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Preface

Installing Arduino IDE

1. Open the official Arduino website

https://www.arduino.cc/en/software

2. Select and install the appropriate version according to your operating system.

P T ¢ T — B e A 7 @8 ¢ o/

PROFESSIONAL | EOUCATION | STORE ) search on Arduino.cc | memin

(o0} —— LoD DOCUMENTATION  CoMMUNITY +  BLOG  ABOUT

Arduino Cloud Editor

IDE online. Whether. 3 on the g0, coe,
ploats and access your proects anytime from your biowsar for free

60 TO CLOUD EDITOR LEARN MORE

Downloads
povesLAD OFTIONE
Arduino IDE 2.3.4 Windows
‘Windows

Windows
The new malor refease of the Arduino IDE is faster and even
maore powerfull In addition to a more modern editor and a
more responsive interface it features autocompletion, code
navigation, and even a live debugger.

For more details, please refer to the Arduino IDE 2,0
documentation.

Nightly bullds with the latest bugfixes are available through
the section below.

SOURCE CODE

The Arduina IDE 2.0 is open source and its source code Is
hosted on GitHub,

2.1 Here | choose the first one.

Downloads

DOWNLOAD OPTIONS

=<l Arduino IDE 2.3.4 WInaOwsime o

Windows Mslinstaller

Windows ZIPfile
The new major release of the Arduino IDE is faster and even
more powerful! In addition to a more modern editor and a
more responsive interface it features autocompletion, code
navigation, and even a live debugger. macO$ Intel, 10.15: "Catalina” or newer, 64 bits

Linux Applmage 64 bits (X86-64)
Linux ZIP file 64 bits (X86-64)

macOS Apple Silicon, 11: “Big Sur” or newer, 64 bits

For more details, please refer to the Arduino IDE 2.0
documentation. Release Notes

Nightly builds with the latest bugfixes are available through
the section below.

SOURCE CODE

The Arduino IDE 2.0 is open source and its source code is
hosted on GitHub.
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3. Select "Download Only" if you wish.

FDUCATION
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HARDWARE  SOFTWARE  CLOUD

DOCUMENTATION

-
COMMUNITY =

8
BLOG  ABOUT

-
| senn
Download Arduino IDE & support its progress
Since the 1.x release in March 2015, the Arduino IDE has been downloaded 90,483,953
times — impressive! Help its development with a donation.
$3 | $5 | $10 $25  $50 | Other
—
[e.c]
Lasm more aboutdonating to Arduins.
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Stay in the Loop: Join Our Newsletter!

As a beginner or advanced user, you can find inspiring projects and learn about cutting-edge
email *

Arduina products through our weekly newsletter!

| confirm ta have read the Privacy Policy and to accept the Terms of
Service *

I wauld like to receive emails about special deals and commercial offers from
Arduino,

SUBSCRIBE & DOWNLOAD

JUST DOWNLOAD

4. Wai

t for the download to complete
(6.0}

B e A w 8 ¢ = H - @
Downloads B a - 2 X
arduino-de 234 Windows SAbi (1 exe
HARDWARE  SOFTWARE  CLOUD  DOCUMENTATION  COMMUNITY v  BLOG  ABOUT
b

e/ 958 B ot 14,6,

[ ] e
X g! :
:
L]

Thank you for downloading!

Youre always welcome to sign up in the future. Keep up with exclusive updates, tutorials,

events and join our community to empower creators worldwide anytime.

GO TO HOME PAGE




www.elecrcow.com

5. Confirm the download process
5.1 Accept the options

e
(@ Arduino IDE Setup — %
License Agreement
Please review the license terms before installing Arduino TDE. @

Press Page Down to see the rest of the agreement.

Terms of Service:

The Arduino software is provided to you "as is” and we make no express or imphed
jwarranties whatsoever with respect to its functionalty, operabiity, or use, induding,
without imitation, any implied warranties of merchantabiity, fitness for a particudar purpose,
or infringement, We expressly cisclaim any lisbilty whatsoever for any direct, indirect,
consequential, incdental or special damages, induding, without imitation, lost revenues, lost
profits, losses resuting from business interruption or loss of data, regardiess of the form of
iaction or legal theary under which the liability may be asserted, even if advised of the
ipassibiity or ikelhood of such damages.

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to instal Arduino TDE.

L] o

ies, tutorials,
me.

L

5.2 Asshown in the figure, determine

(Choose Installation Options
Who should this application be instaled for?

@ Arduino IDE Setup = X

Please select whether you wish to make this software avaiable to all users or just yourself

() Anyone who uses this computer (al users)

(®) Orly for me {DNZJ-010)
~1
¥{  There is already a per-user installation. (D:\App_Arduno\Arduing IDE) les, tutorials,
Wil reinstalljupgrade. e
<Back [ Net> | | Canee
5.3 Customize your path and click "Install"
@® ‘
-d
@ Arduino IDE Setup - x

Choose Install Location
Choose the foider in which to install Arduino IDE.

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

Destination Folder

Space required: 500.1 M8
Space available: 84.2 GB

T

les, tutorials,
ime.
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5.4 After the installation is completed, you can start using the Arduino IDE.

®
. R

& Arduino IDE Setup -

Completing Arduino IDE Setup

Arduino IDE has been installed on your computer.
Click Finish to dose Setup.

[ARun Arduine IDE

les, tutorials,
me.

Installing the ESP32 Development Board

After the installation is completed, open the Arduino IDE.
First, randomly open a project.



www.elecrcow.com

Lessen01-Print_Hello_World | Arduino IDE 234
File Edit Sketch Tools Help

‘? it ' _

Lesson01-Print_Hello_Werldino  configh

1 iea aratl
2

3 e arati
4

5 void setup() {

6 your s ode F ru nce:

7 Serial.begin(115200);

8 i

9

1e void loop()

1

i3 al.print{"Hello World!\r\n");

13 delay(1068);

14

15

First, click on "board manage" on the left side.

@ Lesson01-Print_Hello_World | Arduino IDE 2.3.4
File Edit Sketch Tocls Help

Lesson01-Print_Hello_Worldiino  configh

to run

12 Serial.print("Hello World!\rin");

13 delay (1268 ;
14 ff
15

After opening
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ﬁ Lesson01-Print_Hello_World | Arduino IDE 2,34
File Edit Sketch Tools Help

l;y. Slbisleinboon - _

BOARDS MANAGER Lesson01-Print_Helle_World.ine  configh
= = all = A C 1
. 2
) Type Al v 3
4
5
[ﬂh Arduino AVR Boards by Arduino 6
1.8.6 installed ; i
Boards included in this package: LilyPad Arduino, 9
Arduine Uno, Arduine Nano, Arduino Mega ADK, 1e void loop()
Arduino Gemma, Arduino Duemilanove or... 11 /pu main code he o run
More info 12 Serial.print{"Hello World!\r\n"); d
13 delay(l@ae);
15

Arduino ESP32 Boards by Arduino

Boards included in this package: Arduino Nano
ESP32
Mare info

Search for ESP32 here

File Edit Sketch Tools Help

BOARDS MANAGER Lesson{1-Print_Hello_World.ine  configh
EsP32 1 Header file declaratio
3 Z
g Type: Al v 3 Header f
a
5 void setup() {
Arduino ESP32 Boards by Arduino & put your setup code here e
7 Serial.begin{1152@8);
Boards included in this package: Arduino Nano 3 T
ESPaz B
More info 10 void loop() {
11 put your main C here, to rur
20.18-~ m 12 Serial.print("Hello World!\rin"); orld!"
13 delay(1000);
14 1
15

esp32 by Espressif Systems
333 installed

Boards included in this package: ESP3253 Dev
Module Octal (WROOMZ), Adafruit Feather ESP32
W2, WT32-SC01 PLUS, T-Beam, Piranha ESP-32....
More info

337 wv UPDATE

Select version 3.2.0 here and proceed with the installation.
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sketch_mar18a | Arduino IDE 2.3.6

File Edit Sketch Tools Help

BOARDS MAMAGER sketch_marl18a.ino

[

esp3l void setup() {

. Al o setup code here,
337 -

33 7-cn
336
3.3.6-cn
3.3.5 ded in this package:
3.3.5-cn peop3y

334
3.3.4-cn
3.33cn
332
3.3.2-cn
331
3.3.1.cn  [Pressif Systems
330 Yeg

3.3.0-cn
371 ded in this package:
37 1.cn B Meo, Adafruit

2-52 Reverse TFT....

=

P32 Boards by

void loop{)} {

BAFLE

yOour ma

H
I
I
[

W 00 < &N B M

[
=

3.2 0-en

320 v| ( INSTALL )

If there's no result for the manager of your development board model, you can add
the development board manager URL in "Preferences", and then return to "Board
Manager" to search for your model and install it.

ESP32: https://espressif.github.io/arduino-esp32/package_esp32_index.json

Click "File"->“Preferences”, then paste the URL to "Additional Boards Manager URLs" and click
IIOKII.


https://espressif.github.io/arduino-esp32/package_esp32_index.json
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Preferences X

Settings Network
Sketchbook location:
c\Users\BJB-028\Documents\Arduino BROWSE

Show files inside Sketches

Editor font size: 14

Interface scale: Automatic 100 %

Theme: Light b

Language: English v (Reload required)

Show verbose output during compile @3 upload

Compiler warnings None w

(0 Verify code after upload
Auto save

Editor Quick Suggestions
Additional boards manager URLs: https://espressif github. io/arduino-esp32/package esp32 index. json B |

If you need to add multiple URLSs, click the icon on the right to open the pop-up window and add
URLs. Different URLs need to be distinguished by line breaks or by comma, and then click OK.

Additional Boards Manager URLs

o Enter additional URLs, one for each row

https://espressif github_io/arduinc-esp32/package_esp32_index json
hitps.//github.com/earlephilhower/arduino-pico/releases/download/global/package_rp2040_index json

Click for a list of unofficial board support URLs

Importing Library Files (Important)

Before starting to use it, we need to first download the library files required for the
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subsequent functions of the development board to the local machine and place them
in the corresponding "/Arduino/libraries" directory on your computer.

Download link:
https://github.com/Elecrow-RD/Al Camera Development Board Vision Sensor Bo

ard Powered By ESP32/tree/master/libraries

Enter this path and check the location where the library files are stored.

@ Lessen1-Print_Hello_World | Arduing IDE 2.3.4

Mew Sketch

Mew Cloud Sketch

Cpen..
Sketchbook
Examples
Close

Save

Save As...

I Preferences..

Advanced

Quit
¥5

Edit Sketch Tools Help

Ctrl+M
Alt+Cirl+MN

Ctrl+C

Ctrl+W
Ctrl+5
Ctrl+Shift+5

Ctrl+Comma

Yev Module -

ino

P 3110 World!wr\n™);


https://github.com/Elecrow-RD/AI_Camera_Development_Board_Vision_Sensor_Board_Powered_By_ESP32/tree/master/libraries
https://github.com/Elecrow-RD/AI_Camera_Development_Board_Vision_Sensor_Board_Powered_By_ESP32/tree/master/libraries
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Preferences

Settings Network

Sketchbook location:
c\Usersii4175\Documents\Arduino

Show files inside Sketches
Editor font size: 12

Automatic 100 %
Light v

English
compile [ upload

None w

BROWSE

Interface scale:
Theme:
Language: + (Reload required)
Show verbose output during
Compiler wamings

[0 Verify code after upload

Auto save

() Editor Quick Suggestions

Additional boards manager URLs:  hitps://adafruit.github.io/arduino-board-index/package_adafruit_index json

After determining the location where the library files are stored

Copy all the library files contained in the downloaded "libraries" file to the
"C:\Users\Username\Documents\Arduino\libraries" folder on your local computer.

Note: If there is no "libraries" folder in your path, please create one yourself.

Al 7 libraries x|+
[m] l! Documents > Arduino > libraries > | & = I C ) > ThisPC > &) > Advance-P4 >  Arduino Code > | libraries I
T & MNoSort v = View - @ Mew - ] m @& @ ® w T Sort - = View ¥
~
Neme Date modified Trpe B9 libraries » Mame Date modified Type Size
" ESP32 Display_Panel 2026/3/17 1525 File folder =3 Arduine15 » 7 ESP32 Display_Panel 2026/3/1715:40 File folder
7 ESP3210_Expander 2026/3/17 1525 File folder =3 P3.Code . 7 ESP32.10_Expander 2026/3/1715:40 File folder
T esplibutils 2006/3/17 1525 e forder = 7 esp-lib-utils 2026/3/1715:40 File folder
 arduino_pico *
= gl 2006/3/17 1526 File folder gl 2026/3/1715:40 File folder
- =7 platfroml0_70.50.43  # &
= Radiolib 2026/3/17 13:26 File folder "~ Radiolib 2026/3/17 15:40 File folder
COF YT sduino nsno *

10
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Lesson 1 — LED && Button

Overview

In this lesson, we will learn how to use the AW9523 1/0 expansion chip. By using the
I2C bus, we can expand the GPIO resources of the MCU and use the AW9523 to
control the on and off state of LEDs. The course will focus on the basic working
principle of the AW9523, register configuration methods, and how to output control
signals to the expanded pins through software.

