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Important Information

Thank you for choosing Freenove products!

Getting Started

First, please read the Start Here.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!

® [tispossible 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? D4 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\/ ™

FREENOVE

Any concerns? X support@freenove.com
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Preface

ESP32-S3 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-S3 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-S3 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-S3 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 kit.
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? DX support@freenove.com
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ESP32-S3 WROOM

ESP32-S3-WROOM-1 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 module itself, which is used to enhance the signal of the module.

PCB on-board antenna

& €SPRESSIF

ESP32-S3-WROOM-1

IPEX antenna

& €SPRESSIF
ESP32-S3-WROOM-1U

FHEEEHEK (L) E E

SBESHE (L) phis
B R OF A0 RHIRAa

E: [=l:

In this tutorial, the ESP32-S3 WROOM is designed based on the PCB on-board antenna-packaged ESP32-
S3-WROOM-1 module.

Currently, we have two development board options available: the N8R8(8MB Flash + 8MB PSRAM) version
with a black PCB and the N16R8(16MB Flash + 8MB PSRAM) version with a red PCB.The only difference
between these two boards lies in their built-in Flash storage capacity, while all other features, functionalities,
and peripheral circuits remain identical.

(Note: The N16R8 version is currently sold as a single-board kit only.)

ESP32-S3 WROOM N16R8 ESP32-S3 WROOM N8R8

FOE 102ACT2-E5PSIWROOMT
1C710929ESPSIWROOM
oy 10 7012002082

Y gsnuum (£%)
iRawRa s

“
b
'
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The hardware interfaces of ESP32-53 WROOM are distributed as follows:

Q

FREENOVE FREENOVE i

1
A A H.l

o
o

ok

Compare the left and right images. We've boxed off the resources on the ESP32-S3 WROOM in different
colors to facilitate your understanding of the ESP32-S3 WROOM.

Box color Corresponding resources introduction

LED indicator

' Camera interface

Reset button, Boot mode selection button

' USB port

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

s3-wroom-1_wroom-1u_datasheet_en.pdf.

Any concerns? DX support@freenove.com
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Extension board of the ESP32-S3 WROOM

And we also design an extension board, so that you can use the ESP32-S3 more easily in accordance with

the circuit diagram provided. The followings are their photos.
The hardware interfaces of ESP32-S3 WROOM are distributed as follows:

EXT-33Ve e
GND @ e

Freenove ESP32S3 GPIO Extension Board

We've boxed off the resources on the ESP32-S3 WROOM in different colors to facilitate your understanding
of the ESP32-S3 WROOM.

Box color Corresponding resources introduction
GPIO pin

 —
| — LED indicator
 I—

GPIO interface of development board

power supplied by the extension board

External power supply

In ESP32S3, GPIO is an interface to control peripheral circuit.
In the following projects, we only use USB cable to power ESP32-S3 WROOM by default.

In the whole tutorial, we don’t use T extension to power ESP32-S3 WROOM. So 5V and 3.3V (including
EXT 3.3V) on the extension board are provided by ESP32-S3 WROOM.

We can also use DC jack of extension board to power ESP32-S3 WROOM. In this way, 5v and EXT 3.3v
on extension board are provided by external power resource.

Any concerns? DX support@freenove.com
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CH343 (Importance)

ESP32-S3 WROOM uses CH343 to download codes. So before using it, we need to install CH343 driver in our
computers.

Windows

Check whether CH343 has been installed
1. Connect your computer and ESP32-S3 WROOM with a USB cable.

m
ST %
;
m
m|e
5
<
m
1)

2. Turn to the main interface of your computer, select “This PC” and right-click to select “Manage”.

Open
Pin to Quick access

Manage
Pin to Start

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

Create shortcut
Delete

Properties

Thonmny

Any concerns? X support@freenove.com
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Click “Device Manager”. If your computer has installed CH343, you can see“USB-Enhances-SERIAL
CH343 (COMXx)". And you can click here to move to the next step.

Event Viewer

2| Shared Folders

$l Local Users and Groups
@ Performance

& Device Manager

v E Storage

L

=7 Disk Management

5.'3; Services and Applications

B

>

& Computer Management — O X

File Action View Help

e 2HE R B EX®

E'J Computer Management (Local | ﬁ DESKTOP-LIN Actions

L co-a IR Pl it
More Actions »

» [ Computer
5w Disk drives
» g Display adapters
> i Firmware
> Hurnan Interface Devices
» =@ |DE ATA/ATAPI controllers
> Keyboards
» g Mice and other pointing devices
» [ Monitors
> ? Metwork adapters
» E¥ Other devices
~ i Ports (COM & LPT)
ﬁ USB-Enhanced-SERIAL CH343 (COM3)
» M Print queues
» = Printers
> ﬁ Processors
> F Software components
> B Software devices
> i‘ Sound, video and game controllers
» & Storage controllers
5> {m System devices
> i Universal Serial Bus controllers
» =0 WSD Print Provider

Installing CH343

1. First, download CH343 driver, click http://www.wch-ic.com/search?t=all&g=ch343 to download the
appropriate one based on your operating system.

Any concerns? D4 support@freenove.com
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keyword ch343

Downloads( 8)

upload
file category file content version time
DataSheet
CH343DS1.PDF CH343 datasheet, USB to single serial port, supports up to 6M baud rate, serial 1.5 2021-11-
port signals support 5V/3.3V/2.5V/1.8V, built-in crystal oscillator. CH343 18
supports built-in CDC driver in operating system or multi-functional high-speed
VCP manufacture driver.
Driver&Tools
CH343SER.ZIP For CH342/CH343/CH344/CH347/CH9101/CH9102/CH9103/CH9143, USB to 1.61 2022-05-
high-speed serial port VCP vendor driver, supports Windows 13
11/10/8.1/8/7 /VISTASXP/2000
CH343CDC.ZIP For CH342/CH343/CH344/CH347/CH910X/CH9143/CH9340, USB to CDC serial 1.4 2022-05-
port driver, supports Windows 11/10/8.1/8/7/VISTA/XP/2000 13
CH343SER.EXE For CH34 347/CH9101/CH9102/CH9103/CH9143, USB to 1.61 2022-05-
high-spei ndor driver, supports Windows 13

11/10/8.1/8/7/VISTA/XP/2000

CH34XSER_MACZL... For 1.7 2022-05-
C /CH344/CH347/CHI101/CH9102/CHI103/CHI143, 13
USB to ser r driver of macOS

CH343CDC.EXE For CH342/CH343/CH344/CH347/CH10X/CH9143/CH9340, USB to CDC serial 1.4 2022-05-
port driver, supports Windows 11/10/8.1/8/7/VISTA/XP/2000 13
Application
CH34xSerCfg.ZIP USB configuration tool of Windows for 1.2 2022-05-
CH340/CH342/CH343/CH344/CH347/CH348/CH9101/CH9102/CH9103. Via this 24

tool, the chip's Vendor 1D, product ID, maximum current value, BCD version

If you would not like to download the installation package, you can open
“Freenove_Ultimate_Starter_Kit_for_ESP32_S3/CH343", we have prepared the installation package.

Linux 10/17/2022 1:30 PM File folder
MALC 10/17/2022 1:30 PM File folder
Windows 10/17/2022 1:30 PM File folder

Any concerns? X support@freenove.com


http://www.freenove.com/

B www.freenove.com

Preface

2. Open the folder “Freenove_Ultimate_Starter_Kit_for_ ESP32_S3/CH343/Windows/"

| Iﬂ = | Windows

Home Share View

— v A <« CH343 » Windows w |0 Search Windows

MName Date modified Type
3+ Quick access
o) CH343SER.EXE

10/17/2022 11:52 AM Application
= This PC

=¥ Metwork

1item  State: 3 Shared

Size

608 KB

3. Double click “CH343SER.EXE".

#5 DriverSetup(X64) —

Device Driver Install f UnInstall

Select INF CH343SER . INF
WCH.CH
INSTALL | USB-ENHANCED-SERIAL-A CH342
|__ 85/85/2822, 1.61.2022.05
UNINSTALL
HELP

Any concerns? DX support@freenove.com
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4.

5.

Click “INSTALL" and wait for the installation to complete.

ﬂ DriverSetup (X6 _ by
Device Driver Install / UnlInstall
Select IHF CH343SER.IHF ~
WCH.CH
INSTALL | USB-EMHAMCED-SERIAL-A CH342
| __ 85/785/2822, 1.61.20822_085
UHINSTALL
HELP
Install successfully. Close all interfaces.
ﬂ DriverSetup (X6 _ by
Device Driver Install / UnlInstall
Select IHF CH343SER.IHF ~
IHSTALL DrIUEFSE‘tLIFI pod _0 CH242
1.2822 .05
o Diriver install success!
UHINSTALL
HELP

Any concerns? DX support@freenove.com
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6. When ESP32-S3 WROOM 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.

;&' Computer Management

File Action View Help

= 25 E HE B EX®

_é- Computer Management (Local
v '[[’& Systern Tools

() Task Scheduler

2] Event Viewer

jz2| Shared Folders

& Local Users and Groups

@ Performance

% Device Manager
v 23 Storage

= Disk Management

ﬁ,} Services and Applications

& DESKTOP-LIN

Iy Audio inputs and outputs
£) Bluetocth
3 Computer
s Disk drives
[Z3 Display adapters
¥ Firmware
Gy Human Interface Devices
=@ |DE ATA/ATAP| controllers
Keyboards
g Mice and other pointing devices
[ Menitors
8 Metwork adapters
E? Other devices
i Ports (COM & LPT)
ﬁ USB-Enhanced-SERIAL CH343 (COM3)
™ Print queues
= Printers
[ Processors
!'t Software components
B Software devices
Iy Sound, video and game controllers
&y Storage controllers
i3 Systermn devices
i Universal 5erial Bus controllers
=1 WSD Print Provider

— O *
Actions
Device Manager -
More Actions [

7. So far, CH343 has been installed successfully. Close all dialog boxes.

Any concerns? DX support@freenove.com
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MAC

First, download CH343 driver, click http://www.wch-ic.com/search?t=all&g=ch343 to download
appropriate one based on your operating system.

the

keyword ch343

Downloads( &)

file category
DataSheet

CH343DS1.PDF

Driver&Tools

CH343SER.ZIP

CH343CDC.ZIP

CH343SER.EXE

CH343CDC.EXE

Application

CH34xSerCfg.ZIP

CH34XSER_MAC.ZL...

file content version

CH343 datasheet, USB to single serial port, supports up to 6M baud rate, serial 1.5
port signals support 5V/3.3V/2.5V/1.8V, built-in crystal oscillator. CH343

supports built-in CDC driver in operating system or multi-functional high-speed

VCP manufacture driver.

For CH342/CH343/CH344/CH347/CH9101/CH9102/CH9103/CH9143, USB to 1.61
high-speed serial port VCP vendor driver, supports Windows
11/10/8.1/8/7/VISTA/XP/2000

For CH342/CH343/CH344/CH347/CHI10X/CH9143/CH9340, USB to CDC serial 1.4
port driver, supports Windows 11/10/8.1/8/7/VISTA/XP/2000

For CH3 H347/CH9101/CH9102/CHI103/CH9143, USB to 1.61
= endor driver, supports Windows
11/10/8.1/8/7/VISTA/XP/2000

/CH344/CH347/CH9101/CH9102/CH9103/CH9143,

For
C
USB to seri r driver of macOS

For CH342/CH343/CH344/CH347/CHI10X/CH9143/CH9340, USB to CDC serial 1.4
port driver, supports Windows 11/10/8.1/8/7/VISTA/XP/2000

USE configuration tool of Windows for 1.2
CH340/CH3242/CH343/CH344/CH347/CH348/CH9101/CH9102/CH9103. Via this
tool, the chip's Vendor ID, product ID, maximum current value, BCD version

upload
time

2021-11-
18

2022-05-
13

2022-05-
13
2022-05-

13

2022-05-
13

2022-05-
13

2022-05-
24

If you would not like to download the installation package, you can open
“Freenove_Ultimate_Starter_Kit_for_ESP32_S3/CH343", we have prepared the installation package.
Second, open the folder “Freenove_Ultimate_Starter_Kit_for ESP32_S3/CH343/MAC/"

Any concerns? X support@freenove.com
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Favorites
® AirDrop =
@ Recents

4 Applications CH34X_DRV_INS
TALL_IN...NS.pdf
= Desktop - P

[ Documents
® Downloads
iCloud

& iCloud Drive
=9 Shared

Tags

Locations

@ Network

L

( BN < CH34XSER_MAC 2

CH34xVCPDriver.
pkg

oo
oo
<>

e O O~ Q

o ST

Third, click Continue.

® Introduction

Fourth, click Install.

& Install CH34xVCPDriver 8

Welcome to the CH34xVCPDriver Installer

Welcome to CH34x VCP device driver installation program. When
installing, you can refer to the document “CH34X USB-to-SERIAL
DRIVER INSTALLATION INSTRUCTIONS™.

This driver supports:
CH340/CH341/CH343/CH9101/CH9102/CH9143
CH342/CH344/CH347/CH9103

Driver Version: V1.7
Technical Support: tech@wch.cn

Continue

Any concerns? D4 support@freenove.com
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‘@ & Install CH34xVCPDriver a

Standard Install on “Macintosh HD"

Introduction This will take 2.6 MB of space on your computer.

Destination Select Click Install to perform a standard installation of this software

e Installation Type on the disk “Macintosh HD".

Change Install Location...

Go Back Install

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

& Install CH34xVCPDriver &)

Installing CH34xVCPDriver

Introduction
Destination Select
Installation Type

® Installation Updating preboot volume...

b
Finally, restart your PC.

Any concerns? D4 support@freenove.com
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The installation was completed successfully.

Introduction
Destination Select
Installation Type
Installation

® Summary

The installation was successful.

The software was installed.

Close

Any concerns? DX 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.

-

B

( BN
Favorites

® AirDrop

@ Recents

2y Applications
(= Desktop

[ Documents

@© Downloads

iCloud
& iCloud Drive

£=9 Shared
Tags

Locations

@ Network

{ > CHB34XSER_MAC 2

CH34X_DRV_IN
TALL_IN...NS.pdf

ReadMe

0o A
00 v

o]
o
ol

fs]
=]
o

v

t

QO O

Q

Any concerns? D4 support@freenove.com
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Programming Software

Thonny is a free, open-source software platform with compact size, simple interface, simple operation and
rich functions, making it a Python IDE for beginners. In this tutorial, we use this IDE to develop ESP32-S3
during the whole process.

Thonny supports various operating system, including Windows. Mac OS. Linux.

Downloading Thonny

Official website of Thonny: https://thonny.org

Open-source code repositories of Thonny: https://github.com/thonny/thonny

Follow the instruction of official website to install Thonny or click the links below to download and install.
(Select the appropriate one based on your operating system.)
Operating Download links/methods
System
Windows https://github.com/thonny/thonny/releases/download/v4.1.7/thonny-4.1.7.exe
Mac OS https://github.com/thonny/thonny/releases/download/v4.1.7/thonny-4.1.7.pkg
Official downloads for Linux
Installer (installs private Python 3.10 on x86_64, uses existing python3 elsewhere)
bash <(wget -O - https://thonny.org/installer-for-linux)
Re-using an existing Python installation (for advanced users)
pip3 install thonny

Linux 3rd party distributions (may have older version)
Flatpak
flatpak install org.thonny.Thonny
Debian, Raspbian, Ubuntu, Mint and others
sudo apt install thonny
Fedora
sudo dnf install thonny

You can also open “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Software”, we have
prepared it in advance.

Any concerns? X support@freenove.com
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[ T Thenny, Python IDE for beginners X = - [} x

C @ httpsy//thonny.org [T i -] e .. g

Thonny 4 is dedicated to Ukraine fighting the Russian invasion
and Trump's blackmail.

UA Please support Ukraine! ua

Thonny > Download version 4.1.7 for

“=" Windows - Mac - Linux

Python IDE for beginners

T Thonny - m]
File Edit View Run Tools Help
DB 6% 229 @

factorial.py Variables
def fact(n): Name Value
if n == e:
return 1 tact <function fact:
se: N 3
return fact(n-1) * n
fact
n = int(input("Enter a natural numbet fact(2
print("Its factorial is", Fact(3}  fact
fact
def fact(m):
if n == 8 def fact(m:
retur if no==8:
else return 1

[-Et'-”" else:
Feturn fact(E=1) * n

Local variables

Local variables
MName Value

MName  Value
n 3

n 2

Installing on Windows

The icon of Thonny after downloading is as below. Double click “thonny-4.0.1.exe”.

thenny-4.1.7.exe

Any concerns? D4 support@freenove.com
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If you're not familiar with computer software installation, you can simply keep clicking “Next” until the

installation completes.

ri’n Setup - Thonny

=« Q%
Welcome to using Thonny!

account,

while n != "gues:
if guess < n:
print(“gL
9 guess = ]
elif guess >
print(”gL
guess = j
else:
print(™yc

AR 4

i P =

This wizard will upgrade Thonny to version 4. 1.7 for your

ot

Cancel

riq Setup - Thonny

License Agreement
Please read the following important information before continuing.

Th

agreement before continuing with the installation.

Please read the following License Agreement. You must accept the terms of this

The MIT License (MIT) #
Copyright (c) 2024 Aivar Annamaa
Permission is hereby granted, free of charge, to any person obtaining a copy of
this software and assodated documentation files (the “Software™), to deal in the
Software without restriction, induding without limitation the rights to use, copy,
modify, merge, publish, distribute, sublicense, andjor sell copies of the Software,
[ [ PR | Rpp———— R AP | MU o Py = MNP JU ppuvu i) Sy [ I PE—— - punpu Ny WU | Ep
(@)1 accept the agreement
\_J1 do not accept the agreement

g —

Any concerns? DX support@freenove.com
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If you want to change Thonny's installation path, you can click “Browse” to modify it. After selecting installation

path, click “OK".
If you do not want to change it, just click “Next".

I'i’l Setup - Thonny

Select Destination Location
Where should Thonny be installed?

— et

Th

[ F Setup will install Thonny into the following folder.

To continue, dick Mext, If you would like to select a different

At least 122.2 MB of free disk space is required.

ick Browse.

Browse...

Cancel

Check “Create desktop icon” and then it will generate a shortcut on your desktop to facilitate you to open

Thonny later.

I'ifl Setup - Thenny

Select Additional Tasks
Which additional tasks should be perfarmed?

- et

Th

[] Create desktop icon

Sele itional tasks you would like Setup to perform while installing Thanny,
then ext.

Cancel

Any concerns? DX support@freenove.com
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Click “install” to install the software.

| Setup - Thonn — ot
| P ¥
Ready to Install
Setup is now ready to begin installing Thonny on your computer. | h

Click Install to continue with the installation, or didk Back if you want to review or
change any settings.

Destination location:
C:\WUsers\freenove-14\AppDataiLocal\Programs Thonny

Start Menu folder:
Thonny

Additional tasks:
Create desktop icon

Back Install Cancel

During the installation process, you only need to wait for the installation to complete, and you msut not click

"Cancel”, otherwise Thonny will fail to be installed.

i Setup - Thonny — x
Installing
Please wait while Setup installs Thonny on your computer. h

Extracting files...
C:\... WLocal\Programs \ThonnyLib\site-packages\astroid interpreter \dunder _lookup. py

Cancel

Any concerns? X support@freenove.com
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Once you see the interface as below, Thonny has been installed successfully.

I'i’l Setup - Thonny —

L:—j ﬁ,g u ﬁ &5

Great success!

Thonny is now installed. Run it via shortout or right-dick a *.py

: file and select "Edit with Thonny™.

Fa

4  pguess = int(input

5

6 while n != "gues:s

7 if guess < n:

8 print("gL

9 guess = i

e elif guess > c . ess. Th e

. . . omputers are useless, They can only give you
1 print("gL ENswWers,
2 guess = i

3 else: —Pablo Picasso
4 print(™yc

If you've check “Create desktop icon” during the installation process, you can see the below icon on your

g

desktop..

Thonny

Any concerns? D4 support@freenove.com
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Basic Configuration of Thonny

Click the desktop icon of Thonny and you can see the interface of it as follows:

T& Thonny - O *
File Edit Wiew Run Device Tools Help

B o

Select “View"> “Files” and “Shell”.

T Thonny - <untitled> @ 1:1 - O =
File Edit  Yiew Run Tools Help

u E E Assistant E
This com =
D\ Micrg Help

|4 000] Motes

1 001]  Object inspector

5011 Outline

ozt o

woaff o

[ 031

TS i

[) o4z, TODO

I 05.1 Variables

:;j 32‘3 Program arguments

(¥ 06.2] Plotter

RANAN Increase font size Ctrl++
:ﬁ g;‘:l!: Decrease font size Ctrl+-
11 082]  Focus editor Alt+E
4 09.1] Focus shell Alt+5

(1101 Looves

[4 10.2_Soft_Colorful_Light

|11 10.3_Soft_Rainbow_Light

| 11.1_NightLamp

|1 12.1_Thermometer

110 131 Joystick v

MicroPython (ESP32) - COM28 =

Any concerns? X support@freenove.com


http://www.freenove.com/

B www.freenove.com Preface

T& Thonny - <untitled> @ 1:1 — O bt
File Edit View PRun Tools Help
DEH w

Files = <untitled= =

b

[l
>

This computer

D: % Micropython_Codes
|41 00.0_HelloWorld
|41 00,1 _Boot

0 01 Bink -
|41 02.1_ButtonAndLed

|41 02.2_TableLamp

|11 03.1_FlowingLight

|41 04.1_Breathelight

|11 04.2_FlowingLight

|41 03.1_RandomColorLight
|11 05.2_GradientColorLight
|11 06.1_Neopixel

|41 06.2_Rainbow_light

|11 07.1_Doorbell

|41 07.2_Alertor Shell =
|41 08.1_Serial_Print

|41 08.2_Serial_Read_and_Write
|11 09.1_AnalogRead

|41 10.1_Soft_LED
|41 10.2_Soft_Colorful_Light
|41 10.3_Soft_Rainbow_Light

141 111 _NightLamp
|41 12,1 _Thermometer
141131 Joystick v

MicroPython (ESP32) » COM28 =

Burning Micropython Firmware (Important)

To run Python programs on ESP32S3, we need to burn a firmware to ESP32-S3 first.

Downloading Micropython Firmware

Official website of microPython: http://micropython.org/
Webpage listing firmware of microPython for ESP32S3:
https://micropython.org/download/ESP32_GENERIC_S3/

Firmware

Releases

v1.26.0 (2025-08-08)_uf2 / [ app-bin] / [.bin] / [.elf] / [.map] / [Release notes] (latest)
v1.24.1(2024-11-29) .uf2 f [.app-bin] / [.bin] / [.elf] f [.map] / [Release notes)
v1.24.0(2024-10-25) .uf2 / [.app-bin] / [.bin] / [.elf] / [ map] / [Release notes]
v1.23.0 (2024-06-02) .uf2 / [.app-bin] / [.bin] / [.elf] / [ map] / [Release notes]
w1.22 2 (2024-02-22) uf2 / [.app-bin] / [.bin] / [.elf] / [ map] / [Release notes]
w1.22 1 (2024-01-05) .uf2 / [.app-bin] / [.bin] / [.elf] / [ . map] / [Release notes]

) |

) ]

)

v1.22.0(2023-12-27) .uf2 / [.app-bin] / [.bin] / [.elf] / [.map] / [Release notes]
v1.21.0 (2023-10-05) .uf2 / [.app-bin] / [.bin] / [.elf] / [.map] / [Release notes]
v1.20.0(2023-04-26) .uf2 [ [.bin] / [.elf] / [.map] / [Release notes)

v1.19.1 (2022-06-18) .uf2 [ [.bin] / [.elf] / [.map] / [Release notes)

w1.18 (2022-01-17) .bin / [.elf] / [ map] { [Release notes]

Any concerns? D4 support@freenove.com
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Firmware used in this tutorial is ESP32_GENERIC_S3-20250809-v1.26.0.bin
This file is also provided in our data folder "Freenove_Ultimate_Starter_Kit_for_ESP32_S3
[Python/Python_Firmware".

Install python3

Before burning the firmware to ESP32S3, we need to ensure that Python 3 has been installed on the computer.
If you have not already installed it, please install it first. Python Official download address is:
https://www.python.org/downloads/

Python

e python’ . I -

About Downloads Documentation Community Success Stories News Events

Download the latest version for Windows

Download Python 3.11.0

Looking for Python with a different 0S? Python for Windows,
Linux/UNIX, macQS, Other

Want to help test development versions of Python? Prereleases,

Docker images

Join the official Python Developers Survey 2022 and win valuable prizes: Start the Survey! | Python Developers Survey 2022

Please follow the official instructions to download and install.

Burning a Micropython Firmware

Window
Connect your computer and ESP32-S3 with a USB cable.

—

Any concerns? DX support@freenove.com
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Open Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Firmware
Enter cmd on path bar then press Enter.

MFreenove Ulimate Starter_Kit_for ESP32_5
Mame Type Size
esptool File folder
| ESP32_GEMERIC_53-5PIRAM_OCT-202508.. 2025/8/15 %:54 EIM File 1,696 KB
[# linux.py Python File | KB
[# macpy Python File | KB
E window.py Python File 1 KB
cr‘nu:l|
cmd
Search for "emd"
E
| ESP32_GEMERIC_53-5PIRAM_OCT-202508.., 2025/8/15 %54 BIM File 1,696 KB
E. linwz.py 2025/8/15 9:56 Python File | KB
E mac.py 2025/8/ Python File | KE
[# window.py 2025/8/ Python File | KB
B C\Windows\System32\emd.exe - O X
rthonPython Firm

Here my python3 version is 3.8.1.

BN C\Windows\System32\cmd.exe _

vthon Pythorn Firmwarerpython -—version

Any concerns? XX support@freenove.com
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Enter “python window.py”. Micropython firmware will be automatically burned to ESP32S3.

rter_Kit_for |

ision w0 1)

ter_Kit_for ] JFython' Python Firmr

Any concerns? DX support@freenove.com
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Mac

Open Freenove_Ultimate_Starter_Kit_for_ ESP32_S3/Python/Python_Firmware.

select New Terminal at Folder.

Right- click and

—_—

0

Python_|

Python_Codes

Open in New Tab
Paste Item

Move to Trash

Get Info

Rename

Compress “Python_Firmware”
Duplicate

Make Alias

Quick Look

Copy
Share >

0000000

Tags...
Quick Actions >

Folder Actions Setup...

New Terminal at Folder

Here, my python3 version is 3.10.4

L NN
Last login: Thu MNov 3 17:15

Python 3.186.4

=7 Python_Firmware — -zsh — 80x24

141 on ttyseee
freenove@®@3c22fbélfade Python_Firmware % python --version
zsh: command not found: python

freenove@®3c22fbélfadec Python_Firmware % python3 —--version

freenove@3c22fbéilfade Python_Firmware % [}

Any concerns? DX support@freenove.com
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Enter "python3 mac. py" in the terminal, press Enter, and wait for the code to automatically burn the
microython firmware into ESP32S3.

@® @ Python_Firmware — Python « Python mac.py — 80x24

Last login: Thu Nov 3 17:16:12 on ttys@00
freenove@3c22fbé6l1fadc Python_Firmware % python ——version
zsh: command not found: python

freenove@®3c22fbélfadc Python_Firmware % python3 —-version
Python 3.10.4

freenove@3c22fbélfadc Python_Firmware % python3 mac.py
esptool.py vé4.4-dev

Found 3 serial ports

Serial port /dev/cu.wchusbserial54ED@454161
Connecting....

Chip is ESP32-S3 (revision v@.1)

Features: WiFi, BLE

Crystal is 4@MHz

MAC: 7c:df:al:fd:ff:8¢c

Uploading stub...

Running stub...

Stub running...

Erasing flash (this may take a while)...

After completion, it is shown below.
[ NN ) T Python_Firmware — -zsh — 80x24

Hard resetting via RTS pin...

esptool.py v&.4—-dev

Found 3 serial ports

Serial port /dev/cu.wchusbserial54ED@454161

Connecting....

Chip is ESP32-S3 (revision v@.1)

Features: WiFi, BLE

Crystal is 4BMHz

MAC: 7c:df:al:fd:ff:8c

Uploading stub...

Running stub...

Stub running...

Changing baud rate to 2000000

Changed.

Configuring flash size...

Flash will be erased from 0x00000000 to Ox@V157fff...
Compressed 1406576 bytes to 928185...

Wrote 1406576 bytes (928185 compressed) at ©x00000000 in 16.4 seconds (effective
688.2 kbit/s)...

Hash of data verified.

LeaVling...

Hardl resetting via RTS pin...

frednove@3c22fbélfadc Python_Firmware % I
__

Note: The operation of the Linux system is similar to that of the Mac system. Please refer to the Mac system.

Any concerns? DX support@freenove.com
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Testing codes (Important)

Testing Shell Command

Make sure that the ESP 32S3 has burned the firmware and is connected to the computer through the data
cable. Run Thonny. Click Run and select Configure interpreter.

T& Thonny - <untitled> @ 1:1 - | ey
File Edit Wiew
JzZd O
Files = {2 Run current script F5
This computer Debug current scr?pt {nicer) Ct|-'l+ F5
- Debug current script (faster) Shift+F5
Lt Dhisk (C2)
(== IDE (D:) Visualize current script at Python Tutor
(=i Document { i Debug current script (birdseye) Ctrl+Shift+B
-, Step over Fa
i, Step into F 0.1 on 2022-06-18; E5P3253 modu
. i, Step out
o Resume e ~ more information.
=i Run t Ctrl+F8
MicroPython dev| -~ Hi e e i
Step back Ctrl+B

e} boot.py

% Run current script in terminal Ctrl+T

Dock user windows

Pygame Zero mode

&) Stop/Restart backend Ctrl+F2
Interrupt execution Ctrl+C
Send EOF / Soft reboot Ctrl+D
Disconnect

MicroPython (ESP32) - COM3

Any concerns? D4 support@freenove.com
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Please configure according to the following figure. Note that the port numbers of USB Enhanced SERIAL may
be different for different systems. Please select according to the actual situation. After configuration, click OK.

T Thonny options *

should Thenny use for running your code?
MicroPython (ESP32) o

Details

Connecting via USE cable:

Connect your device to the computer and select corresponding port below
(lock for your device name, "USE Serial” or "UART").

If you can't find it, you may need to install proper USE driver first.

Connecting via WebREPL:
If your device supports WebREPL, first connect via serial, make sure WebREPL is enabled
(import webrepl_setup), connect your computer and device to sarme network and select

< WebREPL > below

Port or WebREPL 1
|USB Single Serial @ COM28 | v
p J

Interrupt working program on connect
Synchronize device's real time clock
Uze local time in real time clock
Restart interpreter before running a script
Install or update MicroPython (esptool)
(UE2)

Cancel

Any concerns? DX support@freenove.com
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After configuration, every time you
below.

open Thonny, it will communicate with ESP32S3. The interface is shown

T& Thonny - <untitled> @ 1:1
File
DEH O

Files ~

Edit View FRun Tools Help

w

This computer

i) Disk (C:)

i IDE (D)

\ws| Document (E:)

MicroPythen device

%J boot.py

<untitled> -

1

Shell -

2>

MicroPython (ESP32) - COM3

Enter “print(‘hello world")" in “Shell” and press Enter.

T Thonny - <untitled= @ 1:1

File Edit View Run Device Tools Help
DA © w
Files

MicroPython device =

“. boot.py

This computer
=i Disk (C:)
=i IDE (D2}
=i Document (E:)

— O x
=untitled= ~
1
Shell =
Ll
>>> print('hello world")
hello world
23> v

Any concerns? DX support@freenove.com
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Running Online

ESP32-S3 needs to be connected to a computer when it is run online. Users can use Thonny to writer and
debug programs.
1. Open Thonny and click “Open--".

T& Thonny - <untitled> @ 1:1 - O X
File Edit View Run Tools Help

DEd O @ ™

Files ~ <untitled> -

This compu: = 1

(i Diisk (C

| IDE (D2)
(=i Docurment (E:)

MicroPython device
e) boot.py

MicroPython v1.19.1 on 2022-06-18; ESP32S3 module with ESP32S3

Type "help()" for more information.

MicroPython (ESP32) - COM3

2. On the newly pop-up window, click “This computer”.

T& Thonny - <untitled> @ 1:1 - O x
File Edit View Run Tools Help

DEd O @ ™

Files = <untitled> ~

1

This computer

(=) Disk (C:)
(== IDE (D:)
(== Document (E:) T& Where to open from? *

This computer

MicroPython device

MicroPython device
e) boot.py

MicroPython v1.19.1 on 2022-06-18; ESP32S3 module with ESP32S3

Type "help()" for more information.
¥ NS

MicroPython (ESP32) - COM3

Any concerns? X support@freenove.com
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In the new dialog box, select “HelloWorld.py” in

“Freenove_Ultimate_Starter_Kit_for ESP32_S3/Python/Python_Codes/00.0_HelloWorld” folder.

Te Open
« v 1
Mew folder

Organize +

MName
s Quick access

3 This PC

|_j Network

g HelloWorld.py

<« Python » Python_Codes > 00.0_HelloWorld

Date modified

4/26/2022 3:24 PM

ey

v O L

Search 00.0_HelloWorld

=~ O @
Type Size

PY File TKB

File name: ‘HeIIoWorId.py

Cancel

Click “Run current script” to execute the program and “Hello World” will be printed in “Shell”.

File Ediff| View
e 0

Files ~

un Tools Help

This computer
C: '\ Users

) DESKTOP-LIN
) Public

MicroPython device
e’,l boot.py

<untitled> HelloWorld.py

2 print('Hello World!\n')

Shell -
>>>

Hello World!

bl

T& Thonny - C:\Users\DESKTOP-LIN\Desktop' Freenove_Ultimate_Starter_Kit_for_ESP3253\Python'Python_Codes\00.0_HelloWorld\HelloWorld.... - m} x

MicrePythen (ESP32) - COM3

Note: When running online, if you press the reset key of ESP32S3, user’s code will not be executed again. If
you wish to run the code automatically after resetting the code, please refer to the following Running Offline.

Any concerns? D4 support@freenove.com
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Running Offline (Importance)

After ESP32-S3 is reset, it runs the file boot.py in root directory first and then runs file main.py, and finally, it
enters “Shell”. Therefore, to make ESP32-S3 execute user’s programs after resetting, we need to add a guiding

program in boot.py to execute user's code.

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”. Open “Thonny”,

T& Thonny - O X
File Edit View Run Teols Help

= e =

Files

n
>

This computer

D: % Micropython_Codes
/1 00.0_HelloWorld
00.1_Boot
01.1_Elink
02.1_ButtonAndlLed
02.2_TableLamp
03.1_FlowingLight
04.1_Breathelight

HEEHREEBRB
o o o e o

MicroPython device
& boot.py

Shell

>>>

MicroPython (ESP32) - COM3

Expand “00.1_Boot” in the “Micropython_Codes” in the directory of disk(D), and double-click boot.py, which
is provided by us to enable programs in “MicroPython device” to run offline.

Any concerns? DX support@freenove.com
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bin/lv_micropython
uos as os

uerrno as errno
os.ilistdir()

ax4000

LAR = ©x80600

rue:

entry = next(iter)

filename = entry[8]

file type = entry[1]

if filename == 'boot.py':
continue

else:
print("

print(filename,end="")
if file type == IS _DIR:
print(", File is a

Th Thonny - D:\Micropython_Codes\00.1_Boot\boot.py @ 30: 14
File Edit View Run Tools Help
(R (V] @ =
Files ~ boot.py -
This computer = & 1 #!/opt/bin
D: % Micropython_Codes o import
L 00.0_HelloWorld 3 import
= %153‘:: 4 iter =
oot.py
41 01.1_Blink ? i:_gégu
1) 02.1_ButtonAndLed - —
)\ 02.2_TableLamp 7 )
)1 03.1_FlawingLight S while T
9 try:
MicroPython device = 10
11
boot.
& boot.py o
13
14
15
16
17
18
il
20

directory™)

print("

MicroPython (ESP32)

» COM3

If you want your written programs to run offline, you need to upload boot.py we provided and all your

codes to “MicroPython device” and press ESP32S3’s reset key. Here we use programs 00.0 and 00.1 as

examples. Select “boot.py”, right-click to select “Upload to /”.

MicrePython device

T& Thonny - D:\Micropython_Codes\00.1_Boot\boot.py @ 30:14

1lv_micropython
uos as os

uerrnoc as errno
os.ilistdir()

File Edit View Run Tools Help

DE o @ ™
Files = boot.py

This computer = [ 1 #!/opt/bin/1
D: % Micropython_Codes o import

4 00.0_HelloWorld 3 import
= 4 00.1_Boot 4 iter =

41 01.1_Blink Open in Thonny

/1 02.1_ButtonfndlLe Open in default external app
41 02.2_TableLamp Configure .py files...

41 03.1_Flowinglight  Show hidden files

Ew TIE...

New directory...

4000
Ox8000

Cut
Copy
Paste .
Rename print("
Move to Trash print(filename,end="")
Properties if file_type == IS_DIR:
e print(", File is a
20 print("
Shell
croPython v1.19.1 on 2022-06-18; ESP32
Type "help for more information.
23>

directory™)

MicroPython (ESP32)

= COM3

Any concerns? D4 support@freenove.com
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Similarly, upload “HelloWorld.py” to “MicroPython device”.

T Thonny - D:i\Micropython_Codes\00.1_Boot\boot.py @ 30: 14 - O >
File Edit View Run Tools Help
= O @ ™
Files = boot.py -
This computer = & 1 #!/opt/bin/lv_micropython -
D% Micropython_Codes 2 import uos as os
= L4 00.0 HelloWerld % dimport uerrno as errno
HelleWerld.py 3 =

LA M Open in Thonny listdir()
= 14 00.1_Boot ) 160

@ boot.py Open in default external app
|} 01.1_Blink Cenfigure .py files... B

|/ 02.1_ButtonAndLed ~ Show hidden files

1) 02.2_TableLamp

MicroPython device de'.e"'d ry = next(iter)
) boot.py Cew s ename = entry[@]
T ut e type = entry[1]

Properties 1lename,end=

Press the reset key and in the box of the illustration below, you can see the code is executed.

T& Thonny - Di\Micropython_Codes\00.0_HelloWerld\HelloWorld.py @ 2: 24 - O *
File Edit View Run Tools Help

R [b) @ =

Files ~ HelleWerld.py -
This computer = 1
D: \ Micropython Codes 2 print('Hello World!\n")
= 14 00.0_HelloWorld
) HelloWorld.py
=l 14 00.1_Boot
QD boot.py
|41 01.1_Blink
14 02.1_ButtonAndlLed
|4 02.2_TableLamp

MicroPython device =

@boot.py Shell -
& HelloWorld.py Type "help()" fTor more information.

