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Important Information

Thank you for choosing Freenove products!

Getting Started

First, please read the Read Me First.pdf document in the unzipped folder you created.
If you have not yet downloaded the zip file, associated with this kit, please do so now and unzip it.

Get Support and Offer Input

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

Product use and build issues

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

We also encourage your ideas and suggestions for new products and product improvements
For any of the above, you may send us an email to:

support@freenove.com

Safety and Precautions

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

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

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

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

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

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

® Only operate the product in accordance with the instructions and guidelines of this tutorial, otherwise

parts may be damaged or you could be injured.

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

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

Any concerns? DX support@freenove.com
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About Freenove

Freenove provides open source electronic products and services worldwide.

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

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

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

Product Development and Customization Services

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

http://www.freenove.com

sale@freenove.com

Copyright

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

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

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

/\O\/ ™
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Preface

ESP32 is a micro control unit with integrated Wi-Fi launched by Espressif, which features strong properties
and integrates rich peripherals. It can be designed and studied as an ordinary Single Chip Micyoco(SCM) chip,
or connected to the Internet and used as an Internet of Things device.

ESP32 can be developed using the Arduino platform, which will definitely make it easier for people who have
learned arduino to master. Moreover, the code of ESP32 is completely open-source, so beginners can quickly
learn how to develop and design IOT smart household products including smart curtains, fans, lamps and
clocks.

Generally, ESP32 projects consist of code and circuits. Don't worry even if you've never learned code and
circuits, because we will gradually introduce the basic knowledge of C programming language and electronic
circuits, from easy to difficult. Our products contain all the electronic components and modules needed to
complete these projects. It's especially suitable for beginners.

We divide each project into four parts, namely Component List, Component Knowledge, Circuit and Code.
Component List helps you to prepare material for the experiment more quickly. Component Knowledge allows
you to quickly understand new electronic modules or components, while Circuit helps you understand the
operating principle of the circuit. And Code allows you to easily master the use of SEP32 and accessory Kkit.
After finishing all the projects in this tutorial, you can also use these components and modules to make
products such as smart household, smart cars and robots to transform your creative ideas into prototypes
and new and innovative products.

In addition, if you have any difficulties or questions with this tutorial or toolkit, feel free to ask for our quick
and free technical support through support@freenove.com

Any concerns? X support@freenove.com
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ESP32-WROVER

ESP32-WROVER has launched a total of two antenna packages, PCB on-board antenna and IPEX antenna
respectively. The PCB on-board antenna is an integrated antenna in the chip module itself, so it is convenient

to carry and design. The IPEX antenna is a metal antenna derived from the integrated antenna of the chip
modaule itself, which is used to enhance the signal of the module.

PCB on-board antenna IPEX antenna

@ ESP32-WROVER @ ESP32-WROVER

(€

FCC ID:2AC7Z-ESP32WROVER

(€

FCC ID:2AC7Z-ESP32WROVER

In this tutorial, the ESP32-WROVER is designed based on the PCB on-board antenna-packaged ESP32-
WROVER module.
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The hardware interfaces of ESP32-WROVER are distributed as follows:
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Compare the left and right images. We've boxed off the resources on the ESP32-WROVER in different colors
to facilitate your understanding of the ESP32-WROVER.

Box color Corresponding resources introduction
'_' GPIO pin

LED indicator
'—' Camera interface

Reset button, Boot mode selection button
'—' USB port

Any concerns? X support@freenove.com
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Name No. Type Function

GND 1 P Ground

3V3 2 P Power supply

EN 3 | Module-enable signal. Active high.

SENSOR_VP | 4 | GPI1036, ADC1_CHO, RTC_GPIO0

SENSOR_VN | 5 | GPI039, ADC1_CH3, RTC_GPIO3

1034 6 | GPI034, ADC1_CH6, RTC_GPIO4

1035 7 | GPIO35, ADC1_CH7, RTC_GPIOS

1032 8 e GPI032, XTAL_32K_P (32.768 kHz crystal oscillator input), ADC1_CH4,
TOUCH9, RTC_GPIO9

1033 9 Yo GPIO33, XTAL_32K_N (32.768 kHz crystal oscillator output),
ADC1_CH5, TOUCHS, RTC_GPIO8

1025 10 /0 GPI025, DAC_1, ADC2_CH8, RTC_GPIO8, EMAC_RXDO

1026 ik /0 GPI1026, DAC_2, ADC2_CH9, RTC_GPIO7, EMAC_RXD1

1027 12 /O GPI027, ADC2_CH7, TOUCH7, RTC_GPIO17, EMAC_RX_DV

014 13 e GPIO14, ADC2_CH6, TOUCHB, RTC_GPIO16, MTMS, HSPICLK,
HS2_CLK, SD_CLK, EMAC_TXD2

0121 14 e GPI012, ADC2_CH5, TOUCHb5, RTC_GPIO15, MTDI, HSPIQ,
HS2_DATA2, SD_DATA2, EMAC_TXD3

GND 15 P Ground

013 16 e GPIO13, ADC2_CH4, TOUCH4, RTC_GPIO14, MTCK, HSPID,
HS2_DATAS3, SD_DATAS, EMAC_RX_ER

SHD/SD2 2 17 /0 GPIO9, SD_DATA2, SPIHD, HS1_DATA2, U1RXD

SWP/SD3 2 18 /0 GPIO10, SD_DATA3, SPIWP, HS1_DATA3, U1TXD

SCS/CMD 2 | 19 /O GPIO11, SD_CMD, SPICS0, HS1_CMD, U1RTS

SCK/CLK 2 20 /0 GPIO6, SD_CLK, SPICLK, HS1_CLK, U1CTS

SDO/SDO 2 21 /0 GPIO7, SD_DATAO, SPIQ, HS1_DATAQ, U2RTS

SDI/SD1 2 22 /0 GP108, SD_DATA1, SPID, HS1_DATA1, U2CTS

015 03 e GPIO15, ADC2_CHS3, TOUCHS3, MTDO, HSPICSO, RTG_GPIO13,
HS2_CMD, SD_CMD, EMAC_RXD3

02 04 e GPI02, ADC2_CH2, TOUCH2, RTC_GPIO12, HSPIWP, HS2_DATAO,
SD_DATAO

100 26 e GPI0O0, ADC2_CH1, TOUCH1, RTC_GPIO11, CLK_OUTT,
EMAC_TX_CLK

04 26 e GPI04, ADC2_CHO, TOUCHO, RTC_GPIO10, HSPIHD, HS2_DATA1,
SD_DATA1, EMAC_TX_ER

NCA1 27 - -

NC2 28 - -

105 29 /0 GPIO5, VSPICS0, HS1_DATAB, EMAC_RX_CLK

1018 30 /0 GPIO18, VSPICLK, HS1_DATA7

1019 31 /0 GPI019, VSPIQ, UOCTS, EMAC_TXDO

NC 32 - -

1021 33 /0 GPI1021, VSPIHD, EMAC_TX_EN

RXDO 34 170 GPIOG, UORXD, CLK_OUT2

TXDO 35 /0 GPIO1, UOTXD, CLK_OUTS, EMAC_RXD2

1022 36 /0 GPI1022, VSPIWP, UORTS, EMAC_TXD1

1023 37 /0 GPI1023, VSPID, HS1_STROBE

GND 38 P Ground

Notice:

1. GPIO12 is internally pulled high in the module and is not recommended for use as a touch pin.
2. Pins SCK/CLK, SDO/SDO, SDI/SD1, SHD/SD2, SWP/SD3 and SCS/CMD, namely, GPIO6 to GPIO11 are con-
nected to the SPI flash integrated on the module and are not recommended for other uses.

For more information, please visit: https://www.espressif.com/sites/default/files/documentation/esp32-

wrover _datasheet en.pdf

Any concerns? X support@freenove.com
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Extension board of the ESP32-WROVER

And we also design an extension board, so that you can use the ESP32 more easily in accordance with the
circuit diagram provided. The followings are their photos.
The hardware interfaces of ESP32-WROVER are distributed as follows:
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We've boxed off the resources on the ESP32-WROVER in different colors to facilitate your understanding of
the ESP32-WROVER.

Box color Corresponding resources introduction
GPIO pin

 m—
| — LED indicator
 m—

GPIO interface of development board

power supplied by the extension board

External power supply

In ESP32, GPIO is an interface to control peripheral circuit. For beginners, it is necessary to learn the
functions of each GPIO. The following is an introduction to the GPIO resources of the ESP32-WROVER
development board.

In the following projects, we only use USB cable to power ESP32-WROVER by default.

In the whole tutorial, we don't use T extension to power ESP32-WROVER. So 5V and 3.3V (including EXT 3.3V)
on the extension board are provided by ESP32-WROVER.

We can also use DC jack of extension board to power ESP32-WROVER.In this way, 5v and EXT 3.3v on
extension board are provided by external power resource.

Any concerns? X support@freenove.com
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CH340 (Importance)

ESP32 uses CH340 to download codes. So before using it, we need to install CH340 driver in our computers.

Windows

Check whether CH340 has been installed
1. Connect your computer and ESP32 with a USB cable.

—

Open
Pin to Quick access

Manage
Pin to Start

Map network drive...
Disconnect network drive...

Create shortcut
Delete

Properties
Thonny

Any concerns? DX support@freenove.com
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3. Click “Device Manager”. If your computer has installed CH340, you can see*USB-SERIAL CH340 (COMX)".
And you can click here to move to the next step.

& Computer Management - m} >

File Action View Help

&= rHE HE P EX®

EJ Computer Management (Local | » d DESKTOP-LIN Actions
v 'ﬁ’é System Tools > id Audio inputs and outputs Device "
> Task Scheduler 3 ! Computer L
> 2] Event Viewer > wm Disk drives More Actions »
> @] Shared Folders > [ Display adapters
> @J Lecal Users and Groups > i Firmware
> @ Performance > Human Interface Devices
é Device Manager > =g IDE ATA/ATAPI controllers
w E Storage 3 Keyboards
= Disk Management > D Mice and other pointing devices
> f@ Services and Applications > [ Menitors
> I Network adapters
v i Ports (COM&LPT)

ﬁ USB-SERIAL CH340 (COM3)
= Print queues
ﬁ Processors
B® Software components
B Software devices
i'd- Seund, video and game controllers
% Sterage controllers
i System devices
i Universal Serial Bus controllers

VOWOW W W W

Installing CH340
1. First,download CH340 driver, click http://www.wch-ic.com/search?q=CH340&t=downloads to download
the appropriate one based on your operating system.

Any concerns? X support@freenove.com
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index / search search CH340

All (14)
Products (4)
Application (2]
Video (1)

MNeaws (Q)

keyword CH340

Downloads( 7 )

file category
Driver&Tools

CH3415ER.EXE

CH341SERZIP

CH3415ER_ANDROI...

CH3415ER_LINUX ..

CH3415ER_MAC 7=

Others

FRODUCT GUIDEP..

InstallNoteCne4...

uplead
file content version time
rial port Windows driver, supports 35 2019-
32/64-bit Windows 10/8.1/8/7/VISTA/XP, Server 03-18

2016/2012,/2008/2003, 2000/ME/93

CH340/CH341 USB to serial port Windows driver, includes DLL 3.5 2019-
dynamic library and non-standard baud rate settings and 03-05
other instructions. Supports 32/64-bit Windows

10781 /8/7/VISTASXP, Server 2016/2012/2008/2003,

2000/ME/S38
CH340/CH341 USB to serial port Android free drive 16 2019-
application library, for Android OS 3.1 and above version 04-19

which supports USE Host mode already, no need to load
Android kernel driver, no root privileges. Contains apk, lib

libr; . weer), App Demo Example (USE to UART
De
o serial port LINUX driver 15 2018-
03-18
erial port MAC O3 driver 15 2018-
07-05
Electronic selection of product selection manual, please refer 14 2018-
to related product technical manual for more technical 12-29
information.
Instructions for the driver after 18 years of August cannot be 1.0 2019-
installed under some &4-bit WIN7 (English) 01-10

If you would not like to download the installation package, you can open
“Freenove_Ultimate_Starter_Kit_for ESP32/CH340”, we have prepared the installation package.

Fa
MName

Linux
MAC

Windows

Date modified Type Size
8/14/2020 5:24 PM File folder
8/14/2020 5:23 PM File felder
81472020 5:23 PM File folder

Any concerns? DX support@freenove.com
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2. Open the folder “Freenove_Ultimate_Starter_Kit_for_ESP32/CH340/Windows/”

| % | Windows — O >
I“ Home Share View [ 7]
= i « Freenove Ulimate Starter Kit for E5P32 » CH30 » Windows w 2
MName Date modified pe Size
# Quick access
'ﬂuEHELiIS'ER.E}{E 81472020 5:22 PM Application 2TTKB
B This PC
e Metwork
L4 >

1 tem

3. Double click “CH341SER.EXE".

#5 DriverSetup(X64) - ¥

Device Driver Install # UnInstall

Select IHNF CH3MSER.INF e

WCH.CH
|__ USB-SERIAL CH34@
|__ 8173872819, 3.5.2019

INSTALL

UNIHSTALL

HELP

Any concerns? X support@freenove.com
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4. Click “INSTALL" and wait for the installation to complete.

Device Driver Install / UnlInstall
Select IHNF CH3M1SER.IHF "y
INSTALL B - (B

| __ USB-5ERIAL CH34B8
| 817382819, 3.5.26819
UHIHSTALL

HELP

5. Install successfully. Close all interfaces.

Device Driver Install / UnlInstall
Select IHF GH3M1SER . INF e
DiriverSetup XM

o The drive is successfully Pre-installed in advance!

| |

Any concerns? X support@freenove.com
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6.

7.

When ESP32 is connected to computer, select “This PC”, right-click to select “Manage” and click “Device
Manager” in the newly pop-up dialog box, and you can see the following interface.

2] Event Viewer
> | Shared Folders
> &l Local Users and Groups
» @ Performance
% Device Manager
v 23 storage
= Disk Management
» i; Services and Applications

» wm Disk drives
» [ Display adapters
> B Firmware
» Hurman Interface Devices
> =g IDE ATASATAPI controllers
» Keyboards
» 8 Mice and other pointing devices
» [ Monitors
» 3P Metwork adapters
~ [ Ports (COM & LPT)
ﬁ USB-SERIAL CH340 (COM3)
» [ Print queues
> I} Processors
» lt Software components
» B Software devices
» Wy Sound, video and game controllers
» S Storage controllers
» @ Systemn devices
» i Universal Serial Bus controllers

& Computer Management — O X
File Action View Help
=2 1FHE BT B EX®
;E. Computer Management (Local :.'.-_ DESKTOP-LIM Actions
w ]ﬁ Systermn Tools » 0y Audio inputs and outputs Device Ma ; "
» @ Task Scheduler » & Computer
More Actions 14

So far, CH340 has been installed successfully. Close all dialog boxes.

Any concerns? X support@freenove.com
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MAC

First, download CH340 driver, click http://www.wch-ic.com/search?q=CH340&t=downloads to download the
appropriate one based on your operating system.

M-{ Products Application Services About WCH Al W

Downloads (7))

keyword ch340

Products (4) Downloads( 7 )

Application (2)

upload
file category file content version time
Video (1)
Driver&Tools
News (0) X .

CH341SER.EXE | port Windows driver, supports 32/64- 35 2019-
bit Windows 10/8.1/8/7/VISTA/XP, Server 2016/2012/2008/2003, 03-18
2000/ME/98

CH341SER.ZIP CH340/CH341 USB to serial port Windows driver, includes DLL 35 2019-
dynamic library and non-standard baud rate settings and other 03-05
instructions. Supports 32/64-bit Windows 10/8.1/8/7/VISTA/XP,

Server 2016/2012/2008/2003, 2000/ME/98

CH341SER_ANDROI... CH340/CH341 USB to serial port Android free drive application 16 2019-
library, for Android OS 3.1 and above version which supports USB 04-19
Host mode already, no need to load Android kernel driver, no root
privil i K, lib library file (Java Driver), App Demo
Exa T Demo SDK).

CH341SER_LINUX.... serial port LINUX driver 1.5 2018-

03-18
CH341SER_MAC.ZI... port MAC OS driver 15 2018-
07-05

Others

If you would not like to download the installation package, you can open

“Freenove_Ultimate_Starter_Kit_for ESP32/CH340”, we have prepared the installation package.

Second, open the folder “Freenove_Ultimate_Starter_Kit_for_ESP32/CH340/MAC/"

[~ B
eo0e® < MAC =2 2o )~ Q
Favorites Name odified Size Kind
@ AirDro
® P ‘& CH34x_lInstall_V1.5.pkg 018 at 2:00 PM 26 KB Installer package
@ Recents ReadMe.pdf Dec 8, 2016 at 4:09 PM 146 KB Adobe...ocument
2. Applications
(= Desktop
[ Documents
@® Downloads
iCloud
& iCloud Drive
Tags
Locations
@ Network

| 4

Any concerns? X support@freenove.com
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Third, click Continue.
@ & Install CH34x_Install a

Welcome to the CH34x_Install Installer

Welcome to CH341 and CH340 usb to serial device driver
® |Introduction installation program.
This program instal the driver to the default directory of the system ,
do not change it.
Also this installation only support CH341 and CH340 .

Continue
b
Fourth, click Install.
'@ & Install CH34x_Install 0
Standard Install on “Macintosh HD"
Intreduction This will take 82 KB of space on your computer.
Destination Select Click Install to perform a standard installation of this software
@ Installation Type on the disk “Macintosh HD".
Go Back Install

Any concerns? X support@freenove.com
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Then, waiting Finsh.

& Install CH34x_Install a8

Installing CH34x_Install

Introduction
Destination Select
Installation Type

@ Installation Updating preboot volume...

A A
Finally, restart your PC.

e Ins

The installation was completed successfully.

Introduction
Destination Select
Installation Type
Installation

® Summary

The installation was successful.

The software was installed.

Click Restart to begin installing the software.

Restart

Any concerns? X support@freenove.com
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If you still haven't installed the CH340 by following the steps above, you can view readme.pdf to install it.

r

CXON ) < > MAC = e N O @

Favorites Name Size Kind

5

Q

AirDr
® Air SR & CH34x_Install_V1.5.pkg Read Me 8 at 2:00 PM 26 KB Installer package

@ Recents & ReadMe.pdf
A Applications

(= Desktop

[ Documents

© Downloads

iCloud

> iCloud Drive

Tags

Locations
@ Network

Any concerns? X support@freenove.com

D16 at 4:09 PM 146 KB Adobe...ocument
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Arduino Software (IDE) is used to write and upload the code for Arduino Board.
First, install Arduino Software (IDE): visit https://www.arduino.cc, click "Download" to enter the download page.

) = O X
Arduino - Home X +
& - C @ arduinocc ¥ x O
Arduino office Fritzing STM32 ESP QT tool CSDN bluetooth OneNet JAVA weather

Q @ SIGNIN

ARDUINO w PRO RESOURCES COMMUNITY HELP

DOWNLOADS

WHAT IS ARDUINO?
NEW NANO FAMILY

LET'S MAKE BIG
IDEAS REAL.
ORDER NOW!

THALES, TELSTRA,
| — ceimn o =i

Select and download corresponding installer according to your operating system. If you are a windows user,
please select the "Windows Installer" to download to install the driver correctly.

Download the Arduino IDE

Windows installer, for Windows XP and up
Windows ziP file for non admin install

ARDUINO 1.8.12 Windows app Requires Win 810r10

The open-source Arduino Software (IDE) makes it easy to Get 2
write code and upload it to the board. It runs on '

Windows, Mac OS5 ¥, and Linux. The environment is Mac 0S X .
written in Java and based on Processing and other open- Lis DAL BT i) 61
source software.

This software can be used with any Arduino board. Linux 32 bits

Refer to the Cetting Started page for Installation LinuXx 64 bits

HELECLOUS Linux ARM 32 bits
Linux ARM 64 bits

Release Notes
Source Code
Checksums (sha512)

After the download completes, run the installer. For Windows users, there may pop up an installation dialog
box of driver during the installation process. When it popes up, please allow the installation.

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

Any concerns? DX support@freenove.com
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[

Arduino
The interface of Arduino Software is as follows:
&% sketch_mar19a | Arduino 1.8.13 Hourly Build 2020/02.. — O >

Menus

File Edit Sketch Tools Help

Toolbar
sketch_mar! 9a
1B wvoid setup() { "
2 // put your setup code here, to run once
4 1}
el wvoid loop() f{
7 // put vour main code here, to run repea
._:; }
Text editor
W
Message < >

area

oHule, Default 4MB with spiffs (1.2MB APFPM.SME SPIFFS), @10, B0MHz, 821600, None an COMG

Configured board
and serial port

Any concerns? X support@freenove.com
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Programs written with Arduino Software (IDE) are called sketches. These sketches are written in the text
editor and saved with the file extension.ino. The editor has features for cutting/pasting and
searching/replacing text. The message area gives feedback while saving and exporting and also displays
errors. The console displays text output by the Arduino Software (IDE), including complete error messages
and other information. The bottom right-hand corner of the window displays the configured board and
serial port. The toolbar buttons allow you to verify and upload programs, create, open, and save sketches,
and open the serial monitor.

. Verify

Check your code for compile errors .

Upload
Compile your code and upload them to the configured board.

New

Create a new sketch.

Open

Present a menu of all the sketches in your sketchbook. Clicking one will open it within the
current window and overwrite its content.

Save
Save your sketch.

Serial Monitor
Open the serial monitor.

Additional commands are found within the five menus: File, Edit, Sketch, Tools, Help. The menus are context
sensitive, which means only those items relevant to the work currently being carried out are available.

Any concerns? X support@freenove.com
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Environment Configuration

First, open the software platform arduino, and then click File in Menus and select Preferences.

€% sketch_mar19a | Arduino 1.8.13 Hourly Build 2020/02... — O X
File Edit Sketch Tools Help

‘ MNew Ctrl+N

Dpen. Ctrl+0

Open Recent

Sketchbook

Examples *tup code here, to run once
Close Ctrl+wW

Save Ctrl+5

Save As... Cirl +Shift+5

Page Setup  Cirl+Shift+P

Print Ctrl+P de here, to run repea

Preferences Cirl+Comma

Chuit Ctrl+Q

Second, click on the symbol behind "Additional Boards Manager URLs"

Preferences *

Settings Fetwork

Sketchbook location:

E:\arduino\arduine=1. 8. 13\Public | | Browse
Editor language: |Eng1:i.sh (Engliszh) V| (requires restart of Arduina)

Editor font size:

Interface scale: [+] dutomatic (requires restart of Arduina)

Theme: Default theme {requires restart of Arduine)

Show verhose output during: Dcumpilati.on Dupload

Compiler warnmings:

Display line numbers [#] Enable Code Folding
‘r"erl'.‘fy code after upload Dﬂse external editor
[Jcheck for updates on startup []Save when verifying or uploading

[JUse accessibility features

Additional Boards Manager UFLs: | ﬁ

More preferences can be edited directly in the file
C:\Users\PC\&pplata‘\Local \Arduinol3\preferences. txt

{edit only when Arduine is not running)

| ok || Owmeel |

Any concerns? X support@freenove.com
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Third, fill in https://raw.githubusercontent.com/espressif/arduino-esp32/gh-
pages/package _esp32_index.json in the new window, click OK, and click OK on the Preferences window
again.

Preferences *
Settings WFetwork

Sketchbook location:

C:\Users\DESETOP-LIN\Document s\ &rduina Browse

B @ Additional Boards Manager URLs x

Enter additional URLs, one for each row

https://raw.githubusercontent.com/espressif/arduino-esp32/gh-pages/package_esp32_ index.json

Click for a list of unofficial boards support URLs

A
0K Canecel
M

C: \Jsers\DESKTOP-LIN\AppData‘\Local \AirduinolS\preferences. txt

(edit only when Mrduinoe 15 not running)

0K Cancel

Fourth, click Tools in Menus, select Board:"ArduinoUno", and then select "Boards Manager".

&% sketch mar19a | Arduina 1.8.13 Hourly Build 2020/02.. — O >
File Edit Sketch Tools Help 3

Auto Format Ctrl+T Boards Manager...
Archive Sketch o
sketch_mart3a Fix Encoding & Reload Arduino AVR Boardd
18void s Manage Libraries... Ctrl+Shift+1 Arduin Yan
2 /P Serial Monitor Ctrl+Shift+ M 3 Arduine Uno
3 TR T Ctel+Shift+L Arduino Duemilanove or Diecimila
L} } WIF101 / WIFININA Firmware U Arduino Nano
- - = Arduino Mega or Mega 2560
EHwvoid 1 Board: "Arduino Uno" 3

Arduino Mega ADK
Arduino Leonardo
Arduinc Leonardo ETH

7 /P Port
Get Board Info

L T s
gt

Programmer: "AVRISP mkll® Arduino Micro

Burn Bootloader Arduino Esplora
Arduino Mini
Arduino Ethernet
Arduino Fio
Arduino BT

Any concerns? X support@freenove.com
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Fifth, input "esp32" in the window below, and press Enter. click "Install" to install.

Boards Manager 4
Tvpe |£|_]_ e | |esp32 -
esp32 ~

by Espressif Systems

Boards included in this package:

ESP22 Dev Module, WEMOS LoLin22, WEMOS D1 MINI ESP32.
More Info

L e

Any concerns? X support@freenove.com
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When finishing installation, click Tools in the Menus again and select Board: "Arduino Uno", and then you
can see information of ESP32-WROVER. click "ESP32-WROVER" so that the ESP32 programming
development environment is configured.

&9 sketch mar19a | Arduino 1.8.13 Hourly Build 2020/02... — O >
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive SLCEtCh Bgards MEHEQEF...
sketch_mar19a Fix Encoding & Reload A
18+wvoid s Manage Libraries... Ctrl+Shift+1 Arduino AVR Boards
2 /D Serial Monitor Ctrl+Shift+M Arduine Vin
3 Serial Plotter Ctrl+Shift+L e Arduino Uno
b WiFi101 / WiFININA Firmware Updater Arduino Duemilanove or Diecimila
= Arduino Nano
68 void 1 Board: "Arduina Uno” : .
R Arduinoe Mega or Mega 2560
i AR Port 3 )
2 Arduine Mega ADK
Get Board Info .
Arduino Leonardo
¥ Programmer: "AVRISP mkll” 3 Arduino Leonardo ETH
Burn Bootloader Arduine Micro
Arduino Esplora
Arduino Mini
Arduino Ethernet
Arduino Fio
£ .
Arduino BT

LilyPad Arduino USE
LilyPad Arduino
Arduing Pro or Pro Mini
Arduing NG or older
Arduino Robot Control
Arduino Robot Motor

Arduing Uno an CON

Arduino Gemma
Adafruit Circuit Playground
Arduing Yin Mini
Arduino Industrial 101
Linino One
Arduing Uno Wi
" . ESP32 Arduino
‘ ESP32 Dev Module
ESP32 Wrover Module
ESP32 Pico Kit
TinyPICO
MagicBit
Turta loT Node

B v

Any concerns? X support@freenove.com
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Notes for GPIO

Strapping Pin

There are five Strapping pins for ESP32: MTDI. GPIO0. GPIO2. MTDO. GPIO5,

With the release of the chip's system reset (power-on reset, RTC watchdog reset, undervoltage reset), the
strapping pins sample the level and store it in the latch as "0" or "1" ", and keep it until the chip is powered
off or turned off.

Each Strapping pin is connecting to internal pull-up/pull-down. Connecting to high-impedance external
circuit or without an external connection, a strapping pin's default value of input level will be determined by
internal weak pull-up/pull-down. To change the value of the Strapping, users can apply an external pull-
down/pull-up resistor, or use the GPIO of the host MCU to control the level of the strapping pin when the
ESP32's power on reset is released.

When releasing the reset, the strapping pin has the same function as a normal pin.

The followings are default configurations of these five strapping pins at power-on and their functions under
the corresponding configuration.

Voltage of Internal LDO (VDD_SDIO)

Pin Default 33V 1.8V
MTDI Pull-down 0 1
Booting Mode
Pin Default SPI Boot Download Boot
GPIOO | Pull-up 1 0
GPIO2 | Pull-down Don't-care 0
Enabling/Disabling Debugging Log Print over UOTXD During Booting
Pin Default UQOTXD Active UQOTXD Silent
MTDO | Pull-up 1 0
Timing of SDIO Slave
o Default Falling-edge Sampling | Falling-edge Sampling | Rising-edge Sampling | Rising-edge Sampling
Falling-edge Output Rising-edge Output Falling-edge Output Rising-edge Output
MTDO | Pull-up 0 0 1 1
GPIO5 | Pull-up 0 1 0 1
Note:

* Firmware can configure register bits to change the settings of "Voltage of Internal LDO (VDD_SDIO)" and "Timing
of SDIO Slave” after booting.

* The MTDI is internally pulled high in the module, as the flash and SRAM in ESP32-WROVER only support a power
voltage of 1.8 V (output by YDD_SDIO).

If you have any questions about the information of GPIO, you can click here to go back to ESP32-WROVER

to view specific information about GPIO.

If you have any difficulties or questions with this tutorial or toolkit, feel free to ask for our quick and free
technical support through support@freenove.com at any time.

or check: https://www.espressif.com/sites/default/files/documentation/esp32-wrover_datasheet_en.pdf

Any concerns? X support@freenove.com
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Flash Pin

GPIO6-11 has been used to connect the integrated SPI flash on the module, and is used when GPIO O is
power on and at high level. Flash is related to the operation of the whole chip, so the external pin GPIO6-11
cannot be used as an experimental pin for external circuits, otherwise it may cause errors in the operation of
the program.

GPI016-17 has been used to connect the integrated PSRAM on the module.

Because of external pull-up, MTDI pin is not suggested to be used as a touch sensor. For details, please refer
to Peripheral Interface and Sensor chapter in "ESP32 Data_Sheet".

For more relevant information, please check:
https://www.espressif.com/sites/default/files/documentation/esp32-wrover_datasheet_en.pdf.

Cam Pin

When using the camera of our ESP32-WROVER, please check the pins of it. Pins with underlined numbers
are used by the camera function, if you want to use other functions besides it, please avoid using them.

m
X
m
m
2
o
<
m

BOOT/I00 K

GNDCLK SDO SD1 15 2
0000O0OO

12C_SDA GPIO26
12C_SCL GPIO27
CSI_VYSNC GPIO25
CSI_HREF GPIO23
CSL_Y9 GPIO35
XCLK GPIO21
CSI_Y8 GPIO34
CSLY7 GPIO39
CSI_PCLK GPIO22
CSIL_Y6 GPIO36
CSI_Y2 GPIO4
CSLY5 GPIO19
CSLY3 GPIOS
CSl_Y4 GPIO18

If you have any questions about the information of GPIO, you can click here to go back to ESP32-WROVER
to view specific information about GPIO.
or check: https:.//www.espressif.com/sites/default/files/documentation/esp32-wrover_datasheet_en.pdf.

Any concerns? X support@freenove.com
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Chapter O LED

This chapter is the Start Point in the journey to build and explore ESP32 electronic projects. We will start with
simple “Blink” project.

Project 0.1 Blink

In this project, we will use ESP32 to control blinking a common LED.

Component List

ESP32-WROVER x1 USB cable

Power
ESP32-WROVER needs 5v power supply. In this tutorial, we need connect ESP32-WROVER to computer via
USB cable to power it and program it. We can also use other 5v power source to power it.

00000
KTl CMD SB3 sD2 13 G

In the following projects, we only use USB cable to power ESP32-WROVER by default.

In the whole tutorial, we don't use T extension to power ESP32-WROVER. So 5V and 3.3V (includeing EXT
3.3V) on the extension board are provided by ESP32-WROVER.

We can also use DC jack of extension board to power ESP32-WROVER.In this way, 5v and EXT 3.3v on
extension board are provided by external power resource.

Any concerns? X support@freenove.com
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Sketch

According to the circuit, when the GPIO2 of ESP32-WROVER output level is high, the LED turns ON.
Conversely, when the GPIO2 ESP32-WROVER output level is low, the LED turns OFF. Therefore, we can let
GPIO2 circularly output high and low level to make the LED blink.

Upload the following Sketch:

Freenove Ultimate_Starter_Kit_for ESP32\Sketches\Sketch_01.1_Blink.

Before uploading the code, click "Tools", "Board" and select "ESP32 Wrover Module".

@) Sketch_01.1_Blink | Arduino 1.8.13
File Edit Sketch Tools Help

Aute Fermat Ctrl+T
yas
Archive Sketch IR e e
ev Module
Sketch_01.1_E Fix Encoding 8 Reload
) ESP32 Wrover Module
1= Manage Libraries... Ctrl+5Shift+] i .
5 i1 e ESP32 Pice Kit
- Serial Monitor Ctrl+Shift+M
3 Turta loT Node
Serial Plotter Ctrl+5Shift+L
4 TTGO LoRa32-0OLED V1
? WIFiI101 S WiFiNINA Firmware Updater TGO T1
i XinaBox CW02
7 |#define Board: "ESP32 Wrover Module” Boards Manager...
= // the . . SparkFun ESP32 Thing
B o Upload Speed: "921600 Arduino AVR Boards )
S woid u-blox MINA-W10 series (ESP32)
o Flash Frequency: "280MHz" ESP32 Arduino !
o/ o Widora AR
11 pinMo Flash Mode: "QIO ESP8266 Boards (2.6.3) )
. Electronic SweetPeas - ESP320
12 |} Partition Scheme: "Default”
- MNano32
== Core Debug Level: "Mone”
1 /f the LOLIN D32
] ) Port
158woid 1o ERee i LOLIN D32 PRO
- i oard Info e .
16 digit LED on (HIGH is the WEMOS LOLINZ2
7 delay Programmer »| @ second D Tech Pocket 32
18 | digit J LED off by making t RIESE Ll
15 delay Burn Bootloader 2 second "WeMos" WiFi&Bluetooth Battery
elect the serial port.
& Sketch_01.1_Blink | Arduino 1.8.13 — m} x
File Edit Sketch Tools Help
Auto Fermat Ctrl+T
Archive Sketch
Sketch_01.1_E Fix Encoding 8 Reload
18 Manage Libraries... Ctrl+Shift+ ~
2 |* Filer Serial Monitor Ctrl+Shift+M
q Serial Plotter Ctrl+Shift+L
5_ WIFiI101 S WiFiNINA Firrmware Updater
o
7 |#define Board: "ESP32 Wrover Module" ¥
g ff the Upload Speed: "921600" yESet or power the board
98 woid se EA TV 3
10 // in ash Frequency: * put.
11 pinMo Flash Mode: "QI0" >
12 |} Partition Scheme: "Default” >
13 Core Debug Level: "Noj )
14 |// the Port: "COMS" 3 Serial ports
158|void 1o
16 digit Get Board Info com s the wvoltage lewvel)
17 delay ¥ COM3
~ o Programmer . _
18 digit LED off by making the wvoltage LOW
19 delay Burn Bootloader 2 second
20 |}

Any concerns? X support@freenove.com
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Note: For macOS users, if the uploading fails, please set the baud rate to 115200 before clicking
“Upload Using Programmer”.

& Sketch_01.1_Blink | Arduino 1.8.13 — O X
File Edit Sketch Tools Help
Auto Format Ctrl+T
Archive Sketch
Sketch_01.1_BIl Fix Encoding & Reload
18 Manage Libraries... Ctrl+Shift+1 ()
': Serial Monitor Ctrl+5hift+M
1 Serial Plotter Ctrl+Shift+L
i ArduBlock
. $define LE WiFi101 / WiFININA Firmware Updater
g8 // the set F the board

9E void setug ESP32 Sketch Data Upload

10 // init] ESPB266 Sketch Data Upload

11 pinMode |
12 |} Board: "ESP32 Wrover Module” »
Upload Speed: "115200" 3 921600
Flash Frequency: "80MHz" :le 115200
Flash Mode: "QIO" : 256000 [age 1=vel)
Partition Scheme: "Default” 3 230400
- Core Debug Level: "None” 1 512000 flte9 LOW
Sketch_01.1_Blink
&% Sketch 01.1_Blink | Arduino 1.8.10 — ] b
Fle Edit Sketch Tools Help

Sketch_01.1_Blink

1 oon o o= L

#define PIN_LED 2
g // the setup function runs once when you press reset or power the board

Click “Upload”, Download the code to ESP32-WROVER and your LED in the circuit starts Blink.

(o)
(o)

(o)

22 23 GND
(o}

22 23 GND
oo

(o)

27 RX TX
27 AX TX
(o)

000

FREENOVE 2
ESP32-WROVER-DEV |2
8

n D

If you have any concerns, please contact us via: support@freenove.com

00O

<

o
[a)
z
5]
®
o
[a)
2]
2Q
c
2]
[=)
=2
=]

(o)
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The following is the program code:
fidefine PIN LED 2

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

// initialize digital pin LED BUILTIN 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 (1000) ; // wait for a second
digitalWrite (PIN LED, LOW); // turn the LED off by making the voltage LOW
delay (1000) ; // wait for a second

The Arduino IDE code usually contains two basic functions: void setup() and void loop().

After the board is reset, the setup() function will be executed firstly, and then the loop() function.

setup() function is generally used to write code to initialize the hardware. And loop() function is used to write
code to achieve certain functions. loop() function is executed repeatedly. When the execution reaches the end
of loop(), it will jump to the beginning of loop() to run again.

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

// the loop function runs over and over again forever

[i__l void loop() {
}

Reset operation will lead the code to be executed from the beginning. Switching on the power, finishing
uploading the code and pressing the reset button will trigger reset operation.

In the circuit, ESP32-WROVER's GPIO2 is connected to the LED, so the LED pin is defined as 2.

P #derine PIN LED 2

This means that after this line of code, all PIN_LED will be treated as 2.

In the setup () function, first, we set the PIN_LED as output mode, which can make the port output high level
or low level.

// initialize digital pin PIN LED as an output
pinMode (PIN LED, OUTPUT) ;

Then, in the loop () function, set the PIN_LED to output high level to make LED light up.
digitalWrite (PIN LED, HIGH): // turn the LED on (HIGH is the voltage level)

Any concerns? DX support@freenove.com
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Wait for 1000ms, that is 1s. Delay () function is used to make control board wait for a moment before executing
the next statement. The parameter indicates the number of milliseconds to wait for.
- delay (1000) ; // wait for a second ‘
Then set the PIN_LED to output low level, and LED light off. One second later, the execution of loop () function
will be completed.

digitalWrite (PIN_LED, LOW); // turn the LED off by making the voltage LOW
. delay (1000) ; // wait for a second
The loop() function is constantly being executed, so LED will keep blinking.

Reference

Configures the specified pin to behave either as an input or an output.
Parameters

pin: the pin number to set the mode of.

mode: INPUT, OUTPUT, INPUT_PULLDOWM, or INPUT_PULLUP.

Writes the value HIGH or LOW (1 or 0) to the given pin which must have been previously set as an output.
For more related functions, please refer to https://www.arduino.cc/reference/en/

Any concerns? X support@freenove.com


http://www.freenove.com/
https://www.arduino.cc/reference/en/

Chapter 1 LED www.freenove.com .

Chapter 1 LED

This chapter is the Start Point in the journey to build and explore ESP32 electronic projects. We will start with
simple “Blink” project.

Project 1.1 Blink

In this project, we will use ESP32 to control blinking a common LED.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

% B enol

EEER]
THEDT T TowT & X

o Lk s 2 0 X % 3o
0O0D0000O0OD0O0O00OD0OD000O0O0O0O0O

I FREENOVE [
{4 ESP32-WROVER-DEV |3

Breadboard x1

B
3
5
[
&
o
&
2
g
3
£

so0

oz
o
of
o=
of
o
of
o

Ol

...............................................................
---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------

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

LED x1 Resistor 220Q x1 Jumper M/M x2

—aas. 4 - - ..
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Component knowledge

LED

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

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

-

/y LED Voltage Maximum current Recommended current

21 1 2 Red 1.9-22V 20mA 10mA

Green 29-34V 10mA 5mA

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

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

Resistor

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

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

The bands of color on a resistor is a shorthand code used to identify its resistance value. For more details of
resistor color codes, please refer to the appendix of this tutorial.

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

In the following diagram, the current through R1 is: I=U/R=5V/10kQ=0.0005A=0.5mA.

Any concerns? X support@freenove.com
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WARNING: Never connect the two poles of a power supply with anything of low resistance value (i.e. a metal
object or bare wire) this is a Short and results in high current that may damage the power supply and electronic
components.

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

Breadboard

Here we have a small breadboard as an example of how the rows of holes (sockets) are electrically attached.
The left picture shows the way to connect pins. The right picture shows the practical internal structure.
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Power
ESP32-WROVER needs 5v power supply. In this tutorial, we need connect ESP32-WROVER to computer via
USB cable to power it and program it. We can also use other 5v power source to power it.

00000000 (o]

Tl CMDSD3 SD2 13 GND 12 14 27 26

EN/RST
i BQOT/I00

lGND CLK SDO SD1 15
00O

-
=)
m
m
2
o
<
m

AJA-HIAQHM-ZEJST

In the following projects, we only use USB cable to power ESP32-WROVER by default.

In the whole tutorial, we don't use T extension to power ESP32-WROVER. So 5V and 3.3V (includeing EXT
3.3V) on the extension board are provided by ESP32-WROVER.

We can also use DC jack of extension board to power ESP32-WROVER.In this way, 5v and EXT 3.3v on
extension board are provided by external power resource.

Any concerns? X support@freenove.com
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Circuit

First, disconnect all power from the ESP32-WROVER. Then build the circuit according to the circuit and
hardware diagrams. After the circuit is built and verified correct, connect the PC to ESP32-WROVER.

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

damage to your hardware!

Schematic diagram

5V EXT-3.3V
3.3V GND
EN 23
36/VP 22
39/VN 1TX
34 3/RX
35 21
32 GND

w
W
©

T

(o=}

2 ESP32-WROVER
GPIO Extension

LT

27 GND
14 GND
12 4
GND
'3 2 RI -
9/SD2 15 2200
10/SD3 8/SD1 1
11/CMD 7/SD0O
5V 6/CLK /
Y GND: LED1 ¥

GND Red (633nm) 2 1 2

¥
+

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

EXT-3.3Ve &

[cilbleN @ o o
elbfe] ¢ o o

enove ESP32 GPIO Extension Bog

Don't rotate ESP32-WROVER 180° for connection.

Any concerns? X support@freenove.com
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Sketch

According to the circuit, when the GPIO2 of ESP32-WROVER output level is high, the LED turns ON.
Conversely, when the GPIO2 ESP32-WROVER output level is low, the LED turns OFF. Therefore, we can let
GPIO2 circularly output high and low level to make the LED blink.

Upload the following Sketch:

Freenove Ultimate_Starter_Kit_for ESP32\Sketches\Sketch_01.1_Blink.

Before uploading the code, click "Tools", "Board" and select "ESP32 Wrover Module".

@) Sketch_01.1_Blink | Arduino 1.8.13
File Edit Sketch Tools Help

Aute Fermat Ctrl+T
yas
Archive Sketch IR e e
ev Module
Sketch_01.1_E Fix Encoding 8 Reload
) ESP32 Wrover Module
1= Manage Libraries... Ctrl+5Shift+] i .
5 i1 e ESP32 Pice Kit
- Serial Monitor Ctrl+Shift+M
3 Turta loT Node
Serial Plotter Ctrl+5Shift+L
4 TTGO LoRa32-0OLED V1
? WIFiI101 S WiFiNINA Firmware Updater TGO T1
i XinaBox CW02
7 |#define Board: "ESP32 Wrover Module” Boards Manager...
= // the . . SparkFun ESP32 Thing
B o Upload Speed: "921600 Arduino AVR Boards )
S woid u-blox MINA-W10 series (ESP32)
o Flash Frequency: "280MHz" ESP32 Arduino !
o/ o Widora AR
11 pinMo Flash Mode: "QIO ESP8266 Boards (2.6.3) )
. Electronic SweetPeas - ESP320
12 |} Partition Scheme: "Default”
- MNano32
== Core Debug Level: "Mone”
1 /f the LOLIN D32
] ) Port
158woid 1o ERee i LOLIN D32 PRO
- i oard Info e .
16 digit LED on (HIGH is the WEMOS LOLINZ2
7 delay Programmer »| @ second D Tech Pocket 32
18 | digit J LED off by making t RIESE Ll
15 delay Burn Bootloader 2 second "WeMos" WiFi&Bluetooth Battery
elect the serial port.
& Sketch_01.1_Blink | Arduino 1.8.13 — m} x
File Edit Sketch Tools Help
Auto Fermat Ctrl+T
Archive Sketch
Sketch_01.1_E Fix Encoding 8 Reload
18 Manage Libraries... Ctrl+Shift+ ~
2 |* Filer Serial Monitor Ctrl+Shift+M
q Serial Plotter Ctrl+Shift+L
5_ WIFiI101 S WiFiNINA Firrmware Updater
o
7 |#define Board: "ESP32 Wrover Module" ¥
g ff the Upload Speed: "921600" yESet or power the board
98 woid se EA TV 3
10 // in ash Frequency: * put.
11 pinMo Flash Mode: "QI0" >
12 |} Partition Scheme: "Default” >
13 Core Debug Level: "Noj )
14 |// the Port: "COMS" 3 Serial ports
158|void 1o
16 digit Get Board Info com s the wvoltage lewvel)
17 delay ¥ COM3
~ o Programmer . _
18 digit LED off by making the wvoltage LOW
19 delay Burn Bootloader 2 second
20 |}

Any concerns? X support@freenove.com
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Note: For macOS users, if the uploading fails, please set the baud rate to 115200 before clicking
“Upload Using Programmer”.

& Sketch_01.1_Blink | Arduino 1.8.13 — O X
File Edit Sketch Tools Help
Auto Format Ctrl+T
Archive Sketch
Sketch_01.1_BIl Fix Encoding & Reload
1= Manage Libraries... Ctrl+Shift+1 ()
i Filenan Serial Monitor Ctrl+5hift+M
4 Serial Plotter Ctrl+Shift+L
j ArduBlock
; $define LE WiFi101 / WiFININA Firmware Updater
g8 // the set the board
9B void setug ESP32 Sketch Data Upload
10 // init] ESPB266 Sketch Data Upload
11 pinMode
12 |} Board: "ESP32 Wrover Module”
13 Upload Speed: "115200"
i:lﬂiii:{hici; Flash Frequency: "80MHz"
16  digitalf Flash Made: "QIO" age level)
17 delay(l Partition Scheme: "Default”
Jl'i ii?i‘ii‘; Core Debug Level: "None” ltage LOW

Sketch_01.1 Blink

&9 Sketch 01.1_Blink | Arduino 1.8.10 - ] Py
File Edit Sketch Tools Help

Sketch_01.1_Blink

1 -
3
4
=1
7 #define PIN_LED 2
3 |// the setup function runs once when you press reset or power the board
9 |void setup() {
10 /{ initialize digital pin LED_BUILTIN as an output.
11 pinMode (PIN_LED, OUTEUT):
121
13
14 |/f the loop function runs over and over again forever
15 woid loop()
1& digitalWrite (PIN_LED, HIGH); // turn the LED on (HIGH is the wvoltage lewel)
17 delay(l000); f/ walt for a second
18 digitalWrite (PIN_LED, LOW):; J/ turn the LED off by making the woltage LOW
14 delay(1000); // wait for a second
20101 W
Click “Upload”, Download the code to ESP32-WROVER and your LED in the circuit starts Blink.
/
\I I . . .
. . . .
. . _’ ° L]
L] IR 4_ . o o
. . . .
. . . .

If you have any concerns, please contact us via: support@freenove.com
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Chapter 2 Button & LED

Usually, there are three essential parts in a complete automatic control device: INPUT, OUTPUT, and CONTROL.
In last section, the LED module was the output part and ESP32 was the control part. In practical applications,
we not only make LEDs flash, but also make a device sense the surrounding environment, receive instructions
and then take the appropriate action such as LEDs light up, make a buzzer turn ON and so on.

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

Project 2.1 Button & LED

In the project, we will control the LED state through a Push Button Switch. When the button is pressed, our
LED will turn ON, and when it is released, the LED will turn OFF.

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 2 Button & LED

Component List

ESP32-WROVER x1 GPIO Extension Board x1

EXT-3.3Vve &

7T EEEN 5 % 6w T

ovociksoo s 5 2 0 T T oax X T 3ol
0000000000000 0D0O0000O

FREENOVE :
il ESP32-WROVER-DEV I3

E
8
[%]
c
o
x*
w
o
o
(0]
o
g
&
@
w
2
§
w

0000000000000000000O0
CMDSD3Sh2 13 GNP 12 14 27 6 25 S8 @ 3 3 VN VR N oav)

BOOT/I00 Illl

Breadboard x1

oooooooooooooooooooooooooooooooooooooooooooooooooo
--------------------------------------------------

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

Jumper M/M x4 LED x1 Resistor 220Q x1 Resistor 10kQ x2 Push button x1
l‘.t
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Component knowledge

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

® 1
CJ ()
1" | P 1 2

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

Circuit

Schematic diagram
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Sketch

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

Upload following sketch:
Freenove Ultimate_Starter_Kit_for ESP32\Sketches\Sketch_02.1_ButtonAndLed.
Sketch_02.1 ButtonAndLed

& Sketch_02.1_ButtonAndLled | Arduino 1.8.10 — m] 4

File Edit Sketch Tools Help

Sketch_02.1_ButtonAndLed

~

7 #defins PIN_LED 2
& #define PIN_BUTTON 13
% // the setup function runs once when you press reset or power the board
10 woid setup() {
// initialize digital pin PIN_IED as an output.
{BIN_LED, OUTEUT);:
{EIN_BUTTON, INEUT);

function runs over and over again forever
{
alRead (PTN_BUTTON) == LOW} |

t= (PIN_LED, HIGH);

20 lelse|

ver Module on COMS

Download the code to ESP32-WROVER, then press the key, the LED turns ON, release the switch, the LED

turns OFF.
\ | A 4

If you have any concerns, please contact us via: support@freenove.com
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The following is the program code:
ftdefine PIN LED 2
fidefine PIN BUTTON 13

// the setup function runs once when you press reset or power the board
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) {
digitalWrite (PIN LED, HIGH) ;
Jelse{
digitalWrite (PIN LED, LOW) ;

In the circuit connection, LED and button are connected with GPIO2 and GPIO13 respectively, so define ledPin
and buttonPin as 2 and 13 respectively.

ftdefine PIN LED 2

fidefine PIN BUTTON 13
In the while cycle of main function, use digitalRead(buttonPin) to determine the state of button. When the
button is pressed, the function returns low level, the result of “if" is true, and then turn on LED. Otherwise,
turn off LED.

void loop() {

if (digitalRead(PIN_BUTTON) == LOW) {
digitalWrite (PIN LED, HIGH) ;

Jelsef
digitalWrite (PIN_LED, LOW) ;

Reference

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

Any concerns? DX support@freenove.com
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Project 2.2 MINI table lamp

We will also use a push button switch, LED and ESP32 to make a MINI table lamp but this will function
differently: Press the button, the LED will turn ON, and pressing the button again, the LED turns OFF. The ON
switch action is no longer momentary (like a door bell) but remains ON without needing to continually press
on the Button Switch.

First, let us learn something about the push button switch.

Debounce for Push Button

The moment when a push button switch is pressed, it will not change from one state to another state
immediately. Due to tiny mechanical vibrations, there will be a short period of continuous buffeting before it
completely reaches another state too fast for humans to detect but not for computer microcontrollers. The
same is true when the push button switch is released. This unwanted phenomenon is known as “bounce”.

press I sltable rellease| stable
U
RN .
| |
Ideal state } }
| | N
u | | t
™ |
| |
Virtual state | ‘ ‘
| N
| ] 4
|

Therefore, if we can directly detect the state of the push button switch, there are multiple pressing and
releasing actions in one pressing cycle. This buffeting will mislead the high-speed operation of the
microcontroller to cause many false decisions. Therefore, we need to eliminate the impact of buffeting. Our
solution: to judge the state of the button multiple times. Only when the button state is stable (consistent) over
a period of time, can it indicate that the button is actually in the ON state (being pressed).

This project needs the same components and circuits as we used in the previous section.

Any concerns? X support@freenove.com
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Sketch

Sketch_02.2_Tablelamp

&9 Sketch 02.2 TableLamp | Arduino 1.8.10 = O X

Eile Edit Sketch Tools Help

Sketch_02.2_TableLamp

ne PIN_LED 2
& #define PIN BUTTON 13
9|/ the setup function runs once when you press reset or power the board

d setup() {

initialize digital pin PIN_LED as an output.
12| pinMode (PIN_LED, OUTEUT):

de (PIN_BUTTON, INFUT):

/ the locop function runs over and over again forever
1 d loop() [

1s if (digitalRead(PIN_BUITON) == LOW) {
delay(20) 7

2 if (digitalRead(PIN_BUITON) == LOW) {

21 reverseGPI0(PIN_LED) ;

22 }

2 while (digitalRead(PIN_BUITON) == LOW):

24 delay(20) 7

25 while (digitalRead(PIN_BUITON) == LOW):

26 1

271

oid reverseGPIO({int pin) |
digitalWrite(pin, 'digitalRead(pin}));

rover Module on COMS

Download the code to the ESP32-WROVER, press the button, the LED turns ON, and press the button again,
the LED turns OFF.

If you have any concerns, please contact us via: support@freenove.com

Any concerns? X support@freenove.com


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

B www freenove.com Chapter 2 Button & LED

The following is the program code:
ftdefine PIN LED 2
fidefine PIN BUTTON 13

// the setup function runs once when you press reset or power the board
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) {
delay (20) ;
if (digitalRead (PIN BUTTON) == LOW) {
reverseGPIO(PIN LED) ;

}

while (digitalRead(PIN BUTTON) == LOW);

delay (20) ;

while (digitalRead(PIN BUTTON) == LOW);

void reverseGPIO(int pin) {
digitalWrite(pin, ! digitalRead(pin)):;

When judging the push button state, if it is detected as "pressed down", wait for a certain time to detect again
to eliminate the effect of bounce. When confirmed, flip the LED on and off. Then it starts to wait for the
pressed button to be released, and waits for a certain time to eliminate the effect of bounce after it is released.
if (digitalRead(PIN BUTTON) == LOW) {
delay (20) ;
if (digitalRead (PIN_BUTTON) == LOW) f{
reverseGPIO (PIN LED) ;
}
while (digitalRead(PIN BUTTON) == LOW);
delay (20) ;
while (digitalRead(PIN BUTTON) == LOW);
1
The subfunction reverseGPIO() means reading the state value of the specified pin, taking the value back and
writing it to the pin again to achieve the function of flipping the output state of the pin.

void reverseGPIO(int pin) {
digitalWrite(pin, ! digitalRead(pin));
}

Any concerns? X support@freenove.com
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Chapter 3 LED Bar

We have learned how to control a LED blinking, next we will learn how to control a number of LEDs.

Project 3.1 Flowing Light

In this project, we use a number of LEDs to make a flowing light.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

00000000000 O
T 2 2 25 3 32 3% 3 W VP N0V

Z KEEN T B W

115 2 0 G\ T RX TX Z TGN
0000000000 OD0D0D00O00O0O

FREENOVE
SP32-WROVER-DI L3

E"ng'mlrf ¢
4 IE°F

Breadboard x1

m

i

000000
b2 18 GND T2

2

o0

Freenove ESP32 GPIO Extension Board

o

ol

oooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooo

Jumper M/M x10 LED bar graph x1 Resistor 220Q x10

Any concerns? X support@freenove.com
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Component knowledge

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

LED bar

A LED bar graph has 10 LEDs integrated into one compact component. The two rows of pins at its bottom

are paired to identify each LED like the single LED used earlier.