In practical applications, the AW9523 is often used for multi-channel LED control, I/O
expansion, and peripheral driving. Therefore, this lesson will also explain the logic
flow of output state control, helping you understand the complete implementation

I(I

process from “I>C communication - expanded I/O control > LED output”.
Through this lesson, you will master the basic method of using the AW9523
expansion chip to control LEDs, and finally achieve controlling LED on and off
through software, laying the foundation for more complex multi-channel LED or

peripheral control in subsequent lessons.

Learning Goals

1. Master the reading method of digital input (Button)

2. Understand and implement the button debounce (Debounce) principle

3. Learn button edge detection (trigger once per press)

4. Master the basic method of controlling LEDs with the AW9523 expansion chip and
the concept of 12C

5. Establish a complete control logic of “Input = Judgment - Output (I>°C expanded
1/0)”

Project Result:

Press the button, the LED lights up.

11
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—. I. Principle Explanation

1. Principle of LED

LED stands for Light Emitting Diode. It is a solid-state semiconductor device that can
convert electrical energy into visible light, directly converting electrical energy into
light energy. The core of an LED is a semiconductor chip. One end of the chip is fixed
to a bracket and connected to the negative terminal of the power supply, while the
other end is connected to the positive terminal. Usually, the longer pin is the positive

terminal, and the shorter pin is the negative terminal.

Transparent epoxy encapsulation

~ LED chip
Wedge bracket N _z

Cathode rod with launch

bowl
Anode rod

LED structure diagram

2. Principle of Button

A button module is equivalent to a single—pole double—throw switch. As
shown in the figure below: when the button is pressed, it is equivalent

to the switch connecting to terminal L2, and the circuit is closed; when

12
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the button is released, it is equivalent to the switch connecting to

terminal L1, and the circuit is disconnected.

_______ . LED

' L2

R
L L / '

| L '

| o ——

A button is essentially a mechanical switch. When pressed or released, it will
generate short-term oscillation (bounce), causing the signal to switch back and forth
between HIGH and LOW. This phenomenon is known as button bounce (Bounce).
To avoid misjudgment by the program, debounce processing is required to ensure

that the read button value is stable and reliable.

3. Introduction to AW9523 I/0 Expansion Chip

The AW9523 is an I/O expansion chip based on I2C communication. Its main features
include:

It can expand the number of GPIOs of the MCU;

It supports LED driving functions;

It controls the /O output state through register configuration.

In this lesson:

The MCU sends control commands to the AW9523 via IC;

The AW9523 is responsible for actually driving the LED on and off.

4, Introduction to I12C

What is I2C? I2C (Inter—Integrated Circuit) is a commonly used serial
communication bus protocol, mainly used for microcontrollers (such as
Arduino), various sensors, displays, memory chips, expansion modules, and
more.
Its biggest feature is that multiple devices can be connected using only two signal
lines.

13
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The 12C bus requires only two signal lines:

Signal )
) Name Function
Line
Data line, wused to

SDA Serial Data
transmit data

Clock 1line, wused to
SCL Serial Clock  synchronize

communication

In addition, each module also needs VCC (power) and GND (ground). A typical 12C
device therefore usually uses four wires. On the 12C bus, each device has a unique
address.

For example, Arduino is the Master, and BH1750 is the Slave. Arduino specifies which
device to communicate with through the address.

In Arduino, 12C communication is implemented through the Wire library. Once

initialized, all I2C devices can work normally.

#include <Wire.h>

static TwoWirex wi = &Wire; // 12C bus

// Configure I12C pins
wi—>setPins (I2C SDA, 12C SCL);
wi—>begin() ;
delay (100) ;

5. Introduction to ESP32-S3 Pins:

ESP32-S3 is a high-performance, low-power 32-bit MCU with rich and highly
multiplexed GPIO resources, capable of meeting the requirements of display,
communication, and human—machine interaction in various application scenarios.
Commonly used pins include:

Digital Pins: used to read or output digital signals with only HIGH/LOW (1 or 0)
states, which can control LEDs, buttons, relays, and other devices, such as the button
and LED used here.

Analog Pins: used to read continuously changing analog signals, such as
photoresistors and potentiometers, which are converted into values from 0 to 1023
through ADC.

14
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I12C Pins: the 12C interface area, dedicated SDA (data) and SCL (clock) pins for 12C
communication, used to connect multiple sensors or modules, such as the AW9523
chip on the Al camera.

II. Required Modules

Al button and LED of the Al camera:

2MP Camera

LED Light

Al button ———=i Reset button

MIC :
RGB —** s Speaker
UsB IN(5v)
GO
vCoC
veC | UART BAT
T
SCL
SDA
I12C  3v3
GO

IT1I. Example Explanation

Click the link to download the official example code: (GitHub link)

Open the course program using Arduino IDE:

15
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& Blink LED | Arduino IDE 2.3.6

File Edit Sketch Tools Help

Blink_LED.ino
1
2
3
4
5 #include <Arduino.h>
6 #include <Wire.h>
Fi #include "src/AW9523/elecrow_aw3523 .h"
8
9 e e
18 #define I2C_SCL 15
= #define I2C_SDA 16
12 #define BUTTON_PIN ©
13
14 1
15 static Twollire* wi = 8Wire;
16 bool ledState = false;
1 bool lastButtonState = HIGH;
18 unsigned long lastDebounceTime = 8;
19 const unsigned long debounceDelay = 58;
20
7.5 o
22 wvoid setup() {
23 Serial.begin(115200);
24 while (!Serial) {
25 ; Wait for Ser
26 }
27
28
25

Basic Arduino Code Knowledge:

(1) #define is used to create a name for a number or content, performing text
replacement before compilation, making the program clearer and easier to
maintain.

(2) setup() is the initialization function of an Arduino program.

After Arduino is powered on or reset, setup() is executed only once.

It is commonly used to set pin modes, initialize serial communication, and initialize
sensors.

(3) The pinMode (pin, mode) function: pin mode setting function.

Pin: pin number, according to the hardware pin used, such as 2, 3, or 4,

Mode: mode, which can be INPUT / INPUT_PULLUP / OUTPUT;

Why set the mode?

Because each GPIO of the MCU can be:

INPUT: uses the pin as input, requiring external pull-up or pull-down
resistors. The signal may float if unstable. It is used to read external

signals, such as buttons and sensor outputs.

16
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INPUT PULLUP: input mode with internal pull-up to HIGH, which is the most
convenient for reading buttons (pressed = LOW).

OUTPUT: uses the pin as output, actively outputting HIGH or LOW to control
peripherals, such as LEDs, motor drivers, and relays.

(4) pinMode (BUTTON_PIN, INPUT PULLUP) means setting BUTTON_PIN (pin 0)
to input pull-up mode.

(5) loop() is the main loop function, which repeatedly executes from beginning to
end.

When Arduino is running, loop() never stops.

This is the core execution structure of Arduino.

(6) digitalRead(PIN) is a function that reads the state of a digital pin.

Pin: pin number, such as pin O;

The returned value is HIGH or LOW;

(7) delay(ms): delay function;

The parameter unit is milliseconds (ms). delay(1000) represents 1 second. During
delay(), the program pauses execution.

delay(500): pauses the program for 500 milliseconds (0.5 seconds).

Code Explanation

(1) First, add the necessary libraries.

#tinclude <Arduino.h>
#tinclude <Wire.h>

#include "src/AW9523/elecrow_aw9523.h"

Arduino. h: Arduino core header file, providing basic functions (pinMode,
digitalRead, millis(), etc.):

Wire. h: Arduino I?>C communication library, used for communication between
the MCU and AW9523

elecrow _aw9523. h: AW9523 driver library, encapsulating chip

initialization and LED control interfaces

(2) Define digital pins for easier reading.

#define 12C_SCL 15
#define I2C_SDA 16

#define BUTTON_PIN O

The purpose of #define I2C SCL 15 is to give the pin number a “name”.

17
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12C SCL represents digital pin 15, 12C SDA represents digital pin 16, and
BUTTON PIN represents digital pin 0. This indicates that the I12C signal
lines are connected to pins 15 and 16, and the button is connected to pin
0.

The advantage of writing it this way is:

If you want to move the module or other hardware to different pins later,
you only need to modify the pin numbers here. The rest of the code does

not need to be changed, making the program clearer and easier to maintain.

bool ledState = false;
bool lastButtonState = HIGH;
unsigned long lastDebounceTime = 0;

const unsigned long debounceDelay = 50;

ledState: records the current LED state;
lastButtonState: records the current button state;
lastDebounceTime: the time point when the button state last changed;

debounceDelay: debounce delay of 50 ms.

(3) Serial Initialization

Serial.begin(115200);
while (!Serial) {

}

Enable serial communication for debugging and outputting button / LED status

information.

(4) 12C and AW9523 Initialization

wi->setPins(12C_SDA, 12C_SCL);
wi->begin();

delay(100);

aw9523.AW_init();

aw9523.AW_set_ POWER(true);

Specify the SDA / SCL pins used by I?C, start the I?C bus, and add a short delay to
ensure bus stability. Initialize the AW9523 chip and enable the LED power domain so
that the LED can be controlled.

18
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(4) Button Initialization

pinMode(BUTTON_PIN, INPUT_PULLUP);

Use the internal pull-up resistor. The default reading is HIGH, and it reads LOW when

the button is pressed.
(5) Read Button State and Detect State Changes

When the button is pressed, short-term bounce occurs, and the program may
mistakenly think the button was pressed multiple times.

Solution:

bool reading = digitalRead(BUTTON_PIN);
if (reading != lastButtonState) {

lastDebounceTime = millis();

}

If the current state is not equal to the previous state, it means the button state has
just changed and may be bouncing.

Record the current time as the debounce timing starting point.

if ((millis() - lastDebounceTime) > debounceDelay) {

Only when the state remains stable for more than 50 ms is the button input

considered reliable.

(6) Edge Detection and LED Toggle Control

static bool buttonPressed = false;

if (reading == LOW && !buttonPressed) {
buttonPressed = true;
ledState = lledState;
aw9523.AW_set_SLED(ledState);

}

If the current state is LOW (pressed) and it has not been triggered before,
this indicates a new button press event.

Each press toggles the LED state once, and the AW9523 is controlled via
I?C to change the LED on/off state.

else if (reading == HIGH) {

buttonPressed = false;

19
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lastButtonState = reading; // save the last reading

Clear the flag to allow the next press to trigger again, preparing for

the next press.

Program Flowchart:

Initialization
[setup)

T

Button State Changed? LED ON

LED OFF

IV. Download and Run the Program, Observe the Result

(1) Connect the board to the computer according to the Arduino IDE operation
process introduced in the preface, and perform the basic download setup.

Click Download:

20
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& Blink LED | Arduino IDE 2.3.6

File Edit Sketch Tools Help

ESP3253 Dev Module

<Arduino.h>
<Wire.h>

FI5- 501 15
I2C_SDA 16
BUTTON_PIN @

15 static TwolWire® wi = &Wire;

16 bool ledState = false;

17 bool lastButtonState = HIGH;

18 unsigned long lastDebounceTime = 8;

19 const unsigned long debounceDelay
209

21

22 void setup() {

23 Serial.begin(115200);

24 while (!Serial) {

25 i /] Wa or S

26 T

When the button is pressed, the LED turns on; when the button is pressed again, the

LED turns off.

21
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Lesson 2 — RGB LED

Overview

In this lesson, we will further study the application of the AW9523 |/O expansion chip
in controlling RGB LED lights.

Through the 12C bus, the MCU can not only control the on/off state of a single LED
but also achieve RGB color mixing, color gradients, and dynamic lighting effects via
the AW9523.

This lesson will focus on:

The basic principle of RGB LED illumination

The concept of color mixing (Red / Green / Blue)

How to generate rainbow colors and smooth gradient effects through programming
The complete control process: MCU = 12°C - AW9523 - RGB LED

Through this lesson, you will master the basic methods of using AW9523 to control
RGB lights and implement dynamic lighting effects, laying the foundation for
subsequent lighting designs, status indicators, and human-machine interface

applications.