>>»> ESP-ROMesp32s3-20210327
Build:Mar 27 2021
rst:0x1 (POWERON),boot:0x8 (SPI_FAST_FLASH_BOOT)
SPIWP:Oxee
mode:DI0, clock div:1
load: 0x3fcd0108 len:0xf2d
load: 0xd 0306000 len:0xcZc
load: 0xd03ba000 len:0x2d60

HelloWorld.py

Hello World!

MicraPython v1.19.1 on 2022-06-18; ESP3232 module with ESP3233
Type “help()” for more information.

22> v
MicroPython (ESP32) - COM3

Any concerns? X support@freenove.com
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Thonny Common Operation

Uploading Code to ESP32S3

Each time when ESP32-S3 restarts, if there is a “boot.py” in the root directory, it will execute this code first.

Ti Thonny - D:\Micropython_Codes\00.1_Boot\boot.py @ 30:14 - O X
File Edit View FRun Tools Help
Q= 0 @ =
Files = boot.py
This computer = & 1 #!/opt/bin/lv_micropython -
D: % Micropython_Codes 2 import uos as os
1) 00.0_HelloWorld 3 import uerrno as errno
&l [/ 00.1_Boot 4 iter = os.ilistdir()
" cﬁb;:fy 5 TS_DIR = 9x4000
[J) 02.1_ButtonAndLed 6 IS REGULAR = @x3000
[J) 02.2_TableLamp 7
[} 03.1_FlowingLight 8 while True:
9 try:
MicroPython device = 18 entry = next(iter)
11 filename = entry[@]
12 file_type = entry[1]
13 if filename == 'boot.py':
14 continue
15 else:
16 print("===============================")
17 print(filename,end="")
18 if file type == IS DIR:
19 print(", File is a directory")
20 print("==s========= = = ==")
21 else: v
Shell =
Lal
MicroPython v1.19.1 on 20822-86-18; ESP3253 module with ESP3253
Type "help()" for more information.
L N Y
MicroPython (ESP32) « COM3

Select “Blink.py” in “01.1_Blink”, right-click your mouse and select “Upload to /" to upload code to ESP32S3'’s
root directory.

Any concerns? D4 support@freenove.com
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Te Thonny - D:\Micropython_Codes\01.1_Blink\Blink.py @ 18:1 - ] X
File Edit View Run Tools Help
= 0o @ ™
Files boot.py = Blink.py
This computer = 1 from time import sleep_ms
D:\ Micropython_Codes 2 from machine import Pin
01.1_Blink 3
Mpeninﬂmnny Pin.OUT) #create LED object from pin2,Set Pin2 to output
Open in default external app
Configure .py files... True:
Show hidden files ed.value(l) #Set led turn on
teep_ms(lBBB)
ed.value(8) #5et led turn off
New directory.. leep_ms(16088)
Cut
Copy
Paste
Rename
MicroPython device Move to Trash
@hoo{.py
Properties
18
Shell
-~
icroPytho 1.19 odule with
Type "help()" for
AN ©
MicroPython (ESP32) « COM3

Downloading Code to Computer

Select "boot.py” in “MicroPython device”, right-click to select “Download to ...” to download the code to your

computer.
Th Thonny - MicroPython device : /boot.py @ 30:14 - O hed
File Edit View Run Tools Help
= 0o @ =
Files - [ bootpy] -
This computer = 1 #!/opt/bin/lv_micropython ~
D: %\ Micropython_Codes 2 import uos as os
00.1_Beot .
2 import uerrno 25 errno
& bootpy 4 iter = os.ilistdir()
5 IS_DIR = ox480e
& IS _REGULAR = ox3000
7
8 while True:
=) try:
10 entry = next(iter)
11 filename = entry[8]
12 file_type = entry[1]
13 if filename == 'boot.py':
14 continue
MicroPython device = 15 else:
& bootgy 16 print (" ")
Open in Thenny filename,end="")
Open in default external app Ll?_‘type == ISTDIR: .
Configure .py files... int(", File is a directory")
Show hidden files int(" ")
Download to D: n v
New directory... 2022-06-18; ESP3253 module with ESP32S3
Delete
information
Properties
MicroPython (ESP32) » COM3

Any concerns? X support@freenove.com
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Deleting Files from ESP32S3’s Root Directory

Select “boot.py” in “MicroPython device”, right-click it and select “Delete” to delete “boot.py” from ESP32S3’s

root directory.

T Thonny - MicroPython device :: /boot.py @ 30: 14 - m] hs
File Edit View Run Tools Help
0 0 @ =
Files = [ bootpy] -
This computer = 1 #!/opt/bin/lv_micropython .
D: % Micropython_Codes 4 C. .
00.1_Boot 2 }m)ort uos 25 0s
& 3 import uerrno as errno
ootpy 4 iter = os.ilistdir()
5 IS_DIR = ox400e
& IS_REGULAR = ©8x3080
7
8 while True:
9 try:
18 entry = next(iter)
11 filename = entry[@]
12 file_type = entry[1]
13 if filename == 'boot.py':
14 continue
MicroPython device = 15 else:
& bootpy 16 print(" ")
Open in Thonny filename,end="")
Open in default external app e_type == I5_DIR:
Configure .py files... int(", File is a directory")
Show hidden files int (" ")
Download to D:\Micropython_Codes\00.1_Boot v
MNew file...
MNew directory... N I ESP3253
| Properties -

MicroPython (ESP32) » COM3

Deleting Files from your Computer Directory

Select “boot.py” in “00.1_Boot”, right-click it and select “Move to Recycle Bin” to delete it from “00.1_Boot”.

T& Thonny - MicroPythen device :: /bootpy @ 30:14 - O X
File Edit View Run Tools Help
D= (V] @ =
Files [ boot.py ]
This computer = 1 #!/opt/bin/lv_micropython ~
D:\ Micropython_Codes \ 2 import uos as os
00.1_Boot |
& boot 3 import uerrno as errno
oy Open in Thonny os.ilistdir()
Open in default external app = 9x4000
Configure .py files... LAR = @xBooe
Show hidden files
rue:
Upload to /
Naﬂﬁ?” entry = next(iter)
Sty filename = entry[@]
— file_type = entry[1]
Copy if filename == 'boot.py':
Paste continue
Rename lse:
print( )
‘ Properties print(filename,end="")
m if file_type == IS_DIR:
19 print(", File is a directory")
20 print(" ")
21 else: ©

MicroPython (ESP32) « COM3

Any concerns? D4 support@freenove.com
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Creating and Saving the code

Click “File">“New” to create and write codes.

T Thonny
File Edit View Run Tools Help

B New Ctrl+N g =
5 Open... Ctrl+0

Recent files L4

Close Ctrl+W

Close all Ctrl+Shift+W
od Save Ctrl+S

Save All files Ctrl+Alt+5

Save as... Ctrl+Shift+5

Save copy...

Move / rename...

Print... Ctrl+P

Exit Alt+F4

MicroPython device =
e) boot.py

MicroPython (ESP32) » COM3

Enter codes in the newly opened file. Here we use codes of “01.1_Blink.py” as an example.

Th Thonny - <untitled> @ 12:9
File Edit View Run Tools Help

DEHA O @ ™
Files ~ <untitled> * ~
This computer = 1 from time import sleep_ms
B e Diske (C2) 2 from machine import Pin
(e IDE (D) 3
(=) Document (E:) 4
5 try:
6 while True:
7 led.value(1)
8 sleep_ms(1000)
9 led.value(®)
10 sleep_ms(1908)
11 except:
12 pass

MicroPython device =
e) boot.py

led=Pin(2,Pin.0UT) #create LED object from pin2,Set Pin2 to output

- O X

#5et led turn on

#5et led turn off

Any concerns? X support@freenove.com
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Click “Save” on the menu bar. You can save the codes either to your computer or to ESP32S3.

T& Thonny - <untitled> @ 12:9 — >
File Edit Vi s Help
Qe @ ™
Files = <untitled= * =
This computer = 1 from time import sleep ms
& (=i Disk (C:) 2 from machine import Pin
(=i IDE (D) 3
(=i Document (E:) . .
4 /;'IE. Where to save to? X‘ﬁ LED object from pin2
51 1
6
7 #5et led turn on
2 This computer
B #5et led turn off
18
11§ ¢
12 MicroPythen device
MicroPython device =
e:lboot.py
< >
Shell =
MicroPython v1.19.1 on 2022-06-18; ESP3253 module wi ~
th ESP3253
Type "help()" for more information. v
MicroPython (ESP32) -« COM3

Select “MicroPython device”, enter “main.py” in the newly pop-up window and click “OK”.

T Thonny - <untitled= @ 11:8 —

File Edit View Run Device Tools Help

DEH O 4 Th Save to MicroPython device X

Files =

MicroPython devic MicroPython device =

2 bootpy MName Size (bytes)

“. boot.py 139

This computer
(=i System (C3)
(i Software (D:
=i IDE (E3)

(=i Document (|

File name: | \main.py

ok | o

ESP32
Type "help()

>

for more information.

MicroPython v1.12 on 2019-12-20; ESP32 module (spiram) with

Ll

Any concerns? D4 support@freenove.com
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You can see that codes have been uploaded to ESP32S3.

T& Thonny - MicroPython device :: /mainpy @ 12:9 — O *
File Edit View Run Tools Help
DEd O @ =
Files ~ [ mainpy] -
This computer = 1 from time import sleep_ms
[ 1 Disk (C:) 2 from machine import Pin
(= IDE (D) 3
[ =i Document (E:) 4 led=Pin(2,Pin.0UT) #create LED object from pin2
5 try:
6 while True:
7 led.value(1) #Set led turn on
8 sleep_ms(18600)
9 led.value(@) #Set led turn off
18 sleep ms(1008)
11 except:
12 pass
MicroPython device =
Qﬁboot.py
main.py < >
Shell
3 Pyt - 18- ESP3753 dule wi ™
Type "help( for more information. .
MicroPython (ESP32) » COM3

Disconnect and reconnect USB cable, and you can see that LED is ON for one second and then OFF for one
second, which repeats in an endless loop.

N
» — -
o e o <+— o e o

Any concerns? X support@freenove.com
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If you want to exit the offline operation mode, you can press Ctrl+C at the same time in the shell to let the
ESP32-S3 exit the offline operation mode.

T& Thonny - MicroPython device = /mainpy @ 12:9 - O x
File Edit View Run Tools Help
[ =7 0 @ ™
Files ~ [ main.py ] ~
This computer = 1 from time import sleep_ms "
D: %\ Micropythen_Codes % . . .
01.1_Blink 2 from machine import Pin
& .
Blink.py 4 led=Pin(2,Pin.0OUT) #create LED object from pin2,Set Pin2? to output
5 try:
[ while True:
7 led.value(1) #5et led turn on
8 sleep ms(10080)
9 led.value(B) #5et led turn off
18 sleep_ms(1008)
11 except:
v
Shell -

MicroPython device =

@ boot.py
main.py

MicroPython v1.19.1 on 2822-86-18; ESP32S3 module with ESP3253
Type "help()" for more information.

>>>» ESP-ROMesp32s3-20210327
Build:Mar 27 2021
rst:0x1 (POWEROM), boot:0x8 (SPI_FAST_FLASH_BOOT)
SPIWP: Oxee
moade.DIO, clock div:1
load:0x3fcd0108 len:0xf24
load:0x403b6000 len:0xc2c
load:0x403ba000 len:0x2d60
entry 0x403b61f4

e Move the mouse here and press Ctrl+C.

MicroPython (ESP32) - COM3

If there is no response after pressing, it is recommended to press again until exiting.

Any concerns? D4 support@freenove.com


http://www.freenove.com/

Preface www.freenove.com

Notes for GPIO

Strapping Pin

There are four Strapping pins for ESP32S3: GPIO0. GPIO45, GPIO46. GPIO3,

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-S3'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 four strapping pins at power-on and their functions under
the corresponding configuration.

VDD_SPI Voltage

Pin Default 33V 1.8V
GPIO45 Pull-down 0 1
Booting Mode !

Pin Default SPI Boot Download Boot
GPIOO Pull-up 1 0
GPIO46 Pull-down Don't care 0

Enabling/Disabling ROM Messages Print During Booting 2
Pin Default Enabled Disabled
GPIO46 Pull-down See the 2nd note See the 2nd note

JTAG Signal Selection
Bin Defaut EFUSE_DIS_USB_JTAG = 0, EFUSE DIS_PAD_JTAG =0,
EFUSE_STRAP_JTAG_SEL=1
GPIO3 N/A 0: JTAG signal from on-chip JTAG pins
1: JTAG signal from USB Serial/JTAG controller

Note:

1. The strapping combination of GPIO46 = 1 and GPIOO = 0 is invalid and will trigger unexpected behavior.

2. By default, the ROM boot messages are printed over UARTO (UOTXD pin) and USB Serial/JTAG controller together.
The ROM code printing can be disabled through configuration register and eFuse. For detailed information, please
refer to Chapter Chip Boot Control in ESP32-S3 Technical Reference Manual.

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-s3-wroom-1_wroom-

1u_datasheet_en.pdf

Any concerns? X support@freenove.com
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PSRAM Pin

The modules on the ESP32-S3 WROOM board use the ESP32-S3R8 chip with 8MB external Flash. When using
OPI PSRAM, please note that GPIO35-GPIO37 on the ESP32-S3 WROOM board cannot be used for other
purposes. When OPI PSRAM is not used, GPIO35-GPIO37 on the board can be used as a common GPIO.

ESP32-S3R8 / ESP32-S3R8V In-package PSRAM (8 MB, Octal SPI)
SPICLK CLK
SPICS1 CE#
SPID DQO
SPIQ DQ1
SPIWP DQ2
SPIHD DQ3
GPIO33 DQ4
GPIO34 DQ5
GPIO35 DQ6
GPIO36 DQ7
GPIO37 DQS/DM
SDcard Pin

An SD card slot is integrated on the back of the ESP32-5S3 WROOM board. We can use GPIO38-GPIO40 of
ESP32-S3 WROOM to drive the SD card.

USB Pin

In Micropython, GPIO19 and GPIO20 are used for the USB function of ESP32S3, so they cannot be used as
other functions!

Any concerns? DX support@freenove.com
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When using the camera of our ESP32-53 WROOM, 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.

SIOD GPIO4
SIOoC GPIO5
CSI_VYSNC GPIO6
CSI_HREF GPIO7
CSLY9 GPIO16
XCLK GPIO15
CSL Y8 GPIO17
CSL_Y7 GPIO18
CSI_PCLK GPIO13
CSLY6 GPIO12
CSl_Y2 GPIO11
CSLY5 GPIO10
CSLY3 GPIO9
CSLLY4 GPIO8

If you have any questions about the information of GPIO, you can click here to go back to ESP32-S3
WROOM to view specific information about GPIO.
or check: https:.//www.espressif.com/sites/default/files/documentation/esp32-s3_datasheet_en.pdf.

Any concerns? DX support@freenove.com
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Chapter 1 LED (Important)

This chapter is the Start Point in the journey to build and explore ESP32-S3 WROOM electronic projects. We
will start with simple “Blink” project.

Project 1.1 Blink

In this project, we will use ESP32-S3 WROOM to control blinking a common LED.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8RS) USB cable x1

Ji
H

—il:

Power
ESP32-S3 WROOM needs 5v power supply. In this tutorial, we need connect ESP32-S3 WROOM to computer
via USB cable to power it and program it. We can also use other 5v power source to power it.

In the following projects, we only use USB cable to power ESP32-S3 WROOM by default.

In the whole tutorial, we don’t use T extension to power ESP32-S3 WROOM. So 5V and 3.3V (includeing EXT
3.3V) on the extension board are provided by ESP32-53 WROOM.

We can also use DC jack of extension board to power ESP32-S3 WROOM. In this way, 5v and EXT 3.3v on
extension board are provided by external power resource.

Any concerns? D4 support@freenove.com


http://www.freenove.com/

Chapter 1 LED (Important) www.freenove.com [l

Code

Codes used in this tutorial are saved in “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/
Python_Codes”. You can move the codes to any location. For example, we save the codes in Disk(D) with
the path of “D:/Micropython_Codes”".

01.1_Blink
Open “Thonny”, click “This computer”=>"“D:">“Micropython_Codes".

This computer
D:\ Micropythen_Codes

= L0 00.0_HelloWorld
®= 1) 00.1_Boot
# 1Y 01.1_Blink

Expand folder “01.1_Blink” and double click “Blink.py” to open it. As shown in the illustration below.

T& Thonny - D:Micropython_Codes\01.1_Blink\Blink.py @ 18:1 — O X
File Edit View Run Tools Help
Q& O @ =
Files Blink.py
This camputer = 1 from time import sleep _ms n
D: % Micrepython_Codes Fro . X |
01.1_Blink i om machine import Pin
@'J Blink.py : . . . . .
. 4 led=Pin(2,Pin.0UT) #create LED object from pin2,Set Pin2 to output
|-_. Ty
6 while True:
7 led.value(1) #Set led turn on
8 sleep_ms(1008)
9 led.value(@) #Set led turn off
10 sleep ms(1000)
11 except:
12 pass
13 5
MicroPython device = shell
%Jboot.py
33>
MicroPythen (ESP32) « COM3

Make sure ESP32-S3 has been connected with the computer with ESP32-S3 correctly. Click “Stop/Restart
backend” or press the reset button, and then wait to see what interface will show up.

Any concerns? DX support@freenove.com
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Ti Thonny - DAMicropython_Codes\01.1_Blink'\Blink.py @ 18:1 - O X
File Edit View Run Toels Help

R 0 w

Files ~

Blink.py ~

This computer
D: % Micropyth
01.1_Blink

. -
mport sleep_ms
e import Pin

o in.0UT) #create LED object from pin2,Set Pin2 to output
5 try:
6 while True:
7 led.value(1) #Set led turn on
8 sleep_ms(1008)
9 led.value(@) #Set led turn off
10 sleep_ms(1008)
11 except:
12 pass
13 "
MicroPython device = Shell ~
& boot.py icroPython v1.19.1 on 20822-86-18; 53
2>

MicroPythen (ESP32) « COM3

Click “Run current script” shown in the box above, the code starts to be executed and the LED in the
circuit starts to blink.

Note:

This is the code running online. If you disconnect USB cable and repower ESP32-S3 or press its reset key, LED
stops blinking and the following messages will be displayed in Thonny.

Any concerns? D4 support@freenove.com
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T&e Thonny - D:\Micropython_Codes\01.1_Blink\Blink.py @ 15:1 - O X
File Edit View Run Device Tools Help
D= W
Files - Blink.py ~
T*jisc‘?mpute' = 1 from time import sleep_ms .
E}jﬁ;fpﬁh°mﬁ°da\ 2 from machine import Pin
" 2
@ Blinkpy 4 led=Pin(2,Pin.0UT) #create LED object from pin2,Set Pin2 to output
5 try:
6 while True:
7 led.value(1) #Set led turn on
8 sleep ms(100@)
9 led.value(@) #Set led turn off
10 sleep ms(1000)
11 except:
12 pass 9
Shell -
]
MicroPython v1.18 on 2822-01-17; ESP32 module (spiram) with ESP32
Type "help()" for more information.
22>
Connection lost (GetOverlappedResult failed (PermissionError(13, ‘Access is de
nied.’, Mone, 5)))
Use Stop/Restart to reconnect.
W

Uploading code to ESP32S3

As shown in the following illustration, right-click the file Blink.py and select “Upload to /" to upload code to
ESP32S3.

T& Thonny - DAMicropython_Codes\01.1_Blink\Blink.py @ 11:1 — O *
File Edit View Run Toocls Help
0= 0 @ =
Files ~ Blink.py -
This computer = 1 from time import sleep ms ~
D: % Micropython_Codes ' . . .
011 Blink i from machine import Pin
& Blink py Open in Thenny (2,Pin.0OUT) #create LED object from pin2,Set Pin2 to output
Open in default external app
Configure .py files... le True:
Show hidden files led.value(1) #Set led turn on
RN
nload to /
NF = led.value(8) #Set led turn off
EW TIE..
. sleep_ms(1068)
MicroPython devii ~ Mew directory...
& bootpy cut s
Copy v
Paste
Renarme
Move to Trash mare infarmation. A
v1.19.1 on 2822-86-18; ESP3253 module with ESP3253
Properties
Ty =rpr= " for more information.
>>> ]
MicroPython (E5P32) - COM3

Any concerns? X support@freenove.com


http://www.freenove.com/

. www.freenove.com

Chapter 1 LED (Important)

Upload boot.py in the same way.

T& Thonny - DAMicropython_Codes\01.1_Blink\Blink.py @ 11:1
File Edit View Run Tools Help
B = 0 @ =
Files Blink.py
Ehi\iﬁ_mPUtEL Cod \E 1 time sleep ms
d icropython_Codes - -
01.1_Blink % machine Pin
& Blink.py B
7 led.value(1)
8 sleep ms(1068)
9 led.value(@)
_@ . Aoy
11
12 Make sure you have
= uploaded Blink.py and
: boot.py here,
T
2>

led=Pin(2,Pin.0UT) #create LED object from pin2,Set Pin2 to output

#Set led turn on

#5et led turn off

W
MicroPython (E5P32) » COM3

Press the reset key of ESP32-S3 and you can see LED is ON for one second and then OFF for one second,

which repeats in an endless loop.

led.value(0)

Ball 102

— 0y

. TX
C=J oN
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‘
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If you want to exit the offline operation mode, you can press Ctrl+C at the same time in the shell to let the
ESP32-S3 exit the offline operation mode.

T& Thonny - MicroPython device = /mainpy @ 12:9 - O x
File Edit View Run Tools Help
[ =7 0 @ ™
Files [ main.py ] -
This computer = 1 from time import sleep_ms "
D: %\ Micropythen_Codes % . . .
01.1_Blink 2 from machine import Pin
& .
Blink.py 4 led=Pin(2,Pin.0OUT) #create LED object from pin2,Set Pin2? to output
5 try:
[ while True:
7 led.value(1) #5et led turn on
8 sleep ms(10080)
9 led.value(B) #5et led turn off
18 sleep_ms(1008)
11 except:
v
Shell -

MicroPython v1.19.1 on 2022-06-18; ESP3253 module with ESP3253
MicroPython device =

e}l boot.py
e; main.py >>> ESP-ROMesp32s3-20210327

Build:Mar 27 2021

rst:0x1 (POWEROM), boot:0x8 (SPI_FAST_FLASH_BOOT)
SPIWP: Oxee

moade.DIO, clock div:1

load:0x3fcd0108 len:0xf24

load:0x403b6000 len:0xc2c

load:0x403ba000 len:0x2d60

entry 0x403b61f4

Type "help()" for more information.

main.py

b \ove the mouse here and press Ctrl+C

MicroPython (ESP32) - COM3
If there is no response after pressing, it is recommended to press again until exiting.
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:

from time import sleep ms

from machine import Pin

led=Pin(2, Pin. OUT) #create LED object from pin2, Set Pin2 to output
try:
while True:
led. value (1) #Set led turn on
sleep _ms(1000)
led. value (0) #Set led turn off
sleep_ms(1000)

except:

pass

Each time a new file is opened, the program will be executed from top to bottom. When encountering a loop
construction, it will execute the loop statement according to the loop condition.

- from time import sleep ms
i {rom machine import Pin
led=Pin(2, Pin. OUT) #create LED object from pin2, Set Pin2 (o outpul
while True:
except:
pass

Print() function is used to print data to Terminal. It can be executed in Terminal directly or be written in a

Python file and executed by running the file.

[ orint ("Hello world!”)

Each time when using the functions of ESP32S3, you need to import modules corresponding to those

functions: Import sleep_ms module of time module and Pin module of machine module.
from time import sleep ms

. from machine import Pin

Configure GPIO2 of ESP32-S3 to output mode and assign it to an object named “led”.

! led=Pin (2, Pin. OUT) #create LED object (rom pinZ, Set Pin2 to output I

It means that from now on, LED represents GPIO2 that is in output mode.

Set the value of LED to 1 and GPIO2 will output high level.

! led. value (1) #Set led turn on l

Set the value of LED to 0 and GPIO2 will output low level.

- led. value(0) #Set led turn on l

Execute codes in a while loop.

. while True:

Any concerns? D4 support@freenove.com
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Put statements that may cause an error in “try” block and the executing statements when an error occurs in
“except” block. In general, when the program executes statements, it will execute those in “try” block.
However, when an error occurs to ESP32-53 due to some interference or other reasons, it will execute
statements in “except” block.

“Pass” is an empty statement. When it is executed, nothing happens. It is useful as a placeholder to make the
structure of a program look better.
B try:

11 except:
12 pass
The single-line comment of Micropython starts with a “#” and continues to the end of the line. Comments
help us to understand code. When programs are running, Thonny will ignore comments.

| 9 ‘ #Set led turn on

MicroPython uses indentations to distinguish different blocks of code instead of braces. The number of
indentations is changeable, but it must be consistent throughout one block. If the indentation of the same
code block is inconsistent, it will cause errors when the program runs.

6 while True:

7 led. value (1) #Set led turn on
8 sleep ms(1000)

9 led. value(0) #Set led turn off
10 sleep ms(1000)

How to import python files

Whether to import the built-in python module or to import that written by users, the command “import” is
needed.

If you import the module directly you should indicate the module to which the function or attribute belongs
when using the function or attribute (constant, variable) in the module. The format should be: <module
name>.<function or attribute>, otherwise an error will occur.

import random

num = random.randint(1l, 108)
print(num)

If you only want to import a certain function or attribute in the module, use the from...import statement.

The format is as follows

from random import randint
num = randint(1, 180)
print(num)

When using “from...import” statement to import function, to avoid conflicts and for easy understanding,
you can use “as” statement to rename the imported function, as follows

from random import randint =s rand
num = rand(1l, 1080}
print(num)

Any concerns? DX support@freenove.com
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Reference

Before each use of the machine module, please add the statement “import machine” to the top of python
file.

machine.freq(freq_val): When freq_val is not specified, it is to return to the current CPU frequency;
Otherwise, it is to set the current CPU frequency.

freq_val: 80000000(80MHz). 160000000(160MHz). 240000000(240MHz)

machine.reset(): A reset function. When it is called, the program will be reset.

machine.unique_id(): Obtains MAC address of the device.

machine.idle(): Turns off any temporarily unused functions on the chip and its clock, which is useful to
reduce power consumption at any time during short or long periods.

machine.disable_irq(): Disables interrupt requests and return the previous IRQ state. The disable_irq ()
function and enable_irg () function need to be used together; Otherwise the machine will crash and
restart.

machine.enable_irq(state): To re-enable interrupt requests. The parameter state should be the value that
was returned from the most recent call to the disable_irg() function

machine.time_pulse_us(pin, pulse_level, timeout_us=1000000):

Tests the duration of the external pulse level on the given pin and returns the duration of the external
pulse level in microseconds. When pulse level = 1, it tests the high level duration; When pulse level = 0, it
tests the low level duration.

If the setting level is not consistent with the current pulse level, it will wait until they are consistent, and
then start timing. If the set level is consistent with the current pulse level, it will start timing immediately.

When the pin level is opposite to the set level, it will wait for timeout and return “-2". When the pin
level and the set level is the same, it will also wait timeout but return “-1". timeout_us is the duration of
timeout.

Any concerns? DX support@freenove.com
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Before each use of the Pin module, please add the statement “from machine import Pin” to the top of
python file.
id: Arbitrary pin number
mode: Mode of pins
Pin.IN: Input Mode
Pin.OUT: Output Mode
Pin.OPEN_DRAIN: Open-drain Mode
Pull: Whether to enable the internal pull up and down mode
None: No pull up or pull down resistors
Pin.PULL_UP: Pull-up Mode, outputting high level by default
Pin.PULL_DOWN: Pull-down Mode, outputting low level by default
Value: State of the pin level, 0/1
Pin.init(mode, pull): Initialize pins
Pin.value([value]): Obtain or set state of the pin level, return 0 or 1 according to the logic level of pins.
Without parameter, it reads input level. With parameter given, it is to set output level.
value: It can be either True/False or 1/0.
Pin.irq(trigger, handler): Configures an interrupt handler to be called when the pin level meets a condition.
trigger:
Pin.IRQ_FALLING: interrupt on falling edge
Pin.IRQ_RISING: interrupt on rising edge
3: interrupt on both edges
Handler: callback function

Before each use of the time module, please add the statement “import time” to the top of python file
time.sleep(sec): Sleeps for the given number of seconds
sec: This argument should be either an int or a float.

time.sleep_ms(ms): Sleeps for the given number of milliseconds, ms should be an int.
time.sleep_us(us): Sleeps for the given number of microseconds, us should be an int.
time.time(): Obtains the timestamp of CPU, with second as its unit.
time.ticks_ms(): Returns the incrementing millisecond counter value, which recounts after some values.
time.ticks_us(): Returns microsecond
time.ticks_cpu(): Similar to ticks_ms() and ticks_us(), but it is more accurate(return clock of CPU).
time.ticks_add(ticks, delta): Gets the timestamp after the offset.

ticks: ticks_ms(). ticks_us(). ticks_cpu()

delta: Delta can be an arbitrary integer number or numeric expression
time.ticks_diff(old_t, new_t): Calculates the interval between two timestamps, such as ticks_ms(), ticks_us()
or ticks_cpul().

old_t: Starting time

new_t: Ending time

Any concerns? DX support@freenove.com
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Project 1.2 Blink

In this project, we will use ESP32-S3 WROOM to control blinking a common LED.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

Breadboard x1

. . . . . . s es s s esss ssees s eses sesse s s s
..................................................

e s e s e © 2 2008800000000 000000000000000000080000e0000080CCSSLISESIOLILIEEESE
I T T I I N I Ny
s e e s 5 5 99 05 9500000000089 80000000000000000ss00sssssssNsssses
D I T R T I I N R N A N S AT Y
I T T R I I N N N N R N SN Y

D I R . R I I N A Y s e s e ss s

LED x1 Resistor 220Q x1 | Jumper M/M x2

—a. 4444444444 -

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

Any concerns? DX support@freenove.com
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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.

<+
1
/ y LED Voltage Maximum current Recommended current
- 1 2 Red 19-22V 20mA 10mA
Green 2.9-3.4V 10mA 5mA
- - Blue 2.9-34V 10mA 5mA
- 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? DX 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.
e i

Power

ESP32-S3 WROOM needs 5v power supply. In this tutorial, we need connect ESP32-S3 WROOM to computer
via USB cable to power it and program it. We can also use other 5v power source to power it.

In the following projects, we only use USB cable to power ESP32-5S3 WROOM by default.

In the whole tutorial, we don't use T extension to power ESP32-S3 WROOM. So 5V and 3.3V (includeing EXT
3.3V) on the extension board are provided by ESP32-53 WROOM.

We can also use DC jack of extension board to power ESP32-S3 WROOM.In this way, 5v and EXT 3.3v on
extension board are provided by external power resource.

Any concerns? D4 support@freenove.com
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Circuilt

First, disconnect all power from the ESP32-53 WROOM. Then build the circuit according to the circuit and
hardware diagrams. After the circuit is built and verified correct, connect the PC to ESP32-S3 WROOM.

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

5

5]
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— 4 | [ —
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Don't rotate ESP32-S3 WROOM 180° for connection.
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Code

Codes used in this tutorial are saved in “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/
Python_Codes”. You can move the codes to any location. For example, we save the codes in Disk(D) with
the path of “D:/Micropython_Codes”".

01.1_Blink
Open “Thonny”, click “This computer”=>"“D:">“Micropython_Codes".

This computer
D: \ Micropython_Codes

L 00.0_HelloWorld
4 00.1_Boot
# L 01.1_Blink

Expand folder “01.1_Blink” and double click “Blink.py” to open it. As shown in the illustration below.

T& Thonny - D:\Micropython_Codes\01.1_Blink\Blink.py @ 15:1 - O *
File Edit View Run Device Tools Help
Q= (] i
Files Blink.py
MicrePython device = 1 from time import sleep_ms ”
2 bootpy 2  from machine import Pin
3
4  led=Pin(2,Pin.0UT) #create LED object from pin2,Set Pin2 to output
5 try:
6 while True:
7 led.value(1) #Set led turn on
This computer = 8 sleep_ms(1000)
g;}g'l'icnfpﬁh°ﬂ-c°des\ 9 led.value(@) #Set led turn off
S 10 sleep ms(1000)
. Blinkpy 11 except:
12 pass
13
14
ar W
Shell
-
222 v

Any concerns? DX support@freenove.com
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Make sure ESP32-S3 has been connected with the computer with ESP32-S3 correctly. Click “Stop/Restart
backend” or press the reset button, and then wait to see what interface will show up.

T& Thonny - DAMicropython_Codes\01.1_Blink\Blink.py @ 5:5

File Edit M Bun Tools Help

Blink.py =

. . ~
me import sleep_ms

011 Blink chine import Pin

(2,Pin.0OUT) #create LED object from pin2,Set Pin2 to output

5 try:
6 while True:
7 led.value(1) #Set led turn on
8 sleep ms(1668@)
9 led.value(@) #Set led turn off
18 sleep ms(1068)
MicroPython device = 11 except:
12 pass
am v
Shell =

MicroPython v1.19.1 on 2022-06-18; ESP3253 module with ESP3253

Type "help()" for more information.

MicroPython (E5P32) - COM3

Click “Run current script” shown in the box above, the code starts to be executed and the LED in the
circuit starts to blink.

N I / ,
. . . .
N . o .
. . —> . .
. . <+ . .
. . B .
. . . .

Note:

This is the code running online. If you disconnect USB cable and repower ESP32-S3 or press its reset key, LED
stops blinking and the following messages will be displayed in Thonny.

Shell ~

; ESP32 module (spiram) with ESP32

22>

Connection lost (GetOverlappedResult failed (PermissionError(l3, ‘Access is de
nied. ", None, 5)))

Use Stop/Restart to reconnect.

Uploading code to ESP32S3

As shown in the following illustration, right-click the file Blink.py and select “Upload to /" to upload code to
ESP32S3.

Any concerns? X support@freenove.com
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T& Thonny - DAMicropython_Codes\01.1_Blink\Blink.py @ 11:1 - O X
File Edit VYiew Run Tools Help
B r=; o @ =
Files = Blink.py =
Ehi:;?mPUtEL o \E 1 from time import sleep ms ~
3 icropython_Codes . . .
01.1_Blink 2 from machine import Pin
3
@ Blink.py X . . . .
Open in Thenny (2,Pin.0UT) #create LED object from pin2,Set Pin2 to output
Open in default external app
Configure .py files... le True:
Show hidden files led.value(1) #Set led turn on
sleep_ns(1000)
Nfile led.value(8) #Set led turn off
T sleep_ms(1008)
MicroPython devi Mew directary...
@boot.py i 5
Copy v
Paste
Rename
Move to Trash mare information. I
v1.19.1 on 2822-86-18; ESP3253 module with ESP3253
Properties o o
Upload boot.py in the same way.
T& Thonny - DAMicropython_Codes\01.1_Blink\Blink.py @ 11:1 — O *
File Edit View Run Toocls Help
0= 0 @ =
Files ~ Blink.py -
Ehi:;‘;mPUtEL Cod \E 1 from time import sleep ms ~
d icropython_Codes - - -
011 Blink 2 from machine import Pin
3
& Blink.py - . . . .
4 led=Pin(2,Pin.0QUT) #create LED object from pin2,Set Pin2 to output
5 try:
6 while True:
7 led.value(1) #Set led turn on
8 sleep ms(1668@)
9 led.value(@) #Set led turn off
10
11
12
am v
~
" p—— 8; ESP3253 module with ESP3253
Type "help()}" for more information.
>>> ]
MicroPython (E5P32) - COM3

Press the reset key of ESP32-S3 and you can see LED is ON for one second and then OFF for one second,
which repeats in an endless loop.
Press the reset key of ESP32-S3 and you can see LED is ON for one second and then OFF for one second,
which repeats in an endless loop.

N V4
M| ¥ — IS
..4_ ® e o
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If you want to exit the offline operation mode, you can press Ctrl+C at the same time in the shell to let the
ESP32-S3 exit the offline operation mode.

T& Thonny - MicroPython device = /mainpy @ 12:9 - O x
File Edit View Run Tools Help
[ =7 0 @ ™
Files [ main.py ] -
This computer = 1 from time import sleep_ms "
D Micropython_Codes . - .
01.1_Blink 2 from machine import Pin
& .
Blink.py 4 led=Pin(2,Pin.0OUT) #create LED object from pin2,Set Pin2? to output
5 try:
[ while True:
7 led.value(1) #5et led turn on
8 sleep ms(10080)
9 led.value(B) #5et led turn off
18 sleep_ms(1008)
11 except:
W
Shell -
MicroPython v1.19.1 on 2022-06-18; ESP3253 module with ESP3253
MicroPython device = B L o i
Type "help()" for more information.
@boot.py -
&) main.py >>> ESP-ROMesp3253-20210327

Build:Mar 27 2021

rst:0x1 (POWEROM), boot:0x8 (SPI_FAST_FLASH_BOOT)
SPIWP: Oxee

moade.DIO, clock div:1

load:0x3fcd0108 len:0xf24

load:0x403b6000 len:0xc2c

load:0x403ba000 len:0x2d60

entry 0x403b61f4

main.py

Move the mouse here and press Ctrl+C

MicroPython (ESP32) - COM3

If there is no response after pressing, it is recommended to press again until exiting.

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-S3 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? D4 support@freenove.com
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Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8)

GPIO Extension Board x1

EXT-3.3V8 o
‘GND . e

Freenove ESP32S3 GPIO Extension Board

Breadboard x1
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Jumper M/M x4

LED x1

Resistor 220Q x1 Resistor 10kQ x2 Push button x1
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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:

. T
e 9
10 | ) 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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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Code

This project is designed to learn to control an LED with a push button switch. First, we need to read the state
of the switch and then decide whether the LED is turned on or not based on it.

Move the program folder “Freenove_Ultimate_Starter_Kit_for ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “02.1_ButtonAndLed” and
double click “ButtonAndlLed.py”.

02.1_ButtonAndLed

T& Thonny - D\Micropython_Cedes\02.1_ButtonAndLed\ButtonAndLed.py @ 11:38 — O *
File Edit View Run Tools Help
0= 0 @ =
Files ~ AndLed.py -
This computer from machine import Pin
D: % Micropython_Codes Y 2
. 3 led = Pin(2, Pin.OUT
&) ButtonAndLed.py B 2, )
5 #create button object from pinl3,Set Pinl3 to Input
& button = Pin(13, Pin.IN,Pin.PULL_UP)
7
8 try:
9 while True:
_ _ _ 10 if not button.value():
MicraPython device - 11 led.value(1l) #Set led turn on
&) bootpy 12 else:
13 led.value(@) #Set led turn off
14 except:
15 pass
Shell
icroPytho 1.19.1 on 2022-06-18; ESP3253 module with ESP3253
Type elp for more informatio
>>2>
MicroPython (ESP32) - COM3

Click “Run current script” shown in the box of the above illustration, press the push button switch, LED
turns ON; release the switch, LED turns OFF.