Any concerns? X support@freenove.com
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Circuit

Schematic diagram
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If LED bar does not work, try to rotate it for 180°. The label is random.

Any concerns? X support@freenove.com
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Sketch

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.

Upload following sketch:

Freenove_Ultimate_Starter_Kit_for ESP32\Sketches\Sketch_03.1_FlowingLight.

Sketch_03.1_FlowinglLight

€9 Sketch 03.1 FlowingLight | Arduino 1.8.10 - m} X

File Edit Sketch Tools Help

Sketch_03.1_FlowingLight

7 byte ledPins[] = {15, 2, 0, 4, 5, 1a, 1%, 21, 22, 23};
g Iint ledCounts;
10 woid setup() [
11 ledCounts = sizeci(ledPins);
12 for (int 1 = 0; 1 < ledCounts; i++) |
pinMode (ledPins[i], CUTEUT);
}

7 |woid loop() {

for (int 1 = 0; i < ledCounts; i++) |
digitalWrite (ledPins[i], HIGH):
delay{l00);
digitalWrite (ledPins[i], LOW);

}

for ({int i = ledCounts - 1; 1 > -1; i-——) [
digitalWrite (ledPins[i], HIGH):
delay{l00);
digitalWrite (ledPins[i], LOW);

1

[ S T S X T 8 S i el el B el

<

fraver Module on COMI

Download the code to ESP32-WROVER and LED bar graph will light up from left to right and from right to
left.

v

A

If you have any concerns, please contact us via: support@freenove.com
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The following is the program code:
byte ledPins[] = {15, 2, 0, 4, 5, 18, 19, 21, 22, 23};

int ledCounts;

void setup() {
ledCounts = sizeof (ledPins) ;
for (int i = 0; i < ledCounts; i++) {
pinMode (1edPins[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);

}
Use an array to define 10 GPIO ports connected to LED bar graph for easier operation.
[ Jovte ledpins[) = (15, 2, 0, 4, 5, 18, 19, 21, 22, 23},
In setup(), use sizeof() to get the number of array, which is the number of LEDs, then configure the GPIO port
to output mode.

ledCounts = sizeof (ledPins) ;

for (int i = 0; i < ledCounts; i++) {
pinMode (1edPins[i], OUTPUT) ;

}

Then, in loop(), use two “for” loop to realize flowing water light from left to right and from right to left.

for (int i = 0; i < ledCounts; i+t) {
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);
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Chapter 4 Analog & PWM

In previous study, we have known that one button has two states: pressed and released, and LED has light-
on/off state, then how to enter a middle state? How to output an intermediate state to let LED "semi bright™?
That's what we're going to learn.

First, let's learn how to control the brightness of a LED.

Project 4.1 Breathing LED

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 PWM to achieve this target.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

FREENOVE 2
{4 ESP32-WROVER-DEV [

8
5
&
o)
&
o
&
i
g
8
s

[
o3
og
oz
o3
04
o8
03
oq
OFf)
OF
o
o
of
o
of
o
03
9o

Ol

fovocikspo o1 15 2 0 T T W DOWE RX X T BeN
0000000000000 0ODDODOODOO

| vec I
m

Breadboard x1

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------

--------------------------------------------------
..................................................

LED x1 Resistor 220Q x1 Jumper M/M x2
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Related knowledge

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 0O (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 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 outputs 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 QV-5V
(high level is 5V) corresponding to the pulse width 0%-100%:
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ANALOG
AU DIGITAL
5V
0% Duty Cycle
0 > t
AU
5V |— — — — —
25% Duty Cycle
0 > .
N Pu::;zrl\'?ﬁ?dth
5V |— E— 1 — —
50% Duty Cycle
0 > t
N U
5V
75% Duty Cycle |f
0 > .
MU
5V
100% Duty Cycle
0 >

t
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 a 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. Therefore, 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.

For example, generate a PWM with an 8-bit precision (2°=256. Values range from 0 to 255) with a maximum
frequency of 80,000,000/256 = 312,500Hz.)
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Circuit

This circuit is the same as the one in engineering Blink.

Schematic diagram

5V EXT-3.3V

3.3V GND
EN 23
36/VP 22
39/VN 1TX
34 3/RX
35 21
32 GND
33 19

18

2 ESP32-WROVER
GPIO Extension

I
T

27 GND
14 GND
12
GND
'3 2 RI -
9/SD2 15 220Q
10/SD3 8/SD1 1
11/CMD 7/SD0O
5V 6/CLK /
Y GND: LED1 ¥
GND Red (633nm) 2 1 2
¥

-

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

This project is designed to make PWM output GPIO2 with pulse width increasing from 0% to 100%, and then
reducing from 100% to 0% gradually.
Sketch_04.1_BreathinglLight

€9 Sketch 04.1 Breathinglight | Arduino 1.8.10 — O X

File Edit Sketch Tools Help

Sketch_04.1_BreathingLight

T R R

fine PIN IED 2  //define the led pin
fine CHN 0 //define the pwm channel
= FRQ 1000 //define the pwm frequency

= PWM BIT g f/define the pwm precision
11 |woid setup() {

12 ledcSetup (CHN, FRQ, PWM BIT); //setup pwm channel
13 ledcAttachPin (FIN_LED, CHN); //attach the led pin to pwm channel]
}

id loop() {

1 for (int i = 0; i < 255; i++) { //make light fade in

18 ledcWrite (CHN, i);

19 delay ({10}

1

for {int 1 = 255; 1 » -1; i--) { //make light fade ocut
ledcWrite (CHN, i):
delay (10}

1

} v

[JOL3 DSBS BB
[ =1

o

irover Module on COMS

Download the code to ESP32-WROVER, and you'll see that LED is turned from on to off and then from off to
on gradually like breathing.

| \/ N7\ W7o\l N |
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The following is the program code:
#define PIN LED 2 //define the led pin
#tdefine CHN 0 //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 < 2565; i++) { //make light fade in
ledeWrite (CHN, 1i);
delay (10) ;

}

for (int i = 255; i > =1; i——) { //make light fade out
ledeWrite (CHN, 1i);
delay (10) ;

The PWM pin output mode of ESP32 is not the same as the traditional controller. It controls each parameter
of PWM by controlling the PWM channel. Any number of GPIO can be connected with the PWM channel to
output PWM. In setup(), you first configure a PWM channel and set the frequency and precision.

! ledcSetup (CHN, FRQ, PWM BIT); //setup pwm channel |

Then the GPIO is associated with the PWM channel.
- ledcAttachPin (PIN _LED, CHN); //attach the led pin to pwm channel l

In the loop(), There are two “for” loops. The first makes the ledPin output PWM from 0% to 100% and the
second makes the ledPin output PWM from 100% to 0%. This allows the LED to gradually light and extinguish.,
for (int i = 0; i < 255; i++) { //make light fade in
ledcWrite (CHN, 1i);
delay (10) ;
}
for (int i = 255; i > -1; i—) { //make light fade out
ledcWrite (CHN, 1i);
delay (10) ;
}
You can also adjust the rate of the state change of LED by changing the parameters of the delay() function in
the “for” loop.
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Set the frequency and accuracy of a PWM channel.

Parameters
chan: channel index. Value range :0-15
freq: frequency, it could be a decimal.

bit_num: precision of values.

Bind/unbind a GPIO to a PWM channel.

Writes the pulse width value to a PWM channel.

Any concerns? X support@freenove.com
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Project 4.2 Meteor Flowing Light

After learning about PWM, we can use it to control LED bar graph and realize a cooler flowing light.
The component list, circuit, and hardware are exactly consistent with the project Flowing Light.

Sketch

Meteor flowing light will be implemented with PWM.
Sketch_04.2_FlowingLight2

9 Sketch_04.2_FlowingLight2 | Arduinc 1.8.10

Fle Edit Sketch Tools Help

Sketeh_04.2_FlowingLight2

1 ~
4

5 2

7 const byte ledPins[] = {15, 2, 0, 4, 5, 18, 1%, 21, 22, 23}; //define led pins

2 comst byte chns[] = {0, 1, 2, 3, 4, 5, & 7, &, 9}: f//define the pwm channels

S const int dutys[] = {0, 0, 0, O, O, @, O, O, O, O,

10 1023, 512, 25¢, 128, €4, 32, lg, &8, 4, 2,

11 o, 0, 0, 0,0 0,000 0

1z 1: //define the pwm dutys

13 int ledCounts; i

14 int delayTimes = 50; //flowing speed ,the smaller, the faster
15 void setup() {

16 ledCounts = sizeof(ledPins); //fget the led counts

17 for (int 1 = 0; 1 < ledCounts; i++) { /fsetup the pwm channels
13 ledcSetup{chns[i], 1000, 10);

19 ledchttachPin(ledPins[i], chns[i]):

20}

211

23 void loop() {

24 for (int i = 0; i < 20; i++) [ //flowing one side to other side
25 for (int J = 0:; 3 < ledCounts: j++) [
26 ledcWrite (chns[3], dutys[i + j1):

7 }
delay (delayTimes);

r Module 2

Download the code to ESP32-WROVER, and LED bar graph will gradually light up and out from left to right,
then light up and out from right to left.

The following is the program code:

const byte ledPins[] = {15, 2, 0, 4, 5, 18, 19, 21, 22, 23}; //define led pins
const byte chns[] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}; //define the pwm channels
const int dutys[] = {0, 0, 0, 0, 0, 0, 0, 0, 0, O,

1023, 512, 256, 128, 64, 32, 16, 8, 4, 2,

0, 0, 0, 0, 0, 0, O, 0, 0, O

s //define the pwm dutys
int ledCounts; //led counts
int delayTimes = 50; //flowing speed , the smaller, the faster
void setup() {
ledCounts = sizeof (ledPins) ; //get the led counts

for (int i = 0; i < ledCounts; i++) { //setup the pwm channels

Any concerns? X support@freenove.com
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ledcSetup(chns[i], 1000, 10);
ledcAttachPin(ledPins[i], chns[i]);

void loop() {
for (int i = 0; i < 20; i++) { //flowing one side to other side
for (int j = 0; j < ledCounts; j++) {
ledeWrite(chns[j], dutys[i + jl);

}
delay (delayTimes) ;
1
for (int i = 0; i < 20; i++) { //flowing one side to other side

for (int j = ledCounts — 1; j > -1; j—) {
ledeWrite(chns[j], dutys[i + (ledCounts — 1 - j)1);

}

delay (delayTimes) ;

First we defined 10 GPIO, 10 PWM channels, and 30 pulse width values.
const byte ledPins[] = {15, 2, 0, 4, 5, 18, 19, 21, 22, 23}; //define led pins
const byte chns[] = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}; //define the pwm channels
const int dutys[] = {0, 0, 0, 0, 0, 0, 0, 0, 0, O,
1023, 512, 256, 128, 64, 32, 16, 8, 4, 2,
0, 0, 0,00, 00000, 0, 0,0
1= //define the pwm dutys

In setup(), set the frequency of 10 PWM channels to 1000Hz, the accuracy to 10bits, and the maximum
pulse width to 1023. Attach GPIO to these PWM channels.
for (int i = 0; i < ledCounts; i++) { //setup the pwm channels
ledcSetup(chns[i], 1000, 10);
ledcAttachPin(ledPins[i], chnsl[i]);

Any concerns? X support@freenove.com
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In loop(), a nested for loop is used to control the pulse width of the PWM, and LED bar graph moves one grid
after each 1 is added in the first for loop, gradually changing according to the values in the array duties. As
shown in the table below, the value of the second row is the value in the array duties, and the 10 green
squares in each row below represent the 10 LEDs on the LED bar graph. Every 1 is added to |, the value of the
LED bar graph will move to the right by one grid, and when it reaches the end, it will move from the end to
the starting point, achieving the desired effect.

0(1]2]3/4]5/7|8|9 2122222 |2|2]2]3
112|134 (5]6|7|8|9|0
d|0/0|0/0|/0|0|0|O 0 0|0 0
[
0
1
2
3
1
8
1
9
2
0
In the code, two nested for loops are used to achieve this effect.
for (int i = 0; i < 20; i++) { //flowing one side to other side
for (int j = 0; j < ledCounts; j++) {
ledcWrite (chns[j], dutys[i + jl);
}
delay (delayTimes) ;
}
for (int i = 0; i < 20; i++) { //flowing from one side to the other

for (int j = ledCounts - 1; j > -1; j—) f{

ledcWrite (chns[j], dutys[i + (ledCounts — 1 — j)1):
}
delay (delayTimes) ;
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Chapter 5 RGB LED

In this chapter, we will learn how to control a RGB LED. It can emit different colors of light. Next, we will use
RGB LED to make a multicolored light.

Project 5.1 Random Color Light

In this project, we will make a multicolored LED. And we can control RGB LED to switch different colors
automatically.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

P32-WROVER-DEV |3}
g

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooo
..................................................

RGBLED x1 Resistor 220Q x3 Jumper M/M x4

M,
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Related knowledge

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

F’ﬂ;; 1
R G B
R
2 . 3 2 3 4
Red, green, and blue are known as three primary colors. When you combine these three primary-color lights

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

RGB

If we use three 8-bit PWMs to control the RGB LED, in theory, we can create 2°x2°+2°=16777216 (16 million)
colors through different combinations.
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Circuit

Schematic diagram

2  ESP32-WROVER &
2 GPIO Extension =2
el ND

5V EXT-3.3V

3.3V GND e
EN 23 f——
36/VP 2 f—
39/VN 1TX

34 F/RX e
35 YN —
32 GND s
33 IR —

LT

14 GND
12 4
GND —
13 2
9/SD2 15
10/SD3 8/SD1 s
11/CMD 7/SDQ s
5V 6/CLK e
5V GND s
GND

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Freenove ESP32 GPIO Extension Board
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Sketch

We need to create three PWM channels and use random duty cycle to make random RGB LED color.
Sketch_05.1_ColorfulLight

_@:cet:*"'

Colorfullight | Arduino 1.8.10 - O x
| File Edit Sketch Tools Help

Sketch_05.1_ColarfulLight

const byte ledPins[] = {15, 2, 4}; [//define red, green, blue led pins
8 |const byte chna[] = {0, 1, 2}; f/define the pwm channels
9 int red, green, blue;
0 wold setup() {
for {int 1 = 0; 1 < 37 i++) { f/setup the pwm channels, 1EHz, kit
| 12 ledcSetup (chns[i], 1000, 2);
| 13 ledcAttachPin({ledPins[i], chns[i]):
. 1

}

| 17 woid loop() {

red =

green

blus = {a,

aetColor (red, green, blus):
delay({200);

}

void setColor{byte r, byte g, byte b) |
ledcWrite (ledPins[0], 255 - r); //Common ancde LED, low level to turn on the led.
ledcWrite (1edPins[1], 255 - g);
ledcWrite (ledPins[2], 255 - b);
|28 W

er Module on ¢

With the code downloaded to ESP32-WROVER, RGB LED begins to display random colors.

If you have any concerns, please contact us via: support@freenove.com
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The following is the program code:
const byte ledPins[] = {15, 2, 4}; //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; i < 3; i++) { //setup the pwm channels, 1KHz, 8bit
ledcSetup(chns[i], 1000, 8);
ledcAttachPin(ledPins[i], chnsl[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);
ledeWrite (chns[2], 255 - b);

Define the PWM channel and associate it with the pin connected to RGB LED, and define the variable to hold
the color value and initialize it in setup().

const byte ledPins[] = {15, 2, 4}; //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; i < 3; i++) { //setup the pwm channels, 1KHz, 8bit
ledcSetup(chns[i], 1000, 8);
ledcAttachPin(ledPins[i], chns[il);

1
In setColor(), this function controls the output color of RGB LED by the given color value. Because the circuit

uses a common anode, the LED lights up when the GPIO outputs low power. Therefore, in PWM, low level is
the active level, so 255 minus the given value is necessary.

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);

}
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In loop(), get three random Numbers and set them as color values.
red = random(0, 256);
green = random(0, 256) ;
blue = random(0, 256);
setColor (red, green, blue);
delay (200) ;

The related function of software PWM can be described as follows:

This function will return a random number(min --- max-1).
Project 5.2 Gradient Color Light

In the previous project, we have mastered the usage of RGB LED, but the random display of colors is rather
stiff. This project will realize a fashionable light with soft color changes.

Component list and the circuit are exactly the same as the random color light.

Using a color model, the color changes from 0 to 255 as shown below.

0 85 170 255

In this code, the color model will be implemented and RGB LED will change colors along the model.
Sketch_05.2_SoftColorfulLight
The following is the program code:

const byte ledPins[] = {15, 2, 4}; //define led pins

const byte chns[] = {0, 1, 2}; //define the pwm channels

void setup() {
for (int i = 0; i < 3; i++) { //setup the pwm channels
ledcSetup(chns[i], 1000, 8);
ledcAttachPin(ledPins[i], chns[i]);

void loop() {
for (int i = 0; i < 256; i++) {
setColor (wheel (i)) ;
delay (20) ;
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void setColor(long rgh) {
ledeWrite (chns[0], 255 - (rgh >> 16) & OxFF);
ledeWrite (chns[1], 255 — (rgbh >> 8) & OxFF);
ledeWrite (chns[2], 255 - (rgbh >> 0) & OxFF);

long wheel (int pos) {
long WheelPos = pos % Oxff;
if (WheelPos < 85) {
return ((255 — WheelPos * 3) << 16) | ((WheelPos * 3) << 8);
} else if (WheelPos < 170) {
WheelPos —= 85;
return (((255 — WheelPos * 3) << 8) | (WheelPos * 3));
} else {
WheelPos —= 170;
return ((WheelPos * 3) << 16 | (255 — WheelPos * 3)):

In setColor(), a variable represents the value of RGB, and a hexadecimal representation of color is a common
representation, such as OxAABBCC, where AA represents the red value, BB represents the green value, and
CC represents the blue value. The use of a variable can make the transmission of parameters more convenient,
in the split, only a simple operation can take out the value of each color channel

void setColor(long rgh) {
ledcWrite (chns[0], 255 - (rgb >> 16) & OxFF);
ledeWrite (chns[1], 255 - (rgbh >> 8) & OxFF);
ledeWrite (chns[2], 255 - (rgb >> 0) & OxFF);

The wheel() function is the color selection method for the color model introduced earlier. The pos parameter
ranges from 0 to 255 and outputs a color value in hexadecimal.
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Chapter 6 LEDPixel

This chapter will help you learn to use a more convenient RGB LED lamp, which requires only one GPIO
control and can be connected in infinite series in theory. Each LED can be controlled independently.

Project 6.1 LEDPixel

Learn the basic usage of LEDPixel and use it to flash red, green, blue and white.

Component List

ESP32-WROVER x1

b\o Gk 500 501 15 T W WOW I AX X Z ZGND)
0O0D0000O0OD0O0O00O0D0D000O0OD0O0O0O

GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

Jumper F/M x3
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Related knowledge

Freenove 8 RGB LED Module

The Freenove 8 RGB LED Module is as below.

It consists of 8 WS2812, each of which requires only one pin to control and supports cascade. Each WS212
has integrated 3 LEDs, red, green and blue respectively, and each of them supports 256-level brightness
adjustment, which means that each WS2812 can emit 224=16,777,216 different colors.

You can use only one data pin to control eight LEDs on the module. As shown below:

~

O
¢ 4 S
Y @ FREENOQVE
m €D Z
® N
®
= L

p-S
\0) 3 - Q@

R .\

FREENOVE 0 [
el

]
Freenove 8 RGB LED Module

Free Your Innovation
. www.freenove.com .

And you can also control many modules at the same time. Just connect OUT pin of one module to IN pin of
another module. In this way, you can use one data pin to control 8, 16, 32 --- LEDs.

~ ~

S S
FREENOVE FREENOVE

--I - —
Freenove 8 RGB LED Module Freenove 8 RGB LED Module

Free Your Innovation Free Your Innovation
www.freenove.com www.freenove.com .

symbol Function symbol Function
S Input control signal S Output control signal
V Power supply pin, +3.5V~5.5V V Power supply pin, +3.5V~5.5V
G GND G GND
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Schematic diagram
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Sketch

This code uses a library named "Freenove_WS2812_Lib_for_ESP32", if you have not installed it, please do so
first.

Library is an important feature of the open source world, and we know that Arduino is an open source platform
that everyone can contribute to. Libraries are generally licensed under the LGPL, which means you can use
them for free to apply to your creations.

How to install the library

There are two ways to add libraries.

The first way, open the Arduino IDE, click Tools =>Manager Libraries.

@ sketch 06.1_ LEDPixel | Arduine 1.8.13
File Edit Sketch Tools Help
Auto Format Ctrl+T
Archive Sketch
Sketch_06.1_LE Fix Encoding 8 Reload

1 |#include Manage Libraries... Ctrl+Shift+1
2 Serial Monitor Ctrl+Shift+ M
3 |#define LR , )
4 $define LE Serial Plotter Ctrl+Shift+L
5 |$define CH - - .
_ WIF101 / WiFNINA Firmware Updater
Freenove Board: "ESP32 Wrover Module” » [CRE):
9 lint m col Upload Speed: "921600" >y

10 int delayy Flash Frequency: "BOMHz" ?

In the pop-up window, Library Manager, search for the name of the Library, “Freenove WS2812 Lib for ESP32".
Then click Install.

&9 Library Manager X
Type |All ~ | Topic [All w | [ freenove

Freenove W52812 Lib for ESP22 by Freenove Version 1.0.2 INSTALLED

An Arduino library for WS52812 led on ESP32.
This is an Arduino library for controlling ws2812b led on esp32.

Maore info

Select version Install

Freenove WS2812B RGBLED Controller by Freenove Version 1.0.2 INSTALLED
Arduino library for Freenove W52812B RGELED Controller.

Arduine library for Freenove WS2812B RGELED Controller.

More info

The second way, open Arduino IDE, click Sketch=>Include Library=>Add .ZIP Library, Inthe pop-up window,
find the file named “./Libraries/Freenove_WS2812_Lib_for_ESP32.Zip” which locates in this directory, and
click OPEN.

@ sketch 06.1_LEDPixel | Arduine 1.8.13

File Edit Sketch Tools Help a
Verify/Compile Crl+R Manage Libraries... Ctrl+Shift+]
Upload Ctrl+U
Upload Using Programmer Ctrl+Shift+U bt 2l Ll
Export compiled Binary Ctrl+Alt+S Arduino libraries
Show Sketch Folder Ctrl+K Bridge
Include Library 3 Eeplae
Add File.. Ethernet
7 |Freenove ESP32_WS2812 strip = Freenove ESP3 Firmata _GRE);
- GSM
4 int m color[5][3] = { {255, O, O}, {0, 255, Keyboard }:
int delayval = 100; LiquidCryslal

Any concerns? X support@freenove.com
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Sketch_06.1_LEDPixel

& Sketch_06.1_LEDPixel | Arduino 1.8.13 — O X
File Edit Sketch Tools Help

Sketch_06.1_LEDPixel

1 #include "Freenove WS28l2_Lib for ESP32.h" 2

3 |#define LEDS COUNT & // The number of led
e LEDS_FIN 2 [/ define the pin connected to the Freenove 8 led strip
0 // BMT module channel

7 Freenove ESP32 _WS525812 strip = Freenove ESP32 WS52512(LEDS_COUNT, LEDS PIN, CHANNEL, TYPE GEE);

% int m color[S5]1(3] = { {255, O, O}, {O, 255, 0O}, {0, 0O, 255}, {255, 255, 255}, {0, 0O, O} }»r
10 int delayval = 100;

128 void setup() {

13 strip.begin();:

14 strip.sstBrightnsss(10) 7

15 '}

55 void loop() {

176 for {int j = 0; 3 < 5; j++) {

== for (int i = 0y 1 < LEDS _COUNI; i++) {

19 strip.setledColorbata({i, m color[]j][0], m color[j][1], m coloe[]][2]);// Set color data.
20 strip.show(); // Send color data to LED, and display.
21 delay{delayval);// Interval time of each LED. v

The following is the program code:

1 #include “Freenove WS2812 Lib for ESP32.h”

2

3 #define LEDS COUNT 8 // The number of led

4 #define LEDS PIN 2 // define the pin connected to the Freenove 8 led strip

5 #define CHANNEL 0 // RMT channel

6

7 Freenove ESP32 WS2812 strip = Freenove ESP32 WS2812(LEDS COUNT, LEDS PIN, CHANNEL, TYPE GRB) ;
8

9 u8 m_color[51[3] = { {255, 0, 0}, {0, 255, 0O}, {0, 0, 255}, {255, 255, 255}, {0, 0, 0} };
10 int delayval = 100;

11

12 | void setup() {

13 strip. begin();

Any concerns? X support@freenove.com
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14 strip. setBrightness (10) ;

15 |}

16 | void loop() {

17 for (int j =0; j < 5; j++) |

18 for (int i = 0; i < LEDS COUNT; i++) {
19 strip. setLedColorData(i, m color[jl1[0], m color[jl[1], m color[jl[2]);
20 strip. show() ;

21 delay (delayval) ;

22 }

23 delay (500) ;

24 }

25 |}

To use some libraries, first you need to include the library's header file.
‘ 1 ‘ #include “Freenove WS2812 Lib for ESP32.h”
Define the pins connected to the ring, the number of LEDs on the ring, and RMT channel values.,
3 #tdefine LEDS COUNT 8 // The number of led
4 #define LEDS PIN 2 // define the pin connected to the Freenove 8 led strip
5 #define CHANNEL 0 // RMT channel
Use the above parameters to create a LEDPixel object strip.
‘ 7 ‘ Freenove ESP32 WS2812 strip = Freenove ESP32 WS2812 (LEDS COUNT, LEDS PIN, CHANNEL, TYPE GRB) ; ‘
Define the color values to be used, as red, green, blue, white, and black.
\ 9 \ u8 m_color[5][3] = { {255, 0, 0}, {0, 255, 0O}, {0, 0, 255}, {255, 255, 255}, {0, 0, O} }; \
Define a variable to set the time interval for each led to light up. The smaller the value is, the faster it will

light up.
‘ 10 ‘ int delayval = 50; ‘
Initialize strip() in setup() and set the brightness.

13 strip.begin();
14 strip. setBrightness (10) ;

In the loop(), there are two “for” loops, the internal for loop to light the LED one by one, and the external for
loop to switch colors. strip.setLedColorData() is used to set the color, but it does not change immediately.
Only when strip.show() is called will the color data be sent to the LED to change the color.

17 for (int j =0; j < 5; j++) {

18 for (int i = 0; i < LEDS COUNT; i++) {

19 strip. setLedColorData(i, m color[j][0], m color[jl[1], m color[jl[2]);
20 strip. show() ;

21 delay (delayval) ;

22 }

23 delay (500) ;

24 1

Any concerns? X support@freenove.com
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Reference
| Freenove ESP32 WS2812(l6 n = 8 u8 pin gpio = 2, S chn = O, LEDTVPE & = WPEGRD) | |
Constructor to create a LEDPixel object.

Before each use of the constructor, please add “#include "Freenove WS2812 Lib_for ESP32.h"
Parameters

n: The number of led.

pin_gpio: A pin connected to an led.

Chn: RMT channel, which uses channel 0 by default, has a total of eight channels, 0-7. This means that you

can use eight LEDPixel modules for the display at the same time, and these modules do not interfere with
each other

t: Types of LED.
TYPE_RGB: The sequence of LEDPixel module loading color is red, green and blue.
TYPE_RBG: The sequence of LEDPixel module loading color is red, blue and green.
TYPE_GRB: The sequence of LEDPixel module loading color is green, red and blue.
TYPE_GBR: The sequence of LEDPixel module loading color is green, blue and red.
TYPE_BRG: The sequence of LEDPixel module loading color is blue, red and green.
TYPE_BGR: The sequence of LEDPixel module loading color is blue,g reen and red.

Initialize the LEDPixel object

Set the color of led with order number n.

Send the color data to the led and display the set color immediately.

Set the brightness of the LED.

If you want to learn more about this library, you can visit the following website:
https://github.com/Freenove/Freenove WS2812 Lib for ESP32

Any concerns? DX support@freenove.com
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Project 6.2 Rainbow Light

In the previous project, we have mastered the use of LEDPixel. This project will realize a slightly complicated
rainbow light. The component list and the circuit are exactly the same as the project fashionable light.

Sketch

Continue to use the following color model to equalize the color distribution of the 8 LEDs and gradually

change.

0 85 170 255
Sketch_06.2_RainbowlLight

& Sketch 06.2 RainbowlLight | Arduino 1.8.13 - O X
File Edit Sketch Tools Help

Sketch_06.2_RainbowLight
#include "Freenove W32812 Lib_for ESP32.h"™ A

#define LEDS_COUNTI 8
#define LEDS_PIN 2
#define CHANNEL 0

L I

Freenove ESP32_W52812 strip = Freenove ESP32_WS52812 (LEDS_COUNI, LEDS_PIN, CHANNEL, TYFE_GRE);

9B void setup() |

10 strip.begin();

11 1

12

138 void loop{) {

14E  for (int j = 0; j < 255:; J += 2) {

1568 for (int i = 0; i < LEDS_COUNT; i++) [
18 strip.setledColorData({i, strip.Whesl(({i * 256 / LEDS_COUNT + j) & 255)};s
17 1

18 strip.show ()7

15 delay {5):

20 1

21}

wver Module on COMS

Download the code to ESP32-WROVER, and the Freenove 8 RGB LED Strip displays different colors and the
color changes gradually.

Any concerns? X support@freenove.com
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00

B2l
X 3 2

The following is the program code:
#include “Freenove WS2812 Lib for ESP32.h”

#tdefine LEDS COUNT 8 // The number of led
ftdefine LEDS PIN 2 // define the pin connected to the Freenove 8 led strip
#define CHANNEL 0 // RMT channel

Freenove ESP32 WS2812 strip = Freenove ESP32 WS2812(LEDS COUNT, LEDS PIN, CHANNEL, TYPE GRB) ;

void setup() {
strip. begin();

void loop() {
for (int j =0; j < 255; j+=1) {
for (int i = 0; i < LEDS COUNT; i++) {
strip. setLedColorData (i, strip.Wheel ((i * 256 / LEDS _COUNT + j) & 255));
}
strip. show(); // Send color data to LED, and display.
delay (5) ;

In the loop(), two “for” loops are used, the internal “for” loop(for-j) is used to set the color of each LED, and
the external “for” loop(for-i) is used to change the color, in which the self-increment value in i+=1 can be
changed to change the color step distance. Changing the delay parameter changes the speed of the color
change. Wheel (i * 256 / LEDS_COUNT + j) & 255) will take color from the color model at equal intervals
starting from i.
for (int j =0; j < 255; j+=1) {
for (int i = 0; i < LEDS COUNT; i++) {
strip. setLedColorData (i, strip.Wheel ((i * 256 / LEDS COUNT + j) & 255));

}

strip. show(); // Send color data to LED, and display.

delay (5) ;

Any concerns? DX support@freenove.com
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Chapter 7 Buzzer

In this chapter, we will learn about buzzers that can make sounds.

Project 7.1 Doorbell

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

Component List

ESP32-WROVER x1 GPIO Extension Board x1

20
kO
8O
jlo]
x0
{e]
(e}
(e}
o
o
o
o
0
=0
~Q
20
o
20
3o
2o

FREENOVE :
td EsP32-wrOVER-DEV [

“ uglf‘mn‘*'g
OE ! | &

Breadboard x1

00000000000000000O0
§D2 BGND 12 14 27 26 25 33 32 35 34 VN VP EN33V

L.

Freenove ESP32 GPIO Extension Board

s

o

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
...............................................................
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................

Jumper M/M x6

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

(S8050)
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Component knowledge

Buzzer

Buzzer is a sounding component, which is widely used in electronic devices such as calculator, electronic
warning clock and alarm. Buzzer has two types: active and passive. Active buzzer has oscillator inside, which
will sound as long as it is supplied with power. Passive buzzer requires external oscillator signal (generally use
PWM with different frequency) to make a sound.

Active buzzer Passive buzzer

-+

]

L
—
T

1
—
e

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

Next, we will use an active buzzer to make a doorbell and a passive buzzer to make an alarm.

How to identify active and passive buzzer?

1. Usually, there is a label on the surface of active buzzer covering the vocal hole, but this is not an absolute
judgment method.

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

Active buzzer Passive buzzer

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.

Any concerns? X support@freenove.com
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Transistor, the full name: semiconductor transistor, is a semiconductor device that controls current. Transistor
can be used to amplify weak signal, or works as a switch. It has three electrodes(PINs): base (b), collector (c)
and emitter (e). When there is current passing between "be", "ce" will allow several-fold current (transistor
magnification) pass, at this point, 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,

PNP transistor NPN transistor
11 E 3]C
P 5 M 5
B B
19283 3l c 14283 1l E
E B C E B C

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

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 use 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 use 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

L R1

1
Z ? Buzzer . 1kQ r o1

"ITQ
[Pin> I (1L
Pin ‘\/V\/\, Q1 2 ||| Buzzer
| T
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Circuit

Schematic diagram

5V EXT-3.3V
S— 3. 3\/ GND  fr—
EN 23
1 36/VP 22—
e 39/VN 0 S
et 34 F/RX s
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—— — 32 GND  fr—
— 33 19 frms
4T | —Z—Z ESP32-WROVER ‘—2:: &
PY [ £ GPIO Extension - §
| T —1 GND = R2
S—) 4 GND  fr— 10kQ
— & A
ql lfliQ st GND (R —
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St 10/SD3 8/SD1 Jr—
st 11/CMD 7/SDO et Sl
e 5\/ 6/CLK [ —‘—l
— 5\ GND  fr—
GND

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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eenove ESP32 GPIO Extension Boa

Note: in this circuit, the power supply for buzzer is 5V, and pull-up resistor of the button connected to the
power 3.3V. The buzzer can work when connected to power 3.3V, but it will reduce the loudness.

Any concerns? X support@freenove.com
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Sketch

In this project, a buzzer will be controlled by a push button switch. When the button switch is pressed, the
buzzer sounds and when the button is released, the buzzer stops. It is analogous to our earlier project that
controlled a LED ON and OFF.

Sketch_07.1_Doorbell

&8 Sketch 07.1 Doorbell | Arduina 1.8.12 — O *
File Edit Sketch Tools Help

Sketch_07.1_Doorbell

1= &

w

= R T RN

#define PIN_BUZZER 13
& #defins PIN_BUTTON 4
108 void setup() [
11 pinMode (PIN _BUZZER, OUTPUT);
12 pinMode (PIN_BUTTON, INBUT):

13 |}
15E|void loopi) [

166 if (digitalRead(PIN BUTTON) == LOW) {
17 digitalWrite (PIN_BUZZER,HIGH);

18 lelzs=]

18 digitalWrite (PIN_BUZZER, LOW)

over Module, Default 4MB with spiffs (1.2MB APP/1.SMEBE SPIFFS), DOUT, BOMH= GO0, Mane on CONS

Download the code to ESP32-WROVER, press the push button switch and the buzzer will sound. Release the
push button switch and the buzzer will stop.

Any concerns? X support@freenove.com
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The following is the program code:

#define PIN BUZZER 13
#define PIN_BUTTON 4

void setup() {
pinMode (PIN_BUZZER, OUTPUT) ;
pinMode (PIN BUTTON, INPUT) :

void loop() {
if (digitalRead(PIN_BUTTON) == LOW) {
digitalWrite (PIN BUZZER, HIGH) ;
Jelse{
digitalWrite (PIN BUZZER, LOW) ;

}

The code is logically the same as using button to control LED.

Any concerns? DX support@freenove.com
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Project 7.2 Alertor

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

Sketch

In this project, the buzzer alarm is controlled by the button. Press the button, then buzzer sounds. If you
release the button, the buzzer will stop sounding. It is logically the same as using button to control LED, but
in the control method, passive buzzer requires PWM of certain frequency to sound.

Sketch_07.2_Alertor

&) Sketch_07.2_Aleror | Arduino 1.8.13 - O *
File Edit Sketch Tocls Help

Sketch_07.2_Aleror§

7 #define PIN_BUZZER 13 2
g #define PIN_BUTTON 4

% g#define CHN a f/define the pwm channel

10

11Evoid setup() {

12 pinMode (PIN_BUTTON, INEUI);

13 pinMode (PIN _BUZZER, CUTEUT):

14 ledcSetup (CHN, O, 10); ffsetup pwm channel

15 ledcAttachPin (FIN_BUZZER, CHN); //attach the led pin to pwm channel

18 ledcWriteTone (CHN, 2000); //3ound at 2KHz for 0.3 seconds

17 delay(300) 7

13 |}

19

208 void loop({) {

218 if (digitalRead (PIN_BUTTON) = LOW) {

22 alsrt():

23 1 =lse |

24 ledcWriteTone (CHN, 0);

25 }

26 |}

288 void alert() [

29 float sinVal; // Define a wariable to save sine value

30 int toneVal; /f Define a wariable to save sound f[reguency

31E  for {int x = 0; x < 360; x += 10) { J/ X from 0 degree->360 degree

32 ginVal = =zin(x * (PI / 180));: /f Calculate the sine of x

33 toneVal = 2000 + sinVal * 5007 /fCalculate sound frequency according to the sine of x
34 ledcHriteTone (CHN, toneWVal);

35 delay (10} ;

36 }

37 1 v

vev Module, Disabled, Default 4MB with spiffs (1.2MB APP/1.5MB SFIFF 40MHz (WiFifBT z, Nene on COM4
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Download the code to ESP32-WROVER, press the button, then alarm sounds. And when the button is released,
the alarm will stop sounding.

I ® 8 @08 00000000 .

The following is the program code:
fidefine PIN BUZZER 13
fidefine PIN BUTTON 4
#tdefine CHN 0 //define the pwm channel

void setup() {
pinMode (PIN_BUTTON, INPUT);
pinMode (PIN _BUZZER, OUTPUT) ;

ledcSetup (CHN, 0, 10); //setup pwm channel
ledcAttachPin (PIN BUZZER, CHN); //attach the led pin to pwm channel
ledcWriteTone (CHN, 2000) ; //Sound at 2KHz for 0.3 seconds
delay (300) ;

void loop() {
if (digitalRead (PIN_BUTTON) == LOW) {
alert();
} else {
ledcWriteTone (CHN, 0);

void alert() {

float sinVal; // Define a variable to save sine value
int toneVal; // Define a variable to save sound frequency
for (int x = 0; x < 360; x += 10) { // X from 0 degree—>360 degree
sinVal = sin(x * (PI / 180)); // Calculate the sine of x
toneVal = 2000 + sinVal * 500; //Calculate sound frequency according to the sine of x
ledcWriteTone (CHN, toneVal);
delay (10) ;
}

Any concerns? DX support@freenove.com
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The code is the same as the active buzzer logically, but the way to control the buzzer is different. Passive
buzzer requires PWM of certain frequency to control, so you need to create a PWM channel through
ledcSetup(). Here ledcWriteTone() is designed to generating square wave with variable frequency and duty
cycle fixed to 50%, which is a better choice for controlling the buzzer.

ledcSetup (CHN, 0, 10); //setup pwm channel
ledcAttachPin (PIN BUZZER, CHN); //attach the led pin to pwm channel
ledcWriteTone (CHN, 2000) ; //Sound at 2KHz for 0.3 seconds

In the while cycle of main function, when the button is pressed, subfunction alert() will be called and the alertor
will issue a warning sound. The frequency curve of the alarm is based on the sine curve. We need to calculate
the sine value from 0 to 360 degree and multiply a certain value (here is 500) and plus the resonant frequency

of buzzer.
void alert() {
float sinVal; // Define a variable to save sine value
int toneVal; // Define a variable to save sound frequency
for (int x = 0; x < 360; x += 10) { // X from 0 degree—>360 degree
sinVal = sin(x * (PI / 180)); // Calculate the sine of x
toneVal = 2000 + sinVal * 500; //Calculate sound frequency according to the sine of x
ledcWriteTone (CHN, toneVal);
delay (10) ;
}
}

If you want to close the buzzer, just set PWM frequency of the buzzer pin to 0.

! ledclWriteTone (CHN, 0):

Reference

This updates the tone frequency value on the given channel.

This function has some bugs in the current version (V1.0.4): when the call interval is less than 20ms, the
resulting PWM will have an exception. We will get in touch with the authorities to solve this problem and
give solutions in the following two projects.

Any concerns? X support@freenove.com
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Project 7.3 Alertor (use timer)

Due to some bugs in the function ledcWriteTone(), this project uses timer to generate software PWM to
control the buzzer. The circuit is exactly the same as the last project.

Sketch

The core of the code of this project is to create a timer to change the GPIO state to generate 50% pulse width
PWM, and change the PWM frequency by changing the timing time of the timer.
Sketch_07.3_Alertor

&9 sketch 07.3_Alerar | Arduino 1.8.10 - | b

File Edit Sketch Tools Help

Shketch_07.3_Aleror

7 #define BUZZER PIN 13 ~
% #define PIN_BUTTON 4

% hw_timer_t * timer = NULL;

10

11 bool isRlerting = false;

1z

13 wvoid IRERM ATTR onTimer() {

14 digitalWrite (BUZZER_PIN, 'digitalRead(BUZZER PIN));

15}

1

17 woid setup() {

12 pinMode (PIN_BUTTON, INPUT):

19 pinMode (BUZZER PIN, OUTPUT):

20 ff Use lst timer of 4 (counted from zero).

21 f/ Set 80 divider for prescaler (see E5P32 Technical Reference Manual for more info).
22 timer = timerBegin({0, 80, trus);

23 // Attach onTimer function to our timer.

24 timerAttachInterrupt (timer, sonTimer, trus=);

25 1}

26 woid loop() |

27 if (digitalRead(PIN_BUITON) == LOW) {

28 if ('isAlerting) |

29 isklerting = true;

30 J// et alarm, lms, repeat

31 timerRlarmWrite (timer, 1000, true);

32 // Start an alarm

33 timerAlarmEnable (timer);

34 }

35 alert(); W

Download the code to ESP32-WROVER, press the button, then the alarm sounds. And when the button is
released, the alarm will stop sounding.

Any concerns? X support@freenove.com
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The following is the program code:
fidefine BUZZER PIN 13
fidefine PIN BUTTON 4
hw timer t * timer = NULL;

bool isAlerting = false;

void IRAM ATTR onTimer () {
digitalWrite (BUZZER PIN, ! digitalRead (BUZZER PIN));

void setup() {
pinMode (PIN_BUTTON, INPUT);
pinMode (BUZZER PIN, OUTPUT) ;
// Use 1st timer of 4 (counted from zero).
// Set 80 divider for prescaler (see ESP32 Technical Reference Manual for more info).
timer = timerBegin(0, 80, true);
// Attach onTimer function to our timer.
timerAttachInterrupt (timer, &onTimer, true);
}
void loop() {
if (digitalRead (PIN BUTTON) == LOW) {
if (! isAlerting) {
isAlerting = true;
// Set alarm, lms, repeat
timerAlarmWrite (timer, 1000, true);
// Start an alarm
timerAlarmEnable (timer) ;
}
alert();
} else {
if (isAlerting) {
isAlerting = false;
timerAlarmDisable (timer) ;
digitalWrite (BUZZER PIN, LOW);

void alert() {
float sinVal;
int toneVal;
for (int x = 0; x < 360; x += 1) {
sinVal = sin(x * (PT / 180));

Any concerns? DX support@freenove.com
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toneVal = 2000 + sinVal * 500;
timerAlarmWrite (timer, 500000 / toneVal, true);
delay (1) ;

—
—

In the code, first define a timer variable, timer, and then create the timer in setup(), setting the function
onTimer() that the timer will execute.
hw timer t * timer = NULL;

// Set 80 divider for prescaler (see ESP32 Technical Reference Manual for more info)
timer = timerBegin(0, 80, true);

// Attach onTimer function to our timer.

timerAttachInterrupt (timer, &onTimer, true);

In the loop(), use the timerAlarmWrite() to set the timer time and use timerAlarmEnable() to start the timer.
Using the flag bit isAlerting, the code to set and start the timer is executed only when the key is pressed.
if (! isAlerting) {

isAlerting = true;

// Set alarm, 1lms, repeat
timerAlarmWrite (timer, 1000, true):
// Start an alarm

timerAlarmEnable (timer) ;

"

After the key is released, stop the timer and make the buzzer's GPIO output low.
if (isAlerting) {

isAlerting = false;
timerAlarmDisable (timer) ;

digitalWrite (BUZZER PIN, LOW);

"

Any concerns? DX support@freenove.com
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Reference

Timer type, used to define a timer variable.

Initialize the timer.

parameters
timer: The timer to initialize
divider: The frequency divider coefficient of the timer, the value range is 2-65535. The default clock

frequency is 80MHz.
countUp: true means counter up technique and false means counter down.

Bind the function to execute when the interrupt is generated for the timer.

Set the timer time.

Start/stop the timer.

Any concerns? X support@freenove.com
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Project 7.4 Alertor (use idf)

Although using software “timer” to generate PWM is to achieve our purpose, but frequent interruption will
reduce the execution efficiency of the main program code, and when the project is too large, this problem
will be more serious. Obviously, software PWM is not the optimal choice.

This project uses the function in esp-idf-sdk code base to make the hardware PWM with adjustable frequency,
and then control the buzzer.

Because the code of this project applies the functions in the esp-idf-sdk code base, which is beyond the
scope of "Arduino”, and there are many unfamiliar functions, it will be more complex.

The circuit is exactly the same as the previous project.

Sketch

Sketch_07.4_Alertor

&3 Sketch 07.4 Aleror | Arduino 1.8.10 - O X

File Edit Sketch Tools Help

Sketch_07.4_Aleror

LI R N

#include "driver/ledc.h”

10 $define BUZZER_PIN 13

11 $define PIN_BUTTON 4

13 $define LEDC_HS_TIMER LEDC_TIMER_0

14 $define LEDC_LS TIMER LEDC_TIMER_1

1€ $define LEDC_HS MODE LEDC_HIGH_SPEED_MODE
17 $define LEDC_LS MODE LEDC_LOW_SPEED_MODE
19 #define LEDC_HS CHO_GPIO (BUZZER_PIN)

20 $define LEDC_HS CHO CHANNEL  LEDC_CHANNEL 0

22 bool isAlerting = false; W

ev Module, Disabled, Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS), IMHz (WiFi/BT), Q@IQ, B0MHz, 4MB (3: G00, None on COMS

Download the code to ESP32-WROVER, press the button, then the alarm sounds. And when the button is
released, the alarm will stop sounding.

Any concerns? X support@freenove.com


http://www.freenove.com/

B ww.freenove.com

Chapter 7 Buzzer m

The following is the program code:

#include “driver/ledc.h”

ftdefine
ftdefine

ftdefine
ftdefine

ftdefine
ftdefine

ftdefine
ftdefine

BUZZER_PIN 13
PIN_BUTTON 4

LEDC_HS TIMER LEDC_TIMER O
LEDC_LS_TIMER LEDC_TIMER 1
LEDC_HS MODE LEDC_HIGH SPEED MODE
LEDC_LS_MODE LEDC_LOW_SPEED MODE
LEDC_HS CHO_GPIO (BUZZER_P1IN)

LEDC_HS_CHO_CHANNEL LEDC_CHANNEL_0

bool isAlerting = false;

void setup() {
pinMode (PIN BUTTON, INPUT) ;

lede channel config t ledc channel = {

s

LEDC_HS_CHO_GPIO,
LEDC_HIGH SPEED_MODE,
LEDC_CHANNEL 0,
LEDC_INTR DISABLE,
LEDC_HS_TIMER,

0,

0

lede timer config t ledc timer = {

s

LEDC_HIGH SPEED_MODE,
LEDC_TIMER 10 BIT,
LEDC_HS_TIMER,

5000

// Set configuration of timerO for high speed channels

ledc timer config(&ledc timer);

// Set LED Controller with previously prepared configuration

ledc channel config(&ledc channel);
ledc fade func install(0);

}

void loop() {
if (digitalRead (PIN BUTTON) == LOW) {

if (! isAlerting) {

isAlerting = true;

Any concerns? DX support@freenove.com
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ledc_set duty _and update (LEDC_HS MODE, LEDC_CHANNEL 0, 0, 0):
}
alert();
}
else {
if (isAlerting) {
isAlerting = false;

ledc_set _duty and update (LEDC_HS MODE, LEDC_CHANNEL 0, 0, 0):

void alert() {
float sinVal;
int toneVal;
0; x <360; x +=1) {
sinVal = sin(x * (PI / 180));
toneVal = 2000 + sinVal * 500;
ledc_set freq(LEDC_HS MODE, LEDC TIMER 0, toneVal);
ledc set duty and update (LEDC HS MODE, LEDC CHANNEL 0, 512, 0);
delay (1) ;
}

for (int x

The project code uses a lot of new functions, which are standard functions from the idf-sdk library. The code
logic of the project is the same, but the method of generating PWM is different.

Functionality Overview

Getting LED to work on a specific channel in either high or low speed mode requires three steps:

1. Configure Timer by specifying the PWM signal’s frequency and duty cycle resolution.
2. Configure Channel by associating it with the timer and GPIO to output the PWM signal.
3. Change PWM Signal that drives the output in order to change LED's intensity. This can be done under

the full control of software or with hardware's fading functions.

For more information, please visit:
https://docs.espressif.com/projects/esp-idf/en/latest/api-reference/peripherals/ledc.html

Any concerns? DX support@freenove.com
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Chapter 8 Serial Communication

Serial Communication is a means of communication between different devices/devices. This section describes

ESP32's Serial Communication.

Project 8.1 Serial Print

This project uses ESP32's serial communicator to send data to the computer and print it on the serial monitor.

Component List

ESP32-WROVER x1

0%
o3
o8l
o3
[sE1
o3
os
03
o8l
OF|
onl
o=
o
o=
of
pe

S FReENOVE G
S B x

o
a

o

GPIO Extension Board x1

Micro USB Wire x1
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Related knowledge

Serial communication
Serial communication generally refers to the Universal Asynchronous Receiver/Transmitter (UART), which is
commonly used in electronic circuit communication. It has two communication lines, one is responsible for
sending data (TX line) and the other for receiving data (RX line). The serial communication connections of
two devices is as follows:

Device 1 Device 2

o >.< RS

TX TX
Before serial communication starts, the baud rate of both sides must be the same. Communication between
devices can work only if the same baud rate is used. The baud rates commonly used is 9600 and 115200.

Serial port on ESP32
Freenove ESP32 has integrated USB to serial transfer, so it could communicate with computer connecting to
USB cable.

ESP32 USB to Serial Computer

Arduino Software also uploads code to Freenove ESP32 through the serial connection.

Your computer identifies serial devices connecting to it as COMx. We can use the Serial Monitor window of
Arduino Software to communicate with Freenove ESP32, connect Freenove ESP32 to computer through the
USB cable, choose the correct device, and then click the Serial Monitor icon to open the Serial Monitor
window.

€9 sketch mar20a | Arduino 1.6.8 — O x
File Edit Sketch Tools Help

sketch_mar20a

void setup() { A

_."f_."r put wour setup EDdE here, to run once!

Interface of serial monitor window is as follows. If you can't open it, make sure Freenove ESP32 has been
connected to the computer, and choose the right serial port in the menu bar "Tools".

Any concerns? DX support@freenove.com
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Sketch

Sketch _08.1 SerialPrinter

&% Sketch_08.1 SerialPrinter | Arduino 1.8.10 - O X

File Edit Sketch Tools Help

Sketch_08.1_SerialPrinter

b

Lo

w

-

5 wvoid setup() {
g Serial.begin{l115200);
10 Serial..println("ESP32 initialization completed!™);
11}
12 |
13 |woid loop() {
14 Serial.printf("Running time : %.1f s\n", millis{) / 1000.0£);
15 delay (1000} ;

< >
Download the code to ESP32-WROVER, open the serial port monitor, set the baud rate to 115200, and press
the reset button. As shown in the following figure:

€ coma - O X

Send

2t tSSONImeOtOee : 26565H 16, S66¢ (PSUTSN,_SEUS) , S610xSTIBCAS | SASSS10MH $030+%h SYHOSESL 190906} S6n. , €56 €% "Junsas
[5%: DOOOSESk SZWSS
CHEE0RTEERNT1En

hot SHZOVIOYYES 4C!445%0x4874% b1leEm 0% 190Y SKZO%0rottd
11095 e b in s VN
CERE SUODOSYYSESP32 initialization completed!

Running time : 1.4 s Above the trip is the system

Running time : 2.4 3 . . .

Running time : 3.4 s information, and below is

B i ti ;4.4

Rﬁiﬁg fime s 542 the result of the code.

Running time : 6.4 3

Bunning time : 7.4 =

RBunning time : 8.4 =

Running time : 9.4 =

Running time : 10.4 s

Bunning time : 11.4 3 9 o
Running time : 12.4 s Set the relevant information

i >
[] Autesecroll []Show timestamp Ho line ending +~  [115200 bhaud -~ Clear output
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As shown in the image above, "ESP32 initialization completed! " The previous is the printing message when
the system is started, it uses the baud rate of 120,000, which is incorrect, so the garbled code is displayed.
The user program is then printed at a baud rate of 115200.

How do | disable messages printed at system startup?

Use a jumper wire and connect one of its ends to GPIO5 of development board and the other to GND, so
that we can disable the system to print out startup messages.

For more information, click here.

The following is the program code:

void setup() {
Serial. begin (115200) ;
Serial. println("ESP32 initialization completed! ”):

void loop() {
Serial. printf ("Running time : %. 1f s\n”, millis() / 1000. 0f) ;
delay (1000) ;

Reference

Initializes the serial port. Parameter baud is baud rate, other parameters generally use the default value.

Print to the serial port and wrap. The parameter arg can be a number, a character, a string, an array of

characters, etc.

Print formatted content to the serial port in the same way as print in standard C.

Returns the number of milliseconds since the current system was booted.

Any concerns? X support@freenove.com
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Project 8.2 Serial Read and Write

From last section, we use serial port on Freenove ESP32 to send data to a computer, now we will use that to
receive data from computer.

Component and circuit are the same as in the previous project.

Sketch

Sketch_08.2_SerialRW

&9 Sketch 08.2_SerialRW | Arduino 1.8.10 - ] X
File Edit Sketch Tools Help

Sketch_08.2_SerialRW §

7 5tring inputitring = "": ffa 5tring to hold incoming data ~
kool stringComplete = false; // whether the string is complete

10 woid setup() {
11 Serial.begin (115200} ;
12 Serial.println(String(™\nESP32 initialization completed!'\n")

13 + ng{"Please input some characters,\n")
14 + String({"select “"Newline\"™ below and click send button. “n")):
15}

17 woid loop() |

3 if (Serial.awvailakle(}) { // Judge whether data has been receiwved
19 char inChar = Serial.rsad({): /{ read one character

20 inputString += inChar;

21 if {inChar == "‘n'} |

22 atringComplete = t:ue:l

23 }

24 }

25 if {stringComplete) {

28 Serial.printf{"inputString: %3 ‘\n", inputString);

27 input3tring = "";

28 stringComplete = falas; v

Wrover Module o

Download the code to ESP32-WROVER, open the serial monitor, and set the bottom to Newline, 115200. As
shown in the following figure:

Any concerns? X support@freenove.com
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€5 coma - O X

|| ==
ef.Ry [OS+05°5SSCST. 6583 $]CISOSEUMSTS $oS1687 A} OIASSelOSHSSSTSI S5+ PYRONSESSSOSCITIamEZS) §
etIRINSIO2SLO" " $S55H I ra s SUBIQSDISES | SESOIUOOSSS: €67 4009 }OASSe 1OSHESS

']

T970att 0PECTptintYDt, KIETYI0LE) }ATE0, SESTIRA0TER SOUTTI0YY_d. thxthittdtOixt]

hOSSEEZOMNE £9 SO ev00eeeotst s CUOeHY e teet00semts
ESP32 initialization completed!