Learning Objectives

1. Understand the working principle of RGB LEDs and the method of color mixing

2. Master the basic representation of 24-bit RGB color data

3. Learn how to use AW9523 to control RGB LED output

4. Understand the logic of implementing color fading and rainbow lighting effects

5. Establish a complete process of “program algorithm = 1°C communication > RGB

light output”

Project Effect:

The RGB light automatically displays rainbow gradient effects, with the lighting

modes cycling continuously to create a dynamic RGB ambient light effect.
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. Principle Explanation

1. Principle of RGB LED

An RGB LED consists of red (R), green (G), and blue (B) LED chips packaged together.

By controlling the brightness ratio of the three colors, almost all visible colors can be

mixed.

. c . Display
Color

255 0 0 Red

0 255 0 Green

0 0 255 Blue

255 255 255 White

255 255 0 Yellow

In this lesson, the brightness range for each color channel is 0 ~ 255.

2. Color Mixing and 24-bit RGB

In programming, a complete RGB color is usually represented by 24-bit data:
OxRRGGBB:

High 8 bits: Red (R)

Middle 8 bits: Green (G)

Low 8 bits: Blue (B)

For example:
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RGB(255, 0, 0) -> Red, RGB(0, 255, 0) - Green, RGB(0, 0, 255) -> Blue.

3. Role of AW9523 in RGB Control

AW9523 is an I/O expansion chip based on I?*C communication, with LED driving
capability.

In this lesson:

The MCU is responsible for calculating color data and animation logic;

The MCU sends RGB data to the AW9523 via I%C;

AW9523 drives the RGB LED to display the corresponding color according to the

received data.

Required Modules

RGB light of Ai camera:

2MP Camera

LED Light

Al button lo— Reset button
MIC '
RGE Speaker
usB IN(5V)
GMD
vCC
o UART BAT
™
SCL
SDi
12C  avs
GMND

Example Explanation

Click the link to download the official example code: (GitHub link)

Open the course program with Arduino IDE:
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RGB_Light | Arduino IDE 2.3.6

File Edit Sketch Tools Help

RGE_Light.ino

1 #include <Arduino.h>

2 #include <Wire.h>

3 #include "src\AW9523\elecrow_aw9523.h"

4

5 = = =
T #define I2C_SCL 15

8 #define I2C_SDA 16

9
10 -
EL RGB patte index
12 uint8 t rgb_pattern_index = 8;
13
15 static TwolWire* wi = BWire;
16
17 f/ Timing for color changes
18 const uintl6_t STEP_DELAY_MS = 28; ai !
19 const uint8_t BRIGHTNESS = OxFF;
20
21
22 [/ C ed n, bBlUe co
23 uint32_t RGB(uint8_t r, uint8_t g, uintd_t b) {
24 return ((uint32 t)r << 16) | ((uint32_t)g << 8) | b;
25 T

Code Explanation

(1) First, include the necessary libraries.

#tinclude <Arduino.h>
#include <Wire.h>

#include "src/AW9523/elecrow_aw9523.h"

Arduino. h: Core Arduino header file, providing basic functions (pinMode,
digitalRead, millis(), etc.);

Wire. h: Arduino I*>C communication library, used for communication between
MCU and AW9523

elecrow aw9523. h: AW9523 driver library, encapsulating chip

initialization and LED control interfaces

(2) Define digital pins and variables for readability.

#define 12C_SCL 15

#define I2C_SDA 16
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I2C SCL 15 assigns a “name” to the pin number.

I12C SCL represents digital pin 15, I2C SDA represents digital pin 16,
indicating that the I2C signal lines are connected to pins 15 and 16.
The advantage of writing this way is:

If you want to move the module or other hardware to different pins later,
you only need to modify the pin numbers here, without changing the rest

of the code, making the program clearer and easier to maintain.

uint8_t rgb_pattern_index =0;

Used to record the current RGB light effect mode:
0 - Rainbow gradient mode;

1 - RGB smooth cycle mode.

static TwoWire* wi = &Wire;

Define an I12C bus pointer to conveniently specify SDA/SCL pins and initialize I2C later.

const uintl6_t STEP_DELAY_MS = 20;

const uint8_t BRIGHTNESS = OxFF;

STEP_DELAY_MS: Delay for each step of color change (20ms);
BRIGHTNESS: Maximum brightness (not directly used in the current example,

reserved for extension).

(3) RGB Color Composition Function

static TwoWire* wi = &Wire;

uint32_t RGB(uint8_tr, uint8_t g, uint8_t b) {
return ((uint32_t)r << 16) | ((uint32_t)g << 8) | b;

}

The function combines three 8-bit R/G/B values into a single 24-bit RGB color value.
For example:

RGB(255, 0, 0) - Red;

RGB(0, 255, 0) - Green;

RGB(0, 0, 255) - Blue.

(4) Color Fade Function
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void fadeColor(uint32_t fromColor, uint32_t toColor, uintl16_t steps, uintl6_t delayMs)

The function performs a smooth transition between the starting color and the target

color.

int rl = (fromColor >> 16) & OxFF;
int g1 = (fromColor >> 8) & OxFF;

int bl = fromColor & OxFF;

Split the RGB components, decomposing the 24-bit color into R/G/B channels.

uint8_tr=r1+(r2-rl) *i/ steps;

Interpolation calculation (core of fading), using mathematical interpolation to

change colors gradually, avoiding sudden jumps.

aw9523.AW_set_RGB(RGB(r, g, b));

Send RGB data to AW9523 via I2C, letting AW9523 drive the LED display.

(5) Rainbow Color Generation Function

uint32_t rainbowColor(uint8_t step)

The function automatically generates continuously changing rainbow colors based
on the step (0~255).

Principle:

0~ 85: Red - Green;

85~ 170: Green - Blue;

170 ~ 255: Blue - Red.

This is a common simplified HSV - RGB rainbow algorithm.

(6) Initialization Function setup()

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

while (!Serial);

Open serial debugging with a baud rate of 115200.

(7) I2C and AW9523 Initialization

bool reading = digitalRead(BUTTON_PIN);
wi->setPins (I2C_SDA, I2C_SCL);
wi->begin () ;

delay (100) ;
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aw9523.AW init();

aw9523.AW set POWER (true);

Specify I2C pins and start the I12C bus. Initialize the AW9523 chip and turn on the LED

power so the RGB LED can be controlled.

(8) Main Loop loop ()

switch (rgb_pattern_index)

Use a switch structure to execute different lighting effects based on the
current mode.

Mode 1: Rainbow Gradient

for (uint8_t i =0; i< 255; i++) {
aw9523.AW_set_RGB(rainbowColor(i));
delay(STEP_DELAY_MS);

}

The RGB light shows a continuous flowing rainbow effect with smooth and

natural color changes.

Mode 2: RGB Smooth Cycle Rainbow Gradient

fadeColor(RGB(255, 0, 0), RGB(0, 255, 0), 50, STEP_DELAY_MS);
fadeColor(RGB(0, 255, 0), RGB(0, 0, 255), 50, STEP_DELAY_MS);

fadeColor(RGB(0, 0, 255), RGB(255, 0, 0), 50, STEP_DELAY_MS);

Displays a smooth gradient from Red — Green — Blue — Red without

flickering.

rgb_pattern_index = (rgb_pattern_index + 1) % 2;

Switch the lighting mode, cycling between the two effects. % 2 ensures

the mode value is always 0 or 1.

Program Flowchart:
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setup()
Initialization

i

‘e R

: RGB lights
RG.E Ra|rl1t:o1._'.r automatically display
Gradient Lighting lighting effects

Download and Run the Program, Observe the Effect

(1) Connect to the computer and perform basic download settings according to the
Arduino IDE operation steps introduced in the preface.

Click Download:
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£ RGE Light | Arduino IDE 2.3.6

File Edit Sketch Tools Help

¥ ESP3253 Dev Module  Upload

i include <Arduino.h>

2 Lnclude <Wire_h>

3 lude "srch\AW9523\elecrow_aw9523.h"
4

5

7 #define I2C_SCL 15

8 #define I2C_SDA 16

g
1@
12  uint8 t rgb_pattern_index = 8;
13
14
15 static TwolWire® wi = &Wire;
16
17 ridsics = o

18 const uint16 t STEP DELAY MS = 28;

19 const uwint8 t BRIGHTNESS = @xFF;

28

21

23  uint32 t RGB(uint8 t r, uint8 t g, uint8 t b) {

Qutput

The RGB light automatically displays rainbow gradient effects, with the lighting modes cycling

continuously.

30



www.elecrcow.com

Lesson 3 — SCREEN

Overview

This lesson focuses on the circular screen on the AI Camera development
board and systematically explains the complete process from screen
driving to graphical interface display. The course content includes
understanding the basic working principles of the circular LCD screen,
using Squareline Studio to design a visual UI interface, porting the
generated project to an ESP32 + LVGL environment, and using LVGL to display
and switch interfaces. At the same time, this lesson will implement a
simple second-level interface example: clicking a button on the main
interface to enter the second-level interface and display the “Elecrow”
information. Through this lesson, you will master the complete
development process from Ul design — screen driving — LVGL display —
interface switching, laying a foundation for more complex graphical

interface applications.

Learning Objectives

1. Understand the basic working principles of the circular LCD screen;
2. Learn how to use SquarelLine Studio to design Ul;

3. Master LVGL initialization and interface display;

4. Implement a second-level interface switching example;

5. Be able to understand and modify the example code.
Project Running Effect:

Click the screen to enter the second-level page.
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I. Principle Explanation

1. Button principle and circular LCD screen working principle

The circular screen is essentially a TFT LCD display with an integrated
display controller (such as ST7789). The MCU sends commands and pixel data
to the screen via the SPI bus, and the controller refreshes the display
according to the data content.

LVGL as the upper-level graphics library:

Responsible for managing widgets (buttons, text, etc.);

Drawing interface elements into the buffer;

Writing pixel data to the screen through display driver functions.
Overall structure:

LVGL — LovyanGFX — SPI — LCD Controller — Screen

SPI is the abbreviation of Serial Peripheral Interface, which is a
commonly used high—speed synchronous serial communication protocol
mainly used for data communication between microcontrollers (MCUs) and

peripherals (such as displays, Flash, sensors, etc.).

2. Pin Explanation

A. LCD Screen (SPI)

Function GPIO
SCLK 14

32



www.elecrcow.com

MOSI 13
DC 9

CS 10
RST NC

Pin Description:

SCLK (Clock): SPI communication clock signal, used to synchronize data
transmission.

MOST (Data Line): The line through which the master controller sends
display data to the screen.

DC (Data/Command Select): Used to distinguish whether the current
transmission is a “command” or “display data” .

CS (Chip Select): Used to select the current SPI device, active low.
RST (Reset): Performs a hardware reset on the screen controller. In this

example, software reset is used, so it is not connected.
B. Touch Chip CST816S (I2C)

Function GPIO

SDA 16
SCL 15
INT 11

12C address 0x15

Pin Description:

SDA (Data Line): I2C bus data transmission line.

SCL (Clock Line): I2C bus clock signal.

INT (Interrupt): Outputs an interrupt signal when touch is detected, used
to notify the main controller to read touch coordinates.

12C Address: Used to distinguish different devices on the bus. The address
of this touch chip is 0x15.
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II. Required Modules

Al Camera display screen

1.83 inch touch screen

III. Example Explanation

Click the link to download the officially provided example code and UI
project files: (GitHub link)

A. Use SquareLine Studio to design UI
SquareLine Studio version 15.3 is used here for design. Please use the
corresponding version. For installation guidance, refer to this link:

https://www. elecrow. com/wiki/Get Started with SquarelLine Studio.html
SquareLine Studio 1.5.3 o o

1. Open SquarelLine Studio and create a project. Select “Arduino” —

“Arduino with TFT_eSP1” .
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= <& =&

Open Create Example

Select major LVGL version

lee sea

GIGA R1 WiFi with GIGA Display
LoGout | & Shield - Arduino-IDE

BOARD DESCRIPTION

Arduino Desktop Elecrow Espressif Makerfabs Nuvoton

Raspberry Renesas Seeed Studio ST

GIGA R1 WiFi with GIGA Display Shield - Arduino-IDE INFO  LICENSE ERUERILES CRIETION

age: C | Res.: 800 x 480 | Colo) LVGL: 8.3.* s

PROJECT SETTINGS

Arduino with TFT_eSPI INFO  LICENSE
. SquarelLine_Project.spj

sers\DNZJ-110\SquareLine\ -]

ARDUINO R 800 450
Language: C | Res.: 320 x 240 | Color; 8, 16, 16 sw, 32 | LVGL: 8.3.
R 0 degree
0
Rectangle
16 bit
8311

Welcome to SquareLine Studio
Light

When selecting the Arduino framework, there is only one option, “Arduino
with TFT eSPI” . After selecting this option, SquarelLine Studio will
generate template code suitable for the TFT eSPI library. However,
SquareLine Studio not only supports the TFT eSPI library, but also
supports multiple libraries to adapt to different hardware and
application requirements, such as the Adafruit GFX library and LovyanGFX.
After generating the Ul code using SLS, we use different graphics
libraries according to different hardware and modify the corresponding
code to display the content you designed.