N\

| 7

N\

| 7

Any concerns? X support@freenove.com
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Upload Code to ESP32S3

As shown in the following illustration, right-click file 02.1_ButtonAndLed and select “Upload to /" to upload
code to ESP32S3.

T& Thonny - D:\Micropython_Codes\02.1_ButtonfndLed\ButtonAndLed.py @ 11:38

File Edit View Run Tools Help
(R o e =

Files = ButtonAndled.py -

This computer =
D: % Micropython_Codes Y
02.1_ButtonAndLed

1 from machine import Pin
2

% led = Pin(2, Pin.OUT)
@) ButtonAndLed.py :
Open in Thoenny
Open in default external app ~ Fon object from pini3,Set Pinl3 to Input
Configure .py files... n(13, Pin.IN,Pin.PULL_UP)
Show hidden files
Lue:
Naﬂﬂk” t button.value():
MicroPython device New directory... _value(1) #Set led turn on|
e) boot.py Cut
Copy .value(®) #Set led turn off
Paste
Rename
Maove to Trash
Properties

MicroPython v1.19.1 on 2022-86-18; ESP3253 module with ESP32S3
Type "help()" for more information.
23>

MicroPython (ESP32) - COM3

Upload boot.py in the same way.

Te Thonny - D:\Micropython_Codes\02.1_ButtonAndLed\ButtonAndLed.py @ 10:1

— m} X
File Edit View Run Tocls Help
D o @ ™
Files = ButtonAndled.py -

This computer =
D: % Micropython_Codes %
02.1_ButtonAndlLed

&) ButtonAndlLed.py

from machine import Pin
led = Pin(2, Pin.O0UT)

to Input

MicrePython device =

e) boot.py
) ButtonAndLed.py

= ® W0~ RN e

=

Shell =

-c $EDITOR_CONTENT

MicroPython (ESP32) - COM3

Any concerns? D4 support@freenove.com
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The following is the program code:

from machine import Pin

led = Pin(2, Pin.OUT)

#tcreate button object from pinl3, Set Pinl3 to Input
button = Pin(13, Pin. IN, Pin. PULL UP)

try:
while True:
if not button. value() :
led. value(1) #Set led turn on
else:
led. value(0) #Set led turn off
except:

pass

In this project, we use the Pin module of the machine, so before initializing the Pin, we need to import this

module first.

- {rom machine import Pin

In the circuit connection, LED and Button are connected with GPIO2 and GPIO13 respectively, so define led

and button as 2 and 13 respectively.
led = Pin(2, Pin.OUT)

ficreate button object from pinl3, Set Pinl3 to Input
button = Pin(13, Pin. IN, Pin. PULL UP)
Read the pin state of button with value() function. Press the button switch, the function returns low level and
the result of “if” is true, and then LED will be turned ON; Otherwise, LED is turned OFF.

while True:

if not button. value():
led. value (1) #Set led turn on
else:
led. value(0) #Set led turn off
If statement is used to execute the next statement when a certain condition is proved to be true (or non0). It
is often used together with “else” statement, which judges other statements except the if statement. If you
need to judge if the result of a condition is 0, you can use if not statement.

if not button.value():

else:

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

We will also use a push button switch, LED and ESP32-S3 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 slta ble rellease| stable
U
U |
| |
Ideal state I }
| | N
u | | t
™ |
| |
Virtual state | | ‘
| N
| 7
I

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? D4 support@freenove.com


http://www.freenove.com/

Chapter 2 Button & LED www.freenove.com [l

Code

02.2_Tablelamp

Move the program folder “Freenove_Ultimate_Starter_Kit_for ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “02.2_TableLamp”and double
click “TableLamp.py™.

T& Thonny - D\Micropython_Codes\02.2_TableLamp\TableLamp.py @ 20:15 — O *
File Edit View Run
BRr= 0 @ ™=
Files ~ TableLamp.py ~
-[I;hi\; ;‘{""PU'EEL Cod \E 1 import time ~
] icropython_Codes e - . -
022 TableLamp 2 from machine import Pin
= . 3
4 led = Pin(z, Pin.DUT)
5 button = Pin(13, Pin.IN,Pin.PULL_UP)
6
7 def reverseGPIO():
8 it led.value():
9 led.value(@)
18 else:
MicrePython device = 11 led.value(1)
& boot.py 12

13 while True:
14 if not butten.value():

15 time.sleep ms(20)

16 if not hutton.value(d: v
Shell

icroPython v1.19.1 o odule with ESP3253 "
Type elp for more

x> W

MicroPython (E5P32) - COM3

Click “Run current script” shown in the box of the above illustration, press the push button switch, LED
turns ON; press it again, LED turns OFF.

N V4 N V4

-

.

ﬁ
“T E

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

Any concerns? X support@freenove.com
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Upload code to ESP32S3

As shown in the following illustration, right-click file 02.2_TableLamp and select “Upload to /" to upload code

to ESP32S3.
T& Thonny - D:\Micropython_Codes\02.2_TableLamp\TableLamp.py @ 20:15 - [m] x
File Edit View Run Tools Help
o= 0 @ ™=
Files = TableLamp.py
Ehi\s ;:mPUtEL cod \E 1 dimport time ~
3 icropython_Codes . . .
02.2 TebleLamp ; from machine import Pin
Open in Thonny 2, Pin.OUT)
Open in default externalapp  2n(13, Pin.IN,Pin.PULL_UP)
Configure .py files...
Show hidden files =GPTO():
l.jvalue( ):
.value(@
MNew file... ( )
MicroPython device New directory... d.value(1)
e,') boot.py Lt
Copy
;ane utton.value():
;"m“ET " sleep_ms(28)
ove fo Tras ot hutton.value(): 2
Properties
MicroPython v1.19.1 on 2822-86-18; ESP3253 module with ESP3253 ~
Type "help()" for more information.
22 Y]
MicroPython (ESP32) - COM3

Upload boot.py in the same way.

T& Thonny - D:\Micropython_Codes\02.2_TableLamp'\TableLamp.py @ 9: 21

- m} X
File Edit View Run Tools Help
e (3] @ ™
Files - TableLamp.py ~
ghi:;?mpute'r_l o \E 1 import time ~
3 icropython_Codes . : .
02.2 TableLamp ; from machine import Pin
& TableLamp.py 4 led = Pin(2, Pin.OUT)
5
6
7
8
9
10
MicroPythen device =
& boot.py 12
EJTabIeLamp.py 13
14 . o
15 time.sleep_ms(20)
16 it not hutten.value(): v
Shell ~
MicroPython v1.159.1 on 2822-86-18; ESP3253 module with ESP3253 ~
Type "help()" for more information.
>>> ~

MicroPython (ESP32) - COM3

Any concerns? D4 support@freenove.com
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Press ESP32S3'’s reset key, and then push the button switch, LED turns ON; Push the button again, LED turns
OFF.
N7z

ﬁ
’ g

The following is the program code:

import time

{rom machine import Pin

led = Pin(2, Pin.OUT)
button = Pin(13, Pin.IN, Pin.PULL UP)

def reverseGP10() :
if led.value():
led. value (0)
else:
led. value (1)

while True:
if not button. value():
time. sleep ms(20)
il not button. value() :
reverseGP10()

while not button. value() :

time. sleep_ms (20)
When the button is detected to be pressed, delay 20ms to avoid the effect of bounce, and then check whether
the button has been pressed again. If so, the conditional statement will be executed, otherwise it will not be

executed.

while True:
i not button.value():
time. sleep ms (20)
il not button. value():
reverseGPI0()

while not button. value() :

time. sleep_ms (20)

Any concerns? X support@freenove.com
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Customize a function and name it reverseGPIO(), which reverses the output level of the LED.
def reverseGPIO() :
it led.value():
led. value (0)
else:

led. value (1)

Any concerns? D4 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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

EXT-3.3Vel @
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Jumper M/M x10 LED bar graph x1 Resistor 220Q x10

Any concerns? DX 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? DX support@freenove.com
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Circult

Schematic diagram

5
)
1 "20 R11
5V EXT-3.3V 2200
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e iN F\';‘( | 220Q
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e 12 21 | Ax
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S 19 p—
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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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cess BRNET YYUNY

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

Any concerns? DX support@freenove.com
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Code

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

03.1_FlowingLight

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = "“03.1_FlowingLight” and
double click “FlowingLight.py”.

T Thonny - DAMicropython_Codes\03.1_FlowingLight\FlowingLight.py @ 21:1 — O *
File Edit View Run Tools Help
Q= 0 @ ™
Files ‘ingLight.py
Ehiiﬁ_mwte; Codes 1 import time ~
] icropython_Codes - . T .
03.1_FlowingLight 2 from machine import Pin
&) FlowingLight 3
- HewingLght-iy 4 pins=[21,47,48,38,39,48,41,42,2,1]
5
6 def showled():
7 length=len(pins)
8 for i in range(®,length):
9 led=Pin(pins[i],Pin.0UT}
. . . 10 led.value(1)
MicroPython device - 11 time.sleep ms(188)
&) boot.py 12 led.value(@)
13 for 1 in range(®,length):
14 led=Pin(pins[(length-i-1)],Pin.0UT)
15 led.value(1)
16 time.sleep ms(188)
17 led.value(@)
18
19 while True:
20 showled() "
Shell
L
>>> ]
MicroPython (ESP32) » COM3

Click “Run current script” shown in the box above, LED Bar Graph will light up from left to right and then back
from right to left.

If you have any concerns, please contact us via: support@freenove.com
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The following is the program code:

import time

from machine import Pin
pins=[21, 47, 48, 38, 39, 40, 41, 42, 2, 1]

def showled() :

length=len(pins)

for i in range(0, length) :
led=Pin(pins[i], Pin. OUT)
led. value (1)
time. sleep_ms(100)
led. value (0)

for i in range(0, length) :
led=Pin(pins[ (length—i-1) ], Pin. OUT)
led. value (1)
time. sleep_ms(100)
led. value (0)

while True:
showled()
Use an array to define 10 GPIO ports connected to LED Bar Graph for easier operation.
- pins=[21, 47, 48, 38, 39, 40, 41, 42, 2, 1]
Use len() function to obtain the amount of elements in the list and use a for loop to configure pins as output

mode.

length=len (pins)
for i in range(0, length) :
led=Pin(pins[i], Pin. OUT)
Use two for loops to turn on LEDs separately from left to right and then back from right to left.

for i in range(0, length) :
led=Pin(pins[i], Pin. OUT)
led. value (1)
time. sleep_ms(100)
led. value (0)
for i in range (0, length) :
led=Pin(pins[ (length—i-1)], Pin. OUT)
led. value (1)
time. sleep_ms(100)
led. value (0)

Any concerns? X support@freenove.com
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Reference

For loop is used to execute a program endlessly and iterate in the order of items (a list or a string) in the

sequence
start: The initial value, the for loop starts with it
end: The ending value, the for loop end with it
num: Num is automatically added each time to the data. The default value is 1

Any concerns? D4 support@freenove.com
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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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1
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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 0 (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 O'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 0V-5V
(high level is 5V) corresponding to the pulse width 0%-100%:

Any concerns? DX support@freenove.com
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ANALOG
AU DIGITAL
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0 > t
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5V |— — — — —
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0 > t
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5V |— — — — —
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0 > t
MNU
5V
75% Duty Cycle |f
0 > t
MNU
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-S3 and PWM

On ESP32S3, the LEDC(PWM) controller has 8 separate channels, each of which can independently control
frequency, duty cycle, and even accuracy. Unlike traditional PWM pins, the PWM output pins of ESP32-S3 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.)

Any concerns? X support@freenove.com
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Circuilt

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

Schematic diagram
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Don't rotate ESP32-S3 WROOM 180° for connection.
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Code

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.

Move the program folder “Freenove_Ultimate_Starter_Kit_for ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click“This computer” = “D:” = “Micropython_Codes” = “04.1_Breathelight” and double
click “BreatheLight.py”.

04.1_Breathelight

T& Thonny - D\Micropython_Codes\04.1_Breathelight\Breathelight.py @ 8:24 — O X
File Edit View Run Tools Help

B = O @ ™

Files ~ BreatheLight.py ~

This computer =
D: % Micropython_Codes \

(=

from machine import Pin,PWM

04.1_Breathelight i import time
&) Breathelight.py 4 pum =PWM(Pin(2),18000)
5 try:
6 while True:
7 for 1 in range(@,1023):
8 pwm.duty(i)
9 time.sleep ms(1)
168
MicroPython device = 11 for 1 in range(@,1823):
& boot.py 12 pwm.duty(1023-1)
13 time.sleep ms(1)
14 except:
15 pwm.deinit()
16 v
Shell
»>»> BRH EDIT TENT

MicroPython (E3P32) » COM3

Click “Run current script”, and you'll see that LED is turned from ON to OFF and then back from OFF to ON
gradually like breathing.

I\ A7\ WAz N
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http://www.freenove.com/

B vwww.freenove.com Chapter 4 Analog & PWM

The following is the program code:

from machine import Pin, PWM

import time

pwm =PWM(Pin (2, Pin. OUT), 10000)
try:
while True:
for i in range(0, 1023):
pwm. duty (i)

time. sleep_ms (1)

for i in range(0, 1023):
pwm. duty (1023-1)
time. sleep_ms (1)

except:

pwm. deinit ()

The way that the ESP32-S3 PWM pins output is different from traditionally controllers. It can change frequency
and duty cycle by configuring PWM'’s parameters at the initialization stage. Define GPIO2’s output frequency
as 10000Hz, and assign them to PWM.
[4 ] pwm =PWI(Pin(2, Pin. 0UT), 10000)
The range of duty cycle is 0-1023, so we use the first for loop to control PWM to change the duty cycle value,
making PWM output 0% -100%; Use the second for loop to make PWM output 100%- 0%.

for i in range(0, 1023):

pwm. duty (i)

time. sleep ms (1)

for i in range (0, 1023) :
pwm. duty (1023-1)

time. sleep ms (1)

Each time PWM is used, the hardware Timer will be turned ON to cooperate it. Therefore, after each use of
PWM, deinit() needs to be called to turned OFF the timer. Otherwise, the PWM may fail to work next time.

- pwm. deinit ()

Any concerns? D4 support@freenove.com
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Reference

Before each use of PWM module, please add the statement “from machine import PWM" to the top of
the python file.

pin: Any pin supports PWM output, except GPI019,20

freq: Output frequency, with the range of 0-78125 Hz

duty: Duty cycle, with the range of 0-1023.

PWM.init(freq, duty): Initialize PWM, parameters are the same as above.

PWM.freq([freq_val]): When there is no parameter, the function obtains and returns PWM frequency;
When parameters are set, the function is used to set PWM frequency and returns nothing.
PWM.duty([duty_val]): When there is no parameter, the function obtains and returns PWM duty cycle;
When parameters are set, the function is used to set PWM duty cycle.

PWM.deinit(): Turn OFF PWM.

Any concerns? DX 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.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8RS) GPIO Extension Board x1

=
[FREENOVEET]

Breadboard x1

Jumper M/M x8 LED bar graph x1 Resistor 220Q x8
—ea. 4

Any concerns? DX support@freenove.com
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Circuilt

Schematic diagram
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Code

Flowing Light with tail was implemented with PWM.
Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “04.2_FlowingLight”. Select

“pwm.py”, right click to select “Upload to /", wait for “pwm.py” to be uploaded to ESP32-S3 and then
double click “FlowingLight.py”.
04.2_FlowingLight

T& Thonny - D:\Micropython_Codes\04.2_FlowingLight\FlowingLight.py @ 8:14 - O *
File Edit View Run Tools Help
DEH O e ™
Files = FlowingLight.py ~
Ehi\iﬁ_mpu'fe; o \E 1 from machine import Pin,PWM ~
3 icropython_Codes . -
04.2 FlowingLight 2 Tl'r‘OIﬂ pwm.lm_)or“t my PWM
3 1import time
® FlowingLight.py a
Open in Thonny myPWM(21,47,38,39,40,41,42,2)
Open in default externalapp |, 1,2,3,4,5,6,7];
Configure .py files... 9,0,0,0,0,0,0,0,1823,512,256,128,64,32,16,8,0,0,0,0,0,8,0,0]
Show hidden files mes=58
MicroPython devi NEWfi!E--- e True:
& boot.py New directory... for i in range(©,16):
&) pwm.py 2T for j in range(®,8):
Copy mypwm.ledcWrite(chns[j],dutys[i+j])
Paste . .
time.sleep_ms(delayTimes)
Rename
Move to Trash for i in range(©,16):
Properties for j in range(@,8):
I mypwm.ledcWrite(chns[7-j],dutys[i+j])
20 time.sleep _ms(delayTimes)
21 except:
22 mypwm.deinit() v
< >
Shell =
x>
MicroPython (ESP32) » COMS

Click “Run current script”, and LED Bar Graph will gradually light up and out from left to right, then light up
and out from right to left.

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

from machine import Pin, PWM
rom pwm import myPWM

import time

mypwm = myPWM (21, 47, 38, 39, 40, 41, 42, 2)

chns=[0,1,2,3,4,5,6,7];

dutys=[0, 0,0, 0,0, 0, 0,0, 1023, 512, 256, 128, 64, 32, 16, 8,0, 0, 0, 0,0, 0, 0, 0] ;
delayTimes=50

try:
while True:
for i in range(0, 16) :
for j in range(0,8) :
mypwm. ledcWrite (chns[j], dutys[i+j])

time. sleep_ms (delayTimes)

for i in range(0, 16) :
for j in range(0,8) :
mypwm. ledcWrite (chns[7-3], dutys[i+j])
time. sleep_ms (delayTimes)
except:

mypwm. deinit ()

Import the object myPWM from pwm.py and set corresponding pins for PWM channel.

[rom pwm import myPWM

mypwm = myPWM (21, 47, 38, 39, 40, 41, 42, 2)
First we defined 8 GPIO, 8 PWM channels, and 24 pulse width values.

mypwm = myPWM (21, 47, 38, 39, 40, 41, 42, 2)

chns=[0, 1, 2, 3,4,5,6, 7] ;

dutys=[0,0,0,0,0,0,0,0, 1023, 512, 256, 128, 64, 32, 16, 8,0, 0,0, 0,0, 0, 0, 0] ;
Call ledcWrite()to set duty cycle dutys[i+|] for the chns[j] channel of PWM.
! mypwm. ledcWrite (chns[j], dutys[i+j])
Close the PWM of the object myPWM.

! mypwm. deinit ()

Any concerns? X support@freenove.com
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In the code, a nesting of two for loops are used to achieve this effect.

12 for i in range (0, 16) :

13 for j in range(0,8):

14 mypwm. ledcWrite (chns[j], dutys[i+j])
15 time. sleep_ms (delayTimes)

16

17 for i in range(0, 16) :

18 for j in range(0,8):

19 mypwm. ledcWrite (chns[7-j], dutys[i+j])
20 time. sleep ms(delayTimes)

In the main function, a nested for loop is used to control the pulse width of the PWM. Every time i in the first
for loop increases by 1, the LED Bar Graph will move one grid, and gradually change according to the value
in the array dutys. As shown in the following table, the value in the second row is the value of the array dutys,
and the 8 green grids in each row below represent the 8 LEDs on the LED Bar Graph. Each time i increases by
1, 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 12 |3 |4 |56 |7 |8 11112 2 1212
0123 |4
d 0o (0 j01|0]0]O 0(0|0 0|0 |0]O

14
15
16
How to import a custom python module
Each Python file, as long as it's stored on the file system of ESP32S3, is a module. To import a custom module,
the module file needs to be located in the MicroPython environment variable path or in the same path as the

currently running program.
First, customize a python module “custom.py”. Create a new py file and name it “custom.py”. Write code to
it and save it to ESP32S3.

Files [ main.py ] [ custom.py ]

MicroPython device 1 import pandor.
def rand():

num = random.randint(1,1088)
print(num)

“ custom.py

2 main.py

[ I I R WY N ]

Any concerns? DX support@freenove.com
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Second, import custom module “custom” to main.py

1
=

Files = [ mainpy] © [ custom.py] -
MicraPythan device = import custom

2 custom.py import time
while True:

2
3
4 custom.rand()
5 time.sleep(1)

2. main.py

Any concerns? X support@freenove.com
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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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

EXT-3.3Ve ®
GND L

Do~ - o
225 &K

R ]

Freenove ESP32S3 GPIO Extension Board

8 0 88 8500000080080 0000000000000 0000000000000s000000000ss00ssss
D T T I A P P Y
s ees e 8 6000000000000 000000000000000ss0sssss0ssssssssssNsssses
. A s e e s s s e s s s ssssssssssssssssene ses s ss s e B
D T I T T N O R I I AP PN

e e 88 eeess s sess s ees S EEeE S Ee SEses seees sssss seess

RGBLED x1 Resistor 220Q x3 Jumper M/M x4

Any concerns? DX support@freenove.com
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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"‘if 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*2%2°=16777216 (16 million)
colors through different combinations.

Any concerns? DX support@freenove.com
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Circuilt

Schematic diagram
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Code

We need to create three PWM channels and use random duty cycle to make random RGBLED color.

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “05.1_RandomColorLight”and
double click “RandomColorLight.py”.
05.1_RandomColorLight

T& Thonny - D:\Micropython_Cedes\05.1_RandemColorLight\RandemCelorLight.py @ 11: 21 - O *
File Edit View Run Tools Help
BT O @ =
Files RandemCelorLight.py
Ehi\iﬁ_mpu'fe; o \E 1 from machine import Pin,PWM ~
3 icropython_Codes Fra e .
05.1 RandomColorLight 2 From r‘annflom import randint
3 1import time
e’ RandemCelorLight.py a
5 pins=[38,39,48]
6
7  pwm@=PWM(Pin(pins[@]),10000)
2 pwml=PWM(Pin(pins[1]),106080)
9  pwm2=PWM(Pin(pins[2]),10600)
18
MicroPython device = 11 def setColor(r,g,b):
& boot.py 12 pumd . duty (1023-r)
13 puml .duty(1823-g)
14 pwm2 .duty(1823-b)
15
16 try:
17 while True:
18 red = randint(@,1023)
19 green = randint(8,1823)
20 blue = randint(@,1823)
21 setColor(red,green,blue)
22 time.sleep_ms(208) v
Shell
222
MicroPython (ESP32) » COMS

Click “Run current script”, RGBLED begins to display random colors.
If you have any concerns, please contact us via: support@freenove.com

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

from machine import Pin, PWM
{rom random import randint

import time

pins=[40, 39, 38]

pwm0=PWM (Pin (pins[0]), 10000)
pwm1=PWM (Pin (pins[1]), 10000)
pwm2=PWM (Pin (pins[2]), 10000)

def setColor(r, g, b):
pwm0. duty (1023-1)
pwml. duty (1023-g)
pwm2. duty (1023-b)

try:
while True:
red = randint (0, 1023)
green = randint (0, 1023)
blue = randint (0, 1023)

setColor(red, green, blue)

time. sleep ms(200)
except:
pwm0. deinit ()
pwml. deinit ()
pwm2. deinit ()

Import Pin, PWM and Randon Function modules.

from machine import Pin, PWM
from random import randint

import time

Configure ouput mode of GPIO38, GPIO39 and GPIO40 as PWM output and PWM frequency as 10000Hz

pins=[40, 39, 38]

pwm0=PWM (Pin (pins[0]), 10000)
pwm1=PWM (Pin (pins[1]), 10000)
pwm2=PWM (Pin (pins[2]), 10000)

Define a function to set the color of RGBLED.

det setColor(r, g, b):
pwm0. duty (1023-1)
pwml. duty (1023-g)
pwm2. duty (1023-b)

Any concerns? D4 support@freenove.com
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Call random function randint()to generate a random number in the range of 0-1023 and assign the value to
red.

|18 | red = randint (0, 1023)

Obtain 3 random number every 200 milliseconds and call function setColor to make RGBLED display dazzling

colors.
17 :
18 red = randint (0, 1023)
19 green = randint (0, 1023)
20 blue = randint (0, 1023)
21 setColor(red, green, blue)
22 time. sleep_ms(200)
Reference

Before each use of the module random, please add the statement “import random” to the top of
Python file.
randint(start, end): Randomly generates an integer between the value of start and end.

start: Starting value in the specified range, which would be included in the range.

end: Ending value in the specified range, which would be included in the range.

random(): Randomly generates a floating point number between 0 and 1.
random.unifrom(start, end): Randomly generates a floating point number between the value of start and
end

start: Starting value in the specified range, which would be included in the range.

end: Ending value in the specified range, which would be included in the range.
random.getrandbits(size): Generates an integer with size random bits
For example:

size = 4, it generates an integer in the range of 0 to Ob1111
size = 8, it generates an integer in the range of 0 to Ob11111111

random.randrange(start, end, step): Randomly generates a positive integer in the range from start to end
and increment to step.

start: Starting value in the specified range, which would be included in the range

end: Ending value in the specified range, which would be included in the range.

step: An integer specifying the incrementation.
random.seed(sed): Specifies a random seed, usually being applied in conjunction with other random
number generators

sed: Random seed, a starting point in generating random numbers.
random.choice(obj): Randomly generates an element from the object obj.

obj: list of elements

Any concerns? DX support@freenove.com
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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 RGBLED will change colors along the model.

Open “Thonny”, click“This computer” = “D:" = “Micropython_Codes” = “05.2_GradientColorLight” and
double click “GradientColorLight.py”.

05.2_GradientColorLight

The following is the program code:

{rom machine import Pin, PWM

import time
pins=[40, 39, 38];
pwm0=PWM (Pin (pins[0]), 1000)

pwm1=PWM (Pin (pins[1]), 1000)
pwm2=PWM (Pin (pins[2]), 1000)

red=0 Hred
green=0 Hgreen
blue=0 #blue

def setColor():
pwm0. duty (red)
pwml. duty (green)
pwm2. duty (blue)

det wheel (pos) :
global red, green, blue
WheelPos=pos%1023
print (WheelPos)
if WheelPos<341:
red=1023-WheelPos*3
green=WheelPos*3

Any concerns? D4 support@freenove.com
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blue=0

elif WheelPos>=341 and WheelPos<682:
WheelPos —= 341;
red=0
green=1023-WheelPos*3
blue=WheelPos*3
else :
WheelPos —= 682;
red=WheelPos*3
green=0
blue=1023-WheelPos*3

try:
while True:
for i in range(0, 1023):
wheel (i)
setColor ()
time. sleep_ms(15)
except:
pwm0. deinit ()
pwml. deinit ()
pwm2. deinit ()

The function wheel() is a color selection method of the color model introduced earlier. The value range of the
parameter pos is 0-1023. The function will return a data containing the duty cycle values of 3 pins.
def wheel (pos) :
global red, green, blue
WheelPos=pos%1023
print (WheelPos)
il WheelPos<341:
red=1023-WheelPos*3
green=WheelPos*3
blue=0

elif WheelPos>=341 and WheelPos<682:
WheelPos —= 341;
red=0
green=1023-WheelPos*3
blue=WheelPos*3
else :
WheelPos —= 682;
red=WheelPos*3
green=0
blue=1023-WheelPos*3

Any concerns? X support@freenove.com
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Any concerns? D4 support@freenove.com
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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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

EXT-3.3Vel ®
GND L

Freenove ESP32S3 GPIO Extension Board

Freenove 8 RGB LED Module x1 Jumper F/M x3

Any concerns? DX support@freenove.com
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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 2/24=16,777,216 different colors.

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

gif A l —
FREENOQVE
- g0 )
10\/ °
_— = -

/4 N4
~

~

~ i
FREENOVE S 1.

x -
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

1] -- ] --
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

Any concerns? DX support@freenove.com
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Circuilt

Schematic diagram
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.
Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “06.1_Neopixel” and double click

“Neopixel.py”.
06.1_Neopixel
T
| File Edit View Run Tools Help
B 0 @ =
Files Meopicel.py
EﬂiﬁanmL Cod \ 1 from machine import Pin "
icropython_Codes . -
08.1_Necpixel . m.aoplxel
& Neopixel 3 ~t time
= NEOpHELpY 4 Pin(48, Pin.OUT)
5 np = neopixel.NeoPixel(pin, 8)
7 #brightness :8-255
8 brightness=18
9 colors=[[brightness,8,8], #red
_ _ B 18 [@,brightness,B], #green
MicroPython device = 11 [8,8,brightness], #blue
& boot.py 12 [brightness,brightness,brightness], #white
13 [8,8,8]] #close
14
15 while True:
16 for i in range(®,5):
17 for j in range(0,8):
18 np[j]=colors[i]
19 np.write()
20 time.sleep ms(58)
21 time.sleep_ms(500)
22 time.sleep_ms(500)
23 v
Shell
>>2>
MicroPython (ESP32) » COMS

Click “Run current script” and Neopixel begins to light up in red, green, blue, white and black.

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

from machine import Pin
import neopixel

import time

pin = Pin(48, Pin.OUT)

np = neopixel.NeoPixel (pin, 8)

#tbrightness :0-255

brightness=10

colors=[[brightness, 0, 0], fired
[0, brightness, 0], #green
[0, 0, brightness], tblue
[brightness, brightness, brightness], #white
(0,0, 0]] #close

while True:
for i in range(0,5):
for j in range(0,8):
npl[jl=colors[i]
np. write ()
time. sleep_ms (50)
time. sleep ms(500)

time. sleep ms(500)

Import Pin, neopiexl and time modules.

{rom machine import Pin

import neopixel

import time
Define the number of pin and LEDs connected to neopixel.
pin = Pin(48, Pin. OUT)

np = neopixel.NeoPixel (pin, 8)

Define the brightness of neopixel's LED and an array to store color.

#tbrightness :0-255

brightness=10

colors=[[brightness, 0, 0], fired
[0, brightness, 0], #green
[0, 0, brightness], #blue
[brightness, brightness, brightness], #white
[0, 0, 0]] #close

Assign the color data to the array np and call function write() to send np array data to neopixel module.

npljl=colors[i]

np. write ()

Any concerns? X support@freenove.com
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Nest two for loops to make the module repeatedly display five states of red, green, blue, white and OFF.

while True:
for i in range(0,5):
for j in range(0,8):
npljl=colors[i]
np. write ()
time. sleep_ms (50)
time. sleep_ms(500)
time. sleep_ms (500)

Reference

Before each usr of neopixel module, please add the statement “import neopixel” to the top of Python

file.

NeoPixel(pin, n): Define the number of output pins and LEDs of neopixel module
pin: Output pins
n: The number of LEDs.

NeoPixel.write(): Write data to LEDs.

Any concerns? D4 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.

Code

Continue to use the following color model to equalize the color distribution of the 8 leds and gradually change.

0 85 170 255

Move the program folder “Freenove_Ultimate_Starter_Kit_for ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “06.2_Rainbow_light” and then
double click “Rainbow_light.py”.

06.2_Rainbow_light

T& Thonny - DAMicropython_Codes\06.2_Rainbow_light\Rainbow _light.py @ 4:13 - O *
File Edit View Run Toocls Help
0= 0 @ =
Files ~ Rainbow_light.py ~
Ehi:;‘;mPUtEL Cod \E 1 from machine import Pin .
d icropython_Codes - .
06.2_Rainbow_light 2 import neopixel
&  Rainbow_light 3 1import time
N Y] 4 pin = Pin(48, Pin.0UT)
5 np = neopixel.MeoPixel(pin, 8)
[
7 brightness=8.1 #brightness: 8-1.9
& red=8 #red
9 green=© #green
16 blue=0 #blue
MicroPython device = 11
& bootpy 12 def wheel(pos):
13 globzal red,green,blue
14 WheelPos=pos%255
15 if WheelPos<85:
16 red=(255-WheelPos*3)
17 green=(WheelPos*3)
18 blue=0
19 elit WheelPos>=85 and WheelPos<178:
26 WheelPos -= 85;
21 red=0
22 green=(255-WheelPos*3)
23 blue=(WheelPos*3) )
Shell =
icroPython v1.19.1 on 2022-86-18; ESP32S3 module with ESP32S3 "
Type elp for more information
>>2 W
MicroPython (ESP32) - COMS

Any concerns? X support@freenove.com
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Click “Run current script”, and the Freenove 8 RGB LED Strip displays different colors and the color changes

gradually.

o
. FREENOVE y; N

S 3
i 9 LY b_.'v'
: ‘ CTime ‘-’0 {
. &
L 7 o "

The following is the program code:

1 from machine import Pin

2 import neopixel

3 import time

4 pin = Pin(48, Pin.OUT)

5 np = neopixel.NeoPixel (pin, 8)
6

7 brightness=0. 1 #brightness: 0 — 1.
8 red=0 #red

9 green=0 fgreen
10 | blue=0 #tblue
11

12 def wheel (pos) :

13 global red, green, blue

14 WheelPos=pos%255

15 if WheelPos<85:

16 red=(255-WheelPos*3)
17 green=(WheelPos*3)

18 blue=0

19 elif WheelPos>=85 and WheelPos<170:
20 WheelPos —= 85;

21 red=0

22 green=(255-WheelPos*3)
23 blue=(WheelPos*3)

24 else :

25 WheelPos —= 170;

26 red= (WheelPos*3)

27 green=0

28 blue=(255-WheelPos*3)
29

30 while True:

Any concerns? DX support@freenove.com
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for i in range (0, 255) :
for j in range(0,8):
wheel (i+j%255//8)
npl[jl=(int (red*brightness), int (green*brightness), int (bluexbrightness))

np. write ()

time. sleep_ms(5)

Define a wheel() function to process the color data of neopixel module.
def wheel (pos) :

global red, green,blue

WheelPos=pos%255

if WheelPos<85:
red=(255-WheelPos*3)
green=(WheelPos*3)
blue=0

elif WheelPos>=85 and WheelPos<170:
WheelPos —= 85;
red=0
green=(255-WheelPos*3)
blue= (WheelPos*3)

WheelPos —= 170;

red= (WheelPos*3)

green=0

blue=(255-WheelPos*3)
Set the color brightness of the module.
- brightness=0. 1 #brightness: 0 — 1.0
Use a nesting of two for loops. The first for loop makes the value of i increase from 0 to 255 automatically
and the wheel() function processes the value of i into data of the module’s three colors; the second for loop
writes the color data to the module.

for i in range (0, 255) :
for j in range(0,8):
wheel (i+j%255//8)
np[j]=(int (red*brightness), int (green*brightness), int (blue*brightness))

np. write ()

time. sleep_ms(5)

Any concerns? X 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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1
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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

1
o+ —
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-S3 output capability cannot meet the
requirement, a transistor of NPN type is needed here to amplify the current.

Any concerns? DX 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
1| E 3]C
P 5 M 5
B B
19283 3| cC 18283 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

1 R1

1
Z ? Buzzer . 1kQ r o1

ko
i (1L
e I vl
| T
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Circuilt

Schematic diagram
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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? DX support@freenove.com
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Code

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 an LED ON and OFF.

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “07.1_Doorbell” and double click

“Doorbell.py”.
07.1_Doorbell
T& Thonny - DAMicropython_Codes\07.1_Doorbell\Doorbellpy @ 3: 14 — O =
File Edit View Run Tools Help
B 0 @ ™
Files Doorbell.py
This computer = 1 from machine import Pin
Dt % Micropython_Codes ' 2
07.1_Doorbell . . .
8 2 button=Pin(21,Pin.IN,Pin.PULL_UP)
> Doorbell.py 4  activeBuzzer=Pin(14,Pin.0UT)
C
6 activeBuzzer.value(8)
8 while True:
9 it not button.value():
18 activeBuzzer.value(1)
MicroPython device = 11 else:
&) boot.py 12 activeBuzzer.value(@)
13
Shell
>>>

MicroPython (E5P32) - COM3

Any concerns? DX support@freenove.com
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Click “Run current script”, press the push button switch and the buzzer will sound. Release the push button
switch and the buzzer will stop.

I & % & % 0 0 8 00 00

The following is the program code:

from machine import Pin

button=Pin (21, Pin. IN, Pin. PULL_UP)
activeBuzzer=Pin (14, Pin. OUT)

activeBuzzer. value (0)

while True:
if not button. value() :
activeBuzzer. value (1)

else:

activeBuzzer. value (0)

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

Any concerns? X 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.

Code

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

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “07.2_Alertor”, and double click

“Alertor.py”.
07.2_Alertor
T& Thonny - D:\Micropython_Codes\07.2_Alertor\Alertor.py @ 23: 1 - O *
File Edit VYiew Run Tools Help
0= o e ™
Files = Alertor.py -
Ehi‘:;?mplite; cod \E 1 from machine import Pin,PWM ~
d icropython_Codes -
07.2_Alertor i l,'"po’“i ::‘?th
import time
@AIerlor.py a °
5 PI=3.14
& button=Pin(21,Pin.IN,Pin.PULL_UP)
7 passiveBuzzer=PWM(Pin(14),2000)
8
9 def alert():
_ . B 18 for x in range(8,36):
MicroPython device = il sinVal=math.sin(x*10*PI/188)
& boot.py 12 toneVal=2088+int (sinVal*580)
13 passiveBuzzer.freq(toneVal)
14 time.sleep_ms(1@)

Click “Run current script”, press the button, then alarm sounds. And when the button is release, the alarm will
stop sounding.

& 8 & % 0 08 00 0

.
.'|.

The following is the program code:

from machine import Pin, PWM
import math

import time

PI=3. 14

Any concerns? D4 support@freenove.com
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button=Pin (21, Pin. IN, Pin. PULL_UP)
passiveBuzzer=PW (Pin(14), 2000)

def alert():
for x in range (0, 36) :
sinVal=math. sin (x*10%PI/180)
toneVal=2000+int (sinVal*500)
passiveBuzzer. freq(toneVal)
time. sleep_ms(10)
try:
while True:
if not button. value() :
passiveBuzzer. init ()
alert ()
else:
passiveBuzzer. deinit ()

except:

passiveBuzzer. deinit ()

Import PWM, Pin, math and time modules.

{rom machine import Pin, PWM
import math

import time

Define the pins of the button and passive buzzer.

PI=3. 14

button=Pin (21, Pin. IN, Pin. PULL UP)

passiveBuzzer=PW (Pin(14), 2000, 512)

Call sin function of math module to generate the frequency data of the passive buzzer.
def alert():

for x in range (0, 36) :
sinVal=math. sin (x*10%PI,/180)
toneVal=2000+int (sinVal#*500)
passiveBuzzer. freq(toneVal)

time. sleep_ms(10)

When not using PWM, please turn it OFF in time.

! passiveBuzzer. deinit ()

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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Chapter 8 Serial Communication

Serial Communication is a means of communication between different devices/devices. This section describes
ESP32-S3's Serial Communication.

Project 8.1 Serial Print

This project uses ESP32-S3's serial communicator to send data to the computer and print it on the serial
monitor.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

Micro USB Wire x1

Any concerns? DX support@freenove.com
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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 two
devices use is as follows:

Device 1 Device 2

——

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 ESP32S3
Freenove ESP32-S3 has integrated USB to serial transfer, so it could communicate with computer connecting
to USB cable.