Please input some characters,

select "Mewline™ below and click send.

Newline, 115200 baud

[+] futoscrell []Shor timestamp |Hewline V| |1152EICI baud V| ‘ Clear output

Then type characters like '"ABCDEG' into the data sent at the top and click the Send button to print out the
data ESP32 receives.

€5 coma - O X

|| ==
ef.Ry [OS+05°5SSCST. 6583 $]CISOSEUMSTS $oS1687 A} OIASSelOSHSSSTSI S5+ PYRONSESSSOSCITIamEZS) §
etIRINSIO2SLO" " $S55H I ra s SUBIQSDISES | SESOIUOOSSS: €67 4009 }OASSe 1OSHESS

']

T970att 0PECTptintYDt, KIETYI0LE) }ATE0, SESTIRA0TER SOUTTI0YY_d. thxthittdtOixt]

hOSSEEZOMNE £9 SO ev00eeeotst s CUOeHY e teet00semts
ESP32 initialization completed!

Please input some characters,

select "Mewline™ below and click send.

inputString: ABCLDEFG

[+] futoscrell []Shor timestamp Hewline V| |1152EICI baud V| ‘ Clear output
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The following is the program code:

”n

String inputString = //a String to hold incoming data

bool stringComplete = false; // whether the string is complete

void setup() {
Serial. begin (115200) ;
Serial. println(String ("\nESP32 initialization completed! \n”)
+ String ("Please input some characters, \n”)

+ String (“select \”"Newline\” below and click send button. \n”));

void loop() {
if (Serial.available()) { // judge whether data has been received
char inChar = Serial.read(); // read one character
inputString += inChar;
if (inChar == "\n’) {

stringComplete = true;

1
if (stringComplete) {
Serial.printf (“inputString: %s \n”, inputString);

inputString =

stringComplete = false;

In loop(), determine whether the serial port has data, if so, read and save the data, and if the newline
character is read, print out all the data that has been read.

Reference

Constructs an instance of the String class.

For more information, please visit
https:.//www.arduino.cc/reference/en/language/variables/data-types/stringobject/

Get the number of bytes (characters) available for reading from the serial port. This is data that's already
arrived and stored in the serial receive buffer.

Reads incoming serial data.

Any concerns? DX support@freenove.com
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Chapter 9 AD/DA Converter

We have learned how to control the brightness of LED through PWM and understood that PWM is not the
real analog before. In this chapter, we will learn how to read analog, convert it into digital and convert the
digital into analog output. That is, ADC and DAC.

Project 9.1 Read the Voltage of Potentiometer

In this project, we will use the ADC function of ESP32 to read the voltage value of potentiometer. And then
output the voltage value through the DAC to control the brightness of LED.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

0000000000
26 25 33 32 35 3 W VP EN 33|

14

Freenove ESP32 GPIO Extension Board

GNDCLKSDO SD1 15 2 0 T W TWGW I AX X Z ZGND)
0O00000O0D0000O0D0O0D000O0O0O0O0O

2228289 ¢
B2 FH2 0

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
--------------------------------------------------------------

---------------------------------------------------------------
---------------------------------------------------------------
--------------------------------------------------------------
---------------------------------------------------------------
--------------------------------------------------------------

--------------------------------------------------
--------------------------------------------------

Resistor 220Q x1 | LED x1 Jumper M/M x5
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Related knowledge

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
2712=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
/N

255
254
253
252

O N WA

N
ov 3.3V 7 ANALOG

Subsection 1: the analog in rang of OV---3.3/4095 V corresponds to digital 0;
Subsection 2: the analog in rang of 3.3/4095 V---2x3.3 /4095V corresponds to digital 1;

The following analog will be divided accordingly.
The conversion formula is as follows:

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 VDD
(here is 3.3V) into 2x8=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:

Any concerns? X support@freenove.com
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ADC on ESP32

ESP32 has two digital analog converters with successive approximations of 12-bit accuracy, and a total of 16
pins can be used to measure analog signals. GPIO pin sequence number and analog pin definition are
shown in the following table.

A0 GPIO 36 ADC1_CHO
A3 GPIO 39 ADC1_CH3
A4 GPIO 32 ADC1_CH4
A5 GPIO 33 ADC1_CH5
A6 GPIO 34 ADC1_CH6
A7 GPIO 35 ADC1_CH7
A10 GPIO 4 ADC2_CHO
All GPIO 0 ADC2_CH1
Al12 GPIO 2 ADC2_CH2
Al13 GPIO 15 ADC2_CH3
Al4 GPIO 13 ADC2_CH4
Al15 GPIO 12 ADC2_CH5
Al6 GPIO 14 ADC2_CH®6
Al7 GPIO 27 ADC2_CH7
A18 GPIO 25 ADC2_CH8
Al19 GPIO 26 ADC2_CH9

The analog pin number is also defined in ESP32's code base. For example, you can replace GPIO36 with AQO
in the code.
Note: ADC2 is disabled when ESP32's WiFi function is enabled.
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.
- simulatepinnumber  GPIOnumber
DAC1 25
DAC2 26
The DAC pin number is already defined in ESP32's code base; for example, you can replace GPIO25 with DAC1
in the code.
Note: In this ESP32, GPIO26 is used as the camera's IIC-SDA pin, which is connected to 3.3V through a
resistor.Therefore, DAC2 cannot be used.

Any concerns? X support@freenove.com
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Component knowledge

Potentiometer

A potentiometer is a three-terminal resistor. Unlike the resistors that we have used thus far in our project
which have a fixed resistance value, the resistance value of a potentiometer can be adjusted. A potentiometer
is often made up by a resistive substance (a wire or carbon element) and movable contact brush. When the
brush moves along the resistor element, there will be a change in the resistance of the potentiometer’s output
side (3) (or change in the voltage of the circuit that is a part). The illustration below represents a linear sliding
potentiometer and its electronic symbol on the right.

e — —
1 32

What between potentiometer pin 1 and pin 2 is the resistor body, and pins 3 is connected to brush. When
brush moves from pin 1 to pin 2, the resistance between pin 1 and pin 3 will increase up to body resistance
linearly, and the resistance between pin 2 and pin 3 will decrease down to 0 linearly.

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

. R1
Pin 3 10kQ)

Rotary potentiometer
Rotary potentiometer and linear potentiometer have similar function; their only difference is: the resistance
is adjusted by rotating the potentiometer.
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Circuit

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

Sketch_09.1_ ADC _DAC

9 Sketch 09.1 ADC DAC | Arduino 1.8.10 — O x
File Edit Sketch Tools Help

Sketch_09.1_ADC_DAC

7 #define PIN_INALOG IN 4

% |woid setup() |

10 Serial.begin (115200} ;

11|}

13 void loop() {

14 int adcVal = analogRead (PIN_ANALOG IN);

15 int dacVal = map({adc¥al, 0, 4095, 0, 255)r

le double woltage = adcVal / 4085.0 * 3.3»

1 dacWrite (DAC1, dacVal);

18 Serial.printf ("ADC Val: %d, “t DRC Val: %4, \t Voltage: %.2f ‘n", adcVal, dacVal, woltage):;
1% delay (200} ;

v Module an COME

Download the code to ESP32-WROVER, open the serial monitor, and set the baud rate to 115200. As shown
in the following figure,

€9 come - m| X
Send

ADC WVal: 1344, DRC Val: 23, Voltage: 1,08V .

ADC Val: 1344, DRC Val: 23, Voltage: Ll.08V

ADC Val: 1344, DRC Val: 83, Voltage: 1.0V

ADC Wal: 1344, DRAC Val: 83, Voltage: 1.08V

ADC WVal: 1344, DRC Val: 83, Voltage: 1.08V

ADC WVal: 1344, DRC Val: 83, Voltage: 1.08V

ADC WVal: 1345, DRC Val: 83, Voltage: 1.08V

ADC Val: 1328, DRC Val: 82, Voltage: 1.07V

ADC WVal: 1344, DRC Val: 83, Voltage: 1.08V

ADC Val: 1344, DRC Val: 83, Voltage: 1.08V

ADC WVal: 1344, DRC Val: 23, Voltage: 1,08V

ADC WVal: 1345, DRC Val: 23, Voltage: 1,08V

ADC Val: 1344, DRC Val: 23, Voltage: Ll.08V

ADC Val: 1321, DRC Val: 52, Voltage: l.0&V

[+] tutoserell []Shew timestamp Ho line ending < | 1153200 baud - Clear output
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The serial monitor prints ADC values, DAC values, and the output voltage of the potentiometer. In the code,
we made the voltage output from the DAC pin equal to the voltage input from the ADC pin. Rotate the handle
of the potentiometer and the print will change. When the voltage is greater than 1.6V (voltage needed to turn
on red LED), LED starts emitting light. If you continue to increase the output voltage, the LED will become
more and more brighter. When the voltage is less than 1.6v, the LED will not light up, because it does not
reach the voltage to turn on LED, which indirectly proves the difference between DAC and PWM. (if you have
an oscilloscope, you can check the waveform of the DAC output through it.)

The following is the code:

fidefine PIN ANALOG IN 4

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

void loop() {
int adcVal = analogRead (PIN ANALOG IN);
int dacVal = map(adcVal, 0, 4095, 0, 255);
double voltage = adcVal / 4095.0 * 3. 3;
dacWrite (DAC1, dacVal);
Serial.printf ("ADC Val: %d, \t DAC Val: %d, \t Voltage: %.2fV\n”, adcVal, dacVal, voltage);
delay (200) ;
}

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 function dacWrite() is used to output the value. The
input and output voltage are calculated according to the previous formula, and the information is finally
printed out.

int adcVal = analogRead (PIN ANALOG IN);

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

double voltage = adcVal / 4095.0 * 3.3;

dacWrite (DAC1, dacVal);

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

Reference

Reads the value from the specified analog pin. Return the analog reading on the pin. (0-4095 for 12 bits).

This writes the given value to the supplied analog pin.

Re-maps a number from one range to another. That is, a value of fromLow would get mapped to tolLow, a
value of fromHigh to toHigh, values in-between to values in-between, etc.

Any concerns? X support@freenove.com
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Project 9.2 Get Voltage (use idf)

If you have a voltmeter, in the previous project, you may discover there is a slight error between the voltage
values for ESP32 and the voltmeter values.

ESP32 provides ADC calibration, but the Arduino code base doesn't use it. The functions in the IDF-SDK library
help to obtain more accurate ADC and voltage values.

Related Knowledge

Minimizing Noise

The ESP32 ADC's sensitive to noise will lead to large discrepancies in ADC readings. To minimize noise, users
may connect a 0.1uF capacitor to the ADC input pad in use. Multisampling may also be used to further
mitigate the effects of noise.

ADC Noise Comparison

1625
O No capacitor With capacitor @ With capacitor and Multisampling
o
1620 o
O O (e 0]
1615 o] o Oo O%% (o] o
=
- 4 -
g S 2QC0 S ' :
g 1605 88“’? = S:T"":'n’ = %‘:%%nffm © 0o B SO0 ; ‘g %E:"f%
v @%5@?.,00 ~ o 258 ® 308083 0
1600 g)o 8 8 g
o (o]
1595 (o]
o
1590
0 50 100 150 200 250 300 350 400 450

Sample Number

Graph illustrating noise mitigation using capacitor and multisampling of 64 samples.
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ADC Calibration
The esp_adc_cal/include/esp_adc_cal.n APl provides functions to correct for differences in measured voltages

caused by variation of ADC reference voltages (Vref) between chips. The designed ADC reference voltage is
1100mV, however the true reference voltage can range from 1000mV to 1200mV amongst different ESP32s.

Reference voltage comparison

e®%0000
[ J @ ®
® Vref 1070mV @ Vref 1160mV 0%,0
3500 e

4000

3000 s 2e®
2500

2000

ADC Reading (12 bit)

@
1500 s se
[
1000 g’

500

0 500 1000 1500 2000
Input Voltage (mV)

Graph illustrating the effect of differing reference voltages on the ADC voltage curve.

Correcting ADC readings using this API involves characterizing one of the ADCs at a given attenuation to
obtain a characteristics curve (ADC-Voltage curve) that takes into account the difference in ADC reference
voltage. The characteristics curve is in the form of y = coeff_a * x + coeff_b and is used to convert ADC
readings to voltages in mV. Calculation of the characteristics curve is based on calibration values, which can
be stored in eFuse or provided by the user.

For more details, please visit:
https://docs.espressif.com/projects/esp-idf/en/latest/api-reference/peripherals/adc.html

Any concerns? X support@freenove.com
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PIN Numbering

ADC1_CHANNEL O GPIO 36

Al ADC1_CHANNEL 1 GPIO 37

A2 ADC1_CHANNEL_2 GPIO 38

A3 ADC1_CHANNEL_3 GPIO 39

ADC1 A4 ADC1_CHANNEL_4 GPIO 32
A5 ADC1_CHANNEL_5 GPIO 33

A6 ADC1_CHANNEL_6 GPIO 34

A7 ADC1_CHANNEL_7 GPIO 35

A10 ADC2_CHANNEL_0 GPIO 4

Al1 ADC2_CHANNEL 1 GPIO 0

Al12 ADC2_CHANNEL 2 GPIO 2

A13 ADC2_CHANNEL 3 GPIO 15

Al4 ADC2_CHANNEL 4 GPIO 13

ADC2 A15 ADC2_CHANNEL 5 GPIO 12
A16 ADC2_CHANNEL_6 GPIO 14

A17 ADC2_CHANNEL_7 GPIO 27

A18 ADC2_CHANNEL_8 GPIO 25

A19 ADC2_CHANNEL_9 GPIO 26

Any concerns? DX support@freenove.com
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Sketch

Sketch_09.2_ ADC

9 Sketch 09.2 ADC | Arduino 1.8.10
File Edit Sketch Tools Help

Sketch_09.2_ADC

#include "esp_adc_cal.h”
#define PIN_ANALOG IN 4

10 #defins DEFAULT VEEF 1100
11 #define NUM OF SAMPLES od

3 adc_channel_t channel = ADC CHRNNEL 07
14 adc_unit_t unit = ADC UNIT_2;
15 adc_atten_t atten = ADC ATTEN DB 11;

17 esp_adc_cal_characteristics_t *adc chars;

19 esp_adc_cal wvalus_t wval type;

S/ Rl10, ADC2 CHANNEL 0D

//Use adc2_wref_to_gpio() to obtain a better estimate
J/Multisampling, and get average

ff BRDCl:GPIO3&,
f// BDCZ2
/f Full scale 0-3.9V, precision range 150mV-2450mV

ADC2:GPIO4

v Module on COMS

Download the code to ESP32-WROVER, open the serial monitor, and set the baud rate to 115200. As shown

in the following illustration,

& come - O X
Send
DEW . e - TULLEIT ~ LI UV A
Raw: 4095 Voltage: 312émV
Raw: 4095 Voltage: 3126emV
Raw: 4095 Voltage: 312&émV
Raw: 4095 Voltage: 312émV
Raw: 4095 Voltage: 312émV
Raw: 4095 Voltage: 31la2émV
Raw: 3572 Voltage: 23595mVv
Raw: 281¢ Voltage: 2415mV
Raw: 2699 Voltage: 2323mV
Raw: 2473 Voltage: 2135mV
Raw: 1979 Voltage: 1737mV
Raw: 1330 WVoltage: 1735mVv
Raw: 1330 Voltage: 1735mVv
Raw: 1980 Voltage: 1735mV
W
[] tutoseroll []Show timestamp Wo line ending ~ | |1153200 baud

By rotating the handle of the potentiometer, the voltage value printed by the serial monitor will change. If

you have a voltmeter, you can verify that this value is more accurate than the value using analogRead(), but

there are some limits to the range.

Any concerns? X support@freenove.com
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The following is the program code:

#include “esp adc cal.h”

#define PIN ANALOG IN 4 // A10, ADC2 CHANNEL 0D

#define DEFAULT VREF 1100 //Use adc2 vref to gpio() to obtain a better estimate
fidefine NUM OF SAMPLES 64 //Multisampling, and get average

adc_channel t channel = ADC_CHANNEL O; // ADC1:GPI1036, ADC2:GPI104

adc_unit_t unit = ADC_UNIT 2; // ADC2

adc atten t atten = ADC ATTEN DB 11; // Full scale 0-3.9V, precision range 150mV-2450mV

esp _adc_cal characteristics t *adc_chars;

esp_adc _cal value t val type;

void setup() {
Serial. begin(115200) ;
//Check if Two Point or Vref are burned into eFuse
check_efuse();
//Configure ADC
if (unit == ADC_UNIT 1) { // ADC1 and ADC2 are initialized differently
adcl config width (ADC WIDTH BIT 12);
adcl config channel atten((adcl channel t)channel, atten);
}
else {
adc2 config channel atten((adc2 channel t)channel, atten);
}
//Characterize ADC
adc chars = (esp adc cal characteristics t*)calloc(l,
sizeof (esp adc cal characteristics t));
esp_adc cal value t val type = esp adc cal characterize(unit, atten, ADC WIDTH BIT 12,
DEFAULT VREF, adc chars);
print char val type(val type);

void loop() {
uint32 t adc reading = 0;
for (int i = 0; i < NUM _OF SAMPLES; i++) { // Multisampling
if (unit == ADC_UNIT 1) {
adc _reading += adcl get raw((adcl channel t)channel);

}

else {

int raw;

Any concerns? X support@freenove.com
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adc2 get raw((adc2 channel t)channel, ADC WIDTH BIT 12, &raw);

adc reading += raw;

}

adc_reading /= NUM_OF SAMPLES;

//Convert adc_reading to voltage in mV

uint32 t voltage = esp adc cal raw to voltage(adc reading, adc chars);
printf ("Raw: %d\tVoltage: %dmV\n”, adc reading, voltage);

delay (1000) ;

void check efuse()
{
//Check TP is burned into eFuse
if (esp_adc_cal check efuse(ESP_ADC CAL VAL EFUSE TP) == ESP OK) {
printf (“eFuse Two Point: Supported\n”);
}
else {

printf (“eFuse Two Point: NOT supported\n”);

//Check Vref is burned into eFuse

if (esp adc cal check efuse(ESP ADC CAL VAL EFUSE VREF) == ESP OK) {
printf (“eFuse Vref: Supported\n”);

}

else {

printf (“eFuse Vref: NOT supported\n”);

void print char val type(esp adc cal value t val type)
{
if (val type == ESP_ADC CAL VAL EFUSE TP) {
printf ("Characterized using Two Point Value\n”);
}
else if (val_type == ESP_ADC_CAL_VAL_EFUSE_VREF) {
printf ("Characterized using eFuse Vref\n”);
}
else {

printf ("Characterized using Default Vref\n”);

Any concerns? DX support@freenove.com
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For most ADC related applications, analogRead() is sufficient. This method can be used in applications where

ADC conversion accuracy is required.
About the project used in the IDF API, here is a detailed description:
https://docs.espressif.com/projects/esp-idf/en/latest/api-reference/peripherals/adc.html

Any concerns? X support@freenove.com
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Chapter 10 Touch Sensor

ESP32 offers up to 10 capacitive touch GPIO, and as you can see from the previous section, mechanical
switches are prone to jitter that must be eliminated when used, which is not the case with ESP32's built-in
touch sensor. In addition, on the service life, the touch switch also has advantages that mechanical switch is
completely incomparable.

Project 10.1 Read Touch Sensor

This project reads the value of the touch sensor and prints it out.

Component List

ESP32-WROVER x1 GPIO Extension Board x1
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...............................................................
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Jumper M/M x1
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Related knowledge

Touch sensor

ESP32's touch sensor supports up to 10 GPIO channels as capacitive touch pins. Each pin can be used
separately as an independent touch switch or be combined to produce multiple touch points. The following
table is a list of available touch pins on ESP32.

Name of touch sensing signal GPIO number

TO GPIO4 GPIO4
T1 GPIOO GPIOO
T2 GPIO2 GPIO2
T3 MTDO GPIO15
T4 MTCK GPIO13
15 MTDI GPIO12
T6 MTMS GPIO14
T7 GPIO27 GPI027
T8 32K_XN GPIO33
T9 32K _XP GPI032
The touch pin number is already defined in ESP32's code base. For example, in the code, you can use TO to
represent GP10O4.

The electrical signals generated by touch are analog data, which are converted by an internal ADC converter.
You may have noticed that all touch pins have ADC functionality.
The hardware connection method is shown in the following figure.

- Substrate

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram
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GND 0
13 2
9/5D2 15
10/SD3 8/SD1
11/CMD 7/SD0
5V 6/CLK
5V GND GND

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

Sketch_10.1_TouchRead

€% Sketch_10.1 TouchRead | Arduino 1.8.12 - m| x
File Edit Sketch Tools Help

Sketch_10.1_TouchRead
1= &

1 o LA b

8 wold setup()

5= {

10 Serial.begin{l115200);
11 |}

13 |woid loop()

15 Serial.printf("Touch value: %d “n",touchRead(T0)); // get walue using TO {(GEIO4}
& delay {1000}

2 Wrover Module on COMS

Any concerns? X support@freenove.com
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FREENOVE

Freenove ESP32 GPIO Extension Board

Download the code to ESP32-WROVER, open the serial monitor, and set the baud rate to 115200. As shown
in the following figure,

€9 como — O X
Send
Touch walus: 32 LS

Touch walue: 32
Touch walue: 33
Touch walus: 33
Touch walue: 33
Touch walue: 33
Touch walue: 32
Touch walue:
Touch walue:
Touch walue:
Touch walue:
Touch walue:

[ O T I o % I

Touch walue:

[+] futoscrell []Shor timestamp Wo line ending | 1153200 baud -~ Clear output

Touched by hands, the value of the touch sensor will change. The closer the value is to zero, the more
obviously the touch action will be detected. The value detected by the sensor may be different in different
environments or when different people touch it. The code is very simple, just look at Reference.

Reference

Read touch sensor value. (values close to 0 mean touch detected)

Any concerns? X support@freenove.com
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Project 10.2 Touch Lamp

In this project, we will use ESP32's touch sensor to create a touch switch lamp.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

000000000

FREENOVE [l

Freenove ESP32 GPIO Extension Board

Jumper M/M x3 LED x1 Resistor 220Q x1

Any concerns? X support@freenove.com
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Circuit

Schematic diagram

| I
aay 5V EXT-3.3V gp

EN 23
36/VP 22
39/VN 1/TX
34 3/RX
35 21
32 GND
33 19

25 ESP32-WROVER 18
26 GPIO Extension 5
GND

TETTTETTT

L

27

14 GND

12 4} Touch Sersor
GND op—

13 2

9/SD2 15—

10/SD3 8/SD1{—— -

11/CMD 7/SD0 2200

5V 6/CLK = §

LED

Red (633nm)
s
AV

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

Sketch_10.2_TouchLamp

€% Sketch_10.2_ TouchLamp | Arduino 1.8.12 — O >
File Edit Sketch Tools Help

Sketch_10.2_TouchLamp

1B ~
7 #defins PIN_LED 2

i #define PRESS VAL 14 //3et a threshold to judge touch

% #define RELEASE VAL 25 //3e2t a threshold to judge release

11 bool isProcessed = falae;

128 void setup({) |

13 Serial.begin{l115200);

14 pinMode (PIN_LED, COUTEUT);

15 |1

168 void loop() {

178 if (touchRead({TI0) < PRESS VAL) |
128 if (!isProcessed) |

19 isProcessed = true;

20 Serial.println{"Touch detected! "):
21 reverseGPIQ (FIN_LED) ;

Wrover Module an COMS

Download the code to ESP32-WROVER, open the serial monitor, and set the baud rate to 115200. As shown
in the following figure,

Any concerns? X support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 10 Touch Sensor WAk

€ com4 - O ¥

| ==

Touch detected! ™
Released!

Touch detected!

Released!

Touch detected!

Released!

Touch detected!

Released!

Touch detected!

Released!

W

M 5ehiER [ Shos timestamp TR v 115200 EHEE v BETHE

With a touch pad, the state of the LED changes with each touch, and the detection state of the touch sensor
is printed in the serial monitor.

The following is the program code:
#define PIN_LED 2
#tdefine PRESS VAL 14 //Set a threshold to judge touch
#define RELEASE VAL 25//Set a threshold to judge release

bool isProcessed = false;
void setup() {
Serial. begin(115200) ;
pinMode (PTN_LED, OUTPUT) ;
}
void loop() {
if (touchRead(T0) < PRESS VAL) f{
if (! isProcessed) {
isProcessed = true;
Serial. println("Touch detected! 7);
reverseGPI0 (PIN_LED) ;

if (touchRead(T0) > RELEASE VAL) {
if (isProcessed) {
isProcessed = false;

Serial.println("Released! 7);

Any concerns? X support@freenove.com
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25
26
27
28
29

void reverseGPIO(int pin) {
digitalWrite(pin, ! digitalRead(pin));
}

The closer the return value of the function touchRead() is to 0, the more obviously the touch is detected. This
is not a fixed value, so you need to define a threshold that is considered valid (when the value of the sensor

is less

than this threshold). Similarly, a threshold value is to be defined in the release state, and a value in

between is considered an invalid disturbance value.

2
3

#define PRESS VAL 14 //Set a threshold to judge touch
#define RELEASE VAL 25//Set a threshold to judge release

LED, a

In loop(), first determine whether the touch was detected. If yes, print some messages, flip the state of the

nd set the flag bit isProcessed to true to avoid repeating the program after the touch was successful.

11
12
13
14
15
16
17

if (touchRead(T0) < PRESS VAL) {
if (! isProcessed) {
isProcessed = true;
Serial. println(“Touch detected! ”);
reverseGPIO (PIN LED) ;

}

It then determines if the touch key is released, and if so, prints some messages and sets the isProcessed to
false to avoid repeating the process after the touch release and to prepare for the next touch probe.

19
20
21
22
23
24

if (touchRead(T0) > RELEASE VAL) {
if (isProcessed) {
isProcessed = false;

Serial.println(“Released! 7);

Any concerns? X support@freenove.com
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Chapter 11 Potentiometer & LED

We have learned how to use ADC and DAC before. When using DAC output analog to drive LED, we found
that, when the output voltage is less than led turn-on voltage, the LED does not light; when the output analog
voltage is greater than the LED voltage, the LED lights. This leads to a certain degree of waste of resources.
Therefore, in the control of LED brightness, we should choose a more reasonable way of PWM control. In this

chapter, we learn to control the brightness of LED through a potentiometer.

Project 11.1 Soft Light

In this project, we will make a soft light. We will use an ADC Module to read ADC values of a potentiometer
and map it to duty cycle of the PWM used to control the brightness of a LED. Then you can change the
brightness of a LED by adjusting the potentiometer.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

0000000000000 000000O0
RZe i 535 5Pz 13 GAD 12 3] B 3 W VR en oY)
ENS

]
sgom

7T KM T T 6w E

GNDCLKSDO SD1 15 2 O T oax X Z Bew|
0000000000 0O0D0D000O0O0O0O0O

Freenove ESP32 GPIO Extension Board

--------------------------------------------------
ooooooooooooooooooooooooooooooooooooooooooooooooo

...............................................................
...............................................................
...............................................................
...............................................................
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Circuit

Schematic diagram
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Sketch

Sketch_11.1 Softlight

€9 Sketch_11.1_SoftLight | Arduino 1.8.10 - O X
File Edit Sketch Tools Help

Sketch_11.1_SoftiLight

L I

#define PIN ANRALOG_IN 4

#defin= PIN_LED 25

ne CHAN a

10 woid setup() {

ledcSetup (CHAN, 1000, 12);
ledchAttachPin (PIN_LED, CHEN);

}

Lo e e
o e b

15 woid loop() {

1la int adcVal = analogRead (PIN ANALOG IN); //read adc

17 int pwmVal = adcVal; ff adcVal re-map to pwmVal
18 ledcWrite (CHAN, pwriVal): f/ set the pulse width.

14 delay (10} ;

20} v

ESP32 Dev Module on COMZ

Download the code to ESP32-WROVER, by turning the adjustable resistor to change the input voltage of
GPIO25, ESP32 changes the output voltage of GPIO4 according to this voltage value, thus changing the
brightness of the LED.

The following is the code:

1 #define PIN_ANALOG_IN 4

2 #tdefine PIN_LED 25

3 #define CHAN 0

4 void setup() f{

5 ledcSetup (CHAN, 1000, 12);

6 ledcAttachPin (PIN LED, CHAN) ;

7 }

8

9 void loop() {

10 int adcVal = analogRead (PIN ANALOG IN); //read adc
11 int pwmVal = adcVal; // adcVal re-map to pwmVal
12 ledcWrite (CHAN, pwmVal) ; // set the pulse width.
13 delay (10) ;

14 |}

In the code, read the ADC value of potentiometer and map it to the duty cycle of PWM to control LED
brightness.

Any concerns? X support@freenove.com
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Project 11.2 Soft Colorful Light

In this project, 3 potentiometers are used to control the RGB LED and in principle it is the same as the Soft
Light project. Namely, read the voltage value of the potentiometer and then convert it to PWM used to control
LED brightness. Difference is that the original project only controlled one LED, but this project required (3)

RGB LEDs.

Component List

ESP32-WROVER x1

0000000000000 0O0
> T3GND 12 14 27 2o 25 9 S 3B M W VP NIVl

GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

Resistor 220Q x3

RGBLED x1

Jumper M/M x13

Any concerns? X support@freenove.com
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Circuit

Schematic diagram
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Sketch

Sketch_11.2_SoftColorfulLight

9 Sketch 11.2_SoftColorfullight | Arduine 1.8.10 — O *
File Edit Sketch Tools Help

Sketeh_11.2_SoftColorfullight

const byte ledPins[] = {15, 2, 4}: //define led pins
% const byte pwmChns[] = {0, 1, 2}; //define the pwm channels
4 conat byte adeChns[] = {13, 12, 14}; /f define the adc channels
10 int coleors[] = {0, O, 0}; // red, green ,blue wvalues of color.

11 woid setup() |

1z for (int i = 0; 1 < 3; i++) { //3etup the pwm channels
13 ledcSetup (pwmChns (1], 1000, 2); //1KHz, 8bit({0-255).
4 ledchttachPin(ledPins[i], pwmChns[i])}:

15 1}

lg |}

15 wvoid loop() {

1% for (int 1 = 0; 1 < 3; i++) |
20 colors[i] = map({analogRead{adcChns[i]), 0, 4096, 0, 255); //calculate color wvalue.

21 ledcHrite (pwmChns[i], 256 - colors[i]): ff3et color
22 1
23 delay{10) s W

Dev Module on COM2

Download the code to ESP32-WROVER, rotate one of the potentiometers, then the color of RGB LED will
change.
If you have any concerns, please contact us via: support@freenove.com

Any concerns? X support@freenove.com
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The following is the program code:

const byte ledPins[] = {15, 2, 4};
const byte chns[] = {0, 1, 2}:

const byte adcChns[] = {13, 12, 14};
int colors[] = {0, 0, 0};

void setup() {

for (int i = 0; i < 3; i++) { //setup the pwm channels
ledcSetup (pwmChns[i], 1000, 8): //1KHz, 8bit (0-255).

ledcAttachPin(ledPins[i], chns[il);

void loop() {
for (int i = 0; 1 < 3; i++) {

colors[i] = map(analogRead(adcChns[i]), 0, 4096, 0, 255); //calculate color

value.

ledcWrite (pwmChns[i], 256 — colorsl[il); //set color

delay (10) :

//define led pins
//define the pwm channels
// define the adc channels

// red, green, blue values of color.

In the code you can read the ADC values of the 3 potentiometers and map it into a PWM duty cycle to control

the 3 LED elements to vary the color of their respective RGB LED.

Any concerns? X support@freenove.com
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Project 11.3 Soft Rainbow Light

In this project, we use potentiometer to control Freenove 8 RGB LED Module.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board
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S
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Circuit

Schematic diagram
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Sketch

Sketch_11.3_Soft_Rainbow_Light

& Sketch_11.3_SoftRainbowlight | Arduina 1.8.13 — O X

File Edit Sketch Tools Help

Sketch_

11.3_SoftRainbhowLight

1o
>

#include "Freenove W32812 Lib_for ESP32.h"™

g ne PIN_POT 13 // Define analog input pins

0 LEDS_COUNTI & // The number of led

LEDS_PIN 2 /f define the pin connected to the Freenove & led strip

CHANNEL 0 // BMT module channel

BRIGHTNESS 100 /{ breghtness, the walue range is 0-255.

_ESP32_W528l2 strip = Fres _ESP32_W52812(LEDS_COUNTI, LEDS_PIN, CHANNEL, TYPE _GRE);

F
F
[ I SR I

B void setup() {
rightness (BRIGHTNESS) »

22 int colorPos = map({analogRead (PIN_POT), 0, 4095, 0, 255);

2380 for (int i i < LEDS_COUNI; i++) {

24 atrip.zetledColorData (i, strip.Whesl (colorPos + 1 * 255 / 8)); // Set color data.

23 1

26 strip.show(); // Send color data to LED, and display. W

Download the code to ESP32-WROVER, rotate the handle of the potentiometer, and the color of the lamp
ring will change.

L)
FrREENOVE B

9,

2 8
4 S &
£ & °
O3

If you have any concerns, please contact us via: support@freenove.com

A

Any concerns? X support@freenove.com


http://www.freenove.com/

B www freenove.com Chapter 11 Potentiometer & LED

The following is the program code:
#include “Freenove WS2812 Lib for ESP32.h”

#define PIN POT 13 // Define analog input pins

#define LEDS COUNT 8 // The number of led

ftdefine LEDS PIN 2 // define the pin connected to the Freenove 8 led strip

#define CHANNEL 0 // RMT module channel

#define BRIGHINESS 100 // breghtness, the value range is 0-255

Freenove ESP32 WS2812 strip = Freenove ESP32 WS2812(LEDS COUNT, LEDS PIN, CHANNEL, TYPE GRB) ;

void setup() {
strip. setBrightness (BRIGHTNESS) ;
strip. begin();

void loop() {
int colorPos = map(analogRead (PIN POT), 0, 4095, 0, 255);
for (int i = 0; i < LEDS COUNT; i++) {
strip. setLedColorData(i, strip. Wheel (colorPos + i * 255 / 8)); // Set color data
}
strip. show() ; // Send color data to LED, and display
delay (10) ;

The overall logical structure of the code is the same as the previous project rainbow light, except that the
starting point of the color in this code is controlled by potentiometer.

Any concerns? X support@freenove.com
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Chapter 12 Photoresistor & LED

In this chapter, we will learn how to use a photoresistor.

Project 12.1 NightLamp

A photoresistor is very sensitive to the amount of light present. We can take advantage of the characteristic
to make a nightlight with the following function: when the ambient light is less (darker environment) the LED
will automatically become brighter to compensate and when the ambient light is greater (brighter
environment) the LED will automatically dim to compensate.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

FREENOVE

Freenove ESP32 GPIO Extension Board

Photoresistor x1 Resistor LED x1 Jumper M/M x4
220Q x1 10KQ x1

Any concerns? X support@freenove.com
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Component knowledge

Photoresistor
A photoresistor is simply a light sensitive resistor. It is an active component that decreases resistance with

respect to receiving luminosity (light) on the component's light sensitive surface. A photoresistor’s resistance
value will change in proportion to the ambient light detected. With this characteristic, we can use a
photoresistor to detect light intensity. The photoresistor and its electronic symbol are as follows.

1 2

The circuit below is used to detect the change of a photoresistor’s resistance value:
5V 5V

R2
10kQ | | |R1

R1 R2

()

In the above circuit, when a photoresistor’s resistance vale changes due to a change in light intensity, the
voltage between the photoresistor and resistor R1 will also change. Therefore, the intensity of the light can
be obtained by measuring this voltage.

Any concerns? X support@freenove.com
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Circuit

The circuit of this project is similar to project Soft Light. The only difference is that the input signal is changed

from a potentiometer to a combination of a photoresi

stor and a resistor.

Schematic diagram
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Sketch

The circuit used is similar to the project Soft Light. The only difference is that the input signal of the AINO pin
of ADC changes from a potentiometer to a combination of a photoresistor and a resistor.
Sketch_12.1_Nightlamp

&% Sketch 12.1 NightLamp | Arduino 1.8.10 - O X

File Edit Sketch Tools Help

Sketch_12.1_MightLamp

w

~1 o

#define PIN ANALOG IN 4

I #define PIN_LED 12
5 #define CHAN 1}
10 #define LIGHT MIN 372
11 #define LIGHT MAX 2043

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

-
WL

1 enon

17 |woid loop() {
int adcVal = &

(PIN_ANALOG IN); //read adc
azin({adcVal, LIGHT MIM, LIGHT MAX}, LIGHT MIN, LIGHT MAX, 0, 4085); // adcVal re-map to pwmVal

oo

int pwmVal = m

2 ledcWrite (CHAN, pwmVal); // set the pulse width.
21 delay(10);

2 Dev Module on COME

Download the code to ESP32-WROVER, if you cover the photoresistor or increase the light shining on it, the
brightness of the LED changes accordingly.
If you have any concerns, please contact us via: support@freenove.com

Any concerns? X support@freenove.com
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The following is the program code:

#define PIN_ANALOG_IN 4

#define PIN_LED 12
#define CHAN 0
#define LIGHT_MIN 372
#define LIGHT MAX 2048

void setup() {
ledcSetup (CHAN, 1000, 12):
ledcAttachPin (PIN LED, CHAN) ;

void loop() {
int adcVal = analogRead(PIN ANALOG IN); //read adc
int pwmVal = map(constrain(adcVal, LIGHT MIN, LIGHT MAX), LIGHT MIN, LIGHT MAX, 0, 4095);
// adcVal re-map to pwmVal
ledcWrite (CHAN, pwmVal) ; // set the pulse width.
delay (10) ;

Reference

#tdefine constrain(amt, low, high) ((amt)<(low)? (low): ((amt)>(high)? (high): (amt)))
Constrain the value amt between low and high.

Any concerns? DX support@freenove.com
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Chapter 13 Thermistor

In this chapter, we will learn about thermistors which are another kind of resistor

Project 13.1 Thermometer

A thermistor is a type of resistor whose resistance value is dependent on temperature and changes in
temperature. Therefore, we can take advantage of this characteristic to make a thermometer.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

FREENOVE

Freenove ESP32 GPIO Extension Board

E§ ESP32-WROVER-DEV

0000000000000 000000O0
[Z CHD SR8 SD2 13 GND 12 14 27 2 25 33 $2 G5 34 VN VB EN AV

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
...............................................................
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................

Thermistor x1 Resistor 10kQ x1 Jumper M/M x3
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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.

The relationship between resistance value and temperature of a thermistor is:

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:
5V

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:

Any concerns? X support@freenove.com
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Circuit

The circuit of this project is similar to the one in the last chapter. The only difference is that the photoresistor
is replaced by the thermistor.

Schematic diagram

5V EXT-3.3V
3.3V GND |
EN 23
36/VP 22
39/VN 1/TX
34 3/RX
3.3V
35 21
32 GND
33 19

2  ESP32-WROVER

[TTTTTTTTTTITITTIT

LT

GPIO Extension =2 rfng

27 GND

14 GND

12 4
GND

13 2

9/SD2 15

10/SD3 8/SD1

11/CMD 7/SD0O

5V 6/CLK

5V GND

GND

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

EXT-3.3Ve & .o * e e 00 ¢ o0 0 e LI 0 . oo 0 e
L] L] L L B L L] L L]
5 |
3 ]
m
g . L L L L { * o o
‘O o . .. ° e o e
q:) . . L * o oD * e 0
E (OD g 8 (D) ® e ® o o 0 e o 0
o & 5 &5 ® o s 0 0 e * e 0
o
(0] S
N = e & & o © o * o
2 o e e 0 0 0 e e 0
ﬂ . e e e 0 0 e e e 0
0 . ® o & o © o * o o
S . e o o 0 0 o e e 0
c
(]
o
s . e . .
* e e e . * e e

Any concerns? X support@freenove.com


http://www.freenove.com/

142

Chapter 13 Thermistor www.freenove.com [l

Sketch

Sketch_13.1_Thermometer

& Sketch_13.1_Thermometer | Arduino 1.8.10 - m} it
File Edit Sketch Tools Help

Sketch_13.1_Thermometer

7 #defins PIN_RNALOG_ IN 4
§ wvold setup() {

g Serial.begin{ll5200):
10}

12 |void loop() {

13 int adcValue = analogRead (PIN_ANALOG_IN): ffread RDC pin

14 double voltage = (flcat)adcValue / 4095.0 * 3.3; /¢ calculate woltage

15 doukle Rt = 10 * wvoltage / (3.3 - wvoltage): ffcalculate resistance value of thermistor

16 double tempK = 1 / (1 / (273.15 + 25) + log(Rt / 10} / 3850.0); //calculate temperature (Kelvin)

17 double tempC = tempK - 273.15; ffcalculate temperature (Celsius)

18 Serial.printf ("ADC wvalue : %d,‘\tVoltage : %.2fV, ‘tTemperatures : %.2IC\n", adcValue, wvoltage, templ);

19 delay (1000} ;

2001 v

Download the code to ESP32-WROVER, the terminal window will display the current ADC value, voltage value
and temperature value. Try to “pinch” the thermistor (without touching the leads) with your index finger and
thumb for a brief time, you should see that the temperature value increases.

If you have any concerns, please contact us via: support@freenove.com

& come - m| %

| Send
ADC walue : 1279, Voltage @ 1.51V, Temperature @ 25.76C s
ADC walue @ 1823, Voltage @ 1.52V, Temperature @ 25.67C

ADC walue @ 1823, Voltage @ 1.52V, Temperature @ 25.67C

ADC walue @ 1821, Voltage @ 1.52V, Temperature @ 23.71C

ADC walue @ 1872, Voltage @ 1.51V, Temperature @ 25.72C

ADC walus : 1279, Voltage @ 1.51V, Temperature @ 28.76C

ADC walue : 1279, Voltage @ 1.51V, Temperature @ 25.76C

ADC walue : 1879, Voltage : 1.51V, Temperature : 25.76C

ADC walue : 1879, Voltage : 1.51V, Temperature : 25.76C

ADC walue : 1883, Voltage : 1.52V, Temperature : 25.&7C

ADC walue : 1881, Voltage : 1.53V, Temperature : 25.71C

ADC walue : 1879, Voltage : 1.51V, Temperature : 25.7&C

ADC walue : 1879, Voltage : 1.51V, Temperature : 25.7&6C

ADC walue : 1878, Voltage @ 1.51V, Temperature : 25.83C

ADC walue : 1878, Voltage @ 1.51V, Temperature : 25.78C

W

€ >
Autoscroll DShow timestamp Ho line ending 115200 baud -~ Clear output
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The following is the code:
#define PIN_ANALOG_IN 4
void setup() {
Serial. begin (115200) ;

void loop() {

int adcValue = analogRead (PIN ANALOG IN) ; //read ADC pin
(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

double voltage

voltage, tempC);
delay (1000) ;

In the code, the ADC value of ADC module AO port is read, and then calculates the voltage and the resistance
of thermistor according to Ohms Law. Finally, it calculates the temperature sensed by the thermistor,
according to the formula.

Any concerns? X support@freenove.com
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Project 13.2 Thermometer (use esp-idf)

This project uses the function in esp-idf to get more accurate temperature value. The circuit is exactly the
same as the last project.

Sketch

Sketch_13.2_Thermometer

&% Sketch_13.2_Thermometer | Arduine 1.8.10 - O >
File Edit Sketch Tools Help

Sketch_13.2_Thermometer

#include "esp adc cal.h”

& #define PIN_ANALOG_IN 4 /f Rl10, RADC2_CHANNEL O
10 #define DEFAULT_VREF 1100 //Default vref
11l $define NO OF SAMPLES ©4 S fMultisampling
12
13 adc_channel t channel = ADC CHRNNEL 07 /4 BDC1l:GFIO36, ADC2:GPIO4
14 adc unit_t unit = ADC UNIT 2; /{ BDC2
15 adc_atten_t atten = ADC_ATTEN DB_11; // Full scale 0-3.5V, precision range 150mV-2450mV

17 esp_adc_cal characteristics_t *adc_chars;

1% esp adc cal walus_t val_typer w

Any concerns? X support@freenove.com
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Download the code to ESP32-WROVER, the terminal window will display the current ADC value, voltage value
and temperature value. Try to “pinch” the thermistor (without touching the leads) with your index finger and
thumb for a brief time, you should see that the temperature value increases.
If you have any concerns, please contact us via: support@freenove.com

& coma - O X
‘ || Send |
ADC walue : 17495, Voltage @ 1.59V, Temperaturse : 26.70C ~
ADC walus : 1797, Voltage @ 1.59V, Temperature : 26.67C
ADC walue : 1797, Voltage @ 1.59V, Temperature : 26.&67C
ADC walus : 1795, Voltage @ 1.59V, Temperature : 26.65C
ADC walue : 1797, Voltage @ 1.59V, Temperature : 26.87C
ADC walus : 1797, Voltage @ 1.3559V, Temperature : 26.67C
ADC walus : 1795, Voltage @ 1.59V, Temperature : 26.65C
BADC walue : 1798, Voltage @ 1.59V, Temperature : 26.65C
ADC walus : 1877, Voltage @ 1.63V, Temperature : 24.3%C
ADC walue : 1904, Voltage : 1.68V, Temperature : 24.,28C
ADC walus : 1904, Voltage : 1.63V, Temperature : 24.,29%C
ADC walue : 1904, Voltage @ 1.68V, Temperature : 24.28C
ADC walus : 1903, Voltage @ 1.67V, Temperaturs : 24.32C
ADC walue : 1885, Voltage @ 1.66V, Temperature : 24.&85C
ADC walus : 1887, Voltage @ l.66V, Temperaturse : 24.87C
W
hutoscroll DShow timestamp Wo line ending V| |1152L’JU baud V| | Clear output

The following is the program code:

#include “esp adc cal.h”

fidefine PIN ANALOG IN 4 // A10, ADC2 CHANNEL 0

#define DEFAULT VREF 1100 //Default vref

#idefine NO OF SAMPLES 64 //Multisampling

adc_channel t channel = ADC_CHANNEL O: // ADC1:GP1036, ADC2:GPI04

adc_unit t unit = ADC UNIT 2; // ADC2

adc_atten t atten = ADC ATTEN DB 11; // Full scale 0-3.9V, precision range 150mV-2450mV

esp_adc _cal characteristics t *adc chars;

esp adc cal value t val type;

void setup() {
Serial. begin(115200) ;
if (unit == ADC_UNIT 1) {
adcl config width (ADC WIDTH BIT 12);
adcl config channel atten((adcl channel t)channel, atten);

}

else {

Any concerns? X support@freenove.com
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adc2 config channel atten((adc2 channel t)channel, atten);

//Characterize ADC

adc_chars = (esp_adc_cal characteristics_ t*)calloc (1,
sizeof (esp_adc_cal characteristics t));

esp_adc_cal value t val type = esp adc_cal characterize(unit, atten, ADC WIDTH BIT 12,
DEFAULT VREF, adc chars) ;

void loop() {
uint32 t adc reading = 0;
//Multisampling
for (int i = 0; i < NO OF SAMPLES; i++) {
if (unit == ADC UNIT 1) {
adc reading += adcl get raw((adcl channel t)channel);
}
else {
int raw;
adc2 get raw((adc2 channel t)channel, ADC WIDTH BIT 12, &raw);

adc reading += raw;

1

adc_reading /= NUM_OF_SAMPLES;

//Convert adc reading to voltage in mV

uint32_ t voltage = esp_adc_cal raw to voltage (adc_reading, adc_chars);

//printf ("Raw: %d\tVoltage: %dmV\n”, adc reading, voltage):

double vol = voltage / 1000. 0f;

double Rt = 10 * vol / (3.3 — vol); //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”, adc_reading

vol, tempC);

delay (1000) ;

The part of the code that captures the ADC is consistent with the previous potentiometer section, and the
part that calculates the temperature is consistent with the previous project.

Any concerns? DX support@freenove.com
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Chapter 14 Joystick

In the previous chapter, we have learned how to use rotary potentiometer. Now, let's learn a new electronic
modaule joystick which working on the same principle as rotary potentiometer.

Project 14.1 Joystick

In this project, we will read the output data of a joystick and display it to the Terminal screen.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

FREENOVE

Freenove ESP32 GPIO Extension Board

Joystick x1 Jumper F/M x5

Any concerns? X support@freenove.com
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Component knowledge

Joystick

A joystick is a kind of input sensor used with your fingers. You should be familiar with this concept already as
they are widely used in gamepads and remote controls. It can receive input on two axes (Y and or X) at the
same time (usually used to control direction on a two dimensional plane). And it also has a third direction
capability by pressing down (Z axis/direction).

GND
+5V
VRX
VRY
SW

Joystick

o [ oo |

This is accomplished by incorporating two rotary potentiometers inside the joystick Module at 90 degrees of
each other, placed in such a manner as to detect shifts in direction in two directions simultaneously and with
a push button switch in the “vertical” axis, which can detect when a User presses on the Joystick.

5V W
i L

«(GND)

When the joystick data is read, there are some differences between the axes: data of X and Y axes is analog,
which needs to use the ADC. The data of the Z axis is digital, so you can directly use the GPIO to read this
data or you have the option to use the ADC to read this.

Any concerns? X support@freenove.com
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Circuit

Schematic diagram

33

©

[

T

o

2  ESP32-WROVER !
2 GPIO Extension

5V EXT-3.3V
—] 33V GND
——l EN 23
o 36/VP 22
st 39/VN 1TX
ol 34 3/RX
Sy 35 21
i 32 GND

Joystick -
SW 14 GND
VRY > 12 4
VRX g ’“I GND
+5V [5—2 18
GND 1 et 9/SD2 15
1 et 10/SD3 8/SD1
et 11/CMD 7/SDO
— 5V 6/CLK
— 5V GND
GND

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

.

ESP32-WROVER-DEV

GNDO I I

Freenove ESP32 GPIO Extension Board

Any concerns? X support@freenove.com
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Sketch

In this project’s code, we will read the ADC values of X and Y axes of the joystick, and read digital quality of
the Z axis, then display these out in terminal.
Sketch_14.1_Joystick

&9 Sketch_14.1 Joystick | Arduino 1.8.10 - O >
File Edit Sketch Tools Help

Sketch_14.1_Joystick

int xyzPins[] = {13, 12, 14}; f{%, v,z pins

& wvolid setup() {

9 Serial.begin({ll5200);

10 pinMode (xyzPins[2], INFUT_FULLUF); //z axis is a button.

11}

13 woid loop() {
14 int xVal = an
15 int yVal = d{xyzPins[1]):

16 int zVal = digitalRead({xvzPins[2]);

17 Serial.printf("X,Y,Z: %d,\t%d,\c3d\n", xVal, yVal, zVal):
18 delay (500);

=

ead({xyzPins[0]);

TRV 1
=

E ev Module an COM2

Download the code to ESP32-WROVER, open the serial port monitor, the baud rate is 115200, as shown in
the figure below, shift (moving) the joystick or pressing it down will make the data change.

€5 coms - o X
Send
¥, ¥,Z: 1830, 2342, 1 2
K, ¥,Z: 1931, 2345, 1
K, ¥,2: 1917, 2334, a0
K, ¥,2: 1918, 2334, 0
¥,¥,Z: 19148, 2335, a
K, ¥,Z: 1917, 2333, 1
K, ¥,Z: 194¢g, 0, 1
X,Y,Z: 1953, 0, 1
XK, ¥,Z: 1952, 0, 1
¥,¥,Z: 1951, o, 1
K, ¥, Z: 0, 100&, 1
K,¥,Z: 4095, 2545, 1
K,¥,Z: 4095, 2558, 1
X, Y,Z: 4095, 2558, 1
¥,¥,Z: 1934, 2345, 1
L
Autoscroll I:lShor timestamp Wo line ending =~ 1153200 baud - Clear output

Any concerns? X support@freenove.com
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The following is the code:
int xyzPins[] = {13, 12, 14}: //x,vy,z pins
void setup() {
Serial. begin (115200) ;
pinMode (xyzPins[2], INPUT PULLUP); //z axis is a button.

void loop() {
analogRead (xyzPins[0]) ;

int xVal

int yVal = analogRead (xyzPins[1]):
int zVal = digitalRead (xyzPins[2]) ;
Serial.printf ("X, Y, Z: %d, \t%d, \t%d\n”, xVal, yVal, zVal);

delay (500) ;

In the code, configure xyzPins[2] to pull-up input mode. In loop(), use analogRead () to read the value of
axes X and Y and use digitalRead () to read the value of axis Z, then display them.

int xVal = analogRead (xyzPins[0]) ;

int yVal = analogRead(xyzPins[1]);

int zVal = digitalRead(xyzPins[2]);

Serial.printf ("X, Y, Z: %d, \t%d, \t%d\n”, xVal, yVal, zVal);
delay (500) ;

Any concerns? X support@freenove.com
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Chapter 15 74HC595 & LED Bar Graph

We have used LED bar graph to make a flowing water light, in which 10 GPIO ports of ESP32 is occupied.
More GPIO ports mean that more peripherals can be connected to ESP32, so GPIO resource is very precious.
Can we make flowing water light with less GPIO? In this chapter, we will learn a component, 74HC595, which
can achieve the target.

Project 15.1 Flowing Water Light

Now let's learn how to use the 74HC595 IC chip to make a flowing water light using less GPIO.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

Breadboard x1

--------------------------------------------------
..................................................

---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
...............................................................
...............................................................

T7T4HC595 x1 LED Bar Graph x1 Resistor 220Q x8 Jumper M/M x15

Any concerns? X support@freenove.com
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Related knowledge

74HC595

A 74HC595 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 10 ports of a ESP32. At least 3 ports are required
to control the 8 ports of the 74HC595 chip.

1 16 % Q1 VCC %
2 15 3 Q2 QO 12
3 14 a Q3 DS 13
4 13 <1 Q4 OF |5
5 12 = Q5 ST.CP |
6 11 = Q6 SH_CP 0
7 10 -1 Q7 MR |5
8 9 —] GND Q7 =
74HC595
The ports of the 74HC595 chip are described as follows:
Pin name GPIO Description
number

Q0-Q7 15, 1-7 Parallel data output

VCC 16 The positive electrode of power supply, the voltage is 2~6V

GND 8 The negative electrode of power supply

DS 14 Serial data Input

OE 13 Enable output,

When this pin is in high level, Q0-Q7 is in high resistance state
When this pin is in low level, Q0-Q7 is in output mode

ST_CP 12 Parallel Update Output: when its electrical level is rising, it will update the
parallel data output.

SH_CP 11 Serial shift clock: when its electrical level is rising, serial data input register will
do a shift.

MR 10 Remove shift register: When this pin is in low level, the content in shift register

will be cleared.

Qr 9 Serial data output: it can be connected to more 74HC595 in series.
For more detail, please refer to the datasheet on the 74HC595 chip.

