //Enter the router password

IPAddress local_IP(192,168,1,108);//Set the IP address of ESP32 1itself
IPAddress gateway(192,168,1,1); //Set the gateway of ESP32 itself
IPAddress subnet(255,255,255,08); //Set the subnet mask for ESP32 itself

vold setup(){
. Serial.begin(115280); e
|

Jefault 4MB

/:’:
* Filename : WiFi AP
* Description : Set ESP32 to open an access point
* Auther : http//www.keyestudio.com

7':/

#include <WiFi.h> //Include the WiFi Library header file of ESP32.

const char *ssid_AP "ESP32_WiFi"; //Enter the router name
const char *password_AP = "12345678"; //Enter the router password

IPAddress local_IP(192,168,1,108);//Set the IP address of ESP32 itself
IPAddress gateway(192,168,1,1); //Set the gateway of ESP32 itself
IPAddress subnet(255,255,255,0); //Set the subnet mask for ESP32 itself

void setup(){
Serial.begin(115200);
delay(2000);
Serial.println("Setting soft-AP configuration ... ");
WiFi.disconnect();
WiFi.mode (WIFI_AP);
Serial.println(WiFi.softAPConfig(local _IP, gateway, subnet) ? "Ready" : "Failed!");

(continues on next page)
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(continued from previous page)

Serial.println("Setting soft-AP ... ");
boolean result = WiFi.softAP(ssid_AP, password_AP);
if(result){

Serial.println("Ready™);

Serial.println(String("Soft-AP IP address = ") + WiFi.softAPIP().toString());

Serial.println(String("MAC address = ") + WiFi.softAPmacAddress().c_str());
}else{

Serial.println("Failed!");

}

Serial.println("Setup End");
¥
void loop() {
}
//:’:7'::'r:i‘:'::'n'r:i‘:i‘:'::'::'r:1-:'::1-7'::'::1‘71‘:1‘7'::'::1‘7’::’:7’::’::1-7'::’:7'::'r:i‘:'::’n'r:i‘:i‘:'::’::'r:1‘71‘:1‘7'::'::1‘:?:':7’::'::1-7'::?7'::’::1‘7'::’:7'::'::1‘7'::’:7’::'::':-.':7':7'::1‘71‘:1‘7'::'::1‘7?:':7’::'::':7':
6.Test Result

Enter the ESP32 AP name and password correctly, compile and upload the code to ESP32, open the serial monitor and
set the baud rate to 115200 and press the reset button first, then monitor will display as follows:

(If open the serial monitor and set the baud rate to 115200, the information is not displayed, please press the RESET
button of the ESP32)

RESET BOOT

}rdE'V}rﬁYUSBD w r o

E_"_[ 5. J3] "p-s. E- a- III_ . __ES.EQM 10 read error- OxfFFfffff

Setting soft-AP configuration ...
Setting soft-AP ...

Ready

Soft-AP IP address = 192.168.4.1
MAC address = 58:BF:25:8A:2F:E1

Setting Station configuration ...
Connecting to ChinaMet-2.4G-0GDF@&
Connected, IP address:
192.168.0.154

Setup End

-

v Autoscroll [ | Show timestamp Newline >~ [115200 baud | = | Clear output

When observing the printed information of the serial monitor, turn on the WiFi scanning function of the mobile phone,
you can see the ssid_AP on ESP32, which is dubbed “ESP32_Wifi” in this code. You can connect to it either by typing
the password “12345678” or by modifying the code to change its AP name and password.
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Wi-Fi

Settings IS O

View help

Maore settings

1 Search
Log in to AVAILABLE NETWORKS
L]
HUAWEI D -
g Accass Claud s ESP32_Wifi =
—  appGallery, and Connected A
more
ChinaNet-2 4G-0DF0 =
Saved, encrypted i
@ WLAM  ESPEZ_WIR >
ChinaMet-Dswy =

Frrer e

9.25 Project 25WiFi Station+AP Mode

1.Introduction
In this project, we are going to learn the AP+Station mode of the ESP32.

2.Components

ESP32*1 USB Cable*1

3.Wiring Diagram

T EEEELEY

FEREREEELNANELR

¥
¥
¥
L
L
L
W
L

)

|

B rrRrrEsRsanacs

Plug the ESP32 mainboard to the USB port of the Raspberry Pi
4.Component Knowledge

AP+Station mode:
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In addition to the AP mode and the Station mode, AP+Station mode can be used at the same time. Turn on the Station
mode of the ESP32, connect it to the router network, and it can communicate with the Internet through the router. Then
turn on the AP mode to create a hotspot network. Other WiFi devices can be connected to the router network or the
hotspot network to communicate with the ESP32.