2. Set the project name, set the screen resolution to 240%284, set the
color depth to 16-bit, and keep other default settings. After completing
the settings, click the Create button to create the project.

16-bit color depth: 65,536 colors can be represented using RGB 5:6:5
sub—pixel representation. That is, each RGB channel uses 5 bits and 6 bits

respectively, for a total of 16 bits, to represent colors.
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PROJECT SETTINGS

Project name Al camera.spj

C:A\Users\DNZJ-110\5quareLine\
olution 240
0 degree
0
Rectangle
16 bit
8.3.6
Light

Disable

3. After creation, enter the following blank background interface.

Ai camera

RaQ® wwsryd p 1

v SCREEN
Screen

* Layout

Screent

v STYLE SETTINGS

DEFAULT

Widgets

* STYLE (MAIN)

¥ BASIC » Background

O 8
@ Aa

¥ CONTROLLER

¥ STYLE (SCROLLBAR)

» Background
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4. Click Button to add a button on Screenl.

@ File Export Help

Screens

> Initial ac
Q Screenl

Screen

Widgets

¥ BAsIC

Image Label Panel

8 2

5. Add a label on top of the button and name it Button.

Hierarchy E] @\ @\ 100% ¥ Z ’
Q :

v [ Buttont

AQ Labell

Label1

¥ Layout

No Layout

¥ Transform

3 px

Screenl
1 Content 1 Content

CENTER v

m e

+ Scrolling

» States

¥ Label

WRAP

Button

¥ STYLE SETTINGS
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6. Add a new Page 2 and add some display content on Page 2.

@ File Export Help Ai camera

creen: .7 - @ G)\ G’)\ 100% ¥ Z ’
Q ent
> initial actions

D Screent
Q Screen2

Screenl Screen2

Widgets
BASIC
CONTROLLER

VISUALISER
SCREEN

Aicamera

B Q@ wxr A P

r
¥ STYLE SETTINGS
DEFAULT

¥ STYLE (MAIN)

5 4 v Text
Screen? Screen2 -

=3 ELECROW

v

¥  montserrat40 v

» Outline
» Shadow

» Blend

» Paddings

7. Set the button event so that when the button is pressed, it jumps to

the second page.
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] @\ ®\ 100% ¥ ’ Inspecto

v Button1 g 5
» States

AQ Labell
¥ STYLE SETTINGS

DEFAULT

v STYLE (MAIN)

» Background
Screenl

ELECROW

BASIC

8—) @ ADD EVENT
@ Aa O * EVENT (Event1)
=

» CONTROLLER

Event1 CLICKED ¥

CHANGE SCREEN ¥ | ADD

ADD EVENT

EVENT (Event1)

Event1 CLICKED

¥ Action (CHANGE l‘j

Screen2
Fade mode
FADE ON

Duration

CHANGE SCREEN




www.elecrcow.com

8. Also add a page jump on Page 2, and click it to return to Page 1.

Screen2 v EVENTS

ADD EVENT

¥ EVENT (Event2)

ELECROW

Event2 CLICKED

¥ Action (CHANGE

Screent
Fade

FADE ON

CHANGE SCREEN v

Export Help

New
Open

Save

> Initi  SaveAs

C' gere | Project Settings
Preferences

Exit

Set the export path of the files according to your own file configuration.
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FILE EXPORT

F:\wiki\Al Camera Development Board\iff£Wiki\AlCamera_demo Browse...

Ul Files E th
F:Awiki\Al Camera Development Board\iFfZWiki\AlCamera_demo Browse...

(_ canceL ) ([ APPLYCHANGES

Enter lvgl.h in the LVGL Include Path. Check “Flat export (export all
files to one folder)” .

Note: After selecting flat export, the output files will be located in
the same folder, so there is no need to modify paths in the program. If
not selected, the output files will be categorized and placed in different
folders, and the compiler may not recognize different paths, which can
cause issues. In this case, manual modification is required, so it is
recommended to export all files to the same folder.

Export the UI files. The exported files will be located in the path set
earlier.

& Squareline Studio
Export Help

Export Ul Files

Create Template Project
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=] CMakelists.txt
= filelisttt

Ei uic

Ei uih

Ei ui comp hook.c
B3 ui events.h

Ea ui helpers.c
Es ui helpers.h
B4 ui Screenlc
Ei ui Screenih
Ei ui Screenz.c
B4 ui Screenz.h

To use them together with the main program, all generated Ul files need
to be placed in the same folder as the main program. Here, they are placed

in the project’ s src folder. The UI part is completed.

« Squareline Lvgl » src » Ul
=] cMakelists.txt
Z filelistt
Eiuic
B uih
Ei ui comp hook.c
B3 ui events.h
B2 ui helpers.c
Ei ui helpers.h
B8 ui Screenlc
Ei ui Screenlh
B3 ui Screen2c
B4 ui Screen2h

B. Use Arduino IDE to open the Lesson 2 program:
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& Squareline_Lvgl | Arduino IDE 2.3.6

File Edit Sketch Tools Help

. B35S DM GBI i _

SquareLine_Lvglino

1 #include <Arduino.h>

2  #include <lvgl.h>

3

4 #include "src\UI\ui.h"

5 #include "srch\GFX\LovyanGFX_Driver.h"

6 #include "srch\AW9523\elecrow_aw3523.h"
7

8

9 #d T2C58E61 15

18 #define I2C_SDA 16

11

12

13 static const uintl6_t screenWidth = 248;
14  static const uintl6_t screenHeight = 284;
15

16

[y
~J

st
18 static lv_disp drv_t disp_drv;
Output

C:\Users\DNZJ-118\AppData\Local\Arduinol5\packages\esp32\tools\esp-x32\2411-cn/bin/xtensa
Alternatives for Adafruit_AW9523.h: [Adafruit AW9523@1.8.5]
Resolvelibrary(Adafruit AW9523.h)

I -> candidates: [Adafruit AW9523@1.0.5]

Code Explanation

(1) Header files and macro definitions, for easier reading.

#include <Arduino.h>

#include <lvgl.h>

#include "src\U\ui.h" // User interface generated by LVGL
#include "src\GFX\LovyanGFX_Driver.h" // LovyanGFX display driver

#include "src\AW9523\elecrow_aw9523.h" // AW9523 |12C GPIO/LED expander

The required header files and libraries are included here. Their functions
are as follows:

Arduino. h: Arduino core support;

lvgl.h: LVGL graphics library;

ui. h: Interface generated by Squareline;

LovyanGFX Driver.h: Screen driver;

elecrow aw9523. h: Backlight and 10 expansion control.

#define 12C_SCL 15
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#define 12C_SDA 16

Define the pins used by I2C.

static const uint16_t screenWidth = 240;
static const uint16_t screenHeight = 284;
// 12C object

static TwoWire* wi = &Wire;

Define the screen resolution.

(2) LVGL display buffer objects

static Iv_disp_draw_buf t draw_buf;
static Iv_disp_drv_t disp_drv;

static Iv_indev_drv_t indev_drv;

draw buf: stores the LVGL drawing buffer;
disp drv: display driver structure;

indev drv: input device structure.

(3) LVGL refresh callback function

void my_disp_flush(lv_disp_drv_t *disp,
const lv_area_t *area,

Iv_color_t *color_p)

This function is automatically called when LVGL needs to update the

SCcreern.

if (gfx.getStartCount() > 0) {
gfx.endWrite();

}

Ensure that the previous SPI transmission has completed.

gfx.pushimageDMA(

area->x1,

area->yl,

area->x2 - area->x1 +1,
area->y2 - area->yl +1,
(lgfx::rgb565_t *)&color_p->full
);

Send the pixel data generated by LVGL to the screen through DMA.
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Iv_disp_flush_ready(disp);

Notify LVGL that this refresh is complete.

(4) Touch reading callback function

void my_touchpad_read(lv_indev_drv_t *indev_driver,

lv_indev_data_t *data)

Function: Periodically called by LVGL to read the touch state.

data->state = LV_INDEV_STATE_REL;

No touch by default.

if (gfx.getTouch(&touchX, &touchY))

Read coordinates from the touch chip.

data->state = LV_INDEV_STATE_PR;
data->point.x = 240 - touchX;
data->point.y = touchY + 10;

Set the touch pressed state and correct the coordinate direction.

(5) setup() initialization process

Initialize I2C and AW9523.

wi->setPins(12C_SDA, 12C_SCL);
wi->begin();

delay(100);

aw9523.AW_init();
aw9523.AW_set POWER(true);
aw9523.AW_set_lcd_blight(100);

Start the I2C bus, initialize the chip, enable power, and turn on the

backlight.

Initialize the screen.

gfx.init();
gfx.initDMA();
gfx.startWrite();
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gfx.fillScreen(TFT_BLACK);

Complete the screen hardware initialization and clear the screen.

Initialize LVGL.

Iv_init();

Start the LVGL core.
Allocate display buffer.

size_t buffer_size = sizeof(lv_color_t) * screenWidth * screenHeight;

static Iv_color_t *buf = (Iv_color_t *)heap_caps_malloc(buffer_size,
MALLOC_CAP_SPIRAM);

static Iv_color_t *bufl = (lv_color_t *)heap_caps_malloc(buffer_size,
MALLOC_CAP_SPIRAM);

Allocate a large memory buffer in PSRAM.

Register display driver.

Iv_disp_drv_init(&disp_drv);

disp_drv.hor_res = screenWidth; // Horizontal resolution
disp_drv.ver_res = screenHeight; // Vertical resolution
disp_drv.flush_cb = my_disp_flush;  // Set flush callback
disp_drv.draw_buf = &draw_buf; // Assign draw buffer

Iv_disp_drv_register(&disp_drv);

Bind the refresh function to LVGL.

Register touch driver.

lv_indev_drv_init(&indev_drv);
indev_drv.read_cb = my_touchpad_read;
indev_drv.type = LV_INDEV_TYPE_POINTER;

Iv_indev_drv_register(&indev_drv);

Bind the touch function to LVGL.

ui_init();

Initialize the user interface (generated by LVGL)
loop() main loop

Iv_timer_handler();

Let LVGL handle animations, touch input, and interface refresh.

Program flowchart:
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12C initialization

'

Backlight turn on

'

Display/LVGL
initialization

l

Register
display/touch driver

'

load Ul

'

Call
Ilv_timer_handler() in
aloop

IV. Download and run the program to observe the effect

(1) According to the Arduino IDE operation process introduced in the preface,
connect the computer and perform basic download configuration.

Click Download:
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File Edit Sketch Tools

J* ESP3253 Dev Module i Upload

& Squareline Lvgl | Arduino IDE 2.3.6

Help

11
12
13
14
15
16
17
18

Cutput

Sc| Upload |vgling

#includ

tinclud

clud

#define

#define

static

static

static

static

e <Arduino.h>
e <lvgl.h>

e "src\UI\ui.h"
e "src\GFX\LovyanGFX_Driver.h"
e "src\AW9523\elecrow_awd3523.h"

26 SEE 35
I2C_SDA 16

const wuintlé t screenWidth = 246;

const uintl6_t screenHeight = 284;

lv _disp draw buf t draw buf;

lv_disp_drv_t disp_drv;

When the button is clicked, the page jumps to the second page and displays ELECROW. Touching

the second page at this time returns to the first page.
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Lesson 4 — Mic_Speaker

Overview

In this lesson, we will learn how to use the microphone (MIC) and speaker modules
on the Al Camera development board, and implement the complete process of
capturing audio data with the microphone, reading microphone signals with the
MCU, and outputting audio to the speaker in real time via the 12S interface through
an example program. In this course, you will understand the basic working principle
of digital microphones, the role of the 12S audio interface in audio transmission, and
the complete audio signal path of Microphone - MCU - Speaker. At the same time,
you will learn how to use the MIC and Audio driver libraries provided by Elecrow to
complete audio input and output control. Through this lesson, you will master the
basic usage of audio input and output, laying a solid foundation for subsequent

applications such as voice interaction, speech recognition, and sound effect playback.