Any concerns? X support@freenove.com
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Circuit

Schematic diagram

—t¥EN 23—
——136/VP 22—
- 39/VN 1TX f—
=8 —34 3/RX f——
—3 21—

2R 32 GND

g% 3.3V 33 19
4 16 ] 25 ESP32-WROVER 18—
=8 VCC I 26 GPIO Extension _ 2
o Q0 |2 27 GND f——

g DS 14 GND
24 : OE g ——]12 4
oS —’\/\N\:—-—K]—S—G Q> ST.CP i3 |  ——feno {
=8 16 Q6 sHCP fio 13 of—
g —'\/\/v\:——K}—/; Q7 MR [ —9/SD2 15—
; 17g, 4 GND Q7 = - 10/SD3 8/SD1j——
S L AMW-———kF=7 = 11/CMD 7/SDO f——
N 1g// 3 74HC595 3.3V — sy 6/CLK b——
—+}= —15V GND f——

1 To 2 GND
20,,I El 1 i

ESP32-WROVER-DEV [
. g

20

2 8
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Sketch

In this project, we will make a flowing water light with a 74HC595 chip to learn about its functions.
Sketch_15.1_FlowingLight2

& Sketch_15.1_FlowingLight02 | Arduino 1.8.10 - [m] X
File Edit Sketch Tools Help

Sksteh_16.1_FlowingLighto2

| ~

Vo e b

2 int latchPin = 12; // Pin connected to ST_CP of 74HCS595(Pinl2)
% int clockPin = 13; // Pin connected to SH_CP T74HC595(Pinll)
10 int dataPin = 14; // Pin connected to DS of T4HCS595(Pinld)

vold setup() {

// set pins to output
= (latchPin, COUTEPUT);
=({clockPin, CUTFUI);

o e
S T R W

t the state of & LEDs of LED bar graph.
01, which indicates only one LED light on.

22 byte x = 0x01; ff 0b 0000 doO0l1

23 for (int jJ =07 J < 8; j++) [ // Let led light up from right to left

24 writeTo595 (LSBFIRST, x);

25 X <<= 1l; // make the wariable move one kit to left once, then the bright LED mowve one step to the left once.
26 delay (50) 7

v Module on COME

Download the code to ESP32-WROVER. You will see that LED bar graph starts with the flowing water pattern
flashing from left to right and then back from right to left.
If you have any concerns, please contact us via: support@freenove.com

The following is the program code:

1 int latchPin = 12; // Pin connected to ST CP of 74HC595(Pin12)
int clockPin = 13; // Pin connected to SH CP of 74HC595(Pinll)
int dataPin = 14; // Pin connected to DS of 74HC595 (Pinl4)

void setup() {
// set pins to output
pinMode (1atchPin, OUTPUT) ;
pinMode (clockPin, OUTPUT) ;
pinMode (dataPin, OUTPUT) ;

© 0 N O O1 = W DN

— =
—= O
—

—
[\)

void loop() {

Any concerns? X support@freenove.com
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// 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 0x01l, 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 (1000) ;
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 (1000) ;
}
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) ;

In the code, we configure three pins to control the 74HC595 chip and define a one-byte variable to control
the state of the 8 LEDs (in the LED bar graph Module) through the 8 bits of the variable. The LEDs light ON
when the corresponding bit is 1. If the variable is assigned to 0x01, that is 00000001 in binary, there will be
only one LED ON.

! x=0x01;

In the loop(), use “for” loop to send x to 74HC595 output pin to control the LED. In "for" loop, x will shift one
bit to the LEFT in one cycle, then when data of x is sent to 74HC595, the LED that is turned ON will move one
bit to the LEFT once.
for (int j = 0; j < 8; j++) { // Let led light up from right to left
writeTo595 (LSBFIRST, x);
x K= 1;
delay (50) ;

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 15 74HC595 & LED Bar Graph

In second “for” loop, the situation is the same. The difference is that x is shift from 0x80 to the RIGHT in order.

The subfunction writeTo595() is used to write data to 74HC595 and immediately output on the port of
T4HC595.
Reference
| << operator |
"<<"is the left shift operator, which can make all bits of 1 byte shift by several bits to the left (high) direction
and add 0 on the right (low). For example, shift binary 00000001 by 1 bit to left:

byte x = 1 << 1;

<« <« <« <« <« <« <«
—[ofofofofofofo]1]|]o0]
The result of x is 2 (binary 00000010) .
(ofojofoJojof1]o]

There is another similar operator” >>". For example, shift binary 00000001 by 1 bit to right:
bytex=1>>1;
— — — — — — —
[ o|~[ofojofoloJofo]1]~
The result of x is 0 (00000000) .
(oJofJofojofofo]o]

X <<=1lisequivalenttox =x << landx >>= lisequivalenttox =x >>1

This is used to shift an 8-bit data value in with the data appearing on the dataPin and the clock being

sent out on the clockPin. Order is as above. The data is sampled after the cPin goes high. (So clockPin
high, sample data, clockPin low, repeat for 8 bits) The 8-bit value is returned by the function.

Parameters

dataPin: the pin on which to output each bit. Allowed data types: int.

clockPin: the pin to toggle once the dataPin has been set to the correct value. Allowed data types: int.
bitOrder: which order to shift out the bits; either MSBFIRST or LSBFIRST. (Most Significant Bit First, or, Least
Significant Bit First).

value: the data to shift out. Allowed data types: byte.

For more details about shift function, please refer to:
https://www.arduino.cc/reference/en/language/functions/advanced-io/shiftout/

Any concerns? X support@freenove.com
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Chapter 16 74HC595 & 7-Segment Display.

In this chapter, we will introduce the 7-Segment Display.

Project 16.1 7-Segment Display.

We will use 74HC595 to control 7-segment display and make it display hexadecimal character "0-F".

Component List

ESP32-WROVER x1 GPIO Extension Board x1

000000000
25 33 32 35 34 VN VP EN33V|

o)
oF

Freenove ESP32 GPIO Extension Board

S 2 0 T WO I AX X Z ZGND)
0D00000O0D0000D0O0D000O0O0O0O0O

2228289 ¢
A A

Breadboard x1

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
...............................................................
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................

7T4HC595 x1 7-segment display x1 | Resistor 220Q x8 | Jumper M/M

Any concerns? X support@freenove.com
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Component knowledge

7-segment display
A 7-segment display is a digital electronic display device. There is a figure "8" and a decimal point represented,
which consists of 8 LEDs. The LEDs have a common anode and individual cathodes. Its internal structure and

pin designation diagram is shown below:

10 6

X XXX
3,8
A 4 vyYYVYyYY¥V¥YY
UIIIU T E[ F| G| DP
D DP 00000 O © O O O

] 6 4 2 1 9 10 5

As we can see in the above circuit diagram, we can control the state of each LED separately. Also, by combining
LEDs with different states of ON and OFF, we can display different characters (Numbers and Letters). For
example, to display a “0”: we need to turn ON LED segments A, B, C, D, E and F, and turn OFF LED segments

N
n ]

In this project, we will use a 7-Segment Display with a common anode. Therefore, when there is an input low
level to a LED segment the LED will turn ON. Defining segment “A” as the lowest level and segment “DP” as
the highest level, from high to low would look like this: “DP”, “G”, “F", “E", “D”, “C", “B”, “A”. Character "0"
corresponds to the code: 1100 0000b=0xcO0.

Any concerns? X support@freenove.com
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For detailed code values, please refer to the following table (common anode).

CHAR DP 6 F E D C B A Hex ASCl
OxcO 1100 0000
0xf9 | 1111 1001
Oxa4 1010 0100
Oxb0O | 1011 0000
0x99 1001 1001
0x92 1001 0010
0x82 1000 0010
Oxf8 | 1111 1000
0x80 1000 0000
0x90 | 1001 0000
0x88 1000 1000
0x83 ' 1000 0011
Oxc6 1100 0110
Oxal @ 1010 0001
0x86 1000 0110
Ox8e | 1000 1110

mm OO mW> O 0o~NOO U~ WNDNIERLRO
e L e e R e N e i
O 0O Ok, OO0 O0OO0OkFkr OO0 0O O - K,
OOk, O 0O 0O 00Ok OO0 O F, F—» F+», o
oo oo ookFrPrP ok, ok, kP ko e o
- 0O 0O 0O Ok OO0k OO0k oo kF o
O Fr OO0 0O 00O 0O O0OOoOOoOIFRrR oo
P P, Ok, kP OO 0O 0O kF kP O oo o o
OO P Ok, OO0 0O 0o ok oo e+ o
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Circuit

Schematic diagram

5V

GPIOE

GPIO
GPIOT

3,8
H ] = i ! =} | 5V  EXT-3.3V
—13.3V GND
VARVANVARVARVARVARVARA SN 23
7 6 14 1211 l9 10 |5 —A3evpP 22
—139/VN 1/TX
—34 3/RX
: sz =
_ ——132 GND
—133 19
128 ESP32-WROVER 18
@ g sl & @ @ @ =126 GPIO Extension 5
—127 GND
— one
Q1 vCC % —GND 0
Q2 Q0 |7 —113 2
Q3 DS ~——19/SD2 15
Q4 O |55 10/SD3 8/SD1
Q5 ST_CP @ s—111/CMD 7/SDO0
Q6 SH_CP [g—<cPio4 —15V 6/CLK
Q7 MR —15V GND
GND Q7 EX : GND
—  74HC595

[cibleN & & o

e o o Jokk\
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Sketch

In this section, the 74HC595 is used in the same way as in the previous section, but with different values
transferred. We can learn how to master the digital display by sending the coded value of "0" - "F".
Sketch_16.1_7_Segment_Display

8 Sketch 16.1_1 Digit 7-Segment Display | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 — O x
File Edit Sketch Tools Help

Sketch_16.1_1_Digit_7-Segment_Display

1G5 &

int dataPin = 153; // Pin connected to DS of T4HCS95 (Pinld)
& int latchPin = 2; // Pin connected to ST_CP of 74HCS95 (Pinl2)

% int clockFin = 4; // Pin connected to SH_CP of 74HCSS95 (Pinll)

11 |// Define the encoding of characters 0-F for the common-ancde 7-Segment Display
12E byte num([] = |

13 OxcO, O0x£%, Oxad, Oxb0, 0x9%, Ox92, 0x852, Oxfsg,

Ox30, 0x90, 0x85, 0x83, Oxcéd, Oxal, Ox86, Oxie

178 void setup{) |

18 /# set pins to output

19 pinMode (latchPin, CUTEUT);
20 pinMode {(clockPin, COUTEUT):
21 pinMode (dataPin, COUTEUT):

24Evoid loop() |

25 ff display 0-F on digital tube

268 for (int i = 0:; i < 16; i++) |

27 writeData{num[i]});// Send data to T4HCSSS

28 delay (1000} ; ff delav 1 second

24 writeData (0xff); // Clear the display content
30 }

Wrover Module on COME
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Verify and upload the code, and you'll see a 1-bit, 7-segment display displaying 0-f in a loop.

= >E »m »u » -

The following is the program code:

1 int dataPin = 15; // Pin connected to DS of 74HC595 (Pinl4)
2 int latchPin = 2; // Pin connected to ST CP of 74HC595 (Pinl2)
3 int clockPin = 4; // Pin connected to SH CP of 74HC595 (Pinll)
4 // Define the encoding of characters 0-F for the common-anode 7-Segment Display
5 byte num[] = {

(3} 0xc0, 0xf9, Oxa4, 0xb0, 0x99, 0x92, 0x82, O0xf8,

7 0x80, 0x90, 0x88, 0x83, 0Oxc6, Oxal, 0x86, 0x8e

8 b

9

10 | void setup() {

11 // set pins to output

12 pinMode (latchPin, OUTPUT) ;

13 pinMode (clockPin, OUTPUT) ;

14 pinMode (dataPin, OUTPUT) ;

15 |}

16

17 void loop() {

18 // display 0-F on digital tube

19 for (int i = 0; i < 16; i++) {

20 writeData(num[i]);// Send data to 74HC595

21 delay (1000) ; // delay 1 second

22 writeData (0xff); // Clear the display content

23 1

24 |}

25

26 void writeData(int value) {

27 // Make latchPin output low level

28 digitalWrite (latchPin, LOW);

29 // Send serial data to 74HC595

30 shiftOut (dataPin, clockPin, LSBFIRST, value):

31 // Make latchPin output high level

32 digitalWrite (latchPin, HIGH) ;

33 |}

Any concerns? X support@freenove.com
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First, put encoding of “0"- “F” into the array.

// Define the encoding of characters 0-F for the common-anode 7-Segment Display
byte num[] = {

0xc0, 0xf9, Oxa4, 0xb0, 0x99, 0x92, 0x82, O0xf8,

0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e
b

Then, in the loop, we transfer the member of the “num” to 74HC595 by calling the writeData function, so
that the digital tube displays what we want. After each display, “Oxff” is used to eliminate the previous effect
and prepare for the next display.

void loop() {

// display 0-F on digital tube

for (int i =0; i < 16; i++) {
writeData(num[i]);// Send data to 74HC595
delay (1000) ; // delay 1 second

writeData (0xff); // Clear the display content

}

—

In the shiftOut() function, whether to use LSBFIRST or MSBFIRST as the parameter depends on the physical
situation.

void writeData(int value) {
// Make latchPin output low level
digitalWrite (latchPin, LOW);
// Send serial data to 74HC595
shiftOut (dataPin, clockPin, LSBFIRST, value);
// Make latchPin output high level, then 74HC595 will update data to parallel output
digitalWrite (latchPin, HIGH) ;
}
If you want to display the decimal point, make the highest bit of each array become 0, which can be
implemented easily by num[i]&0x7f.
- shiftOut (dataPin, clockPin, LSBFIRST, value & 0x7f);

Any concerns? DX support@freenove.com
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Project 16.2 4-Digit 7-Segment Display

Now, let’s try to control more digit 7-segment display

Component List

ESP32-WROVER x1 GPIO Extension Board x1

SP32-WROVER-DE

Freenove ESP32 GPIO Extension Board

0000000000000 0000000
o: 2 TS GND 12 14 27 20 25 S @ 3 3 WN VP EN V]

Breadboard x1

--------------------------------------------------
oooooooooooooooooooooooooooooooooooooooooooooooooo

...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................

...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
---------------------------------------------------------------

--------------------------------------------------
--------------------------------------------------

T74HC595 x1 7-segment display x1 Resistor 220Q x8 Jumper M/M

Any concerns? X support@freenove.com
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Component knowledge

4 Digit 7-Segment Display

A 4 Digit 7-segment display integrates four 7-segment displays into one module, therefore it can display
more characters. All of the LEDs contained have a common anode and individual cathodes. Its internal
structure and pin designation diagram is shown below:

121110986 7

123456

The internal electronic circuit is shown below, and all 8 LED cathode pins of each 7-segment display are

connected together.

|12 |9 |8 [6
‘I,_‘I_ 'I,_,I_"I’_ll.. 'I,_’l_
WAVAVAVAVAV AV A VsV AVAVAVAV AV A VAW AVAVAVAV AVAV Y, VNAVAVAVAVAVA A

1117 14 12 |1 [10(5 |3

Display method of 4 digit 7-segment display is similar to 1 digit 7-segment display. The difference between
them is that the 4-digit displays each Digit is visible in turn, one by one and not together. We need to first
send high level to the common end of the first digit display, and send low level to the remaining three
common ends, and then send content to 8 LED cathode pins of the first Digit Display. At this time, the first 7-
segment display will show visible content and the remaining three will be OFF.

Similarly, the second, third and fourth 7-segment displays will show visible content in turn by scanning the
display. Although the four number characters are displayed in turn separately, this process is so fast that it is
imperceptible to the naked eye. This is due to the principle of optical afterglow effect and the vision
persistence effect in human sight. This is how we can see all 4 number characters at the same time. However,
if each number character is displayed for a longer period, you will be able to see that the number characters
are displayed separately.

Any concerns? X support@freenove.com
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Circuit

Schematic diagram

—< GPI02
GPIO26

i
Wl GPI02

2 9
=] 1 1 H | I a 1 a ! 1 Iz | ] f=] l a T ! f T - =] ! I -
AVA\VAVA\VA\VA\VA\VANVARVANVANVANVA\VA\VA\VA\VARVA\VA\VA\VA\VA\VA\VANVARIVA AVAVA
17 |4 |2 |1 |10]5 [3 P v

3.3V 5V  EXT-3.3V GND —
:lEN 23—
——136/VP 22—
—139/VN YTX f—
—34 3/RX [—
— 1] GND [—
I —133 )
(GPI025 125 ESP32.WROVER 18—
vee e GPIO26 26 GPIO Extension S
Q0 15 GPI027 127 GND—
o5 GPIO14 et {4 GND [——

el [ — 1o 4+—GPI04

ST_CP 1% GPIO2 l_ 1GSND g GPIO

SH_fV'I’R 10 8P104 ——o/sD2 15‘%
Q7 ER —t10/SD3 8/SD1
3.3V w111/CMD 7/SDQ ==
— 74HC595 et 5V 6/CLK =
—BV GND GND =

Hardware connection:
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Sketch

In this code, we use the 74HC595 IC chip to control the 4-digit 7-segment display, and use the dynamic
scanning method to show the changing number characters.
Sketch_16.2_4_Dight_7-Segment_Display

@9 Sketch_16.2_4 Digit 7-5egment_Display | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 - O *

File Edit Sketch Tools Help

Sketch_16.2_4_Digit_7-Segment_Display

1E &
7 int latchPin = 2; // Pin connected to ST _CP of 74HCS595 (Pinl2)

& imt clockPin = 4; // Pin connected to SH_CP of T4HCS9S (Pinll)

% int dataPin = 15; // Pin connected to DI of T4HCS95 (Pinld)

10 |int comPin[] = {25,26,27,14};// Common pin (ancde) of 4 digit T-segment display

12 | // Define the encoding of characters 0-F of the common-ancde 7-Segment Display
13E byte num[] = [OxcO, 0x£f9, Oxad, Oxb0, 0x99, 0x%92, 0x32, OxfE,
14 0x50, O0x50, 0x85, 0xB3, Oxcd, Oxal, 0Ox8e, 0xie}:

o

16E void setup() |

17 [/ 3et pins to cutput

18 pinMode (latchPin, COUTEUT);

14 pinMode {clockPin, OUTEUT);

20 pinMode {(dataPin, OUIPUT):
21E  for (int i1 = 0; i < 4; i++) |
22 pinMode {comPin[i], OUTEUT):
23 }

LA =

268 void loop() |
27E  for (int 1 = 0; i < 4; i++) |

1-segment display

28 ff Select a single
29 electDigitalDisplay (i):

30 f/ Send data to T4HCS5S3S

31 writeData(num[i]);

32 delay(s5)r

33 f/ Clear the displav content
writeData (0x£ff);

frover Module on CONE

Any concerns? X support@freenove.com
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Compile and upload code to ESP32-WROVER, then the digital tube displays as shown.

The following is the program code:

1 int latchPin = 2; // Pin connected to ST CP of 74HC595 (Pinl2)
2 int clockPin = 4; // Pin connected to SH CP of 74HC595 (Pinll)
3 int dataPin = 15; // Pin connected to DS of 74HC595 (Pinl4)

4 int comPin[] = {25, 26,27, 14};// Common pin (anode) of 4 digit 7-segment display
5

6 // Define the encoding of characters 0-F of the common—anode 7-Segment Display
7 byte num[] = {0xcO, 0xf9, Oxa4, 0xb0, 0x99, 0x92, 0x82, 0xf8,

8 0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e};

9

10 | void setup() {

11 // set pins to output

12 pinMode (latchPin, OUTPUT) ;

13 pinMode (clockPin, OUTPUT) ;

14 pinMode (dataPin, OUTPUT) ;

15 for (int i =0; i < 4; i+ |

16 pinMode (comPin[i], OUTPUT) ;

17 }

18 |

19

20 void loop() {

21 for (int i = 0; i < 4; i+ |

22 // Select a single 7—segment display

23 electDigitalDisplay (i);

24 // Send data to 74HC595

25 writeData(num[i]) ;

26 delay (5) ;

27 // Clear the display content

28 writeData (0xff) ;

29 1

30 |}

31

32 void electDigitalDisplay(byte com) {

33 // Close all single 7-segment display

34 for (int i = 0; i < 4; i++) {

35 digitalWrite (comPin[i], LOW);

36 1

Any concerns? X support@freenove.com
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// Open the selected single 7-segment display
digitalWrite (comPin[com], HIGH);

void writeData(int value) {

// Make latchPin output low level

digitalWrite (latchPin, LOW);

// Send serial data to 74HC595

shiftOut (dataPin, clockPin, LSBFIRST, value); // Make latchPin output high level

// Make latchPin output high level, then 741C595 will update data to parallel output
digitalWrite (latchPin, HIGH) ;

—

}

First, define the pin of 74HC595 and 7-segment display common end, character encoding.
int latchPin = 2; // Pin connected to ST CP of 74HC595 (Pinl2)

int clockPin = 4; // Pin connected to SH CP of 74HC595 (Pinll)

int dataPin = 15; // Pin connected to DS of 74HC595 (Pinl4)

int comPin[] = {25, 26,27, 14} ;// Common pin (anode) of 4 digit 7-segment display

// Define the encoding of characters 0-F of the common—anode 7-Segment Display
byte num[] = {0xc0, 0xf9, Oxa4, O0xb0, 0x99, 0x92, 0x82, O0xf8,

0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e};
Second, initialize all the pins to output mode.

void setup() {

// set pins to output

pinMode (latchPin, OUTPUT) ;
pinMode (clockPin, OUTPUT) ;
pinMode (dataPin, OUTPUT) ;

for (int i =0; i < 4; i++) |
pinMode (comPin[i], OUTPUT) ;

}
Then, since there are four digital tubes, we need to write a subfunction to control it to turn ON any digital
tube. In order not to affect a new display, each time we want to turn ON a digital tube, we need to set the
other digital tube OFF.
void electDigitalDisplay (byte com) {

[—

// Close all single 7-segment display
for (int i =0; i < 4; i++) |
digitalWrite (comPin[i], LOW) ;
}
// Open the selected single 7-segment display
digitalWrite (comPin[com], HIGH);

[—

Any concerns? DX support@freenove.com
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The usage of the writeData function is the same as in the previous two sections, so it won't be covered again

here.

41 | void writeData(int value) {

42 // Make latchPin output low level

43 digitalWrite (latchPin, LOW);

44 // Send serial data to 74HC595

45 shiftOut (dataPin, clockPin, LSBFIRST, value);

46 // Make latchPin output high level, then 74HC595 will update data to parallel output
47 digitalWrite (latchPin, HIGH);

48 |}

In the loop function, because there are four digital tubes, a “for loop” is used to display the values of each

one in turn. For example, when i =0, turn ON the first digital tube to display the first value, then turn ON the

second digital tube to display the second value, until all four digital tubes display their own values. Because

the displaying time from the first number to the fourth number is so short, it may display many times in one

second, but our eyes can't keep up with the speed of the digital tube, so we look as if the digital tube is

displaying different Numbers at the same time.

20
21
22
23
24
25
26
27
28
29
30

void loop() {
for (int i = 0; i < 4; i++) {
// Select a single 7-segment display
electDigitalDisplay (i) ;
// Send data to 74HC595
writeData(num[i]) ;
delay (5) ;
// Clear the display content
writeData (0xff) ;

}

If you want to display the decimal point, make the highest bit of each array become 0, which can be
implemented easily by num[i]&0x7f.

|45 | shiftOut (dataPin, clockPin, LSBFIRST, value & Ox7f);

Any concerns? X support@freenove.com
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Chapter 16 74HC595 & LED Matrix

Thus far we have learned how to use the 74HC595 IC chip to control the LED bar graph and the 7-segment
display. We will now use 74HC595 IC chips to control a LED matrix.

Project 16.3 LED Matrix

In this project, we will use two 74HC595 IC chips to control a monochrome (one color) (8X8) LED matrix to
make it display both simple graphics and characters

Component List

ESP32-WROVER x1 GPIO Extension Board x1
: Ao [ExTs5ve |

o X 2 Bow|
(]

L.

FREENOVE

Freenove ESP32 GPIO Extension Board

0000000000000 000000O0
[T CHD SR8 SD2 13 GND 12 14 27 2 25 33 $2 G5 34 VN VB EN AV

| vee |
Lo
=

Breadboard x1

T4HC595 x2 8+8 LEDMatrix x1 Resistor 220Q x8 | Jumper M/M

XXX X XXX
Y XX XXXX)
Y XXX XXX
e0000000
YYXXXXXX) ' D ——
Y XXXX)
00000000
Y XXXXXX)
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Component knowledge

LED Matrix
A LED matrix is a rectangular display module that consists of a uniform grid of LEDs. The following is an 8X8
monochrome (one color) LED matrix containing 64 LEDs (8 rows by 8 columns).

161514131211 10
000000
000000

9
L X
o0
00000000
00000000
00000000
00000000

123456738

In order to facilitate the operation and reduce the number of ports required to drive this component, the
positive poles of the LEDs in each row and negative poles of the LEDs in each column are respectively
connected together inside the LED matrix module, which is called a common anode. There is another
arrangement type. Negative poles of the LEDs in each row and the positive poles of the LEDs in each column
are respectively connected together, which is called a common cathode.

The LED matrix that we use in this project is a common anode LED matrix.

Connection mode of common anode Connection mode of common cathode
13.3.410. 6111516 13.3.410 6111516

9_ M M M A M ¥ X A I XM M MMM K NMH
14_x A M M 2 2 14 M M M X XM X M X
8_x M M M M ¥ x 8 XM M MM MK NMH
124 20 A 2 A 2] A 122 2 2 24 4 2 A

T X A ¥ M X X T MMM MMM NMHN
7_X M ¥ A A X K A T XM XM MMM MN
2_x ¢ M ¢ M ¥ M X 2 XM MMM MK N A

S5 X X X X X X X X S K K KKK KKK
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Here is how a common anode LED matrix works. First, choose 16 ports on ESP32 board to connect to the 16
ports of LED matrix. Configure one port in columns for low level, which makes that column the selected port.
Then configure the eight port in the row to display content in the selected column. Add a delay value and
then select the next column that outputs the corresponding content. This kind of operation by column is
called scan. If you want to display the following image of a smiling face, you can display it in 8 columns, and
each column is represented by one byte.

1 2 3 456 78
0/0(0|0O|0O|0O|O|O
0O(0|1|1(2|1({0]|0
0O/1(0(0f0f0O|1]0
1/0(1|0/0|1]|0]|1
110/0|0|0|0|0|1
1/0(0|1|1]0]|0]|1
0/1(0(0|0|0O|1]0
0({0|1|1(2|1({0]|0
Column Binary Hexadecimal ‘

1 0001 1100 Ox1lc

2 0010 0010 0x22

3 0101 0001 0x51

4 0100 0101 0x45

5 0100 0101 0x45

6 0101 0001 0x51

7 0010 0010 0x22

8 0001 1100 Ox1lc

To begin, display the first column, then turn off the first column and display the second column. (and so on) ....
turn off the seventh column and display the 8th column, and then start the process over from the first column
again like the control of LED bar graph project. The whole process will be repeated rapidly in a loop. Due to
the principle of optical afterglow effect and the vision persistence effect in human sight, we will see a picture
of a smiling face directly rather than individual columns of LEDs turned ON one column at a time (although
in fact this is the reality we cannot perceive).

Then, to save the number of GPIO, we use a 74HC595. When the first column is turned ON, set the lights that
need to be displayed in the first column to "1", otherwise to "0", as shown in the above example, where the
value of the first column is Ox1c. This value is sent to 74HC595 to control the display of the first column of the
LED matrix. Following the above idea, turn OFF the display of the first column, then turn ON the second
column, and then send the value of the second column to 74HC595 ...... Until each column is displayed, the
LED matrix is displayed again from the first column.

Any concerns? X support@freenove.com
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Circuit

In circuit of this project, the power pin of the 74HC595 IC chip is connected to 3.3V. It can also be connected
to 5V to make LED matrix brighter.

Schematic diagram
géﬂ 13 3 4 10 6 11 15 16
1?2)* % % }3‘ % }* }¥ %
220
o Rgﬁf%%%%%%%
AR XA
22
e 2 2 M X
X A A ] ] X
row K5 5V 3.3V
220 — —
5V  EXT-3.3V
— e -
vCC ?Ig—l ——136/VP 22—
Qo0 —39/VN 1TX fF—
DS 13 GPIO1 | —134 3RX —
OF |5 I|| —135 21—
ST.CP . —132 GND (——
SH_CP —
MR 190 | g_g ESP32-WROVER %—
Q7 128 GPIO Extension S
3.3V 12—Z gmg
de Hg —12 4——GPI04
Sg 14 row ——1GND oy—
13— next | —13 2
OF |5 ||| 9/SD2 15
STCP ki —(ep02 , o —110/SD3 8/SD1f——
SH_CP 70 GPIO4 '| 11/CMD 7/SD0 ==
MR et 5V B6/CLK =
—  74HC595
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Hardware connection:
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Sketch

The following code will make LED matrix display a smiling face, and then display scrolling character "0-F".

&9 Sketch 16.3_LED Matrix | Arduina 1.8.13 Hourly Build 2020/02/19 03:33 - O *

File Edit Sketch Tools Help

Sketch_16.3_LED_Matrix §

7 int latchPin = 2; // Pin connected to ST _CP of 74HCS595 (Pinl2)
& imt clockPin = 4; // Pin connected to SH_CP of T4HCS9S (Pinll)
% int dataPin = 15; // Pin connected to DS of T4HCS95 (Pinld)

11 |// Define the pattern data for a smiling face

12E const int smilingFace[] = { ST

13 0x1C, Ox22, 0x51, 0x45, 0x45, 0x51, 0x22, 0x14

14 }:

15 | // Define the data of numbers and letters, and save them in flash area
16 const int data[] PROGMEM =

B void setup() [

37 f/ set pins to output
pinMode {(latchPin, OUIPUT);
iz {clockPin, OUTEUT);
40 pinMode {dataPin, OUTPUT);
41 1

-

[FaR]
.)
-

43H void loop() |
44 f/ Define a one-byte wvariable (£ bits) which is used to represent the selected state of & columm
45 int cols;

48 S/ Display the static smiling pattern

478  for (int j = 0; j < 5007 j++ ) { // repeat 500 times

45 cols = 0x01;

49( for {(int i = 0; 1 < &8; i++) | // display 8 column data by scaning

5 matrixRowsVal (smilingFace[i]):// display the data in this column

51 matrixColsVal (~cols); fF select this column

52 delay({l); // display them for a pericd of time

53 matrixRowsVal (0x00) ; /f clear the data of this colummn

54 cols <<= 1; /f shift"cols™ 1 kit left to select the next column
55 1

A
——
<

Any concerns? X support@freenove.com
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Download the code to ESP32-WROVER, and the LED matrix display a smiling face, and then display characters
"0 to F" scrolling in a loop on the LED matrix.

Sketch_16.3_LED_Matrix
The following is the program code:

int latchPin = 2; // Pin connected to ST CP of 74HC595 (Pinl2)
int clockPin = 4; // Pin connected to SH CP of 74HC595 (Pinll)
int dataPin = 15; // Pin connected to DS of 74HC595 (Pinl4)

// Define the pattern data for a smiling face

const int smilingFace[] = {

0x1C, 0x22, 0x51, 0x45, 0x45, 0x51, 0x22,

s

// Define the data of numbers and letters

const int data[] PROGMEM = {
0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x21, Ox7F, 0x01,
0x00, 0x00, 0x23, 0x45, 0x49,
0x00, 0x00, 0x22, 0x49, 0x49,
0x00, 0x00, OxOE, 0x32, Ox7F,
0x00, 0x00, 0x79, 0x49, 0x49,
0x00, 0x00, O0x3E, 0x49, 0x49,
0x00, 0x00, 0x60, 0x47, 0x48,
0x00, 0x00, 0x36, 0x49, 0x49,
0x00, 0x00, 0x32, 0x49, 0x49,
0x00, 0x00, Ox3E, 0x41, 0x41,
0x00, 0x00, Ox3F, 0x44, 0x44,
0x00, 0x00, OxT7F, 0x49, 0x49,
0x00, 0x00, Ox3E, 0x41, 0x41,
0x00, 0x00, OxT7F, 0x41, 0x41,
0x00, 0x00, OxT7F, 0x49, 0x49,
0x00, 0x00, OxT7F, 0x48, 0x48,

void setup() {
// set pins to output
pinMode (1atchPin, OUTPUT) ;
pinMode (clockPin, OUTPUT) ;
pinMode (dataPin, OUTPUT) ;

void loop() {

0x00,
0x00,
0x31,
0x36,
0x02,
0x46,
0x26,
0x70,
0x36,
0x3E,
0x3E,
0x3F,
0x36,
0x22,
0x3E,
0x41,
0x40,

0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,
0x00,

177N
0x14

and save them in flash area

0x00, // "~ 7"
0x00, // "1”
0x00, // "2
0x00, // "3
0x00, // "4”
0x00, // "5”
0x00, // "6”
0x00, // "1”
0x00, // "8”
0x00, // "9”
0x00, // "0”
0x00, // "A”
0x00, // "B”
0x00, // "C”
0x00, // "D”
0x00, // "E”
0x00 // "F”

// Define a one-byte variable (8 bits) which is used to represent the selected state of 8

column.
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int cols;
// Display the static smiling pattern
for (int j = 0; j < 500; j++) { // repeat 500 times
cols = 0x01;
for (int i = 0; i < 8; i++) { // display 8 column data by scanning
matrixRowsVal (smilingFace[i]);// display the data in this column

matrixColsVal ("cols) ; // select this column

delay (1) ; // display them for a period of time

matrixRowsVal (0x00) ; // clear the data of this column

cols <<= 1; // shift “cols” 1 bit left to select the next column

}
// Display the dynamic patterns of numbers and letters
for (int i =0; i < 128; i++) {
for (int k = 0; k < 10; k++) { // repeat image of each frame 10 times
cols = 0x01; // Assign binary 00000001. Means the first column is selected
for (int j = 1i; j <8+ i; j+) { // display image of each frame

matrixRowsVal (pgm read word near(data + j));// display the data in this column

matrixColsVal ("cols) ; // select this column

delay(1); // display them for a period of time
matrixRowsVal (0x00) ; // close the data of this column

cols <<= 1; // shift “cols” 1 bit left to select the next column

void matrixRowsVal (int value) {
// make latchPin output low level
digitalWrite (latchPin, LOW);
// Send serial data to 74HC595
shiftOut (dataPin, clockPin, LSBFIRST, value);
// make latchPin output high level, then 74HC595 will update the data to parallel output
digitalWrite (latchPin, HIGH) ;

void matrixColsVal (int value) {
// make latchPin output low level
digitalWrite (latchPin, LOW);
// Send serial data to 74HC595
shiftOut (dataPin, clockPin, MSBFIRST, value);
// make latchPin output high level, then 74HC595 will update the data to parallel output
digitalWrite (latchPin, HIGH);

Any concerns? DX support@freenove.com
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The first “for” loop in the “while” loop is used to display a static smile. Displaying column information from left
to right, one column at a time with a total of 8 columns. This repeats 500 times to ensure sufficient display
time.

int cols;
// Display the static smiling pattern
for (intj = 0;j < 500; j++){ //repeat 500 times
cols = 0x01; // Assign 0x01(binary 00000001) to the variable, which represents the first
column is selected
for(inti=0;i<8;i++){ //display 8 column data by scanning

matrixRowsVal (smilingFace[i]);// display the data in this column

matrixColsVal (Ccols); // select this column
delay(1) ; // display them for a period of time
cols <<= 1; // shift “cols” 1 bit left to select the next column

}
The second “for” loop is used to display scrolling characters "0 to F", for a total of 17+« 8 = 144 columns.
Displaying the 0-8 column, then the 1-9 column, then the 2-10 column...... and so on--128-136 column in
consecutively to achieve the scrolling effect. The display of each frame is repeated a certain number of times
and the more repetitions, the longer the single frame display will be and the slower the scrolling movement.

// Display the dynamic patterns of numbers and letters
for (int i =0; i < 128; i++) {
for (int k = 0; k < 10; k++) { // repeat image of each frame 10 times
cols = 0x01; // Assign binary 00000001. Means the first column is selected.

for (int j =1i; j <8+ i; j++) { // display image of each frame

matrixRowsVal (pgm read word near(data + j));// display the data in this column

matrixColsVal ("cols) ; // select this column

delay(1); // display them for a period of time
matrixRowsVal (0x00) ; // close the data of this column

cols <<= 1; // shift “cols” 1 bit left to select the next column

1
The amount of pins of ESP32 is limited, so you need to find ways to save pins. If you use ESP32’s GPIO to

control the lattice without using 74HC595, you need 16 pins for the use of LED matrix. In this example, we
use two 74HC595 to drive the LED matrix, requiring only three pins, so that we could save the rest of 13
pins.

Any concerns? DX support@freenove.com
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Chapter 17 Relay & Motor

In this chapter, we will learn a kind of special switch module, relay module.

Project 17.1 Relay & Motor

In this project, we will use a push button switch indirectly to control the motor via a relay.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

b e §

o3l 20

:
0':' \go Q @
osl o o

o8| 2 a

ox =T o

o =55 &

o 8

gA Esre2 wrover oc I §

g ng "nm‘ n: &

Breadboard x1

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
...............................................................
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................

Jumper M/M 9V battery (prepared by yourself) & battery line
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Resistor 10kQ x2 Resistor 1kQ x1 Resistor 220Q x1

NPN transistor x1 | Relay x1 Motor x1 Push button x1 | LED x1 Diode x1
||
&% o .1
DC SV
3 2ac . . !
E—— ——

Component knowledge

Relay

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

The following is a schematic diagram of a common relay and the feature and circuit symbol of a 5V relay used
in this project:

Diagram Feature: Symbol
Armature (ﬁ\tactor
Spring 2 1
N - 24 6 1
&'y ° 3 N P
21 / et M M2
1 /I | 3A 24VDC _— 6
Electromagnet e ] 4 T 2
Signal power ° 1 3 5
Load power
o

Pin 5 and pin 6 are connected to each other inside. When the coil pins 3 and 4 get connected to 5V power
supply, pin 1 will be disconnected to pin 5&6 and pin 2 will be connected to pin 5&6. So pin 1 is called close
end, pin 2 is called open end.

Inductor

The symbol of Inductance is “L” and the unit of inductance is the “Henry” (H). Here is an example of how
this can be encountered: 1H=1000mH, 1mH=1000uH.

An inductor is an energy storage device that converts electrical energy into magnetic energy. Generally, it
consists of winding coil, with a certain amount of inductance. Inductors hinder the change of current passing
through it.  When the current passing through it increases, it will attempt to hinder the increasing trend of
current; and when the current passing through it decreases, it will attempt to hinder the decreasing trend of
current. So the current passing through inductor is not transient.

Any concerns? X support@freenove.com
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1< L~ v

The reference circuit for relay is as follows. The coil of relays can be equivalent to that of inductors, when the
transistor disconnects power supply of the relay, the current in the coil of the relay can't stop immediately,
causing an impact on power supply. So a parallel diode will get connected to both ends of relay coil pin in
reversing direction, then the current will pass through diode, avoiding the impact on power supply.

sV
://SZLEm
o3 1
N 5
52100 ng N 6
o4 T 12
R2 Relay

1kQ

Motor

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

|

o

1 2

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

[ | [ |
o} Q o} Q
+ - -+

Any concerns? X support@freenove.com


http://www.freenove.com/

Chapter 17 Relay & Motor www.freenove.com [l

Circuit

Schematic diagram

AV 3. 3V

aay BV EXT-3.3V

—EN 23—
3 1w 36/VP 22

st 39/VN 1TX =

S Dl \L S__I 24 B/RX 3.3V
IN4001 \—|: 6 _gg GN% — '

4 T 12 : S s 10—

Relay —125 ESP32-WROVER 18—

5 “—128  GPIO Extension S

— 127 GND }—

ol —4 aND[—
— RS — 12 4

- 1kQ - ——GND [ —
MAN 13 2
et 9/SD2 15

—110/SD3 8/SD1 — —_
11/CMD 7/SD0 -
——5V 6/CLK f——
—15V GND GND j—

..
i
i
L
b
-
e
i
i
.
LI
- .
-+t
i
..
:
el

e o
) e e |Io o g
o K TR R . e

Sl 1 1 | .

=€ q > X cwew ¢ commmnn v v ..

: ~ E ° = ) . . a1 ..

! - oy o . IO IR P “ e : T KX B
: = 5 sececcrlrectlce-NN: leccel--
ss s s s s sssessssssssssswsesflecceles

. EEEEEEEEE R EREEY FEEEY FE

g . L I R L A LI ..

Note: the motor circuit uses A large current, about 0.2-0.3A without load.We recommend that you
use a 9V battery to power the extension board.
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Sketch

Use buttons to control the relays and motors.
Sketch_17.1_Control_Motor_by_Relay

&9 Sketch_17.1_Control_Motar_by Relay | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 - O *

File Edit Sketch Tools Help

Sketch_17.1_Control_Motor_hy_Relay

18 2

int relayPin = 13; S/ the number of the relay pin
& int buttonPin = 15; f/ the nurber of the push button pin
10 |int buttonState = HIGH; f/ Becord button state, and initial the state to high lewel
11l int relayState = LOW: /{ Becord relay state, and initial the state to low lewvel
12 |int lastButtonState = HIGH; // Becord the button state of last detection
13 |long lastChangeTime = 0O f/ Becord the time point for button state change
158 void setup() [
1a pinMods (buttonPin, INFUT_ FULLUF); /4 Set push button pin into input mode
17 pinMode {relavPin, OUIPUT); /f Set relay pin intc cutput mode
18 digitalWrite {relayPin, relayState); f# et the initial state of relay intc "off”™

208 void loop() {

21 int nowButtonState = digitalBead(buttonPin});// Eead current state of button pin

22 S/ If button pin state has changed, record the time point

23E  if (nowButtonState '= lastButtonState) |
24 lastChangeTime = millis{);
25 1
26 f/ If button state changes, and stays stable for a while, then it should have skipped the bounce
278 if (millis{) - lastChangeTime > 10} [
2aQ if (buttonState '= nowButtonState) | S/ Confirm button state has changed
29 buttonState = nowButtonStater
0B if (buttonState == LOW) | S/ Low lewvel indicates the button is pressed
31 relayState = 'relavState; f/ Beverse relay state
32 digitalWrice (relayPin, relayState); // Update relay state
33 }
34 }
35 }
36 lastButtonState = nowButtonState; // Save the state of last button
37 |1
W
£ >

rover Module on COME
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Download the code to ESP32-WROVER. When the DC motor is connected to a power supply, it will rotate in
one direction. If you reverse the polarity of the power supply, the DC motor will rotate in opposite direction.

n n

+ - -+

The following is the program code:

int relayPin = 13; // the number of the relay pin

int buttonPin = 15; // the number of the push button pin

int buttonState = HIGH; // Record button state, and initial the state to high level
int relayState = LOW; // Record relay state, and initial the state to low level

HIGH; // Record the button state of last detection

int lastButtonState
long lastChangeTime = 0; // Record the time point for button state change

void setup() {

pinMode (buttonPin, INPUT PULLUP) ; // Set push button pin into input mode
pinMode (relayPin, OUTPUT) ; // Set relay pin into output mode
digitalWrite (relayPin, relayState); // Set the initial state of relay into “off”

}
void loop() {

int nowButtonState = digitalRead(buttonPin);// Read current state of button pin

// If button pin state has changed, record the time point

if (nowButtonState ! = lastButtonState) {

lastChangeTime = millis();

}

// 1If button state changes, and stays stable for a while, then it should have skipped the
bounce area

if (millis() - lastChangeTime > 10) {

if (buttonState ! = nowButtonState) { // Confirm button state has changed
buttonState = nowButtonState;
if (buttonState == LOW) { // Low level indicates the button is pressed
relayState = ! relayState; // Reverse relay state

digitalWrite(relayPin, relayState); // Update relay state

1
lastButtonState = nowButtonState; // Save the state of last button

Any concerns? DX support@freenove.com
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In Chapter 2, the pressing and releasing of the button will result in mechanical vibrating. If we don't solve this
problem, some unexpected consequences may happen to the procedure. Click here to return to Chapter 2
Button & LED

To eliminate the vibrating, we record the electrical level of the button with nowButtonState, and the time point
for the last change of pin level with lastChangeTime If the state of the button changes, it will record the time
point of the change.

int nowButtonState = digitalRead (buttonPin);// Read current state of button pin
// 1f button pin state has changed, record the time point
if (nowButtonState ! = lastButtonState) {

lastChangeTime = millis();

}

If the state of the pin changes and keeps stable for a period of time, it can be considered as a valid key state
change, update the key state variable buttonState, and determine whether the key is pressed or released
according to the current state.

// 1f button state changes, and stays stable for a while, then it should have skipped the
bounce area
if (millis() - lastChangeTime > 10) {
if (buttonState ! = nowButtonState) { // Confirm button state has changed
buttonState = nowButtonState;
if (buttonState == LOW) { // Low level indicates the button is pressed
relayState = ! relayState; // Reverse relay state

digitalWrite(relayPin, relayState); // Update relay state

}

lastButtonState = nowButtonState; // Save the state of last button

Any concerns? X support@freenove.com
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Chapter 17.2 Motor & Driver

In this chapter, we will learn about DC motors and DC motor drivers and how to control the speed and
direction of a DC motor.

Project 17.2 Control Motor with Potentiometer

Control the direction and speed of the motor with a potentiometer.

Component List

ESP32-WROVER x1 GPIO Extension Board x1
2 AND [ExT-33ve » ]|

% o 5

ozl 2

= 2

os %0 LU
03 20 O @
ol 0 o

o;ﬂ -0 (0]
22l 8

o -0 173}

of -0 w

8

gzl ESP32-WROVER-DEV [l §

M oH Ko N

i n ] i o =

Breadboard x1

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
...............................................................
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................

Jumper M/M 9V battery (prepared by yourself) & battery line
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Rotary potentiometer x1 | Motor x1 L293D

(ELET

Component knowledge

L293D

L293D is an IC chip (Integrated Circuit Chip) with a 4-channel motor drive. You can drive a unidirectional DC
motor with 4 ports or a bi-directional DC motor with 2 ports or a stepper motor (stepper motors are covered
later in this Tutorial).

1 - Enable 1 +v e
2 2111 In4 >
3 31 0out1 out4 P&
4 4l ov ov P2
5 21 ov ov P2
6 £ out2 out3 1L
7 Z1n2 In3 e
8 &1 +vmotor Enable 2 -
L293D
Port description of L293D module is as follows:
Pin name Pin number Description
In x 2,7,10,15 Channel x digital signal input pin
Out x 3,6,11,14 Channel x output pin, input high or low level according to In x pin, get
connected to +Vmotor or OV
Enablel 1 Channel 1 and channel 2 enable pin, high level enable
Enable2 9 Channel 3 and channel 4 enable pin, high level enable
ov 4,5,12,13 Power cathode (GND)
+V 16 Positive electrode (VCC) of power supply, supply voltage 3.0~36V
+Vmotor 8 Positive electrode of load power supply, provide power supply for the Out

pin x, the supply voltage is +V~36V
For more detail, please refer to the datasheet for this IC Chip.

Any concerns? X support@freenove.com
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When using L293D to drive DC motor, there are usually two connection options.
The following connection option uses one channel of the L239D, which can control motor speed through
the PWM, However the motor then can only rotate in one direction.

L293D Pin Out —

Motor (ND

The following connection uses two channels of the L239D: one channel outputs the PWM wave, and the
other channel connects to GND, therefore you can control the speed of the motor. When these two channel
signals are exchanged, not only controls the speed of motor, but also can control the steering of the motor.

L293D Pin Out1 L293D Pin Out1

GND

GND  |L293D Pin Out 2

[L293D Pin Out 2

In practical use the motor is usually connected to channel 1 and 2 by outputting different levels to in1 and
in2 to control the rotational direction of the motor, and output to the PWM wave to Enablel port to control
the motor’s rotational speed. If the motor is connected to channel 3 and 4 by outputting different levels to
in3 and in4 to control the motor's rotation direction, and output to the PWM wave to Enable2 pin to control
the motor’s rotational speed.

Circuit

Use caution when connecting this circuit, because the DC motor is a high-power component, do not use the
power provided by the ESP32 to power the motor directly, which may cause permanent damage to your
ESP32! The logic circuit can be powered by the ESP32 power or an external power supply, which should share
a common ground with ESP32.

Any concerns? X support@freenove.com
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Schematic diagram

5V 3.3V

3.3V

25 ESP32-WROVER 18

26 GPIO Extension kS
27 GND

Gp1013 > Enable 1 +v P16 27
G012 >4 In 1 inafl2 [Grora) 14 GND

31 out 1 out4 |14 12 4

4l oy ov |13 ——IGND 0

|| > ov ov 12 GPIO13 13 2

2 61 out 2 out3 |1 9/SD2 15|

2 —
3 ——EN 23
- 36/VP 22]
——39/VN 1/TX|
: —34 3/RX|
—35 21
—— —132 GND|
- —133 19

In 2 n3 [0 ——10/SD3 8/SD1]
>|—8 +Vmotor Enable 2 |2 =——111/CMD 7/SDO]
293D _gx Blghgj

GND

FREENOVE

P32-WROVER-

Note: the motor circuit uses A large current, about 0.2-0.3A without load.We recommend that you
use a 9V battery to power the extension board.
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Sketch

Sketch_17.2_Control_Motor_by 293D

, -
| € Sketch 17.2_Control Motor by L293D | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 — O ®

File Edit Sketch Tools Help

Sketch_17.2_Control_Motor_by_L293D

B8 A

int inlPin = 12; /f Define L2%3D channel 1 pin
int in2Pin // Define L25%3D channel 2 pin
{ 9% |int enablelPin = 13; // Define L293D enable 1 pin
{ 10 int channel = 0;

L}
=
e
=

{ 12 |boolean rotationDir; J/ Define a wvariable to save the motor's rotation direction
13 int rotationSpeed: /f Define a variakle to save the motor rotation speed

158 void setup() |

lé S/ Initialize the pin intc an cutput mode:
| L7 pinMode (inlPin, OUTEUT):;
={in2Pin, OUTEUT);
pinMode {(enablelPin, OUTPUTI);

[T

ledcSetup (channel, 1000,11) ; f/f52t PWM to 11 bits, range is 0-2047
2 ledchttachPin(enaklelPin, channel) ;

5H void loop() |

] int potenVal = analogRead (i) ; S/ Convert the voltage of rotary potentiometer into digital
f/Compare the number with value 20435,

f/1f more than 2048, clockwise rotates, otherwise, counter clockwise rotates

rotationSpeed = potenVal - 2045;

NN 5 S T LT O N T T T R U R
oo

| a0 if (potenVal > 2048)
{3l rotationDir = true;
32 else
| 33 rotationDir = false;
|34 f/ Calculate the motor speed
| =5 rotationSpeed = abs (potenVal - 2048);
| 38 f/Control the steering and speed of the motor
| 37 driveMotor {rotationDir, constrain{rotationSpeed,0,2048));:
38 1 L]
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Download code to ESP32-WROVER, rotate the potentiometer in one direction and the motor speeds up
slowly in one direction. And then rotate the potentiometer in the other direction and the motor will slow down
to stop. And then rotate it in an inverse direction to accelerate the motor.

less than 2048

3l

2048

1

i
N

1

greater than 2048

® | ®
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The following is the sketch:
int inlPin = 12; // Define L293D channel 1 pin
int in2Pin = 14; // Define L293D channel 2 pin
int enablelPin = 13; // Define L293D enable 1 pin

int channel = 0;

boolean rotationDir; // Define a variable to save the motor’ s rotation direction

int rotationSpeed; // Define a variable to save the motor rotation speed

void setup() {
// Initialize the pin into an output mode:
pinMode (in1Pin, OUTPUT) ;
pinMode (in2Pin, OUTPUT) ;
pinMode (enablelPin, OUTPUT) ;

ledcSetup (channel, 1000, 11) ;  //Set PW to 11 bits, range is 0-2047
ledcAttachPin(enablelPin, channel) ;

void loop() {
int potenVal = analogRead(AO);// Convert the voltage of rotary potentiometer into digital
rotationSpeed = potenVal — 2048;
if (potenVal > 2048)
rotationDir = true;
else
rotationDir = false;
// Calculate the motor speed
rotationSpeed = abs(potenVal - 2048):
//Control the steering and speed of the motor

driveMotor (rotationDir, constrain(rotationSpeed, 0, 2048)) ;

void driveMotor (boolean dir, int spd) {

if (dir) {// Control motor rotation direction
digitalWrite(inlPin, HIGH);
digitalWrite (in2Pin, LOW);

1

else {
digitalWrite (inlPin, LOW);
digitalWrite (in2Pin, HIGH) ;

1

ledeWrite (channel, spd); // Control motor rotation speed

1
The ADC of ESP32 has a 12-bit accuracy, corresponding to a range from 0 to 4095. In this program, set the

Any concerns? X support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 17.2 Motor & Driver

number 2048 as the midpoint. If the value of ADC is less than 2048, make the motor rotate in one direction.
If the value of ADC is greater than 2048, make the motor rotate in the other direction. Subtract 2048 from the
ADC value and take the absolute value and use this result as the speed of the motor.

}

int potenVal = analogRead(A0);// Convert the voltage of rotary potentiometer into digital
rotationSpeed = potenVal — 2048;
if (potenVal > 2048)

rotationDir = true;

else

rotationDir = false;

// Calculate the motor speed

rotationSpeed = abs(potenVal - 2048):
//Control the steering and speed of the motor

driveMotor (rotationDir, constrain(rotationSpeed,0,2048)) ;

Set the accuracy of the PWM to 11 bits and range from 0 to 2047 to control the rotation speed of the motor.

! ledcSetup (channel, 1000, 11) ;  //Set PWM to 11 bits, range is 0-2047

Function driveMotor is used to control the rotation direction and speed of the motor. The dir represents
direction while spd refers to speed.

void driveMotor (boolean dir, int spd) {

// Control motor rotation direction

if (rotationDir) {
digitalWrite (inlPin, HIGH) ;
digitalWrite (in2Pin, LOW);

}

else {
digitalWrite(inlPin, LOW);
digitalWrite(in2Pin, HIGH) ;

}

// Control motor rotation speed

ledcWrite (channel, spd);

Any concerns? X support@freenove.com
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Chapter 18 Servo

Previously, we learned how to control the speed and rotational direction of a motor. In this chapter, we will

learn about servos which are a rotary actuator type motor that can be controlled to rotate to specific angles.

Project 18.1 Servo Sweep

First, we need to learn how to make a servo rotate.

Component List

ESP32-WROVER x1

GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

Servo x1

Jumper M/M x3

e E—
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Component knowledge

Servo

Servo is a compact package which consists of a DC motor, a set of reduction gears to provide torque, a sensor
and control circuit board. Most servos only have a 180-degree range of motion via their “horn”. Servos can
output higher torque than a simple DC motor alone and they are widely used to control motion in model cars,
model airplanes, robots, etc. Servos have three wire leads which usually terminate to a male or female 3-pin
plug. Two leads are for electric power: positive (2-VCC, Red wire), negative (3-GND, Brown wire), and the
signal line (1-Signal, Orange wire), as represented in the Servo provided in your Kit.

o=

We will use a 50Hz PWM signal with a duty cycle in a certain range to drive the Servo. The lasting time of
0.5ms-2.5ms of PWM single cycle high level corresponds to the servo angle 0 degrees - 180 degree linearly.
Part of the corresponding values are as follows:

High level time Servo angle ‘

0.5ms 0 degree
Ims 45 degree
1.5ms 0 degree
2ms 45 degree
2.5ms 180 degree

When you change the servo signal value, the servo will rotate to the designated angle.