ESP32S3 USB to Serial Computer

Circuit

Connect Freenove ESP32-S3 to the computer with USB cable.

—

Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:” = “Micropython_Codes” = “08.1_Serial_Print” and double
“Serial_Print.py”.

Any concerns? DX support@freenove.com
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08.1_Serial Print

T& Thonny - D\Micropython_Codes\03.1_Serial_Print\Serial_Print.py @ 3:15 - O >
File Edit VYiew Run Tools Help
RRr= 0 @ ™
Files = Serial_Print.py ~
This computer = 1 import time
D: % Micropython_Codes % 2
08.1_Serial_Print . " C s . . n
B 2 print( ESPE‘;ZSE‘;I initialization completed!")
e) Serial_Print.py a
%zerial_Pr?nt_by_Usarﬂ.p 5 while True:
erial_Print_by_Usart2.p . i i . .
[ print{"Running time : ", time.ticks ms()/1080,"s")
7 time.sleep(1)
8
9

MicroPython device =
ej boot.py

Click “Run current script” and observe the changes of “Shell”, which will display the time when ESP32-S3 is
powered on once per second.

Shell -

»»» WRun -c SEDITOR_COMTENT
ESP3233 initialization completed!
Runningtime : 3.148 s
Runningtime : 4148 s
Runningtime : 5148 5
Runningtime : 6.148 s

The following is the program code:

import time

print ("ESP32-S3 initialization completed!”)

while True:

print ("Running time : 7, time.ticks ms()/1000, “s”)

time. sleep (1)

Any concerns? D4 support@freenove.com
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ESP32-S3 has 3 serial ports, one of which is used as REPL, that is, Pin(43) and Pin(44) are occupied, and
generally it is not recommended to be used as tx, rx. The other two serial ports can be configured simply by
calling the UART module.

T& Thonny - DAMicropython_Codes\08.1_Serial_Print\Serial_Print_by_Usartl.py @ 5:23 — O >
File Edit VYiew Run Tools Help
BT 0o o
ﬁ Serial_Print_by_Usart2.py Serial_Print_by_Usart1.py Serial_Print.py
This computer = 1 from machine import UART
D: %\ Micropythen_Codes % - -
08.1_Serial_Print i import time
& Serial Print. ’ : :
a éer?a:‘Er!n:? = 4 myUsart = UART(1, baudrate=115208, bits=8, parity=@, rx=5, tx=2,
"1 Serial_Prin sart]. . " e e . . Yot
a SeriaI_Print_b;_UsartZE: S myUsart.write("ESP3253 initialization completed!\r\n
7 while True:
8 myUsart.write("Running time : ")
9 a=str(time.ticks_ms()/1000)
a

11 L SR

Reference

Before each use of UART module, please add the statement “from machine import UART” to the top of

python file.

UART(id, baudrate, bits, parity, rx, tx, stop, timeout): Define serial ports and configure parameters for
them.

id: Serial Number. The available serial port number is 1 or 2

baudrate: Baud rate

bits: The number of each character.

parity: Check even or odd, with O for even checking and 1 for odd checking.

rx, tx: UAPT's reading and writing pins

Note: Pin(1) and Pin(3) are occupied and not recommend to be used as tx,rx.
stop: The number of stop bits, and the stop bitis 1 or 2.
timeout: timeout period (Unit: millisecond)
0 < timeout < Ox7FFF FFFF (decimal: O < timeout < 2147483647)

UART.init(baudrate, bits, parity, stop, tx, rx, rts, cts)): Initialize serial ports

tx: writing pins of uart

rx: reading pins of uart

rts: rts pins of uart

cts: cts pins of uart
UART.read(nbytes): Read nbytes bytes
UART.read(): Read data
UART.write(buf): Write byte buffer to UART bus
UART.readline(): Read a line of data, ending with a newline character.
UART.readinto(buf): Read and write data into buffer.
UART.readinto(buf, nbytes): Read and write data into buffer.
UART.any(): Determine whether there is data in serial ports. If yes, return the number of bytes; Otherwise,

return O.

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

From last section, we use serial port on Freenove ESP32-S3 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.

Code

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” > “08.2_Serial_Read_and_Write” and
double click “Serial_Read_and_Write.py”.
08.2_Serial_Read_and_Write

i Thonny - D:\Micropython_Codes\08.2_Serial_Read_and_Write\Serial_Read_and_Write.py @ 1:21 — O pe
File Edit View Run Toocls Help

0= (F] @ =

Files - Serial_Read_and_Write.py ~  Serial_Read_and_Write_by_Usartl.py © Serial_Read_and_Write_by_Usart2.py -

This computer 1 print(str{"\nESP32S3 initialization completed!\n")
D: \ Micropython_Codes \ 2 + str("Please input some characters,\n")

08.2_Serial_Read_and_Writ
QSSE”?;:E d_and_wrl-e 3 + str("select \"Newline\"” below and click send button. \n")})
enal_Read_and_Wnte.py s .
QDSeriaI_Read_and_Write_by_Us; : while -I_—P_Lée:. . t<tri s +
e)SeriaI_Read_and_Write_by_Us; pran ( inpu ring: »1npu ())

MicroPython device

e) boot.py

Shell -
Select MNewlne  Delow ana ClcK Send oumon.

123456
inputstring: 1234585
W

MicroPython (ESP32) - COM3

Click “Run current script” and ESP32-S3 will print out data at “Shell” and wait for users to enter any messages.
Press Enter to end the input, and “Shell” will print out data that the user entered. If you want to use other
serial ports, you can use other python files in the same directory.

This computer
On % Micropython_Codes ', 08.2_Serial_Read_and_Write

© 08.2_Serial Read_and_Write.py

©. 08.2_Serial_Read_and_Write_by Usart1.py
™ 08.2_Serial Read_and Write_by Usart2.py
“. bootpy

Any concerns? D4 support@freenove.com
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Chapter 9 AD Converter

Signals in life are divided into digital signals and analog signals. In this chapter, we will learn how to use
ESP32-S3 to read analog signals.

Project 9.1 Read the Voltage of Potentiometer

In this project, we will use the ADC function of ESP32-S3 to read the voltage value of the potentiometer and
print it through the serial port monitor.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

EXT-3.3Ve ®
P GND @ e
ESPRESSIF {3 P~
£8P32-53.WROOMA1 | B

Freenove ESP32S3 GPIO Extension Board

-------------------- e s e e s seees ssses seses sssss sssss
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
“s e . D I R R I I N
---------------------------------------------------------------
---------------------------------------------------------------
s e s s . .o . N N IR
© 8 9 5 5 8 9000000898800 0000000080000 000000000000e00000000000000000600s
D I T A Ay
s s e s D I D I T I I R A I I A AP AP Y
s s s 00 D R . D s e s s e D s e e essssssces
I I A AT RPN SN Y
e e e s eseee e e ess s eees SEeee S eee seses s sees ssses seeee
e e 88 eeess s sess s ees S EEeE S Ee SEses seees sssss seess

Jumper M/M x3

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 9 AD Converter

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-S3 is 12 bits, that means the resolution is
2/712=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

4095
4094
4093
4092
4091

O N WA

N\
oV 3.3V 7 ANALOG

Subsection 1: the analog in rang of OV---3.3/4095 V corresponds to digital O;
Subsection 2: the analog in rang of 3.3/4095 V---2%3.3 /4095V corresponds to digital 1;

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

Any concerns? D4 support@freenove.com
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ADC on ESP32S3

ESP32-S3 has two digital analog converters with successive approximations of 12-bit accuracy, and a total
of 18 pins can be used to measure analog signals. GPIO pin sequence number and analog pin definition are
shown in the following table.

GPIO 1 ADC1 _CHO
GPIO 2 ADC1 CH1
GPIO 3 ADC1 CH2
GPIO 4 ADC1 CH3
GPIO 5 ADC1 CH4
GPIO 6 ADC1 _CH5
GPIO 7 ADC1 _CH6
GPIO 8 ADC1 CH7
GPIO 9 ADC1 CHS8
GPIO 10 ADC1 CH9
GPIO 11 ADC2_CHO
GPIO 12 ADC2_CH1
GPIO 13 ADC2_CH2
GPIO 14 ADC2_CH3
GPIO 15 ADC2_CH4
GPIO 16 ADC2_CH5
GPIO 17 ADC2_CHb6
GPIO 18 ADC2_CH7

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 O 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.

Any concerns? DX support@freenove.com
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Circuilt

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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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.
Open “Thonny”, click “This computer” = “D:” = “Micropython_Codes” = “09.1_AnalogRead and then click
“AnalogRead.py”.

09.1_AnalogRead

T& Thonny - D:\Micropython_Codes\08.1_AnalogRead\AnalogRead.py @ 15:17 — O x
File Edit View Run Device Tools Help

0= 0o w

Files AnalogRead.py

MicroPythen device from machine impert ADC,Pin

“. bootpy import time

adc=ADC(Pin(1))
adc.atten(ADC.ATTN_11DB)
adc.width(ADC.WIDTH_12BIT)

This computer .
D: % Micropython_Codes tr'y.
09.1_AnalogRead while True:

adcVal=adc.read()
voltage = adcVal / 4095.8 * 3.3
print("ADC Val:",adcVal,"\tVoltage:",voltage,"V")
time.sleep_ms(108)
except:
adc.deinit()

< AnalogRead.py

Click “Run current script” and observe the message printed in “Shell”.

Shell

ADC Val: 2915 Voltage: 2.249084 V A
ADC Val: 2911 Voltage: 2.345861V
ADC Val: 2909 Voltage: 2.244249
ADC Val: 2915 Voltage: 2.349084 V
ADC Val: 2915 Voltage: 2.249084 V
ADC Val: 2910 Voltage: 2.345055 V
ADC Val: 2915 Voltage: 2.249084 V
ADC Val: 2911 Voltage: 2.345861V
ADC Val: 2910 Voltage: 2.345055 V
ADC Val: 2914 Voltage: 2.348279 V
ADC Val: 2915 Voltage: 2.249084 V
ADC Val: 2911 Voltage: 2.345861V
ADC Val: 2815 Voltage: 2.349084 V
ADC Val: 2911 Voltage: 2.345861V
ADC Val: 2910 Voltage: 2.345055 V
ADC Val: 2915 Voltage: 2.349084 V
ADC Val: 2911 Voltage: 2.345861 V
ADC Val: 2911 Voltage: 2.345861V
ADC Val: 2910 Voltage: 2.345055 V
ADC Val: 2914 Voltage: 2.348279 V
¥

MicroPython (ESP32) = COM3

The following is the code:

from machine import ADC, Pin

import time

adc=ADC (Pin(1))
adc. atten (ADC. ATTN 11DB)
adc. width (ADC. WIDTH_12BIT)

S O A~ W N
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9 while True:
10 adcVal=adc. read ()
11 voltage = adcVal / 4095.0 * 3.3
12 print ("ADC Val:”, adcVal, “\tVoltage:”, voltage, V")
13 time. sleep ms(100)
14 except:
15 adc. deinit ()
Import Pin, ADC modules.
1 from machine import ADC, Pin
2 import time

Turn on and configure the ADC with the range of 0-3.3V and the data width of 12-bit data width.
4 adc=ADC (Pin(1))
5 adc. atten (ADC. ATTN 11DB)
6 adc. width (ADC. WIDTH 12BIT)
Read ADC value once every 100 millisecods, convert ADC value and print these data to “Shell”.
9 while True:

10 adcVal=adc. read ()
11 voltage = adcVal / 4095.0 * 3.3
12 print ("ADC Val:”, adcVal, “"\tVoltage:”, voltage, V")
13 time. sleep ms(100)
Reference

Before each use of ACD module, please add the statement “from machine import ADC” to the top of the
python file.
machine.ADC(pin): Create an ADC object associated with the given pin.

pin: Available pins are: Pin(1-18),
ADC.read(): Read ADC and return the value.

ADC.atten(db): Set attenuation ration (that is, the full range voltage, such as the voltage of 11db full
range is 3.3V)

db: attenuation ratio

ADC.ATTIN_ODB —full range of 1.2V
ADC.ATTN_2 5 DB —full range of 1.5V
ADC.ATTN_6DB —full range of 2.0V

ADC.ATTN_11DB  —full range of 3.3V
ADC.width(bit): Set data width.

bit: data bit

ADC.WIDTH_9BIT —9 data width

ADC.WIDTH_10BIT — 10 data width

ADC.WIDTH_11BIT — 11 data width

ADC.WIDTH_12BIT — 12 data width

Any concerns? DX support@freenove.com
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Chapter 10 Potentiometer & LED

We have already learned about the use of ADC and PWM. In this chapter, we will learn how to use a
potentiometer to control the brightness of LED.

Project 10.1 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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

EXT-3.3Ve ®
GND L

S - S 9 0
LR S

SEvuoNAAN A0 o 2ol 2AD¥DATE

Freenove ESP32S3 GPIO Extension Board

Breadboard x1

-------------------- e s e e s seees ssses seses sssss sssss
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
“s e . D I R R I I N
---------------------------------------------------------------
---------------------------------------------------------------
s e s s . .o . N N IR
© 8 9 5 5 8 9000000898800 0000000080000 000000000000e00000000000000000600s
D I T A Ay
s s e s D I D I T I I R A I I A AP AP Y
s s s 00 s e e D s e s s sscsssen s e s s e D s e e essssssces
I I A AT RPN SN Y
e e e s eseee e e ess s eees SEeee S eee seses s sees sssss seeee
e e 88 eeess s sess s ees S EEeE S Ee SEses seees sssss seess

Resistor 220Q x1 LED x1 Jumper M/M x5
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Circuilt

Schematic diagram
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.
Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “10.1_Soft_LED” and double click

“Soft_LED.py”.
10.1_Soft_LED
T& Thonny - D:\Micropython_Codes\10.1_Soft_LED\Soft_LED.py @ 19:1 — O x
File Edit View Run Device Tools Help
B2 w
Files Soft_LED.py

MicroPython device from machine import Pin,PWM,ADC

<. bootpy import time

pwm =PWM(Pin(14,Pin.0UT),1000)
ade=ADC(Pin(1}))
adc.atten(ADC.ATTN_11DB)

adc .width(ADC.WIDTH 12BIT)

This computer
D: ' Micropython_Codes Y . .
10.1_Soft_LED def remap(value,oldMin,oldMax,newMin, newMax):

“ Soft LED.py return int((value)*{newMax-newMin)/(oldMax-oldMin))

try:
while True:
adcValue=adc.read()
pwmValue=remap(adcValue,®,4095,8,1023)
pwm. duty (pwmValue)
print(adcValue, pumValue)
time.sleep ms(100} v

Shell

>r>

Click “Run current script”. Rotate the handle of potentiometer and the brightness of LED will change
correspondingly.
The following is the code:

from machine import Pin, PWM, ADC

import time

pwm =PWM (Pin (14, Pin. OUT), 1000)
adc=ADC(Pin(1))

adc. atten (ADC. ATTN 11DB)

adc. width (ADC. WIDTH 12BIT)

© 00 N O O B~ W N

def remap (value, oldMin, oldMax, newMin, newMax) :

—_
(e

return int ((value)* (newMax—newMin) / (oldMax—oldMin))

Any concerns? DX support@freenove.com
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try:

while True:

except:

adcValue=adc. read ()
pwmValue=remap (adcValue, 0, 4095, 0, 1023)
pwm. duty (pwmValue)

print (adcValue, pwmValue)

time. sleep_ms(100)

ade. deinit ()

pwm. deinit ()

In the code, read the ADC value of the potentiometer. The ADC value range is 0-4095. However, the default
input range of the duty() function is 0-1023. Therefore, we need to write a remap() function to map the read
ADC value to a value that conforms to the input range of the duty() function.

Any concerns? X support@freenove.com
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Project 10.2 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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

Breadboard x1

Resistor 220Q x3 RGBLED x1 Jumper M/M x13
LP"‘I;
[]
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Circult

Schematic diagram
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Code

Open “Thonny”, click “This computer” = “D:” = “Micropython_Codes” = “10.2_Soft_Colorful_Light” and
double click “Soft_Colorful_Light.py”.
10.2_Soft_Colorful_Light

T& Thonny - DA\Micropythen_Codes\10.2_Soft_Colorful_Light\Soft_Colorful_Light.py @ 25:27 — O >
File Edit View Run Device Toocls Help

B Q= 0o w

Files Soft_Colorful_Light.py

MicroPython device from machine import Pin,PWM,ADC

import time

d B

“ boot.py

pwm@=PWM(Pin(40,Pin.0UT),10000)
pwm1=PWM(Pin(39,Pin.0UT),10000)
5 pwm2=PWM(Pin(38,Pin.0UT),10000)
7 adc@=ADC(Pin(12))

n B

This computer

D: \ Micropython_Codes % ¢ adcl=ADC(Pin(13))
10.2_Soft_Colorful_Light 9 adc2=ADC(Pin(14))
“ Soft_Colorful_Lightp 10 adc@.atten(ADC.ATTN_11DB)

11 adcl.atten(ADC.ATTN_11DB)
12 adc2.atten(ADC.ATTN_11DB)
17 adc@.width(ADC.WIDTH_12BIT)
14 adcl.width(ADC.WIDTH_12BIT)
15 adc2.width(ADC.WIDTH_12BIT)

17 def remap(value,oldMin,oldMax,newMin, newMax):
18 return int((value)*(newMax-newMin)/(oldMax-oldMin)) v

Shell

>

Click “Run current script” and control the change of RGBLED color by rotating the handles of three rotary
potentiometers.
The following is the program code:

1 from machine import Pin, PWM, ADC

import time

pwmO=PWM (Pin (40, Pin. OUT), 10000)
pwm1=PWM (Pin (39, Pin. OUT), 10000)
pwm2=PWM (Pin (38, Pin. OUT), 10000)
adc0=ADC (Pin (12))
adc1=ADC (Pin (13))
adc2=ADC (Pin (14))

adc0. atten (ADC. ATTN 11DB)

11 | adcl.atten(ADC. ATTN 11DB)

© 00 N O Ol B~ W N
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adc2. atten (ADC. ATTN 11DB)

adc0. width (ADC. WIDTH_12BIT)
adcl. width (ADC. WIDTH_12BIT)
adc2. width (ADC. WIDTH_12BIT)

def remap (value, oldMin, oldMax, newMin, newMax) :

return int ((value)* (newMax—newMin) / (oldMax—oldMin))

try:
while True:
pwm0. duty (1023-remap (adc0. read (), 0, 4095, 0, 1023))
pwml. duty (1023-remap (adcl. read (), 0, 4095, 0, 1023))
pwm2. duty (1023-remap (adc2. read (), 0, 4095, 0, 1023))
time. sleep_ms(100)
except:
adc0. deinit ()
adcl. deinit ()
adc2. deinit ()
pwm0. deinit ()
pwml. deinit ()

pwm2. deinit ()
In the code, read the ADC value of 3 potentiometers and map it into PWM duty cycle to control the control
3 LEDs with different color of RGBLED, respectively.
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Project 10.3 Soft Rainbow Light

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

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

Jumper F/M x3
Jumper M/M x3

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram
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Code

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “10.3_Soft_Rainbow_Light” and
double click “Soft_Rainbow_Light.py”.
10.3_Soft_Rainbow_Light

T& Thonny - D:\Micropython_Codes\10.2_Soft_Rainbow_Light\Soft_Rainbow_Lightpy @ 29:1 - O *
File Edit View Run Device Tools Help

RN o w

Files Soft_Rainbow_Light.py

MicroPython device from machine import Pin,ADC

“ bootpy import neopixel
import time

np = neopixel.NeoPixel(Pin(14, Pin.OUT), 8)

brightness=0.1

This computer
D: \ Micropython_Codes \, red=0
10.3_Soft_Rainbow_Light green=0

“ Soft_Rainbow_Light.t blue=0

adc@®=ADC(Pin(1))
adc@._atten(ADC.ATTN_11DB)
adc®.width (ADC.WIDTH 12BIT)

def remap(value,oldMin,oldMax,newMin,newMax) :
return int((value)*({newMax-newMin})/(oldMax-oldMin))

Shell

Click “Run current script”. Rotate the handle of potentiometer and the color of the lights will change.

- a -y
to .
.:,) LR ] <
v - £
g v

O
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Freenove 1 i
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{ CTme N
. &
. 1 oy R

The following is the program code:

1 from machine import Pin, ADC

2 import neopixel

3 import time

4

5 np = neopixel.NeoPixel (Pin(14, Pin.OUT), 8)
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brightness=0. 1 #brightbess
red=0 fired
green=0 fgreen
blue=0 #blue

adc0=ADC (Pin (1))
adc0. atten (ADC. ATTN_11DB)
adcO. width (ADC. WIDTH 12BIT)

def remap (value, oldMin, oldMax, newMin, newMax) :

return int ((value)* (newMax—newMin) / (oldMax—oldMin))

def wheel (pos) :
global red, green, blue
WheelPos=pos%255
if WheelPos<85:
red=(255-WheelPos*3)
green=(WheelPos*3)
blue=0
elif WheelPos>=85 and WheelPos<170:
WheelPos —= 85;
red=0
green=(255-WheelPos*3)
blue=(WheelPos*3)
else :
WheelPos —= 170;
red= (WheelPos*3)
green=0
blue=(255-WheelPos*3)
try:
while True:
adcValue=remap (adc0. read (), 0, 4095, 0, 255)
for j in range(0, 8):
wheel (adcValue+j*255//8)
npljl=(int (red*brightness), int (green*brightness), int (bluekbrightness))
np. write ()
time. sleep _ms (50)
except:
adc0. deinit ()
The logic of the code is basically the same as the previous project Rainbow Light. The difference is that in
this code, the starting point of the color is controlled by the potentiometer.
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Chapter 11 Photoresistor & LED

In this chapter, we will learn how to use a photoresistor.

Project 11.1 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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

% (T espRessir )3 B

P32-53-WHOOM

FREENOVE'

Breadboard x1
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Resistor LED x1 Jumper M/M x4
220Q x1 10KQ x1
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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.

| ¢

The circuit below is used to detect the change of a photoresistor’s resistance value:
5V

5V
R2
10kQ | | |R1
10kQ

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.
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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 photoresistor and a resistor.

Schematic diagram
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Codes of this project is logically the same as the project Soft Light.

11.1_Nightlamp

T& Thonny - D:\Micropython_Codes\11.1_NightLamp\NightLamp.py @ 25:1 - O *
File Edit View Run Device Tools Help

R =) o w

Files NightLamp.py

MicroPython device 1 from machine import Pin,PWM,ADC

“. bootpy 2 import time

4 pwm =PWM(Pin(14,Pin.0UT),1000)
5 adc=ADC(Pin(1))

% adc.atten(ADC.ATTN_11DB)

7 adc.width(ADC.WIDTH_12BIT)

This computer
D: % Micropython_Codes \ - . .
11.1_NightLamp 9 def remap(value,oldMin,oldMax, newMin,newMax) :

“ NightLamp.py %T return int((value)*(newMax-newMin)/(oldMax-oldMin})

12 try:

13 while True:

14 adcValue=adc.read()

15 pwmValue=remap(adcValue,,4095,0,1023)

16 pwm. duty (pwmValue)

1 print(adcValue, pwmValue)

18 time.sleep ms(10@) v

Shell

>

Click “Run current script”. Cover the photoresistor with your hands or illuminate it with lights, the brightness
of LEDs will change.
The following is the program code:

{rom machine import Pin, PWM, ADC
2 import time
3
4 pwm =PWM (Pin (14, Pin. OUT), 1000)
5 adc=ADC(Pin(1))
6 adc. atten (ADC. ATTN 11DB)
7 adc. width (ADC. WIDTH 12BIT)
8
9 def remap (value, oldMin, oldMax, newMin, newMax) :
10 return int ((value)* (newMax-newMin)/ (oldMax—oldMin))
11 try
12 while True:
13 adcValue=adc. read ()

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 11 Photoresistor & LED

pwmValue=remap (adcValue, 0, 4095, 0, 1023)
pwm. duty (pwmValue)
print (adcValue, pwmValue)
time. sleep_ms(100)
except:

adc. deinit ()

pwm. deinit ()
In this code, we use ADC to read the ADC value of the photoresist and map it to the PWM of the control LED,
so that the brightness of the LED can change accordingly with the change of the ambient light intensity.

Any concerns? D4 support@freenove.com
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Chapter 12 Thermistor

In this chapter, we will learn about thermistors which are another kind of resistor

Project 12.1 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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1
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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.

| I

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? D4 support@freenove.com
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Circuilt

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
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:” = “Micropython_Codes” = “12.1_Thermometer” and double
click “Thermometer.py”.

12.1_Thermometer

T& Thonny - D:\Micropython_Cedes\12.1_Thermometer\ Thermometer.py @ 19: 1 — O X
File Edit View Run Tools Help
Br=; o @ ™
Files Thermometer.py
Ehi\?;;mp'-'te; Codesn = 1 from machine import Pin,ADC .
: icropython_Codes L — .
12.1_Thermometer B %m_._ - time
2 import math
%JThermometer.py a
5  adc=ADC(Pin(1))
& adc.atten(ADC.ATTN_11DB)
7 adc.width(ADC.WIDTH_12BIT)
8 try:
9 while True:
18 adcValue=adc.read()
11 voltage=adcValue/4895%3.3
12 Rt=10*voltage/(3.3-voltage)
a= _
MicroPython device - .J_, tempK=(1/(1/(273.15+25)+(math.log(Rt/16))/3950))
&b 14 tempC=tempK-273.15
+ boot.py 15 print("ADC value:",adcValue,"\tVoltage :",voltage,"\tTem
16 time.sleep_ms(1008)
17 except:
18 pass v
< >
Shell
ADC value: 1771 Valtage : 1.427179 Temperature : 31.24362 "
ADCvalue: 1780 VYoltage : 1.434432 Temperature : 31.03384
ADCvalue: 1785 VYoltage : 1.438462 Temperature : 3091751
ADCvalue: 1797 “Yoltage : 1.448132 Temperature : 3063804
W
MicroPython (ESP32) » COM24

Click “Run current script” and “Shell” will constantly 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
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Shell =
L Ly J“L wr VL. LD L= LA L LU} | - LIS L L V=L amy Wi | -
Type "help()" for more information.

»»» ¥Run -c $EDITOR_CONTENT

ADC value: 2175 Voltage : 1.752747 Temperature
ADC walue: 2176 Voltage : 1.753553 Temperature
ADC value: 2141 Voltage : 1.725348 Temperature

Voltage : 1.682857 Temperature

22.21976
22.198089
22.95731
26.2919

ADC value: 1943 Voltage : 1.565788 Temperature : 27.3170@5 pinching the
ADC value: 1943 Voltage : 1.565788 Temperature 27.31785 thermistor
ADC walue: 1943 Voltage : 1.565788 Temperature 27.31785
ADC wvalue: 1942 Voltage : 1.564982 Temperature 27.33945

27.33945

Voltage : 1.564982 Temperature
: 1.565788 Temperature

age : emperature

ADC walue: 2218 Voltage : 1.787399 Temperature

27.31785

21.2980

Any concerns? X support@freenove.com


http://www.freenove.com/

B vwww.freenove.com Chapter 12 Thermistor [0

The following is the code:

from machine import Pin, ADC
import time

import math

adc=ADC(Pin(1))
adc. atten (ADC. ATTN_11DB)
adc. width (ADC. WIDTH_12BIT)

try:
while True:

adcValue=adc. read ()
voltage=adcValue/4095%3. 3
Rt=10%voltage/ (3. 3-voltage)
tempK=(1/(1/(273. 15+25) + (math. log (Rt/10)) /3950) )
tempC=tempK—273. 15
print ("ADC value:”, adcValue, “\tVoltage :”, voltage, \tTemperature :”, tempC) ;
time. sleep_ms (1000)

except:

pass

In the code, the ADC value of ADC module AQ port is read, and then it 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? D4 support@freenove.com
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Chapter 13 Joystick

In the previous chapter, we have learned how to use rotary potentiometer. Now, let's learn a new electronic
module joystick which working on the same principle as rotary potentiometer.

Project 13.1 Joystick

In this project, we will read the output data of a joystick and display it to the Terminal screen.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1
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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
+35V
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

o L

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? DX support@freenove.com
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Circuilt

Schematic diagram
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Code

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.

Move the program folder “Freenove_Ultimate_Starter_Kit_for ESP32_S3/Python/Python_Codes” to

disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" 2 “Micropython_Codes” = “13.1_Joystick” and double click

“Joystick.py”.
13.1_Joystick

T& Thenny - D:A\Micrepython_Cedes\13.1 Joystick\Joystickpy @ 25:3
File Edit VYiew PRun Device Tools Help

RI=; o w

Files - Joystick.py -

MicroPythen device 1  from machine import ADC,Pin

< bootpy import time

xVal=ADC(Pin(14))}
yVal=ADC(Pin(13))
zVal=Pin(12,Pin.IN,Pin_PULL_UP)

This computer

D: \ Micropython_Codes \ xVal.atten(ADC.ATTN_11DB)
13.1_Joystick 9 yVal.atten(ADC.ATTN_11DB}
16 xVal.width(ADC.WIDTH_12BIT)
11 yVal.width(ADC.WIDTH_ 12BIT)

(== TR = W I N W S

?_ Joystick.py

12 try:
14 while True:

16 time.sleep(1)
17 except:

Shell -

>r>

15 print{"X,¥,Z:",xVal.read(), yVal.read(),",",zVal.valL

Click “Run current script”. Shifting the Joystick or pressing it down will make the printed data in “Shell” change.

Shell -
»>»>» %Run -c $EDITOR_CONTENT

XYZ:

KY.Z:1939,0 1

XY.Z: 1935, 1948 7
WY.Z: 1935, 1948 1

X¥.Z: 1939, 1949 1
Y2 1901, 1947 1
Ky.Z:[@, 1944 1
4095), 1954 , 1
Y2 2439 [0),1
XY.Z: 1931 [4095), 1
X¥.Z: 1939, 1949 1

XY.Z- 1919, 4095 1
XY,Z: 1901, 4095 , 1 . .
XY.Z: 1931, 1948 [0 Pressing Z axis
XY.Z- 1933, 1948 |1

Any concerns? D4 support@freenove.com
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The flowing is the code:

from machine import ADC, Pin

import time

xVal=ADC (Pin (14))
yVal=ADC (Pin(13))
zVal=Pin (12, Pin. IN, Pin. PULL UP)

xVal. atten (ADC. ATTN 11DB)
yVal. atten (ADC. ATTN_11DB)
xVal. width (ADC. WIDTH_12BIT)
yVal. width (ADC. WIDTH_12BIT)

try:
while True:
print ("X, Y, Z:”, xVal. read (), 7, 7, yVal. read (), ”, 7, zVal. value () )
time. sleep (1)
except:
xVal. deinit ()
yVal. deinit ()

Set the acquisition range of voltage of the two ADC channels to 0-3.3V, and the acquisition width of data to
0-4095.
xVal. atten (ADC. ATTN 11DB)
yVal. atten (ADC. ATTN 11DB)
xVal. width (ADC. WIDTH_12BIT)
yVal. width (ADC. WIDTH_12BIT)
In the code, configure Z_Pin to pull-up input mode. In loop(), use Read () to read the value of axes X and Y

and use value() to read the value of axis Z, and then display them.
- print ("X, Y, Z:”, xVal.read (), ", ”, yVal. read(), ”, 7, zVal. value())

Any concerns? X support@freenove.com
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Chapter 14 74HC595 & LED Bar Graph

We have used LED bar graph to make a flowing water light, in which 10 GPIO ports of ESP32-S3 is occupied.
More GPIO ports mean that more peripherals can be connected to ESP32S3, 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 14.1 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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1
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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 ESP32S3. At least 3 ports are required
to control the 8 ports of the 74HC595 chip.

1 16 - a1 vee fi2
2 15 3 Q2 QO i
3 14 1 ot DS |5
4 13 <1 Q4 OF |5
5 12 = Q5 ST.CP |5
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? DX support@freenove.com
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Circuilt

Schematic diagram
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Code

In this project, we will make a flowing water light with a 74HC595 chip to learn about its functions.

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “14.1_Flowing_Water_Light”.
Select “my74HC595.py”, right click your mouse to select “Upload to /”, wait for “my74HC595.py"to be
uploaded to ESP32-S3 and then double click “Flowing_Water_Light.py”.

14.1_Flowing_Water_Light

T& Thonny - D:\Micropython_Codes\14.1_Flowing_Water_Light\Flowing_Water_Lightpy @ 21:4 - O X
File Edit View Run Tools Help

0 = (¥ ] @ ™

Files Flowing_Water_Light.py

This computer = 1 import time -
?&;_ﬁ:ﬁﬁ;ﬁ:&f_ﬁ;ﬁt\ 2 from my74HC595 import Chip74HCS595

& Flowing Water Light.py A chin = Chip74HC595(12,13,14,-1)#STCP, SHCP, DS, OF

&) my7AHC595.py

Open in Thonny -12 - 74HC595-STCP(12)
Open in default external app =13 7AHC595-SHCP(11)
Configure py files... _14:  74HC595-DS(14)
Show hidden files ~GND : 74HC595-0E(13)
New file... rue:
Mew directory... <01
B count in range(8):
MicroPython device Copy chip. shiftOut(1,x)
%Jboot-[ﬂ)‘ paste i_'x<<1j
& omyit 1535 py Rename ime.sleep_ms(360)
Mowve to Trash x01
count in range(8):
Properties chip.shiftOut(®e,x)
19 x=x<<1
20 time.sleep ms(300) o
Shell
x>

MicroPython (ESP32) » COM24

Click"Run current script” and you will see that Bar Graph LED starts with the flowing water pattern flashing
from left to right and then back from right to left. If it displays nothing, maybe the LED Bar is connected upside
down, please unplug it and then re-plug it reversely.

If you have any concerns, please contact us via: support@freenove.com
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The following is the program code:

import time
from my74HC595 import Chip74HC595

chip = Chip74HC595 (12, 13, 14, —1) #STCP, SHCP, DS, OE

# ESP32-12:  74HC595-STCP (12)
# ESP32-13:  74HC595-SHCP(11)
# ESP32-14:  T74HC595-DS (14)

# ESP32-GND : 74HC595-0F (13)

while True:
x=0x01
for count in range(8):
chip. shiftOut (1, x)
x=x<<1;
time. sleep_ms(300)
x=0x01
for count in range(8):
chip. shiftOut (0, x)
x=x<<1
time. sleep_ms(300)

Import time and my74HC595 modules.

import time
from my74HC595 import Chip74HC595

Assign pins for ESP32-S3 to connect to 74HC595.

- chip = Chip74HC595 (12, 13, 14, =1) #STCP, SHCP, DS, OE

The first for loop makes LED Bar display separately from left to right while the second for loop make it display

separately from right to left.

x=0x01

for count in range(8):
chip. shiftOut (1, x) #High bit is sent first
x=x<<1
time. sleep_ms(300)

x=0x01

for count in range(8):
chip. shiftOut (0, x) #Low bit is sent first
x=x<<1
time. sleep_ms(300)

Any concerns? D4 support@freenove.com
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Reference

Before each use of the object Chip74HC595, make sure my74HC595.py has been uploaded to “/” of
ESP32S3, and then add the statement “from my74HC595 import Chip74HC595" to the top of the python
file.
Chip74HC595():An object. By default, 74HC595’s DS pin is connected to Pin(14) of ESP32S3, ST_CP pin is
connected to ESP32S3's Pin(12) and OE pin is connected to ESP32S3’s Pin(5). If you need to modify the
pins, just do the following operations.
chip=Chip74HC595() or chip=Chip74HC595(12,13,14,5)
shiftOut(direction, data): Write data to 74HC595.

direction: 1/0. “1" presents that high-order byte will be sent first while “0" presents that low-order byte
will be sent first.

data: The content that is sent, which is one-byte data.
clear(): Clear the latch data of 74HC595.,

Any concerns? DX support@freenove.com
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Chapter 15 74HC595 & 7-Segment Display.

In this chapter, we will introduce the 7-Segment Display.

Project 15.1 7-Segment Display.

We will use 74HC595 to control 7-segment display and make it display hexadecimal character "0-F".

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

EXT-3.3Ve ®
GND L

R EEEEE RS

Freenove ESP3253 GPIO Extension Board

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

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

oooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooo

T4HC595 x1 7-segment display x1 | Resistor 220Q x8 | Jumper M/M
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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
Al

(=8 - FETERTEE

1 9 10 5

3,8

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

s
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=0xcO.

Any concerns? DX 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 He ASCl
OxcO 1100 0000
Oxf9 | 1111 1001
Oxa4 1010 0100
OxbO | 1011 0000
0x99 1001 1001
0x92 1001 0010
0x82 1000 0010
O0xf8 ' 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

MmO O m>» O o0o~NOO O~ WNDNERLR O
T T e e Y N T S G Y B
O OO FRr OO0 0Ok OO0 OO kR K-
O OFrRr OO0 00 O0Okr OO0OOkR Rk EFL O
O 0O 0O 0O 00Ok, Ok ORFR R RPRORO
P OO 0Ok OO0 Fr OO0OFk, OO0k O
R P OFL,r OO0 O0O0OO0OO0OOoOOoOOoOLkRrRL oo
P P OFR, EFk, OO0OOORRFPROOOOOoO
O OFRr OFr OO0 000 O0OkFkr OOk O
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Circuilt

Schematic diagram

N N 33V
3,8
w| 1 ! B ' I o
\\: ;: \\: \\: §‘ 9\ g 5§. R DO ext-aav |
— EN RX fre
—_— 4 T fr—
—] 5 PR —
e 53 A2 M
—_—7 U E—
et 15 Ty S—
S— 39—
BEERERERERENE 17 %
—_— 18 3*'; I
5V 2 % [——
— 3 35—
Q1 VCC %I =146 ESP32-S3 WROOM 0 p—
Q2 QO 77 —2  GPIO Extension 45 [~
Q3 DS st 10 A48 e
Lo sy, —i =
Q5 ST CP GPIO12 12 21—
Q6 SH_CP 70 GPIO14 GPIO13 13 20—
Q7 MR 9 GPIO14 14 19—
GND Q7 - —x —1 5V GND ==
GND

— 74HC595

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

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 code value of "0" - "F".

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” >
“15.1_74HC595_and_7_segment_display”.

Select “my74HC595.py”, right click your mouse to select “Upload to /”, wait for “my74HC595.py” to be
uploaded to ESP32-S3 and then double click*74HC595_and_7_segment_display.py”.

15.1_74HC595_and_7_segment_display

&) my74HC595.py

MicroPython device

@ boot.py
&) my74HC595.py

& owing_Water_Light.py

T& Thonny - D:AMicropython_Codes\15.1_74HC595_and_7_segment_display\74HC595_and_7_segment_display.py @ 15:1 - O X
File Edit Wiew Run Tocls Help

B = o @ =

Files T4HC595_and_7_segment_display.py my 74HC595.py

This computer = 1 time

?4\1\_%;0.%3?;;%;;\ 2 my74HC595 Chip74HC595

1=

Open in Thonny

Open in default external app
Configure .py files...