Learning Objectives

1. Understand how digital microphones work;

2. Become familiar with the 12S audio communication interface;
3. Master the pin connection methods for MIC and Speaker;

4. Learn how to initialize the MIC and Audio modules;

5. Implement the basic process of “capture = process - output” for audio.
Project Running Effect:

After startup, speak “hello” to the Al Camera. The Al Camera records the audio and

then plays back the spoken “hello”.
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I. Principle Explanation

1. Working Principle of Digital Microphone (MIC)
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A MEMS microphone consists of a MEMS chip, an ASIC chip, a printed circuit board,
and a metal housing with acoustic ports. The MEMS chip mainly includes a rigid
backplate and a flexible diaphragm, usually made of polysilicon material. The silicon
backplate contains many air holes that allow air to pass through to reduce air
damping. The diaphragm also requires ventilation holes to balance the pressure
between the front and rear cavities. The microphone on the development board is a
digital microphone, which internally completes analog signal acquisition, signal
amplification, and analog-to-digital conversion (ADC), and outputs digital audio data.
Common signal lines:

CLK (clock);
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DOUT (data output);
The MCU reads the data stream output by the microphone synchronously through

the clock signal.

2. Introduction to the I2S Audio Interface

12S (Inter-IC Sound) is a serial communication interface standard specifically designed
for digital audio transmission, and is commonly used for data communication
between microcontrollers, audio codecs, digital microphones, and audio amplifiers.
Unlike general serial interfaces, 12S is designed specifically for audio data and can
transmit continuous audio data streams in a stable and high-speed manner.

12S typically uses the following three core signal lines:

BCLK (Bit Clock): controls the timing of each bit of data transmission

LRC / WS (Left Right Clock / Word Select): used to distinguish between left and right
audio channels

DOUT (Data Out): transmits audio data

During data transmission:

BCLK provides the timing clock;

LRC indicates whether the current data belongs to the left channel or the right
channel;

DOUT sends audio sample data sequentially.

In this lesson, the MCU receives digital audio data from the microphone via 12S, and

then sends the audio data to the speaker via I12S for playback.

II. Required Modules

MIC and speaker of the Al Camera:
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2MP Camera

LED Light

Al button ——=l Bse—— Reset button

| mic
RGE Speaker I
UsB IN(5V)
GHD
Voo )
YeC  UART GAT
T
sCL
SDi
12C | 3w

GND

I1I. Example Explanation

Click the link to download the official example code provided: (GitHub link)

Open the course program using Arduino IDE:
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EJ mic_speaker | Arduino IDE 2.3.6

File Edit Sketch Tools Help

©O0 K.

mic_speaker.ing

1 #include <Arduino.h>

2 #include <Wire.h>

3 #include "src/AW3523/elecrow_awd523.h"
4 #include "src\MIC\elecrow mic.h"

5

6 f*¥IIC Pins®/

7 #define I2C SCL 15

8 #define I2C SDA 16

9
18 S¥MIC Pins?®
11 #define MIC CLK PIN 1
12 #define MIC DOUT_PIN
13
14 J*SPK Pins?
15 #define I25 DOUT PIN 3
16 #define I25 LRC PIN 4
17 #define I25 BCLK PIN 5
18
19 static Twollire * wi = &Wire;
20
21 static ELECROW_AUDIO my_audio(I2S_DOUT PIN,I2S BCLK PIN,I
22 static ELECROW_MIC my mic(MIC_CLK_PIN, MIC_DOUT PIN,I2S Di
23

Output

Code Explanation

(1) First, add the required header files.

#tinclude <Arduino.h>
#include <Wire.h>
#include "src/AW9523/elecrow_aw9523.h"

#include "src\MIC\elecrow_mic.h"

Arduino.h is the Arduino core header file, providing basic functions such as pinMode,
delay, and Serial.
Wire.h is Arduino’s 12C communication library, used for communication between the

MCU and the AW9523 chip.
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elecrow_aw9523.h is the driver library for the AW9523 1/0 expander and power
control chip.

elecrow_mic.h is the microphone and audio driver library provided by Elecrow, which
encapsulates microphone initialization and audio output related functions.

These header files together provide the basic hardware control and communication

support for the program.

(2) Define digital pins and variables for readability.

#define 12C_SCL 15

#define I2C_SDA 16

This section defines the pins used by the 12C bus:

I2C_SCL represents the clock line, connected to GPIO15;

I2C_SDA represents the data line, connected to GPI0O16;

Using macro definitions makes the code clearer, and when pin changes are needed, only this

section needs to be modified.

(3) Define microphone pins

#define MIC_CLK_PIN 1

#define MIC_DOUT_PIN 2

MIC_CLK_PIN: microphone clock input pin;
MIC_DOUT_PIN: microphone data output pin;
The MCU drives the microphone operation through the clock signal and reads audio

data from the data pin.

(4) Define speaker (I2S) pins

#define 125_DOUT_PIN 3
#define 12S_LRC_PIN 4

#define 125_BCLK PIN 5

12S_DOUT_PIN: audio data output pin;

12S_LRC_PIN: left/right channel selection signal;

I12S_BCLK_PIN: bit clock signal;

These three pins together form the 125 audio output interface used to send digital

audio data to the speaker.

(5) Create an I2C bus object

static TwoWire * wi = &Wire;
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This statement creates an I2C bus pointer and points it to the system
default Wire object, making it convenient to configure 12C pins and

communication later.

(6) Create audio and microphone objects

static ELECROW_AUDIO my_audio(I12S_DOUT_PIN,
12S_BCLK_PIN,

12S_LRC_PIN);

This object is used to initialize the speaker audio output interface and
specify the I12S data, bit clock, and left/right channel pins.
static ELECROW_MIC my_mic(MIC_CLK_PIN,

static ELECROW_MIC my_mic(MIC_CLK_PIN,
MIC_DOUT_PIN,
125_DOUT_PIN,
12S_BCLK_PIN,

12S_LRC_PIN);

This object is used to initialize the microphone module and associate
microphone input with the I2S output interface, enabling direct output

after capture.

(7) setup() Function — Initialization Stage

Serial.begin(115200);

while(!Serial);

Start serial communication and wait for the serial connection to be established for

subsequent debugging.

wi->setPins(12C_SDA, 12C_SCL);

wi->begin();

Initialize I2C by assigning SDA and SCL pins and starting I2C bus

communication.

aw9523.AW _init();

aw9523.AW_set_ POWER(true);
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This step completes the initialization of the AW9523 chip and turns on

peripheral power to supply operating voltage for audio—related circuits.

aw9523.AW_set_ MUTE(true);
delay(100);
aw9523.AW_set_MUTE(false);
delay(100);

aw9523.AW_set_ MUTE(true);

This process toggles the mute state multiple times to stabilize the

speaker and prevent popping or noise during power-—up.

(8) Main Loop loop ()

my_mic.MIC_init();

Initialize the microphone module to put it into working state.

my_mic.MIC_ReadandOut();

This function completes two main tasks:
Read audio data from the microphone;
Output the data to the speaker via the I2S interface;

Achieve real-time audio transmission.

delay(1000);

Delay for 1 second to control the program execution rhythm.

Program Flowchart:
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Initialize 12C and
AWOE23

'

Enable audio-related
power supply

'

Initialize microphone

-
Y

Read microphone
data

'

Output to speaker
via 125

IV. Download the Program and Observe the Effect

(1) According to the Arduino IDE operation process introduced in the preface,

connect the computer and perform basic download configuration.

Click Download:
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mic_speaker | Arduino IDE 2.3.6

File Edit Sketch Tools Help

@ e 8 ¢ espzos2 Dev Module

Upload

mic_speaker.ing

=

W20 o~ Oy B W

1@

21
22

732

#include <Arduino.h>

#include <Wire.h>

include "src/AW9523/elecrow_aw9523 _h"
include “spc\MICYelecrow mic.h"

IC Pins*/

ine 12C SCL 15

#define I2C_SDA 16

#define MIC_CLK_PIN
#define MIC_DOUT PIN

/*MIC Pins*/

/*SPK Pins*/
#define I25 DOUT_PIN 3
#define I25 LRC _PIN

#define 125 BCLK PIN 5
static TwolWire * wi = &Wire;

static ELECROW_AUDIO my_ audio(I2S_DOUT PIN,I2S_BCL
static ELECROW _MIC my mic(MIC_CLK_PIN, MIC_DOUT_PI

After startup, speak “hello” to the Al Camera. The Al Camera records the audio and

then plays back the spoken “hello”.
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Lesson 5 — Camera_TFCard

Overview

In this lesson, we will learn how to use the GC2145 camera module and TF (SD) card
module on the Al Camera development board, and implement the complete
functional process including camera initialization, real-time image display, touch
button photo capture, and saving captured photos to the SD card in BMP format
through an example program. During the learning process, you will gradually
understand the basic working principle of the camera, the hardware connection
method between the ESP32-S3 and the camera, the organization format of RGB
image data, and the basic read/write operations of the SD card file system. Through
the practice in this lesson, you will master the complete implementation process
from image acquisition by the camera - MCU processing = screen display - saving
to the SD card, laying a solid foundation for subsequent image storage, image

recognition, and Al vision-related application development.

Learning Objectives

1. Understand the basic working principle of the GC2145 camera

2. Understand the parallel data interface between the camera and the MCU
3. Master the camera pin connection method

4. Learn to initialize the camera and SD card module

5. Implement the basic process of “Capture - Display - Save to SD Card”

Project Operation Effect:

After power-on, the screen displays the real-time camera image. Click the
photograph button at the bottom of the screen to capture the current frame and

save it to the SD card.
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File generated in the SD card:

/test.bmp

Ty test.bmp

I. Principle Explanation

1. Working Principle of the GC2145 Camera

CMOS Sensor

subjects

A/D transfer DSP Computer

Lens
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The GC2145 is a CMOS image sensor that converts light signals into digital image
data.

The basic process is as follows:

The lens captures light

The CMOS sensor converts light into electrical signals

The sensor completes analog-to-digital conversion internally

RGB data is output through the parallel data bus

The data output to the MCU includes:

Pixel data (DO~D7)

Horizontal synchronization signal (HREF)

Vertical synchronization signal (VSYNC)

Pixel clock (PCLK)

The MCU reads pixel data sequentially according to the clock and synchronization

signals and forms a complete image.

2. RGB565 Pixel Format

Used in this example:
PIXFORMAT_RGB565

Each pixel occupies 16 bits:
R: 5 bits

G: 6 bits

B: 5 bits

Advantages:

Smaller data size, suitable for real-time display, and easy to save as BMP.

3. SD Card Storage Principle

The SD card communicates with the MCU through the SPI bus

The ESP32 mounts the FAT file system

Image data is written through the file path

This example uses the encapsulated function:

save_rgh565 to_bmp()

Converts the RGB565 image in memory into a BMP file and writes it to the SD card.
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II. Required Modules

Al Camera GC2145 camera:

2MP Camera

LED Light

Al button ——l s Reset button

MIC
RGB Speaker
USB IN(5V)
GMND
vee B
¥eC | UART BAT
TX
s
SDa
12C | 3v3
GMND

TF (Micro SD) card

III. Example Explanation

Click the link to download the official example code: (GitHub link)

Use Arduino IDE to open the course program:
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&) Camera_TFCard | Arduino IDE 2.3.6

File Edit Sketch Tools Help

-\;'! B 2R Deil Mloule . _

Camera_TFCard.ing

1 #include <Arduino.h>

2  #include <lvgl.h>
3 #include "src)\GFX\LovyanGFX Driver.h"
4 #include "src\AW9523\elecrow aw3523.h"
5 #include "src\Camera\elecrow_camera.h"
6 #include "src\SD\elecrow sd.h"
7
8 / I2C pins for AW3523
9  #define I2C SCL 15
10 #define I2C_SDA 14
11
12

13 #define CAMERA_PWDN_PIN -1
14  #define CAMERA_RESET_PIN -1
15 #define CAMERA_XCLK_PIN 39
16 #define CAMERA_SCL_PIN 4@
17 #define CAMERA_SDA_PIN 41
18 #define CAMERA_D®_PIN 20
19 #define CAMERA_D1_PIN 18
26  #define CAMERA_D2_PIN 17
21 #define CAMERA_D3 PIN 19
22 #define CAMERA D4 PIN 21
23 #define CAMERA_DS_PIN 47

Code Explanation

(1) First, add the necessary header files.

#tinclude <Arduino.h>

#include <lvgl.h>

#include "src\GFX\LovyanGFX_Driver.h" // LovyanGFX driver for display
#include "src\AW9523\elecrow_aw9523.h" // AW9523 12C LED/IO expander
#include "src\Camera\elecrow_camera.h" // Camera abstraction

#include "src\SD\elecrow_sd.h" // SD card abstraction

Arduino.h is the Arduino core header file, providing basic functions such as pinMode,
delay, and Serial.