Any concerns? X support@freenove.com
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Circuit

Use caution when supplying power to the servo, it should be 5V. Make sure you do not make any errors when
connecting the servo to the power supply.

Schematic diagram

oV 3.3V

25 ESP32-WROVER 18

——EN 23
——136/VP 22
——39/VN 1/TX
—34 3/RX
——35 21
—132 GND
133 19

26 GPIO Extension )
27 GND
<eog . 14 GND
g i 12 4
——| et GND 0
— et 1 3 2
- et 9/SD2 15 (. GPIO@

—110/SD3 8/SD1j——

st 11 /CMD 7/SD0 p—

15V 6/CLK =

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

EXT-3.3ve @ o o e o o 0 o * o

[hfef ¢ o o
GNDO NI
GNDO E I I
[ellplell & & @

L R O33V
e & o feleills]

3 FReENOVE G

Freenove ESP32 GPIO Extension Board
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Sketch

How to install the library

If you haven't installed it yet, please do so before learning. The steps to add third -party Libraries are as follows:
open arduino->Sketch->Include library-> Manage libraries.  Enter " ESP32Servo" in the search bar and
select "ESP32Servo" for installation. Refer to the following operations:

&9 Library Manager *
Type All w | Topie |All ~ | |ESP328erva
ESP32S8erve ~

by John K. Bennett,Kevin Harrington Varsion 0.7.0 INSTALLED

Allows ESP22 boards to control servo motors using Arduino semantics. This library can contrel 2 many types of servos.
It makes use of the ESP22 PWM timers: thea library can contral up to 16 servos on individual channels

No attempt has been made to support multiple servos per channel.

More info

Select version Install

Use the ESP32Servo library to control the servo motor and let the servo motor rotate back and forth.

Any concerns? X support@freenove.com
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Sketch_18.1_Servo_Sweep

9 Sketch 18.1 Servo Sweep | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 — a *

File Edit Sketch Tools Help

Sketch_18.1_Sero_Sweep

18 2

#include <ESP325ervo.h>

[T ]

Servo myservo; S/ create serwvo object to control a serwvo

11 |int posVal = 07 f/ wvariable to store the servo position

12 |int servoPin = 1537 // Servo motor pin

14H void setup() |

15 myservo.setPericdHertz (50) ff standard 50 hz servo

la myservo.attach (servoPin, 500, 2500):; // attaches the serve on servoPin to the serve cbject
17 |}

13E void loop() |

20E  for (posVal = 0; posVal <= 180; posVal += 1) { // goes from 0 degrees to 180 degrees
21 S/ in steps of 1 degree

22 myservo.write (posVal) ; f/ tell servo to go to position in wariable "pos!

23 delay(15)r ff walts 15ms for the servo to reach the position

24 1

25H  for (posVal = 180; posVal »= 0; posVal -= 1) { // goes from 180 degrees to 0 degrees

26 my3ervo.write (poaVal) /¢ tell servo to go to position in wariabkle "pos!

27 delav(15); f/ waits 15ms for the servo to reach the position

28 }

29 |1 v

Compile and upload the code to ESP32-WROVER, the servo will rotate from 0 degrees to 180 degrees and
then reverse the direction to make it rotate from 180 degrees to 0 degrees and repeat these actions in an
endless loop.

Any concerns? X support@freenove.com
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The following is the program code:
#include <ESP32Servo.h>

Servo myservo; // create servo object to control a servo
int posVal = 0; // variable to store the servo position
int servoPin = 15; // Servo motor pin
void setup() {
myservo. setPeriodHertz (50) ; // standard 50 hz servo
myservo. attach (servoPin, 500, 2500); // attaches the servo on servoPin to the servo
object
}
void loop() {
for (posVal = 0; posVal <= 180; posVal += 1) { // goes from 0 degrees to 180 degrees
// in steps of 1 degree
myservo. write (posVal) ; // tell servo to go to position in variable ’pos

delay (15) ; // waits 1b6ms for the servo to reach the position

for (posVal = 180; posVal >= 0; posVal —= 1) { // goes from 180 degrees to 0 degrees
myservo. write (posVal) ; // tell servo to go to position in variable ’pos

delay (15) ; // waits 156ms for the servo to reach the position

}
Servo uses the ESP32Servo library, like the following reference to ESP32Servo library:

[T #include <BsP32Servo.h> |
ESP32Servo library provides the ESP32Servo class that controls it. ESP32Servo class must be instantiated before

using:

- Servo myservo; // create servo object to control a servo ‘

Set the control servo motor pin, the time range of high level.
- myservo.attach(servoPin,500,2500); ‘
After initializing the servo, you can control the servo to rotate to a specific angle:

- myservo.write(posVal); ‘

Reference

Servo class must be instantiated when used, that is, define an object of Servo type, for example:

Servo myservo;
The function commonly used in the servo class is as follows:
setPeriodHertz (data) : Set the frequency of the servo motor.
attach(pin,low,high): Initialize the servo,
pin: the port connected to servo signal line.
low: set the time of high level corresponding to 0 degree.
high: set the time of high level corresponding to 180 degrees.

write(angle): Control servo to rotate to the specified angle.

Any concerns? X support@freenove.com
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Project 18.2 Servo Knop

Use a potentiometer to control the servo motor to rotate at any angle.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

Servo x1 Jumper M/M x6

Any concerns? X support@freenove.com
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Circuit

Use caution when supplying power to the servo, it should be 5V. Make sure you do not make any errors when
connecting the servo to the power supply.

Schematic diagram

5V 3,3V

3.3V

a3y 9V EXT-3.3V\p

N EN 23
—136/VP 22

3 —39WN 1/TX

- 34 3/RX
35 21

1 32 GND
33 19

25 Esp32.wROVER 18
26 GPIO Extension 5

T

— 127 GND
— 14 GND
—i2 4

GND 0
—113 2
—o/sp2 15
—10/5D3 8/SD1 L] Signal
——H1/cMD 7/SDO _,l—2 Ve
—5v 6/CLK 31 GND
-1 GND GND —  Servo

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

EXT-3.3Ve @ LN . . . ® o o e LI A
LI ] . . . . IO R ¢ °

GNDO (CICI)
[e[\[p]o} @ & o
GNDO I
e e 0 o o
o e 0 0 0
e e 0o o o
e e o 0o 0
e e o o

Freenove ESP32 GPIO Extension Board
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Sketch

Sketch_18.2_Servo_Sweep

&9 Sketch_18.2_Control_Servo_by Paotentiometer | Arduina 1.8.13 Hourly Build 2020/02/19 03:33 — O >

File Edit Sketch Tools Help

Sketch_18.2_Control_Servo_by_Potentiometer §
=] ~

@ LA
]
|

#include <ES5P325ervo.h>
#defins ADC Max 4055 /f This is the default ADC max walue on the E3F32 (12 kit ADC width):

[T ]

10 |Servo myservo; [/ create servo object to control a Servo

12 int servoPin = 15; ff GPIO pin used to connect the servo control (digital out)
13 |int potPin = 34; S/ GPIO pin used to connect the potentiometer (analog in)
14 |int potVal; f/wariable to read the value from the analog pin

lé |wvoid setup()

17E |

18 myservo.setPeriodHertz (50} ;// Standard S0hz servo

G // attaches the servo on servoPin to the servo object
{servoPin, 3500, 2500);

24Hwvoid loop() |

25 f/ read the walue of the potentiometer (value between 0 and 4095)
28 potVal = analogRead{potPin);

27 Serial.printf ("potVal_l: %d4\t",potVal);

28 f/ scale it to use it with the servo (value between 0 and 180)

29 potVal = map (potVal, 0, ADC Max, 0, 130);

30 [/ set the serwvo position according to the scaled value

31 myservo.write (potVal) ;

32 Serial.printf ("potVal_2: %d4\n",potVal);

33 delay(15):;// wait for the servo to get there

rover Module on COME
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Compile and upload the code to ESP32-WROVER, twist the potentiometer back and forth, and the servo
motor rotates accordingly.

The following is the program code:
finclude <ESP32Servo.h>
fidefine ADC Max 4095 // This is the default ADC max value on the ESP32 (12 bits ADC width);

Servo myservo; // create servo object to control a servo

int servoPin = 15; // GPIO pin used to connect the servo control (digital out)
int potPin = 34; // GPIO pin used to connect the potentiometer (analog in)
int potVal; //variable to read the value from the analog pin

void setup()

{
myservo. setPeriodHertz (50) ;// Standard 50hz servo
myservo. attach (servoPin, 500, 2500); // attaches the servo on servoPin to the servo object
Serial. begin(115200) ;

void loop() {

potVal = analogRead (potPin) ; // read the value of the potentiometer (value
between 0 and 1023)

Serial. printf (“potVal 1: %d\t”, potVal) ;

potVal = map(potVal, 0, ADC Max, 0, 180):// scale it to use it with the servo (value between

0 and 180)

myservo. write (potVal) ; // set the servo position according to the scaled
value

Serial. printf (“potVal 2: %d\n”, potVal) ;

delay (15) ; // wait for the servo to get there
1

In this experiment, we obtain the ADC value of the potentiometer and store it in potVal. Use map function
to convert it into corresponding angle value and we can control the motor to rotate to a specified angle,
and print the value via serial.

Any concerns? X support@freenove.com
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Chapter 19 Stepper Motor

In this project, we will learn how to drive a stepper motor, and understand its working principle.

Project 19.1 Stepper Motor

Component List

ESP32-WROVER x1 GPIO Extension Board x1

[
I
I
[ [
=i
=
=1
=30
il ESP32-WROVE
> e g
Z [ 3

000000000000 00000O0
D2 TBGND iz 4 27 36 25 33 42 35 35 VN VR EN V]

Freenove ESP32 GPIO Extension Board

GND CLK D0 SD1 15 T T BOWI AX X E OGN
0D00000O00OO0OD0OO00OD0O0O0ODOOO

Breadboard x1

---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
...............................................................
...............................................................

Stepper Motor x1
\ =/

L

Jumper F/M x6
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Component knowledge

Stepper Motor

Stepper motors are an open-loop control device, which converts an electronic pulse signal into angular
displacement or linear displacement. In a non-overload condition, the speed of the motor and the location
of the stops depends only on the pulse signal frequency and number of pulses and is not affected by changes
in load as with a DC motor. A small four-phase deceleration stepper motor is shown here:

o fw |-
oNwX>

PWR
Stepper Motor

12345

The electronic schematic diagram of a four-phase stepper motor is shown below:

COM

The outside case or housing of the stepper motor is the stator and inside the stator is the rotor. There are a
specific number of individual coils, usually an integer multiple of the number of phases the motor has, when
the stator is powered ON, an electromagnetic field will be formed to attract a corresponding convex
diagonal groove or indentation in the rotor’s surface. The rotor is usually made of iron or a permanent
magnet. Therefore, the stepper motor can be driven by powering the coils on the stator in an ordered
sequence (producing a series of “steps” or stepped movements).

Any concerns? X support@freenove.com
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A common driving process is as follows:

COM COM

In the course above, the stepper motor rotates a certain angle once, which is called a step. By controlling the
number of rotation steps, you can control the stepper motor rotation angle. By controlling the time between
two steps, you can control the stepper motor rotation speed. When rotating clockwise, the order of coil
powered on is; A>B>C>D>A—>- . And the rotor will rotate in accordance with the order, step by step
down, called four steps four pats. If the coils is powered on in the reverse order, D>C>B>A>D—>, the
rotor will rotate in anti-clockwise direction.

There are other methods to control stepper motors, such as: connect A phase, then connect A B phase, the
stator will be located in the center of A B, which is called a half-step. This method can improve the stability of
the stepper motor and reduces noise. The sequence of powering the coils looks like this: A> AB>B >BC>C
>CD->D->DA>A->-, the rotor will rotate in accordance to this sequence at a half-step at a time, called
four-steps, eight-part. Conversely, if the coils are powered ON in the reverse order the stepper motor will
rotate in the opposite direction.

The stator in the stepper motor we have supplied has 32 magnetic poles. Therefore, to complete one full
revolution requires 32 full steps. The rotor (or output shaft) of the stepper motor is connected to a speed
reduction set of gears and the reduction ratio is 1:64. Therefore, the final output shaft (exiting the stepper
motor’s housing) requires 32 X 64 = 2048 steps to make one full revolution.

Any concerns? X support@freenove.com
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ULN2003 Stepper motor driver

A ULN2003 stepper motor driver is used to convert weak signals into more powerful control signals in order
to drive the stepper motor. In the illustration below, the input signal IN1-IN4 corresponds to the output signal
A-D, and 4 LEDs are integrated into the board to indicate the state of these signals. The PWR interface can
be used as a power supply for the stepper motor. By default, PWR and VCC are connected.

A Na A 1
21 1N2 B |-
3] IN3 c o
41 1INa p {11
2l6ND pwr 12
Ll vcc
L] PWR

ULN2003 Stepper

Motor Driver

Any concerns? X support@freenove.com
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Circuit

When building the circuit, note that rated voltage of the stepper motor is 5V, and we need to use the
breadboard power supply independently. Additionally, the breadboard power supply needs to share Ground

with ESP32.

Schematic diagram

3.3V

EN 23—

36/VP 22—

39/VN 1/TX e

34 3/RX

35 ol —

32 GND =

1 8 1 33 19—

Geione 1 ATg—5]A GPI025 25 ESP32-WROVER 18—

GP1027 3 IN B 10 3 B GPIO26 26 GPIO Extension S5—

GPIO26 " IN3 C T C GPIO27 27 GND f—

GP1025 IN4 D 5 D GPIO14 14 GND }——

_I__—g GND  PWR 21 PWR 12 A

L Ve GND of—
= 71 pWR Stepper Motor 13 5
ULNZ003 Stepper /802 15

Motor Driver 10/SD3 8/SD1f—

11/CMD 7/SDQ ==

5V 6/CLK j—

GNDO Y
GNDO ECINCEN
GNDO )

: —
FReeNOVE [

ESP32-WROVER-DEV
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Sketch

This code uses the four-step, four-part mode to drive the stepper motor in the clockwise and anticlockwise
directions.
Sketch_19.1_Drive_Stepper_Motor

& Sketch_19.1 Drive Stepper Motor | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 - O H

File Edit Sketch Tools Help

Sketch_19.1_Drive_Stepper_Watar

1B =

[

1 en WA

// Conncet the port of the stepper motor driver
int outPorts([] = {14, 27, 28, 25};

oo

10| woid setup() {
11 // set pins to output
126 for (int 1 = 0;y 1 < 4; i++) |

13 pinMode (outPorts[i], OUTEUT);

14 }

15 |}

17 |woid loop()

188 {

1% // Botate a full turn

20 moveSteps (trus, 32 * &4, 3);

21 delay{l000);

22 // Botate a full turn towards another direction
23 moveSteps (false, 32 % &4, 3);

delay({l000);

//5uggestion: the motor turns precisely when the ms range is between 3 and 20
288 void moveSteps(bool dir, int steps, byte ms) |

29E for (unsigned long i = 0; 1 < steps; i++) |

30 movelOneStep(dir); // Rotate a step

31 delay{constrain{ms, 3,20)); // Control the speed

Wrover Module on COMS
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Compile and upload the code to the ESP32-WROVER, the stepper motor will rotate 360° clockwise and stop
for 1s, and then rotate 360° anticlockwise and stop for 1s. And it will repeat this action in an endless loop.

The following is the program code:

// Connect the port of the stepper motor driver

int outPorts[] = {14, 27, 26, 25};

void setup() {
// set pins to output
for (int i = 0; i < 4; i++) {
pinMode (outPorts[i], OUTPUT) ;

void loop() {
// Rotate a full turn
moveSteps (true, 32 * 64, 3);
delay (1000) ;
// Rotate a full turn towards another direction
moveSteps (false, 32 * 64, 3);
delay (1000) ;

//Suggestion: the motor turns precisely when the ms range is between 3 and 20
void moveSteps(bool dir, int steps, byte ms) {
for (unsigned long i = 0; i < steps; it++) {
moveOneStep (dir); // Rotate a step
delay (constrain (ms, 3, 20)) ; // Control the speed

void moveOneStep (bool dir) {
// Define a variable, use four low bit to indicate the state of port
static byte out = 0x01;
// Decide the shift direction according to the rotation direction
if (dir) { // ring shift left
out ! = 0x08 ? out = out << 1 : out = 0x01;
}
else { // ring shift right

Any concerns? DX support@freenove.com
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out ! = 0x01 ? out = out >> 1 : out = 0x08;

}

// Output singal to each port

for (int i =0; i < 4; i+ |

digitalWrite (outPorts[i], (out & (0x01 << i)) ? HIGH : LOW);

void moveAround(bool dir, int turns, byte ms) {
for (int i=0;i<turns;i++)
moveSteps (dir, 32%64, ms) ;

}

void moveAngle (bool dir, int angle, byte ms) {
moveSteps (dir, (angle*32%64,/360), ms) ;

}

—
—

In this project, we define four pins to drive stepper motor.

// Connect the port of the stepper motor driver

int outPorts[] = {14, 27, 26, 25};

moveOneStep Function is used to drive the stepper motor to rotate clockwise or counterclockwise. The
parameter "dir" indicates the direction of rotation. If "dir" returns true, the stepper motor rotates clockwise,
otherwise the stepper motor rotates counterclockwise.

void moveOneStep (bool dir) {

}

Define a static byte variable, calculate the value of the variable according to the rotation direction of the
motor, and use the keyword static to save the position status of the previous step of the stepper motor. Use
the four low bits of the variable to control the output state of the four pins.

// Define a variable, use four low bit to indicate the state of port
static byte out = 0x01;
// Decide the shift direction according to the rotation direction
if (dir) { // ring shift left

out ! = 0x08 ? out = out << 1 : out = 0x01;
}
else { // ring shift right

out ! = 0x01 ? out = out >> 1 : out = 0x08;

}

Make the pin to output corresponding level based on the value of the variable.

// Output singal to each port
for (int i = 0; i < 4; i++) {
digitalWrite (outPorts[i], (out & (0x01 << i)) ? HIGH : LOW);

—

Any concerns? X support@freenove.com

213



http://www.freenove.com/

Chapter 19 Stepper Motor www.freenove.com [l

The moveSteps function can control the direction of the stepper motor, the number of rotation steps, and the
speed of rotation. According to the previous knowledge, the stepper motor needs 32+64 steps for one
revolution. The speed of rotation is determined by the parameter ms. The larger the ms is, the slower the
rotation speed is. There is a range for the speed of the motor, which is determined by the motor itself and
according to our test, the value of ms is limited to 3-20.

20 //Suggestion: the motor turns precisely when the ms range is between 3 and 20
21 | void moveSteps (bool dir, int steps, byte ms) {

22 for (unsigned long i = 0; i < steps; i++) {

23 moveOneStep(dir); // Rotate a step

24 delay (constrain (ms, 3, 20)) ; // Control the speed

25 }

26 |}

The function moveTurns() is a further package of moveSteps(), which is used to control the stepper motor to
rotate a specified number of turns. The parameter "turns" represents the number of turns that need to be

rotated.
44 void moveAround(bool dir, int turns, byte ms) {
45 for (int i=0;i<turns;i++)
46 moveSteps (dir, 32%64, ms) ;
47 |}

The function moveAround () is a further package of moveSteps (), which is used to control the stepper motor
to rotate by a specified angle, and the parameter "angle"” represents the angle to be rotated.

48 void moveAngle(bool dir, int angle, byte ms) {

49 moveSteps (dir, (angle*32%64/360), ms) ;

50 |}
In the loop function, call the moveSteps function to loop the stepper motor: rotate clockwise one turn and
stop for 1s, then rotate counterclockwise one turn and stop for 1s.

11 void loop() {

12 // Rotate a full turn

13 moveSteps (true, 32 * 64, 3);

14 delay (1000) ;

15 // Rotate a full turn towards another direction
16 moveSteps (false, 32 * 64, 3);

17 delay (1000) ;

18 |}

Any concerns? X support@freenove.com
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Chapter 20 LCD1602

In this chapter, we will learn about the LCD1602 Display Screen

Project 20.1 LCD1602

In this section we learn how to use LCD1602 to display something.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

!
! ﬂ"!ll

<

Sl FREENOV
ﬁ ESP32-WROVER-|

T ke M
£ 4 E O
E . g 3

Breadboard x1

H

Freenove ESP32 GPIO Extension Board

000000000000000000O0 O
c D2 T3GND 12 14 7 26 25 33 32 3 I VN VB ENaaV)

--------------------------------------------------
oooooooooooooooooooooooooooooooooooooooooooooooooo

---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

LCD1602 Module x1 Jumper F/M x4
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Component knowledge

[2C communication

I2C (Inter-Integrated Circuit) is a two-wire serial communication mode, which can be used for the connection
of micro controllers and their peripheral equipment. Devices using I12C communication must be connected to
the serial data (SDA) line, and serial clock (SCL) line (called 12C bus). Each device has a unique address and
can be used as a transmitter or receiver to communicate with devices connected to the bus.

LCD1602 communication'

The LCD1602 display screen can display 2 lines of characters in 16 columns. It is capable of displaying numbers,
letters, symbols, ASCIl code and so on. As shown below is a monochrome LCD1602 display screen along with
its circuit pin diagram

— NS LNON OO

VSS
VDD
LCD1602

I2C LCD1602 display screen integrates a 12C interface, which connects the serial-input & parallel-output
module to the LCD1602 display screen. This allows us to only use 4 lines to the operate the LCD1602.

-4 GND

2lycc |mmmmm
_3_ SDA EEEER
4 scL ——

12C LCD1602 Module

The serial-to-parallel IC chip used in this module is PCF8574T (PCF8574AT), and its default 12C address is
0x27(0x3F).

Any concerns? X support@freenove.com
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Below is the PCF8574 pin schematic diagram and the block pin diagram:

PCF8574 chip pin diagram: PCF8574 module pin diagram
oo e | L1
2 15
a1 [2] 15] spA =5 g 3
A2 [3] 14] scL % g R
PO [4] peraszs [13] INT N
PCF8574A o
P1[5] [12] P7 % A 5660 % &
NDNoo~N WL ONOM
P2 [¢] [11] Pe O>>anoazzzzaooaoao |§
P3 [7] [10] Ps O] —| N| o] <t O] ©
, | o o] <] 0] o | eof | 2] 2| T 2 T 2] €|
ss [8] 9] P4

PCF8574 module pin and LCD1602 pin are corresponding to each other and connected with each other:

So we only need 4 pins to control the 16 pins of the LCD1602 display screen through the 12C interface.
In this project, we will use the 12C LCD1602 to display some static characters and dynamic variables.

Any concerns? X support@freenove.com
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Circuit

Schematic diagram
5V 3.3V

g3y oV  EXT-3.3Vnp

EN 23
36/VP 22
39/VN 17X
34 3/RX
35 21
32 GND
33 19

25 Esp32-WROVER 18

26 GPIO Extension
27

14 GND
12 4
GND 0
13 2
9/SD2 15
10/SD3 8/SD1
11/CMD 7/SDO
5V 6/CLK
5V GND GND

LU

12C LCD1602 Module

SCL
SDA
VCC
GND

_\|Nw.b.
|

TTEETTTTTETTTIT

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

How to install the library

We use the third party library LiquidCrystal 12C. If you haven't installed it yet, please do so before learning.
The steps to add third-party Libraries are as follows: open arduino->Sketch->Include library-> Manage
libraries. Enter " LiquidCrystal 12C" in the search bar and select " LiquidCrystal 12C " for installation.

&% Library Manager *
Type All “w | Topic ALl w | |LiquidCrystal I2C
Easy creation of a tree based menu with screensaver and multi layers. Examples for the basic function and different cutput A
types [serial moniter, liquiderystal, i2c, graphic displays (ugglib / u8gZlib... ]]
Mare info

LigquidCrystal I2C

by Frank de Brabander Version 1.1.2 INSTALLED
A library for I2C LCD displays. The library allows to contral 12C displays with functions extremely similar to LiguidCrystal library.
THIS LIBRARY MIGHT MOT BE COMPATIBLE WITH EXISTING SKETCHES.

Mare info

Select version Inztall

Use 12C LCD 1602 to display characters and variables.

Any concerns? X support@freenove.com
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Sketch_20.1_Display_the_string_on_LCD1602

File Edit Sketch Tools Help

Sketch_201_Display_the_string_on_LCD1602

1= ~
7 |#include <LiguidCrystal I2C.h>
& #include <Wire.h>
10 | #define SDR 13 S/Define SDR pins
11 #define 5CL 14 f/Define 5CL pins
13E
7 LiguidCrystal I2C led({0x27,1&,2);
128 void setup() {
148 Wire.begin(SDR, 35CL); f/ attach the IIC pin
2 led.init{}: Sf LCD driver initialization
21 led.backlighto{): S/ Open the backlight
22 led. setCursor(0,0) 7 S/ Move the curscr to row 0, column 0O
23 led.print ("hello, world!™): S/ The print content is displayed on the LCD
24 1
260 void loop() {
27 led.setCursor{0, 1) : ff Move the curscr to row 1, columm O
28 led.print ("Counter:™) ; S/ The count is displayed ewvery second
25 led.print {(millis{) / 1000});
30 delay {1000} ;
31 |1 W

Compile and upload the code to ESP32-WROVER and the LCD1602 displays characters.

Any concerns? X support@freenove.com
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If you cannot see anything on the display or the display is not clear, try rotating the white knob on back of
LCD1602 slowly, which adjusts the contrast, until the screen can display clearly.

The following is the program code:

1 #include <LiquidCrystal I12C.h>

2 #include <Wire.h>

3

4 #define SDA 13 //Define SDA pins

5 #define SCL 14 //Define SCL pins

6

7 /%

8 * note: If 1c¢d1602 uses PCF8574T, 11C' s address is 0x27

9 * or 1cd1602 uses PCF8574AT, 11C' s address is 0x3F

10 | =/

11 LiquidCrystal I2C 1lcd(0x27, 16, 2) ;

12

13 | void setup() {

14 Wire. begin (SDA, SCL); // attach the IIC pin

15 led. init Q) ; // LCD driver initialization

16 lcd. backlight O ; // Turn on the backlight

17 lcd. setCursor (0, 0) ; // Move the cursor to row 0, column 0
18 led. print (“hello, world! 7); // The print content is displayed on the LCD
19 | !

20

21 void loop() {

22 lcd. setCursor (0, 1) ; // Move the cursor to row 1, column 0
23 led. print (“Counter:”) ; // The count is displayed every second
24 led. print (millis() / 1000) ;

25 delay (1000) ;

26 |}

Any concerns? X support@freenove.com
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Include header file of Liquid Crystal Display (LCD)1602 and 12C.
1 #include <LiquidCrystal I12C.h>
2 #include <Wire.h>
Instantiate the 12C LCD1602 screen. It should be noted here that if your LCD driver chip uses PCF8574T, set
the 12C address to 0x27, and if uses PCF8574AT, set the 12C address to Ox3F.
| 21 | LiquidCrystal 12C 1ed(0x27, 16, 2);
Initialize 12C and set its pins as 13,14. And then initialize LCD1602 and turn on the backlight of LCD.

14 Wire. begin (SDA, SCL); // attach the IIC pin
15 led. init () ; // LCD driver initialization
16 led. backlight () ; // Turn on the backlight
Move the cursor to the first row, first column, and then display the character.
17 led. setCursor (0, 0) ; // Move the cursor to row 0, column 0
18 led. print (“hello, world! ”7); // The print content is displayed on the LCD

Print the number on the second line of LCD1602.
12 | voidloop(){

13 //set the cursor to column 0, line 1
14 // (note:parameter “0” is the first columns
5 //parameter “1” is the second row, since counting begins with 0)
16 Icd.setCursor(0, 1);//0 stand for column, 1 stand for row
17 // print the number of seconds since reset:
18 lcd.print("Counter:");
19 lcd.print(millis() / 1000);
20 |}
Reference

The LiquidCrystal class can manipulate common LCD screens. The first step is defining an object of

LiquidCrystal, for example:
LiquidCrystal I2C 1cd(0x27, 16, 2) ;
Instantiate the Lcd1602 and set the 12C address to 0x27, with 16 columns per row and 2 rows
per column.
init();
Initializes the Lcd1602's device
backlight () ;
Turn on Lcd1602’s backlight.
setCursor (column, row) ;
Sets the screen’s column and row.
column: The range is 0 to 15
row: The range is 0 to 1.
print (String) ;
Print the character string on Lcd1602

Any concerns? X support@freenove.com
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Chapter 21 Ultrasonic Ranging

In this chapter, we learn a module which use ultrasonic to measure distance, HC SRO4.

Project 21.1 Ultrasonic Ranging

In this project, we use ultrasonic ranging module to measure distance, and print out the data in the terminal.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

--------------------------------------------------
-------------------------------------------------

--------------------------------------------------------------
---------------------------------------------------------------
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
---------------------------------------------------------------

--------------------------------------------------
--------------------------------------------------

Jumper F/M x4

HC-SR04

—— s

Any concerns? X support@freenove.com
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Component Knowledge

The ultrasonic ranging module uses the principle that ultrasonic waves will be sent back when encounter
obstacles. We can measure the distance by counting the time interval between sending and receiving of the
ultrasonic waves, and the time difference is the total time of the ultrasonic wave's journey from being
transmitted to being received. Because the speed of sound in air is a constant, about v=340m/s, we can
calculate the distance between the ultrasonic ranging module and the obstacle: s=vt/2.

RIC C C CCC(
T]) ) ) ) ) ))

| S >| 25=V/i.

The HC-SR04 ultrasonic ranging module integrates both an ultrasonic transmitter and a receiver. The
transmitter is used to convert electrical signals (electrical energy) into high frequency (beyond human hearing)
sound waves (mechanical energy) and the function of the receiver is opposite of this. The picture and the
diagram of the HC SR04 ultrasonic ranging module are shown below:

HC-SR04
2 @») E
1 v <A ((((
HC-SR04
Pin description:
Description ‘
VCC power supply pin
Trig trigger pin
Echo Echo pin
GND GND
Technical specs:
Working voltage: 5V Working current: 12mA
Minimum measured distance: 2cm Maximum measured distance: 200cm

Instructions for use: output a high-level pulse in Trig pin lasting for least 10us, the module begins to transmit
ultrasonic waves. At the same time, the Echo pin is pulled up. When the module receives the returned
ultrasonic waves from encountering an obstacle, the Echo pin will be pulled down. The duration of high level
in the Echo pin is the total time of the ultrasonic wave from transmitting to receiving, s=vt/2.

10us
Trigger signal
(Input)

Echo signal
(Output)

Echo time

Distance = Echo time x sound velocity / 2 .

Any concerns? X support@freenove.com
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Circuit

Note that the voltage of ultrasonic module is 5V in the circuit.

Schematic diagram

av 3.3V

25 ESp32-WROVER 18
— 26 GPIO Extension

—iEN 23
—136/VP 22
——39/VN 1/TX
—34 3/RX
—35 21
—132 GND

33 19

27 GND
HC-SR04 14 GND
Gnd 4 —12 4
Echo 3 GND 0
Trig 3 13 2
Vcc ] —19/SD2 15
=—110/SD3 8/SD1

— 11/CMD 7/SDO

—5V 6/CLK

L * ° ° 0 0 * * o o 0 * o o o 9 e o 9o o 0 * o 0o @9

.
L
Ll
*
*

GNDO U )

® o s 0 0 e & o o o 0 0

® o 9 0 0 s e s e e P S e S P ST

¢ o 0 0 0 0 00

L_____________________Jb B L L N N B

. @ 8 @ o 8 8 0 0 s e e B e 00 e o & o o s 0
LI s 0 00 LI R S B L B B Ioo| ¢ s s 00
LI * e 0 00 LR R B B * e 00 . LI B
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Sketch

Sketch_21.1_Ultrasonic_Ranging

@5(---5 211 Lilkrazanic Bana ne rduina 1.8.13 Hourly Bui

File Edit Sketch Tools Help

Sketch_21.1_Ultrasonic_Ranging

1=

SR
]
|

#define trigPin 13 // define TrigPin
#define echoPin 14 // define EchoPin.
| © #define MRAX DISTANCE 700 // Maximum sensor distance is rated at 400-500cm.

| 11 float timeOut = MRYX DISTANCE * &0;
12 int soundVelocity = 340; // define sound speed=340m/s3

14E void setup() |

| 15 pinMode (trigPin, OUTFUT) ; /S set trigPin to output mode

la pinMode {(echoPin, INFUT) 7 // set echoPin to input mode

17 Serial.begin (115200} ; // Open serial monitor at 115200 baud to see ping results.

(R

1B woid loop() |

1 delay (100); // Wait 100ms between pings (about 20 pings/sec).

2 Serial.printf("Distance: ");

3 Serial.print{getSonar({)); // Send ping, get distance in cm and print result
4 Serial.println{™cm");

n
—_—

TH £float getSonar({) |
unsigned long pingTime:
float distance;

[ S5 ST T O T N S T S I I O

//f make trigPin output high lewvel lasting for 10ps to triger HC SR04

L

| 31 digitalWrite (trigPin, HIGH):;

| 32 delayMicroseconds (10} ;

| 33 digitalWrite (trigPin, LOW]}:

! 34 f/ Walt HC-5R04 returning to the high lewvel and measure ocut this waitting time

[ 35 pingTime = pulseIn({echoPin, HIGH, timelut);

// calculate the distance according to the time

37 distance = (flcat)pingTime * scundVelocity /7 2 / 10000;
return distance; // return the distance wvalue

[
o

3%}

Any concerns? X support@freenove.com
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Download the code to ESP32-WROVER, open the serial port monitor, set the baud rate to 115200 and you
can use it to measure the distance between the ultrasonic module and the object. As shown in the following
figure:

& come — O X

|| || Send |

Distance: 20.7&cm ~
Distance: 2%.32cm
Distance: 9.03cm
Distance: 14.77cm
Distance: 13.3%cm
Distance: 43.l0cm
Distance: 150.%3cm
Distance: 147.4Z2cm
Distance: 147.%2cm
Distance: 1459.1%cm
Distance: 147.%2cm
Distance: 147.35cm
Distance: 147.1%cm
W

@Au‘tos:roll DS}mw timestamp Hewline V| |1152€IU baud V| | Clear output

The following is the program code:
#tdefine trigPin 13 // define trigPin
#tdefine echoPin 14 // define echoPin.
#define MAX DISTANCE 700 // Maximum sensor distance is rated at 400-500cm.
//timeOut= 2*%MAX_DISTANCE /100 /340 *1000000 = MAX_DISTANCE*58. 8
float timeOut = MAX DISTANCE * 60;
int soundVelocity = 340; // define sound speed=340m/s

void setup() {
pinMode (trigPin, OUTPUT) ;// set trigPin to output mode
pinMode (echoPin, INPUT) ; // set echoPin to input mode
Serial. begin(115200) ;  // Open serial monitor at 115200 baud to see ping results.

void loop() {
delay (100) ; // Wait 100ms between pings (about 20 pings/sec)
Serial. printf (“Distance: ”);
Serial. print (getSonar()); // Send ping, get distance in cm and print result

Serial.println(“cm”) ;

float getSonar() {
unsigned long pingTime;

float distance;

// make trigPin output high level lasting for 10us to trigger HC SR04

Any concerns? X support@freenove.com
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digitalWrite (trigPin, HIGH);
delayMicroseconds (10) ;
digitalWrite (trigPin, LOW);
// Wait HC-SR04 returning to the high level and measure out this waiting time
pingTime = pulseln(echoPin, HIGH, timeOut);
// calculate the distance according to the time
distance = (float)pingTime * soundVelocity / 2 / 10000;
return distance; // return the distance value
}
First, define the pins and the maximum measurement distance.

#tdefine trigPin 13 // define trigPin

#define echoPin 14 // define echoPin.

ftdefine MAX DISTANCE 700 //define the maximum measured distance
If the module does not return high level, we cannot wait for this forever, so we need to calculate the time
period for the maximum distance, that is, time Out. timeOut= 2*MAX_DISTANCE/100/340+1000000. The
result of the constant part in this formula is approximately 58.8.
! float timeOut = MAX DISTANCE * 60;
Subfunction getSonar () function is used to start the ultrasonic module to begin measuring, and return the
measured distance in cm units. In this function, first let trigPin send 10us high level to start the ultrasonic
module. Then use pulseln () to read the ultrasonic module and return the duration time of high level. Finally,
the measured distance according to the time is calculated.

float getSonar() f{
unsigned long pingTime;
float distance;
// make trigPin output high level lasting for 10us to triger HC SR04?
digitalWrite (trigPin, HIGH) ;
delayMicroseconds (10) ;
digitalWrite (trigPin, LOW);
// Wait HC-SR04 returning to the high level and measure out this waitting time
pingTime = pulseln(echoPin, HIGH, timeOut);
// calculate the distance according to the time
distance = (float)pingTime * soundVelocity / 2 / 10000;
return distance; // return the distance value

}

Lastly, in loop() function, get the measurement distance and display it continually.

void loop() {
delay (100); // Wait 100ms between pings (about 20 pings/sec).
Serial. printf (“Distance: ”);
Serial. print(getSonar()); // Send ping, get distance in cm and print result

Serial. println(“cm”) ;

Any concerns? DX support@freenove.com
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About function pulseIn():

pin: the number of the Arduino pin on which you want to read the pulse. Allowed data types: int.
value: type of pulse to read: either HIGH or LOW. Allowed data types: int.
timeout (optional): the number of microseconds to wait for the pulse to start; default is one second.

Any concerns? X support@freenove.com
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Project 21.2 Ultrasonic Ranging

Component List and Circuit

Component List and Circuit are the same as the previous section.

Sketch

How to install the library

We use the third party library UltrasonicSensor. If you haven't installed it yet, please do so before learning.
The steps to add third-party Libraries are as follows: open arduino->Sketch->Include library-> Manage
libraries. Enter "UltrasonicSensor” in the search bar and select "UltrasonicSensor” for installation.

Refer to the following operations:

9 Sketch_21.2_Ultrasonic_Ranging | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 — O X

File Edit Sketch Tools Help

Verify/Compile Ctrl+R
Upload Ctrl+U
Sketeh Upload Using Programmer Ctrl+Shift+U
18/ Export compiled Binary Ctrl+Alt+S
3 Show Sketch Folder Cirl+K m the distance between the module and the object
"_1 Include Library 3 £
: n Add File.. Manage Libraries... Ctrl+Shift+1
7 |#include <UltrasonicSensor.h> Add ZIP Library...
% UltrasonicSensor ultrasonic(l3, 14); Arduino libraries
1o Bridge
11E void setup() { Eeol
12 Serial.begin(9600): splora
13 Ethernet
14 int temperature = 227 Eirmata
15 ultrasonic.setTemperaturs (temperature) ; GSM
1lé |}
&% Library Manager ot
Tyvpe |ﬂl L | Topic |Lll R | |Ultrasonic5ensor
UltrasonicSensor ~
by Giuseppe Martini Version 1.1.0 INSTALLED
Allows ArduinofGenuino boards to simplify the use of the Ultrasonic Sensor. This library simplify the use of a Ultrasonic.
It contains many function to manage a Ultrasonic Sensor.
Mare info

Any concerns? DX support@freenove.com
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Sketch_21.2_Ultrasonic_Ranging

9 Sketch_21.2_Ultrasonic_Ranging | Arduing 1.8.13 Hourly Build 2020/02/19 03:33 - O *
File Edit Sketch Tools Help

Sketch_21.2_Ultrasonic_Ranging

1= =

#include <UltrasonicSensor.hs
4 TUltrasonicSensor ultrasonic(l3, 14});

11E void setup() |
12 Serial.begin{115200);

4 int temperature = 22;
15 ultrasonic.setlemperature (temperature) ;

12 wvoid loop() |

19 int distance = ultrasonic.distancelnCentimeters():;
20 Serial.printf({"Distance: %}dcm\n",distance):

21 delay (300);

Download the code to ESP32-WROVER, open the serial port monitor, set the baud rate to 115200. Use the
ultrasonic module to measure distance. As shown in the following figure:

€ coms - o X
Send
Distance: 20cm A

Distance: l20cm
Distance: S56cm
Distance: 125cm
Distance: 22cm
Distance: 22cm
Distance: %0cm
Distance: 122cm
Distance: lécm
Distance: 20cm
Distance: %cm
Distance: %cm

< >

] Autoseroll [|Show timestamp Mewline w 115200 baud Clear output
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The following is the program code:

1 #include <UltrasonicSensor.h>

2 //Attach the trigger and echo pins to pins 13 and 14 of esp32
3 UltrasonicSensor ultrasonic (13, 14);

4

5 void setup() {

6 Serial.begin(115200);

7 //set the speed of sound propagation according to the temperature to reduce errors
8 int temperature = 22; //Setting ambient temperature

9 ultrasonic.setTemperature(temperature);

10 |}

11

12 void loop() {

13 int distance = ultrasonic. distancelnCentimeters();

14 Serial. printf (“Distance: %dcm\n”, distance) ;

15 delay (300) ;

16 |!

First, add UltrasonicSensor library.

‘ 1 ‘ #include <UltrasonicSensor.h> ‘

Define an ultrasonic object and associate the pins.

‘ 3 ‘ UltrasonicSensor ultrasonic (13, 14); ‘

Set the ambient temperature to make the module measure more accurately.

‘ 9 ‘ ultrasonic. setTemperature (temperature) ; ‘

Use the distancelnCentimeters function to get the distance measured by the ultrasound and print it out
through the serial port.

16 | void loop( {
17 int distance = ultrasonic. distanceInCentimeters() ;
18 Serial. printf (“Distance: %dcm\n”, distance) ;
19 delay (300) ;
20 |}
Reference

class UltrasonicSensor must be instantiated when used, that is, define an object of Servo type, for example:
UltrasonicSensor ultrasonic(13, 14);
setTemperature(value): The speed of sound propagation is different at different temperatures. In
order to get more accurate data, this function needs to be called. value is the temperature value of the
current environment.
distanceInCentimeters () : The ultrasonic distance acquisition function returns the value in centimeters.
distancelnMillimeters(): The ultrasonic distance acquisition function returns the value in millimeter.

Any concerns? X support@freenove.com
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Chapter 22 Matrix Keypad

Earlier we learned about a single push button switch. In this chapter, we will learn about matrix keyboards,
which integrates a number of push button switches as keys for the purposes of input.

Project 22.1 Matrix Keypad

In this project, we will attempt to get every key code on the matrix keypad to work.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

S FReENOVE G
§~ ESP32-WROVER-| 13

Hed - Eeol
E 21 KK

Breadboard x1

8
§
b
ol
&
2
&
H
£

foxocikspo so1 15 2 0 X T 7 TGN T RX TX 2 3 G|
0000000000

oF
[}
(e}
(o34
03l
(o
o8
o3
oxl
ol
ok
o=
o®
oF
o=
o
O!

©;

[

Ol

--------------------------------------------------
--------------------------------------------------

...............................................................
---------------------------------------------------------------
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
...............................................................
...............................................................

--------------------------------------------------
--------------------------------------------------

Jumper M/M x8 4x4 Matrix Keypad x1

.
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Component knowledge

4x4 Matrix Keypad
A keypad matrix is a device that integrates a number of keys in one package. As is shown below, a 4x4 keypad
matrix integrates 16 keys:

A2 G 4x4 Keypad

—— EEEE
EEEE
EEEE
EEEE

4f 3 2 1|

ZBEl[C
x# D

[ for oo

8 1

Similar to the integration of a LED matrix, the 4x4 keypad matrix has each row of keys connected with one pin
and this is the same for the columns. Such efficient connections reduce the number of processor ports
required. The internal circuit of the Keypad Matrix is shown below.

1 2 3 A
—_— _ T _l
4 5 6 B
—_—r =T — =t
— O—I — 0—1 — 0—1 — 0—1 =
7 8 9 C
S — [ —t
«— D—I *~— D__l «— D—J *— D—J 6
*
— O—| — oj — o—‘l *— O—J 5

4 3 2 1

The usage is similar to the LED matrix, using a row or column scanning method to detect the state of each
key’s position by column and row. Take column scanning method as an example, send low level to the first 1
column (Pinl), detect level state of row 5, 6, 7, 8 to judge whether the key A, B, C, D are pressed. Then send
low level to column 2, 3, 4 in turn to detect whether other keys are pressed. Therefore, you can get the state
of all of the keys.

Any concerns? X support@freenove.com
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Circuit

Schematic diagram

4x4 Keypad

GPIO14 HEEER
GPI027 HEEER
GPI026 HEER
GPI025 HEER

GPIO25
GPI026
GPI027
GPIO14

5V 3. 3V

3y OV EXT-3.3V g\pl

oA EN 23]
—136/VP 22]
—139/VN 1/TX
—134 3/RX
—135 21
—132 GND
—33 19

ESP32-WROVER 18
GPIO Extension 5

GPIO23
GPIO22

{_GP1021

GND

GND

4

GND 0
13 2
9/SD2 15
10/SD3 8/SD1
11/CMD 7/SDO
5V 6/CLK|
5V GND GND|

[TTTTTTTTTTTITIN

S Freenove K

T Ll

Freenove ESP32 GPIO Extension Board
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Sketch

This code is used to obtain all key codes of the 4x4 matrix keypad, when one of the keys is pressed, the key
code will be printed out via serial port.

How to install the library

We use the third party library Keypad. If you haven't installed it yet, please do so before learning. The steps
to add third-party Libraries are as follows: open arduino->Sketch->Include library-> Manage libraries.
Enter " Keypad" in the search bar and select " Keypad " for installation.

Refer to the following operations:

@ Library Manager .
Type All “w | Topic All w | |Keypad
More info ~
Eeypad
by Mark Stanley, Alexander Brevig Version 2.1.1 INSTALLED
Keypad is a library for using matrix style keypads with the Arduino. As of version 2.0 it now supports mulitple keypresses. This
library is based upon the Keypad Tutorial. It was created to promote Hardware Abstraction. It improves readability of the code
by hiding the pinMode and digitalRead calls for the usar.
More info
Select version Install
LCDO3
by Ben Arblaster
A library for I12C control of the LCDO3 20x4 and 16x2 serial LCD modules from Robot Electronics. It aims to maintain
compatibility with the Arduino LiquidCrystal library (version 0017 onwards) , though some features of LiquidCrystal are ommited
and additonal features are provided. It supports all features of the LCDO2 including custoem characters and the ability to read
the keypad. Supports Aruding 1.0.0 and newer.
Mare info
L
Close

Any concerns? X support@freenove.com
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Sketch_22.1_Get_Input_Characters

&% Sketch 22.1_Get Input Characters | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 — O >

File Edit Sketch Tools Help

Sketch_22.1 _Get_Input_Characters
1E 2

#include <Keypad.h>

4 f/ define the symbols on the buttons of the keypad
10E char keys[4][4] = {

11 {riv, a2+, '3, 'A'},
12 {*4*, '5', '&", 'B'},
13 {7, 'a*, "9, 'C'},
14 {r&r, o', '$", 'D'}
15 }:

1 byte rowPins[4]
1% |byte colPins[4]

{14, 27, 2&, 25}; // connect to the row pinouts of the keypad
{13, 21, 22, 23}: S/ connect to the column pinouts of the keypad

20 | f/ initialize an instance of class NewKeypad

21 |Keypad myKeypad = Keypad(makeEeymap (keys), rowPins, colPins, 4, 4};

238 void setup() |
4 Serial.begin(115200); // Initialize the serial port and set the baud rate to 115200

5 Serial.println("ESPF32 is ready'™):; J/ Print the string "UNO is ready!'”™

[ S ST T o8 ]
-
—

28 void loop() |

] [/ Get the character input

30 char keyPressed = myKeypad.gstEey():

31 ff If there is a character input, sent it to the serial port

328  if (keyPreased) |

33 Serial.println(keyPressed);

34 }

35 |1 L]
£ >

Any concerns? X support@freenove.com
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Download the code to ESP32-WROVER, open the serial port monitor, set the baud rate to 115200, press the
keyboard, the value of the pressed keys will be printed out via the serial port. As shown in the following

figure:

& come - a ®

| =
l -
2

3

iy

4

5

&

B

B

7

g

9

C

* v
] tutoscrell []Shev timestamp Newline v| |115200 bhaud v| E Clear output

The following is the program code:

ftinclude <Keypad. h>
// define the symbols on the buttons of the keypad
char keys[4][4] = {

{r, 2,3, N},

{y4y’ y5)’ ’6’, ’B’},
{y7y’ ’8’, y9)’ ’C’},
{y*y’ yo)’ y#)’ yD)}

b
byte rowPins[4]
byte colPins[4]

{14, 27, 26, 25}; // connect to the row pinouts of the keypad
(13, 21, 22, 23}; // connect to the column pinouts of the keypad

// initialize an instance of class NewKeypad

Keypad myKeypad = Keypad (makeKeymap (keys), rowPins, colPins, 4, 4);

void setup() {
Serial. begin(115200) ; // Initialize the serial port and set the baud rate to 115200
Serial. println("ESP32 is ready! ”); // Print the string “ESP32 is ready! ”

void loop() {
// Get the character input
char keyPressed = myKeypad. getKey () ;
// 1f there is a character input, sent it to the serial port
if (keyPressed) {
Serial. println(keyPressed) ;

Any concerns? DX support@freenove.com
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First, add header file, define 4*4 matrix keyboard key value and the matrix keyboard pin.

1 #include <Keypad.h>

2 // define the symbols on the buttons of the keypad

3 char keys[4][4] = {

4 rr, 2, 3, N},

5 4,5, 6, "B},

6 7, 8,9, C},

7 P+, 70, '#, D}

8 b

9 byte rowPins[4] = {14, 27, 26, 25}; // connect to the row pinouts of the keypad

10 | byte colPins[4] = {13, 21, 22, 23}: // connect to the column pinouts of the keypad

Second, define a matrix keyboard object and associate the keys and pins with it.

‘ 13 ‘Keypad myKeypad = Keypad (makeKeymap (keys), rowPins, colPins, 4, 4);

Finally, get the key value and print it out via the serial port.

20 | void loop () f{

21 // Get the character input

22 char keyPressed = myKeypad. getKey () ;

23 // If there is a character input, sent it to the serial port
24 if (keyPressed) {

25 Serial. println(keyPressed) ;

26 }

27 |}
Reference

_ You need to add the library each time you use the Keypad.

Keypad (char *userKeymap, byte *row, byte *col, byte numRows, byte numCols) ;
Constructor, the parameters are: key code of keyboard, row pin, column pin, the number of rows, the
number of columns.

char getKeyQ;

Get the key code of the pressed key. If no key is pressed, the return value is NULL.
void setDebounceTime (uint) ;

Set the debounce time with a default time of 10ms.

void setHoldTime (uint) ;

Set the duration for the key to keep stable state after pressed.

bool isPressed(char keyChar) ;

Judge whether the key with code "keyChar" is pressed.

char waitForKey () ;

Wait for a key to be pressed, and return key code of the pressed key.

KeyState getState();

Get the state of the keys.

bool keyStateChanged() ;

Judge whether there is a change of key state, then return True or False.

For More information about Keypad, please visit: http://playground.arduino.cc/Code/Keypad

Any concerns? X support@freenove.com
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Project 22.2 Keypad Door

In this project, we use keypad as a keyboard to control the action of the servo motor.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

000000000000000000O0 O
vee o] D2 GND 2 4 27 26 25 30 32 85 34 VN VP ENadV]

o cuk s s 2 0 %
000000000

i EsPa2-wroVER-DEV |
2 ]

Breadboard x1

--------------------------------------------------
--------------------------------------------------

---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
---------------------------------------------------------------

--------------------------------------------------
--------------------------------------------------

Jumper M/M Servo x1 4x4 Matrix Keypad x1

XEEE

HEEE
B0 >
NPN transistorx1 Active buzzer x1 Resistor 1kQ x1
(S8050)

Any concerns? X support@freenove.com
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Circuit

Schematic diagram

5V 3.3V

il

say 5V EXT-3.3V gyp

—EN 23]
—6vP 22) -
—39/VN 1/TX
—134 3/RX
4x4 Keypad 5 21
GPIO14 —132 GND
GPI027 —133 19

GPIO26
GPIO25

GP1025 25 ESP32-WROVER 18

GPI1026 6 GPIO Extension 3]
GPI027 7 GND

GPIO14 GND

T

GND

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

EXT-3.3Ve #

FREENOVE
] ESP32-WROVE

Freenove ESP32 GPIO Extension Board

Any concerns? X support@freenove.com


http://www.freenove.com/

242

Chapter 22 Matrix Keypad www.freenove.com [l

Sketch

Sketch_22.2_Keypad_Door
(@ oot

File Edit Sketch Tools Help

Sketch_22.2_Combination_Lock

| 388 void loop() | M|
410 static char kevIn[4]: f/ Save the input character ;
41 static byte keyInNum = 0; // Save the the number of input characters |
42 char keyPressed = myHeypad.getEey(); // Get the character input
43 // Handle the input characters

14E  if (keyPressed) |

45 f/ Make a prompt tone each time press the key

ig digitalWrite (buzzerPin, HIGH):

17 delay(100);

3 digitalWrite {(buzzerPin, LOW):

G f/ Save the input characters
keyvIn[keyInfum++] = kevPressed;

1 S/ Judge the correctness after input

2B if (keyIntum == 4) |

| 53 kool isRight = true; S/ Sawve password is correct or not

54H for {(int 1 = 0; 1 < 4; i++) | S/ Judge each character of the password is correct or not
[ 55 if (kevIn[i] != passWord[i])

5 isRight = false; S/ Mark wrong passageword if there is any wrong character.

57 }

L= if (isRight) { S/ If the input password 13 right

54 myservo.write (80) ; S/ Open the switch

i delay (2000) ; S/ Delay a pericd of time

6l myservo.write (0) 7 ff Close the awitch

62 Serial.println({"passWord right!™);

63 }

g4 E elae { S/ If the input password 13 wrong

65 digitalWrite (buzzerPin, HIGH);// Make a wrong password prompt tone

66 delay {1000} ;

67 digitalWrite (buzzerPin, LOW);:

68 Serial.println({"passWord error!™);

69 1

70 keyInNum = 0; // Beset the number of the input characters to 0

71 }

73 }

73 |} v

£ >

Verify and upload the code to the ESP32-WROVER and press the keypad to input password with 4 characters.
If the input is correct, the servo will move to a certain degree, then return to the original position. If the input

is wrong, an input error alarm will be generated.