Show hidden files

lists =[@xcB, Bxf9, Oxad, Oxb8, 8x99, Bx92, Bx82, Oxf8,

Ox80, Ox90, Bx88, Ox83, OxchH, Bxal, 9x86, Bx8e]

I

TR © - Chie7enca92()

Mew file...

Mew directory...
Cut

Copy

Paste

Rename

Move to Trash

count range(16):
chip.shiftOut(®@,lists[count])
time.sleep ms(560)

Properties

Click “Run current script”, and you'll see a 1-bit, 7-segment display displaying O-f in a loop.
= } E » m P u b -

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

import time
from my74HC595 import Chip74HC595

lists =[0xc0, 0xf9, Oxa4, O0xb0, 0x99, 0x92, 0x82, 0xf8,
0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0xSe]

chip = Chip74HC595(12, 13, 14)
try:
while True:
for count in range(16):
chip. shiftOut (0, lists[count])
time. sleep_ms (500)
except:

pass

Import time and my74HC595 modules.

import time
from my74HC595 import Chip74HC595

Put the encoding "0" - "F" into the list.
lists =[0xc0, 0xf9, Oxa4, 0xb0, 0x99, 0x92, 0x82, 0xf8,
. 0x80, 0x90, 0x88, 0x83, O0xc6, Oxal, 0x86, O0x8e]
Define an object, whose pins applys default configuration, to drive 74HC595.
- chip = Chip74HC595 (12, 13, 14)

Send data of digital tube to 74HC595 chip.
- chip. shiftOut (0, lists[count])

Any concerns? X support@freenove.com
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Project 15.2 4-Digit 7-Segment Display

Now, let’s try to control more digit 7-segment display

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

°
=
©
=]

m
c

L
]
c
)

S
5

i

]

o

o

©

[

o

©

o

[

w
[
>
o
c
@
o
2

w

Breadboard x1

74HC595 x1 7-segment display x1 Resistor 220Q x8 Jumper M/M
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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:

12111098 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
'l,_,l.. 'I,_,I_.'I'_,I_ 'II_,I_
WA \‘\.\:Z\‘:Z‘%Z\‘:\‘:\\:\‘:‘:.E‘:‘:j\\:i..‘:‘:‘:.\‘:

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? DX support@freenove.com
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Circuit

Schematic diagram

GPIO4 GPI03Y GPI036 GP102
12 9 8 6
g ] 1 P I E [ A ) I = ( [ = A 2} { 1 t= I [ [ 5 ] I = | [ [ h
VAVAVAVAVAVAVARVAVAVVAVAVAVAVAVARVAVAVAVAVAVAVAVARVAVAVAVAVAVAVAVA
1|7 |4 |2 |1 [10|5 |3
sV 3.3V
§§§§§§§$ 5V EXT-3.3V
et 3,3V TX foe
5V o] EN X fre
. S— ﬂ 1 —
. — = 2
] 42
: GPIO3 £
— 7 A1 e
74HCS95 || e W
o —— 1 % e
or1od 16 5 PI039
: ; — B GPIO38
b I — 18 37—
I — 36 GPIO36
*
— sV e I 35
——46 ESP32-S3 WROOM 0 (——
—2 GPIO Extension 45 [——
et 10} TS S
—_—1 47 GPIO4
] 12 21 GPIO2
—1 13 20—
] 14 ) —
— BV GND e
GND

Hardware connection:

>0 <o | gz CamEd s Jlaas
87 =0 [ . R
o - Q = (L]
- 7]
-~ o |
o L] . . s - a8 a8
0 E . JULi= ¢ s o & o + oumm s 8 88 s s s oI e
20 B s omJlllje » & 2 s 58808 + commmmm——— e e | »
. . * CEE— .
- 1) O - -
L TYHCERE
" -0 B |
e - B =l o o e UL o —— s s s s s 8 .
ol o R TT] N TT 1 P ———————— . .
= ,' : m s o mJllljss o » ¢+ o » . .
TR A A 11l
z Ly >
5 %
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L e semane e s s e _—— .w .
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Code

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.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” >

“15.2_4 Digit_7_Segment_Display”. Select “my74HC595.py”, right click your mouse to select “Upload to /”,
wait for “my74HC595.py” to be uploaded to ESP32-S3 and double click “4_Digit_7_Segment_Display.py”.
15.2_4 Digit_7_Segment_Display

T Thonny - D:\Micropython_Cedes\15.2_4_Digit_7_Segment_Display\d_Digit_7_Segrment_Display.py @ 22:16 - O X
File Edit View Run Tools Help
DSH 0 e =
Files 4 _Digit_7_Segment_Display.py
This computer E 1 time Al
D:\ Micropython_Cedes \ .
15.2_4_Digit_7_Segment_Display my74HC595 Chip74HC595
3 machine Pin
e 4 _Digit_7_Segment_Display.py

Open in Thenny comPin=[47,35,36,21];

Open in default externalapp  hum =[@xc®, Bxf9, Oxad, Oxbd, 0x99, @x92, ©6x82, 0xf8,

Configure .py files... Bx80, Ox908, Ox88, OxB3, Oxc6, Bxal, Ox86, Ox8e]

Show hidden files

C led_displ :
Upload to / < _.lSp ay()
- i range(8,4):
BT chns=Pin(comPin[i],Pin.0UT)
New directory...
cut chns.value(1)
u

chip.shiftOut(@,num[i])
time.sleep ms(1)
chns.value(@)

Vo m 4 fm s et W

MicroPython Copy

@ boot,p) Paste

[ my74H Rename
Move to Trash

Properties

>»2>

MicroPython (ESP32) » COM24

Click “Run current script”, and the Nixie tube display as shown in the image below.

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

import time
from my74HC595 import Chip74HC595

from machine import Pin

comPin = [47, 35, 36, 21]
num = [0xc0, 0xf9, Oxa4, 0xb0, 0x99, 0x92, 0x82, 0xf8,
0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e]

def led display():

for i in range(0,4) :
chns=Pin(comPin[i], Pin. OUT)
chip. shiftOut (0, num[i])
chns. value (1)
time. sleep_ms(1)
chns. value (0)
chip. shiftOut (0, 0xff)

#Pin (38) -74hc595. ds, Pin(39)-74hc595. st_cp, Pin(40)-74hc595. sh_cp
chip = Chip74HC595 (38, 39, 40)
try:
while True:
led display ()

except:

pass

Import time, my74HC595 and Pin modules.

import time
from my74HC595 import Chip74HC595

from machine import Pin

Define common anode pins for digital tubes and request a list to put character encodings in it.

comPin = [47, 35, 36, 21]
num = [0xcO, O0xf9, Oxa4, 0xb0, 0x99, 0x92, 0x82, 0xfS,
0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e]

Request an object to drive 74HC595 and associate pins with it.

! chip = Chip741C595 (38, 39, 40)

Make the digital tube display “0123".

def led display():

for i in range(0,4) :
chns=Pin(comPin[i], Pin. OUT)
chip. shiftOut (0, num[i])
chns. value (1)
time. sleep ms(1)
chns. value (0)
chip. shiftOut (0, 0xff)

Any concerns? D4 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 16.1 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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

EXT-3.3Ve ®
GND L

"8 3( @ esPRESSIE S A7
3P32- 00M.
{3

Re5IK28

Freenove ESP3253 GPIO Extension Board

“s e . s s s s s s s s s s D T R I N N A TNy
...............................................................
...............................................................
s e s s . .o . . . B T I I N P )
s e sssssssss .o s s e e s s s s s e s e s s e ssssssesesssssssees s
.o oo D I T I I SR PR
.o . s s s P ss s ss s ssssssss e s s s s s sssssssssns ss s
----- 8 5 50 0008080080080 000000000000000000000sssssssesLNNsssssNLES"

I I A AT RPN SN Y

e e e s eseee e e ess s eees SEeee S eee seses s sees ssses seeee
e e 88 eeess s sess s ees S EEeE S Ee SEses seees sssss seess

T4HC595 x2 8+8 LEDMatrix x1 Resistor 220Q x8 | Jumper M/M

00000000
XX XXXX)
Y XX XXXX)
YX XX XXX
YXXXXXX) ' —
Y XXXX)
Y XXX XXX
00000000
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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).

16151413121110 9
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. 61115 16 13 3.410.611 1516

9_ M M M A M ¥ X A IO XM M MMM K NMH
14_x M 0 14 2 X XM X A X K #

8_ M M M M ¥ x 8 XM M MM M XM MH
12_x x| x| ] ] % ] 12 2 X A X A & & A

T X A ¥ ¥ X X T XM MMM NN M

7 X X A A x X X T X MMM NMH
2_x ¢ ¢ ¢ A x ¥ X 2 XM MMM MK NH

S5 X X X X X X X S K KKK KK KK

Any concerns? DX support@freenove.com


http://www.freenove.com/

186

Chapter 16 74HC595 & LED Matrix www.freenove.com [l

Here is how a common anode LED matrix works. First, choose 16 ports on ESP32-5S3 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 45 6 7 8
0(0|0|0|0O0]|0O|0O]O
0j{0|1|1]|2/1]0]0
010000110
110(1]0(0|1]|0]|1
1/0{0|0|0|0|0O]|1
110(0(1|1]0|0]|1
010000110
0[{0|1|1]|2/1]0]0
Column Binary Hexadecimal ‘

1 0001 1100 Oxlc

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 Oxlc

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? DX 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

sV 3.3V

3.3V BV EIXET
—] EN R f—
= [ [m @ = — P —
G EEEEEEE —5 2 [ —
e 42 e
2200 13 |3 4 w0 |8 1 15 |16 74HCS95 e a1 GPIO4:
frowt ——ARA 9% % % % % % % % s A0 GPIOA
v —_ 16 % | GPI039
i ] 2] ] o —:
oo A o ] A — =
2200 11'% % % % % % % % ———46 ESP32-83 WROOM 0 |——
W" rov — io GPIO Extension 5 [——
—_— 1 —
frows s ——AMV ‘ﬁ( ﬁ( % ‘ﬁ‘ X % % % TAHCS35 GPIO4 " j?
2200 T.cP GPIO3! 2
22 2 2 2 2 ol —
M X X K K A X X X < " o
v — 5V GND s
e 2 K A A

GHD

Hardware connection:

EXT-3.3Ve & - L a8 88 -
GND w o e se 88 sesss -nl

.
B
?YHCEAS

m.l..l.

ESP32-83 |WROOM
FREENOVE

Freenove ESP3253 GPIO Extension Board

:
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Code

The following code will make LEDMatrix display a smiling face, and then display scrolling character "0-F".
Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “Micropython_Codes”. Select
“*HC595.py”", right click your mouse to select “Upload to /", wait for “HC595.py” to be uploaded to ESP32-
S3 and double click “LED_Matrix.py”.

16.1_LED_Matrix

T& Thonny - D:\Micropython_Codes\15.3_LED_Matrix\LED_Matrix.py @ 32:35 - O X
File Edit View Run Tools Help

Q= (V) @ =

Files LED_Matrix.py

This computer
D: % Micropython_Codes
15.3_LED_Matrix

@;J LED_Matrix.py
&) myTAHC595.py

1 import time

2 from my74HC595 import Chip74HC595
3

4

smilingFace=[@x1C, ©8x22, Ox51, 9x45, Bx45, Ox51, Ox22, Ox14]#" "#

Open in Thonny a=[
Open in default extemal app 100, ©x00, ©x8@, ©x00, 0x00, Ox80, 0x00, 0x00, # "
Configure py files.. 00, ©x80, Ox3E, Ox41, Ox4l, Ox3E, Ox08, 8x00, # "@"
Show hidden files 00, 0x80, 0x21, Bx7F, Ox01l, Ox80, Ox0e, Bx0®, # "1"
. 00, ©x80, ©x23, Bx45, 0x49, Ox31, Ox00, Bx08, # "2"
ea, Ox00, Ox22, Ox49, @x49, Ox36, Ox00, Ox00, # "3"
Neuw file... @0, ©x08, OxBE, @x32, Ox7F, Ox82, Ox00, Ox@0, # "4"
(smeEmsE o= @0, 0x08, Ox79, Bx49, Ox49, Ox46, Ox00, @x@8, # "S5"
MicroPython device E;t 00, 0x80, Ox3E, Ox49, 0x49, Ox26, Ox00, Bx00, # "6"
Py 00, 0x00, Ox60, 0x47, 0x48, 0x70, Ox00, Ox0@, # "7"
Emrcssey | ponane 00, 0x00, 0x36, 0xA9, €xd9, Bx35, 0x00, 0x00, # 57 .
Move to Trash
Properties
>3

MicroPython (ESP32) » COM24

Click “Run current script”, and the LED Matrix display a smiling face, and then display characters "0 to F"
scrolling in a loop on the LED Matrix.

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

import time
from my74HC595 import Chip74HC595

smilingFace=[0x1C, 0x22, 0x51, 0x45, 0x45, 0x51, 0x22, OxIC]# #
numdata = [
0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, Ox3E, 0x41, 0x41, 0x3E, 0x00, 0x00,
0x00, 0x00, 0x21, 0x7F, 0x01, 0x00, 0x00, 0x00,
0x00, 0x00, 0x23, 0x4b, 0x49, 0x31, 0x00, 0x00,
0x00, 0x00, 0x22, 0x49, 0x49, 0x36, 0x00, 0x00,
0x00, 0x00, OxOE, 0x32, O0x7F, 0x02, 0x00, 0x00,
0x00, 0x00, 0x79, 0x49, 0x49, 0x46, 0x00, 0x00,
0x00, 0x00, Ox3E, 0x49, 0x49, 0x26, 0x00, 0x00,
0x00, 0x00, 0x60, 0x47, 0x48, 0x70, 0x00, 0x00,
0x00, 0x00, 0x36, 0x49, 0x49, 0x36, 0x00, 0x00,
0x00, 0x00, 0x32, 0x49, 0x49, 0x3E, 0x00, 0x00,
0x00, 0x00, Ox3F, 0x44, 0x44, 0x3F, 0x00, 0x00,
0x00, 0x00, Ox7F, 0x49, 0x49, 0x36, 0x00, 0x00,
0x00, 0x00, Ox3E, 0x41, 0x41, 0x22, 0x00, 0x00,
0x00, 0x00, O0x7F, 0x41, 0x41, 0x3E, 0x00, 0x00,
0x00, 0x00, O0x7F, 0x49, 0x49, 0x41, 0x00, 0x00,
0x00, 0x00, Ox7F, 0x48, 0x48, 0x40, 0x00, 0x00,
0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00

L]

Pin(38) - 74HC595(1). ds,
Pin(39) - T4HC595(1). st_cp,
Pin (40) - T4HC595(1). sh _cp,
Pin(41) - 74HC595(1). oe

T4HC595(1). a7’ 74HC595 (2) . ds

Pin(39) - 7T4HC595 (2) . st cp,
Pin (40) - 74HC595 (2) . sh cp,
Pin(41) - 74HC595 (2) . oe

L]

chip = Chip74HC595 (38, 39, 40, 41)
try:
while True:
for j in range (100) :
cols=0x01
for i in range(8):
chip. disable ()

Any concerns? D4 support@freenove.com
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chip. shiftOut (1, smilingFace[i])
chip. shiftOut (1, “cols)
time. sleep us (500)
cols<<=1
chip. enable ()
for i in range(136):
for k in range(5) :
cols=0x01
for j in range(i, 8+i):
chip. disable()
chip. shiftOut (1, numdatalj])
chip. shiftOut (0, “cols)
cols<<=1
chip. enable ()
time. sleep_us (500)
except:

pass

Import time and my 74HC595 modules.

import time
from my74HC595 import Chip74HC595
Use a nesting of two for loops to display a smiling face.

for j in range(100) :

cols=0x01

for i in range(8):
chip. disable ()
chip. shiftOut (1, smilingFacelil])
chip. shiftOut (1, “cols)
time. sleep us (500)
cols<<=1
chip. enable ()

Use a nesting of two for loops to display “0"-“F".

for i in range (136):
for k in range(5):

cols=0x01

for j in range(i, 8+i):
chip. disable ()
chip. shiftOut (1, numdatalj])
chip. shiftOut (0, “cols)
cols<<=1
chip. enable()
time. sleep_us(500)

The amount of pins of ESP32-S3 is limited, so we need to find ways to save pins. If we use ESP3253's GPIO to
control the LEDMatrix instead of 74HC595, we need 16 pins to drive LED matrix. In this example, we use two
74HC595 chips to drive the LED matrix, requiring only three pins, so that we could save the rest of 13 pins.

Any concerns? X support@freenove.com
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Reference

(ClassHCS95 |

Before each use of HC595, please make sure HC595.py has been uploaded to “/” of ESP32S3, and then
add the statement “import HC595" to the top of the python file.

Chip74HC595(): The object to control LEDMatrix.

chip=Chip74HC595() or chip=Chip74HC595(15,2,4,5)

set_bit_data(data): Write data to 74HC595.

clear(): Clear the latch data of 74HC595.

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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

EXT-3.3Ve o

JAT=Fe rccnove ER

solodn g0 oA N2E

-------------------- e s e e s seees ssses seses sssss sssss
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
“s e . D I R R I I N
---------------------------------------------------------------
---------------------------------------------------------------
s e s s . .o . N N IR
© 8 9 5 5 8 9000000898800 0000000080000 000000000000e00000000000000000600s
D I T A Ay
s s e s D I D I T I I R A I I A AP AP Y
s s s 00 D R . D s e s s e D s e e essssssces
I I A AT RPN SN Y
%8s e e ees s eees seeee seees S eeee esees e e ees seess se e
e e 88 eeess s sess s ees S EEeE S Ee SEses seees sssss seess

Jumper M/M 9V battery (prepared by yourself) & battery line

Any concerns? DX support@freenove.com
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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
DC 5V |
3 2anc . . !
| ——

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 Contactor
Spring - ‘-rlr'/
&' ° 3 \L
= /! DC SV ] =5
I ~ 1 3A 120VAC \[
— 3A 24VDC - 6
Electromagnet i 4 i 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? DX support@freenove.com
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<2 L~V L2

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.

5V

N B
AN
6
T 12
R2 Relay
1kQ
[Pin > ——\WW\

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.

|
]
2
————
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.

f[l\ (m\
——— ———
+ - -+

Any concerns? DX support@freenove.com
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Schematic diagram

5\/ 3.3V
W XT-3.
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— — g 36 f———e
f; 4 T 2 1 —_— 3 35
Relay ~———146 ESP32-S3 WROOM 0 [——
5 —2  GPIOExtension 45 [——
8050 —l 10 48 b
j_] b A 47 p——

— R5 — — 12 21
- 1kQ - e 13 P —
MW 14 19 |—
e GND e

GND

Hardware connection. If you need any support, please feel free to contact us via

. support@freenove.com
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use a 9V battery to power the extension board.

Note: the motor circuit uses A large current, about 0.2-0.3A without load.We recommend that you

Any concerns? DX support@freenove.com
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Code

Use buttons to control the relays and motors.

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:” = “Micropython_Codes” = “17.1_Relay_And_Motor” and
double click “Relay_And_Motor.py”.

17.1_Relay_And_Motor

T& Thonny - D:\Micropython_Codes\17.1_Relay_And_Motor\Relay_nd_Motor.py @ 21:13 - O X
File Edit View Run Tools Help
B =) 0 ¢ ™
Files Relay_And_Motor.py
This cemputer = 1 import time -
D: % Micropython_Codes Fnpm - S .
17.1_Relay. And_Motor i om machine import Pin
& Relay_And_Motor.py 4 relay = Pin(14, Pin.0OUT)
5 button = Pin(21, Pin.IN,Pin.PULL_UP)
7 def reverseRelay():
3 if relay.value():
9 relay.value(®)
18 else:
11 relay.value(1)
12
12 while True:
MicroPython device = L' - l]:_ frue:
14 it not butteon.value():
@;Jboot.py ar = 1 £t v
Shell
'S
>>2> v |
MicroPython (ESP32) - COM24

Click “Run current script”. 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.

a 8 L © BN o
+ - -+

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

import time

from machine import Pin

relay = Pin(14, Pin.OUT)
button = Pin(21, Pin.IN, Pin. PULL UP)

def reverseRelay() :
if relay.value():
relay. value (0)
else:

relay. value (1)

while True:
if not button. value() :
time. sleep_ms (20)
if not button. value() :
reverseRelay ()

while not button. value() :

time. sleep_ms (20)

This section of code is basically the same as that of project Tablelamp. If you don't understand the program,
you can click here to go back to the Tablelamp and study again.

Any concerns? D4 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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

ol ol 22 S Qo2 N2 B
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D I T A Ay
s s e s D I D I T I I R A I I A AP AP Y
s s s 00 D R . D s e s s e D s e e essssssces
I I A AT RPN SN Y
“s e . . . ss seeee e . . ee eseee sssss sseene

S8 e eseee sssss esees seses eeees seses s eses

Jumper M/M 9V battery (prepared by yourself) & battery line

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 17.2 Motor & Driver

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 2411 Inaf2
3 =31 out 1 out 4 {14
4 4l ov ov P32
5 21 ov ov P2
6 £ out2 out3 [LL
7 2in2 In3 P2
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? D4 support@freenove.com

199



http://www.freenove.com/

PO Chapter 17.2 Motor & Driver www.freenove.com [l

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 CM)

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-S3 to power the motor directly, which may cause permanent damage to your
ESP32-S3! The logic circuit can be powered by the ESP32-S3 power or an external power supply, which should
share a common ground with ESP32-S3.

Any concerns? DX support@freenove.com
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Schematic diagram

. PO Braa | 1
— EN RX Je

et 4 Ty

— 5 [-J N— 3

— 42 e

— 7 L e 2
et 15 Ty S
] 16 0 e

57 = B =

— 18 37—
M Enable 1 +V ﬂ e 35 fre
1013 ———21 In 1 Ina = e E 35 f—
— i Out 1 out 4 % 46 ESP32-53 WROOM 0 |—
( é T 5 ov ov 5 —— 2  GPIO Extension 95 [~
ov oV = —t 10 48 e
1 61 out2 out3 fLL —_— 11 47—
_GFIOM/—l In2 n3pe GPIO12 12 21—
J:i +Vmaotor Enable 2 ER GPIO13 13 20 p—o
GPIO14 14 19—
5 L293D Y fcINpJR S—

GND

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

(I I )
L BB

[ESP32-53 [WROOM |
P FREENOVE

LI I A )
L R

Freenove ESP3253 GPIO Extension Board

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.

Any concerns? DX support@freenove.com
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “17.2_Motor_And_Driver” and
double click “Motor_And_Driver.py”.

17.2_Motor_And_Driver

T& Thonny - D:\Micropython_Codes\17.2_Motor_And_Driver\Motor_And_Driverpy @ 11:14 — O K
File Edit View Run Tools Help
B =) 0 ¢ ™
Files Motor_And_Driver.py
gf;;WmUEL Codest = 1 from machine import ADC,Pin,PWM ~
4 icropython_Codes s Aot -
17.2_Motor_And_Driver = :.LnL_ - time
) 3 import math
@;J Motor_And_Driver.py a
5 inlPin=Pin(13, Pin.0QUT)
6 in2Pin=Pin(14, Pin.QUT)
7
% enablePin=Pin(12, Pin.0QUT)
9  pwm=PWM(enablePin,10060)
1@

11 adc=ADC(Pin(1))
12 adc.atten(ADC.ATTN_11DB)
12 adc.width(ADC.WIDTH_12BIT)

MicroPythen device
@;Jboot.py ar S T ;o " v

>»>

MicroPython (ESP32) - COM24

Click “Run current script”, rotate the potentiometer in one direction and the motor speeds up slowly in one
direction. Rotate the potentiometer in the other direction and the motor will slow down to stop. And then
rotate it in the original direction to accelerate the motor.

Any concerns? DX support@freenove.com
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less than 2048

;

%C@
©

2048

0

%G@
©

i
]

greater than 2048

® | ®

Any concerns? D4 support@freenove.com
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The following is the Code:

from machine import ADC, Pin, PWM

import time

import math

in1Pin=Pin (13, Pin.OUT)
in2Pin=Pin (14, Pin. OUT)

enablePin=Pin (12, Pin. OUT)
pwm=PWM (enablePin, 10000)

adc=ADC(Pin(1))
adc. atten (ADC. ATTN_11DB)
adc. width (ADC. WIDTH_12BIT)

def driveMotor (dir, spd) :

if dir :

inlPin. value (1)

in2Pin. value (0)

else :

inlPin. value (0)

in2Pin. value (1)

pwm. duty (spd)

try:

while True:

except:

potenVal = adc. read()

rotationSpeed = potenVal — 2048

it (potenVal > 2048):
rotationDir = 1;

else:

rotationDir = 0;
rotationSpeed=int (math. fabs ((potenVal-2047)//2)-1)
driveMotor (rotationDir, rotationSpeed)

time. sleep_ms(10)

adc. deinit ()

pwm. deinit ()

Any concerns? DX support@freenove.com
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The ADC of ESP32-S3 has a 12-bit accuracy, corresponding to a range from 0 to 4095. In this program, set
the 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 then divide this result by 2 to be the speed of the motor.

potenVal = adc. read()
rotationSpeed = potenVal - 2048
it (potenVal > 2048):

rotationDir = 1;

else:
rotationDir = 0;
rotationSpeed=int (math. fabs ((potenVal—-2047)//2)-1)

driveMotor (rotationDir, rotationSpeed)

time. sleep_ms(10)

Initialize pins of L293D chip.
in1Pin=Pin (13, Pin. OUT)
in2Pin=Pin (14, Pin. OUT)

enablePin=Pin (12, Pin. OUT)

pwm=PWM (enablePin, 10000)

Initialize ADC pins, set the range of voltage to 0-3.3V and the acquisition width of data to 0-4095.
adc=ADC(Pin(1))

adc. atten (ADC. ATTN_11DB)

adc. width (ADC. WIDTH_12BIT)

Function driveMotor is used to control the rotation direction and speed of the motor. The dir represents

direction while spd refers to speed.

def driveMotor (dir, spd) :
if dir :
inlPin. value (1)
in2Pin. value (0)
else :
inlPin. value (0)
in2Pin. value (1)

pwm. duty (spd)

Any concerns? D4 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-S3(N16R8)/ESP32-S3(N8RS) GPIO Extension Board x1

EXT-3.3Ve ®
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Servo x1 Jumper M/M x3
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Any concerns? DX support@freenove.com


http://www.freenove.com/

B vwww.freenove.com Chapter 18 Servo [wduy

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.

=

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
1ms 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? DX support@freenove.com
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Circuilt

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

U
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “18.1_Servo_Sweep”. Select
“myservo.py”, right click your mouse to select “Upload to /", wait for “myservo.py” to be uploaded to

ESP32-S3 and then double click “Servo_Sweep.py”.

18.1_Servo_Sweep

T& Thonny - D:\Micropython_Codes\18.1_Servo_Sweep\Servo_Sweep.py @ 4:17 - O X
File Edit View Run Tools Help

DSHE © e ™=

Files = Servo_Sweep.py ~

This computer
D: % Micropython_Codes
18.1_Servo_Sweep

1 from myservo import myServo
2 import time

3
Servo Sweep.p Open in Thonny o=mySe r‘vo(?_f.l)#se't servo pin
Open in default external app B -myServoliriteAngle(@)#Set Servo Angle
Configure .py files... sleep_ms(16088)
Show hidden files
hile True:
Nmﬁ!e"' for 1 in range(@,180,1):
New directory... servo.myServoliriteAngle(i)
Cut time.sleep ms(15)
. . Copy for 1 in range(180,0,-1):
MlchF'ython device Paste . m..rﬂn..n|.|:.::-ﬂn.."1.-.f:\ W
ﬁl boot.py Rename
Mmyseno.py Move to Trash
Properties

MicroPython (ESP32) - COM24

Click “Run current script”, 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? DX support@freenove.com
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The following is the program code:

from myservo import myServo

import time

servo=myServo (21) #Set Servo Pin
servo. myServoWriteAngle (0) #Set Servo Angle
time. sleep _ms (1000)

try:
while True:
for i in range(0, 180, 1) :
servo. myServoWriteAngle (i)
time. sleep_ms(15)
for i in range(180,0, -1):
servo. myServoWriteAngle (i)
time. sleep_ms(15)
except:

servo. deinit ()

Import myservo module.

- {rom myservo import myServo

Initialize pins of the servo and set the starting point of the servo to 0 degree.

servo=myServo (21)
servo. myServoWriteAngle (0)

time. sleep ms (1000)

Control the servo to rotate to a specified angle within the range of 0-180 degrees.

- servo. myServoWriteAngle (i)

Use two for loops. The first one controls the servo to rotate from 0 degree to 180 degrees while the other

controls it to rotate back from 180 degrees to 0 degree.

for i in range(0, 180, 1) :
servo. myServoWriteAngle (i)
time. sleep ms(15)

for i in range(180,0,-1):
servo. myServoWriteAngle (i)

time. sleep_ms (15)

Any concerns? X support@freenove.com
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Reference

Before each use of myServo, please make sure myservo.py has been uploaded to “/” of ESP32-S3, and
then add the statement “from myservo import myServo” to the top of the python file.
myServo (): The object that controls the servo, with the default pin Pin(15), default frequency 50Hz and
default duty cycle 512.
myServoWriteDuty(duty): The function that writes duty cycle to control the servo.

duty: Range from 26 to 128, with 26 corresponding to the servo’s 0 degree and 128 corresponding to
180 degrees.
myServoWriteAngle(pos): Function that writes angle value to control the servo.

pos: Ranging from 0-180, corresponding the 0-180 degrees of the servo.
myServoWriteTime(us): Writes time to control the servo.

us: Range from 500-2500, with 500 corresponding to the servo’s 0 degree and 2500 corresponding
to 180 degrees.

Any concerns? DX 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
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Servo x1 Jumper M/M x6
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Circuilt

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
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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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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “18.2_Servo_Knop”. Select
“myservo.py”, right click your mouse to select “Upload to /", wait for “myservo.py” to be uploaded to ESP32-

S3 and then double click “Servo_Knop.py”.

18.2_Servo_Knop

T& Thenny - D:\Micropython_Codes\18.2_Servo_Knop\Servo_Knop.py @ 18:17 = m| *
File Edit View Run Device Tools Help

AE 0 @

Files ~ Serve_Knop.py -

MicroPython device from myservo import myServo

from machine import ADC,Pin
import time

“ bootpy

servo=myServo(21)

adc=ADC(Pin(14})
adc.atten(ADC.ATTM_11DB)
adc.width(ADC.WIDTH_12BIT)

This computer
: N\ Micropython_Codes \
18.2_Serve_Knop

[ B o I v T (R STV o I R W I ]

Refresh

try:
7 Servo_ ry

U . while True:

Move to Recycle Bin adcValue=adc.read()

New directory... angle=(adcValue*180) /4096 .
Properties

Storage space

>3>

Click “Run current script”, twist the potentiometer back and forth, and the servo motor rotates accordingly.

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

from myservo import myServo
from machine import ADC, Pin

import time

servo=myServo (21)

ade=ADC(Pin(14))
adc. atten (ADC. ATTN_11DB)
adc. width (ADC. WIDTH_12BIT)

try:
while True:
adcValue=adc. read ()
angle=(adcValue*180) /4096
servo. myServoWriteAngle (int (angle))
time. sleep_ms (50)
except:

ade. deinit ()

servo. deinit ()

In this project, we will use Pin(14) of ESP32-S3 to read the ADC value of the rotary potentiometer and then
convert it to the angle value required by the servo and control the servo to rotate to the corresponding
angle.

Any concerns? D4 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
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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:

| fw |-
oNwX>

PWR
Stepper Motor

12345

The electronic schematic diagram of a four-phase stepper motor is shown below:

A
B

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? DX support@freenove.com
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A common driving process is as follows:

5

COM COM

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>C2>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? DX support@freenove.com
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ULNZ2003 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 INT A 18-
21 1N2 B |-
31IN3 c o
Al INg p [LL
21GND  pwr J12
L1 vcc
L1 pwR

ULN2003 Stepper

Motor Driver

Any concerns? DX support@freenove.com
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Circuilt

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-S3.

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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Code

This code uses the four-step, four-part mode to drive the Stepper Motor in the clockwise and anticlockwise
directions.

Move the program folder “Freenove_Ultimate_Starter_Kit_for ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “19.1_Stepping_Motor”". Select
“stepmotor.py”, right click your mouse to select “Upload to /", wait for “myservo.py” to be uploaded to
ESP32-S3 and then double click “Stepping_Motor.py”.

19.1_Stepping_Motor

T& Thonny - Di\Micropython_Codes\19.1_Stepping_Motor\Stepping_Motor.py @ 23:1 - O X
File Edit View Run Tools Help

& 0 @ ™

Files Servo_Knop.py Stepping_Motor.py

This computer = 1 from stepmotor import mystepmotor »

D: % Micropython_Codes % 19.1_Stepping_Motor 9 import time

'-? StE Pl B Ry, Open in Thonny B

@ Stepping_Motor.py Open in default external app & myStepMotor=mystepmotor(14,13,12,11)

Configure .py files...

Show hidden files b try:
Unload to / i while True:
3 myStepMotor.moveSteps(1,32%64,2008)
Mew file...
: myStepMotor.stop()
sz"EdGW"' time.sleep_ms(1600)
i)

L myStepMotor.moveSteps(0,32%64,2000)

EOW p myStepMotor.stop()
aste .
MicroPythen device Eename time.sleep_ms(1000)
& except:
QJ boot.py Move to Trash L o
QJstepmotor.py pass ]
Properties
Shell
33>

MicroPython (ESP32) - COM24

Click “Run current script”, 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.

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

from stepmotor import mystepmotor

import time

myStepMotor=mystepmotor (14, 13, 12, 11)

try:
while True:

myStepMotor. moveSteps (1, 3264, 2000)
myStepMotor. stop ()
time. sleep_ms(1000)
myStepMotor. moveSteps (0, 3264, 2000)
myStepMotor. stop ()
time. sleep_ms(1000)

except:

pass

Import time and stepmotor modules.

{rom stepmotor import mystepmotor
import time

In this project, we define four pins to drive the stepper motor.
- myStepMotor=mystepmotor (14, 13, 12, 11) ‘
Call the function moveSteps to control the stepper motor to rotate for 360°and then call function stop() to
stop it.

myStepMotor. moveSteps (1, 32464, 2000)

myStepMotor. stop ()

Repeatedly control the stepmotor to rotate 360° clockwise and then rotate 360° anti-clockwise.

while True:
myStepMotor. moveSteps (1, 32%64, 2000)
myStepMotor. stop ()
time. sleep ms (1000)
myStepMotor. moveSteps (0, 32%64, 2000)
myStepMotor. stop ()
time. sleep_ms(1000)

Any concerns? X support@freenove.com
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Reference

Before each use of the object mystepmotor, please make sure that stepmotor.py has been uploaded to
/" of ESP32S3, and then add the statement “from stepmotor import mystepmotor” to the top of the
python file.
mystepmotor(): The object to control the stepper motor. The default control pins are Pin(14), Pin(13),
Pin(12) and Pin(11).
moveSteps(direction,steps,us): Control the stepper motor to rotate a specified number of steps.
direction: The rotation direction of stepper motor.
Steps: Rotation steps of the stepper motor.
us: Time required by the stepper motor to rotate for one step.
moveAround(direction,turns,us): Control the stepper motor to rotate a specific number of turns.
Turns: Number of turns that the stepper motor rotates.
moveAngle(direction,angles,us): Control the stepper motor to rotate a specific angle.
Angles: Rotation angles that the stepper motor rotates.
stop(): Stop the stepper motor.

Any concerns? DX 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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1
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GND L
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Freenove ESP32S3 GPIO Extension Board
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...............................................................
...............................................................

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 I2C 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

O—AMSLNO
— NS LNON 0O

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.

-1 GND

2lvycc ||[mummm
3lspp |mmmmm
44 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? D4 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
o Y |11
2 15
a1 [2] 15] sDA =5 g =
A2 [3] 14] scL % g R
PO (4] pcpesrs |13 INT N
PCF8574A To)
P1 [5] [12] P7 % A 5660 % E
Noo— 0O N~™M
P2 [¢] 1] Pe 0>SEZaazzzzdadaaao |9
= S e PPN S E R RS Rk
Vs [2] 5] 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 I2C LCD1602 to display some static characters and dynamic variables.

VSS
VDD
VO
RS
R/W
E
DBO
DBA1
DB2
DB3
DB4
DB5
DB6
DB7
LED+
LED-

OO ~ND [ |W N |—=
O~N | wN|—

—<T—=<
= lo
Y Y
== O

12 12
1313
14 14
1515
16 16

GND
VDD
VO
PO
P1
P2
NC
NC
NC
NC
P4
P5
P6
P7
P3
GND

GNDf|—
VCC—
SDA}—
SCL{—

LCD1602

PCF8574

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com

Chapter 20 LCD1602

Circuit

Schematic diagram

12C LCD1602 Module

L]

SCL

a
SDA |3
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Hardware connection. If you need any support, please feel free to contact us via:

support@freenove.com

Freenove ESP3253 GPIO Extension Board
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “20.1_12C_LCD1602". Select
“I2C_LCD.py"and “LCD_APL.py", right click your mouse to select “Upload to /", wait for “I12C_LCD.py” and
“LCD_APIL.py” to be uploaded to ESP32-S3 and then double click “I2C_LCD1602.py”".

20.1_12C_LCD1602

Th Thonny - D¥\Documents\GitHub\Freenove_Ultimate_Starter_Kit_for_ESP32_53\Python'\Python_Codes\20.1_IC_LCDIB02AIC_LCDI602.py @ 19:1 — [m} e
File Edit View Run Tools Help
DEd O e =™
Files IIC_LED1602.py
This computer = 1 import time .
[: % Documents % GitHub %, c . . .
Freenove_Ultimate_Starter_Kit_for ESP32_53 % z T:Pom machine :!_mJor“t 12C, Pin
Python \ Python_Codes \ 20.1_IC_LCD1602 2 from I2C_LCD import I2cled
& 12C_LCD.py : 4 . .
& IIC_LCD1602.py Open !"'Tho"‘”)' 3 I2C(_T.cl=P:Ln(13), sda=Pin(14), freq=400060)
%LCD_API.W Open in default external app  fes = i2c.scan()
Configure .py files... 2n(devices) ==
Show hidden files srint{"No i2c device !")
Upload to / ;: . . .
New file or device in devices:
i print("I2C addr: "+hex(device))
New directory... ) A
o led = T2cled(i2c, device, 2, 16)
Copy
MicroPython device Paste
%boot.py Move to Trash lcd.move_to(@, ©)
& 12¢_LCDpy lcd.putstr("Hello,world!"™)
& LCD_APLpy Properties rount = @
18 while True:
19 lcd.move_to(@, 1)
20 lcd.putstr("Counter:%d" %(count))
21 time.sleep_ms(1008)
22 count += 1
23 except:
24 pass
W

Click “Run current script” and LCD1602 displays some characters.