5.Test Code

Project_25_WiFi_Station_AP_Mode | Arduino 1.8.19
Eile Edit Sketch Tools Help

Project_25 WiFi_Station_AP_Mode

,‘XWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWW'\\A

#include <WiFi.h=

const char *ssid Router = "ChinaNet-2.4G-0DFR@"; //Enter the router name
const char "password_Router = "ChinaNet@233"; //Enter the router password
const char *ssid_AP = "ESP32_WiFi"; //Enter the router name

const char *password_AP "12345678"; //Enter the router password

vold setup(){
Serial.begin(115200);

Serial.println({"Setting soft-AP configuration ... ");
. WiFi.disconnect(): -
. _________________________________________________________________________________________________________________________________________|]

Before running the code, you need to modify the ssid_Router, password_Routerssid_AP and password_AP, as shown
in the box below:
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Project_25_WiFi_Station_AP_Mode | Arduino 1.8.19
' File Edit Sketch Tools Help

Project 25 WiFi_Station_AP_Mode

IIWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWﬂA

Filename P

AP+Station

5 to the user's router, turning on an ess pol
-ztudio.com Please enter the correct names and

/ . asswords of Router and AP.
I #include <WiFi.h= / P
‘const char *ssid_Router =| "ChinaNet-2.4G-0DF0@"; //Enter the router name
. const char "password_Router =| "ChinaNet@233"; //Enter the router password
' const char *ssid_AP =| "ESP3Z2_WiFi"; //Enter the router name
- const char "password_AP =| "12345678"; //Enter the router password

i wvold setup(){
Serial.begin(115200);

Serial.println{"Setting soft-AP configuration ... ");
) WiFi.disconnect(): -
_______________________________________________________________________________________________________________________________|

Module, Default 4M APP/1.5MB SPIFFS Mone on f
//:’::'::':7'::’.—:’::'::'::'::’.—:'::':7'::'::’.—:'::':7'::'::'.':'::':7'::“::’::'::':7'::“::’::'::':7'::’.—:'::'::'::'::’.—:'::':7'::'::’.—:'::':7'::'::'.':'::':7'::“::'::'::':7'::“::’::'::':7'::’.—:’::'::'::'::’.—:’::’:7'::'::’::'::':7'::'::’::'::’:7'::“:
/ *
* Filename : WiFi AP+Station
* Description : ESP32 connects to the user's router, turning on an access point
* Auther : http//www.keyestudio.com

* /

#include <WiFi.h>

const char *ssid_Router "ChinaNet-2.4G-ODF0"; //Enter the router name
const char *password_Router "ChinaNet@233"; //Enter the router password
const char *ssid_AP = "ESP32_WiFi"; //Enter the router name

const char *password_AP "12345678"; //Enter the router password

void setup(){
Serial.begin(115200);
Serial.println("Setting soft-AP configuration ... ");
WiFi.disconnect();
WiFi.mode (WIFI_AP);

Serial.println("Setting soft-AP ... ");
boolean result = WiFi.softAP(ssid_AP, password_AP);
if(result){

Serial.println("Ready');
(continues on next page)
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(continued from previous page)

Serial.println(String("Soft-AP IP address = ") + WiFi.softAPIP().toString());
Serial.println(String("MAC address = ") + WiFi.softAPmacAddress().c_str());
}else{
Serial.println("Failed!");
}

Serial.println("\nSetting Station configuration ... ");
WiFi.begin(ssid_Router, password_Router);
Serial.println(String("Connecting to ")+ ssid_Router);
while (WiFi.status() != WL_CONNECTED) {

delay(500);

Serial.print(".");
}
Serial.println("\nConnected, IP address: ");
Serial.println(WiFi.localIP());
Serial.println("Setup End");

}

void loop() {
}
//:’:7':7'::i‘:'-‘:i‘:l':(':i‘:l‘:i‘:!’:'::'::'::':71':1‘71‘:?:1'71':1‘:1‘7?:!’7'::'::'-7':7':71':1‘:'-‘:1‘71':1':1‘:1‘:!‘7!’:'::?:1‘:1'71':1‘:1‘:?:1’7'::':7':7’::':7'::1‘:1‘71‘7!'71':1‘:'-‘:1‘7!’7'::'::'::'r:'::1':1‘:1‘:1'71':1‘71‘:?:!’7'::':7':

6.Test Result

Ensure that the code in the program has been modified correctly, compile and upload the code to the ESP32. After
uploading successfullywe will use a USB cable to power on. Open the serial monitor and set the baud rate to 115200
and press the reset button, then monitor will display as follows: (If open the serial monitor and set the baud rate to
115200 and the information is not displayed, please press the RESET button of the ESP32)

RESET BOOT

fdevﬂ'tyUSBD v A X
é Send
I;I:E;W-nq;;;;--l;‘i‘.ﬁhu I0 read eror- Axffffffff -
Setting soft-AP configuration ...
Setting soft-AP ...
Ready
Soft-AP IP address = 102.168.4.1
MAC address = 58:BF:25:8A:2F:E1
Setting Station configuration ...
Connecting to ChinaMet-2.4G-8DF@
Connected, IP address:
192.168.0.154
Setup End
b
| Autoscroll [ | Show timestamp Newline >~ |115200baud @ = | Clear output

9.25. Project 25WiFi Station+AP Mode 591




ESP32 Learning Kit

Open the WiFi scanning function of the mobile phone, you can see the ssid_AP.

Wi-Fi
i Wi—Fi
Settings iy ©
Mare settings »
. Search
Log in to AVAILABLE NETWORKS
L ]
HUAWEI D .
g Acoess Claud, ’ ESP3Z_Wifi =
~  AppGallery, and Connected O
maore
ChinaMNet-2.4G-0DF0 =
Saved, encrypted o
@ WLAMN  ESP32_WIfi >
ChinaMet-Dsvy =
Frerented vl
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