Any concerns? X support@freenove.com
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The following is the program code:
#include <Keypad.h>
#include <ESP32Servo.h>

// define the symbols on the buttons of the keypad
char keys[4][4] = {
{’1” ’2)’ ’3)’ ’A)}’

{y4y’ y5)’ ’6’, ’B’},
{y7y’ ’8’, ’9” ’C’},
{y*y’ yox’ y#)’ yD)}

{14, 27, 26, 25}; // connect to the row pinouts of the keypad
(13, 21, 22, 23}; // connect to the column pinouts of the keypad

byte rowPins[4]
byte colPins[4]

// initialize an instance of class NewKeypad

Keypad myKeypad = Keypad (makeKeymap (keys), rowPins, colPins, 4, 4):

Servo myservo; // Create servo object to control a servo
int servoPin = 19; // Define the servo pin

int buzzerPin = 18; // Define the buzzer pin

char passWord[] = {”1234”}: // Save the correct password

void setup() {
myservo. setPeriodHertz (50) ; // standard 50 hz servo
myservo. attach (servoPin, 500, 2500); // attaches the servo on servoPin to the servo object
// set the high level time range of the servo motor
for an accurate 0°-180° sweep
myservo. write (0) ; // Set the starting position of the servo motor
pinMode (buzzerPin, OUTPUT) ;
Serial. begin(115200) ;

void loop() {
static char keyIn[4]; // Save the input character
static byte keyInNum = 0; // Save the number of input characters
char keyPressed = myKeypad. getKey(); // Get the character input
// Handle the input characters
if (keyPressed) {
// Make a prompt tone each time press the key
digitalWrite (buzzerPin, HIGH);
delay (100) ;
digitalWrite (buzzerPin, LOW);

Any concerns? DX support@freenove.com


http://www.freenove.com/

pZva Chapter 22 Matrix Keypad www.freenove.com [l

// Save the input characters
keyIn[keyInNum++] = keyPressed;
// Judge the correctness after input
if (keyInNum == 4) {
bool isRight = true; // Save password is correct or not
for (int i = 0; i < 4; i++) { // Judge each character of the password is correct or
not

if (keyIn[i] ! = passWord[i])

isRight = false; // Mark wrong password if there is any wrong character.
}
if (isRight) { // 1f the input password is right
myservo. write (90) ; // Open the switch
delay (2000) ; // Delay a period of time
myservo. write (0) ; // Close the switch

Serial.println(“passWord right! ”);
}
else { // 1f the input password is wrong
digitalWrite(buzzerPin, HIGH):;// Make a wrong password prompt tone
delay(1000) ;
digitalWrite(buzzerPin, LOW);
Serial.println("passWord error! ”);

}

keyInNum = 0; // Reset the number of the input characters to 0

First, we need to set the value of the password.
! char passWord[] = {”1234”}; // Save the correct password
Second, each time the key is pressed, the buzzer makes a short sound and stores the key value entered.

char keyPressed = myKeypad. getKey(); // Get the character input
// Handle the input characters
if (keyPressed) f{

// Make a prompt tone each time press the key

digitalWrite (buzzerPin, HIGH);

delay (100) ;

digitalWrite (buzzerPin, LOW) ;

// Save the input characters

keyInl[keyInNum++] = keyPressed;

Any concerns? DX support@freenove.com
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Third, if the button has been pressed for four times, ESP32 begins to judge if the password is correct.
if (keyInNum == 4) {

bool isRight = true; // Save password is correct or not

for (int 1 = 0; i < 4; i++) { // Judge each character of the password is correct or
not
if (keyIn[i] ! = passWord[i])

isRight = false; // Mark wrong password if there is any wrong character.

If the password is correct, control the servo motor to open the lock and wait for 2 seconds before closing the
lock. If it is not correct, the buzzer makes a long sound and prints the error message through the serial port.

if (isRight) { // 1f the input password is right
myservo. write (90) ; // Open the switch
delay (2000) ; // Delay a period of time
myservo. write (0) ; // Close the switch

Serial.println(“passWord right! ”);
}
else { // 1f the input password is wrong
digitalWrite (buzzerPin, HIGH);// Make a wrong password prompt tone
delay (1000) ;
digitalWrite(buzzerPin, LOW);
Serial.println(“passWord error! ”);
}
Finally, remember to empty the keylnNum every time.
- keyInNum = 0; // Reset the number of the input characters to 0
For More information about Keypad, please visit: http://playground.arduino.cc/Code/Keypad .
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Chapter 23 Infrared Remote

In this chapter, we'll learn how to use an infrared remote control, and control a LED.

Project 23.1 Infrared Remote Control

First, we need to understand how infrared remote control works, then get the command sent from infrared

remote control.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

&

Freenove ESP32 GPIO Extension Board

Jono oLk st s 2 0 7 T T WON T AX 1X E 2 el
0000000000000 ODOD0O0OODOO

--------------------------------------------------
--------------------------------------------------

...............................................................
---------------------------------------------------------------
...............................................................
...............................................................
---------------------------------------------------------------

---------------------------------------------------------------
...............................................................
---------------------------------------------------------------
...............................................................
...............................................................

--------------------------------------------------
--------------------------------------------------

Jumper M/M x4 Infrared Remote x1

— (May need CR2025 battery x1, please check the holder)

Infrared Remote x1 | Resistor 10kQ x1 i @ @ @ @ 6 @ @ j
8 1 QIS IO 4
" ? | OJIOI@) 1 I10J6, |
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Component knowledge

Infrared Remote

An infrared(IR) remote control is a device with a certain number of buttons. Pressing down different buttons
will make the infrared emission tube, which is located in the front of the remote control, send infrared ray with
different command. Infrared remote control technology is widely used in electronic products such as TV, air
conditioning, etc. Thus making it possible for you to switch TV programs and adjust the temperature of the
air conditioning when away from them. The remote control we use is shown below:

Infrared receiver
An infrared(IR) receiver is a component which can receive the infrared light, so we can use it to detect the
signal emitted by the infrared remote control. DATA pin here outputs the received infrared signal.

\/

& U paTA
-2]GND
I | | Slvee
IR Receiver
123
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When you use the infrared remote control, the infrared remote control sends a key value to the receiving
circuit according to the pressed keys. We can program the ESP32-WROVER to do things like lighting, when a

key value is received.

The following is the key value that the receiving circuit will receive when each key of the infrared remote

control is pressed.

ICON KEY Value

FFA25D

FFE21D

FF22DD

FFO2FD

FFC23D

FFEO1F

FFA857

FFOO6F

FF6897

FF9867

00O VWOHOHO9

ICON KEY Value
FFBO4F

FF30CF

FF18E7

FF7A85

FF10EF

FF38C7

FF5AA5

FF42BD

FF4AB5

FF52AD

ONOROHOHONONONONON®
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Circuit

Schematic diagram

5V 3.3V

a3y 9V EXT-3.3Vonp

EN 23
36/VP 22
39/VN 1/TX
34 3/RX
35 21
32 GND
33 19

25 ESP32-WROVER 18
26 GPIO Extension

a

27 GND

14 GND .
12 4 o IR Receiver
GND 0 10kQ) 3 VCC

13 2 | 5 GND
9/SD2 15 1 DATA
10/SD3 8/SD1

11/CMD 7/SDO0

5V 6/CLK

5V GND GND

O

O

5 34 VN VP EN 33V

GNDO I
GNDO I I

0 0 0000000
4 27 26 25 33 32 3

o
E_«D’J e @ ¢ & ¢ ¢ & o 0" 0 00
8 e @ & & & & & o 0 000
L *® @ ¢ @ @° * ° ° @ 00
L ] ® @ & & ¢ & 0 0 " 90
FREENOVE L] e & & & & & & & 0 0
‘c ESP32-WROVER-DEV
L B L] L] * @ & @ ° [ ] e o @ e @& & @ ®
e @ ° @ [ ] L I L I
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Sketch

This sketch uses the infrared receiving tube to receive the value sent form the infrared remote control, and
print it out via the serial port.

How to install the library

We use the third party library IRremoteESP8266. If you haven't installed it yet, please do so first. The steps to
add third-party Libraries are as follows: open arduino->Sketch->Include library-> Manage libraries. Enter "
IRremoteESP8266" in the search bar and select " IRremoteESP8266" for installation.

Refer to the following operations:

€% Library Manager *
Type All “w | Topic All “ | | IRremote=ESP3266
IRremoteESPB266 L]

by David Conran, Sebastien Warin, Mark Szabo, Ken Shirriff Version 2.7.4 INSTALLED

Send and receive infrared signals with multiple protocols (ESP8266fESP322) This library enables you to send and receive
infra-red signals on an ESPE266 or an ESP3Z2,

Mare info

Select version Inztall

Close

Any concerns? X support@freenove.com
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Sketch_23.1_Infrared_Remote_Control

&9 Sketch 23.1 Infrared_Remote Control | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 - O *

File Edit Sketch Tools Help

Sketch_23.1_Infrared_REemote_Control
18 ~

o LA

#include <Arduinc.h>
5 #include <IRremoteESPE266.h0-
9 #include <IRrecv.h>
10 | #include <IButils.h>

12 conat uintlé_t recvPin = 157 // Infrared receiving pin
13 IRrecwv irrecv({recvPin); /S Create a class object used to receiwe class
14 decode results results; f/ Create a decoding results class cobject

leB void setup{) |

17 Serial.begin (115200} S/ Initialize the serial port and set the baud rate to 115200
18 irrecv.enableIRIn(); f/ Start the receiver

19 while (!Serial) f/ Wait for the serial connection to be establised.

2 delay{50);

]

Serial.println():
Serial.print{"IRrecvDemc is now running and waiting for IR message on Pin ™);

SR LI
[

23 Serial.println{recvPin); f/print the infrared receiving pin

24 1

26EH void loop() |

278 if (irrecv.dscods (sresulta)) | f/ Walting for decoding

28 serialPrintUintdd {results.value, HEX);// Print out the decoded results

29 Serial.println(™"):

3 irrecv.resumes () // Belease the IRremote. Recelwve the next value

31 1

32 delay (1000) ;

331 W

Download the code to ESP32-WROVER, open the serial port monitor, set the baud rate to 115200, press the
IR remote control, the pressed keys value will be printed out through the serial port. As shown in the

following figure: (Note that when the remote control button is pressed for a long time, the infrared receiving
circuit receives a continuous high level, that is, it receives a hexadecimal "F")

Any concerns? X support@freenove.com
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@ COMG

FFR25D

FFO2FD Normal ]
FFFFEFFFEFE
FFEOLF
FFREST
FF&8a97

FFEFFFFFFFFFEFFEE
FFaga7
FFEO4F
Abnormal
FFEO4F
FFaga7

FFegs7
FF30CF

W

[«] futoseroll [ |Sher timestamp Hewline

V‘ |115255 baud V| | Clear output

The following is the program code:

#include <Arduino.h>
#include <IRremoteESP8266.h>
#include <IRrecv.h>
#include <IRutils.h>

const uintl6 t recvPin = 15; // Infrared receiving pin

IRrecv irrecv(recvPin);

decode results results;

void setup() {
Serial. begin (115200) ;
irrecv. enableIRIn() ;
while (! Serial)
delay (50) ;
Serial. printIn() ;

// Start the receiver

// Create a class object used to receive class

// Create a decoding results class object

// Initialize the serial port and set the baud rate to 115200

// Wait for the serial connection to be established

Serial. print ("IRrecvDemo is now running and waiting for IR message on Pin ”);

Serial. println(recvPin) ;

void loop() {

if (irrecv. decode (&results)) {

//print the infrared receiving pin

// Waiting for decoding

serialPrintUint64 (results. value, HEX);// Print out the decoded results

Serial.printIn("”);
irrecv. resume () ;

1

delay (1000) ;

// Release the IRremote. Receive the next value

Any concerns? DX support@freenove.com
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First, include header file. Each time you use the infrared library, you need to include the header file at the
beginning of the program.

1 #include <Arduino.h>

2 #include <IRremoteESP8266.h>

3 #include <IRrecv.h>

4 #include <IRutils.h>
Second, define an infrared receive pin and associates it with the receive class. Apply a decode_results to

decode the received infrared value.

6 const uintl6_t RecvPin = 15; // Infrared receiving pin
7 IRrecv irrecv(RecvPin); // Create a class object used to receive class
8 decode results results; // Create a decoding results class object

Third, enable infrared reception function, if you do not use this function, you won't receive the value from the
infrared remote control.

‘ 12 ‘ irrecv.enablelRIn(); // Start the receiver

Finally, put the received data into the results class and print out the data through the serial port. Note that
you must use resume() to release the infrared receive function every time when you receive data, otherwise
you can only use the infrared receive function once and cannot receive the data next time.

20 | voidloop(){

21 if (irrecv.decode(&results)) { // Waiting for decoding

22 serialPrintUint64(results.value, HEX); // Print out the decoded results

23 Serial.printin("");

24 irrecv.resume(); // Release the IRremote. Receive the next value
25 }

26 delay(1000);

27 |}

Reference

_ You need to add the library each time you use the Infrared Reception.

IRrecv irrecv(Pin): Create a class object used to receive class, and associated with Pin.

enablelRIn(): Before using the infrared decoding function, enable the infrared receiving function. Otherwise the
correct data will not be received.

decode(&results): Determine whether the infrared has received data, and if so, return true and store the data
in the decode_results class. If no data is received, false is returned.

resume(): Release the IRremote. Or, the infrared reception and decoding function cannot be used again.

For more information about Infrared Remote Control, please visit:
https://github.com/crankyoldgit/IRremoteESP8266/tree/master/src

Any concerns? X support@freenove.com
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Project 23.2 Control LED through Infrared Remote

In this project, we will control the brightness of LED lights through an infrared remote control.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

Jumper M/M x10
—--.- - - -

LED x1 Resistor 1kQ x2 | Resistor 10k Q
x1

Infrared receiver | NPN Active buzzer x1
x1 transistorx1
i (S8050)

®,

Infrared Remote x1
(May need CR2025 battery x1, please check the
holder)

® ©
@S
«JOX>
0@O©
OO
OI0)0,
DO

L J
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Circuit

Schematic diagram

eed EN 23—
——136/VP 22 e
s 39/VN 1/TX
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Sketch

The sketch controls the brightness of the LED by determining the key value of the infrared received.
Sketch_23.2_Control_LED_through_Infrared_Remote

) Sketch_23.2 Control LED through Infrared Remote | Arduino 1.8.13 (Windows Store 1,8.42.0) — d x
File Edit Sketch Tools Help

Sketch_23.2_Control_LED_through_Infrared_Remaote
1= -

#include <hrduino.h>
2 #include <IRremoteESPE2&66.h0:
% #include <IRrecv.h>
10 #include <JRutils.h>

12 const uintlé t recvPin = 15; // Infrared receiving pin

13 IRrecv irrecwv{recvPin); [/ Create a class object used to receiwe class
14 decode results results; [/ Create a decoding results class ckject

lé int ledPin = 14; // the numbker of the LED pin

17 int buzzerPin = 13; // the numbker of the buzzer pin

19 |woid setup()

20E {

21 f/Initialize the ledc configuration

22 ledcSetup (0, 1000,8); f/faet the channel, frequency,esolution bits
23 ledchttachPin {ledPin, 0} ; ffattach the channel to GPIO pin

24 pinMode (buzzerPin, OUTPUT): S/ 3et buzzer pin intc cutput mode

25 irrecv.enableIRIn(): [/ Start the receiver

26 |}

28B void loop() {

29E if (irrecv.dscods {sresults)) [ S/ Waiting for decoding

30 handleControl (results.valus); S/ Handle the commands from remote control
31 irrecv.resums () [/ Recelve the next value

32 }

33 |} W

frover Module on COME
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Compile and upload the code to the ESP32-WROVER. When pressing "0", "1", "2", "3" of the infrared remote
control, the buzzer will sound once, and the brightness of the LED light will change correspondingly.
rendering

I \/ v

The following is the program code:
#include <Arduino.h>
#include <IRremoteESP8266.h>
#include <IRrecv.h>
#include <IRutils.h>

const uintl6 t recvPin = 15; // Infrared receiving pin

IRrecv irrecv(recvPin); // Create a class object used to receive class
decode results results; // Create a decoding results class object

int ledPin = 14; // the number of the LED pin

int buzzerPin = 13; // the number of the buzzer pin

void setup()
{

//Initialize the ledc configuration

ledcSetup (0, 1000, 8) ; // set the channel, frequency, esolution bits
ledcAttachPin(ledPin, 0) ; // attach the channel to GPIO pin

pinMode (buzzerPin, OUTPUT) ; // set buzzer pin into output mode

irrecv. enableIRIn() ; // Start the receiver

void loop() {

if (irrecv. decode (&results)) { // Waiting for decoding
handleControl (results. value) ; // Handle the commands from remote control
irrecv. resume () ; // Receive the next value

J
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void handleControl (unsigned long value) {
// Make a sound when it receives commands
digitalWrite (buzzerPin, HIGH);
delay (100) ;
digitalWrite (buzzerPin, LOW);
// respond to the commands

switch (value) {

case 0xFF6897: // Receive the number 0’
ledcWrite (0, 0); // Turn off LED
break;

case 0xFF30CF: // Receive the number "1’
ledcWrite (0, 7); // Dimmest brightness
break;

case OxFF18ET: // Receive the number 2’
ledeWrite (0, 63); // Medium brightness
break;

case OxFF7A85: // Receive the number 3’
ledcWrite (0, 255); // Strongest brightness
break;

}
The handleControl() function is used to execute events corresponding to infrared code values. Every time
when the function is called, the buzzer sounds once and determine the brightness of the LED based on the
infrared key value. If the key value is not "0", "1", "2", "3", the buzzer sounds once, but the brightness of LED
will not change.

void handleControl (unsigned long value) {
// Make a sound when it receives commands
digitalWrite (buzzerPin, HIGH);
delay (100) ;
digitalWrite (buzzerPin, LOW);
// respond to the commands

switch (value) {

case 0xFF6897: // Receive the number 0’
ledcWrite (0, 0); // Turn off LED
break;

case 0xFF30CF: // Receive the number 1’
ledcWrite (0, 7); // Dimmest brightness
break;

case OxFF18ET: // Receive the number 2’
ledcWrite (0, 63): // Medium brightness
break;

case OxFF7A85: // Receive the number 3’
ledcWrite (0, 255); // Strongest brightness
break;

Any concerns? DX support@freenove.com
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}
}

Each time when the command is received, the function above will be called in the loop() function.

void loop() {

if (irrecv. decode (&results)) { // Waiting for decoding
handleControl (results. value) ; // Handle the commands from remote control
irrecv. resume () ; // Receive the next value

}

Any concerns? X support@freenove.com
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Chapter 24 Hygrothermograph DHT11

In this chapter, we will learn about a commonly used sensor called a Hygrothermograph DHT11.

Project 24.1 Hygrothermograph

Hygrothermograph is an important tool in our lives to give us data on the temperature and humidity in our

environment. In this project, we will use the ESP32 to read temperature and humidity data of the DHT11

Module.

Component List

ESP32-WROVER x1

FREENOVE

£ ESP32-WROVER-| 8

fonocikspo sD1 15 2 0 X T T WON T AX 1X E 2 el
0000000000000 ODOD0O0OODOO

GPIO Extension Board x1

Freenove ESP32 GPIO Extension Board

Jumper M/M x4

DHT11 x1

Resistor 10kQ x1
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Component knowledge

The temperature & humidity sensor DHT11 is a compound temperature & humidity sensor, and the output
digital signal has been calibrated by its manufacturer.

VCC
SDA
NC
GND

1234 DHT-11

DHT11 uses customized single-line communication protocol, so we can use the library to read data more
conveniently.

After being powered up, it will initialize in 1s. Its operating voltage is within the range of 3.3V-5.5V.

The SDA pin is a data pin, which is used to communicate with other devices.

The NC pin (Not Connected Pin) is a type of pin found on various integrated circuit packages. Those pins
have no functional purpose to the outside circuit (but may have an unknown functionality during
manufacture and test). Those pins should not be connected to any of the circuit connections.

SIS

Any concerns? X support@freenove.com
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Circuit

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

How to install the library

The code is used to read the temperature and humidity data of DHT11, and print them out.

We use the third party library DHTesp. If you haven't installed it yet, please do so now. The steps to add third-
party libraries are as follows: open arduino->Sketch->Include library-> Manage libraries. Enter " DHTesp " in
the search bar and select " DHTesp " for installation.

Refer to the following operations:

&9 Library Manager bt
Type [All w  Topic [All “w | IHIesp
DHT semsor library for ESPx ”

by beegee_tokyo Version 1.17.0 INSTALLED
Arduino ESP library for DHT11, DHT22, etc Temp & Humidity Sensors Optimized libray to match ESP32 requirements. Last
changes: Back to working version by removing the last commit

More info

Select version Install

Any concerns? X support@freenove.com
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Sketch_24.1_Temperature_and_Humidity_Sensor

&) Sketch_24.1 Temperature_and_Humidity_Sensor | Arduino 1.8.18 — O *

File Edit Sketch Tools Help

Sketch_24.1_Temperature_and_Humidity_Sensor
16 =

7 |#include "DHTesp.h"

% DHTesp dht: f/Define the DHT ocbject

10 |int dhtPin = 13;//Define the dht pin

128 wvoid setup() {

13 dht.setup (dhtPin, DHTesp::DHT11);//Initialize the dht pin and dht object

14 Serial.begin(115200); / /32t the baud rate as 115200

15 |}

1€

17Hwvoid loop() {

18 flag: TempAndHumidity newValues = dht.getTempAndHumidity () ;//Get the Temperature and humidity

15 if (dht.getStatus({) '= 0) {//Judge if the correct wvalue is read
2 goto flag; JS/If there is an error, go back to the flag and re-read the data
1 }

Serial.println({" Temperature:" + String(newValues.temperature) +

" Humidity:" + 5tring(newValues.humidity)):
delay (2000) ;

Wrover Maodule, N
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Compile and upload the code to the ESP32-WROVER, turn on the serial monitor, and set the baud rate to
115200. Print out data of temperature and humidity sensor via the serial port.

€9 CoMs

Temperature:23.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:25.60
Temperature:23.50
Temperature:23.50
Temperature:25.50

Humidity:e7.00
Humidity:e7.00
Humidity:e7.00
Humidity:e7.00
Humidity:e7.00
Humidity:e3.00
Humidity:e3.00
Humidity:e3.00
Humidity:e3.00
Humidity:e3.00
Humidity:e3.00
Humidity:e7.00
Humidity:e7.00
Humidity:e7.00
Humidity:67.00

W

[«] futoseroll [ |Sher timestamp

Hewline V‘ |115255 baud V| f Clear output

The following is the program code:
#include “DHTesp.h”

DHTesp dht; //Define the DHT object
int dhtPin = 13;//Define the dht pin

void setup() {
dht. setup (dhtPin, DHTesp::DHT11);//Initialize the dht pin and dht object
Serial. begin(115200) ; //Set the baud rate to 115200

void loop() {
flag:TempAndHumidity newValues = dht. getTempAndHumidity () ;//Get the Temperature and humidity
if (dht.getStatus() ! = 0) {

read

//Judge if the correct value is

goto flag; //1f there is an error, go back to
the flag and re-read the data
1
Serial. println(” Temperature:” + String(newValues. temperature) +
” Humidity:” + String (newValues. humidity)) ;
delay (2000) ;

Any concerns? X support@freenove.com
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In this project code, we use a third party library, DHTesp, and we need to define the objects for it first;

Otherwise we could not use its functionality.

1 #include ”DHTesp. h”
3 DHTesp dht; //Define the DHT object

Initialize the connection pin of DHT and select the type of temperature and humidity sensor as DHT11. If the

temperature and humidity sensor is DHT12, we can also change it to DHT12.

\ 7 | dht. setup (dhtPin, DHTesp::DHT11)://Initialize the dht pin and dht object

Due to the use of the single-line protocol, data may be lost in the transmission process. So each time when
getting the data of the temperature and humidity sensor, we need to call the getStatus function to determine

whether the data is normal. If not, use goto to go back to line 12 and re-execute the program.

12 flag: TempAndHumidity newValues = dht. getTempAndHumidity();//Get the Temperature and
13 | humidity
14 if (dht.getStatus() ! = 0) { //Judge if the correct value is read

16 the data
17 }

15 goto flag; //1f there is an error, go back to the flag and re-read

Get the temperature and humidity data and store it in a TempAndHumidity class called newValues.

‘ 12 ‘ TempAndHumidity newValues = dht. getTempAndHumidity () ;//Get the Temperature and humidity

Reference

Make sure that the library and header files are added before using the object every time.
setup(Pin, DHTesp::DHTxx): Select the type of DHTxx and associate Pin with the DHTesp class.
Parameter 1: the pin to be associated.

Parameter 2: select the type of sensor, DHT11 or DHT12.

‘TempAndHumidity’ class.

and the return value of non-0 means the data is abnormal or the data fails to be obtained.

getTempAndHumidity():Obtain temperature and humidity data. The received data must be stored in the

getStatus():To judge whether the obtained data format is normal, the return value of 0 means the data is normal,

Any concerns? X support@freenove.com
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Project 24.2 Hygrothermograph

In this project, we use L2C-LCD1602 to display data collected by DHT11.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

2o
20
NO
z0
0
50
%0
20

§
:
ik
g
:

Breadboard x1

---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
--------------------------------------------------------------

--------------------------------------------------
--------------------------------------------------

LCD1602 Module x1 Resistor 10kQ x1

Jumper F/M x4 DHT11 x1
Jumper M/M x4

[ e —

— -
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Circuit

Schematic diagram
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Sketch

This code uses the DHTesp and LiquidCrystal_I2C libraries, so make sure the relevant library files are added
before writing the program.
Sketch_24.2_Temperature_and_Humidity_Sensor

&8 Sketch 24.2 Temperature_and_Humidity Sensor | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 — O >

File Edit Sketch Tools Help

Sketch_24.2_Temperature_and_Humidity_Sensor

18 &

#include «<Wire.h>
& |#include <LiguidCrystal I2C.h>
% |#include "DHTesp.h”

11l |#define SDR 13 S/Define SDA pins

12 #define 5CL 14 S/Define 5CL pins

14 |DHTesp dht; [/ create dht chkject

15 LiquidCrystal I2C led{0x27,16,2); //initialize the LCD

le int dhtPin = 18; S/ the number of the DHT1l senscr pin

1l wvoid setup() {

14 Wire.begin(SDA, SCL); ff attach the IIC pin

20 led.inic({): S5 LCD driver initialization

21 led.backlight () - S/ Open the backlight

22 dht.setup (dhtPin, DHTesp::DHT11): /f/fattach the dht pin and initialize it
23 1

258 void loop() |

26 // read DHT11 data and save it

27 flag:TempindHumidity DHT = dht.getTempAndHumidicty(}:

288 if (dht.g=tStatus({) !'= 0} { f/Determine if the read is sucecessful, and if it fails, go bac

29 goto flag:

30 1

31 led. setCursor {0, 0); f/f3et the cursor to column 0, line 1

32 led.print {("Temperature: ™) ; f/display the Humidity on the LCDl&02

33 led.print (DHT. temperature) ;

34 led.setCursor {0, 1); f/f3et the cursor to column 0, line O

35 led.print ("Humidity A H f/display the Humidity on the LCDl&02

36 led.print (DHT . humidity) ;

EN w
£ >

2 Wrover Module on COMG
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Download the code to ESP32-WROVER. The first line of LCD1602 shows the temperature value, and the
second line shows the humidity value. Try to “pinch” the thermistor (without touching the leads) with your
index finger and thumb for a brief time to observe the change in the LCD display value.

O R LT

VSSVDDVORS RW E DO D1 D2 D3 D4 D5 D8 D7 A K

TemseratUPe
Humidito

The following is the program code:
ftinclude <Wire.h>
#include <LiquidCrystal I2C.h>
#include “DHTesp.h”

#define SDA 13 //Define SDA pins

#define SCL 14 //Define SCL pins

DHTesp dht; // create dht object
LiquidCrystal_T2C 1cd(0x27,16,2); //initialize the LCD

int dhtPin = 18; // the number of the DHT11 sensor pin

void setup() {

Wire. begin(SDA, SCL) ; // attach the IIC pin
led. init () ; // LCD driver initialization
lcd. backlight () ; // Turn on the backlight

dht. setup (dhtPin, DHTesp::DHT11); //attach the dht pin and initialize it

void loop() {
// read DHT11 data and save it
flag:TempAndHumidity DHT = dht. getTempAndHumidity () ;

if (dht.getStatus() ! = 0) { //Determine if the reading is successful, and if it
fails, go back to flag and re-read the data
delay (2000) ;
goto flag;
1
lcd. setCursor (0, 0); //set the cursor to column 0, line 1
led. print ("Temperature:”) ; //display the Humidity on the LCD1602
lcd. print (DHT. temperature) ;
lcd. setCursor (0, 1); //set the cursor to column 0, line 0
led. print ("Humidity — :7); //display the Humidity on the LCD1602

lcd. print (DHT. humidity) ;

Any concerns? DX support@freenove.com
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. delay (2000) ;
1

First, add the library function header file.

#include <Wire.h>
fiinclude <LiquidCrystal I2C.h>
#include “DHTesp.h”

Second, initialize the pins associated with the DHT11 sensor and [2C-LCD1602.

DHTesp dht; // create dht object
LiquidCrystal I12C 1lcd(0x27,16,2); //initialize the LCD
int dhtPin = 18; // the number of the DHT11 sensor pin
void setup() {

Wire. begin (SDA, SCL); // attach the IIC pin

led. initQ); // LCD driver initialization

lcd. backlight O ; // Turn on the backlight

dht. setup(dhtPin, DHTesp::DHT11); //attach the dht pin and initialize it
}
Finally, the data of temperature and humidity sensor are obtained and displayed on LCD1602. The first row
shows the temperature and the second shows the humidity.

flag:TempAndHumidity DHT = dht. getTempAndHumidity () ;
if (dht. getStatus() ! = 0) { //Determine if the reading is successful, and if it
fails, go back to flag and re-read the data
goto flag;
}
lcd. setCursor (0, 0); //set the cursor to column 0, line 1
led. print ("Temperature:”) ; //display the Humidity on the LCD1602

lcd. print (DHT. temperature) ;

lcd. setCursor (0, 1); //set the cursor to column 0, line 0
led. print ("Humidity — :7); //display the Humidity on the LCD1602
led. print (DHT. humidity) ;
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Chapter 25 Infrared Motion Sensor

In this chapter, we will learn a widely used sensor, infrared motion sensor.

Project 25.1 Infrared Motion Detector with LED Indicator

In this project, we will make a motion detector, with the human body infrared pyroelectric sensors.

When someone is in close proximity to the motion detector, it will automatically light up and when there is
no one close by, it will be out.

This infrared motion sensor can detect the infrared spectrum (heat signatures) emitted by living humans and
animals.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

'
=5
25
=3
:

Il FREENOV
ﬁ ESP32-WROVER-|

3 3 S EelF

Breadboard x1

bt

DI

Freenove ESP32 GPIO Extension Board

oF
[}
(e}
(o34
03l
(o
o8
o3
o8l
04|
[o
o=
o
oF
o=
o
O!

0;

o

--------------------------------------------------
--------------------------------------------------

...............................................................
...............................................................
...............................................................
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HC SR501 x1 LED x1 Resistor 220Q x1 | Jumper F/M x3
Jumper M/M x2
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Component knowledge

The following is the diagram of the infrared Motion sensor (HC SR-501) :

Top Bottom Schematic
Menp
2{out
3lvec
_— HC-SR501
—s+

Description:

Working voltage: 5v-20v(DC)  Static current: 65uA.

Automatic Trigger. When a living body enters into the active area of sensor, the module will output high
level (3.3V). When the body leaves the sensor’s active detection area, it will output high level lasting for time
period T, then output low level(0V). Delay time T can be adjusted by the potentiometer R1.

According to the position of jumper cap, you can choose non-repeatable trigger mode or repeatable
mode.

L: non-repeatable trigger mode. The module output high level after sensing a body, then when the delay
time is over, the module will output low level. During high level time, the sensor no longer actively senses
bodies.

H: repeatable trigger mode. The distinction from the L mode is that it can sense a body until that body
leaves during the period of high level output. After this, it starts to time and output low level after delaying T
time.

Induction block time: the induction will stay in block condition and does not induce external signal at
lesser time intervals (less than delay time) after outputting high level or low level

Initialization time: the module needs about 1 minute to initialize after being powered ON. During this
period, it will alternately output high or low level.

One characteristic of this sensor is when a body moves close to or moves away from the sensor’s dome
edge, the sensor will work at high sensitivity. When a body moves close to or moves away from the sensor’s
dome in a vertical direction, the sensor cannot detect well (please take note of this deficiency). Note: The
sensing range (distance before a body is detected) is adjusted by the potentiometer.

We can regard this sensor as a simple inductive switch when in use.
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Circuit

Schematic diagram
5V 3. ‘3\_

EN 23
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VeCl3 35 21,
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\ 13 2
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Sketch

In this project, we will use the infrared motion sensor to trigger a LED, essentially making the infrared motion
sensor act as a motion switch. Therefore, the code is very similar to the earlier project "push button switch
and LED". The difference is that, when infrared motion sensor detects change, it will output high level; when
button is pressed, it will output low level. When the sensor output high level, the LED turns ON, or it will turn
OFF.

Sketch_25.1_Infrared_Motion_Sensor

@' Sketch_25.1 Infrared_Motion_Sensor | Arduino 1

File Edit Sketch Tools Help

Sketch_25.1_Infrared_Motion_Sensor

18 S

int sensorPin = 14; // the number of the infrared motion sensor pin
& int ledPin = 13; S the number of the LED pin

10E void setup() |

11 pinMode (sensorPin, INFUT); // initialize the sensor pin as input
12 pinMode {ledPin, OUTIEUT): // initialize the LED pin as output
13 1

158 void loop() {

lé S# Turn on or off LED according to Infrared Motion Sensor

17 digitalWrite (ledPin, digitalBRead({sensorPin));

18 delay {1000} ; /f wait for a second

Wrover Module on CONE

Verify and upload the code, and put the sensor on a stationary table and wait for about a minute. Then try to
move away from or move closer to the infrared motion sensor and observe whether the LED turns ON or OFF
automatically.

You can rotate the potentiometer on the sensor to adjust the detection effect, or use different modes by
changing the jumper.

Apart from that, you can also use this sensor to control some other modules to implement different functions
by reediting the code, such as the induction lamp, induction door.

Any concerns? X support@freenove.com
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Move to the Infrared Motion Sensor

\|/

Move away from the Infrared Motion Sensor

Any concerns? X support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 26 Attitude Sensor MPU6050

Chapter 26 Attitude Sensor MPU6050

In this chapter, we will learn about a MPUG6050 attitude sensor which integrates an accelerometer and
gyroscope.

Project 26.1 Read a MPU6050 Sensor Module

In this project, we will read acceleration and gyroscope data of the MPU6050 sensor

Component List

ESP32-WROVER x1 GPIO Extension Board x1

EXT-3.3ve »

FREENOVE

i spa2-wroveR-oev |2

Hod "EelH
= & = 5 3
e u \ u :

onocikspo so1 15 2 o 7 NENM T T3 T9GND ZT AX TX 22 23 GAD|
0O000O0O0O0O0O0O0O00O0O0O0OO0O0OO O

Freenove ESP32 GPIO Extension Board

Jumper F/M x4 MPUG050 x1

®) GND

.
®sc 257K
® spA

®) xpA

®XCL  vpusoso

® AD0
®) INT .

Any concerns? X support@freenove.com
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Component knowledge

MPU6050

MPUB050 sensor module is a complete 6-axis motion tracking device. It combines a 3-axis gyroscope, a 3-
axis accelerometer and a DMP (Digital Motion Processor) all in a small package. The settings of the
accelerometer and gyroscope of MPU6050 can be changed. A precision wide range digital temperature sensor
is also integrated to compensate data readings for changes in temperature, and temperature values can also
be read. The MPU6050 Module follows the 12C communication protocol and the default address is 0x68.
MPUB050 is widely used to assist with balancing vehicles, robots and aircraft, mobile phones and other
products which require stability to control stability and attitude or which need to sense same.

1
il ® vcc Y —{ VCC
bl @ cnD $_9. 2 GND
Ef @) scL 29 X i SCL
Vil (@) spa i SDA
s T 21 XDA
J®xc ousoso % XCL
YA ® Apo -1 ADO
8 LA . L INT
MPU6050

The port description of the MPU6050 module is as follows:

Pin name Pin number Description
VCC 1 Positive pole of power supply with voltage 5V
GND 2 Negative pole of power supply
SCL 3 |2C communication clock pin
SDA 4 I2C communication clock pin
XDA 5 I2C host data pin which can be connected to other devices.
XCL 6 I2C host clock pin which can be connected to other devices.
ADO 7 |2C address bit control pin.
Low level: the device address is 0x68
High level: the device address is 0x69
INT 8 Output interrupt pin

For more detail, please refer to datasheet.

Any concerns? X support@freenove.com
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Circuit

Note that the power supply voltage for MPU6050 module is 5V in the circuit.

Schematic diagram
av 3.3V

EN 23
——136/VP 2o
—39/VN 1TX
—134 3/RX [
et 35, 2| —
—132 GND j——
3. 3V 33 E
1] |22 ESP32-WROVER 1&—
vec 2 =126 GPIO Extension S
GND |2 I 27 GND }——
SCL 14 GND j——
sDA |4 12 4
XDA % ——GND [ —
XcL & 13 2 |—
ADO |- —o/sD2 15 fme
INT |- —10/SD3 8/SD1}——
—11/CMD 7/SDO |——
MPUG050 [ iy 6/OLK
I
_L_

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

eple ¢ o o
Eblel ¢ o o

Freenove ESP32 GPIO Extension Board
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Sketch

How to install the library

In this project, we will read the acceleration data and gyroscope data of MPU6050, and print them out.

We use the third party library MPU6050_tockn. If you haven't installed it yet, please do so now. The steps to
add third-party Libraries are as follows: open arduino->Sketch->Include library-> Manage libraries. Enter "
MPUG050_tockn " in the search bar and select " MPU6050_tockn " for installation.

Refer to the following operations:

€% Library Manager >
Tyvpe All w  Topic ALl R H:P'I.TSDSD_toc]-mI
MPU6050_tockn ”

by tockn Version 1.5.2 INSTALLED
Arduino library for easy communicating with the MPUG050. It can get accel, gyro, and angle data.
Mara info

TinyMPUG050

by Gabriel Milan

Tiny implementation for MPUG050 focusing on performance and accuracy Inspired by tockn library simplicity and ease of use,
this implementation focuses on perfermance and accuracy while still being lightweight.

More info

Close

Any concerns? X support@freenove.com
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Sketch_26.1_Acceleration_Detection

&9 Sketch 26.1_Acceleration_Detection | Arduino 1.8.13 Hourly Build 2020/02/19 03:33

File Edit Sketch Tools Help

Sketch_26.1_Acceleration_Detection

268 void loop() | ~
278 if{millis{) - timer > 1000){ ffeach second printf the data

28 mpue050.update () : /fapdate the MFUE050

29 getMotionég () ; Sfgain the walues of Acceleration and Gyroscope value
30 Serial.print({"\na/g:\t"};

31 Serial.print{ax); Serial.princ{"\t"};

32 Serial.print(ay); Serial.print{"\t");

33 Serial.print{az); Serial.print("\t™};

34 Serial.print{gx); Serial.printc({"\t\t™):

35 Serial.print{gy); Serial.print{"\t\t");

36 Serial.println({gz):

37 Serial.print{"a/g:\t™);

38 Serial.print{{flcat)jax / 16384); Serial.print{™g\t"};:

34 Serial.print{(flocat)ay / 16384); Serial.print{™g\t™):

40 Serial.print{(flcat)az / 16384); Serial.print{"g\t™):

41 Serial.print{(flcat)gx / 131); Serial.print{"dS/s “t");

42 Serial.print{(flcat)gy / 131):; Serial.print{"d/s \t"):

43 Serial.print{(flcat)gz / 131):; Serial.print{"d/s \n"}):

44 timer = millis();

45 }

45 1

47H void getMotioné (void){

45 ax=mpu&ls0.getRawhccX () r//gain the walues of X axis acceleration raw data

49 ay=mpuc050.getRawhccY () ; /fgain the values of ¥ axis acceleration raw data

5 az=mpuc050.getRawhccZ {) ;//gain the values of Z axis acceleration raw data

21 gx=mpu&ls0.getRawsyroX () ; //gain the wvalues of X axis Gyroscope raw data

52 gy=mpue050.getRawsyroX () ;//gain the walues of Y axis Gyroscope raw data

53 gz=mpue050.getRawcyroX () ; //gain the walues of Z axis Gyroscope raw data

54 |1 W

Wrover Module on CONE
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Download the code to ESP32-WROVER, open the serial port monitor, set the baud rate to 115200 and you
can use it to measure the distance between the ultrasonic module and the object. As shown in the following

figure:
€9 CcoM6 - O ¥
| || Send |
S
Calculating gyro offsets
D0 NOT MOVE MPU&050...
Done !
X -2.91
Y : 1.89
Z : -0.88
Program will start after 3 seconds
alg: 144 -11& 155823 -1594 -1594 -154
alg: 0.059g -0.01g 0.97g -1.48d/s -1l.484d/3 -1.484/s
alg: 1454 -T& 155872 -141 -141 -151
alg: 0.059g -0.00g 0.97g -1l.46d/s -l.4edfs -l.4gd/s
alg: 15585 -40 16000 -1583 -1583 -153
alg: 0.10g -0.00g 0.98g -1.47d/=2 -1.47d/3 -1.474/=
W
[(Jiutoserolll []Show timestamp Hewline V| |1152:m baud V| | Clear output

The following is the program code:

#include <MPU6050 tockn. h>
#include <Wire.h>

fidefine SDA 13
ftdefine SCL 14

MPU6050 mpu6050 (Wire) ;//Attach the IIC

intl6_t ax, ay, az;//define acceleration values of 3 axes

intl6_t gx, gy, gz;//define variables to save the values in 3 axes of gyroscope

long timer = 0;

void setup() {
Serial. begin (115200) ;
Wire. begin (SDA, SCL) ;
mpu6050. begin() ;
mpu6050. calcGyroOffsets (true) ;

//attach the TIC pin
//initialize the MPU6050
//get the offsets value

void loop() {
if(millis() - timer > 1000) {

mpu6050. update () ; //update the MPU6050

//each second print the data

Any concerns? DX support@freenove.com
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getMotion6 () ;

Serial.

Serial.

Serial

Serial.

Serial.

Serial

Serial.

Serial.

Serial

Serial.

Serial.

Serial

Serial.

Serial.

print ("\na/g:\t”);

print (ax); Serial.

.print(ay); Serial.

print(az); Serial.

print (gx); Serial.

.print(gy); Serial.

println(gz) ;
print ("a/g:\t”);

.print ((float)ax /

print ((float)ay /
print ((float)az /

.print ((float)gx /

print ((float)gy /
print ((float)gz /

timer = millis();

}

void getMotion6 (void) {

ax=mpu6050.
ay=mpu6050.
az=mpu6050.
gx=mpu6050.
gy=mpu6050.
gz=mpu6050.

}

getRawAccX () ;//gain the values of X axis acceleration raw data
getRawAccY () ;//gain the values of Y axis acceleration raw data
getRawAccZ () ;//gain the values of Z axis acceleration raw data
getRawGyroX () ;//gain the values of X axis Gyroscope raw data
getRawGyroX () ;//gain the values of Y axis Gyroscope raw data
getRawGyroX () ;//gain the values of Z axis Gyroscope raw data

//gain the values of Acceleration and Gyroscope value

print ("\t”);
print ("\t”);
print ("\t”);
print ("\t\t”);
print ("\t\t”);

16384) ; Serial.print(“g\t”);
16384) ; Serial.print (“g\t”);
16384) ; Serial.print(“g\t”);
131); Serial.print(“d/s \t”);
131); Serial.print(“d/s \t”);
131); Serial.print(“d/s \n”);

Two library files "MPU6050_tockn.h" and "Wire.h" are used in the code and will be compiled with others.
Class MPU6050 is used to operate the MPU6050. When using it, please instantiate an object first.

[ ] #PUG050 mpuB050(Wire),//Attach the IIC

In the setup function, 1IC and MPU6050 are initialized and the offset difference of MPU6050 is obtained.

void setup() {
Serial.begin(115200);
Wire.begin(SDA, SCL);
mpu6050.begin();

mpu6050.calcGyroOffsets(true); //get the offsets value

}

//attach the 1IC pin
//initialize the MPU6050

The getMotion6 function is used to obtain the x, y, z axis acceleration raw data and the Gyroscope raw data.

void getMotion6(void)

ax=mpub050.getRawAccX();//gain the values of X axis acceleration raw data
ay=mpu6050.getRawAccY();//gain the values of Y axis acceleration raw data
az=mpu6b050.getRawAccZ();//gain the values of Z axis acceleration raw data
gx=mpu6050.getRawGyroX();//gain the values of X axis Gyroscope raw data
gy=mpub6050.getRawGyroX();//gain the values of Y axis Gyroscope raw data
gz=mpub6050.getRawGyroX();//gain the values of Z axis Gyroscope raw data

Any concerns? X support@freenove.com


http://www.freenove.com/

Chapter 26 Attitude Sensor MPU6050

www.freenove.com [l

a8

Finally, the original data of the gyroscope is updated and acquired every second, and the original data, the

processed acceleration and angular velocity data are printed out through the serial port.

20 | voidloop(){
21 if(millis() - timer > 1000){ //each second print the data
22 mpu6050.update(); //update the MPU6050
23 getMotion6(); //gain the values of Acceleration and Gyroscope value
24 Serial.print("\na/g:\t");
25 Serial.print(ax); Serial.print("\t");
26 Serial.print(ay); Serial.print("\t");,cc
27 Serial.print(az); Serial.print("\t");
28 Serial.print(gx); Serial.print("\t\t");
29 Serial.print(gy); Serial.print("\t\t");
30 Serial.printin(gz);
31 Serial.print("a/g:\t");
32 Serial.print((float)ax / 16384); Serial.print("g\t");
33 Serial.print((float)ay / 16384); Serial.print("g\t");
34 Serial.print((float)az / 16384); Serial.print("g\t");
35 Serial.print((float)gx / 131); Serial.print("d/s \t");
36 Serial.print((float)gy / 131); Serial.print("d/s \t");
37 Serial.print((float)gz / 131); Serial.print("d/s \n");
38 timer = millis();
39 }
40 |1}
Reference

member functions:
MPU6050 mpu6050 (Wire): Associate MPUG050 with IIC.
begin(): Initialize the MPUG050.

getRawAccX () : Gain the values of X axis acceleration raw data.
getRawAccY() . Gain the values of Y axis acceleration raw data.
getRawAccZ () : Gain the values of Z axis acceleration raw data.
getRawGyroX () : Gain the values of X axis Gyroscope raw data.
getRawGyroY () : Gain the values of Y axis Gyroscope raw data.
getRawGyroZ() : gain the values of Z axis Gyroscope raw data.
getTemp () : Gain the values of MPU6050'temperature data.

new data.

This is a class library used to operate MPU6050, which can directly read and set MPU6050. Here are some

calcGyroOffsets (true): If the parameter is true, get the gyro offset and automatically correct the offset.
If the parameter is false, the offset value is not obtained and the offset is not corrected.

update () : Update the MPU6050. If the updated function is not used, the IIC will not be able to retrieve the

Any concerns? X support@freenove.com
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Chapter 27 Bluetooth

This chapter mainly introduces how to make simple data transmission through Bluetooth of ESP32-WROVER

and mobile phones.

Project 27.1 is classic Bluetooth and Project 27.2 is low power Bluetooth.If you are an iPhone user, please start

with Project 27.2.

Project 27.1 Bluetooth Passthrough

Component List

ESP32-WROVER x1

00000000000000000000
e ] 2 TBOND 12 14 27 26 Z5 33 52 3 34 VN VB NGV

Joxocikspospr 1 2 o T HEEM T B TS GO 2T AX TX 22 23 GND
000000000 00000O0D0OOOOODO

Micro USB Wire x1

_. .
S

In this tutorial we need to use a Bluetooth APP called Serial Bluetooth Terminal to assist in the experiment. If
you've not installed it yet, please do so by clicking: https://www.appsapk.com/serial-bluetooth-terminal/ The

following is its logo.

Any concerns? X support@freenove.com
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Component knowledge

ESP32's integrated Bluetooth function Bluetooth is a short-distance communication system, which can be
divided into two types, namely Bluetooth Low Energy(BLE) and Classic Bluetooth. There are two modes for
simple data transmission: master mode and slave mode.

Master mode

In this mode, works are done in the master device and it can connect with a slave device. And we can search
and select slave devices nearby to connect with. When a device initiates connection request in master mode,
it requires information of the other Bluetooth devices including their address and pairing passkey. After
finishing pairing, it can connect with them directly.

Slave mode

The Bluetooth module in slave mode can only accept connection request from a host computer, but cannot
initiate a connection request. After connecting with a host device, it can send data to or receive from the host
device.

Bluetooth devices can make data interaction with each other, as one is in master mode and the other in slave
mode. When they are making data interaction, the Bluetooth device in master mode searches and selects
devices nearby to connect to. When establishing connection, they can exchange data. When mobile phones
exchange data with ESP32, they are usually in master mode and ESP32 in slave mode.

g0
RO
o
o
o
O
%o
=0
=0
O

o

[
-0
20
~0

o
1

Master
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Circuit

Connect Freenove ESP32 to the computer using the USB cable.

—

Sketch

Sketch_27.1_SerialToSerialBT

9 SerialToSerialBT | Arduing 1.8.13 Hourly Build 2020/02/19 03:33 - O >
File Edit Sketch Toaols Help

SerialToSerialBT

1 |#include "BluetoothSerial.h™ ~

3 | BluetoothSerial S5=rialBI;

4 |String buffer;

SEH|void setup{) |

6 Serial.begin(ll5200};

SerialBT.kegin{"ESP32test™); //Blustoocth device name

Serial.println{™\nThe device started, now you can pair it with bluetcoth!™);

118 void loop{) {
126 if (Serial.as

railable()) {

13 SerialBT.write(Serial.read());
14 }

158  if (SerialBT.availabls()) {

16 Serial.write(SerialBT.read());
17 }

18 delav{20);

Any concerns? X support@freenove.com
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Compile and upload the code to the ESP32-WROVER, open the serial monitor, and set the baud rate to
115200. When you see the serial printing out the character string as below, it indicates that the Bluetooth of
ESP32 is ready and waiting to connect with the mobile phone.

€9 coms - 0o X

|| Send |

~

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

W

[«] futoseroll [ |Sher timestamp Hewline V| |1152:m baud V| | Clear output

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

3 © N GD 4G:93% W

Serial Bluetoot...

Click "Search" to search Bluetooth devices nearby and select "ESP32 test" to connect to.

il cmee 11:24 3 © A CD 46 93% M Il CMCC 11:24 30O 2D 46 93% M
< Bluetooth < Bluetooth
Bluetooth ] Bluetooth @

. . Rename this device
Rename this device

MyBluetooth
MyBluetooth
Available devices . Paired devices
(]
O  ESP32test ) ESP32test

Available devices

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

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

devices.

Any concerns? DX support@freenove.com
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Turn on software APP, click the left of the terminal. Select "Devices"

11:25 $ © A GD) 4G 93% m | ' cmcC 3 © A GB 4G 93% WD

Terminal 4 § : |

Serial Bluetooth Terminal

Terminal
Devices

Settings

Info

Select ESP32test in classic Bluetooth mode, and a successful connecting prompt will appear as shown on the
right illustration.

< Devices o

BLUETOOTH CLASSIC BLUETOOTH LE 11:25:41.094 Connecting to ESP32test ...

11:25:41.195 Connected

ESP32test
C4:4F:33:22:B6:3B

M1 M2 M3 M4 M5 M6

>

And now data can be transferred between your mobile phone and computer via ESP32-WROVER.

Send 'Hello!" from your phone, when the computer receives it, reply "Hi" to your phone.

€9 coma - 0o X

Hi! | Send

oye- CATIitEIBY) Ny ™
caoovey

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

Hello!

W

[«] futoseroll [ |Sher timestamp Hewline w8600 baud w Clear output

Any concerns? X support@freenove.com
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1l cMcee - 11:26 30O AR 46 92% W

Terminal -4

11:25:41.094 Connecting to ESP32test ...
11:25:41.195 Connected

11:26:11.913 Hello!

11:26:24.759

M1 M2 M3

Reference

This is a class library used to operate BluetoothSerial, which can directly read and set BluetoothSerial.

Here are some member functions:

begin(localName, isMaster) : Initialization function of the Bluetooth

name: name of Bluetooth module; Data type: String

isMaster: bool type, whether to set Bluetooth as Master. By default, it is false.
available(): acquire digits sent from the buffer, if not, return 0.

read(): read data from Bluetooth, data type of return value is int.

readString(): read data from Bluetooth, data type of return value is String.

write(val): send an int data val to Bluetooth.

write(str): send an Srtring data str to Bluetooth.

write(buf, len): Sends the first len data in the buf Array to Bluetooth.

setPin(const char *pin): set a four-digit Bluetooth pairing code. By default, it is 1234
connet(remoteName): connect a Bluetooth named remoteName, data type: String
connect (remoteAddress[]) : connect the physical address of Bluetooth, data type: uint8-t.
disconnect () :disconnect all Bluetooth devices.

end(): disconnect all Bluetooth devices and turn off the Bluetooth, release all occupied space

Any concerns? X support@freenove.com
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Project 27.2 Bluetooth Low Energy Data Passthrough

Component List

ESP32-WROVER x1 Micro USB Wire x1

; )
P A30-HIAOHM-ZEdS3 |
Pl 3\ON334]

Circuit

Connect Freenove ESP32 to the computer using the USB cable.

00000000
T CMD SD3 §D2 13 GND 12

-
=)
m
m
2
o
<
m
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Sketch

Sketch_27.2 BLE

% BLE uart | Arduino 1.8.13 Hourly Build 2020/02/19 03:33

File Edit Sketch Tools Help

BLE_uart
=]
538 void setup() {
54 Serial.begin{l15200);
55 setupBLE ("E5P32_Bluetooth™);
56 |}
27
S8H void loop() [
58 long now = millis();

f0E  if (mow - lastMsg > 1000) |

1B if {deviceConnectedserxload.length)>0) {
62 Serial.println({rxload);

63 rxload="";

g4 1

65l if(Serial.availabls({)>=0){

66 String str=Serial.readString();
67 const char *mewValue=str.c_str();
68 pCharacteristic-»setValue {newValuIa:l H
64 pCharacteristic-»notify () :
70 }
71 lastMsg = now;
72 }
73 1
74
75

£

Serial Bluetooth
Compile and upload code to ESP32, the operation is similar to the last section.

Wrover Module an COM3

First, make sure you've turned on the mobile phone Bluetooth, and then open the software.

11:23 3 © N GDR) 4G:93% W

Serial Bluetoot...

Any concerns? X support@freenove.com
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Click "Search" to search Bluetooth devices nearby and select "ESP32 test" to connect to.

1 cMcce 11:24 3O NG 46 93% M
< Bluetooth
Bluetooth .

Rename this device
MyBluetooth

Available devices .

O  ESP32test

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"

11:25 3 © A G 4G 93% m | ' cMce 3 © 2GR 46 93% WD

Terminal 4 8§ |

Serial Bluetooth Terminal

Terminal
Devices
Settings

Info

Select BLUETOOTHLE, click SCAN to scan Low Energy Bluetooth devices nearby.

< Devices SCAN &%

BLUETOOTH CLASSIC BLUETOOTH LE

| ESP32_Bluetooth
C4:4F:33:22:B6:3B (p: Connect

Edit

Any concerns? X support@freenove.com
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Select"ESP32-Bluetooth”

& Scanning... stor 3

BLUETOOTH CLASSIC BLUETOOTH LE

ESP32_Bluetooth
C4:4F: 2:B6:3B (paired)

Lightblue

If you can't install Serial Bluetooth on your phone, try LightBlue.lf you do not have this software installed on
your phone, you can refer to this link:

https://apps.apple.com/us/app/lightblue/id557428110#?platform=iphone.