) | I N I 0

VSSVDDVORS R¥ E DO DI D2 D3 D4 D5 D8 D7 A K

Hello: world!

Counter: 4l

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

import time
from machine import I2C, Pin
from I12C LCD import I2cLed
i2¢ = I2C(sc1=Pin(13), sda=Pin(14), freq=400000)
devices = i2c. scan()
if len(devices) == 0:
print ("No i2c device !7)
else:
for device in devices:
print ("12C addr: “+hex(device))
led = I2cLed(i2c, device, 2, 16)
try:
lcd. move to(0, 0)
led. putstr (“Hello, world!”)
count = 0
while True:
lcd. move to(0, 1)
led. putstr (“Counter:%d” %(count))
time. sleep ms (1000)
count += 1
except:
pass

Import time, 12C and [2C_LCD modules.

import time
from machine import I2C, Pin
from I2C LCD import I2cLed

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 0x3F.
Initialize 12C pins and associate them with [2CLCD module, and then set the number of rows and columns for
LCD1602.

i2¢ = 12C(sc1=Pin(13), sda=Pin(14), freq=400000)

devices = i2c. scan()

if len(devices) == 0:
print ("No i2c device !”)
else:
for device in devices:
print ("12C addr: “+hex(device))
led = I2cled(i2c, device, 2, 16)
Move the cursor of LCD1602 to the first row, first column, and print out "Hello, world!"

led. move to(0, 0)
led. putstr (“Hello, world!”)

Any concerns? D4 support@freenove.com
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The second line of LCD1602 continuously prints the number of seconds after the ESP32-S3 program runs.

18 while True:
19 lcd. move to(0, 1)
20 led. putstr (“Counter:%d” % (count))
21 time. sleep_ms(1000)
22 count += 1
Reference

Before each use of the object 12cLed, please make sure that 12C_LCD.py and LCD_APlL.py have been
uploaded to “/" of ESP32S3, and then add the statement “from 12C_LCD import 12cLcd” to the top of the
python file.

clear(): Clear the LCD1602 screen display.

show_cursor(): Show the cursor of LCD1602.

hide_cursor(): Hide the cursor of LCD1602.

blink_cursor_on(): Turn on cursor blinking.

blink_cursor_off(): Turn off cursor blinking.

display_on(): Turn on the display function of LCD1602.

display_off(): Turn on the display function of LCD1602.

backlight_on(): Turn on the backlight of LCD1602.

backlight_off(): Turn on the backlight of LCD1602.

move_to(cursor_x, cursor_y): Move the cursor to a specified position.

cursor_x: Column cursor_x

cursor_y : Row cursor_y
putchar(char) : Print the character in the bracket on LCD1602
putstr(string) : Print the string in the bracket on LCD1602.

Any concerns? DX 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-S3(N16R8)/ESP32-S3(N8R8) GPIO Extension Board x1

ol 2D Ma B

Freenove ESP32S3 GPIO Extension Board

D T T T R T R I N I A A A A A P AP N Y
R T T T N N N A N
s s s s s s s s s s s st s sssesss s s s sssssssssssn s s s s s s s ss s
I N T T T T T R R I I A A )
D T T T T N I I IR PP )
s s e s s esssssesssn . I I . s s essesan s esssssssses . s e s e
...............................................................
8 0 5 0405000000050 0800000000008000000000000000s0000000000s0s0s00s00ss0s
s s ssssssssssnse .o s s ecsssssssssssssessssses s s sessssssssae . .
D T R N R e I I I I ST ST AP AP A .
e 888 e e es s eess S e e e S Es S eeEE seess s e ses seess seeee
28888 S8 ees S 888 E e e eSS S Es S eSS S Eees s ess seses sesss

Jumper F/M x4 HC SR04 x1
HC-SR04

— s

-3
U oo
OS82
SFwWO
> 5 8 &
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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 >| 2S=V/t,

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:

R E
1 e vl ((((
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? DX support@freenove.com
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Circuilt

Note that the voltage of ultrasonic module is 5V in the circuit.

Schematic diagram

5V EXT-3.3V
st 3.3V —
st EN (S —
N— ) T —
— 5 2 e
—] 42 |f—
e A LA S
—15 40—
e 16 39—
— 1y 5 |
*
et 18 37—
i} [ —
*
S— [ S—
——146 ESP32-S3 WROOM 0 ——
—_— 2 GPIO Extension 45 [—
. —1 10 48
51 u a7
vee |1 — 12 21 f—s
Trig g 13 I —
Echo 14 19 [
Gnd 4 et 5/ GND  fs
GND
HC-SR04 |

LN s & & 0 e e 8 & . e s 8 e 8 s 8 e & 8 8

GNDO NI
e o 0 00

T W v
R W Trig

CICI e W Echo

°
»
.
.
.
.
L ]
.
.
* I
»
»
COEEEEED ¢ ¢ & osmees| [
L]
.
.
.
.
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “21.1_Ultrasonic_Ranging”
and double click “Ultrasonic_Ranging.py”.

21.1_Ultrasonic_Ranging

T& Thenny - DAMicropython_Codes\21.1_Ultrasenic_Ranging'\Ultrasonic_Ranging.py @ 6: 1 - O x
File Edit VWiew PRun Tools Help
J & 0 @ ™
Files Ultrasonic_Ranging.py
This computer = 1 from machine import Pin "
D% Micropython_Codes e
21.1_Ultrasonic_Ranging i import time
& Uttrasonic_Ranging.py 4 +trigPin=Pin(13,Pin.0UT,0)
5 echoPin=Pin(14,Pin.IN,8}
6
7 soundVelocity=340
8 distance=0
18 def getSonar():
11 trigPin.value(1)}
12 time.sleep us(18)
- . -
MicroPython device = %f th}gPln.value(@?
14 while not echoPin.value():
iijbootpy . - W
Shell
UISTance: 13 cm ~
Distance: 19 cm
Distance: 37 cm
Distance: 13 cm
L
MicroPython (ESP32) » COM24

Click “Run current script”, you can use it to measure the distance between the ultrasonic module and the
object. As shown in the following figure:

x>

Distance: 14 cm
Distance: 15 cm
Distance: 18 cm
Distance: 21 cm
Distance: 22 cm
Distance: 14 cm
Distance: 9 cm
Distance: 7 cm
Distance: 7 cm
Distance: 12 cm

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

from machine import Pin

import time

trigPin=Pin(13, Pin. OUT, 0)
echoPin=Pin (14, Pin. IN, 0)

soundVelocity=340

distance=0

def getSonar () :
trigPin. value (1)
time. sleep_us (10)
trigPin. value (0)
while not echoPin. value() :
pass
pingStart=time. ticks us()
while echoPin. value() :
pass
pingStop=time. ticks us()
pingTime=time. ticks diff (pingStop, pingStart)
distance=pingTime*soundVelocity//2//10000

return int(distance)

time. sleep ms (2000)
while True:
time. sleep ms(500)

print (‘Distance: ’, getSonar (), ‘cm’)

Define the control pins of the ultrasonic ranging module.

trigPin=Pin (13, Pin. OUT, 0)
echoPin=Pin (14, Pin. IN, 0)

Set the speed of sound.

soundVelocity=340

distance=0

Subfunction getSonar() is used to start the Ultrasonic Module to begin measurements, and return the

measured distance in centimeters. 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.

def getSonar () :
trigPin. value (1)
time. sleep_us(10)
trigPin. value (0)
while not echoPin. value() :

pass

Any concerns? D4 support@freenove.com


http://www.freenove.com/

PRl Chapter 21 Ultrasonic Ranging www.freenove.com [l

pingStart=time. ticks us()
while echoPin. value() :

pass
pingStop=time. ticks us()
pingTime=time. ticks diff (pingStop, pingStart)
distance=pingTime*soundVelocity//2//10000

return int(distance)

Delay for 2 seconds and wait for the ultrasonic module to stabilize. Print data obtained from ultrasonic module
every 500 milliseconds
time. sleep_ms (2000)

while True:

time. sleep_ms (500)

print (‘Distance: ’, getSonar (), ‘cm’)

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.
Code

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” > “21.2_Ultrasonic_Ranging”.
Select “hcsrO4.py”, right click your mouse to select “Upload to /”, wait for “hcsrO4.py” to be uploaded to
ESP32-S3 and then double click “Ultrasonic_Ranging.py”.

21.2_Ultrasonic_Ranging

Tk Thonny - D:AMicropython_Codes\21.2_Ultrasenic_Ranging'Ultrasonic_Ranging.py @ 25: 1 — O *
File Edit VYiew FRun Tools Help

0 = 0 w ™

Files = Ultrascnic_Ranging.py -

This computer = 1 from hcsrBd import SRO4 ~
D: % Micrepython_Codes 2 import time

21.2_Ultrasonic_Ranging 3

M Open in Thonny sRO4(13,14)

Open in default external app
Configure .py files... 2. sleep ms(2008)
Show hidden files
: while True:
Upload to / . R . . . .
— print('Distance: ',SR.distance()},'cm')
o time.sleep ms(508)
Mew directory... ot - -
Cut pt:
ass
Copy .
MicroPython devic Paste
gj boot.py Rename
@ hesrd. py Move to Trash v
Properties
UIStance. £3.40 cm ~
Distance: 51.816 cm
Distance: 19.584 cm
Distance: 156.405 cm
W

MicroPython (E5P32) - COM24

Any concerns? D4 support@freenove.com
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Click “Run current script”. Use the ultrasonic module to measure distance. As shown in the following figure:

Shell »

Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:
Distance:

G.6d/
5.151
5.151
6.852
7.225
7.531
§.721
12.121
11.798
13.6 ¢
14.467
16.116
17.442
19.652
22.0815

cm
cm
cm
cm
cm
cm
m
cm
m
m
m
cm
cm
cm
cm

The following is the program code:

from hesr04 import SR04

import time

SR=SR04 (13, 14)

time. sleep_ms (2000)

try:

while True:
print ( Distance: ', SR.distance(), cm’)

time. sleep_ms (500)

except:

pass

Import hcsr04 module.

- from hesr04 import SR04

Define an ultrasonic object and associate with the pins.

- SR=SR04 (13, 14)

Obtain the distance data returned from the ultrasonic ranging module.

! SR. distance ()

Obtain the ultrasonic data every 500 milliseconds and print them out in “Shell”.

while True:
print (' Distance: *, SR.distance(), cm’)

time. sleep_ms(500)

Any concerns? X support@freenove.com
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Reference

| Class hesro4 |
Before each use of object SR04, please add the statement “from hcsr04 import SR04” to the top of python
file.

SR04(): Object of ultrasonic module. By default, trig pin is Pin(13) and echo pinis Pin(14).

distanceCM(): Obtain the distance from the ultrasonic to the measured object with the data type being int
type, and the unit being cm.

distanceMM(): Obtain the distance from the ultrasonic to the measured object with the data type being
int type, and the unit being mm.

distance(): Obtain the distance from the ultrasonic to the measured object with the data type being float
type, and the unit being cm.

Any concerns? DX 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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

EXT-3.3Ve ®
GND L

| ol ol N 22520l ol 22T B

Freenove ESP32S3 GPIO Extension Board

“s e . s s ss e s s D T N I S P
...............................................................
...............................................................

s e s s . .o . . T T N Y
s s e ssesssssse D I T R A )
cs e D T T T R I I R )
.o . s s s sssssssssss R s s sssssssssssss R
. . s e s s s s sss e .o D s s s essessessssssssnn

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:

@2 EAl
456l Bl

ZBlEl[C
xO# D

8 1

4x4 Keypad

[ for e

af 3] 2 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—-— — —_— A—-—

Rl sl Uy f s B
4—-— T P S B—-—
— O—I 0—l 0—ll—0 0—l 7
7_-_ — el C_-_
B By EgRe &y ¢
* D

£E EBprE SR BgE ey .

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? DX support@freenove.com
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Circuit

Schematic diagram

5V 3.3V
R PO exr-aav |
ot EN RX e
PR— i 1 f—
—t 5 [ R N—
— 42 s
—t ] 4] f—
—15 T J S—
et 16 39
et 17 38 e
4x4 Keypad 18 Sl
P01 —3| EEEN 8 96
G0z —| EEENE — 3 d5 f
GPIO12 g HEEEN =146 ESP32-S3 WROOM 0 [——
GPIOT1 EEEE [cpP109 2 GPIO Extension 45
GPIO10 10 48 e
GPIO11 bl 47—
GPIO12 12 21—
GPIO13 13 20 frme
GPIO14 14 19 [—

41
<

GND
GND

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

Exidve sff =2 s s s s ssssa moaa sssss sesas

ESP32-83 [WROOM
FREENOVE

Freenove ESP3283 GPIO Extension Board
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Code

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.

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” > “22.1_Matrix_Keypad”. Select
“keypad.py”, right click your mouse to select “Upload to /", wait for “keypad.py” to be uploaded to ESP32-
S3 and then double click “Matrix_Keypad.py”.

22.1_Matrix_Keypad

T Thonny - DAMicropython_Codest22.1_Matrix_KeypadiMatrix_Keypad.py @ 4:1 - O ¥
File Edit VYiew PRun Tools Help
BT o @ ™
Files Matriz_Keypad.py
This computer = 1 from keypad import KeyPad ~
Dt % Micropython_Cedes % 22,1_Matrix_Keypad 2 import time
g-l keypadpy Open in Thonny
" Matrix_Keypad.py _
Open in default external app h(eyPad—KeyPad(ld-,13,12,11,1@,9,8,18)
Configure .py files... -
Show hidden files pef key():
keyvalue=keyPad.scan()
Upload to / if keyvaluel= None:
Mew file... print(keyvalue)
Mew directory... time.sleep ms(3080)
Cut return keyvalue
Copy
Paste hile e
MicraPython device pihile True:
Rename key()
%J boot.py Mowve to Trash -
& keypad.py
Properties
=hell

MicroPython (ESP32) » COM24

Any concerns? DX support@freenove.com
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Click “Run current script”, push the key board and the key value will be printed in “Shell”. As shown in the
illustration below:

Shell -
»»>» ¥Run -c SEDITOR_COMTEMNT ~
1
2
3
A
4
5
G
B
7
8
9
c
L
MicroPython (ESP32) - COM24

The following is the program code:

from keypad import KeyPad

import time
keyPad=KeyPad (14, 13, 12, 11, 10, 9, 8, 18)

def key(:
keyvalue=keyPad. scan ()
if keyvalue!= None:
print (keyvalue)
time. sleep_ms(300)

return keyvalue

while True:
key ()
Import keypad module.
- from keypad import KeyPad ‘
Associate the keypad module to ESP32-S3 pins.
! keyPad=KeyPad (14, 13, 12, 11, 10, 9, 8, 18) l
Call function keypad.scan() of the keypad module. When the keypad module detects that the key is pressed,
it returns the value of the pressed key; when no key is pressed, the return value is None.
! keyPad. scan () l
Call function keyPan.scan() to obtain the value of the pressed key. Once it is obtained, print it out.
def key(:
keyvalue=keyPad. scan ()

il keyvalue!= None:
print (keyvalue)
time. sleep _ms(300)

return keyvalue

Any concerns? X support@freenove.com
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Reference

Before each use of the object KeyPad, please make sure keypad.py has been uploaded to “/" of ESP32-S3
and then add the statement “from keypad import KeyPad” to the top of python file.
KeyPad(rowl,row2,row3,row4,coll,col2,col3,col4): Intialize keypad module and associate its pins with

ESP32-S3.
scan(): Non-blocking keypad scan function. If no key is pressed, it returns None; Otherwise, it returns the

valued of the pressed key.

Any concerns? DX 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-S3(N16R8)/ESP32-S3(N8RS) GPIO Extension Board x1

Jumper M/M Servo x1 4x4 Matrix Keypad x1

FEEE

ElEEE
B0 @ >
NPN transistorxl Active buzzer x1 Resistor 1kQ x1
(S8050)
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Circuit

Schematic diagram

5v 3.3V
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Freenove ESP3253 GPIO Extension Board
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “22.2_Keypad_Door”. Select
“keypad.py” and “myservo.py”, right click your mouse to select “Upload to /", wait for “keypad.py” and

“myservo.py” to be uploaded to ESP32-S3 and then double click “Keypad_Door.py”.

22.2_Keypad_Door

import time

T& Thonny - D:\Micropython_Codes\22.2_Keypad_Door\Keypad_Door.py @ 25: 27 - O *
File Edit View Run Tools Help

RN (V] @ ™

Files Keypad_Door.py

This computer = 1 from myservo import myServo ~
D: \ Micropython_Codes '\ 22.2_Keypad_Door 2 from keypad in t KeyPad

&) keypad.py 3 from machine import Pin

%JKeypad_Door.py a

% ) mysenvo.py

Open in Thonny
T et keyPad=KeyPad(14,13,12,11,10,9,8,18)
i ) servo=myServo(21)
Configure .py files... S WriteAnele(d
Show hidden files servo.myServoliriteAngle(@)
activeBuzzer=Pin(17,Pin.0UT)
Upload to /
New file... keyOut=["1","2",'3","'4"]
Mew directory... keyIn=["","","",""]
Cut def :
MicroPython device ) def key()
Copy keyvalue=keyPad.scan()
%Jboot.py Paste = TR B TP W
@ keypad.py Move to Trash
& myservo.py
Properties
rry ~
Yourinput: 1
Yourinput: 2
Yourinput: 2 W

MicroPython (ESP32) - COM24

Click “Run current script”, press the keypad to input password with 4 characters. If the input is correct, the
servo will move to a certain degree, and then return to the original position. If the input is wrong, an input
error alarm will be generated.

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

from myservo import myServo
from keypad import KeyPad
from machine import Pin

import time

keyPad=KeyPad (14, 13, 12, 11, 10, 9, 8, 18)
servo=myServo (21)
servo. myServoWriteAngle (0)

activeBuzzer=Pin (17, Pin. OUT)

keyOut = ["17,7 2,73, 4]
keyIn :[))y))y))y))]
def key():

keyvalue=keyPad. scan ()

if keyvalue!= None:
print ( Your input: , keyvalue)
time. sleep_ms(200)

return keyvalue

keyInNum=0
while True:

keydata=key ()

il keydata!=None:
activeBuzzer. value (1)
time. sleep ms(100)
activeBuzzer. value (0)
keyIn[keyInNum]=keydata
keyInNum=keyInNum+1

il keyInNum==4:
i1 keyIn==keyOut:
print ("passWord right!”)
servo. myServoWriteAngle (90)
time. sleep_ms (1000)
servo. myServoWriteAngle (0)
else:
print (“passWord error!”)
activeBuzzer. value (1)
time. sleep ms (1000)
activeBuzzer. value(0)
keyInNum=0

Any concerns? DX support@freenove.com
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Define an array and set the password.

- keyOut = ["17,727,73","4"]

Each time a key is pressed, the buzzer will short beep once, and the key value of the key will be stored in the

keyln array.

keydata=key ()

it keydata!=None:
activeBuzzer. value (1)
time. sleep_ms(100)
activeBuzzer. value (0)
keyIn[keyInNum]=keydata
keyInNum=keyInNum+1

When 4 keys are pressed, it will judge whether the password is correct. If it is correct, the servo will rotate 90
degrees, and then turn back after 1 second. If the password is wrong, the buzzer will long beep once and the

keyInNum value will be cleared.

i keyInNum==4:

it keyIn==keyOut:
print ("passWord right!”)
servo. myServoWriteAngle (90)
time. sleep_ms (1000)
servo. myServoWriteAngle (0)

else:
print ("passWord error!”)
activeBuzzer. value (1)
time. sleep ms (1000)
activeBuzzer. value (0)

keyInNum=0

Any concerns? X support@freenove.com
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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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

L EEEEE R

=l
]
[}
[=]
1]
c
9
n
<
@
2
»
w
o
o
o
™
[’z
~N
el
o
[}
w
[
>
o
=
3
[
@
'S

Breadboard x1

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

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

oooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooo

Jumper M/M x4 Infrared Remote x1

— (May need CR2025 battery x1, please check the holder)

Infrared Remote x1 | Resistor 10kQ x1 i @ @ @ @ 6 @ @ I
§ 1 QIS UL
" ? OIOI@) ; I1J6 |

Any concerns? DX support@freenove.com
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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.

\7

H L pATA
: -21GND
I | | Slvee
IR Receiver
123

Any concerns? DX support@freenove.com
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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-S3 WROOM 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 ICON KEY Value
@ FFA25D © FFBO4F
@ FFE21D @ FF30CF
@ FF22DD @ FF18E7
Q FFO2FD @ FF7A85
@ FFC23D @ FF10EF
0 FFEO1F @ FF38C7
@ FFA857 @ FFS5AAS5
0 FFO06F @ FF42BD
@ FF6897 FF4AB5
e FF9867 @ FF52AD

Any concerns? D4 support@freenove.com
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Circuilt

Schematic diagram

GND

SV 33v_
sV EXT-3.3V
st 3.3V TX
—t EN RX e
— 4 L —
— 5 o b
e 42 Res
—_—t 7 41 B
et 15 T S—
— 16 39—
18 37
R 3o b 3.3V IR Receiver
3 35 ]—3 VCC
m— 46  ESP32-S3 WROOM 0 p— |||72 GND
e GPIO Extension 45 |~ 1 DATA
et 10 A8 e
— 11 47 N "
st 12 21 @
et 13 20 e
SEN—— N V') 19 f———
et 5/ GND e

Hardware connection. If you

need any support, please feel free to contact us via: support@freenove.com

[ESP32-53 |WROOM
FREENOVE

| |
N\

Freenove ESP32S3 GPIO Extension Board

e e . e 8 8 8 0 8 08 0 Lioae .
e o L] e 8 8 0 0 0 0 0 i | .
LI ) L] .
99 '(:) LI -Jm*- L]
E = 'I’ e s 8 ]
2?3
e s 8 8 85 8 8 8 8 8
® o 8 0 0 8 8 0 8 8 0
e e 0 2 0 0 0 0 0 0 0
® 8 8 8 5 8 0 0 08 00
8 8 8 5 8 0 8 08 80
s s 8 0 s s 8 8
s o 8 0 s s 8 0

Any concerns? DX support@freenove.com
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “23.1_Infrared_Remote”. Select
“irrecvdata.py”, right click your mouse to select “Upload to /", wait for “irrecvdata.py” to be uploaded to
ESP32-S3 and then double click “Infrared_Remote.py”.

23.1_Infrared_Remote

File Edit View Run Tools
RN (V]

Files

This computer
D: \ Micropython_Codes
23.1_Infrared_Remote
%J Infrared_Rermote.py
%J irrecvdata.py

Help

@-

Open in Thonny

Open in default external app

Configure .py files...
Show hidden files

Infrared_Rermote.py

1
2
3

MicroPython device

%J boot.py
@;J irrecvdata.py

MNew file...

New directory...
Cut

Copy

Paste

Rename
Move to Trash

Upload to /

Properties

T& Thonny - D:\Micropython_Codes\23.1_Infrared_Remote\Infrared_Remote.py @ 3:23 - O *

from

recvPin = irGetCMD(21)

>3

irrecvdata import irGetCMD ~

while True:
irValue = recvPin.ir_read()
if irValue:
print(irValue)

MicroPython (ESP32) - COM24

Click “Run current script”, press the key of the infrared remote and the key value will be printed in “Shell”.
As shown in the illustration below:

Shel

>

Oxff22dd
Oxffags7
Ouff906f
Oxff6897
Quff30cf

0xff9867
Ouffo04f

MicroPython (ESP32) - COM24

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

from irrecvdata import irGetCMD

recvPin = irGetCMD (21)

try:
while True:
irValue = recvPin. ir read()
il irValue:
print (irValue)
except:

pass

Import the infrared decoder.

- from irrecvdata import irGetCMD

Associate the infrared decoder with Pin(21).

- recvPin = irGetCMD (21)

Call ir_read() to read the value of the pressed key and assign it to IRValue.

- irValue = recvPin. ir read()

When infrared key value is obtained, print it out in” Shell”.

while True:
irValue = recvPin. ir read()
if irValue:

print (irValue)

Reference

Before each use of the object irrecvdata, please add the statement “from irrecvdata import irGetCMD" to the
top of the python file.

irGetCMD(): Object of infrared encoder, which is associated with Pin(21) by default.

ir_read(): The function that reads the key value of infrared remote. When the value is read, it will be returned;
when no value is obtained, character None will be returned.

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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

EN R - R R
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w
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>
o
c
o
o
o
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..................................................
..................................................

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

Jumper M/M x10 Infrared Remote x1
— (May need CR2025 battery x1, please check the
holder)
LED x1 Resistor 1kQ x2 | Resistor 10k Q a )
- @ ©
| ol
| | Q®Q
Infrared receiver | NPN Active buzzer x1 @ e @
x1 transistorx1 @ @ @
i (S8050)
5 @@
@O
\_ J

Any concerns? DX support@freenove.com
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Circuilt

Schematic diagram

33V
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— 4 1 fr—
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e B 35 e

foka . & [

iz ——* ESP32:53 WROOM © [— 23y IR Receiver

=1~  GPIO Extension 45—
1 S— T 48 e 3 VCC
= S a7 I >{GND
T — 21 | DATA

ar | 13 20 e R1
\/V\N 14 19 = k0 w
R2 et 5\ GND s @
10kQ GND

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Any concerns? DX support@freenove.com
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Code

The Code controls the brightness of the LED by determining the key value of the infrared received.

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” >
“23.2_Control_LED_through_Infrared_Remote”. Select “irrecvdata.py”, right click your mouse to select
“Upload to /7, wait for “irrecvdata.py” to be uploaded to ESP32-S3 and then double click
“Control_LED_through_Infrared_Remote.py”.

23.2_Control_LED_through_Infrared_Remote

i Thenny - D\Micropython_Codes\23.2_Control_LED_through_Infrared_Remote\Control_LED_through_Infrared_Remote.py @ 33:335 — Oa X
File Edit View Run Tools Help
e (V) ® ™
Files Control_LED_through_Infrared_Remote.py
This computer = 9 def handleControl(wvalue): ~
D:\ Micrepythen_Codes 18 buzzerPin.value(1)
23.2_Control_LED_through_Infrared_Remote 11 time.sleep ms(lﬂﬂ)
%JControI_LED_through_Infrared_Remote.py 12 buzzerpin_;alue(g)
% Irrecvdata.py Open in Thonny =
Open in default external app | if value == '@xffe897": #0
Configure .py files... = print('e")
Show hidden files 3 ledPin.duty(1)
7 elif walue == '@xff3@cf': #1
MictoPython dvice . et
& boot.py Newfile... o ledPin.duty(100)
& irrecvdata.py New directory... 0 elif wvalue == '@xffl8e7': #2
ut il print('2")
Copy b ledPin.duty(3@8)
EEEtE B elif wvalue == "@xff7a85"': #3
ename . P
il print('3")
Move to Trash he
Properties
=gl ”
x>
MicroPython (ESP32) - COM24

Any concerns? DX support@freenove.com
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Click “Run current script”. 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 \/ \07

The following is the program code:

{rom machine import Pin, PWM
import time

{rom irrecvdata import irGetCMD

ledPin=PWM (Pin (13, Pin. OUT), 10000)
buzzerPin=Pin (14, Pin. OUT)
recvPin = irGetCMD (21)

def handleControl (value) :
buzzerPin. value (1)
time. sleep ms(100)

buzzerPin. value (0)

il value == 0xf16897 : #0
print (0)
ledPin. duty (1)

elif value == "0x{30cf”: #1
print (1)
ledPin. duty (100)

elif value == "0x[18e7 : #2
print("2")
ledPin. duty (300)

elif value == "0x[7a85 : #3
print (" 3")
ledPin. duty (1000)

else:

return

Any concerns? X support@freenove.com
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try:
while True:
irValue = recvPin. ir read()
if irValue:
print (irValue)
handleControl (irValue)
except:

ledPin. deinit ()

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 determines 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.

def handleControl (value) :
buzzerPin. value (1)
time. sleep_ms (100)

buzzerPin. value (0)

if value ==~ 0xff6897 : #0
print(C0)
ledPin. duty (1)

elif value == "0x{30cf” : #1
print (1)
ledPin. duty (100)

elif value == "0x[18e7 : #2
print (" 2")
ledPin. duty (300)

elif value == "0x[7a85 : #3
print (" 3")
ledPin. duty (1000)

else:

return

Each time the key value of IR remote is received, function handleControl() will be called to process it.

try:
while True:
irValue = recvPin. ir read()
if irValue:
print (irValue)
handleControl (irValue)
except:

ledPin. deinit ()

Any concerns? D4 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-S3 to read temperature and humidity data of the DHT11
Module.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

EE R

Freenove ESP32S3 GPIO Extension Board

Breadboard x1

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

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

oooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooo

Jumper M/M x4 DHT11 x1 Resistor 10kQ x1

Any concerns? DX support@freenove.com
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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

NS

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.

Any concerns? D4 support@freenove.com
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Circuilt

Schematic diagram
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to

disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “24.1_Hygrothermograph”

and double click
24.1_Hygrothermograph

“Hygrothermograph.py”.

T& Thenny - D:\Micropython_Codes\24.1_Hygrothermograph'Hygrothermograph.py @ 24:1 - O X
File Edit View Run Tools Help
BN o @ ™
Files Hygrothermograph.py
This computer = 1 import machine .
D: % Micropython_Codes \ .
24.1_Hygrothermograph i ;ﬁ:e
%J Hygrothermograph.py ‘
5 DHT = dht.DHT11(machine.Pin(21))
7 ile True
8 try:
MicroPython device = ’ DHT'me?Supe() . . T . . g
P 10 print('temperature: ' ,DHT.temperature(), "humidity: ' ,DHT.humidity())
) boot.py 11 time.sleep_ms(2000)
12 except:
13 v
Shell
TeMperature: Z& NUMIAy: b “
temperature: 28 humidity: 68
temperature: 28 humidity: 68
temperature: 28 humidity: 68
v
MicroPython (ESP32) - COM24

Make sure your circuit is correctly connected and you will see the following messages printed in “Shell”.

temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28
temperature: 28

humidity: 6@
humidity: 46
humidity: 49
humidity: 5@
humidity: 53
humidity: 55
humidity: 57
humidity: 59
humidity: &1
humidity: &3
humidity: 61
humidity: 59
humidity: 57
humidity: 5&
humidity: 54
humidity: 54

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

import machine
import time

import dht

DHT = dht.DHT11 (machine. Pin(21))

while True:
try:
DHT. measure ()
print (" temperature:’, DHT. temperature(), humidity: , DHT. humidity ())
time. sleep_ms(2000)
except:

pass

Import machine, time and dht modules.

import machine

import time

import dht
Associate DHT11 with Pin(21).
[ [ i = dnt. DHTLL (machine. Pin (21))
Start DHT11 to measure data once.
- DHT. measure ()
Call the built-in function of DHT to obtain temperature and humidity data and print them in “Shell”.
- print ( temperature:’,DHT. temperature (), humidity: ,DHT. humidity ())
Obtain temperature and humidity data once per second and print them out.

while True:
try:
DHT. measure ()
print (" temperature:’, DHT. temperature(), humidity: , DHT. humidity ())
time. sleep ms (2000)
except:

pass

Reference

| Class dnt |
Before each use of object dht, please add the statement “import dht” to the top of python file.
DHT11(): Object of DHT11

DHT12(): Object of DHT12

DHT11.measure(): Start DHT11 to measure temperature and humidity data once.
DHT11.temperature(): Return temperature data obtained by DHT11.

DHT11.humidity(): Return humidity data obtained by DHT11.

DHT12.measure(): Start DHT12 to measure temperature and humidity data once
DHT12.temperature(): Return temperature data obtained by DHT12.

DHT12.humidity(): Return humidity data obtained by DHT12.

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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

EXT-3.3Ve e

GEdddrpaneo oMY TF

Freenove ESP32S3 GPIO Extension Board

LCD1602 Module x1 Resistor 10kQ x1

Jumper F/M x4 DHT11 x1
Jumper M/M x4

- -

Any concerns? D4 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

Freenove ESP32S3 GPIO Extension Board

Any concerns? DX support@freenove.com
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Code

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = 24.2_Hygrothermograph”.
Select “I2C_LCD.py” and “LCD_APl.py”", right click your mouse to select “Upload to /", wait for
“2C_LCD.py” and “LCD_APl.py” to be uploaded to ESP32-S3 and then double click
“Hygrothermograph.py”.

24.2_Hygrothermograph

T& Thonny - D:\Documents\GitHub'\Freenove_Ultimate_Starter_Kit_for_ESP32_S3\Python'\Python_Codes\24.2_Hygrothermograph'\Hygrothermograph.py @ 41:1 - O *
File Edit View Run Tools Help
DESHE O e =
Files = Hygrothermograph.py -
-g‘i\SBDmFUtE" \ GtHub = 1 from time import sleep_ms ~
4 ocuments itHu = . . .
Freenove_Ultimate_Starter Kit_for ESP32_S3 % z T:Pom machine :!_mJor“‘t 12C, Pin
Python \ Python_Codes \ 3 from I2C_LCD import I2clcd
24.2_Hygrothermograph 4 import dht
%1 Hygrothermograph.py 5
; dht .DHT11(Pin(21))
penin cetaut &emalaPP )¢ (scl=Pin(13), sda=Pin(14), freq=400008)
Configure py files... - 12 0O
Show hidden files > 7 acc-scan
(devices) == @:
IR - (1o 32 device 1)
MNew file...
New directory... r device in devices:
MicroPython device Cut print("I2C addr: "+hex(device))
& bootpy Copy lcd = I2clcd(i2c, device, 2, 16)
& 12¢_LCDpy Paste
%} LCD_APLpy Movwe to Trash
Properties ile True:
DHT .measure()
20 lcd.move_to(@, @)
21 lcd.putstr("Temperature: ")
22 lcd.putstr(str(DHT.temperature()))
23 lcd.move_to(@, 1)
24 lcd.putstr("Humidity: ")
25 lcd.putstr(str(DHT.humidity())) v

Click “Run current script”. The first row of LCD1602 is temperature value and the second row is humidity. Try
to “pinch” the DHT11 (without touching the leads) with your index finger and thumb for a brief time, you
should see that the displayed value on LCD1602 changes.

TR A EEETLE

VSSVDDVO RS RW E DO D1 D2 D3 D4 D5 D8 D7 A K

TemFerature

Humidit

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

from time import sleep ms
from machine import I2C, Pin
from I12C LCD import I2cLcd

import dht
DHT = dht. DHT11 (Pin(21))
i2¢ = 12C(sc1=Pin(13), sda=Pin(14), freq=400000)

devices = i2c. scan()
if len(devices) == 0:
print ("No i2c device !”)
else:
for device in devices:
print ("12C addr: “+hex(device))
led = I2cLed(i2c, device, 2, 16)

try:
while True:

DHT. measure ()
lcd. move to (0, 0)
lcd. putstr (“Temperature: ”)
lcd. putstr (str (DHT. temperature()))
lcd. move to(0, 1)
lcd. putstr (“"Humidity: ”)
lcd. putstr (str (DHT. humidity()))
sleep_ms(2000)

except:

pass

Import DHT11 and 12C LCD1602 modules.

from time import sleep ms
from machine import I2C, Pin
from I2C LCD import I2cLed
import dht

Assign Pin(21) to DHT11, Pin(13) and Pin(14) to LCD1602.

DHT = dht. DHT11 (Pin(21))
i2¢ = 12C(sc1=Pin(13), sda=Pin(14), freq=400000)
devices = i2c. scan()
if len(devices) ==
print ("No i2c device !”)
else:
for device in devices:
print ("12C addr: “+hex(device))
led = I2cLed(i2c, device, 2, 16)

Any concerns? X support@freenove.com
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Obtain data of Hygrothermograph every second and display them on LCD1602. The first line displays
temperature and the second line displays humidity.

while True:
DHT. measure ()
lcd. move to(0, 0)
lcd. putstr (“Temperature: ”)
lcd. putstr (str (DHT. temperature()))
lcd. move to(0, 1)
led. putstr (“"Humidity: ”)
lcd. putstr (str (DHT. humidity()))
sleep_ms(2000)

Any concerns? D4 support@freenove.com
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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-S3(N16R8)/ESP32-S3(N8RS) GPIO Extension Board x1

EXT-3.3Ve ®
GND L

@ ESPRESSIF [ B~
Sp32-S3.WROOMA1 [0
'3

Do~ - o
225 &K

Freenove ESP32S3 GPIO Extension Board

Breadboard x1

.................... s e sssse sssss sesss sssss sssss
...............................................................
“s e . s s s s s B R T
...............................................................
...............................................................
) . .o . B T T N N N N R R N R )
8 0 88 8500000080080 0000000000000 0000000000000s000000000ss00ssss
D T T I A P P Y
s ees e s ssessessssssssnn L I N N A IR
s s s see e sesss s s e s s s esssssse s es s s ss s e B
D T I T T N O R I I AP PN

e e e s eseee e e ess s eees SEeee S eee seses s sees ssses seeee
S8 e eseee sssss esees seses eeees seses s eses

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
M enp
2lourt
3lvee
=0 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(OV). 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.

Any concerns? DX support@freenove.com
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Circuilt

Schematic diagram

5V EXT-3.3V
— 3.3V TH
— EN RX
E L S—
—5 PR I
6 42
—_— 7 AT R
—t 15 Ty ) —
— 16 39 b
et 17 38 e
*
—_—18 ] —
*
—_—8 1) —
*
~——146 ESP32-S3 WROOM 0 [—
v —— £ GPIO Extension 45 [~
- — 10 48
— 11 47 b
1 > 12 PR S
((t s |2 13 00 b
—_ 43j_ 14 19 f—
5V GND  Jrs
- GND
Infrared Motion Sensor(HC SR501)
LED1 —
,/( Red (633nm) e

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

- EXT-3.3Ve = LI ) LI I I I LI I »
H D P 9
o -
m
c
o 2 8 8 8 8 0 0 880008080
g S 8 8 8 8 85 0880880808080 s s 0 0
9 S 8 8 8 8 85 8 8888808080880 s e 0 0
leJ 000000000 QCOCOQQO0D * e 0 0
o s e 0 0
o
“TTIT (L)
g " e 0 0
N 000 0O 00000 ODO0OO0O0OOD0 s e s 0 0
£8P32:53 |WROOM E L O I I N O T TN NN N T N A N N ) " e 0 0
FREENQVE (7]
w S 8 8 8 8 8 8808808080800 s e s 0 0
® L] g O O A A O O O N A N I N A A A A e e 0 0
o
c
L - @ g
2hsv .. . L N ) . e 0 . e . e
L GND .. .0 e e 0 00 .00 . e .0
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Code

In this project, we will use an infrared motion sensor to trigger an LED, essentially using the infrared motion
sensor as a motion switch. So the code of this project is similar to that of project “Button & Led”. The
difference is when infrared motion sensor detects changes, it will out high level; when it detects nothing, it
will output low level. When the sensor outputs high level, LED turns ON; Otherwise, LED turns OFF.