Ivgl.h is a lightweight graphics library used to create and manage Ul interfaces.
LovyanGFX_Driver.h is the display driver library responsible for screen initialization
and drawing.

elecrow_aw9523.h is the driver library for the AW9523 |/O expander and power

control chip.
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elecrow_camera.h is the camera driver library that encapsulates image acquisition

and control interfaces.

elecrow_sd.h is the SD card driver library used for file reading/writing and storage

management.

(2) Initialize I2C / AW9523

#define 12C_SCL 15
#define I2C_SDA 16

static TwoWire* wi = &Wire;

Define the pins used by the 12C bus, where GPIO16 serves as SDA and GPIO15 serves as SCL.

Create an 12C bus object pointer wi, pointing to the default Arduino Wire object. All subsequent

I12C operations are completed through this object.

#define 12C_SCL 15
#define I2C_SDA 16

static TwoWire* wi = &Wire;

Assign SDA and SCL pins for the 12C bus and start 12C communication.

(3) AW9523 Initialization

aw9523.AW _init();
aw9523.AW_set_POWER(true);

aw9523.AW_set_lcd_blight(100);

AW _init(): Initialize the AW9523 chip

AW_set_ POWER(true): Enable peripheral power supply

AW _set_lcd_blight(100): Set LCD backlight brightness to 100

At this point, the power supply and control functions of the development board

peripherals are ready.

(4) Initialize the LCD display

gfx.init();
gfx.initDMA();

gfx.fillScreen(TFT_BLACK);

gfx.init(): Initialize display hardware
gfx.initDMA(): Enable DMA accelerated transfer
gfx.fillScreen(TFT_BLACK): Clear the screen and fill it with black
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The display initialization is complete.

(5) Initialize the camera

Pin definitions:

#define CAMERA_XCLK_PIN 39
#define CAMERA_SCL_PIN 40
#define CAMERA_SDA_PIN 41
#idefine CAMERA_DO_PIN 20
#define CAMERA_D1_PIN 18
#define CAMERA_D2_PIN 17
#define CAMERA_D3_PIN 19
#define CAMERA_D4_PIN 21
#define CAMERA_D5_PIN 47
#define CAMERA_D6_PIN 38
#define CAMERA_D7_PIN 46
#idefine CAMERA_VSYNC_PIN 42
#define CAMERA_HREF_PIN 45

#define CAMERA_PCLK_PIN 48

These macro definitions clearly specify the GPIO pins connected to the

GC2145 camera’ s clock lines, control lines, and 8-bit parallel data

lines.

Create the camera object:

static ELECROW_CAMERA my_camera;

Camera parameter configuration:

camera_config_t config = {
.pin_pwdn = CAMERA_PWDN_PIN,
.pin_reset = CAMERA_RESET_PIN,
.pin_xclk = CAMERA_XCLK_PIN,
.pin_sccb_sda = CAMERA_SDA_PIN,

.pin_sscb_scl = CAMERA_SCL_PIN,

Specify camera control and I2C communication pins.

.pin_d7 = CAMERA_D7_PIN,
.pin_d6 = CAMERA_D6_PIN,

.pin_d5 = CAMERA_D5_PIN,
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.pin_d4 = CAMERA_D4_PIN,
.pin_d3 = CAMERA_D3_PIN,
.pin_d2 = CAMERA_D2_PIN,
.pin_d1 = CAMERA_D1_PIN,

.pin_d0 = CAMERA_DO_PIN,

Specify the 8-bit data bus pins of the camera.

.pin_vsync = CAMERA_VSYNC_PIN,
.pin_href = CAMERA_HREF_PIN,

.pin_pclk = CAMERA_PCLK_PIN,

Specify synchronization signals and pixel clock.

xclk_freq_hz = 10000000,
.pixel_format = PIXFORMAT_RGB565,

frame_size = FRAMESIZE_CIF,

Set:

Camera main clock 10MHz;
Output format RGB565;
Resolution CIF.

fb_count =2,

fb_location = CAMERA_FB_IN_PSRAM,

.grab_mode = CAMERA_GRAB_LATEST,
2

Use double buffering and store frame buffers in PSRAM.

Start the camera:

my_camera.camera_init(&config);

my_camera.camera_sensor_init();

Complete camera driver initialization and sensor initialization.

(6) Initialize the SD card

static ELECROW_SD my_sd(SPI_SCK_PIN, SPI_MISO_PIN, SPI_MOSI_PIN, SPI_NSS_PIN);

Create the SD card object and specify SPI pins.

my_sd.SD_init();

Initialize the SD card and mount the file system.
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(7) Initialize LVGL

Iv_init();

Initialize the LVGL graphics library.

size_t buffer_size = sizeof(lv_color_t) * LCD_W * LCD_H;
static Iv_color_t *bufl = (Ilv_color_t *)heap_caps_malloc(buffer_size, MALLOC_CAP_SPIRAM);
static Iv_color_t *buf2 = (lv_color_t *)heap_caps_malloc(buffer_size, MALLOC_CAP_SPIRAM);

Iv_disp_draw_buf_init(&draw_buf, bufl, buf2, LCD_W * LCD_H);

Create double buffers in PSRAM for LVGL display.

Register display driver:

disp_drv.hor_res = LCD_W;
disp_drv.ver_res = LCD_H;
disp_drv.flush_cb = my_disp_flush;
disp_drv.draw_buf = &draw_buf;

Iv_disp_drv_register(&disp_drv);

Bind screen resolution and refresh function.

Register touch input:

indev_drv.type = LV_INDEV_TYPE_POINTER;
indev_drv.read_cb = my_touchpad_read,;

Iv_indev_drv_register(&indev_drv);

Register the touch function as an LVGL input device.

(8) Create camera display object

camera_output = Iv_img_create(lv_scr_act());
Iv_obj_set_width(camera_output, 240);
Iv_obj_set_height(camera_output, 284);

Iv_obj_set_align(camera_output, LV_ALIGN_CENTER);

Create an LVGL image object for displaying the camera image.

(9) Create a timer to update the image in real time

camera_timer = lv_timer_create(lvgl_camera_update_cb, 30, NULL);

Call the image refresh function every 30 ms.




www.elecrcow.com

(10) Create capture button.

create_take_photo_button();

Create the bottom capture button and bind the click event.

(11) Create capture button.

xTaskCreatePinnedToCore(camera_task, "camera_task", 4096, NULL, 5, &camera_task_handle,

1);

Create the bottom capture button and bind the click event.

Program flowchart:

Initialize 12C and
AWOE23

'

Initialize LCD and
Camera

l

Initialize 5D Card
and
Initialize LWVGL

l

Create Camera Task
Display Live View

l.._

Wait for Button Press
Capture Photo and
Save EMP

IV. Download the program and observe the effect

(1) Follow the Arduino IDE operation process introduced in the preface to connect
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the computer and complete the basic download settings.
Click Download:
Camera_TFCard | Arduino IDE 2.3.6

File Edit Sketch Tools Help

Q e @ ¥ ESP3253 Dev Module Ml Upload
Ca '

=
=
o
1]
.
£
=
=

i <Arduino.h>

2 <1lvgl._h>

3 “src\GFX\LovyanGFX Driver.h" // LovyanG
4 "srchAW9523\elecrow aw9523.h" /[ AW9523
g "srch\Cameralelecrow_camera.h” // Camera
[ “src\SD\elecrow sd.h" J/ SD card
7

8 // I2C pins Tor AWS523

9 #define I2C_SCL 15

10  #define I2C_SDA 14

1

i2 /* Camera pin definitions #*/

13 #define CAMERA PWDN PIN -1

14 #define CAMERA RESET PIN -1

15 #define CAMERA XCLK PIN 39

16 #define CAMERA SCL PIN 48

17 #define CAMERA SDA PIN 41

18 #define CAMERA D@ PIN 26

15 #define CAMERA D1 PIN 18

20 #detine CAMERA D2 PIN 17

21 #define CAMERA D3 PIN 19

22 #define CAMERA D4 PIN 21

23 #define CAMERA_DS_PIN 47

The screen displays real-time video. Click the photograph button to save the current

image to the SD card.
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Ty test.bmp
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Lesson 6 — Image recognition

Overview

In this lesson, we will use the Al Camera’s WiFi function to read image data from the
SD card, send the image to a server via network request for Al recognition, and then
print the recognition results through the serial port. This completes the full
intelligent recognition process of image acquisition, network transmission, cloud

recognition, and result feedback.

Learning objectives
1. Master the WiFi usage of the Al Camera
2. Become familiar with Elecrow server registration and API call methods

3. Complete a cloud-server-based image recognition project example

Project running effect:

Store a photo in the SD card, insert the SD card into the Al Camera, and after running
the program, the content returned by the Al image recognition will be printed on the

serial port.

=. Principle explanation

1. Working principle of SD card data transfer
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The SD card transfers data with the host device through a standard digital
communication interface. The host first sends read/write commands and address
information to the SD card. After receiving the commands, the SD card’s internal
controller parses the logical address and maps it to the actual flash memory physical
address. When writing data, the controller performs error correction coding and
caching before writing data to NAND flash; when reading data, it reads data from
flash and performs error checking to ensure accuracy, and finally returns the data to
the host via the data bus. During this process, the clock signal synchronizes the data

transfer to achieve high-speed and stable data exchange.
e Clock Signal Synchronous Transmission ==-=-=======-=-

SD Card Logical Address Mag o

: : Flash Physical
Send Read/Write [ ®ely1i o] =13 Parsin
Commands g Address

and Address
Information

Write Data: Error Read Data:

: NAND Flash Correction Coding. Read from Flash - Error Rt?turn to Host
- Cache Processing Correction Verification IGASIULL

— Write to Flash Data Channel

Required modules

Al Camera’s SD card:
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— -

Y
Example explanation

Click the link to download the official example code: (GitHub link)

Open the course program using Arduino IDE:

=
o
m
™

& HTTP Rec
File Edit Sketch Tools Help

HTTP_Recogition.ino

Select Board

1 #include <Arduino.h>

2 #include <Preferences.h> =y
3 #include <Base64.h>

a #include <WiFiclientsecure.h>

5 #include <HTTPClient.h>

6 #include <WiFi.h>

7 #include <Arduinolson.h>

8

9 #include "src\AW9523\elecrow_aw9523.h"

16 #include "src\sD\elecrow_sd.h"

11

12 // I2C pins for A

13 #define T2C SC1L 15

14 #define I2C_SDA 16

15

16 /™ SD card SPI pins (use -1 if not 5S)
17 #define SPI_NSS PIN -1

18 #define SPI_MISO PIN 6

19  #define SPI_SCK PIN 7

20 #define SPI_MOSI_PIN 8

21

22 // Initialize sSD object with SPI pins

23 static ELECROW SD my sd(SPI_SCK PIN, SPI MISO PIN, SPI_MOSI_PIN, SPI NSS PIN);
24

25 // Pointer to I2C bus (Wire)

26 static TwolWire*® wi = &Wire;

27

28

Ln 1, Col 1

X No board selected [}
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Code explanation

(1) First, include the necessary libraries.

#include <Arduino.h>
#include <Preferences.h> // For storing persistent settings (not used here yet)
#include <Base64.h> // Base64 encoding for sending images over HTTP

#include <WiFiClientSecure.h> // HTTPS client

#include <HTTPClient.h> // HTTP request handling
#include <WiFi.h> // Arduino WiFi library
#include <ArduinolJson.h> // JSON parsing

#include "src\AW9523\elecrow_aw9523.h"

#include "src\SD\elecrow_sd.h"

Arduino. h: Arduino core header file, necessary for using Arduino syntax
Preferences. h: Used to store data that is not lost on power off
Base64. h: Used to convert images to Base64 string

WiFiClientSecure. h: For HTTPS secure connection

HTTPClient. h: Used to send HTTP requests

WiFi.h: ESP32 WiFi control library

ArduinoJson. h: JSON parsing and generation, used for communication with
the server

src\AW9523\elecrow aw9523. h: 10 expansion chip

src\SD\elecrow sd.h: SD card read/write module

(2) Define digital pins and variables for readability.

// 12C pins for AW9523 (LED/10 expander)
#define 12C_SCL 15

#define I2C_SDA 16

/* SD card SPI pins (use -1 if not using hardware NSS) */
#define SPI_NSS_PIN -1

#define SPI_MISO_PIN 6

#define SPI_SCK_PIN 7

#define SPI_MOSI_PIN 8
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Define the I2C bus for the AW9523 expansion chip. The SPI interface pins
are for the SD card.

(3) Initialize the SD card and set WiFi credentials

// Initialize SD object with SPI pins

static ELECROW_SD my_sd(SPI_SCK_PIN, SPI_MISO_PIN, SPI_MOSI_PIN, SPI_NSS_PIN);

Initialize the SD card. This step is essential; otherwise, the SD card will not work.