LightBlue®
The go-to BLE development tool
Punch Through

*%K*k* 404 Ratings

Free

~/

Screenshots mac iPhone iPad

-

6:48 T - 6:49

- 649 -
Filter ¢ Back Peripheral Clone « Health Monitor Temperature Measure... Hex Cancel Characteristic Format
Hoalih Mordicr

o NPT e Health Monitor Hasith Maror

1 Search Peripherals By N Temperature Measurement
UUD: AS3IABOE-FAFF-4560-BAAG-F216BAZTEZI0 Temperature Measurement ULAD: 281G
COTTT

Ll Health Monitor O 123456 ,
B 7 services ADVERTISEMENT DATA Show
Ll Matt's Mug b 04432126
- 1 senice Device Information Listen for natifestions

4l Thed's Arduino Uno
W 2 services

i) Cloud Connect 00010010001 1010001010110

Ll Gretchen's Fitbit Blaze Manufacturer Name String
N 1 senice Purch Throug

al Hearl Rate Monitor Health Thermometer Indicate
Jill Colin's iPhone Xs
48 Noservices

Al Sous Vide Bean
- 1senice

Ll Mike's MacBook Pro
. NO services

all PT DevKit
AR 2 services

il Health Monitar
a8 7 services

Byte Count: = | + |

Endianress: [ oo [T

Any concerns? X support@freenove.com
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Stepl. Upload the code of Project27.2 to ESP32.
Step2. Click on serial monitor.

@ sketch 27.2 BLE USART | Arduino 1.8.13
File Edit Sketch Tools Help

#include "BLEDevice.h™
& #include "BLEServer.h"
S |#include "BLEUtils.h"
10 #include "BLE2902.n"
11 #include "String.h™

12
13 BLECharacteristic *pCharacteristic;
14 bool deviceConnected = false;

15 |uintd_t txValue = 07
le long lastMsg = 07
17 String rxload="Test\n";

18 #define SERVICE UUID "EE400001-B5A3-F393-E0RY-ES0E24DCCRIE™
20 #define CHARACTERISTIC_UUID RE "6E400002-B5A3-F393-E0AS-ES0E24DCCRSE™
21 |#define CHARACTERISTIC UUID TX "6E400003-B5A3-F393-E0AI-ES0E24DCCRIE™

rduino-builder -dump-prefs -logger=machine -hardware E:\arduino\arduino-1l.8.l3\hardware -hardware C:\U

ESP: over Module, Default, @10, 80MHz, 00, None on COMS

Step3. Set baud rate to 9600.

@ coms — O ®
Send

el

W

[] futozcrall [] Show timestsmp Newline w8600 baud ~ Clear output

Turn ON Bluetooth on your phone, and open the Lightblue APP.

17:16 fay "

=

(]

Flashlight ~ Screensh...

“+ (M @ i

Airplane Rotation GPS Vibrate

Any concerns? X support@freenove.com
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In the Scan page, swipe down to refresh the name of Bluetooth that the phone searches for. Click
ESP32_Bluetooth.

i cmee 17:17 3O A MR 46:53% WO 1l cMCC 17:30 3@ 20D 48% M

<  ESP32_Bluetooth
E GENERIC ATTRIBUTE

LightBlue® =

Service Changed
[ 4 ESP32_Bluetooth ] Indicate >

-54dBm  24:62:AB:FD:D1:8E

, M31_BT_1D30C8 GENERIC ACCESS

o7dBm  57:4C:54:1D:30:C8 )
Device Name N

. Unnamed Readable

-73dBm  17:ABA4E:D5:F7:1A
Appearance S
Readable

. Unnamed

sl Central Address Resolution =
Readable

6e400001-b5a3-f393-e0a9-
e50e24dcca%e

6e400003-b5a3-f393-e0a9-
e50e24dcca%e 2>

Receive Notify
6e400002-b5a3-f393-e0a9-
B <5 e50e24dcca9e >
Scan Bonded Writable

Click “Receive”. Select the appropriate Data format in the box to the right of Data Format. For example, HEX
for hexadecimal, utf-string for character, Binary for Binary, etc. Then click SUBSCRIBE.

Il cMcC 17:33 202 6D 47% M 1 cMce 17:34 30 2= 0R 47% M0

& 6e400003-b5a3-f393-e0a9-... < 6e400003-b5a3-f393-e0a9-...

% Readable % Readable
Able to be read from Able to be read from
% Writable % Writable

Able to be written to Able to be written to

READ/INDIC/

Supports notifications/indications
v/ Able to be subscribed to for notifications/
indications on changes to the characteristic

Data format [ Hex _v]

Binary

No value read
Tap on one of the k
begin

Unsigned Little-Endian _

Signed Little-Endian

DESCRIPTOR

Unsigned Big-Endian
Client Charact

00002902-0000-1( Signed Big-Endian

UTF-8 String B

Supports notifications/indications
v/ Able to be subscribed to for notifications/
indications on changes to the characteristic

Data format [ UTF-8 String - ]

READ/INDICATED VALUES

SUBSCRIBE

No value read recently
Tap on one of the buttons above — if available — to
begin

DESCRIPTORS

Successfully opted out of characteristic changes

Any concerns? DX support@freenove.com
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Back to the serial monitor on your computer. You can type anything in the left border of Send, and then click

Send.
@ coms — O X
Hellol || Send |
—
W
[] futozcrall [] Show timestsmp |Hewline V| |SEUO baud V| | Clear output

And then you can see the mobile Bluetooth has received the message.

%1l cMcC 17:40 30O XSGR 45% M0

< 6e400003-b5a3-f393-e0a9-...

% Readable
Able to be read from
X Writable

Able to be written to

Supports notifications/indications

v/ Able to be subscribed to for notifications/
indications on changes to the characteristic

Data format | UTF-8 String v ]

READ/INDICATED VALUES

UNSUBSCRIBE

Hello ]

Fri Feb 05 17:40:09 GMT+08:00 2021

DESCRIPTORS

Client Characteristic Configuration
00002902-0000-1000-8000-00805f9b34fb

Any concerns? X support@freenove.com
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Similarly, you can select “Send” on your phone. Set Data format, and then enter anything in the sending box

and click Write to send.

il ecmee 17:30

30 NS 0D 48% M

& ESP32_Bluetooth :

GENERIC ATTRIBUTE

Service Changed £

Indicate

GENERIC ACCESS

Device Name S
Readable
Appearance =
Readable
Central Address Resolution S
Readable

6e400001-b5a3-f393-e0a9-
e50e24dcca9e

6e400003-b5a3-f393-e0a9-
e50e24dcca%e -2
Notify

6e400002-b5a3-f393-e0a9-
e50e24dcca9e -
Writable

il cmee 17:44

3O N7 0B 44% D0

= 6e400002-b5a3-f393-e0a9-...

Data format | UTF-8 String - )

READ/INDICATED VALUES

No value read recently
Tap on one of the buttons above — if available — to
begin

WRITTEN VALUES

pr—

i

\b, \f, \n, \, \t, \x00, \u0000 and \000 escape

]

No value written recently

Input some data and tap on the "Write" button to
begin

DESCRIPTORS

No data

Mo dacerintare aconpiatad with thic charastarictio

And the computer will receive the message from the mobile Bluetooth.

@ coms — O ®

| [E=n

17:48:31.558 -> hello ~
W

[] futozcrall [] Show timestsmp Newline V| |SEUO baud V| | Clear output

Any concerns? DX support@freenove.com
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And now data can be transferred between your mobile phone and computer via ESP32-WROVER.
The following is the program code:

#include <BLEDevice.h>

#include <BLEServer.h>

#include <BLEUtils.h>

#include <BLE2902.h>

#include <String.h>

BLECharacteristic *pCharacteristic;
bool deviceConnected = false;
uint8 t txValue = 0;

long lastMsg = 0;

String rxload="Test\n”;

#define SERVICE_UUID ”6E400001-B5A3-F393-E0A9-E50E24DCCAIE”
#define CHARACTERISTIC UUID RX “6E400002-B5A3-F393-E0A9-E50E24DCCAIE”
#define CHARACTERISTIC UUID_TX “6E400003-B5A3-F393-E0A9-E50E24DCCAE”

class MyServerCallbacks: public BLEServerCallbacks {
void onConnect (BLEServer* pServer) {
deviceConnected = true;
b
void onDisconnect (BLEServer* pServer) {

deviceConnected = false;

b

class MyCallbacks: public BLECharacteristicCallbacks {
void onWrite (BLECharacteristic *pCharacteristic) {
std::string rxValue = pCharacteristic—>getValue() ;
if (rxValue.length() > 0) {
rxload="";
for (int i = 0; i < rxValue. length(); i++) {

rxload +=(char)rxValuel[i];

void setupBLE(String BLEName) {
const char *ble name=BLEName.c str();
BLEDevice::init (ble name) ;

BLEServer #*pServer = BLEDevice::createServer() ;

pServer—>setCal lbacks (new MyServerCallbacks()) ;

Any concerns? X support@freenove.com
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BLEService *pService = pServer—>createService (SERVICE UUID) ;

pCharacteristic=
pService—>createCharacteristic (CHARACTERISTIC UUID TX, BLECharacteristic::PROPERTY NOTIFY) ;

pCharacteristic—>addDescriptor (new BLE2902()) ;

BLECharacteristic *pCharacteristic =
pService—>createCharacteristic (CHARACTERISTIC UUID RX, BLECharacteristic::PROPERTY WRITE) ;

pCharacteristic—>setCallbacks (new MyCallbacks()) ;

pService—>start () ;

pServer—>getAdvertising ) —>start() ;

2

Serial.println("Waiting a client connection to notify...”);

void setup() {
Serial. begin (9600) ;
setupBLE ("ESP32 Bluetooth”);

void loop() {
long now = millis();
if (now — lastMsg > 1000) {
if (deviceConnected&&rxload. length()>0) {
Serial.println(rxload) ;

nn

rxload="";

}

if(Serial. available () >0) {
String str=Serial.readString() ;
const char *newValue=str.c_str();
pCharacteristic—>setValue (newValue) ;
pCharacteristic—>notify();

}

lastMsg = now;

}

Define the specified UUID number for BLE vendor.
#define SERVICE_UUID ”6E400001-B5A3-F393-E0A9-E50E24DCCA9E”
#define CHARACTERISTIC UUID RX “6E400002-B5A3-F393-E0A9-E50E24DCCA9E”
#define CHARACTERISTIC UUID TX “6E400003-B5A3-F393-E0A9-E50E24DCCA9E”

Any concerns? DX support@freenove.com
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Write a Callback function for BLE server to manage connection of BLE.
class MyServerCallbacks: public BLEServerCallbacks {

void onConnect (BLEServer* pServer) {
deviceConnected = true;

b

void onDisconnect (BLEServer* pServer) {

deviceConnected = false;

s
Write Callback function with BLE features. When it is called, as the mobile terminal send data to ESP32, it will
store them into reload.

class MyCallbacks: public BLECharacteristicCallbacks f

void onWrite (BLECharacteristic #*pCharacteristic) {
std::string rxValue = pCharacteristic—>getValue();
if (rxValue.length() > 0) {
rxload="";
for (int i = 0; i < rxValue. length(); i++) {

rxload +=(char)rxValue[i];

1
Initialize the BLE function and name it.
- setupBLE ("ESP32 Bluetooth”) ;
When the mobile phone send data to ESP32 via BLE Bluetooth, it will print them out with serial port; When
the serial port of ESP32 receive data, it will send them to mobile via BLE Bluetooth.

long now = millis();
if (now - lastMsg > 1000) {
if (deviceConnected&&rxload. length()>0) {
Serial. println(rxload) ;

nn

rxload="";

}

if(Serial.available () >0) {
String str=Serial.readString();
const char #*newValue=str.c_str();
pCharacteristic—>setValue (newValue) ;
pCharacteristic—>notify () ;

}

lastMsg = now;

Any concerns? X support@freenove.com
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The design for creating the BLE server is:
1. Create a BLE Server
2. Create a BLE Service
3. Create a BLE Characteristic on the Service
4. Create a BLE Descriptor on the characteristic
5. Start the service.
6. Start advertising.
void setupBLE(String BLEName) {

const char *ble name=BLEName.c str();

BLEDevice::init (ble name) ;

BLEServer #*pServer = BLEDevice::createServer() ;

pServer—>setCallbacks (new MyServerCallbacks()) ;

BLEService #*pService = pServer—>createService (SERVICE UUID) ;

pCharacteristic=
pService—>createCharacteristic (CHARACTERISTIC UUID TX, BLECharacteristic::PROPERTY NOTIFY) ;

pCharacteristic—>addDescriptor (new BLE2902()) ;

BLECharacteristic *pCharacteristic =
pService—>createCharacteristic (CHARACTERISTIC UUID RX, BLECharacteristic::PROPERTY WRITE) ;

pCharacteristic—>setCallbacks (new MyCallbacks());

pService—>start () ;

pServer—>getAdvertising ) —>start () ;

Serial.println("Waiting a client connection to notify...”);

Any concerns? DX support@freenove.com
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Project 27.3 Bluetooth Control LED

In this section, we will control the LED with Bluetooth.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

3l FREENOVE
H

°E°
Ol

Micro USB Wire x1 LED x1 Resistor 220Q x1 | Jumper M/M x2
| 2
I

Breadboard x1

oooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooo

o

o3
oF
(e}
[o34
03l
(oL
on
o5
o8
OF
OF
(o}

o

o}

e}

o
O

:
5
(7]
g
-1
w
0
o
(0]
&
&
(]
g
8
w

o

o 52 0
0000000000000 0OD0O0D0OOOO

---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................

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

oooooooooooooooooooooooooooooooooooooooooooooooo
-----------------------------------------------
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Circuit

Connect Freenove ESP32 to the computer using a USB cable.

Schematic diagram

5V EXT-3.3V
3.3V GND
EN 23
36/VP 2
39/VN 1TX
34 3/RX
35 21
32 GND
33 19

2  ESP32-WROVER &
2% GPIO Extension -2

L
T T

G

14 GND
12 4
GND
3 RI +
9/SD2 15 220Q
10/SD3 8/SD1 1
11/CMD 7/SD0O
5V 6/CLK /
Sy GhD LED1 /

GND Red (633nm) 2 1 2

A\N

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

2 oo . . .
[}
Q
m I
g . L4 L T e e e L
‘B . . e e L -W e o o
qc) L L ] L ® o & o 9o 0o 0 o @
E g 8 o g ® o 8 s 0 0 0 * e
o] © b g & * o s 0000 * e
o
- R 0] -
= N i ® o o o 9 o 0 * e
: E 6 * o o o o o * o
[ & e o o 0 0 00 * e
m quj > ® s 0 00 00 L
) FREENOVE 20 B . e o0 00 00 L
ESP32-WROVER-DEV 5
: <4
A I * e . . . . * e
o e e e e e e e e e e e oo e e ) ° o

Any concerns? X support@freenove.com



http://www.freenove.com/

B www.freenove.com Chapter 27 Bluetooth

Sketch

Sketch_27.3 Bluetooth_Control _LED

€9 bluetoothToled | Arduino 1.8.13 Hourly Build 2020/02/19 03:33 — O >
File Edit Sketch Tools Help

hluetoothToLed

1 |#include "BluetcothSerial.h”™ ™
2 #include "string.h"

3 |#define LED 2

4 |BluetoothSerial S5=rialBT;

char buffer[20];

[}

& |static int count = 0;

TE woid secup() {

5 pinMods (LED, OUTFUT):

G SerialBT.begin("ESP32test™)r //Bluetooth device name

10 Serial .begin{l15200) =

11 Serial.println{"\nThe device started, now you can pair it with bluetcoth!™):

148 woid loop() [
15 while(SerialBT.availakle())

lel |

17 buffer[count] = SerialBT.read():;

18 count++;

149 }

2ng

21 1t {buffer);

2z y "led_on", 6)==0){
23 digitalWrite (LED,HIGH) ;

24 }

250E if {(strncop {(buffer, "led off™, T)==0) |
26 digitalWrite (LED, LOW) »

27 1

28 count=0;

259 memset (buffer, 0,20) 5

3 1

3l |} w

Wrover Module on COM4

Any concerns? X support@freenove.com
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Compile and upload code to ESP32. The operation of the APP is the same as 27.1, you only need to change
the sending content to "led_on" and "led_off" to operate LEDs on the ESP32-WROVER.
Data sent from mobile APP:

1l cMce - 09:48 30 N2 G0 94% M

Terminal N 3§ :

09:47:50.762 Connecting to ESP32test ...
09:47:51.231 Connected

09:47:57.167 abcd

09:47:59.063 led_on

09:48:00.201 led_off

09:48:04.033 led_on

09:48:05.456 led_off

M1 M2 M3

Display on the serial port of the computer:

€ coma - O X

Send

abcd 63
led on
led off
led on
led off

W

Autoscroll DShor timestamp Hewline w 115200 baud -~ Clear output

The phenomenon of LED
N bz

Send: “led_on”

Send: “led_off”

Attention: If the sending content isn't "led-on' or "led-off", then the state of LED will not change. If the LED is
on, when receiving irrelevant content, it keeps on; Correspondingly, if the LED is off, when receiving irrelevant
content, it keeps off.

Any concerns? X support@freenove.com
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The following is the program code:
#include “BluetoothSerial.h”

#include “string.h”

#define LED 2

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(”\The device started, now you can pair it with Bluetooth! ”):

void loop() f
while (SerialBT. available())
{
buffer[count] = SerialBT. read() ;
counttt;
}
if (count>0) {
Serial. print (buffer) ;
if (strnemp (buffer, “led on”, 6)==0) {
digitalWrite (LED, HIGH) ;
}
if (strnemp (buffer, “led off”, 7)==0) {
digitalWrite (LED, LOW) ;
}
count=0;
memset (buffer, 0, 20) ;

1
Use character string to handle function header file.

! #include “string.h”

Define a buffer to receive data from Bluetooth, and use "count” to record the bytes of data received.

char buffer[20];
. static int count = 0;
Initialize the classic Bluetooth and name it as "ESP32test”
- SerialBT. begin ("ESP32test”); //Bluetooth device name

Any concerns? X support@freenove.com
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When receive data, read the Bluetooth data and store it into buffer array.
while (SerialBT. available()) {
buffer[count] = SerialBT. read();

count++;
}
Compare the content in buffer array with "led_on" and "led_off" to see whether they are the same. If yes,
execute the corresponding operation.
if (strnemp (buffer, “led on”, 6)==0) {
digitalWrite (LED, HIGH) ;
}
if (strnemp (buffer, "led off”, 7)==0) {
digitalWrite (LED, LOW) ;
}
After comparing the content of array, to ensure successful transmission next time, please empty the array

and set the count to zero.

count=0;
memset (buffer, 0, 20) ;

Reference

strncmp() functions are often used for string comparisons, which are accurate and stable.
strl: the first string to be compared

str2: the second string to be compared

n: the biggest string to be compared

Return value: if stirl>str2, then return value>0.
If return value is O, then the contents of strl and str2 are the same.
If strl< str2, then return value<0.

Function memset is mainly used to clean and initialize the memory of array

Function memset() is to set the content of a certain internal storage as specified value.
*s: the initial address of the content to clear out.
c:to be replaced as specified value

n: the number of byte to be replaced

Any concerns? X support@freenove.com
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Chapter 28 Bluetooth Media by DAC

ESP32 integrates Classic Bluetooth and Bluetooth Low Energy(BLE). It can transmit not only simple data and
orders, but also files including texts and audios. In this section, we will utilize the audio’s receiving function of

Bluetooth to receive music from mobile phones and play it.

Project 28.1 Playing Bluetooth Music through DAC

Use the Bluetooth audio receiving function of ESP32 to transcode the audio data from mobile phones and
play the music through DAC output pin.

The accuracy of ESP32's DAC is only eight bits, so the music would be distorted to some extent using this
tutorial. In order to highlight the difference between having and not having an iis decoder, we recommend
learning Chapter 29.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

EXT-3.3v &

L)

bwociksosoi 15 2 o TGND ZT RX TX 23 GND|
0000000000000 0OD0OD0O0OOOO

FREENOVE
SP32-WR!

Freenove ESP32 GPIO Extension Board

[
o3
ot
ozl
03
o3
o8
o3
o8
o
OF
o=
on
o
o
of
of
of
o

O

m
bl
VRSt
o ]
m
<

Micro USB Wire x1 Speaker

—
—

NPN transistorx1 Diode x1 Resistor 1kQ x1 Capacitor 10uF x1

(S8050) n
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Component knowledge

signal conversion

Bluetooth devices receive music data from mobile devices, which cannot play through earphones and
speakers directly. To output DAC signal, Bluetooth devices need to decode these data with 12S decoding
chip. The power of these audio signals is so small that it can only drives low-power music listening devices,
such as earphone. Amplify the power of these DAC signals with power amplifier chip, so that it can drive
relatively bigger-power music playing devices, such as speakers.

Digital Signal DAC OUTPUT Amplifier

ol

In this chapter, we use ESP32-WROVER's built-in audio decoding feature to convert the received Bluetooth
data directly into an audio signal and output it via ESP32-WROVER's DAC pin.

Circuit

Schematic diagram

I

—36/VP 20—

—139/VN 1TX —

—34 3/RX

et 35 Pa

5V —32 GND [—

T —133 19 e

. (GP1025 > % ESP32-WROVER % —

1N4001 B =06 GPIO Extension 2

A m —27 GND }—

—14 GND }——

st { 2 P

R1 ) — —
1kQ sl ?BND g

1 T N — e

0wt —o/sD2 15—

—10/SD3 8/SD1 }——

—11/CMD 7/SDO }——

— 5V 6/CLK ——

et B\ GND GND j——
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com

;
—_—

L

L

FREENOVE

ESP32-WROVER-DEV

Freenove ESP32 GPIO Extension Board

" GEEEEED * *

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

Sketch

Before compiling the code, follow these steps for the setting:

1, “Tools”>“Partition Scheme”>"Huge APP (3MB No OTA/1MB SPIFFS)”;

2, “Tools">"“Flash Mode”>"DOUT";

3, “Tools">"“Flash Frequency”->"80MHz";

You can refer to the following picture for configuration

Sketch_28.1_Bluetooth_Music_by DAC

Note: ESP32 board support packages are different and will cause compilation failures. We provide
two codes, if you can't use it, please change another code.

€D 28.1 | Arduino 1.8.12 — O X
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch

Fix Encoding 8 Reload

34 void setuy Manage Libraries... Ctrl+Shift+1 ol
- ??rlali Serial Monitor Ctrl+Shift+M

— ;;;;;__- Serial Plotter Ctrl+Shift+L

- WiFi101 / WiFININA Firmware Updater

39 g3p err

o B if ferr Board: "ESP32 Wrover Maodule" ¥ o

11 ESP EE

a2 err = Upload Speed: "921600" -]

43 1 Flash Frequency: "BOMHz" »

i 123 cond plach Mode: "DOUT! >

15 | i2s cont N - BUILT_IN);

ie i3s3 cont Partition Scheme: "Huge APP (3MB Mo OTA/1MB SPIFFS)" ¥

47 iEs:ccni Core Debug Level: "None” pJ

43 i2s_coni Port: "COMA™ 3 /{2-channel
45 ia 1

- t s_u:'.c:nd Get Board Info

a0 i2s_coni

o 123_con] Programmer: "AVRISP mkll” »

52 i2s_coni

53 i2s_cont Burn Bootloader
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Compile and upload the code to the ESP32-WROVER and open the serial monitor. ESP32 takes a few
seconds to initialize the program. When you see the prompt as shown in the figure below, it means that the
Bluetooth function of ESP32 is ready and waiting for the connection of other Bluetooth devices.

€9 com4

Send

10:01:5%.4585 -> Init seccess!
10:01:59.495 -> Pleases use your blustcoth device to connect the ESP32!

Please use your mobile phone to search and connect a Bluetooth device named "ESP32". After the

connection is successful, you can use ESP32 to play the audio files in your mobile phone.

I

\—

The following is the program code:

1

© 0 N O O1 » W DN

—_
= O

DN — = = = = e e
S © 00 1 O O B W N

#include “BluetoothSerial. h”
#include “driver/i2s.h”
#include “nvs.h”

#include “nvs_flash.h”
#include “esp bt.h”
#include “bt_app_core.h”
#include “bt_app_av.h”
#include “esp bt main.h”

" ” . ”
#include “esp bt device.h
" ” .o
#include "esp gap bt api.h
#include “esp_a2dp api.h”

#include “esp avrc api.h”

fidefine CONFIG CLASSIC BT ENABLED
fidefine CONFIG BT ENABLED

fidefine CONFIG BLUEDROID ENABLED

BluetoothSerial SerialBT;

static void bt av hdl stack evt(uintl6 t event,

void *p param) {

Any concerns? X support@freenove.com
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if (event==0) {
/* initialize A2DP sink */
esp _a2d register callback (&bt app a2d cb);
esp _a2d sink register data callback(bt app a2d data cb);
esp _a2d sink init();
/* initialize AVRCP controller */
esp_avrc_ct_init();
esp _avrc ct register callback(bt app rc ct cb);
/* set discoverable and connectable mode, wait to be connected */

esp_bt_gap_set_scan_mode (ESP_BT SCAN MODE CONNECTABLE DISCOVERABLE) ;

void setup() {
Serial. begin(115200) ;
SerialBT. begin ("ESP32”) :

Serial. println(“Init seccess! ”);

esp err t err = nvs flash init();

if (err == ESP_ERR NVS NO FREE PAGES || err == ESP ERR NVS NEW VERSION FOUND) {
ESP_ERROR CHECK (nvs_flash erase());
err = nvs flash init();

}

i2s config t i2s config;

i2s _config. mode = (i2s mode t) (I12S MODE MASTER | 12S MODE TX | I2S MODE DAC BUILT IN);

i2s _config.bits per sample = 12S BITS PER SAMPLE 24BIT;

i2s_config. sample rate = 44100;

i2s config. channel format = 12S CHANNEL FMT RIGHT LEFT: //2-channels

i2s config. communication format = 12S COMM FORMAT I2S MSB;

i2s config. intr alloc flags = 0;

i2s config. dma buf count = 6;

i2s _config. dma buf len = 60;

i2s config. tx desc _auto clear = true;

i2s driver install(I2S NUM 0, &i2s config, 0, NULL);

i2s set dac mode (I2S DAC CHANNEL BOTH EN) ;

i2s set pin(I2S NUM 0, NULL);

esp_bluedroid init(;

esp_bluedroid enable();

bt app task start up(;

bt app work dispatch(bt av hdl stack evt, 0, NULL, 0, NULL);

Serial. println(“Please use your Bluetooth device to connect the ESP32! ”):

Any concerns? X support@freenove.com
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void loop() {

—

Add program files related to Bluetooth and APl interface files.

#tinclude “BluetoothSerial.h”
#tinclude “driver/i2s.h”
#tinclude “nvs.h”

#include “nvs_flash.h”
#include “esp bt.h”
#include “bt_app_core.h”
#include “bt_app_av.h”
#include “esp bt main.h”
#include “esp bt device.h”
#include “esp gap bt api.h”
#include “esp a2dp api.h”

#include “esp_avrc_api.h”

Set the Bluetooth in slave mode through macro definition and use it to receive data from other devices.
#define CONFIG_CLASSIC BT ENABLED

#define CONFIG_BT ENABLED

#define CONFIG_BLUEDROID ENABLED

Initialize the serial port and set the baud rate to 115200; initialize Bluetooth and name it as "ESP32".
Serial. begin (115200) ;

SerialBT. begin ("ESP32”) ;

Serial. println(“Init seccess! ”);

Define an 12S interface variable and initialize it.

i2s config t i2s config;

i2s_config.mode = (i2s mode t) (I2S _MODE MASTER | I2S MODE TX | I2S MODE DAC BUILT IN);
i2s config.bits per sample = 12S BITS PER SAMPLE 24BIT;

i2s config. sample rate = 44100; // sampling frequency of audio data

i2s_config. channel format = I2S CHANNEL FMT RIGHT LEFT;//Left and right channels

i2s config. communication format = [2S COMM FORMAT I2S MSB;

i2s_config. intr_alloc_flags = 0; //Set interrupt priority

i2s_config. dma_buf count = 6; //Set up DMA data partitions

i2s_config. dma_buf len = 60; //Set the DMA capacity for each partition
i2s _config. tx_desc_auto clear = true; //Set automatic clearing of DMA data

i2s_driver install(I2S NUM 0, &i2s _config, 0, NULL);//Initialize I2S function
i2s_set_dac_mode (I2S DAC CHANNEL BOTH EN);//Set the DAC to dual channel mode
i2s_set_pin(I2S NUM 0, NULL); //Set the output pin as GPI025

Initialize the Bluetooth hardware device, establish a Bluetooth thread task, and print out messages to prompt
the user to take the next step.

esp_bluedroid init();
esp_bluedroid enable();

bt _app task start up();

Any concerns? DX support@freenove.com
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. bt_app work dispatch(bt_av_hdl stack evt, 0, NULL, 0, NULL);

Serial. println("Please use your Bluetooth device to connect the ESP32! ”):

Bluetooth thread task: Set Bluetooth to slave mode; initialize Bluetooth command resolution function; set
Bluetooth to be visible to other devices and in waiting for connection mode.

static void bt_av_hdl stack evt(uintl6 t event, void *p param) {
if (event==0) {
/% initialize A2DP sink */
esp_a2d register callback (&bt _app a2d cb);
esp_a2d_sink register data callback (bt app a2d data cb) ;
esp_a2d_sink init();
/#* initialize AVRCP controller */
esp_avrc_ct_init();
esp_avrc_ct register callback(bt app rc_ct ch);
/* set discoverable and connectable mode, wait to be connected */

esp bt gap set scan mode (ESP BT SCAN MODE CONNECTABLE DISCOVERABLE) ;

Any concerns? X support@freenove.com
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Chapter 29 Bluetooth Media by PCM5102A

In the previous section, ESP32's own DAC was used to output the audio signal, and obviously there was some
distortion in the sound quality. In this section, with the help of PCM5102A chip, you will enjoy higher-quality
music.

Project 29.1 Playing Bluetooth Music through PCM5102A

In this project, we will use PCM5102A chip to transcode audio data into stereo and output it.

Component List

ESP32-WROVER x1 GPIO Extension Board x1

00000000000 00O0O0O0
D2 T8GND T2 14 27 2 25 59 @ 38 3 W VP N3y

Micro USB Wire x1

=1
—

Speaker

Jumper F/M x4
Jumper F/F x2

Any concerns? X support@freenove.com
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Component knowledge

The front and reverse view of Audio Converter & Amplifier module.

front view reverse view schematic diagram
| S
aOen Le L3
FREENDVE 3 BCK 5 R+ [——
www.freenove.com DIN >
—ek 8
‘ _ 5| vee U‘ G | 10
Z PAMB403 —&deno 2 RF—
-VCC:3.3-5V = G 8
=0 < L

Interface description for Audio Converter & Amplifier module

Pin Name Introductions

1 SCK System clock input

2 BCK Audio data bit clock input

3 DIN Audio data input

4 LCK Audio data word clock input

5 VCC Power input, 3.3V~5.0V

6 GND Power Ground

7 L External audio left channel input

8 G Power Ground

9 R External audio right channel input
10 G Power Ground

11 R+ Positive pole of right channel horn
12 R- Negative pole of right channel horn
13 L+ Positive pole of left channel horn
14 L- Negative pole of left channel horn

FREENOVE

oS BB R

‘l_l\ I

— —— A —— " A e e DA i o
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Speaker interface: Connect left channel speaker and right channel speaker. Group L: L+ & L-; Group R:
R+& R-. The two interfaces of the speaker can be connected to the interfaces of group L or group R. But
when one interface is connected to group L, the other cannot be connected to group R. Doing so may cause
the module to malfunction.

Headphone interface: the interface to connect the headphones.

I2S input interface: connect to the device with I12S. Used to transcode audio data into DAC audio signals.

External audio input interface: connect to external audio equipment. Used to amplify externally input
audio signals.

Power interface: connect to external power supply. External power supply selection range: 3.3V-5.0V.

Circuit

Schematic diagram

1

—Iaay BV EXT-3.3V gupl—
E 23—
——{36ivP 22— GPI02)
——1 30N 1TX fs
—13a YRX f——
—135 21—
—32 GND|— 14
T 33 E | L = —l_ SPEAKER
6p1025 25 ESP32-WROVER 18— = L+}13
(Gpro2s > 26 GPIO Extension 5[ ek & R-H2-
— GND f—— rioze ——2 ek @ R L
—1a GND [— 3 >
—i2 4 Gp1022 ————=21DIN g
—lGND o— GPI025 4 {1 ek (W)
—3 2b— _ g vee o G ;—
SD2 15— GND o] RFE=E—
——10/SD3 8/SD1—— J:_ E GF—
—{11/cmp 7/8D0—— = < LH—
—sv 6/CLK f——
— 5V GND [——

GND

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

ey @ © o

o

=

FREENOVE

Freenove ESP32 GPIO Extension Board
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Sketch

Before compiling and upload the program, please check whether your configuration conforms with the
following illustration.

Sketch_29.1_Bluetooth_Music_by PCM5102A

Note: ESP32 board support packages are different and will cause compilation failures. We provide two
codes, if you can't use it, please change another code.

€D 28.1 | Arduino 1.8.12 — O X
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch

Fix Encoding 8 Reload

Manage Libraries... Ctrl+Shift+1 ol
Serial Monitor Ctrl+Shift+ M

37 Serial. Serial Plotter Ctrl+Shift+L
- WiFi101 / WiFININA Firmware Updater
39 es3p_err
H0EAE ferr Board: "ESP32 Wrover Maodule" ¥ o
41 ESP E
42 err = Upload Speed; "921600" ¥
43 1 Flash Frequency: "B0OMHz" »
44 | 129 con Flash Mode: "DOUT" >
15 i2s con N - BUILT_IN);

- i3s3 con Partition Scheme: "Huge APP (3MB Mo OTA/1MB SPIFFS)" ¥
47 i2s_con Core Debug Level: "None” pJ

3 i2s_con Port: "COMA™ 3 /{2-channel
45 2
- 1 s_con Get Board Info
a0 i2s_con
o 123_con Programmer: "AVRISP mkll” »
52 i2s_con
=3 i2s_con Burn Bootloader

Compile and upload the code to the ESP32-WROVER and open the serial monitor. ESP32 takes a few
seconds to initialize the program. When you see the prompt as shown in the figure below, it means that the
Bluetooth function of ESP32 is ready and waiting for the connection of other Bluetooth devices.

€9 com4 - o X

Send

10:01:59.495 -> Init secceas! ™
10:01:59.495 -> Pleases use your blustcoth device to connect the ESP32!

Please use your mobile phone to search and connect a Bluetooth device named "ESP32". After the
connection is successful, you can use ESP32 to play the audio files in your mobile phone.

Any concerns? X support@freenove.com
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m

The following is the program code:

1 #tinclude “BluetoothSerial.h”

2 #include “driver/i2s.h”

3 #tinclude “nvs.h”

4 #include “nvs_flash.h”

5 #include “esp_bt.h”

§) #include “bt_app_core.h”

7 #include “bt_app_av.h”

8 #include “esp_bt_main.h”

9 #include “esp_bt_device.h”

10 #include “esp_gap bt api.h”

11 #include “esp_a2dp _api.h”

12 #include “esp avrc api.h”

13

14 #define CONFIG_I2S_LRCK PIN 25

15 #define CONFIG_I2S_BCK_PIN 26

16 #define CONFIG_I2S_DATA PIN 22

17 BluetoothSerial SerialBT;

18

19 | void setup() {

20 Serial. begin (115200) ;

21 SerialBT. begin ("ESP32”) ;

22 Serial. println(“Init seccess! ”);

23

24 esp err t err = nvs_flash init();

25 if (err == ESP ERR NVS NO FREE PAGES || err == ESP ERR NVS NEW VERSION FOUND) {
26 ESP ERROR CHECK (nvs flash erase());
27 err = nvs_flash init();

28 1

29

30 i2s config t i2s config;

31 i2s config.mode = (i2s mode t) (I2S MODE MASTER | I2S MODE TX);
32 i2s config.bits per sample = 12S BITS PER SAMPLE 32BIT;
33 i2s config. sample rate = 44100;

Any concerns? X support@freenove.com
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i2s config. channel format = I12S CHANNEL FMT RIGHT LEFT;
i2s config. communication format = 12S COMM FORMAT I2S MSB;
i2s config. intr alloc flags = 0;

i2s config. dma buf count = 6;

i2s config. dma buf len = 60;

i2s config. tx desc auto clear = true;

i2s _driver install (I2S NUM 0, &i2s config, 0, NULL);
i2s pin config t pin_config;

pin config.bck io num = CONFIG I12S BCK PIN;

pin config.ws io num = CONFIG I2S LRCK PIN;

pin config. data out num = CONFIG I12S DATA PIN;

pin config.data in num = —1;

i2s_set pin(I2S NUM 0, &pin config);

bt_app task start up():

/% initialize A2DP sink */

esp a2d register callback (&bt app a2d cb);

esp a2d sink register data callback (bt app a2d data cb);

esp a2d sink init();

/# initialize AVRCP controller */

esp_avrc_ct_init();

esp_avrc_ct _register callback(bt _app rc_ct_cb):

/% set discoverable and connectable mode, wait to be connected */
esp_bt_gap set_scan_mode (ESP_ BT SCAN MODE CONNECTABLE DISCOVERABLE) ;

Serial. println("Please use your Bluetooth device to connect the ESP32! ”):

void loop() {

1
Define an I12S configuration class and initialize it; define an 12S pin configuration class and associate 12S signals

with these pins.

i2s config t i2s config;

i2s config.mode = (i2s mode t) (I12S MODE MASTER | 12S MODE TX) :
i2s_config.bits per sample = [2S BITS PER SAMPLE 32BIT;
i2s config. sample rate = 44100;

i2s_config. channel format = 12S CHANNEL FMT RIGHT LEFT;
i2s_config. communication_format = 12S COMM_FORMAT I12S MSB;
i2s config. intr alloc flags = 0;

i2s config. dma buf count = 6;

i2s config. dma buf len = 60;

i2s config. tx desc auto clear = true;

i2s driver install (I2S NUM 0, &i2s config, 0, NULL);//

Any concerns? X support@freenove.com
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i2s pin config t pin_config;

pin config.bck io num = CONFIG I12S BCK PIN;
pin config.ws io num = CONFIG I2S LRCK PIN;
pin config. data out num = CONFIG I12S DATA PIN;
pin config.data in num = —1;

i2s_set pin(I2S NUM 0, &pin config);

In this chapter, the procedure is very similar to the previous section. The difference only lies in the 12S
configuration. The audio quality of the DAC output from the PCM5102 chip after decoding is significantly
higher than that of the ESP32's own 8-bit precision DAC.

Any concerns? DX support@freenove.com
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Chapter 30 WiFI Working Modes

In this chapter, we'll focus on the WiFi infrastructure for ESP32-WROVER.
ESP32-WROVER has 3 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.

Project 30.1 Station mode

Component List

Micro USB Wire x1 ESP32-WROVER x1

—u
—

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.

© STATION

Station(pc)

Station
(ESP32)

Any concerns? DX support@freenove.com
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Circuit

Connect Freenove ESP32 to the computer using the USB cable.

0000000O00O0O0
KTl CMDSD3 sD2 13 GND 12 14

14 27 2% 2

—

Sketch

Sketch_30.1_Station_mode

9 Sketch 30.1 WiFi Station | Arduino 1.8.12 | X
File Edit Sketch Tools Help Enter the correct Router
name and password.

Sketch_30.1_WiFi_Station

1 #include <WiFi.h> A

3 |comnat char *ssid_Router Ak EAIXAT S f/ENTEr the rOUCEr Name
conat char *password Router TARAEAXAATR S FEnter the router password

[4}]

B wvoid setup() |
Serial .begin (115200} ;
delay {2000} ;
Serial.println({"Setup start™);
10 WiFl.begin(ssid Router, password Router):
11 Serial.println(5tring("Connecting to ")+s3id_Router);
1280 while (WiFi.status{) '= WL_CONNECTED) {

1 en

W0

13 delay (500} ;

14 Serial.print{".");

15 }

16 Serial.println{"\nConnected, IP address: "):
17 Serial.println({WiFi.localIF(});
Serial.println({"Setup End");
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Because the names and passwords of routers in various places are different, before the Sketch 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, compile and upload codes to ESP32-
WROVER, open serial monitor and set baud rate to 115200. And then it will display as follows:

€8 com4 - m| *

| [E=n

Setup start ~
Connecting to FYI_2.4G

Connected, IP address:

1%2.168.1.100
Setup End

W

[] sutoseroll []Shor timestamp |Hewline V| |1152l]ﬂ baud V| | Clear output

When ESP32-WROVER successfully connects to “ssid_Router”, serial monitor will print out the IP address

assigned to ESP32-WROVER by the router.

The following is the program code:
#include <WiFi.h>

const char *ssid Router = “sekkiokkk” ; //Enter the router name

const char #*password Router = "ssckksksok”: //Enter the router password

void setup() {
Serial. begin(115200) ;
delay (2000) ;
Serial. println(“Setup start”);
WiFi. begin(ssid Router, password Router) ;
Serial. println(String (“Connecting to ”)+ssid Router) ;
while (WiFi.status() != WL CONNECTED) {
delay (500) :
Serial.print(”.”);
1
Serial. println(”\nConnected, IP address: ”);
Serial. println(WiFi. localIP()) ;
Serial. println(“Setup End”);

void loop() {
J
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Include the WiFi Library header file of ESP32.
BN #include <WiFi.h>
Enter correct router name and password.

3 const char *ssid Router = "xppollkx”; //Enter the router name

4 const char #*password Router = "ssokkisok”; //Enter the router password

Set ESP32 in Station mode and connect it to your router.

‘ 10 ‘ WiFi.begin(ssid Router, password Router):

Check whether ESP32 has connected to router successfully every 0.5s.

12 while (WiFi.status() != WL_CONNECTED) {

13 delay (500) ;

14 Serial.print(”.”);

15 }
Serial monitor prints out the IP address assigned to ESP32-WROVER
‘ 17 ‘ Serial. println(WiFi. localIP()) ;
Reference

Every time when using WiFi, you need to include header file "WiFi.h.".
begin(ssid, password,channel, bssid, connect): ESP32 is used as Station to connect hotspot.
ssid: WiFi hotspot name
password: WiFi hotspot password
channel: WiFi hotspot channel number; communicating through specified channel; optional parameter
bssid: mac address of WiFi hotspot, optional parameter
connect: blloean optional parameter, defaulting to true. If set as false, then ESP32 won't connect WiFi.
config(local_ip, gateway, subnet, dnsl, dns2): set static local IP address.
local_ip: station fixed IP address.
subnet: subnet mask
dnsl,dns2: optional parameter. define IP address of domain name server
status: obtain the connection status of WiFl
local IP(): obtian IP address in Station mode
disconnect(): disconnect wifi
setAutoConnect(boolen): set automatic connection Every time ESP32 is power on, it will connect WiFi
aitomatically.
setAutoReconnect(boolen): set automatic reconnection Every time ESP32 disconnects WiFi, it will
reconnect to WiFi automatically.
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Project 30.2 AP mode

Component List & Circuit

Component List & Circuit are the same as in Section 30.1.

Component knowledge

AP mode

When ESP32 selects AP mode, it creates a hotspot network that is separate 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.

AP
<O»
' =
Station Station
(mobile phone) (pc)

Circuit

Connect Freenove ESP32 to the computer using the USB cable.
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Sketch

€% Sketch 30.2 WiFi_ AP | Arduino 1.8.12 — O >
File Edit Sketch Tools Help

Set a name and a

password for ESP32 AP.

Sketch_30.2_WIiFi_AP

1 | #$include <WiFi.h> P

3 |const char *ssid AP
const char *password AP

"WiFi_Name f/Enter the router name
"12345678"; //Enter the router pasaword

LA IS

(=}

IPAddress local IP(1%2,16%,1,100);//52t the IF address of E5F32 itself
IPAddress gateway(192,1638,1,10); S /52t the gateway of ESP32 itself
IPAddress subnet (255,255,255,0); //Set the subnet mask for ESP32 itself

=1

W0

10E void setup(){
11 Serial.begin{l15200);
delay (2000} ;
13 Serial.println{"Setting soft-AP configuration ... ");
WiFi.disconnect():
WiFi.mode (WIFI_RF);
Serial.println (WiFi.softiPConfig(local IF, gateway, subnet) ? "Ready™ : "Failed!"™);
17 Serial.println{"Setting soft-AP ... ");
Iroolean result = WiFi.softliF(ssid AP, password AF);
EH  if{result){

| B8]

LA I S

I
o

1

[T s

20 Serial.println ("Ready™);
21 Serial.println(String("Soft-AP IP address = ") + WiFi.softRAPIP().toString()):
22 Serial.println({String ("MAC address = ") + WiFi.softAPmachddress().c_str(}}: W

2 Wrover Module on COMS

Before the Sketch 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.
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Compile and upload codes to ESP32-WROVER, open the serial monitor and set the baud rate to 115200. And
then it will display as follows.

€ com4 - O ¥

Send
Setting soft-AP configuration ... LS
Beady
Setting soft-AF ...
Beady
Soft-AP IP address = 1%2.168.1.100
MAC address = 24:62:ARB:FD:D1:8D
Setup End

W

[«] futoseroll [ |Sher timestamp Hewline w | 115200 baud Clear output

When observing the print information of the serial monitor, turn on the WiFi scanning function of your phone,
and you can see the ssid_AP on ESP32, which is called "WiFi_Name" in this Sketch. You can enter the password
"12345678" to connect it or change its AP name and password by modifying Sketch.

< Wi-Fi

Wi-Fi ®

(‘hnnwgrk

o WiFi_Name /"Z?.
Connected
FYI_2.4G =
Saved via
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http://www.freenove.com/

Chapter 30 WiFi Working Modes www.freenove.com [l

Sketch_30.2_AP_mode
The following is the program code:
#include <WiFi.h>

"WiFi Name”; //Enter the router name

712345678”; //Enter the router password

const char *ssid AP

const char *password AP

IPAddress local IP(192,168,1,100);//Set the IP address of ESP32 itself
IPAddress gateway (192, 168,1,10);: //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 (WIFT_AP) ;
Serial. println(WiFi. softAPConfig(local IP, gateway, subnet) ? “Ready” : “Failed!”):
Serial.println(“Setting soft-AP ... 7);
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());
Jelse{
Serial.println("Failed!”);
1
Serial.println(“Setup End”);

void loop() {

}
Include WiFi Library header file of ESP32.

! Hinclude <WiFi.h>

Enter correct AP name and password.

const char #*ssid AP = "WiFi Name”; //Enter the router name
. const char #*password AP = 712345678”; //Enter the router password
Set ESP32 in AP mode.
[15 ] WiFi. node (WIFT_AP)
Configure IP address, gateway and subnet mask for ESP32.
- WiFi. softAPConfig(local IP, gateway, subnet)

Turn on an AP in ESP32, whose name is set by ssid_AP and password is set by password_AP.
- WiFi. softAP (ssid AP, password AP);

Any concerns? DX support@freenove.com
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Check whether the AP is turned on successfully. If yes, print out IP and MAC address of AP established by
ESP32. If no, print out the failure prompt.

19 if (result) {
20 Serial. println(”"Ready”) ;
21 Serial. println(String ("Soft-AP IP address = ”) + WiFi. softAPIP(). toString());
22 Serial.println(String ("MAC address = ”) + WiFi. softAPmacAddress().c str());
23 Jelse
24 Serial.println(“Failed!”);
25 }
26 Serial. println(”Setup End”);
Reference

Every time when using WiFi, you need to include header file "WiFi.h.".
softAP(ssid, password, channel, ssid_hidden, max_connection):
ssid: WiFi hotspot name
password: WiFi hotspot password
channel: Number of WiFi connection channels, range 1-13. The default is 1.
ssid_hidden: Whether to hide WiFi name from scanning by other devices. The default is not hide.
max_connection: Maximum number of WiFi connected devices. The range is 1-4. The default is 4.
softAPConfig(local_ip, gateway, subnet): set static local IP address.
local_ip: station fixed IP address.
Gateway: gateway IP address
subnet: subnet mask
softAP(): obtian IP address in AP mode
softAPdisconnect (): disconnect AP mode.

Any concerns? X support@freenove.com
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Project 30.3 AP+Station mode

Component List

Micro USB Wire x1 ESP32-WROVER x1

00000000000000000000
MM CHDSe SD2 13 GND 12 4 27 26 25 & G2 3 34 W VB EN V)

—a

TE TowT X T How)
0000000000

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.

Any concerns? DX support@freenove.com
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Circuit

Connect Freenove ESP32 to the computer using the USB cable.

0000000
KT CMDSD3 $D2 13 GND 12 14 27 26 25

Sketch

Sketch_30.3_AP_Station_mode

@ Sketch_30.3_AP Station | Arduino 1.8.13 — O iy

File Edit Sketch Tools Help Please enter the correct
names and passwords of

Router and AP.

Sketch_30.3_AP_Station

#¢include <WiFi.h> ™

W
]

ThEFAAXEATE S /Enter the router name
TEREXAXAAT L S/Enter the router password
11 |conat char *ssid AP = "WiFi_Name"; //Enter the AP name
"12345678"; /f/Enter the AP password

conat char *ssid Router

10 const char *password Route

12 const char *pasaword AP

148 void setup(){
15 Serial.begin(l15200);
1é Serial.println{"Setting soft-4LP configuration ... ™)

17 WiFi.disconnect()r

15 WiFi.modes (WIFI_AF);

149 Serial.println{"Setting soft-4PF ... ");

20 koolean result = WiFi.softliF(ssid_ AP, password AF);
21 if{result){

22 Serial.println{"Ready™);

23 Serial.println{String("Soft-AP IFP address = ") + WiFi.softAFIF{).toString({})r

24 Serial.println{String ("M&C address = ") + WiFil.softAPmachddress().c_str{)):

25 lelse]{

26 Serial.println("Failed!"™);

27 1 "

It is analogous to project 30.1 and project 30.2. Before running the Sketch, you need to modify ssid_Router,
password_Router, ssid_AP and password_AP shown in the box of the illustration above.

Any concerns? X support@freenove.com
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After making sure that Sketch is modified correctly, compile and upload codes to ESP32-WROVER, open serial
monitor and set baud rate to 115200. And then it will display as follows:

€ com4

Setting soft-AP configuration ...
Setting soft-AF ...

Beady

Soft-AP IP address = 192.165.4.1
MAC address = 24:62:ARB:FD:D1:8D

Setting Station configuration ...
Connecting to FYI_2.4G

Connected, IP address:
152.168.1.100

Setup End

W

butoseroll [ |Sher timestamp Hewline

V‘ |1152:m baud V| | Clear output

When observing the print information of the serial monitor, turn on the WiFi scanning function of your phone,

and you can see the ssid_AP on ESP32.

< Wi-Fi

Wi-Fi ®

e WiFi_Name /,;3:
Connected
FYI_2.4G =
Saved va

The following is the program code:

#include <WiFi.h>

const char *ssid Router = sekiokkdk”; //Enter

const char *password Router = “skiekisiik”;  //Enter
“WiFi Name”; //Enter
”12345678”; //Enter

const char *ssid_AP

const char s*password AP

void setup() {
Serial. begin(115200) ;
Serial. println(“Setting soft-AP configuration ..

WiFi. disconnect () ;

the
the
the
the

",

router name
router password
AP name

AP password

Any concerns? DX support@freenove.com
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WiFi. mode (WIFI_AP) ;
Serial. println(“Setting soft-AP ... ”7);
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());
Jelse{
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() {
}

Any concerns? X support@freenove.com
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Chapter 31 TCP/IP

In this chapter, we will introduce how ESP32 implements network communications based on TCP/IP protocol.
There are two roles in TCP/IP communication, namely Server and Client, which will be implemented

respectively with two projects in this chapter.

Project 31.1 As Client

In this section, ESP32 is used as Client to connect Server on the same LAN and communicate with it.

Component List

ESP32-WROVER x1 Micro USB Wire x1

Component knowledge

TCP connection

Before transmitting data, TCP needs to establish a logical connection between the sending end and the
receiving end. It provides reliable and error-free data transmission between the two computers. In the TCP
connection, the client and the server must be clarified. The client sends a connection request to the server,
and each time such a request is proposed, a "three-times handshake" is required.

Three-times handshake: In the TCP protocol, during the preparation phase of sending data, the client and the
server interact three times to ensure the reliability of the connection, which is called "three-times handshake".
The first handshake, the client sends a connection request to the server and waits for the server to confirm.
The second handshake, the server sends a response back to the client informing that it has received the
connection request.

The third handshake, the client sends a confirmation message to the server again to confirm the connection.

Any concerns? X support@freenove.com
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Client Server

syn_sent
the first handshake i

= syn ™

syn_rcvd
the second handshake
ack+syn L

the third handshake established

ack

[\

established

TCP is a connection-oriented, low-level transmission control protocol. After TCP establishes a connection, the
client and server can send and receive messages to each other, and the connection will always exist as long
as the client or server does not initiate disconnection. Each time one party sends a message, the other party
will reply with an ack signal.

Client Server

established I I established

The client sends a data )
write

message, and the server 2
data
read
] V B

The server sends a data
- daa message, and the client

- ack =

read
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Install Processing
In this tutorial, we use Processing to build a simple TCP/IP communication platform.
If you've not installed Processing, you can download it by clicking https://processing.org/download/. You can

choose an appropriate version to download according to your PC system.

Processing p5js Processingpy Processing for Android Processing for Pi Processing Foundation
Cover Download Processing. Processing is available for Linux, Mac OS X, and
R Windows. Select your choice to download the software below.

Donate

Exhibition 3.54

Reference Windows 64-bi Linux 64-bi MacOS X
Ut Windows:

Tools

Environment

Tutorials

Examples » Github Read about the changes in 3.0. The list of revisions covers the differences
Books » Report Bugs between releases in detail.

» Wiki

» Supported

Platforms

Unzip the downloaded file to your computer. Click "processing.exe” as the figure below to run this software.

core 712116
java 2020/1/17 127
lib 2020/1/17 12:16
modes 712116
tools A7 12:16
@ processing.exe 2020/1/17 12:16
(55 processing-java.exe 2020/1/17 12116
[ revisions.txt 712:16

Any concerns? X support@freenove.com
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Use Server mode for communication
Install ControlP5.

€ sketch 170328a | Processing 3.3 — O >
File Edit Sketch Debug Tools Help

Run Ctrl+R
Present Cirl+Shift+R
Twealk Ctrl+Shift+T
Stop
Import Library... ; Add Library...
Show Sketch Folder  Ctrl+K
. DXF Export
Add File...
Metwork
@ Contribution Manager — O >
Libraries Modes Tools Examples Updates
Filter
Status Mame Author
Computational Geometry | A simple, lightweight librar... Mark Collins & Toru Hasegawa -
Console | A console, which can be drawn to the screen. Mathias Markl
ControlP5 | A GUI library to build custom user interface... L\\s Andreas Schlegel
CountdownTimer | A countdown timer which triggers c... Dong Hyun Choi
Culebra Behavior Library for Processing | A collection o.. Luis Quinones
ControlP5 2.2.6 Install [
Andreas Schlegel
2.2.6 available
A GUI library to build custom user interfaces for desktop and android mode. Update

Any concerns? X support@freenove.com
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Open the “Freenove_Ultimate_Starter_Kit_for_ESP32\Sketches\Sketches\Sketch_31.1_WiFiClient\
sketchWiFi\sketchWiFi.pde", and click "Run".