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” >
“25.1_Infrared_Motion_Detector” and then double click“Infrared_Motion_Detector.py”.
25.1 Infrared_Motion_Detector

T& Thonny - DAMicropython_Codes\25.1_Infrared_Motion_Detector\Infrared_Motion_Detector.py @ 20:5 — O =
File Edit View Run Tools Help

B = O @ ™

Files Infrared_Motion_Detector.py

EﬂsamwumL Cod = 1 from machine import Pin 2
25.:_In:‘cr;DrngMD;To:_De;t;ctor i tmport time

‘?_'Infrared_Motion_Detector.py 4 sensorPin=Pin(13,Pin.IN)
ledPin=Pin(14,Pin.0UT)

(s WV

+rwe

8 while True:

9 it not sensorPin.value():

10 ledPin.value(1l) #Set led turn on
11 else:

12 ledPin.value(@) #Set led turn off

MicroPython device
& boot.py

Shell

>r>

MicroPython (ESP32) » COM24

Click “Run current script”. 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.

Any concerns? DX support@freenove.com
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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.

Move to the Infrared Motion Sensor

\|/

OmOmOr
—-S+

Move away from the Infrared Motion Sensor

Any concerns? DX support@freenove.com
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Chapter 26 Attitude Sensor MPUG6050

In this chapter, we will learn about a MPUG050 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-S3(N16R8)/ESP32-S3(N8R8) | GPIO Extension Board x1

ol ol 22w o2 B

Freenove ESP32S3 GPIO Extension Board

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

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

oooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooo

Jumper F/M x4 MPUG6050 x1

o & @

® GND
266

®) scl
®) spA
®) xpA

®) xcL

MPUB050

® AD0
o @

Any concerns? DX support@freenove.com
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Component knowledge

MPU6050

MPUG050 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.
MPUGB050 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
I ® vcc Y — VCC
2 X %_9. L GND
3 R zS A 3] SCL
4 [OBN 4 SDA
s T 21 XDA
@l \pyeoso % XCL
Y8 ® ADo -1 ADO
1. © SAINT
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 I2C 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 I2C 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? DX support@freenove.com
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Circuilt

Note that the power supply voltage for MPU6050 module is 5V in the circuit.
Schematic diagram

5V EXT-3.3V

3.3V X
e =) RX e

4 1
] 5 PR —

B8 42
— 7 41 fe—
s 15 JTy J S—
——t 16 39 frme
— 17 38—
et 18 a7
—_8 g I—
— 3 35—
MPU6050 =46 ESP32-S3 WROOM 0 p——
INT 5 — 2 GPIO Extension 45 [——
ADO B — 10 48 e
XCL 3 — 47—
XDA 5 — 12 21 b—
SDA 4 13 20 b
SCL I3 14 19—
GND > | ——l 5V [N S —

VCC 1 GND

3.3V

[ESP32-53 |WROOM]
FREENOVE
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “26.1_MPU6050". Select
“mpub050.py”, right click your mouse to select “Upload to /", wait for “mpu6050.py” to be uploaded to
ESP32-S3 and then double click “Acceleration.py”.

26.1_MPU6050

Te Thonny - DA\Micropython_Codes'26.1_MPUGD50\Acceleration.py @ 14:27 - m} x
File Edit View Run Teols Help
Q= (V] @™
Files Acceleration.py
This computer = 1 from mpué®50 import MPUGB5@ .
D: \ Micropython_Codes \ 26.1_MPUB030 7 import time
QJAcceleration.py 3
i) mpub050.py Open in Thonny 4 mpu:MPU6E35(:3(14,13) #.’I:\t‘lcth 1I:he IIC pin(sclpin,sdapin)
Tpmmd g tana 5 mpu.MPU_Init() #initialize the MPUGBSH
Configure .py files... 5 6 =29.8
Show hidden files 7 time.sleep ms(1008)#waiting for MPUEE5O to work steadily
8
MicroPythen devic : o
& y NE’“““'!E--- 10 while True:
éjbmt;,}po);o New directory... 11 accel=mpu.MPU_Get_Accelerometer()#gain the values of A
mpu " .
wme Ry Cut i gyro=mpu.MPU_Get Gyroscope() #gain the values of &
Copy 3 print("\na/g:\t") v
Paste
>
Rename
Move to Trash nell
Properties
22
MicroPython (ESP32) - COM24

Click “Run current script”. When ESP32-S3 obtains acceleration data and gyroscope data of MPUG05, it will
print them in “Shell”.

Shell

alg:

55478 52324 56884 65489 30 65525

a/g:

3.629761 g 3.193684 g 3.471924 g 3.997131 dfs ©.881831855 d/s 3.999329 d/s

a/g:

55478 52286 56814 65489 30 65526

a/g:

3.629761 g 3.191284 g 3.467651 g 3.997131 dfs ©.881831855 d/s 3.99939 d/s
alg:

59474 52332 56904 55492 33 65525

a/g:

3.630085 g 3.194892 g 3.473145 g 3.997314 dfs ©.88201416 dfs 3.999329 d/s
alg:

55478 52316 56944 65493 29 65530

a/g:

3.629761 g 3.193115 g 3.475586 g 3.997375 d/s ©.891770082 d/s 3.999634 d/s

Note: The data transmission of MPUG050 is very sensitive. Therefore, when using it, please make sure the
jumper wire is in good contact, otherwise the data may fail to be obtained.

Any concerns? DX support@freenove.com
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The following is the program code:
from mpu6050 import MPU6050

import time

mpu=MPU6050 (14, 13) #attach the [IC pin(sclpin, sdapin)
mpu. MPU_Init () #initialize the MPU6050
G =29.8
time. sleep ms (1000) #waiting for MPU6050 to work steadily
try:
while True:
accel=mpu. MPU Get Accelerometer () #gain the values of Acceleration
gyro=mpu. MPU_Get_Gyroscope () #tgain the values of Gyroscope
print ("\na/g:\t”)
print (accel[0], “\t”, accel[1], “\t”, accel[2], "\t”
gyrol0], “\t”, gyro[1], “\t”, gyro[2])
print ("a/g:\t”)
print (accel[0]/16384, "g”, accel [1]/16384, "¢”, accel [2]/16384, "g”,
gyro[0]/16384, ”d/s”, gyrol[1]/16384, "d/s”, gyro[2]/16384, "d/s”)
time. sleep_ms (1000)

except:

pass
Import MPU6050 and time modules.
{rom mpu6050 import MPU6050
import time

Set 12C pins and associate them with MPU6050 module, and then initialize MPU6050 and wait for the
initialization to complete.

mpu=MPU6050 (14, 13) #attach the [1C pin(sclpin, sdapin)
mpu. MPU Init () #initialize the MPU6050

G=29.8

time. sleep ms (1000) #waiting for MPUG050 to work steadily

Obtain the acceleration data of MPU6050 and store it in accel. Obtain the gyroscope data and store it in gyro.

accel=mpu. MPU Get Accelerometer ()#gain the values of Acceleration

gyro=mpu. MPU_Get_Gyroscope () #tgain the values of Gyroscope

Update and collect the original data of the gyroscope every second and print the original data and processed
acceleration and angular velocity data in “Shell”.

accel=mpu. MPU_Get Accelerometer () #gain the values of Acceleration
gyro=mpu. MPU_Get_Gyroscope () #tgain the values of Gyroscope
print ("\na/g:\t”)
print (accel[0], “\t”, accel[1], "\t”, accel[2], "\t~
gyrol0], “\t”, gyro[1], "\t”, gyro[2])
print ("a/g:\t”)
print (accel[0]/16384, "g”, accel[1]/16384, "¢”, accel[2] /16384, " 3",
gyro[0]/16384, "d/s”, gyro[1]/16384, "d/s”, gyro[2]/16384, "d/s”)
time. sleep_ms(1000)

Any concerns? D4 support@freenove.com
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Reference

Before each use of mpu6050, please add the statement “from mpu6050 import MPU6050" to the top of
the python file.

MPUG6050(sclpin,sdapin): Create an object MPU6050 and associate 12C pin with it.

MPU_Init(): Intialize MPU6050 module.

MPU_Get_Accelerometer(): Obtain original data of MPU6050’s acceleration

MPU_Get_Gyroscope(): Obtain original data of MPU6050’s Gyroscope

Any concerns? DX support@freenove.com
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Chapter 27 Bluetooth

This chapter mainly introduces how to make simple data transmission through Bluetooth of ESP32-S3
WROOM and mobile phones.

Project 27.1 Bluetooth Low Energy Data Passthrough

Component List

ESP32-S3(N16R8)/ESP32-S3(N8RS) | USB cable x1

Component knowledge

ESP32S3'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 ESP32S3, they are usually in master mode and ESP32-S3 in slave mode.

Any concerns? D4 support@freenove.com
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Master

Circuit

Connect Freenove ESP32-S3 to the computer using the USB cable.

Any concerns? DX support@freenove.com
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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

ek ek 4.0 » 4 Ratings

Free

LE

Screenshots mac iPhone iPad

7 6:49 - - &40
LightBlUE Filter £ Back Peripheral € Health Monitor Temperature Measure... Hex Cancel Characteristic Format
Hoaith Mandtor
O, Search Periphersls By. Health Monitor Heaith Monitor
Q Search Peripherals By Name Temperature Measurement
WUAD: ABIIABEE-FAFF-4560-BAA0-F21BBAZTEZI0 Temperature Measurement ULD: 2410
T U0 A1
il Health Monitor (et f 123456
v
48 2 services ADVERTISEMENT DATA Show J
Ll Matt's Mug ol 04432126
P Device Information Listen for notifications

(i) 000100100011010001010110
0 2 ericer Harcware Revision String Cloud Contut !
2 sorvice H

o B oy
Ll Gretchen's Fitbit Blaze Manufacturer Name String DESCRETORS !
M senice Punch Thronggh .

. pomanEs

L1l Heart Rate Monitor
W 2 services Health Thermometer Indicate
Lill Colin's iPhone Xs Intermediate Temperature
80 Naservices Properies: Motly

® Measurement

il Sous Vide Bean

Ll Mike's MacBook Pro
o Measurement Interval
Ll PT DevKit Propertiss: Reac!

4 2 services

Ll Health Monitor N
— Endianress: [ ™ -
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “27.1_BLE". Select
“ble_advertising.py”, right click your mouse to select “Upload to /", wait for “ble_advertising.py” to be
uploaded to ESP32-S3 and then double click “BLE.py”.

27.1 BLE

Ti Thonny - D\Micropython_Codes\27.1_BLE\BLE.py @ 43:25

File Edit View Run
Qe (V]
Files =

This computer

D\ Micropython_Codes \ 27.1_BLE

& BLE.py

e ble_advertising.py

MicroPython device
QJbIe_ac:h.rertising.p:l),.r

ﬂl boot.py

- m} x
Teols  Help
@ |
BLE.py -
= 1 # This example demonstrates a UART periperhal. "
2
3 import bluetooth
Open in Thonny import random
Open in default external app import struct
Configure .py files... import time
Show hidden files from ble_advertising import advertising payload
from micropython import const
New file...
W= arsann e _TRQ_CENTRAL_CONNECT = const(1)
— _IRQ_CENTRAL_DISCONNECT = const(2)
Copy _IRQ_GATTS WRITE = const(3) v
Paste
Rename
Move to Trash
Properties ~
> v
MicroPython (ESP32) - COM24

Any concerns? DX support@freenove.com
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Click run for BLE.py.

T& Thonny - D\Micropython_Codes\27.1_BLE\BLE.py @ 43:25 - O X
File Edit View Run Teols Help
(77 0o e ™
Files = BLE.py ~
This computer = 1 # This example demonstrates a UART periperhal. "
D: '\ Micropython_Codes \ 27.1_BLE 2
& BLE.py B 3 import bluetooth
& ble_advertising.py 4 import random
5 import struct
5 import time
7 from ble advertising import advertising payload ™
MicroPython device = Shell ~
ﬂlble_advertising.py ¥

%J boot.py

Starting adverising
Please use LightBlue to connectto ESP3253.

MicroPython (ESP32) = COM24

Turn ON Bluetooth on your phone, and open the Lightblue APP.

1716 fay™’

o

(]

Flashlight  Screensh...

R (0 O ‘Or
Airplane Rotation GPS Vibrate “JLW@ME

In the Scan page, swipe down to refresh the name of Bluetooth that the phone searches for. Click ESP32S3.

Any concerns? DX support@freenove.com


http://www.freenove.com/

pistel Chapter 27 Bluetooth www.freenove.com [l

No SIM card No SIM card 3R 2 8%
LightBlue® ¢  ESP32s3
F4:12:FA:E4:FA:BA
Unnamed ] - GENERIC ACCESS
-88dBm  2C:2C:57:0C:5F:97
Device Name
[ 4 ESP32S3 g ] Readable 2
-25dBm  F4:12:FA:E4:FA:BA
Appearance =
. Unnamed i I Readable
-94dBm  2A:D8:2F:31:82:CD
GENERIC ATTRIBUTE
! CONNECT | v
—dBm  5E:99:15:2A:88:4F Service Changed S
Indicate
; CONNECT v
—dBm; |64.88.87:89.60:9F 6e400001-b5a3-f393-e0a9-
e50e24dcca9e
! CONNECT v
—dBm  25:9C:80:CA:E6:D9 62400003-b5a3-f393-e0a9-
e50e24dcca%e >
] ~, -~ v - 5
—dBm  4B:24:91:B1:52:6E o2 Receive REtsataly
6e400002-b5a3-f393-e0a9-
» () [ ) e50e24dccade >
Scan Bonded Le;m Writable, Writable Without Response

After Bluetooth is connect successfully, Shell will printer the information.

Shell ~
»»>» %Run -c $EDITOR_CONTENT
Starting advertising

Please use LightBlue to connect to ESP3233.
Mew connection 1

The BLE connection is successful.
Enter anything:

MicroPython (ESP32) - COM24

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.

Any concerns? X support@freenove.com
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il cmee 17:33 20 2 0D 47% W

& 6e400003-b5a3-f393-e0a9-...

w Readable
Able to be read from
w  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 [ Hex ;]

READ/INDI

UTF-8 String E

Binary

No value read
Tap on one of the k
begin

Unsigned Little-Endian _ e

Signed Little-Endian

DESCRIPTOR
~ Unsigned Big-Endian
Client Charact

00002902-0000-1( Signed Big-Endian

You can type “Hello” in Shell and press “Enter” to send.

17:34 30 2GR 47% WO

& 6e400003-b5a3-f393-e0a9-...

.~ Readable
Able to be read from

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 - ]

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

Starting adverising

Mew connection 1

T& Thonny - D\Micropython_Codes\27.1_BLE\BLE.py @ 43:25 - O X
File Edit View Run Tecls Help
(77 0o e ™
Files = BLE.py ~
This computer = 1 # This example demonstrates a UART periperhal. "
D: '\ Micropython_Codes \ 27.1_BLE 2
& BLE.py B 3 import bluetooth
& ble_advertising.py 4 import random
5 import struct
5 import time
7 from ble advertising import advertising payload ™
MicroPython device = Shell ~
& ble_advertising.py »»» %¥Run -c $EDITOR CONTENT
@boot.py

Please use LightBlue to connectto ESF3283|

Enter anything: Hello
Send: Hello

Enter anything:

The BLE connection is successful.

MicroPython (ESP32) = COM24

Any concerns? D4 support@freenove.com
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And then you can see the mobile Bluetooth has received the message.

No SIM card T 10:09

< 6e400003-b5a3-f393-e0a9-...

6e400003-b5a3-f393-e0a9-e50e24dccae

% Readable
Able to be read from
% 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 J ]

READ/INDICATED VALUES

L= |

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.

No SIM card il cmce 17:44 3O A2 B 44% D0
& ESP32S3 < 6e400002-b5a3-f393-e0a9-...
FAIZEARAT DA Data format [ UTF-8 String - ]
GENERIC ACCESS READ/INDICATED VALUES
Device Name =X
Readable
Appearance = No value read recently
Readable Tap on one of the buttons above — if available — to
begin
GENERIC ATTRIBUTE
WRITTEN VALUES
Service Changed =S5
Indicate \b, \f, \n, \, \t, \x00, \u0000 and \000 escape
R SRR
6e400001-b5a3-f393-e0a9- [ halla ]
e50e24dcca9e
No value written recen
6e400003-b5a3-f393-0a9- 0 value written recently
Input some data and tap on the "Write" button to
e50e24dccade => s
Readable, Notify
6€400002-b5a3-f DESCRIPTORS
e50e24dcca9
Writable, Writable Without Response No data
Ao daccorintare aconpiatad with thic charactarictin
You can check the message from Bluetooth in “Shell”.
T& Thonny - D\Micropython_Codes\27.1_BLE\BLE.py @ 99:1 - O X
File Edit View Run Tecls Help
(77 0o e ™
Files = BLE.py ~
This computer = 1 # This example demonstrates a UART periperhal. "
D: '\ Micropython_Codes \ 27.1_BLE 2
& BLE.py 3 import bluetooth
& ble_advertising.py 4 import random
5 import struct
6 import time
7 from ble_advertising import advertising_payload
8
MicroPython device - 13 from micropython import const
@ ble advertising.py 11 _TRQ_CENTRAL_CONNECT = const(1)

boot.
& bootpy 12 _IRQ_CENTRAL_DISCONNECT = const(2)

Shell ~
Mew connection 1 ~

The BLE connection is successful.
R bhello’
W

MicroPython (ESP32) = COM24

Any concerns? D4 support@freenove.com
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And now data can be transferred between your mobile phone and computer via ESP32S3.
The following is the program code:

import bluetooth

import random

import struct

import time

trom ble advertising import advertising payload

trom micropython import const

_TRQ CENTRAL CONNECT = const (1)

_TRQ CENTRAL DISCONNECT = const (2)
_TRQ GATTS WRITE = const (3)

_FLAG_READ = const (0x0002)
_FLAG_WRITE NO RESPONSE = const (0x0004)
_FLAG_WRITE = const (0x0008)

_FLAG NOTIFY = const (0x0010)

_UART UUID = bluetooth. UUID (“6E400001-B5A3-F393-E0A9-E50E24DCCAIE")
_UART_TX = (
bluetooth. UUID (“6E400003-B5A3-F393-E0A9-E50E24DCCAIE”),
_FLAG READ | FLAG NOTIFY,
)
_UART RX = (
bluetooth. UUID (“6E400002-B5A3-F393-E0A9-E50E24DCCAIE”),
_FLAG WRITE | FLAG WRITE NO RESPONSE,
)
_UART_SERVICE = (
_UART_UUID,
(_UART_TX, _UART RX),
)
class BLESimplePeripheral:
def __init_ (self, ble, name="[SP32S37):
self. ble = ble
self. ble.active (True)
self. ble.irq(self. irq)
((self. handle tx, self. handle rx),) =
self. ble.gatts register services(( UART SERVICE,))
self. connections = set()
self. write callback = None
self. payload = advertising payload(name=name, services=[ UART UUID])
self. advertise()
def irq(self, event, data):
# Track connections so we can send notifications
il event == _IRQ CENTRAL_CONNECT:

Any concerns? X support@freenove.com
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def

def

def

def

def

conn _handle, , = data
print ("New connection”, conn handle)
print (“\nThe BLE connection is successful.”)
self. connections. add(conn handle)
elil event == _TRQ CENTRAL_DISCONNECT:
conn handle, , = data
print ("Disconnected”, conn_handle)
self. connections. remove (conn_handle)
# Start advertising again to allow a new connection.
self. advertise()
elil event == _TRQ GATTS_WRITE:
conn_handle, value handle = data
value = self. ble.gatts read(value handle)
if value handle == self. handle rx and self. write callback:
self. write callback (value)
send (self, data):
for conn_handle in self. connections:
self. ble. gatts notify(conn_handle, self. handle tx, data)
is_connected(self):
return len(self. connections) > 0
_advertise(self, interval us=500000) :
print ("Starting advertising”)
self. ble. gap advertise(interval us, adv data=self. payload)
on write(self, callback):

self. write callback = callback

demo () :
ble = bluetooth. BLE()
p = BLESimplePeripheral (ble)

def

on rx(rx data):

print ("RX”, rx_data)

p.on write(on rx)

print ("Please use LightBlue to connect to ESP32S3.7)

while True:

if p.is_connected():
# Short burst of queued notifications.
tx_data = input ("Enter anything: )

, tx_ data)

”

print (“Send:
p. send (tx data)

. » . »
i name == " main_ :

demo ()

Define the specified UUID number for BLE vendor.

_UART UUID = bluetooth. UUID (“6E400001-B5A3-F393-E0A9-E50E24DCCAIE")
_UART TX = (
bluetooth. UUID (“6E400003-B5A3-F393-E0A9-E50E24DCCAIE")

Any concerns? D4 support@freenove.com


http://www.freenove.com/

AV Chapter 27 Bluetooth www.freenove.com [l

_FLAG READ | FLAG NOTIFY,

)

_UART RX = (
bluetooth. UUID (“6E400002-B5A3-1393-E0A9-E50E24DCCA9E”)
_FLAG WRITE | FLAG WRITE NO RESPONSE,

)

Write an _irg function to manage BLE interrupt events.

def irq(self, event, data):

# Track connections so we can send notifications

it event == _IRQ_CENTRAL_CONNECT:
conn_handle, , = data
print ("New connection”, conn _handle)
print ("\nThe BLE connection is successful.”)
self. connections. add(conn_handle)

elil event == _TRQ CENTRAL_DISCONNECT:
conn_handle, , = data
print ("Disconnected”, conn_handle)
self. connections. remove (conn_handle)
# Start advertising again to allow a new connection.
self. advertise()

elif event == _TRQ GATTS_WRITE:
conn_handle, value handle = data
value = self. ble.gatts read(value handle)
il value handle == self. handle rx and self. write callback:

self. write callback (value)

Initialize the BLE function and name it.
- def _init_ (self, ble, name="[SP32S37):
When the mobile phone send data to ESP32-S3 via BLE Bluetooth, it will print them out with serial port;
When the serial port of ESP32-S3 receive data, it will send them to mobile via BLE Bluetooth.
def demo() :
ble = bluetooth. BLE()
p = BLESimplePeripheral (ble)

def on rx(rx data):
print ("RX”, rx_data)
p.on_write(on rx)
print ("Please use LightBlue to connect to ESP32S3.”)
while True:
if p.is_connected():
# Short burst of queued notifications.
tx_data = input ("Enter anything: )
, tx data)

”

print (“Send:
p. send (tx data)

lastMsg = now;

Any concerns? X support@freenove.com
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Project 27.2 Bluetooth Control LED

In this section, we will control the LED with Bluetooth.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8RS) GPIO Extension Board x1

EXT-3.3Vve &

Freenove ESP32 GPIO Extension Board

Micro USB Wire x1 Resistor 220Q x1 | Jumper M/M x2

Breadboard x1

ooooooooooooooooooooooooooooooooooooooooooooooooo

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

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

ooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooo

Any concerns? DX support@freenove.com
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Circuilt

Connect Freenove ESP32-S3 to the computer using a USB cable.

Schematic diagram

N

v
5v EXT-3.3V

3.3v TX e
EN RX
4 1
5 2
6 42 Is

AN S—
Z — R1
15 4D e 2200
17 3B e
18 ) —
8 36— LED1
3 5 frm— /SZRed (633nm)
46 ESP32-S3 WROOM 0 F— r'4
2 GPIO Extension 45 [——
10 48 —
1 47 — £
12 21 fe - 1
13 20—
14 19 frm—
5V GND  jre /

GND /
1 2

= -

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

.-

..l..ll..........l.-m-

O00O0000O00O
. »

e & & & 8
C_L _ESP32-33 I”:E I s
-l FREENOVE it
(0} e s 8 o o
llll . e & & & 8

[ I e & 8 & s & & & @ s & & & @

Any concerns? DX support@freenove.com
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “27.2_BLE_LED". Select
“ble_advertising.py”, right click your mouse to select “Upload to /", wait for “ble_advertising.py” to be
uploaded to ESP32-S3 and then double click “BLE_LED.py”.

27.2_BLE_LED
T& Thonny - D:\Micropython_Codes\27.2_BLE_LED\BLE_LED.py @ 101: 11 - O #
File Edit View Run Tools Help
DEH O @ -
Files BLELED.py * Blinkpy = BLEpy
This computer = _; ~
D: \ Micropythen_Codes % 27.1_BLE e .
& aiE g0 def demo():
pige B 81 ble = bluetooth.BLE()
. ble_advertising.p| B N N
Open in Thonny p = BLESimplePeripheral(ble)
Open in default external app
Configure py files... led=Pin(2,Pin.0UT)
Show hidden files
def on_rx(rx_data):
MicroPython device T print("Received: ", rx_data)
@ ble_advertising.p New directory... it rx_data == b'led on':
& boot.py T led.value(1)
c elif rx_data == b'led off':
opy - -
Tear N _led.value(@)
Rename ':1::'_ o
Move to Trash pa==
Properties p.on_write(on_rx)
97 print("Please use LightBlue to connect to ESP32S53.")
~ W

Compile and upload code to ESP32S3. 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 ESP32S3.
Data sent from mobile APP:

Any concerns? DX support@freenove.com
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il cMce 08:40 2027 0D 48% B

< 6e400002-b5a3-f393-e0a9-...

Data format | UTF-8 String v ]

READ/INDICATED VALUES

No value read recently

Tap on one of the buttons above — if available — to
begin

WRITTEN VALUES

\b, \f, \n, \, \t, \x00, \u000O and \000 escape
sequences are supported.

led_on
Mon May 09 08:40:38 GMT+08:00 2022

led_off
Mon May 09 08:40:36 GMT+08:00 2022

led_on
Mon May 09 08:40:31 GMT+08:00 2022

You can check the message sent by Bluetooth in “Shell”.

Shell =
$3» %Run -c $EDITOR_CONTENT

Starting advertising
Please use LightBlue to connectto ESP3233.

>2>> Mew connection 1

The BLE connection is successful.
Received: bled_on'
Received: bled_off
Received: bled_on’
Received: bled_off
Received: bled_on

MicroPython (ESP32) » COM24

The phenomenon of LED

Send: “led_on”

/
¢ e e o 0 \

L

Send: “led_off”

¢ e o 0 0
e e e o 0

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:

import bluetooth

import random

import struct

import time

trom ble advertising import advertising payload
from machine import Pin

trom micropython import const

~ IRQ CENTRAL CONNECT = const (1)
 TRQ CENTRAL DISCONNECT = const (2)
TRQ GATTS WRITE = const (3)

_FLAG_READ = const (0x0002)

~FLAG WRITE NO RESPONSE = const (0x0004)
_FLAG_WRITE = const (0x0008)
_FLAG_NOTIFY = const (0x0010)

_UART UUID = bluetooth. UUID ("6E400001-B5A3-F393-E0A9-ES0E24DCCAIE")
_UART_TX = (
bluetooth. UUID (“6E400003-B5A3-F393-E0A9-E50E24DCCAIE”),
_FLAG READ | FLAG NOTIFY,
)
_UART RX = (
bluetooth. UUID (“6E400002-B5A3-F393-E0A9-E50E24DCCAIE”),
_FLAG WRITE | FLAG WRITE NO RESPONSE,
)
_UART SERVICE = (
_UART_UUID,
(_UART TX, UART RX),
)
class BLESimplePeripheral:
def init_ (self, ble, name="ESP32S3”):
self. ble = ble
self. ble.active (True)
self. ble.irq(self. irq)
((self. handle tx, self. handle rx),) =
self. ble.gatts register services(( UART SERVICE,))
self. connections = set()
self. write callback = None
self. payload = advertising payload(name=name, services=[ UART UUID])

self. advertise()

def irq(self, event, data):

Any concerns? D4 support@freenove.com
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def

def

def

def

# Track connections so we can send notifications
it event == _IRQ_CENTRAL_CONNECT:
conn _handle, , = data
print ("New connection”, conn handle)
print ("\nThe BLE connection is successful.”)
self. connections. add(conn handle)
elil event == _TRQ CENTRAL_DISCONNECT:
conn handle, , = data
print ("Disconnected”, conn_handle)
self. connections. remove (conn_handle)
# Start advertising again to allow a new connection.
self. advertise()
elil event == _TRQ GATTS_WRITE:
conn_handle, value handle = data
value = self. ble.gatts read(value handle)
if value handle == self. handle rx and self. write callback:
self. write_callback (value)
send (self, data):
for conn_handle in self. connections:
self. ble. gatts notify(conn_handle, self. handle tx, data)
is_connected(self):
return len(self. connections) > 0
_advertise(self, interval us=500000) :
print ("Starting advertising”)
self. ble. gap advertise(interval us, adv data=self. payload)
on_write(self, callback):

self. write callback = callback

def demo() :

ble
p:

led=

def

= bluetooth. BLE ()

BLESimplePeripheral (ble)

Pin(2, Pin. OUT)

on rx(rx data) :

print ("Received: 7, rx data)

if rx_data == b’ led on’:
led. value(1)

elif rx data == b’ led off’ :
led. value(0)

else:

pass

p.on write(on rx)

print ("Please use LightBlue to connect to ESP32S3.7)

. o A
it __name == "__main_ ":

demo ()

Any concerns? X support@freenove.com
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Compare received message with "led_on" and "led_off" and take action accordingly.

if rx _data == b’ led on’ :
led. value(1)

clif rx data == b’ led off’ :
led. value (0)

Any concerns? D4 support@freenove.com
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Chapter 28 WiFI Working Modes

In this chapter, we'll focus on the WiFi infrastructure for ESP32-S3 WROOM.

ESP32-S3 WROOM 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 28.1 Station mode

Component List

ESP32-S3(N16R8)/ESP32-S3(N8RS) USB cable x1

—.:
—

Component knowledge

Station mode
When ESP32-S3 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-S3 wants to communicate with the PC, it needs to be connected to the router.

Any concerns? X support@freenove.com
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STATION

Internet

Access Point

=

Station(pc)

Circuit

Connect Freenove ESP32-S3 to the computer using the USB cable.

) 0 0 O
m
S
m
A
m|a
=
3]
<
m

Any concerns? DX support@freenove.com
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “28.1_Station_mode” and
double click “Station_mode.py”.
28.1_Station_mode

T& Thonny - D:\Micropython_Codes'28.1_Station_mode\Station_mede.py @ 5:27
File Edit View Run Tools Help Enter the correct Router

Dsd © e ™ name and password.

Files ~

Station_modepy * -

+
-

This computer =
D: % Micropython_Codes % 28.1_Station_mode

QD Station_mode.py

import time
import network

ssidRouter = TEERRREEEY dFnter the router name
passwordRouter = "#FEFEFEEEEE' dFnter the router password

def STA_Setup(ssidRouter,passwordRouter):

print("Setup start™)

sta_if = network.WLAN(network.STA_IF)

if not sta_if.isconnected():
print('connecting to',ssidRouter)
sta_if.active(True)
sta_if.connect(ssidRouter, passwordRouter)
while not sta_if.isconnected():

pass
print('Connacted, IP address:', sta_if.ifconfig())
print("Setup End")

B R R
WP ®We = oS W e

"
=
s

MicrePython device
@ boot.py

T Y
O~ N

try:
STA Setup(ssidRouter,passwordRouter)
except:

sta_if.disconnect()

B BRI B2
b = @

Shell -

>»> %Run -c $EDITOR_CONTENT A
Setup start tter visualizes serie!
connecting to FY|_2.4G bers printed to the

Connected, IP address: (192.168.1.129', '255.255.255.0', "192.168.1.1","192.168.1.1)
Setup End see Help for details

W

MicroPythen (E5P32) « COM24

e

Any concerns? X support@freenove.com
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Because the names and passwords of routers in various places are different, before the Code runs, users need
to enter the correct router’'s name and password in the box as shown in the illustration above.

After making sure the router name and password are entered correctly, compile and upload codes to ESP32S3,
wait for ESP32-S3 to connect to your router and print the IP address assigned by the router to ESP32-S3 in
“Shell”.

Shell ~
»»> %Run -c $EDITOR_COMTENT &

Setup start

connecting to FYI_2 4G

Connected, IP address: (192.168.1.129",'255.255.255.0, "192.168.1.1", "192.1658.1.1")
Setup End

The following is the program code:

import time

import network

ssidRouter = "sekrdokk®k’ #Enter the router name

ek’ #Enter the router password

passwordRouter

def STA Setup (ssidRouter, passwordRouter) :
print ("Setup start”)
sta_if = network. WLAN (network. STA_IF)
if not sta_if. isconnected():
print (' connecting to’, ssidRouter)
sta if.active(True)
sta_if. connect (ssidRouter, passwordRouter)
while not sta if. isconnected():
pass
print ( Connected, [P address:’, sta_if.ifconfig())
print (“Setup End”)

try:
STA_Setup (ssidRouter, passwordRouter)

except:

sta if.disconnect ()

Import network module.

import network

Enter correct router name and password.

const char *ssid Router = "xpolllkk”; //Enter the router name

const char *password Router = "sekkwikiok”; //Enter the router password
Set ESP32-S3 in Station mode.
sta_if = network. WLAN (network. STA IF)
Activate ESP32-S3’s Station mode, initiate a connection request to the router and enter the password to
connect.

sta_if.active(True)

sta if. connect (ssidRouter, passwordRouter)
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Wait for ESP32-S3 to connect to router until they connect to each other successfully.

14 sta if.isconnected() :

15
Print the IP address assigned to ESP32-S3 in “Shell”.
‘ 16 ‘ print ( Connected, 1P address:’, sta if.ifconfig())
Reference

Before each use of network, please add the statement “import network” to the top of the python file.
WLAN(interface_id): Set to WiFi mode.
network.STA_IF: Client, connecting to other WiFi access points.
network.AP_IF: Access points, allowing other WiFi clients to connect.
active(is_active): With parameters, it is to check whether to activate the network interface; Without
parameters, it is to query the current state of the network interface.
scan(ssid, bssid, channel, RSSI, authmode, hidden): Scan for wireless networks available nearby (only
scan on STA interface), return a tuple list of information about the WiFi access point.
bssid: The hardware address of the access point, returned in binary form as a byte object. You can use
ubinascii.hexlify() to convert it to ASCII format.
authmode: Access type
AUTH_OPEN =0
AUTH_WEP =1
AUTH_WPA PSK =2
AUTH_WPA2 PSK = 3
AUTH_WPA_WPA2_PSK = 4
AUTH_MAX =6
Hidden: Whether to scan for hidden access points
False: Only scanning for visible access points
True: Scanning for all access points including the hidden ones.
isconnected(): Check whether ESP32-S3 is connected to AP in Station mode. In STA mode, it returns True
if it is connected to a WiFi access point and has a valid IP address; Otherwise it returns False.
connect(ssid, password): Connecting to wireless network.
ssid: WiFiname
password: WiFipassword

disconnect(): Disconnect from the currently connected wireless network.
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Project 28.2 AP mode

Component List & Circuit

Component List & Circuit are the same as in Project 28.1.

Component knowledge

AP mode

When ESP32-S3 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-S3 is used as a hotspot. If a mobile
phone or PC wants to communicate with ESP32S3, it must be connected to the hotspot of ESP32S3. Only after
a connection is established with ESP32-S3 can they communicate.

AP

o'i??n’if_a

Station Station
(mobile phone) (pc)

Circuit

Connect Freenove ESP32-S3 to the computer using the USB cable.

Any concerns? DX support@freenove.com
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to

disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “28.2_AP_mode”. and double

click “AP_mode.py”.
28.2_AP_mode

T& Thonny - D:\Micropython_Codes\28.2_AP_mode\AP_medepy @ 35:5 >
File Edit View Run Tools Help Set a name and a
DE4 O @ = password for ESP32S3 AP.
Files = AP_mode.py -
This computer = 1 import network ~
D: % Micrepython_Codes \ 28.2_AP_mode a
&) AP_mode.py 3 ssidAP = '"WiFi_MName' #Enter the router name
4  passwordAP = '12345678' #Enter the router password
6 local IP = '192.168.1.18"
7 gateway = '192.168.1.1°
& subnet = '255.255.255.8"'
9 dns = '8.8.8.8"
10
11 ap_if = network.WLAN{network.AP_IF}
12
13 def AP_Setup(ssidAP,passwordAP):
MicroPython device = 14 ap_if.ifconfig([local IP,gateway,subnet,dns])
& boot.py 15 print("Setting soft-AP N
16 ap_if.config(essid=ssidAP,authmode=network.AUTH WPA WPA2_ PSI
17 ap_if.active(True)
18 print('Success, IP address:', ap_if.ifconfig())
19 print({"Setup End\n")
20
21 try:
22 AP Setup(ssidAP,passwordAP) v
< >
Shell -
>>> %Run -c $EDITOR_CONTENT ~
Setting soft-AP .
Success, IP address: (192.168.1.10°,"192.168.1.1","255.255 255.0°, '8.8.8.8")
Setup End
>3 v
MicroPythen (E5P32) « COM24

Before the Code runs, you can make any changes to the AP name and password for ESP32-S3 in the box as
shown in the illustration above. Of course, you can leave it alone by default.
Click “Run current script”, open the AP function of ESP32-S3 and print the access point information.

Shell -
»»> %Run -c $SEDITOR_CONTENT

Setting soft-AP ...
Success, IP address: (192.168.1.10", "192.168.1.1°, '255.255.255.0",'8.8.8.8)
Setup End

>2>

L

MicroPython (ESP32) - COM24
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Turn on the WiFi scanning function of your phone, and you can see the ssid_AP on ESP32S3, which is called
"WiFi_Name" in this Code. You can enter the password "12345678" to connect it or change its AP name and
password by modifying Code.

< Wi-Fi
Wi-Fi @
—Clooseanetors
WiFi_Name =
Connected visk
FYI_2.4G =
Saved va

The following is the program code:

import network

ssidAP = "WiFi_Name’ #Enter the router name
passwordAP = 12345678 #Enter the router password
local_ TP =’192.168. 1. 10°

gateway =7192.168.1. 1’

subnet =’ 255. 255.255.0’

dns =’8.8.8.8

ap if = network. WLAN (network. AP IF)

def AP Setup (ssidAP, passwordAP) :
ap if. ifconfig([local IP, gateway, subnet, dns])
print ("Setting soft-AP ... ”)
ap if. config(essid=ssidAP, authmode=network. AUTH WPA WPA2 PSK, password=passwordAP)
ap if.active(True)
print ( Success, [P address:”, ap if.ifconfig())

print ("Setup End\n”)

try:
AP Setup (ssidAP, passwordAP)
except:

ap if. disconnect ()

Import network module.

- import network
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Enter correct AP name and password.