// WiFi credentials
const char* WIFI_SSID = "elecrow888";

const char* WIFI_PASS = "elecrow2014";

Set the WiFi name and password. You need to write the correct credentials

according to the WiFi around you.

// Initialize WiFi in STA mode and connect
void wifi_init() {
WiFi.mode(WIFI_STA); // Set ESP32 as WiFi station

WiFi.begin(WIFI_SSID, WIFI_PASS);

Serial.print("Connecting WiFi\n");

// Wait until WiFi is connected

while (WiFi.status() = WL_CONNECTED) {
delay(500);

Serial.print(".");

Serial.printIn("WiFi connected");
Serial.println(WiFi.locallP()); // Print local IP
}

Set WiFi to STA mode, which is the standard network connection mode. Then start
connecting to WiFi using a blocking wait until the connection succeeds. After

connecting, print the WiFi information.

(4) Device activation process explanation
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bool GetActivationCode()

This is the core logic for device registration and authentication, mainly to let the

server know that the device is authorized to connect.

String deviceld = GetMacAddress();

Obtain the device’s MAC address, which acts as its ID.

https://api.thinknode.cc/ota/

Elecrow cloud server address. If you want to connect to another server, modify this

URL and follow the request rules of that server.

"application":{},
"board":{"type":"AlCamera"}
}

Construct the request body according to Elecrow server rules to tell the server that

this is an Al Camera device.

int httpCode = http.POST(requestBody);

Send a POST request to the Elecrow server.

deserializeJson(jsonDoc, response);

Parse the JSON response.

activationCode = jsonDoc["activation"]["code"];

challengeCode = jsonDoc["activation"]["challenge"];

Obtain the activation information issued by the server. We can print it to the serial

port.

(5) AI recognition core function explanation

void Al_Recognition_func()

This is the soul function of the entire program. It sends the image to the server for

recognition and prints the recognition result to the serial port.
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my_sd.read_jpg_from_fs(SD, "/test.jpg", &jpg_buf, &jpg_size)

Read the “/test.jpg” image from the SD card, obtaining the image data pointer and

image size.

String imageBaseb4 = baseb4::encode(jpg_buf, jpg_size);

Convert the image to Base64 format because HTTP can only transmit text, not

images directly.

"image": "data:image/jpeg;base64,xxxxx"

Construct the JSON request, placing the entire image into the JSON.

http.POST(jsonRequest);

Send a POST request to the Al server.

doc["data"]["response"]

Parse the Al response and print it to the serial port.

Program flowchart:

78




www.elecrcow.com

)
'

Connect to Wi-Fi

Y

Load images from the 5D card

l

Convert images to Basebd
encoding

l

Send it to the Elecrow server
for recognition via HTTPS

Y

Get the recognition result and
print it to the serial monitor

Download and run the program

(1) Connect to the computer and perform basic download setup according to the

Arduino IDE operation process described in the preface.
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[ HTTP Recogition | Arduino IDE 2.3.5-nightly-20241212

File Edit Sketch Help
Auto Format Cirl+T
Archive Sketch
HTTP_Re: Manage Libraries... Ctrl+Shift+]
214 Senial Monitor Ctrl+Shift+ M
215 Serial Plotter
216
217 Firmware Updater
218 Upload S5L Root Certificates
iiz | Board: "ESP2253 Dev Module” | ’
- . »
291 Port: "COM3
332 Reload Board Diata
223 Get Board Info
ii: USB CDC On Boot: "Disabled” 2
296 CPU Frequency: "240MHz (WiFi)" »
227 Core Debug Level: "None” »
228 USB DFU On Boot: "Disabled” 3
229 Erase All Flash Before Sketch Upload: "Disabled” »
238 Ewvents Run On: "Core 1° L4
2
aad Flash Maode: "QIO B0MHz" 2
232
) | Flash size: "16MB (128Mb)" | ’
234 ITAG Adapter: "Disabled” »
B35 Arduino Runs On: "Care 1" »
236 USB Firmware MSC On Boot: "Disabled” 3
237 Partition Scheme: "elecrow_s3 (10.0MB APP with OTA/1.31MB SPIFFS)” | b
e SRAM: "OPI PSRAM" ] ,
= Upload Mode: "UARTO / Hardware CDC" b
Serial Mor
Upload Speed: "921600" »
Message USB Mode: "Hardware CDC and JTAG® b
ACTIWAT1A Zighee Mode: "Disabled” ’
botivatio
Aotivatio Programmer L4
beotivatio Burn Bootloader

After flashing the program, we can see on the serial port that after the WiFi connection is

successful, an activation code will appear:
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HTTP_Recogition.ino

P QW se RN SE L_r ULV Ll US ),
214

215 // Connect WiFi

216

217

218 f/ In SD ca

219 my_sd.SD_init();

228}

221

222 void loop() {

223

224 static bool once = false;

225

226 // Only activate and run 0 re

227 if (lonce) {

228 activationResult = GetActivationCode();

229 if (activationResult) {

238 Serial.println("\nActivation success”);
231 AI_Recognition_func();

439 prgl T e T Rl iy

Serial Monitor x

ESP-RON: esp3223-20210327

Build: Mar 27 2021

rat:Oxl (POWERON), boot: O0x8 (SPI_FAST_FLASH BOOT)
SPIWE: Oxee

mode:DIO, clock diwv:l

load: Ox3fce2B20, len: Ox118c

load: Ox403c8700, len: Oxd

load: Ox403c8704, Llen: OxcZ0

load: 0x403chT00, len: Ox30e0

entry Ox403c88bE

Connecting WiFi

.o WiFi connected

192, 168, 50, 242

Initializing 5D card...Activation Code
Activation Code: 971748

Activation Code: 971748

Log in to the Elecrow server website:

https://portal.thinknode.cc/

If you do not have an account, you can register one and get 5000 points for free use.

After entering, click Al Hub to enter the Al service window.
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25 portal.thinknode.cc e B &

1.8

opment Station

Y & 4+ ¥

Deepseck  OpenAl Gemini Pis

From $229

Pre-order Now >

Click "Add Agent"
ThinkNode Home Al Hub Api Key Points 2 .

Home / AlHub / Intelligent agent

Intelligent agent

No bound devices

Usage statistics

Chat requests Image generation Image Recognition
Total request count Total request count Total request count
-939% Compared to last month -B6% Compared to last month 0 Compared to last month

Give your Agent a name
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Add Agent

Intelligent agent name:

Cancel

Click "Manage devices" to enter the device management interface

Th?nkNode Home Al Hub Api Key Points (2996055 QEaEi 2 allen v

Home / Al Hub / Intelligent agent

Intelligent agent

Ai camera ]
Voice tone : Chloe
Language mode : Miya

Recent conversation: No conversation yet

Configure charact Historical conversations.

Manage devices(0)

Click "Add Device" to add a device

Th?nkNode Home Al Hub Api Key Points (2996055 (@EEEES 2 allen v

Home / AlHub / Intelligentagent / Manage Devices

Manage Devices -

No bound devices

Enter the activation code seen on the serial port
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@ HTTP Recogition | Arduino IDE 2
File Edit Sketch Tools Help

5-nightly-20241212

P s e ru_seL_rumiig o ue ),

214
Add Device 215 // Connect WiFi

216 wifi_init();
217

* Pairing verification code: = 971748 218 card
219
28}

Caneel 221

222 void loop() {
223
224 static bool once = false;
225
226 // Only activate and run recognition once
227 if (lonca) {
228 activationResult = GetActivationCode(
229 if (activationResult) {
230 Serial.printIn("\nActivation succ
231 AT_Recognition_func();

Code: 971748
Code: 971748
Code: 971748
Code: 971748
Code: 871748
Code: 971748
971748
Activation 971748
Activation Codey 971748
Aetivation Code: B7L748
Activation Code: 971748
Aetivation Code: 971748
Activation Code: 971748
Activation Code: 971748
Aetivation Code: 971748
Activation Code: 971748

Activation

After clicking "Confirm," recognition is successful, and the result will be printed to the serial port

HTTP_Recogition.ino
P anzses .M 3T rumLng L uS ),
214
215
216
217
218
219 my_sd.SD_init();
220 }
221
222 void loop() {
223
224 static bool once = false;
225
226 // Only activate and run recogni
227 if (lonce) {
228 activationResult = GetActivationCode();
229 if (activationResult) {
23@ Serial.printIn{“\nActivation success™);
231 AI_Recognition_func();
— 2320 | [ [ | AREA - tnus: 1/ Dnounot nonnat =
Serial Monitor x ¥ 0=

card

New Line * 115200baud =~

Ent

Activation Code: 971748
Activation Code: 971748
Activation Code: 971748
Activation Code: 971748
Aotivation Code: 971748
Activation Code: 971748
Activation Code: 971748
Aotivation Code: 971748
Activation Code: 971748
Activation Code: 971748
Activation Code: 971748
Activation Code: 971748

wait recognition
Reszponsze code: 200
Recognition result: parrot

84



www.elecrcow.com

Lesson 7 — AI Chatbot

Overview

In this lesson, we will use the microphone and speaker functions of the Al Camera to
complete a simple Al chatbot case. You will learn how to connect to the Elecrow
server to implement voice acquisition, cloud-based speech recognition, and
intelligent dialogue processing, and play back the returned results through the

speaker, thereby building a complete Al voice interaction application workflow.

Learning Objectives
1. Master how to use the microphone of the Al camera
2. Master how to use the speaker of the Al camera

3. Complete a simple Al voice interaction application case

Project Running Effect:

Anyihing fun'you want fo share?
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role: azzisztant, content: So happy to zee vou

role: assistant, content: What’ s up?

role: azszisztant, content: Anything fun you want to zhare?
ztate changed from & to 4

Liztening...

role: uzer, content: To go

ztate changed from 4 to B

Speaking...

emotion: embarrazszed

tole: aszsistant, content: Ch

role: azzisztant, content: Are wou heading out zomewhere fun?
role: azzisztant, content: That zoundz amazing

role: aszsisztant, content: Where to?

ztate changed from & to 4

Liztening...

I. Principle Explanation

1. Microphone/Speaker Working Principle

When external sound waves arrive, they push the extremely thin diaphragm of the
condenser microphone to vibrate synchronously with the sound waves. This action
changes the distance between the diaphragm and the fixed backplate, causing
fluctuations in the capacitance formed by the two. The built-in battery of the
microphone provides a fixed polarization voltage for this capacitive structure. When
the capacitance changes with the sound wave vibration, a weak alternating current
consistent with the original sound wave pattern is generated in the circuit. After
amplification by subsequent circuits, it is finally output as an audio electrical signal

that can be recognized by the device.

(diaphragm)

1,
2 ==

(battery)
(backpanel)
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The working principle of the speaker is as follows: the energized coil is placed in the
magnetic field formed by the magnet and iron core. When audio current flows
through the coil, changes in the current cause the coil to be subjected to an Ampere
force that continuously changes in magnitude and direction, thereby driving the
diaphragm, centering support, and other connected components to vibrate
synchronously. This vibration pushes the surrounding air to produce compressions
and rarefactions, ultimately converting electrical signals into sound that can be
perceived by the human ear. The centering support and elastic spider structure

maintain the stable position of the coil to ensure accurate transmission of vibration.

Paper Cone
Magnet .
Flexible
Spider
N \S Centering
Coil N Support
Iron
Core
Coil 11
N/ S Dust Cap
Lead Wire
Fixed Frame

II. Required Modules

Al Camera MIC and Speaker:
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.“"
el

e
5

(
Tt
ST :

mic

speaker

III. Example Explanation

Click the link to download the official example code: (GitHub link)
Use Arduino IDE to open the course program:
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o3 3-IGITY-

a1 alre ren]an { Ardinng 1D
@ al voice display led | Arduine 1D

File Edit Sketch Tools Help

IL%" Sl e . _

ai_voice_display_lcd.ino

1 #include <Arduino.h>

2 #include <lvgl.h>

3 #include <WiFi.h»

4 #include "src\GFX\LovyanGFX_Driver.h"
5 #include "src\AWAS23%\elecrow_awd523.h"
6

i #include "ai_wvox_engine.h”

8 #include "ai_wvox_observer.h”

9
18 #include "i2s pdm _audio input device.h”
11 #include "i2s_std_audio_output_device.h”
12
13
14 f/f I2C pins for AW
15 #define I2C_SCL 15
16 #define I2C_SDA 16
17
18
19 // Display resolutien
28 #define LCD_H 284
21 #define LCD_W 248
22
23 LVGL buffers and drivers
24 static lv_disp_draw_buf t draw_buf;
25 static 1lv_disp drv_t disp_drv;
26 static 1lv_indev_drv_t indev_drv;
27
28 static Twolire* wi = &Wire;
29
38 lv_obj t * text = NULL;
3
32 static std::string g pending text;
33 static velatile bool g text ready = false;
34 bool mute = true;
35
36 #ifndef WIFI_SS5ID
37 #define WIFI_S5ID "yanfa_software”
38 #endif
39
48 #ifndef WIFI_PASSWORD
a1 #define WIFI_PASSWORD "yanfa-123456"

Code Explanation

(1) Key Header File Module Explanation

#include <Ivgl.h>

#include "src\GFX\LovyanGFX_Driver.h"

lvgl. h: Advanced UI graphics library

LovyanGFX. h: Library used to drive the LCD to display

images
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#include "ai_vox_engine.h"

#include "ai_vox_observer.h"

Core Al voice engine library, mainly responsible for voice acquisition,

cloud communication, speech recognition, speech synthesis, and event

callbacks.