€@ sketchWiFi | Processing 3.3.6

File Edit Sketch Debug Tools Help

sget(Textfield. class, "Local IP7). setTextiServer.ip());

The new pop-up interface is as follows. If ESP32 is used as client, select TCP SERVER mode for sketchWiFi.

o sketchWiFi — >

TCP SERMER

Server mode

. Receiving

Local IP address
box

Local port

LOCAL PORT

lear receiv

Send box

Clear send

Send button

When sketchWiFi selects TCP SERVER mode, ESP32 Sketch needs to be changed according to sketchWiFi's
displaying of LOCAL IP or LOCAL PORT.

Any concerns? X support@freenove.com
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If ESP32 serves as server, select TCP CLIENT mode for sketchWiFi.

o sketchWiFi _ x

TCP SERVER TCP CLIEHT
Client mode

REMOTE IP REMOIENIE

Remote port

REMOTE PORT

When sketchWiFi selects TCP CLIENT mode, the LOCAL IP and LOCAL PORT of sketchWiFi need to be
changed according to the IP address and port number printed by the serial monitor.

Mode selection: select Server mode/Client mode.
IP address: In server mode, this option does not need to be filled in, and the computer will automatically
obtain the IP address.
In client mode, fill in the remote IP address to be connected.
Port number: In server mode, fill in a port number for client devices to make an access connection.
In client mode, fill in port number given by the Server devices to make an access connection.
Start button: In server mode, push the button, then the computer will serve as server and open a port number
for client to make access connection. During this period, the computer will keep monitoring.
In client mode, before pushing the button, please make sure the server is on, remote IP address
and remote port number is correct; push the button, and the computer will make access
connection to the remote port number of the remote IP as a client.
clear receive: clear out the content in the receiving text box
clear send: clear out the content in the sending text box
Sending button: push the sending button, the computer will send the content in the text box to others.

Circuit

Connect Freenove ESP32 to the computer using USB cable.

Any concerns? X support@freenove.com
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Sketch

Before running the Sketch, please open “sketchWiFi.pde.” first, and click “Run”.

€ sketchWiFi | Processing 3.3.6 — O >

File Edit Sketch Debug Tools Help
Java ¥
sketchWiFi

The newly pop up window will use the computer’s IP address by default and open a data monitor port.

TCP CLIEHT

° sketchWiFi

LOCAL IP

LOCAL PORT

Next, open Sketch_31.1_WiFiClient.ino. Before running it, please change the following information based on
"LOCAL IP" and "LOCAL PORT" in the figure above.

€% Sketch_31.1 WiFiClient | Arduino 1.8.12 - a %
File Edit Sketch Tools Help

Sketch_31.1_WiFiClient

#include <WiFi.h>

% |const ch *s3id Router = THEAAAARAAT. J/Enter the router name

ar
10 const char lpasswﬂr\d — Rl . . L T 1 e el — e Rl — S o s e o — e e W~ - F - L T ¥ |
11 | #define EEMOTE I Tkkkkkkkx™ o SSfinput the remote server which is you want to connget
12 | #define EEMOTE P{RT 5888 //input the remote port which is the remote provide

13 |WiFiClient client;

REMOTE_IP needs to be filled in according to the interface of sketchWiFi.pde. Taking this tutorial as an
example, its REMOTE_IP is “192.168.1.133". Generally, by default, the ports do not need to change its value.

Any concerns? X support@freenove.com
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Click LISTENING, turn on TCP SERVER's data listening function and wait for ESP32 to connect.

" sketch\WiFi

TGP SERVER

LOCAL IP

LOCAL PORT

TCP CLIEHT

— .

CLEARREC!

CLEARSEHD

Compile and upload code to ESP32-WROVER, open the serial monitor and set the baud rate to 115200. ESP32
connects router, obtains IP address and sends access request to server IP address on the same LAN till the
connection is successful. When connect successfully, ESP32 can send messages to server.

€ coms

— O X

Send

Waiting for WiFi... .

WiFi connected

IF address:

182.188.1.100

Connecting to 1%2.1638.1.133
Connected

W

butoseroll [ |Sher timestamp

Hewline w | 115200 baud Clear output

Any concerns? X support@freenove.com
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ESP32 connects with TCP SERVER, and TCP SERVER receives messages from ESP32, as shown in the figure

below.

o sketchWiF

LOCAL PORT

CLERRRECY

CLEARSEHD

100: Hello

100: This is my IP.

— >

Any concerns? X support@freenove.com
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Sketch_31.1_As_Client
The following is the program code:

#include <WiFi.h>

const char *ssid Router = “wpiblkkk”: //Enter the router name

const char *password Router

ftdefine REMOTE 1P “xdolkkkk”  //input the remote server which is you want to connect

ftdefine REMOTE PORT 8888 //input the remote port which is the remote provide

WiFiClient client;

void setup() {
Serial. begin(115200) ;
delay (10) ;

WiFi. begin(ssid Router, password Router) ;
Serial. print ("\nWaiting for WiFi... ”);
while (WiFi.status() != WL_CONNECTED) {
Serial. print(”.”);
delay (500) ;
}
Serial. println(””);
Serial. println("WiFi connected”) ;
Serial. println("IP address: ”);
Serial. println(WiFi. localIP()) ;
delay (500) ;

Serial. print (“Connecting to ”);
Serial. println (REMOTE IP) ;

while (!client.connect (REMOTE IP, REMOTE PORT)) {

Serial. println(”Connection failed.”);

Serial. println(“Waiting a moment before retrying.

J

Serial. println(”Connected”) ;
client. print ("Hello\n”) ;

client. print ("This is my IP.\n”);

void loop() {
if (client.available() > 0) {
delay (20) ;
//read back one line from the server

String line = client. readString() ;

Serial. printIn(REMOTE IP + String(”:”) + line);

Txwdolikx”; //Enter the router password

”)
. i

Any concerns? DX support@freenove.com
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}

if (Serial.available() > 0) {
delay (20) ;
String line = Serial.readString() ;
client. print(line) ;

}

if (client.connected () == 0) {
client. stop() ;

WiFi. disconnect () ;

}
Add WiFi function header file.

! Hinclude <WiFi.h>

Enter the actual router name, password, remote server IP address, and port number.

const char *ssid Router = “xppklkxk”; //Enter the router name

const char *password Router = “sekkkxkik”; //Enter the router password

#tdefine REMOTE 1P Tsedeiiokk”  //input the remote server which is you want to connect
ttdefine REMOTE PORT 8888 //input the remote port which is the remote provide

Apply for the method class of WiFiClient.

! WiFiClient client:

Connect specified WiFi until it is successful. If the name and password of WiFi are correct but it still fails to
connect, please push the reset key.

WiFi. begin(ssid Router, password Router);
Serial. print ("\nWaiting for WiFi... ”);
while (WiFi.status() ! = WL CONNECTED) {
Serial.print(”.”);
delay (500) ;
}

Send connection request to remote server until connect successfully. When connect successfully, print out the

connecting prompt on the serial monitor and send messages to remote server.
while (!client.connect (REMOTE TP, REMOTE PORT)) {//Connect to Server

Serial. println(”Connection failed.”);
Serial.println("Waiting a moment before retrying...”);
1
Serial. println(“Connected”) ;

client. print ("Hello\n”);

When ESP32 receive messages from servers, it will print them out via serial port; Users can also send messages
to servers from serial port.
if (client.available() > 0) {
delay (20) ;

//read back one line from the server

String line = client. readString() ;

Serial. println(REMOTE IP + String(”:”) + line);

Any concerns? DX support@freenove.com
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43 if (Serial.available() > 0) {

44 delay (20) ;

45 String line = Serial.readString();
46 client. print (line) ;

47 }

If the server is disconnected, turn off WiFi of ESP32.
48 if (client.connected () == false) {
49 client. stop() ;

50 WiFi. disconnect () ;
51 }
Reference

Every time when using Client, you need to include header file "WiFi.h."
connect(ip, port, timeout)/connect(*host, port, timeout): establish a TCP connection.
ip, *host: ip address of target server
port: port number of target server
timeout: connection timeout
connected(): judge whether client is connecting. If return value is 1, then connect successfully; If return
value is 0, then fail to connect.
stop(): stop tcp connection
print(): send data to server connecting to client
available(): return to the number of bytes readable in receive buffer, if no, return to 0 or -1.
read(): read one byte of data in receive buffer
readString(): read string in receive buffer

Any concerns? X support@freenove.com
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Project 31.2 As Server

In this section, ESP32 is used as a server to wait for the connection and communication of client on the same

LAN.

Component List

ESP32-WROVER x1

m
D|H
m
m
4
o
<
m

Micro USB Wire x1

-.L

Circuit

Connect Freenove ESP32 to the computer using a USB cable.

Any concerns? X support@freenove.com
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Sketch

Before running Sketch, please modify the contents of the box below first.
Sketch_31.2_As_Server

€% Sketch 31.2 WiFiServer | Arduino 1.8.12 - | ®
File Edit Sketch Tools Help

Sketch_31.2_WiFiServer §

7 ~
#include <WiFi.h>

g

10 | #define port 80

11 |const char *ssid Router = TARAXEAXLT S Slinput your Wwifi name

12 const char *password_Router = "¥¥ddadkamr  sfinput your wifi passwords
13 WiFiServer server(port):

14

Compile and upload code to ESP32-WROVER board, open the serial monitor and set the baud rate to
115200. Turn on server mode for ESP32, waiting for the connection of other devices on the same LAN. Once
a device connects to server successfully, they can send messages to each other.

If the ESP32 fails to connect to router, press the reset button as shown below and wait for ESP32 to run again.

€9 CoM6 - O ¥

|| Send |

09:09:32.062 -»> & JuiDiO29LO%0%eCT S HAY 1 0Y0BYCYEQ_ROMOUST S TIBYIISTMT_OYMH_t40) ~
09:09:32.062 -» ciEYisVLOZRSWE'Oet, KIESwYYL0, tEE 000, B 000158 %, Yix'hBY } trv  SROO} frt " tR0VIOi DOttt
059:09:32.083 -> 0% ©9005%0at

09:058:33.766 -> Connecting to FYI_2.4G

08:08:34.950 = tuuunennsssnnssassaassasaassasssssssssnssssssassasannsssassansssasnssasnnnsssssns

< >

[] autoseroll [ ]Bhew ti.mestsmlif Hewline V| |1152CIU baud V| | Clear output

Any concerns? X support@freenove.com
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Serial Monitor

€9 COMB

hells

Connecting to FYI 2.4G
g = I[P address and

serial port

iFi connected
IPF address: 192.163.1.123
IF port: S0
ient connected.
nice to meset you

W

[]autoseroll [ |Sher timestamp Hewline V| |1152:m baud V| | Clear output

Processing:
Open the “Freenove_Ultimate_Starter_Kit_for_ESP32\Sketches\Sketches\Sketch_31.2_WiFiServer\

sketchWiFi\sketchWiFi.pde".
Based on the messages printed by the serial monitor, enter correct IP address and serial port in Processing to

establish connection and make communication.

° sketchWiFi — *

Enter IP address and

serial port of the serial
monitor.

REMOTE PORT

nice to meet yoL

CLERRSEHD

Any concerns? DX support@freenove.com
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The following is the program code:

#include <WiFi.h>

fidefine port 80

const char #*ssid Router = "sppollokx” ;. //input your wifi name

const char *password Router

WiFiServer server (port);

void setup()

{

Serial. begin(115200) ;
Serial. printf (“\nConnecting to ”);
Serial. println(ssid Router) ;
WiFi. disconnect () ;
WiFi.begin(ssid Router, password Router) ;
delay (1000) ;
while (WiFi.status() != WL_CONNECTED) {
delay (500) ;
Serial.print (”.”);
}
Serial.println(””);
Serial. println("WiFi connected.”);
Serial. print ("IP address: ”);
Serial. println(WiFi. localIP());
Serial. printf (“IP port: %d\n”, port) ;
server. begin (port) ;
WiFi. setAutoConnect (true) ;

WiFi. setAutoReconnect (true) ;

void loop() {

WiFiClient client = server.available();
if (client) {

Serial. println(”“Client connected.”);
while (client.connected()) {
if (client.available()) {

client

Serial.println(client. readStringUntil (' \n’)); // print it out the serial monitor

while(client. read () >0) ;
J
if (Serial. available()) {

serial monitor

client. print (Serial. readStringUntil C\n’)); // print it out the client

while (Serial. read () >0) ;

“kkkkkxxx”;  //input your wifi passwords

// listen for incoming clients

// if you get a client

// loop while the client’s connected

// if there’s bytes to read from the

// clear the wifi receive area cache

// if there’s bytes to read from the

// clear the wifi receive area cache

Any concerns? DX support@freenove.com
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}

}

client. stop() ; // stop the client connecting

Serial.println(“Client Disconnected.”);

}
}

Apply for method class of WiFiServer.
- WiliServer server (port) ; //Apply for a Server object whose port number is 80

Connect specified WiFi until it is successful. If the name and password of WiFi are correct but it still fails to
connect, please push the reset key.

WiFi. disconnect () ;
WiFi. begin(ssid Router, password Router) ;
delay (1000) ;
while (WiFi.status() != WL _CONNECTED) {
delay (500) ;
Serial.print(”.”);
}
Serial. println(””);
Serial. println("WiFi connected.”);
Print out the IP address and port number of ESP32.
Serial. print ("IP address: 7);
Serial. println(WiFi. localIP()); //print out IP address of ESP32
Serial. printf (“IP port: %d\n”, port) ; //Print out ESP32’ s port number

Turn on server mode of ESP32, start automatic connection and turn on automatic reconnection.

server. begin() ; //Turn ON ESP32 as Server mode
WiFi. setAutoConnect (true) ;

WiFi. setAutoReconnect (true) ;

When ESP32 receive messages from servers, it will print them out via serial port; Users can also send messages
to servers from serial port.

if (client.available()) { // if there’s bytes to read from the
client
Serial.println(client. readStringUntil( \n’)); // print it out the serial monitor
while (client. read () >0) ; // clear the wifi receive area cache
1
if(Serial. available()) { // if there’s bytes to read from the
serial monitor
client. print (Serial. readStringUntil C\n’)); // print it out the client

while(Serial. read () >0) ; // clear the wifi receive area cache

Any concerns? DX support@freenove.com
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Reference
Class Server |
Every time use Server functionality, we need to include header file"WiFi.h".
WiFiServer(uintl6_t port=80, uint8_t max_clients=4): create a TCP Server.
port: ports of Server; range from 0 to 65535 with the default number as 80.
max_clients: maximum number of clients with default number as 4.
begin(port): start the TCP Server.
port: ports of Server; range from 0 to 65535 with the default number as 0.
setNoDelay(bool nodelay): whether to turn off the delay sending functionality.
nodelay: true stands for forbidden Nagle algorithm.
close(): close tcp connection.
stop(): stop tcp connection.

Any concerns? X support@freenove.com
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Chapter 32 Camera Web Server

In this section, we'll use ESP32's video function as an example to study.

Project 32.1 Camera Web Server

Connect ESP32 using USB and check its IP address through serial monitor. Use web page to access IP address
to obtain video and image data.

Component List

Micro USB Wire x1 ESP32-WROVER x1

0000000O0O0O
2 14 27 26 25 33 32 35 34 V

o O O
T CMD SD3 SD2 13 GND 12
)
| /RST
: B
t N

Circuit
Connect Freenove ESP32 to the computer using USB cable.

00 000000O00CO0OO C
KM cMDSD3 sD2 13 GND 12 14 27 26 25 33 32 35

—

Any concerns? X support@freenove.com
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Sketch

Sketch_32.1_As_CameraWebServer

€% Sketch 32.1 CameraWebServer | Arduina 1.8.12 — O x
File Edit Sketch Tools Help

Sketch_321_CameraWebhServer §

#include "esp camera.h”

wooon

#include <WiFi.h>

11 | /f Select camera model

#defins CAMERA MODEL WROVER_KIT
//#define CAMERR MODEL_ESF_EYE
//#define CAMERA MODEL MS55STACK FSRRAM
/f#define CAMERR MODEL MS5STACK _WIDE
ff#define CAMERA MODEL AT THINEER

[}
LTI )

L4, I =

=i

¢include "camera pins.h”

const char *ssid Router ThkkkAkEATS SFinput your wifi name
const char *password Router TAREEAANET . S Aipput your wifli passwords
2 camera config_t config:

vold startCameraServer():
vold config init();

[ I

TE/void sstup() {

g Serial.begin(l115200);

G Serial.setDebuglutput (Crus) ;

Serial.println(): W

[ S T ST T L ST G S

[

frover Module on COMS

Before running the program, please modify your router’s name and password in the box shown in the
illustration above to make sure that your Sketch can compile and work successfully.

If your Arduino IDE prompts you that your sketch is out of your project's storage space, compile the code
again as configured below.

Any concerns? X support@freenove.com
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@ Sketch 05.1 CameraWebServer | Arduino 1.8.18
File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch
Sketch_05.1_C Fix Encoding & Reload
18 Manage Libraries... Ctrl+Shift+1
2 Lens Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L o

o

WiFi101 / WIFININA Firmware Updater

ESP32 Sketch Data Upload

g |#include ESPB266 Sketch Data Upload
9 |#include

10 Board: "ESP32 Wrover Module® >
11 // selec Upload Speed: "921600" 3
12 #define

=" " »
15 | //#definl Flash Frequency: "80MHz
14 |//#defin Flash Mode: "QIO" »
15 | //#defin Partition Scheme: "Huge APP (3MB No OTA/1MB SPIFFS)" 3 Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)
1€ //#defin Core Debug Level: "None” Default 4MB with ffat (1.2MB APP/1.5ME FATFS)
17 |/ /#defin Port 8M Flash (3MB APP/1.5ME FAT)
18 |//#defin ..
19 |//4defin Get Board Info Minimal (1.3MB APP/700KBE SPIFFS)
20 | //#defin No OTA (2MB APR/2MB SPIFFS)

Programmer

21 No OTA (1MB APP/3MEB SPIFFS)
o Burn Bootloader
= No OTA (2MB APP/2MB FATFS)
23 finclude ™ u ins.h"
23 #include Yeamera pins.h No OTA (1MB APP/3MB FATFS)

Huge APP (3MB No OTA/1ME SPIFFS)
Minimal SPIFFS (1.9MB APP with OTA/190KB SPIFFS)
16M Flash (2MB APP/12.5MB FAT)

Compile and upload codes to ESP32, open the serial monitor and set the baud rate to 115200, and the serial
monitor will print out a network link address.

€9 coma - o X

Send

WiFi connected
Starting web serwver on port: "S80°7
Srarring stream Server on norts tols

Camera Beady! Use 'http://15%2.162.1.100" to connect

If your ESP32 has been in the process of connecting to router, but the information above has not been printed
out, please re-check whether the router name and password have been entered correctly and press the reset
key on ESP32-WROVER to wait for a successful connection prompt.

Open a web browser, enter the IP address printed by the serial monitor in the address bar, and access it.

Taking the Google browser as an example, here's what the browser prints out after successful access to
ESP32's IP.

Any concerns? X support@freenove.com
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@ ESP32 OV2460

& C (@ Notsecure | 192.168.1.100

x  +

enter IP address

= Toggle OV2640 settings

Resolution
Quality
Brightness

adjust camera parameters

Contrast
Saturation
Special Effect
AWB

AWB Gain

WB Mode

AEC SENSOR
AEC DSP

AE Level

AGC

Gain Ceiling
BPC

WPC

Raw GMA
Lens Correction
H-Mirror

V-Flip

DCW (Downsize EN)
Color Bar

Face Detection

Face Recognition

crop the picture

Get Still

Any concerns? X support@freenove.com
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select pixel of the picture

VGA(GA0X450)

10

set camera left and
right, up and down

@
turn on video
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Click on Start Stream. The effect is shown in the image below.

@ ESP32 0V2450

x  +

< C  ©® Notsecure | 192.168.1.100

= Toggle OV2640 settings

XGA(1024X768) v

Resolution
Quality
Brightness
Contrast
Saturation
Special Effect
AWB

AWB Gain

WB Mode
AEC SENSOR
AEC DSP

AE Level

AGC

Gain Ceiling
BPC

WPC

Raw GMA
Lens Correction
H-Mirror

V-Flip

DCW (Downsize EN)
Color Bar
Face Detection

Face Recognition

Get Still Start Stream

Note: If sketch compilation fails due to ESP32 support package, follow the steps of the image to open
the CameraWebServer. This sketch is the same as described in the tutorial above.

& Knob | Arduino 1.8.16
File Edit Sketch Tools Help
MNew Cirl+N
Open... Ctrl+0O
Open Recent
Sketchbook >
Examples A nti variable resistor
Close Cirl+W DNSServer ’ n— m.rinott
EEPROM »
Save Ctrl+5 - | |
A Cut »
Save As... Cirl+Shift+5 nalogtu
ESP32 Async UDP Camera { CameraWebServer
Page Setup  Ctrl+Shift+P ESP32 Azure loT Arduino ChiplD >
Print Ctrl+P ESP32 BLE Arduino DeepSlesp
ESPmDMNS
Preferences Ctrl+Comma - seblizm 2
at FreeRTOS
Quit Ctrl+Q HTTPClient GPIO s
o L o HallSensor
12 Bervo myservo; H-l_l'PUpdateSenrer 125 N EWvo
13 NetBIOS
. ) ResetReason )
14 int potpin = AQ; Preferences RMT tentiometer
*
15 int wal; AR SD(esp32) . log pin
Time >
16 SD_MMC
. . Timer >
178void setup() { SimpleBLE
. Touch » .
18 mvservn attae SPI h the servo obd1ect

Any concerns? X support@freenove.com
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The following is the main program code. You need include other code files in the same folder when write

your own code.

#include “esp camera.h”

#include <WiFi.h>

// Select camera model

#define CAMERA_MODEL_WROVER_KIT
//#define CAMERA MODEL ESP EYE
//#define CAMERA MODEL M5STACK PSRAM
//#define CAMERA MODEL M5STACK WIDE
//#define CAMERA MODEL AI THINKER

#include “camera pins.h”

const char *ssid_Router = ppsiolololr”

const char *password_Router = "skkskksksx”

camera config t config;

void startCameraServer() ;

void config init();

void setup() {
Serial. begin(115200) ;
Serial. setDebugOutput (true) ;
Serial.printIn() ;

config init();
config. frame size = FRAMESIZE VGA;
config. jpeg quality = 10;

// camera init
esp err t err = esp camera init(&config);
if (err != ESP_OK) f{
Serial. printf (“Camera init failed with error Ox%x”, err);

return;

sensor t * s = esp_camera_sensor get();
s—>set vflip(s, 1); //flip it back
s—>set brightness(s, 1); //up the blightness just a bit
s—>set_saturation(s, -1); //lower the saturation
WiFi. begin(ssid Router, password Router) ;

while (WiFi.status() != WL CONNECTED) {

//input your wifi name

//input your wifi passwords

Any concerns? DX support@freenove.com
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delay (500) ;
Serial. print(”.”);
}

Serial. println(””);

Serial. println("WiFi connected”) ;

startCameraServer () ;

Serial. print (“Camera Ready! Use  http://”);
Serial. print (WiFi. localIP()) ;

Serial.println(” to connect”);

void loop() {

void config init () {
config. ledc_channel = LEDC CHANNEL O;
config. ledc_timer = LEDC TIMER O;
config. pin d0 = Y2 GPIO NUM;
config. pin dl = Y3 GPIO NUM;
config. pin d2 = Y4 GPIO NUM;
Y5 GPTO_NUM;
config.pin d4 = Y6 GPIO NUM,;
config. pin db = Y7 GPIO NUM,;
config. pin d6 = Y8 GPIO NUM;
config. pin d7 = Y9 GPIO NUM;
config. pin xclk = XCLK GPIO NUM;
config. pin pclk = PCLK GPIO NUM;
config. pin vsync = VSYNC GPIO NUM;
config. pin href = HREF GPIO NUM;
config. pin _sscb sda = SIOD GPIO NUM;
config. pin sscb_scl = SIOC GPIO NUM;
config. pin pwdn = PWDN GPIO NUM;
config. pin_reset = RESET GPIO NUM;
20000000;
PIXFORMAT_JPEG;

config. pin d3

config. xclk freq hz

config. pixel format

config. fb count = 1;

Any concerns? X support@freenove.com
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Add procedure files and API interface files related to ESP32 camera.

#include “esp camera.h”

#include <WiFi.h>

// Select camera model

#define CAMERA_MODEL_WROVER_KIT
//#define CAMERA MODEL ESP EYE
//#define CAMERA MODEL M5STACK PSRAM
//#define CAMERA MODEL M5STACK WIDE
//#define CAMERA MODEL AI THINKER

#include ”“camera pins.h”

Enter the name and password of the router

const char #*ssid Router = "sxppollkk” ;. //input your wifi name

const char *password Router = “sikikkx”: //input your wifi passwords

Initialize serial port, set baud rate to 115200; open the debug and output function of the serial.
Serial. begin (115200) ;
Serial. setDebugOutput (true) ;

Serial. println();

Configure parameters including interface pins of the camera. Note: It is generally not recommended to change

void config init() {
config. ledc _channel = LEDC CHANNEL 0;
config. ledc_timer = LEDC TIMER O;

config. pin d0 = Y2 GPIO NUM;
config. pin _dl = Y3 GPIO NUM;
config.pin d2 = Y4 GPIO NUM;
config. pin d3 = Y5 GPIO NUM;
config.pin d4 = Y6 GPIO NUM;
config.pin d5 = Y7 GPIO NUM;
config. pin d6 = Y8 GPIO NUM;
config. pin d7 = Y9 GPIO NUM;

config. pin_xclk = XCLK GPIO NUM;
config. pin pclk = PCLK GPIO NUM;
config. pin vsync = VSYNC GPIO NUM;
config. pin_href = HREF GPIO NUM;
config. pin_sschb_sda = SIOD GPIO NUM;
config. pin_sschb_scl = SIOC GPIO NUM;
config. pin_pwdn = PWDN GPIO NUM;
config. pin reset = RESET GPIO NUM;
config. xclk freq hz = 20000000;
config. pixel format = PIXFORMAT JPEG;

config. fb_count = 1;

}

—
>
D
3

Any concerns? X support@freenove.com
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ESP32 connects to the router and prints a successful connection prompt. If it has not been successfully
connected, press the reset key on the ESP32-WROVER.

WiFi. begin(ssid Router, password Router) ;
while (WiFi.status() ! = WL CONNECTED) {
delay (500) ;
Serial. print(”.”);
}
Serial. println("”);

Serial. println("WiFi connected”);

Open the video streams server function of the camera and print its IP address via serial port.

startCameraServer () ;

Serial. print ("Camera Ready! Use  http://”);
Serial. print (WiFi. localIP());

Serial.println(” to connect”);

Configure the display image information of the camera.

The set_vflip() function sets whether the image is flipped 180°, with 0 for no flip and 1 for flip 180°.
The set_brightness() function sets the brightness of the image, with values ranging from -2 to 2.

The set_saturation() function sets the color saturation of the image, with values ranging from -2 to 2.

sensor t * s = esp_camera_sensor_get();
s—>set_vflip(s, 1); //flip it back
s—>set_brightness(s, 1); //up the blightness just a bit

s—>set_saturation(s, —-1); //lower the saturation

Modify the resolution and sharpness of the images captured by the camera. The sharpness ranges from 10 to
63, and the smaller the number, the sharper the picture. The larger the number, the blurrier the picture. Please
refer to the table below.

config. frame size = FRAMESIZE VGA;

config. jpeg quality = 10;

Reference

Image resolution Sharpness Image resolution Sharpness
FRAMESIZE_QQVGA 160x120 FRAMESIZE_VGA 640x480
FRAMESIZE_QQVGA2 128x160 FRAMESIZE_SVGA 800x600
FRAMESIZE_QCIF 176x144 FRAMESIZE_XGA 1024x768
FRAMESIZE_HQVGA 240x176 FRAMESIZE_SXGA 1280x1024
FRAMESIZE_QVGA 320x240 FRAMESIZE_UXGA 1600x1200
FRAMESIZE_CIF 400x296 FRAMESIZE_QXGA 2048x1536

Any concerns? X support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 32 Camera Web Server

Project 32.2 Video Web Server

Connect to ESP32 using USB and view its IP address through a serial monitor. Access IP addresses through
web pages to obtain real-time video data.

Component List

Micro USB Wire x1 ESP32-WROVER x1

000000000000O0O
T CMDSD3 SD2 13 GND 12 14 27 26 25 33 32 35 34 V!

m
w
0

— -

Circuit

Connect Freenove ESP32 to the computer using USB cable.

00000O0O0O0 [o]ie] C
M cMPSDasD2 13 GND 12 12 27 26 25 33 ¢

| —)

Any concerns? X support@freenove.com
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Sketch

Sketch_32.2_As_VideoWebServer

&8 Sketch_32.2_As_VideoWebServer | Arduino 1.8.9 - O X
File Edit Sketch Tools Help

Sketeh_32.2_As_VideoWebSarver

12 #include "camera pins.h"

13

14 const char* ssid = MEEEHALFAN //input your wifi name

15 const char* password|l= "**xxxaksn, //input your wifi passwords
16

17 woid startCameraServer ();

18

198void setup() {
0 Serial.begin(115200);

21 Serial.setDebugOutput (true) ;

22 Serial.println();

24 camera config t config;

25 config.ledc channel = LEDC CHANNEL O;

26 config.ledc timer = LEDC TIMER O; v

Before running the program, please modify your router's name and password in the box shown in the

illustration above to make sure that your Sketch can compile and work successfully.

Compile and upload codes to ESP32, open the serial monitor and set the baud rate to 115200, and the serial
monitor will print out a network link address.

& com7? - 0

Hi'l—?i connoctod

Camera Ready! Use 'http://192.168.1.174' to connect
ets Jun 8 20le 00:22:57

If your ESP32 has been in the process of connecting to router, but the information above has not been printed
out, please re-check whether the router name and password have been entered correctly and press the reset
key on ESP32-WROVER to wait for a successful connection prompt.

Any concerns? X support@freenove.com
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Open a web browser, enter the IP address printed by the serial monitor in the address bar, and access it.
Taking the Google browser as an example, here's what the browser prints out after successful access to
ESP32's IP.

The effect is shown in the image below.

; v o = ] X
@ Video Streaming Demonstrati. X +
Enter IP address.
« C  192168.1.174 Qa v O0Q :

Video Streaming Demonstration

The following is the main program code. You need include other code files in the same folder when write
your own code.

#include “esp camera.h”

#include <WiFi.h>

//

// WARNING!!! PSRAM IC required for UXGA resolution and high JPEG quality

// Ensure ESP32 Wrover Module or other board with PSRAM is selected
// Partial images will be transmitted if image exceeds buffer size
//

// Select camera model

#tdefine CAMERA_MODEL_WROVER_KIT // Has PSRAM

Any concerns? X support@freenove.com
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#include ”“camera pins.h”

const char* ssid Tdeloloioiok” s //input your wifi name

const char* password = “s#tkkkkx”:  //input your wifi passwords

void startCameraServer() ;

void setup() f{
Serial. begin (115200) ;
Serial. setDebugOutput (true) ;
Serial. println() ;

camera_config t config;

config. ledc_channel = LEDC CHANNEL O;
config. ledc_timer = LEDC TIMER O;
config. pin d0 = Y2 GPIO NUM;
config. pin dl = Y3 GPIO NUM;
config. pin d2 = Y4 GPIO NUM,;
config. pin d3 = Y5 GPIO NUM;
config. pin d4 = Y6 GPIO NUM;
config. pin db = Y7 GPIO NUM;
config. pin d6 = Y8 GPIO NUM;
config. pin d7 = Y9 GPIO NUM;
config. pin xclk = XCLK GPIO NUM;
config. pin pclk = PCLK GPIO NUM;
config. pin vsync = VSYNC GPIO NUM;
config. pin href = HREF GPIO NUM;
STOD_GPTO_NUM;
config. pin sscb_scl = SIOC GPIO NUM;
config. pin pwdn = PWDN GPIO NUM;
config. pin reset = RESET GPIO NUM;
config. xclk freq hz = 20000000;
config. pixel format = PIXFORMAT JPEG;

config. pin_sscb sda

// if PSRAM IC present, init with UXGA resolution and higher JPEG quality
// for larger pre-allocated frame buffer.
if (psramFound () ) {
config. frame size = FRAMESIZE UXGA;
config. jpeg quality = 10;
config. fb count = 2;
} else {
config. frame size = FRAMESIZE SVGA;
config. jpeg quality = 12;

config. fb count = 1;

Any concerns? X support@freenove.com



http://www.freenove.com/

B ww.freenove.com

Chapter 32 Camera Web Server

// camera init
esp_err t err = esp camera_init(&config) ;

if (err != ESP OK) {

Serial. printf (“Camera init failed with error 0x%x”, err);

return;

sensor t * s = esp camera sensor get();
// drop down frame size for higher initial frame rate

s—>set framesize(s, FRAMESIZE QVGA) ;

WiFi. begin(ssid, password) ;

while (WiFi.status() != WL CONNECTED) {
delay (500) ;
Serial.print(”.”);

}

Serial. println(””);

Serial. println("WiFi connected”) ;

startCameraServer () ;

Serial. print (“Camera Ready! Use  http://”);
Serial. print (WiFi. localIP()) ;

Serial.println(” to connect”);

void loop() {
// put your main code here, to run repeatedly:
delay (10000) ;

Configure parameters including interface pins of the camera. Note: It is generally not recommended to change

them.

camera_config t config;
config. ledc channel = LEDC CHANNEL O;
config. ledc timer = LEDC TIMER 0;

config. pin d0 = Y2 GPIO NUM;
config. pin d1 = Y3 GPIO NUM;
config. pin d2 = Y4 GPIO NUM;
config.pin d3 = Y5 GPIO NUM;
config.pin d4 = Y6 GPIO NUM;

Any concerns? X support@freenove.com


http://www.freenove.com/

368

Chapter 32 Camera Web Server

www.freenove.com Il

config. pin db = Y7 GPIO NUM;
config. pin d6 = Y8 GPIO NUM;
config. pin d7 = Y9 GPIO NUM;
config. pin xclk = XCLK GPIO NUM;
config. pin pclk = PCLK GPIO NUM;
config. pin vsync = VSYNC GPIO NUM;
config. pin href = HREF GPIO NUM;
config. pin sscb _sda = SIOD GPIO NUM;
config. pin sscb _scl = SIOC GPIO NUM;
config. pin pwdn = PWDN GPIO NUM;
config. pin reset = RESET GPIO NUM;
config. xclk freq hz = 20000000;
config. pixel format = PIXFORMAT JPEG;

ESP32 connects to the router and prints a successful connection prompt. If it has not been successfully

connected, press the reset key on the ESP32-WROVER.

WiFi. begin(ssid, password) ;

while (WiFi.status() !'= WL CONNECTED) {
delay (500) ;
Serial.print(”.”);

}

Serial. println(””);

Serial. println("WiFi connected”) ;

Open the video streams server function of the camera and print its IP address via serial port.

startCameraServer () ;

Serial. print (“Camera Ready! Use "http://”);
Serial. print (WiFi. localIP()) ;

Serial. println(” to connect”);

Any concerns? DX support@freenove.com
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Chapter 33 Camera Tcp Server

In the previous section, we used web page to display the video data captured by ESP32, and in this section,
we will use a mobile phone to display it.

Project 33.1 Camera Tcp Server

Connect ESP32 using USB and check its IP address through serial monitor. Use a mobile phone to obtain
video and image data.

Component List

Micro USB Wire x1 ESP32-WROVER x1

Install Freenove app

There are three ways to install app, you can choose any one.
Method 1
Use Google play to search “Freenove”, download and install.

Any concerns? X support@freenove.com
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QL

FREENDOVE

~ Freenove
/O Freenove
B € Everyone

An app for Freenove products.

READ MORE

- Freenov
pod Freenove H ¢ €

S 192.168.1.108

CONNECT

Any concerns? DX support@freenove.com
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Method 2
Visit https://play.google.com/store/apps/details?id=com.freenove.suhayl.Freenove, and click install.

Freenove

Freenove Tools

L8 & & & JhiK 3

€ Everyone

@ This app is compatible with all of your devices

Freenove

192.168.1.108

CONNECT

Theee whesled

Any concerns? X support@freenove.com
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Method 3
Visit https://github.com/Freenove/Freenove_app_for_Android, download the files in this library, and install

freenove.apk to your Android phone manually.

@ https://github.com/Freenove/Freenove app for Android B ’
O This repository Pull requests Issues  Gist A +-~ ' v
I Freenove / Freenove_app_for_Android @Unwatchv 2 HStar 0 ¥Fork ©
<> Code (D) Issues 0 1"l Pull requests 0 [ Projects 0 EE Wiki 4~ Pulse |:l1 Graphs £+ Settings
Apply to Freenove products. Edit
D 1 commit 1 branch O 0 releases 48 1 contributor
Branch: master v New pull request Create new file = Upload files  Find file (lone or download ~
.Suhaythao First Publish. a: Latest commit/2323fc5 3 minutes ago
[E) Readme.txt First Publish. 3 minutes ago
[E) freenove.apk First Publish. 3 minutes ago

Click here to
download.

Any concerns? DX support@freenove.com
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Menu
Open application “Freenove”, as shown below:

Freenove

Select Device

Smart Car for Raspberry Pi Quadruped Robot

Device

Selection
Area

Hexapod Robot Micro:Rover

4WD Car for Raspberry Pi

Any concerns? X support@freenove.com
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Freenove 4WD Car for Raspberry Pi
In this chapter, we use Freenove 4WD Car for Raspberry Pi, so it is necessary to understand the interface of
this mode.

IP address Take photos RGB led

/
Control Car moving.

Drag the middle dot to
anywhere in the area.

Control camera angle and position.
The ring in the middle is use to reset.

Circuit

Connect Freenove ESP32 to the computer using USB cable.

0000000000 C
KT CMPSP3sD2 13GND 12 14 27 26 25 33 32 35

Any concerns? X support@freenove.com
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Sketch

Click Tools in the menu bar, select Flash Mode: "QIO", and select Partition Scheme:" Huge APP (3MB No
OTA/1IMB SPIFFS) “, as shown in the figure below.

€9 Sketch 33.1 CameraTcpServer | Arduino 1.8.12 - O X
File Edit Sketch |Tools Help

Auto Format Ctrl+T
Archive Sketch
Sketeh_33.1_C Fix Encoding 8 Reload
T |#include Manage Libraries... Ctrl+Shift+1 A
8 #include Serial Monitor Cerl+Shift+M
9 #include , .
10 #include Serial Plotter Ctrl+Shift+L

12 /7 WARNTD WiFi101 / WiFININA Firmware Updater

ii 7 Board: "ESP32 Wrover Module” ’
15 | // Select Upload Speed: "921600" '
16 Zins A Flach freouenoe J80MEZ :
1y //#defing Flash Mode: "QIO" ’
19 | //#defins " . : : F

A/ sderind Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS) ?
21 Port: "COM4" ’

Er PP DO

After making sure the Tools is configured correctly, don't run Sketch. Due to WiFi, we need to modify Sketch
a little bit based on physical situation.

€9 CameraTcpServer | Arduino 1.8.12 — O x
File Edit Sketch Tools Help

CameraTcpServer

¢include "esp_camera.h” "'*
2  #include <WiFi.h>

3 #include <WiFiClient.h>

10  #includs <WiFiAP.h>

12 #define CRMERL MODEL WROVER KIT
13 #include "camera_pins.h"
14 #defins LED BUILT TN 2

16 j const char* ssid Router

"'J.J.J.J.J.J.J.J."':

17 J const char* password Router
13 § const char *ssid AP = TR
1% | const char *password AP B

"'J.J.J.J.J.J.J.J."':

In the box in the figure above, ssid_Router and password_Router are the user's Router name and password,
which need to be modified according to the actual name and password. ssid_AP and password_AP are name
and password of a AP created by ESP32, and they are freely set by the user. When all settings are correct,
compile and upload the code to ESP32, turn on the serial port monitor, and set the baud rate to 115200. The
serial monitor will print out two IP addresses.

Any concerns? X support@freenove.com
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€9 coms - o X

|| Send |

~

Camera configuration complete!

LP IP address: 15%2.1g63.4.1

Connecting FYI_2.4G..

WiFi connected

Camera Beady! Use "192.165.4.1 or 19%2.1€5.1.100" to connect in Freenove app.
Task Cmd_Server is starting ...

Task Blink is starting ...

W

[«] futoseroll [ |Sher timestamp Hewline V‘ |1152:m baud V| E Clear output

There are two methods for you to check camera data of ESP32 via mobile phone APP.

Method 1:
Using your phone's WiFi function, select the WiFi name represented by ssid_AP in Sketch and enter the
password “password_AP” to connect.

yourAP

Security
WPA2 PSK

Password

Password

Q Show password

Cancel Connect

Any concerns? DX support@freenove.com
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Next, open Freenove app and select 4WD Car for Raspberry Pi mode.

Freenove

Select Device

Smart Car for Raspberry Pi Quadruped Robot

Hexapod Robot

k 4AWD Car for Raspberry Pi

HOMEPAGE

Enter the IP address printed by serial port in the new interface, which generally is “192.168.4.1"

192.168.4.1 0.00V 00.00fps

Any concerns? X support@freenove.com
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Click “Connect”.

Method 2:

Using your phone's WiFi function, select the router named ssid_Router and enter the password “ssid_password”
to connect. And then open Freenove app and select 4WD Car for Raspberry Pi mode. The operation is similar
to Method 1.

Enter the IP address printed by serial port in the new interface, which generally is not “192.168.4.1" but
another one. The IP address in this example is “192.168.1.100". After entering the IP address, click “Connect”.

192.168.1.100 0.00V 00.00fps

The following is the main program code. You need include other code files in the same folder when write
your own code.
Sketch_33.1_Camera_Tcp_Server

#include “esp camera.h”
ftinclude <WiFi.h>
#include <WiFiClient.h>
finclude <WiFiAP. h>

#define CAMERA MODEL WROVER KIT

Any concerns? DX support@freenove.com
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#include ”“camera pins.h”

#define LED BUILT IN 2

const char *ssid_Router = okl
const char *password Router =  “skkskksrs”
const char *ssid AP = kel
const char *password AP = ekl

WiFiServer server Cmd(5000) ;
WiFiServer server Camera (8000) ;

extern Tasklandle t loopTaskHandle;

void setup() {
Serial. begin(115200) ;
Serial. setDebugOutput (false) ;
Serial. println() ;
pinMode (LED_BUILT IN, OUTPUT) ;

cameraSetup () ;

WiFi. softAP (ssid AP, password AP);
IPAddress myIP = WiFi. softAPIP() ;
Serial.print (AP IP address: ”);
Serial. println(myIP) ;
server Camera. begin (8000) ;
server Cmd. begin (5000) ;
[I117077777707777777777777777777777777777777777777777
WiFi. begin(ssid Router, password Router);
Serial. print (“Connecting ”) ;
Serial. print (ssid Router);
while (WiFi.status() !'= WL CONNECTED) {

delay (500) ;

Serial.print (”.”);

WiFi. begin(ssid Router, password Router) ;
}
Serial. println(””);
Serial.println("WiFi connected”);
LI17707770700777777777777777777777777777777777777777
Serial. print (“Camera Ready! Use *7);
Serial. print (WiFi. softAPIP()) ;
Serial.print(” or ”
Serial. print (WiFi. localIP());

Serial.println(” to connect in Freenove app.”);

disableCoreOWDT () ;

Any concerns? DX support@freenove.com
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xTaskCreateUniversal (loopTask Cmd, “loopTask Cmd”, 8192, NULL, 1, &loopTaskHandle, 0);
//loopTask Cmd uses core 0.
xTaskCreateUniversal (loopTask Blink, “loopTask Blink”, 8192, NULL, 1, &loopTaskHandle,
0);//loopTask Blink uses core 0.
}
//task loop uses core 1.
void loop() {
WiFiClient client = server Camera.available(); // listen for incoming clients
if (client) { // if you get a client,
Serial. println(”Camera Server connected to a client.”);// print a message out the
serial port

”n

String currentLine = // make a String to hold incoming data from the client
while (client.connected()) { // loop while the client’s connected
camera fb t * fb = NULL;
while (client. connected()) {
fb = esp_camera fb get();
if (fb != NULL) {
uint8 t slenf4];
slen[0] = fb—>len >> 0;
slen[1] = fb—>len >> 8;
slen[2] = fb—>len >> 16;
slen[3] fb—>len >> 24;
client.write(slen, 4);
client.write (fb—>buf, fb-—>len);

}
else {

Serial. println(”Camera Error”);
}

}
// close the connection:
client. stop();

Serial. println(“Camera Client Disconnected.”);

void loopTask Cmd(void #*pvParameters) {

Serial.println("Task Cmd Server is starting ... ”);

while (1) {
WiFiClient client = server Cmd.available(); // listen for incoming clients
if (client) { // if you get a client

Serial. println(”Command Server connected to a client.”);// print a message out

the serial port

a4

String currentLine = ””7; // make a String to hold incoming data from the client

Any concerns? X support@freenove.com
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while (client.connected()) { // loop while the client’s connected
if (client.available()) { // if there’s bytes to read from the client
char ¢ = client. read(); // read a byte, then

client.write(c);

Serial.write(c); // print it out the serial monitor

if (c ="\n") { // if the byte is a newline character
currentLine = ”7;

}

else {
currentlLine += c; // add it to the end of the currentLine

}
// close the connection:
client. stop();

Serial. println(”Command Client Disconnected.”);

}
void loopTask Blink(void *pvParameters) {
Serial.println(“Task Blink is starting ... ”);
while (1) {
digitalWrite (LED BUILT IN, !digitalRead(LED BUILT IN));
delay (1000) ;

void cameraSetup() {
camera config t config;
config. ledc channel = LEDC CHANNEL 0;
config. ledc timer = LEDC TIMER O;
config. pin d0 = Y2 GPIO NUM;
config.pin dl = Y3 GPIO NUM;
config.pin d2 = Y4 GPIO NUM;
config.pin d3 = Y5 GPIO NUM;
config.pin d4 = Y6 GPIO NUM;
config.pin d5 = Y7 GPIO NUM;
config.pin d6 = Y8 GPIO NUM;
config. pin d7 = Y9 GPIO NUM;
config. pin_xclk = XCLK_GPIO_NUM;
config. pin pclk = PCLK GPIO NUM;
config. pin vsync = VSYNC GPIO NUM;
config. pin href = HREF GPIO NUM;
config. pin sscb sda = SIOD GPIO NUM;

Any concerns? DX support@freenove.com
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config. pin sscb scl = SIOC GPIO NUM;
config. pin pwdn = PWDN GPIO NUM;
config. pin reset = RESET GPIO NUM;
20000000;
config. pixel format = PIXFORMAT JPEG;

config. xclk freq hz

psramFound () ;
config. frame size = FRAMESIZE QVGA;
config. jpeg quality = 10;

config. fb count = 1;

// camera init
esp err t err = esp camera init(&config);
if (err != ESP OK) {
Serial. printf(“Camera init failed with error Ox%x”, err);
return;
1
Serial. println(”Camera configuration complete!”):
1
Include header files that drive camera and WiFi.

#include “esp camera.h”
#include <WiFi.h>
#include <WiFiClient. h>
#include <WiFiAP. h>

ftdefine CAMERA MODEL WROVER KIT
#include “camera pins.h”

#define LED_BUILT IN 2

Set name and password for router that ESP32 needs to connect to. And set ESP32 to open two servers, whose
port are 82 and 5000 respectively.

const char *ssid_Router = elelklokrk”
const char *password Router =  “skkkirrss”
const char *ssid AP = Tkl
const char *password AP = Tklkrrior”

Enable ESP32’s server function and set two monitor ports as 5000 and 8000. In general, the two port numbers
do not require modifications.
WiFiServer server Cmd(5000) ;

WiFiServer server Camera (8000) ;

extern TaskHandle t loopTaskHandle;

Initialize serial port, set baud rate to 115200; open the debug and output function of the serial.
Serial. begin(115200) ;
Serial. setDebugOutput (true) ;

Serial. println();

Any concerns? DX support@freenove.com
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Define a variable for camera interface and initialize it.

void cameraSetup() {

camera_
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.
config.

config.

config t config;

ledc channel = LEDC CHANNEL 0;
ledc timer = LEDC TIMER 0;
pin_d0 = Y2 GPIO NUM;

pin_dl = Y3_GPIO NUM;

pin_d2 = Y4 GPIO_NUM;

pin_d3 = Y5_GPIO NUM;

pin_d4 = Y6_GPIO NUM;

pin_db = Y7_GPIO _NUM;

pin_d6 = Y8 GPIO NUM;

pin_d7 = Y9_GPIO NUM;

pin xclk = XCLK GPIO NUM;

pin pclk = PCLK GPIO NUM;
pin_vsync = VSYNC GPIO NUM;
pin href = HREF GPIO NUM;
SI0D_GPIO_NUM;
pin_sscb_scl = SIOC GPIO NUM;
pin pwdn = PWDN GPIO NUM;

pin reset = RESET GPIO NUM;
xclk freq hz = 20000000;
pixel format = PIXFORMAT JPEG;

pin_sscb_sda

psramFound () ;

config. frame size = FRAMESIZE QVGA;
config. jpeg quality = 10;
config. fb count = 1;

// camera init

esp err t err = esp camera init(&config);

if (err != ESP OK) {

Serial. printf(“Camera init failed with error Ox%x”, err);

return;

}

Serial. println(”“Camera configuration complete!”);

Any concerns? DX support@freenove.com
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Loop function will constantly send camera data obtained to mobile phone APP.

while (client.connected()) { // loop while the client’s connected
camera fb t % fb = NULL;
while (client.connected()) {
fb = esp_camera fb get();
if (fb != NULL) {
uint8 t slen[4];
slen[0] = fb—>len >> 0;
slen[1] = fb—>len >> 8;
slen[2] = fb—>len >> 16;
slen[3] = fb—>len >> 24;
client.write(slen, 4);

client.write (fb—>buf, fb—>len);

1
else {

Serial. println(“Camera Error”);
1

}
The loopTask_Cmd() function sends the received instruction back to the phone app and prints it out through
a serial port.

void loopTask Cmd(void *pvParameters) {
Serial.println("Task Cmd Server is starting ... ”);
while (1) {
WiFiClient client = server Cmd.available(); // listen for incoming clients
if (client) { // if you get a client
Serial. println(”Command Server connected to a client.”);// print a message out
the serial port

nw,

String currentLine = // make a String to hold incoming data from the client
while (client. connected()) { // loop while the client’s connected
if (client.available()) { // if there’s bytes to read from the client,
char ¢ = client.read(); // read a byte, then

client. write (c);

Serial.write(c); // print it out the serial monitor
if (c ="\n") { // if the byte is a newline character
currentLine = 77;
1
else {
currentLine += ¢; // add it to the end of the currentlLine
1

}

// close the connection:

client. stop();

Any concerns? X support@freenove.com
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Serial. println(”Command Client Disconnected.”);

}
loopTask_ Blink()function will control the blinking of LED. When you see LED blinking, it indicates that ESP32
has been configured and starts working.

void loopTask Blink (void *pvParameters) f

Serial.println("Task Blink is starting ... ”);

while (1) {
digitalWrite (LED BUILT IN, !digitalRead(LED BUILT IN));
delay (1000) ;

}
If you do not have a router near you, or if you are outdoors, you can annotate the following code, and then
compile and upload it to ESP32. And you can display the video images on your phone by Method 1.
[I1117170717777777777777077770777777777777777777777777

WiFi.begin(ssid Router, password Router) ;

Serial. print ("Connecting ) ;
Serial. print (ssid Router);
while (WiFi.status() != WL CONNECTED) {

delay (500) ;

Serial. print (".”);

WiFi. begin(ssid Router, password Router);
}
Serial. println(””);

Serial. println("WiFi connected”);

LI17171707777777777777777171717777777777777717171777

Any concerns? DX support@freenove.com
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Chapter 34 Soldering Circuit Board

Project 34.1 Soldering a Buzzer

We have tried to use a buzzer in a previous chapter, and now we will solder a circuit that when the button is

pressed, the buzzer sounds.
This circuit does not need programming and can work when it is powered on. And when the button is not

pressed, there is no power consumption.
You can install it on your bike, bedroom door or any other places where it is needed.

Component List

Pin header x2 LED x1 Resistor 220Q x1 Active buzzer x1 Push button x1

AA Battery Holder x1

AA Battery
S

Ilﬁ_‘ hdajaeg

Any concerns? X support@freenove.com
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Circuit

We will solder the following circuit on the main board.

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

DDA

LED1
v

Buzzer

R1
220Q

Any concerns? X support@freenove.com
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Soldering the Circuit

Insert the components on the main board and solder the circuit on its back.

rendering after soldering:
Front
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Testing circuit

Connect the circuit board to power supply (3~5V). You can use ESP32 board or battery box as the power
supply.

J

!

Anode

Cathode

D
O
N
x
=
C.
(s
|
0l
0 IS
D

B rOREB8ES 8828

)a

Press the push button after connecting the power, and then the buzzer will make a sound.

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 34 Soldering Circuit Board

Project 34.2 Soldering a Flowing Water Light

From previous chapter, we have learned to make a flowing water light with LED. Now, we will solder a circuit
board, and use the improved code to make a more interesting flowing water light.

Component List

Pin header x5 Resistor 220Q x8 LED x1 74HCH95 x1

Circuit

Solder the following circuit on the main board.

Schematic diagram Hardware connection

R1
2200

AN

LED1

A AAA | )
AN | )
“Bo N, oo
5V
— MW <
2200 . LED4 1 16
- 3 Q1 vcC 15
2200 . LEDS 31 Q2 Q0 7
—'\/\N\IRG—m Q3 DS 33
2200 N LEDS 5] Q4 OE I35
——AMW, = = z Q5 STCP 4
S0 N (eor 71Q6  SHCP &
= £97 MR |5
2200 '\I\] LEDS GND Q7' =
74HC595
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Soldering the Circuit

Insert the components on the main board and solder the circuit on its back.

Rendering after soldering:
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Connecting the Circuit

Connect the board to ESP32 with jumper wire in the following way.

ABUDEFUGHIJKL

nw n
§ ©xX A3
ey
| |
w » (0]
w3y
50202
2 wge
Sketch
The following is the program code:
int latchPin = 12; // Pin connected to ST CP of 74HC595(Pin12)
int clockPin = 13; // Pin connected to SH CP of 74HC595(Pinl3)
int dataPin = 14; // Pin connected to DS of 74HC595(Pinl4)

void setup() {
// set pins to output
pinMode (l1atchPin, 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

Any concerns? X support@freenove.com
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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;
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) ;
}

In fact, this code is copied from chapter 15. If you have any questions for the code, please click "Chapter 15
74HCH95 & LED Bar Graph" to return to Chapter 15 to study again.

Any concerns? DX support@freenove.com


http://www.freenove.com/

. www.freenove.com What's next?

What's next?

Thanks for your reading. This tutorial is all over here. If you find any mistakes, omissions or you have other
ideas and questions about contents of this tutorial or the kit and etc., please feel free to contact us:

support@freenove.com

We will check and correct it as soon as possible.

If you are interesting in processing, you can learn the Processing.pdf in:
Freenove_Ultimate_Starter_Kit_for_ESP32\C\Processing.pdf

If you want to learn more about Arduino, Raspberry Pi, smart cars, robots and other interesting products in
science and technology, please continue to focus on our website. We will continue to launch cost-effective,
innovative and exciting products.

http://www.freenove.com/

End of the Tutorial

Thank you again for choosing Freenove products.

Any concerns? X support@freenove.com
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