3 ssidAP = "WiFi Name’ #Enter the router name

4 passwordAP = 712345678  #Enter the router password
Set ESP32-S3 in AP mode.

| 11 ‘ ap if = network. WLAN (network. AP IF) ‘
Configure IP address, gateway and subnet mask for ESP32S3.

| 14 ‘ ap if.ifconfig([local IP, gateway, subnet, dns]) ‘

Turn on an AP in ESP32S3, whose name is set by ssid_AP and password is set by password_AP.
16 ap_if. config(essid=ssidAP, authmode=network. AUTH WPA WPA2 PSK, password=passwordAP)
17 ap if.active( )

If the program is running abnormally, the AP disconnection function will be called.

| 14 ‘ ap if. disconnect()

Reference
Before each use of network, please add the statement “import network” to the top of the python file.
WLAN(interface_id): Set to WiFi mode.
network.STA_IF: Client, connecting to other WiFi access points
network.AP_IF: Access points, allowing other WiFi clients to connect

active(is_active): With parameters, it is to check whether to activate the network interface; Without
parameters, it is to query the current state of the network interface
isconnected(): In AP mode, it returns True if it is connected to the station; otherwise it returns False.
connect(ssid, password): Connecting to wireless network

ssid: WiFiname

password: WiFipassword
config(essid, channel): To obtain the MAC address of the access point or to set the WiFi channel and the
name of the WiFi access point.

ssid: WiFi account name

channel: WiFichannel
ifconfig([(ip, subnet, gateway, dns)]): Without parameters, it returns a 4-tuple (ip, subnet_mask, gateway,
DNS_server); With parameters, it configures static IP.

ip: IPaddress

subnet_mask: subnet mask

gateway: gateway

DNS_server: DNSserver
disconnect(): Disconnect from the currently connected wireless network

status(): Return the current status of the wireless connection
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Project 28.3 AP+Station mode

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8)

USB cable x1

—.:
—a

Component knowledge

AP+Station mode

In addition to AP mode and station mode, ESP32-S3 can also use AP mode and station mode at the same
time. This mode contains the functions of the previous two modes. Turn on ESP32S3'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 ESP32S3.
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Circuit

Connect Freenove ESP32-S3 to the computer using the USB cable.

I
j 3AON33¥4
[WOOHM| £S-ZEdST ]

Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “28.3_AP+STA_mode”"and
double click “AP+STA_mode.py".
28.3_AP+STA_mode

T& Thonny - D:\Micropython_Codes\28.3_AP+STA_mode\AP+STA_modepy @ x
File Edit View Run Tools Help Please enter the correct names and
DEH © e = passwords of Router and AP.
Files = AP+5TA_mode.py * ~
This computer = )
D: % Micropython_Codes \
28.3_AP+5TA d
®' o nmese ssidRouter = "#FEEFEEEE' FEnter the router name
S Iptmindepy passwordRouter = '"#FEEFEEEEED dFEnter the router password
ssidAP = "WiFi_MName '#Enter the AP name
passwordAP = '"12345678" #Enter the AP password
8
9 local IP = "192.168.4.158"
18 gateway = '"192.168.4.1°"
11 subnet = '"255.255.255.8"
12 dns = '"8.8.8.8"
13
MicroPython device = 14 sta_if = network.WLAN(network.STA_IF)
& boot.py 15 ap_if = network.WLAN(network.AP_IF)
16
17 def STA Setup(ssidRouter,passwordRouter):
18 print("Setting soft-sTA ... ")
19 if not sta_if.isconnected():
20 print('connecting to',ssidRouter)
21 sta_if.active(True)
22 sta if.connect(ssidRouter,passwordRouter) v

It is analogous to project 28.1 and project 28.2. Before running the Code, you need to modify ssidRouter,
passwordRouter, ssidAP and passwordAP shown in the box of the illustration above.

After making sure that the code is modified correctly, click “Run current script” and the “Shell” will display as
follows:
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Shell =
3»» %Run -c $EDITO3-._COI'-ITEI'-JT
Sefting soft-AP .

Success, IP address: (1192.168.4.150°, 192 168.4.1','255.255 255.0°,'8.8.8.8")
Setup End

Setting soft-STA ...
connecting to FYI_2.4G

Connected, IP address: (192.168.1.129, "255.2565 255.0°, "192 168.1.1","192.168.1.1")
Setup End

>

MicroPythen (ESP32) » COM24

Turn on the WiFi scanning function of your phone, and you can see the ssidAP on ESP32-S3.

< Wi-Fi
Wi-Fi .
Chonseanelvolk
o WiFi_Name /,,3\‘
Connected
FYI_2.4G =
Saved va

The following is the program code:

import network

ssidRouter = Tkpkpiolkx’ #Enter the router name
passwordRouter = sk’ #Enter the router password
ssidAP = "WiFi_ Name’ #Enter the AP name
passwordAP = 712345678 #Enter the AP password
local IP =192.168. 4. 150°

gateway =7192.168.4. 1

subnet =’ 255.255.255.0°

dns =’8.8.8.¢

sta_if = network. WLAN (network. STA IF)
ap_if = network. WLAN (network. AP_IF)

def STA Setup (ssidRouter, passwordRouter) :

print (“Setting soft-STA ... )
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def

try:

except:

if not sta_if.isconnected():

print (' connecting to’, ssidRouter)

sta if.active(True)

sta if. connect (ssidRouter, passwordRouter)

while not sta_if. isconnected() :

pass

print ( Connected, 1P address:’, sta if.ifconfig())
print (“Setup End”)

AP_Setup (ssidAP, passwordAP) :

ap_if.ifconfig([local IP, gateway, subnet, dns])

print ("Setting soft-AP ... ”)

ap_if. config(essid=ssidAP, authmode=network. AUTH WPA WPA2 PSK, password=passwordAP)
ap_if.active(True)

print ( Success, I[P address:’, ap_if.ifconfig())

print ("Setup End\n”)

AP_Setup (ssidAP, passwordAP)
STA_Setup (ssidRouter, passwordRouter)

sta if.disconnect()

ap if. idsconnect ()
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Chapter 29 TCP/IP

In this chapter, we will introduce how ESP32-S3 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 29.1 As Client

In this section, ESP32-S3 is used as Client to connect Server on the same LAN and communicate with it.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8RS) USB cable 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.
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Client

syn_sent

the first handshake

ack+syn

the third handshake established I

Server

syn

ack

A

syn_rcvd
the second handshake

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

established I

write

The client sends a data

message, and the server 2
data
read
] V u

The server sends a data
- data message, and the client

read

Server

ack

I established
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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 p5.js Processingpy Processingfor Android Processing for Pi Processing Foundation
7 Processing
l / \7—\/\
Cover Download Processing. Processing is available for Linux, Mac OS X, and
— Windows. Select your choice to download the software below.
Donate
Exhibition 3.54
Reference Windows s: Linux 4-i MacOS X
Jbr_axies Windows 3
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.

core 712116
java 2020/1/17 12:17
lib 2020117 12:16
modes 71216
tools 0117 12:16
@ processing.exe 2020/1/17 12:16
[55] processing-java.exe 2020/1/17 12:16
[ revisions.txt 71216
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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 Cirl+Shife+T
Stop
Import Library... ; Add Library...
Show Sketch Folder  Ctrl+K
DXF Export
Add File...
Metwork
€@ Contribution Manager — O x

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 [}J
Andreas Schlegel
2.2.6 available
A GUI library to build custom user interfaces for desktop and android mode. Undate
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Open the “Freenove_Ultimate_Starter_Kit_for_ESP32_S3\Sketches\Sketches\Sketch_28.1_WiFiClient\
sketchWiFi\sketchWiFi.pde”, and click "Run".

€@ sketchWiFi | Processing 3.3.6

File Edit Sketch Debug Tools Help

sget(Textfield. class, "Local IF7). setText(Server.ip());

The new pop-up interface is as follows. If ESP32-S3 is used as client, select TCP SERVER mode for sketchWiFi.

© sketchWiFi — e

TCF SERMER TCF CLES Server mode

Receiving

Local IP address
box

Local port

LOC AL PORT Clear receive

LISTEHIHG CLEARRECY

Clear send

CLEARSEHD

Send button

When sketchWiFi selects TCP SERVER mode, ESP32-S3 Sketch needs to be changed according to
sketchWiFi's displaying of LOCAL IP or LOCAL PORT.
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If ESP32-S3 serves as server, select TCP CLIENT mode for sketchWiFi.

o sketch'WiFi — >

TCF SERVER TCF CLIEHT Client mode

Remote I[P

REMOTE IP

REMOTE PORT

CLEARSEHD “

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.
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Circult

Connect Freenove ESP32-S3 to the computer using the USB cable.

M 3AON33YS
[WOOHM] £8-ZEdS3]

—-

Code

Before running the Code, please open “sketchWiFi.pde.” first, and click “Run”.

€@ sketchWiFi | Processing 3.3.6 — O x

File Edit Sketch Debug Tools Help

sketchWiFi

The newly pop up window will use the computer’s IP address by default and open a data monitor port. Click
“Listening”.

Q) sketchWiFi

TCF SERYER TCF CLIEHT

LOCAL IP

LOCAL PORT
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Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “29.1_TCP_as_Client” and
double click “TCP_as_Client.py”.

Before clicking “Run current script”, please modify the name and password of your router and fill in the
“host” and “port” according to the IP information shown in the box below:
29.1_TCP_as_Client

T& Thenny - D:\Micropython_Codes\29,1_TCP_as_Client\TCP_as_Client.py @ 31:1 — [} =

File Edit View Run Tools Help

B L¥] @™

Files TCP_as_Client.py

This computer i 1 import network .

D\ Micropython_Codes % 29.1_TCP_as_Client 2 import socket

L) sketchWiFi 3 import time

%J TCP_as_Client.py A

ssidRouter = UEEEmmmEEn #Enter the router name
passwordRouter = UEEEEEsEE #Enter the router password
host = "192.168.1.139" #input the remote server
port = 8888 #input the remote port

16 wlan=MNone

11 s=None

12

13 def connectWifi(ssid,passwd):
14 global wlan

MicroPython device

& boot.py 15 wlan=network.WLAN(network.STA_IF)
16 wlan.active(True)
Ay 1 [ [ Y v

Click “Run current script” and in “Shell”, you can see ESP32-S3 automatically connects to sketchWiFi.

Shell
>22

TCF Connected to: 192.168.1.139 : 8338
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If you don't click “Listening” for sketchWiFi, ESP32-S3 will fail to connect and will print information as follows:

Shell =

(L | AT LT L. L LA L L . D

Close socket
»»> %Run -c $EDITOR_CONTENT
TCP close, please reset!
x>
ESP32-S3 connects with TCP SERVER, and TCP SERVER receives messages from ESP3283, as shown in the
figure below. You can enter any content in TCP SERVER, click SEND, and ESP32-S3 will receive this message

© sketchWiFi — X

TCF SERVER TCF CLIEHT

LOCAL IP

LOCAL PORT

CLEARSEHD

The following is the program code:

import network
import socket

import time

ssidRouter = Tkplolokrk” #Enter the router name
passwordRouter = ek’ #Enter the router password
host = Tikpllokork” #input the remote server
port = 8888 #input the remote port

wlan=None

s=None
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def connectWifi (ssid, passwd) :

global wlan

wlan= network. WLAN (network. STA IF)

wlan.active (True)

wlan. disconnect ()

wlan. connect (ssid, passwd)

while(wlan. ifconfig() [0]=="0.0.0.0"):
time. sleep (1)

return True

try:

connectWifi (ssidRouter, passwordRouter)

s = socket. socket ()

s. setsockopt (socket. SOL_SOCKET, socket.SO REUSEADDR, 1)

s. connect ( (host, port))

print ("TCP Connected to:”, host

s.send (" Hello™)

s.send( This is my IP.")

while True:
data = s.recv(1024)
if(len(data) == 0):

print("Close socket”)

ad

-7, port)

s. close ()
break
print (data)
ret=s. send (data)
except:
print ("TCP close, please reset!”)
it (s):
s. close()
wlan. disconnect ()

wlan. active (False)

Import network, socket. time modules.

import network
import socket

import time

Enter the actual router name, password, remote server IP address, and port number.

ssidRouter SN #Enter the router name
passwordRouter = sk’ #Enter the router password
host = Tikpllokork” #input the remote server
port = 8888 #input the remote port

Any concerns? X support@freenove.com
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Connect specified Router until it is successful.

def connectWifi (ssid, passwd) :
global wlan
wlan= network. WLAN (network. STA IF)
wlan. active (True)
wlan. disconnect ()
wlan. connect (ssid, passwd)
while(wlan. ifconfig() [0]=="0.0.0.0"):
time. sleep (1)

return True

Connect router and then connect it to remote server.

connectWifi (ssidRouter, passwordRouter)
s = socket. socket ()
s. setsockopt (socket. SOL_SOCKET, socket. SO REUSEADDR, 1)

s. connect ( (host, port))

print ("TCP Connected to:”, host, 7:”, port)

Send messages to the remote server, receive the messages from it and print them out, and then send the

messages back to the server.

s.send (" Hello™)
s.send( This is my IP.")
while True:
data = s.recv(1024)
if(len(data) == 0):
print ("Close socket”)
s. close ()
break
print (data)

ret=s. send (data)

If an exception occurs in the program, for example, the remote server is shut down, execute the following

program, turn off the socket function, and disconnect the WiFi.

print ("TCP close, please reset!”)
it (s):

s. close()
wlan. disconnect ()

wlan. active (False)
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Reference

af: address
socket.AF_INET: [Pv4
socket.AF_INET6: IPv6

type: type
socket.SOCK_STREAM
socket.SOCK DGRAM
socket.SOCK_RAW
socket.SO_REUSEADDR :

proto: protocol number

Level: Level of socket option

optname: Options of socket

close(): Close socket.

Before each use of socket, please add the statement “import socket” to the top of the python file.
socket([af, type, proto]): Create a socket.

: TCP stream
: UDP datagram
. Original socket

socket reusable

socket.IPPROTO_TCP: TCPmode
socket.IPPROTO_UDP: UDPmode
socket.setsockopt(level, optname, value): Set the socket according to the options.

socket.SOL_SOCKET: Level of socket option. By default, it is 4095.

socket.SO_REUSEADDR: Allowing a socket interface to be tied to an address that is already in use.
value: The value can be an integer or a bytes-like object representing a buffer.
socket.connect(address): To connect to server.
Address: Tuple or list of the server’s address and port number
send(bytes): Send data and return the bytes sent.
recv(bufsize): Receive data and return a bytes object representing the data received.

To learn more please visit: http://docs.micropython.org/en/latest/
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Project 29.2 As Server

In this section, ESP32-S3 is used as a server to wait for the connection and communication of client on the
same LAN.

Component List

ESP32-S3(N16R8)/ESP32-S3(N8R8) USB cable x1

Ml 52 531 we
=g crcenove]
T

Circult

Connect Freenove ESP32-S3 to the computer using a USB cable.

m
b
m
ON ;u
Ll M |0
Lol T | o
=
. [=]
g <
m
i
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Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes".

Open “Thonny”, click “This computer” = “D:” = “Micropython_Codes” = “29.2_TCP_as_Server” and
double click “TCP_as_Server.py”.

Before clicking “Run current script”, please modify the name and password of your router shown in the box
below.
29.2_TCP_as_Server

T& Thonny - D:\Micropython_Codes\29.2_TCP_as_Server\TCP_as_Server.py @ 31:28 — O x
File Edit View Run Tools Help
(B 77 0o @ ™
Files ~ TCP_as_Server.py -
This computer = 1 dimport network .
D: % Micrepython_Codes \ 29.2_TCP_as_Server 9 import socket
41 sketchWiFi 3 import time
QD TCP_as_Server.py 4
50 ssidRouter = TEEEREEREARD #Enter the router name
6} passwordRouter = "EEEEEEERD #Enter the router password
7 port = 8608 #input the remote port
8 1 Sl
9 listenSocket=lone
18

11 def connectWifi(ssid,passwd):
12 global wlan
13 wlan=network.WLAN(network.STA_ IF)

MicroPython device = 14 wlan.active(True)
& boot.py 15 wlan.disconnect()
16 wlan.connect(ssid,passwd)
17 while(wlan.ifconfig()[@]=="9.0.8.8"):
18 time.sleep(1)
19 return True w
Shell =
>»> ¥Run -c $EDITOR_CONTENT A
top waiting...
Server IP: 192.168.1.129 Part: 8000
accepting....

(192.168.1.139", 49416) connected v

MicroPythen (E5P32) - COM24

After making sure that the router's name and password are correct, click “Run current script” and in “Shell”,
you can see a server opened by the ESP32-S3 waiting to connecting to other network devices.

Shell -

»»» %Run -c %EDITOR CONTE
top waiting...
Server IP; 192.168.1.129 Port 8000 IP address and port
accepting....

MicroPython (ESP32) - COM24
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Processing:
Open the

“Freenove_Ultimate_Starter_Kit_for ESP32_S3/Codes/MicroPython_Codes/29.2_ TCP_as_Server/

sketchWiFi/sketchWiFi.pde".

Based on the message printed in "Shell”, enter the correct IP address and port when processing, and click to
establish a connection with ESP32-S3 to communicate.

© sketchWiFi

TCF SERVER

TCF CLIEHT

REMOTE IP

REMOTE PORT

COMHECT SERYER

| am Server

Enter IP address and port of
the serial monitor.

CLERRRECY

Nice to n

CLEARSEHD

— ot

You can enter any information in the “Send Box" of sketchWiFi. Click “Send” and ESP32-S3 will print the
received messages to “Shell” and send them back to sketchWiFi.

Shell =

FFF o LT L PCLYL TUN
tcp waiting...
Server IP: 192.168.1.129
accepting....

(M92.168.1.139°, 49445) connedecl
pMice to meet you.”

_LUNTEN

Port: 8000

W

MicroPython (E5P32) » COMZ4
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The following is the program code:

import network
import socket

import time

ssidRouter = Twwkkkkiok” #Enter the router name
passwordRouter = “serkiisier” #Enter the router password
port = 8000 #input the remote port
wlan = None

listenSocket = None

def connectWifi (ssid, passwd) :
global wlan
wlan=network. WLAN (network. STA_IF)
wlan. active (True)
wlan. disconnect ()
wlan. connect (ssid, passwd)
while(wlan. ifconfig() [0]=="0.0.0.0"):

time. sleep (1)

return True

try:
connectWifi (ssidRouter, passwordRouter)
ip=wlan. ifconfig () [0]
listenSocket = socket. socket ()
listenSocket. bind ((ip, port))
listenSocket. listen(1)
listenSocket. setsockopt (socket. SOL_SOCKET, socket.SO REUSEADDR, 1)
print( tep waiting...’)
while True:
print ("Server 1P:”, ip, "\tPort:”, port)
print ("accepting..... ”)
conn, addr = listenSocket. accept ()
print (addr, “connected”)
break
conn.send (" [ am Server’)
while True:
data = conn. recv (1024)
if(len(data) == 0):
print (“close socket”)
listenSocket. close ()
wlan. disconnect ()
wlan. active (False)
break
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else:
print (data)
ret = conn. send(data)
except:
print ("Close TCP-Server, please reset.”)
if (listenSocket) :
listenSocket. close ()
wlan. disconnect ()

wlan. active (False)

Call function connectWifi() to connect to router and obtain the dynamic IP that it assigns to ESP32-S3.

connectWifi (ssidRouter, passwordRouter)

ip=wlan. ifconfig() [0]

Open the socket server, bind the server to the dynamic IP, and open a data monitoring port.

listenSocket = socket. socket ()

listenSocket. bind ((ip, port))

listenSocket. listen(1)

listenSocket. setsockopt (socket. SOL_SOCKET, socket.SO REUSEADDR, 1)

Print the server’s IP address and port, monitor the port and wait for the connection of other network devices.

while True:
print ("Server [P:”, ip, "\tPort:”, port)
print ("accepting..... ”)
conn, addr = listenSocket. accept ()
print (addr, “connected”)
break
Each time receiving data, print them in “Shell” and send them back to the client.

while True:

data = conn. recv(1024)

if(len(data) == 0):
print (“close socket”)
listenSocket. close ()
wlan. disconnect ()
wlan. active (False)
break

else:
print (data)

ret = conn. send(data)

If the client is disconnected, close the server and disconnect WiFi.

except:
print ("Close TCP-Server, please reset.”)
i (listenSocket) :
listenSocket. close ()

wlan. disconnect ()

wlan. active (False)
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Chapter 30 Camera Web Server

In this section, we'll use ESP32's video function as an example to study.

Project 30.1 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

ESP32-S3(N16R8)/ESP32-S3(N8RS) USB cable x1

Ji

—il:

Circuit

Connect Freenove ESP32-S3 to the computer using the USB cable.

r,

9 3 a
D
b
m
m%
=l M|
el M| O
Bz
]
<[l
m

ENHST
X
X
102
0TI
) 21 47 48 48

Code

Move the program folder “Freenove_Ultimate_Starter_Kit_for_ESP32_S3/Python/Python_Codes” to
disk(D) in advance with the path of “D:/Micropython_Codes”.

Since Micropython does not provide firmware including camera module, in this chapter, we will use the
camera based on the firmware in lemariva's Github project, micropython-camera-driver.
Project link: https://github.com/lemariva/micropython-camera-driver

Any concerns? X support@freenove.com
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Before starting the project, we need to re-upload the firmware with the camera module via steps below.

Open Thonny, click “run” and select “Select interpreter...

T& Thonny - <untitled> @ 1:1 - O X

File Edit View Run Tools Hel

RE=A" Configure interpreter...

Files - £% Run current script F5

This computer Debug current script (nicer) Ctrl+F5

D: \ Micropythan Debug current script (faster) Shift+F5

# |4 00.0_HelloWw  visyalize current script at Python Tutor
OD.‘I_Bo.ot % Debug current script (birdseye) Ctrl+Shift+B
01.1_Blink
02.1_Button, - .. Step over F6
OZ.Z_TabIe.L %, Step into F7
02.1_Flowin " Siepout
04.1_Breath
04.2 Flowin Resume F8
05.1_Rand0 =4 Run to cursor Ctrl+F8
03.2_Gradie Step back Ctrl+B
08.1_Neopix . o ;
06.2 Rainbol % Run current script in terminal Ctrl+T
07.1_Doorbe

Dock user windows

07.2_Alertor

08.1_Serial_f Pygame Zere mode

08.2_Serial f gl Stop/Restart backend Ctrl+F2
09.1_Analog Interrupt execution clec
lg;-:zzz:lj Send EQF / Soft reboot Ctrl+D

10.3_Soft_Ra Disconnect
11.1_NightLamp
12.1_Thermometer

13,1 Joystick
14.1_Flowing_Water_Light
13.1_74HC585_and_7_segm v

FEHHEEEEHEEEEREE R EEEEBE

MicroPython (ESP32] » COM28 =
Select “Micropython (ESP32)", select “USB Single Serial @ COMZ28”, and then click the long button under
“Firmware”.

T& Thonny options X

General Editor Theme & Font Run & Debug Terminal Shell Assistant

Which kind of interpreter should Thonny use for running your code?
[MicroPython (ESP32) v

=115

Connecting via USB cable:

Connect your device to the cormputer and select corresponding port below
{look for your device name, "USE Senal” or "UART").

If you can't find it, you may need to install proper USB driver first.

Connecting via WebREPL:

If your device supports WebREPL, first connect via serial, make sure WebREPL is enabled
{import webrepl_setup), connect your computer and device to same network and select
< WebREPL > below

Port or WebREPL
|USB Single Serial @ COM23 W

Interrupt werking program on connect
Synchronize device's real time clock

Uze local time in real time clock

Restart interpreter before running a script

I Install or update MicroPython (esptool
EUE;

Cancel
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Click “Select local MicroPython image "

Th Install MicroPython (esptool) e

Target port | ~ |

] Erase all flash before installing (not just the write areas)

MicroPython family | v|
variant | v|
version | v|

info

Select local MicroPython image ...

— = 9
\TSElia00 Query device info
Show image info
Show esptool version
Show install options
Choose “esp32s3_camera_1.27.bin”
| | | esp32s3 camera_1.27.bin 2025/12/10 53:21
Select “"USB Single Serial @ COM31”
T& Install MicroPython (esptool) *

Target pg

Erase all flash before installing (not just the write areas)

MicroPython family [ESP32-53 v]
variant |c|oca| file= v|
version |e5p3253_camera_1 .27.bin V|

info EAGitHub\Freenove_Ultimate_Starter_Kit for ESP32_S3\Python\Python_Codes\30.1_Camera_WebServer\firmware

Target address |0x0 (for MicroPython on ESP8266, ESP32-53, ESP32-C3, ESP32-C6) V|
Install speed (115200 (default) |
Flash mode |keep (reads the setting from the selected MicroPython image) V|
Flash size |keep (reads the setting from the selected MicroPython image) V|

[] Disable stub loader (--no-stub, some boards require this)

Click “Install”, Wait for completion.
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Open “Thonny”, click “This computer” = “D:" = “Micropython_Codes” = “30.1_Camera_WebServer”.

Then double click “picoweb_video.py’.
30.1_Camera_WebServer

Open in Thonny --- Configuration Parameters ---

ID = " orskckskorkok !
SSWORD =
RRENT_FRAME_SIZE =

Open in default external app

Configure .py files... PEREER A

Show hidden files

\M_PIXEL_FORMAT =
Upload to / LK_FREQ = 10000000
b — [SPLAY_WIDTH = 320
New directory... SPLAY_HEIGHT = 248
Cut
Copy
Paste
Rename

MicroPython device Move to Rubbish Bin

&) bootpy

Properties

>

T Thonny - EAGitHub\Freenove_Ultimate_Starter_Kit_for ESP32_S3\Python\Python_Codes\30.1_Camera_WebServer\picoweb_video.py @ 8:22 - m} x
File Edit View Run Tools Help

0 e ()] > =

Files picoweb video.py

This computer = 1 import network

E: Y, GitHub \, Freenove_Ultimate Starter_Kit for_ESP32 53 2 impor

\ Python \, Python_Codes ', 30.1_Camera_WebServer 3 imp

- 4 from camera import Camera, FrameSize, PixelFormat
i) picoweb video.py 5

# WiFi SSID

# WiFi Password
FrameSize.QQVGA # Camera resolution: QOQVGA (168
PixelFormat.RGB565 # Pixel format:
# Camera clock frequency (18MHz)
# Fixed display width on the webpage (C=
# Fixed display height on the webpage (C

RGB565 is requir

MicroPython (ESP32) - USBE Single Serial @ COM31 =

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 code can compile and work successfully.
Click "run” to run the code "picoweb_video.py", then you can see the following content in the shell area.

3>
MPY: soft reboot
network config: "1%2.1e8.1.108" "255.255.2535.0",
1)
* Running on http://0.0.0.0:80/

rl1e2.1e8.1.1",

'192.168.1

If your ESP32S3 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 ESP32S3 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

ESP3253's IP.

™ @ Video Streaming *

~ O ﬁthsecu{ 192.‘168.1.1&8]

+
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The effect is shown in the image below.

& C A Notseaure 192.168.1.108

Video Streaming Demonstration

Please note:

If the shell area prompts an error when you click to run the code, please press the rst button on the
ESP32S3, wait for the system reset to complete, and then re-run the code.

The following is the program code.

# The firmware for this chapter is provided by: https://github. com/cnadler86/micropython—
camera—API.

# Thanks to cnadler86 for the open source contribution.

import network
import socket
import time

from camera import Camera, FrameSize, PixelFormat

# —— Configuration Parameters ———
SSID = 7 sekskskotot” # WiFi SSID
PASSWORD = 7 ssstokstookok” # WiFi Password

CURRENT FRAME SIZE = FrameSize.QQVGA # Camera resolution: QQVGA(160x120), QVGA(320x240), etc
CAM_PIXEL FORMAT = PixelFormat.RGB565 # Pixel format: RGB565

XCLK_FREQ = 10000000 # Camera clock frequency (10MHz)
DISPLAY WIDTH = 320 # Fixed display width on the webpage (CSS pixels)
DISPLAY HEIGHT = 240 # Fixed display height on the webpage (CSS pixels)

def get resolution dimensions(frame size):

i

Returns the actual width and height in pixels based on the FrameSize enum.
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if frame size == FrameSize. QQVGA:
return 160, 120

elif frame size == FrameSize.QVGA:
return 320, 240

elif frame size == FrameSize. VGA:
return 640, 480

else:
# Default fallback to QQVGA
return 160, 120

def connect wifi(ssid, password):
Connects to the specified WiFi network and returns the local IP address.
Blocks execution until connected
station = network. WLAN (network. STA_IF)
station. active (True)
station. connect (ssid, password)
while not station. isconnected():
time. sleep (1)

return station. ifconfig() [0]

def init camera(frame_size, pixel format, xclk freq):

nwnn

Initializes the camera hardware with the specified settings

cam = Camera(frame size=frame size, pixel format=pixel format, xclk freq=xclk freq,
init=False)

cam. init ()

return cam

def generate html (cam width, cam height):
Generates the HIML page with embedded JavaScript
Injects the actual camera resolution into the JS variables.
The CSS forces the canvas to display at DISPLAY WIDTH x DISPLAY HEIGHT,
while the JS handles the actual pixel data decoding
return £”””<!DOCTYPE html>
<html>
<head>
<{title>ESP32 Camera Stream{/title>
<{style>
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body {{
display: flex;
justify—content: center;
align-items: center;
height: 100vh;
margin: 0;
background-color: #f0f0f0;
1
.video—container {{
text—align: center;
1
canvas {{
/* Force display size to 320x240 regardless of actual resolution */
width: {DISPLAY WIDTH}px;
height: {DISPLAY HEIGHT}px;
border: 1px solid #ccc;
background—color: #000;
image-rendering: auto; /* Smooth scaling */
1
{/style>
{/head>
<body>
{div class="video-container”>
<h1>Stream (Actual: {cam width}x{cam height}, Display:
{DISPLAY WIDTH}x {DISPLAY HEIGHT})</h1>
{canvas id="videoCanvas”></canvas>
{div id="status”>Connecting...</div>
/div>
{script>
const canvas = document. getElementByld (" videoCanvas’) ;
const ctx = canvas. getContext ( 2d") ;

const statusDiv = document. getElementById(’ status’);

// Actual resolution injected from Python
const ACTUAL WIDTH = {cam width};
const ACTUAL HEIGHT = {cam height} ;

const EXPECTED DATA LENGTH = ACTUAL WIDTH * ACTUAL HEIGHT * 2; // 2 bytes per pixel in

RGB565

function fetchImage() {{
fetch (' /frame’)
. then(response => response. arrayBuffer())
. then(data => {{
if (!data || data.byteLength === 0) {{
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setTimeout (fetchImage, 100);

return;

H

const uint8Array = new Uint8Array (data) ;
let w = ACTUAL WIDTH;
let h = ACTUAL HEIGHT;

// Auto-detect resolution if data length doesn’t match expected
if (uint8Array. length !== EXPECTED DATA LENGTH) {{
if (uint8Array. length === 160 * 120 * 2) {{ w = 160; h = 120; }}
else if (uint8Array.length === 320 * 240 * 2) {{ w = 320; h = 240; }}
else if (uint8Array.length === 640 * 480 * 2) {{ w = 640; h = 480; }}
else {{
setTimeout (fetchImage, 1000) ;

return;
1
1

// Swap bytes for RGB565 (Little Endian to Big Endian conversion)
const swappedArray = new Uint8Array (uint8Array. length) ;
for (let i = 0; i < uint8Array. length; i += 2) {{

swappedArray[i] = uint8Array[i+1];

swappedArray[i+1] = uint8Arrayl[i];

1

// Convert RGB565 to RGBAS8S88 for Canvas rendering
const rgb565Array = new Uintl6Array (swappedArray. buffer) ;
const rgbaArray = new Uint8ClampedArray (w * h * 4);

for (let i = 0; i < rghb65bArray. length; i++) {{
const color = rgbb65Array[i];
// Extract 5-bit R, 6-bit G, 5-bit B and scale to 8-bit
((color »> 11) & 0x1IF) << 3;
const g = ((color > 5) & 0x3F) << 2;
const b = (color & 0x1F) << 3;

const r

const idx = i * 4;

rghaArray[idx] = r;

rghaArray[idx + 1] = g;

b;

255; // Alpha channel

rghaArray[idx + 2]

rghaArray[idx + 3]
1}
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// Set internal canvas resolution to match actual image data
canvas. width = w;

canvas. height = h;

const imageData = new ImageData(rgbaArray, w, h);

ctx. putImageData (imageData, 0, 0);

statusDiv. textContent = Streaming (${{w}}x${{h}}) ;

// Request next frame immediately
setTimeout (fetchImage, 0);
189
. catch (error => {{
setTimeout (fetchImage, 1000) ;
P
1
fetchImage () ;
{/script>

</body>
</html>

nwn

def

handle frame request(client, cam):

a4

Captures a raw RGB565 frame from the camera and sends it to the client
frame = cam. capture ()
if frame:

headers = b’ HTTP/1. 1 200 OK\r\nContent-Type: application/octet—stream\r\nCache-

Control: no-cache\r\n\r\n’

def

def

client. send (headers)
client. send (frame)
else:

client. send (b’ HTTP/1. 1 500 Internal Server Error\r\n\r\n’)

handle html request(client, html content):

i

Sends the main HTML page to the client

i

response =  HTTP/1.1 200 OK\r\nContent-Type: text/html\r\n\r\n’ + html content

client. send (response. encode ())

handle client(client, cam, html content):

i

Handles an incoming HITP request from a client.

Routes to either frame streaming or HTML page serving
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try:
request = client. recv(1024). decode ()
if *GET /frame’ in request:
handle frame request(client, cam)
elif "GET /° in request or ’GET /stream in request:
handle html request(client, html content)
else:
client. close ()
except OSError as e:
print (e)
finally:

client. close()

def main():

nnn

Main entry point: Initializes WiFi, Camera, and starts the Web Server.
# Get dimensions for HTML injection
cam width, cam height = get resolution dimensions(CURRENT FRAME SIZE)

# Connect to WiFi
ip_address = connect _wifi (SSID, PASSWORD)
print (f’ Connected! IP: {ip_address}’)

# Initialize Camera
cam = init_camera(CURRENT FRAME SIZE, CAM PIXEL_FORMAT, XCLK FREQ)

print ( Camera initialized.’)

# Generate HTIML content once

html content = generate html (cam width, cam height)

# Start TCP Server

addr = socket. getaddrinfo(’0.0.0.0", 80)[0][-1]

s = socket. socket ()

s. setsockopt (socket. SOL_SOCKET, socket. SO REUSEADDR, 1)
s. bind (addr)

s. listen(1)

print (f Server on: {addr}’)

# Main loop: Accept connections and handle clients
while True:

try:

client, addr = s.accept()

Any concerns? DX support@freenove.com


http://www.freenove.com/

342

Chapter 30 Camera Web Server www.freenove.com [l

handle client(client, cam, html content)
except Exception as e:

print (e)

. ) .
if  name == main

main ()

Import network. socket. time. camera modules.

import network
import socket

import time

from camera import Camera, FrameSize, PixelFormat

Before running the code, please modify the WiFi name and password in the code to ensure that the ESP32S3
can connect to the network.

SSID = 7 skoptolr” # WiFi SSID
PASSWORD = 7 sttt # WiFi Password
Obtain the resolution size of the camera configuration.

def get resolution dimensions (frame size):

nnn

Returns the actual width and height in pixels based on the FrameSize enum.
if frame size == FrameSize. QQVGA:
return 160, 120
elif frame size == FrameSize.QVGA:
return 320, 240
elif frame size == FrameSize. VGA:
return 640, 480
else:
# Default fallback to QQVGA
return 160, 120
WiFi connection function. Input the WiFi name and password at the function interface. After ESP32S3

successfully configures WiFi, it returns the IP address of ESP32S3.

def connect wifi(ssid, password):
Connects to the specified WiFi network and returns the local IP address.
Blocks execution until connected
station = network. WLAN(network. STA IF)
station. active (True)
station. connect (ssid, password)
while not station. isconnected():

time. sleep (1)

return station. ifconfig() [0]
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Camera initialization function. At the function interface, the resolution, format and operating frequency of the
camera can be configured. By calling this function, the camera configuration result will be returned.

def init camera(frame size, pixel format, xclk freq):

a4

Initializes the camera hardware with the specified settings
cam = Camera(frame size=frame size, pixel format=pixel format, xclk freq=xclk freq
init=False)

cam. init ()

return cam

Webpage generation function, which generates the code for the webpage based on the resolution of the
camera.

Create a server socket port with the port number 80 and continuously monitor whether any client devices
initiate a connection.

# Start TCP Server

addr = socket. getaddrinfo (' 0.0.0.0", 80)[0][-1]

s = socket. socket ()

s. setsockopt (socket. SOL_SOCKET, socket.SO REUSEADDR, 1)

s. bind (addr)

s. listen(l)

print (f’ Server on: {addr}’)

If any client connects to the ESP32S3, the ESP32S3 will send the captured images from the camera to the
client.

# Main loop: Accept connections and handle clients
while True:
try:
client, addr = s.accept()
handle client(client, cam, html content)
except Exception as e:

print (e)

Please note that due to the relatively low efficiency of micropython, it is recommended to use a low-
resolution configuration. Otherwise, the video transmission may fail or be very slow.

Any concerns? D4 support@freenove.com


http://www.freenove.com/

K7V Chapter 31 Soldering Circuit Board www.freenove.com [l

Chapter 31 Soldering Circuit Board

Project 31.1 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 |
L

Ilﬁ—q fualaeg. vy _||_

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
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Soldering the Circuit

Insert the components on the main board and solder the circuit on its back.
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Testing circuit

Connect the circuit board to power supply (3~5V). You can use ESP32-S3 board or battery box as the
power supply.

!

Anode

Cathode

b
O
N
X
=
G
[0
|
7 e
0 IS
1

Press the push button after connecting the power, and then the buzzer will make a sound.

Any concerns? D4 support@freenove.com
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Project 31.2 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 T4HC595 x1

Circuit

Solder the following circuit on the main board.
Schematic diagram Hardware connection
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220Q A LED2
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Soldering the Circuit

Insert the components on the main board and solder the circuit on its back.
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Connecting the Circuit

Connect the board to ESP32-S3 with jumper wire in the following way.
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Code

The following is the program code:

import time

from my74HC595 import Chip74HC595

chip = Chip74HC595 (12, 13, 14)
# ESP32-S3-12: T74HC595-DS (14)
# ESP32-S3-13: 74HC595-STCP (12)
# ESP32-S3-14: 74HC595-SHCP (11)

while True:
x=0x01
for count in range(8):
chip. shiftOut (1, x) #High bit is sent first
x=x<<1

Any concerns? X support@freenove.com
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time. sleep_ms(300)
x=0x01
for count in range(8):
chip. shiftOut (0, x) #low bit is sent first
x=x<<1
time. sleep_ms(300)

Any concerns? D4 support@freenove.com
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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 want learn more about ESP32S3, you view our ultimate tutorial:
https://github.com/Freenove/Freenove Ultimate Starter Kit for ESP32 S3/archive/master.zip

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? DX support@freenove.com
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