#include "i2s_pdm_audio_input_device.h"

#include "i2s_std_audio_output_device.h"

The PDM microphone is mainly used for voice acquisition, and the 12S speaker is
mainly used for voice playback.

(2) Define I2C & LCD Parameters

#define 12C_SCL 15

#define I2C_SDA 16

Define the I2C bus pins. AW9523 communicates via I12C.

#define LCD_H 284

#define LCD_W 240

Define the screen resolution as 240%284.

(3) LVGL Core Objects

static Iv_disp_draw_buf_t draw_buf;
static Iv_disp_drv_t disp_drv;

static Iv_indev_drv_t indev_drv;

The three core LVGL structures:
draw_buf: display buffer
disp_drv: display driver

indev_drv: input device driver

Iv_obj_t * text = NULL;

Ul text control pointer, used later to display what the Al says.

(4) Thread Communication Variables

static std::string g_pending_text;
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static volatile bool g_text_ready = false;

Cross-thread communication. The Al thread stores the string, and the Ul thread

reads and displays it.

bool mute = true;

Whether it is currently muted. Initialized as muted and enabled when needed.

(5) WiFi Macro Definitions

#ifndef WIFI_SSID
#define WIFI_SSID "yanfa_software"

ttendif

#ifndef WIFI_PASSWORD
#define WIFI_PASSWORD "yanfa-123456"

tendif

Define the WiFi to connect to. Modify according to the available WiFi.

(6) Display Refresh Callback (Most Critical)

void my_disp_flush(...)

This is the core interface for LVGL display. After LVGL finishes drawing a region, it

calls this function, and you are responsible for refreshing the screen.

if (gfx.getStartCount() > 0) gfx.endWrite();

DMA protection to prevent conflicts.

gfx.pushimageDMA(...)

Use DMA to push pixel data into the LCD.

Iv_disp_flush_ready(disp);

Notify LVGL: the refresh is complete, you can continue drawing.

(7) Touch Read Callback

void my_touchpad_read(...)

This function determines whether the screen is currently being touched.
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data->state = LV_INDEV_STATE_REL;

Default state is not pressed.

if (gfx.getTouch(&touchX, &touchY))

If a touch is detected

data->state = LV_INDEV_STATE_PR;

Then mark it as pressed.

data->point.x = 240 - touchX;

data->point.y = touchy;

Since the screen orientation is opposite to the touch coordinates, we use coordinate

mapping to resolve the orientation issue.

(8) AI Hardware Pin Definitions

constexpr gpio_num_t kMicPdmClk = GPIO_NUM_1;

constexpr gpio_num_t kMicPdmDin = GPIO_NUM_2;

PDM microphone clock and data.

constexpr gpio_num_t kSpeakerPinBclk = GPIO_NUM_5;
constexpr gpio_num_t kSpeakerPinWs = GPIO_NUM_4;

constexpr gpio_num_t kSpeakerPinDout = GPIO_NUM_3;

12S speaker three wires.

constexpr gpio_num_t kTriggerPin = GPIO_NUM_0;

Voice trigger button, the boot button on the side of the Al camera.

(9) AI Object Creation

auto g_observer = std::make_shared<ai_vox::Observer>();

Create Al event receiver object.

auto g_audio_output_device = ...

Create speaker output object.
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auto audio_input_device = ...

Create microphone acquisition object.

(10) UI Thread Task Function (Key)

void Ivgl_task(void *pvParameters)

Dedicated independent thread responsible for Ul.

if (g_text_ready)

If the Al thread sends new text

Iv_label_set_text(text, g_pending_text.c_str());

Refresh the Ul display content.

Iv_timer_handler();

Core LVGL scheduling function.

vTaskDelay(pdMS_TO_TICKS(5));

Yield the CPU to prevent freezing.

(11) Initialization Function (Most Important)

Serial.begin(115200);
WiFi.begin(WIFI_SSID, WIFI_PASSWORD);

while(WiFi.status() != WL_CONNECTED)

Initialize serial debugging, start connecting to WiFi, and wait until connected.

wi->setPins(12C_SDA, 12C_SCL);
wi->begin();
aw9523.AW_init();

aw9523.AW_set_ POWER(true);

Initialize the 12C bus, initialize the 10 expander chip, and power it on.

aw9523.AW_set_ MUTE(true);
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gfx.init();
gfx.initDMA();

Iv_init();

Enable mute, initialize LCD and DMA, and initialize the LVGL system.

heap_caps_malloc(... MALLOC_CAP_SPIRAM);
Iv_disp_draw_buf_init(...)
Iv_disp_drv_register(&disp_drv);

text = Iv_label_create(lv_scr_act());

Iv_label_set_text(text, "Idle");

Use PSRAM as video memory, initialize the LVGL display buffer, register the display

driver, and create the Ul text control. Initialize the display to "Idle".

(12) AI Engine Initialization

auto& ai_vox_engine = ai_vox::Engine::GetInstance();

Obtain the global Al engine instance.

ai_vox_engine.SetObserver(g_observer);

Register the event receiver.

ai_vox_engine.SetTrigger(kTriggerPin);

Bind the voice wake-up button.

ai_vox_engine.SetOtaUrl(...)

Firmware upgrade server address.

ai_vox_engine.ConfigWebsocket(...)

Configure the real-time Al channel.

ai_vox_engine.Start(...)

Start the complete Al voice system.

(13) Create Ul Thread
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xTaskCreatePinnedToCore(lvgl_task,...,1);

Pin it to CPU1 to prevent resource contention with Al.

(14) Loop Breakdown Line by Line (Core of Event System)

const auto events = g_observer->PopEvents();

Retrieve the Al event queue.

ActivationEvent

Device first activation.

StateChangedEvent

Voice system state machine.

EmotionEvent

Al recognizes emotion.

ChatMessageEvent

Display Al or user dialogue.

lotMessageEvent

Al controls real hardware.

Program Flowchart:
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=)
!

Connect to Wi-Fi

el

Y

The microphene captures

voice input

The Ul displays the text

l

Send it to the Al cloud

l

The Al returns a response

The speaker plays it out loud

IV. Download and Run the Program

(1) Connect to the computer according to the Arduino IDE operation process

introduced in the preface and perform the basic download settings.
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[ HTTP Recogition | Arduino IDE 2.3.5-nightly-20241212

File Edit Sketch Help
Auto Format Cirl+T
Archive Sketch
HTTP_Re: Manage Libraries... Ctrl+Shift+]
214 Senial Monitor Ctrl+Shift+ M
215 Serial Plotter
216
217 Firmware Updater
218 Upload S5L Root Certificates
iiz | Board: "ESP2253 Dev Module” | ’
- . »
291 Port: "COM3
332 Reload Board Diata
223 Get Board Info
ii: USB CDC On Boot: "Disabled” 2
296 CPU Frequency: "240MHz (WiFi)" »
227 Core Debug Level: "None” »
228 USB DFU On Boot: "Disabled” 3
229 Erase All Flash Before Sketch Upload: "Disabled” »
238 Ewvents Run On: "Core 1° L4
2
aad Flash Maode: "QIO B0MHz" 2
232
) | Flash size: "16MB (128Mb)" | ’
234 ITAG Adapter: "Disabled” »
B35 Arduino Runs On: "Care 1" »
236 USB Firmware MSC On Boot: "Disabled” 3
237 Partition Scheme: "elecrow_s3 (10.0MB APP with OTA/1.31MB SPIFFS)” | b
e SRAM: "OPI PSRAM" ] ,
= Upload Mode: "UARTO / Hardware CDC" b
Serial Mor
Upload Speed: "921600" »
Message USB Mode: "Hardware CDC and JTAG® b
ACTIWAT1A Zighee Mode: "Disabled” ’
botivatio
Aotivatio Programmer L4
beotivatio Burn Bootloader

After flashing the program, we can see an activation code appear on the serial monitor once the

WiFi connection is successful:

97



www.elecrcow.com

B =i voice 3
File Edit Sketch Tools Help

_led | Arduina IC

ai_voice_display_lcd.ino

23
34
35
36
37
3B
39
48
41
42
43
44
45 | —
46 f/ This function
47

48
49

bool mute = true;

#ifndef WIFI_SSID
#define WIFI_SSID
#endif

#endif

Serial Monitor

97/ESP-RON: ezp32s3-20210327
Build: Mar 27 2021

void my disp flush{lv _disp drv_t

B O - L TR G S Y

static volatile bool g text ready = false;

"yanfa_software”

#ifndef WIFI_PASSWORD
#define WIFI_PASSWORD "yanfa-123456"

buffer to the screen

*area,

lv_area -

Ca

*disp, const

+ o

lv_color t *color p) {

if (gfx.getStartCount() » @) gfx.endWrite();
gfx.pushImageDMA(area-»xl, area-»>yl,

rzt:Oxl (POWERCHND,boot:O0x8 (SPI_FAST_FLASH BOOT)

SPIWP: Oxee

made: DIO, clock diwv: 1
load: Ox3fce2820, len: Ox118c
load: Ox40328700, len: Oxd
load: Ox403c8704, len: Oxc20
load: Ox403cbT00, len: Ox30e0
entry Oxd03cB88bE
Connecting to WiFi, =sid
Connecting to WiFi, =sid
WiF1 connected, IP address
ztate changed from 0 to 1

Initing...

elecrowB83, password
elecrowB83, password

elecrow2(l4
elecrow2(14
192, 168, B0. 242

iwabieayy code: TOGA09, meszage: https: //portal.thinknode. cef

TOAS09

Log in to the Elecrow server website:

https://portal.thinknode.cc/

If you do not have an account,

you can register one, and you will receive 5000 points for free use.

After entering, click Al Hub to access the Al service interface.
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25 portal.thinknode.cc e B &

1.8

opment Station

Y & 4+ ¥

Deepseck  OpenAl Gemini Pis

From $229

Pre-order Now >

Click "Add Agent".
ThinkNode Home Al Hub Api Key Points 2 .

Home / AlHub / Intelligent agent

Intelligent agent

No bound devices

Usage statistics

Chat requests Image generation Image Recognition
Total request count Total request count Total request count
-939% Compared to last month -B6% Compared to last month 0 Compared to last month

Give your Agent a name.
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Add Agent

Intelligent agent name:

Cancel

Click "Manage devices" to enter the device management interface.

Th?nkNode Home Al Hub Api Key Points (2996055 QEaEi 2 allen v

Home / Al Hub / Intelligent agent

Intelligent agent

Ai camera ]
Voice tone : Chloe
Language mode : Miya

Recent conversation: No conversation yet

Configure charact Historical conversations.

Manage devices(0)

Click "Add Device" to add a device.

Th?nkNode Home Al Hub Api Key Points (2996055 (@EEEES 2 allen v

Home / AlHub / Intelligentagent / Manage Devices

Manage Devices -

No bound devices

Enter the activation code displayed on the serial monitor.
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@ ai_voice_display |cd | Arduino IDE 2.3.5-nightly-20241212

File Edit Sketch Tools Help

ai_voice_display_lcd.ino

95 +
96
H 97 void lvgl task(void *pvParameters) {
Add Device = | moeh
99 if (g_text_ready)
* Pairing verification code: = 706809 100 1
181 g_text_ready = false;
182 1v_label set_text(text, g pending text.c_str());
1@3 T
184 1v_timer_handler(); H
185 vTaskDelay (pdMS_TO _TICKS({5)}; I
166 3
107 )

load: Ox403cb700, len: 0x30e0

entry Oxz403c88bE

Connecting to WiFi, ssid: elecrow388, password: elecrow20l4
Connecting to WiFi, =sid: elecrow388, password: elecrowi(l4
WiFi comnected, IP address: 182 168,50, 242

state changed from 0 to 1

Initing...

on code: TOG809, message: https://portal. thinknode. oo/

After clicking "Confirm", press the "boot" button on the side of the Al camera to start the device,

and you can begin the conversation.
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