
CrowPanel 1.46inch-HMI ESP32 Rotary Display

--- Arduino Tutorial

Function Overview

In this class, we will use SquareLine Studio to design the LVGL graphical interface, and
further modify and improve the code based on the generated UI project file to realize
the human-computer interaction function of the knob screen.

During the course, we will learn how to build multi-page LVGL interfaces, and
combine touch screens and rotary encoders to achieve page switching, menu
selection, and parameter adjustment operations; at the same time, we will also learn
the usage methods of common interaction components such as PWM backlight
control, RGB lighting effects control, and Arc circular slider.

In addition, this course will introduce the FreeRTOS multi-tasking mechanism to help
you understand how ESP32 can simultaneously complete interface refreshing, input
detection, and light animation control.

Download Software

Get Started with Arduino IDE

Please click the link below to learn how to install the Arduino IDE and install the
ESP32 development board in the Arduino IDE.

You can simply download the latest version of the Arduino IDE.

https://www.elecrow.com/wiki/Get_Started_with_Arduino_IDE.html

Please install the ESP32 version as 2.0.14.

https://www.elecrow.com/wiki/Get_Started_with_Arduino_IDE.html


Get Started with SquareLine Studio

Refer to the instructions in the link below on how to install the SquareLine Studio
platform.

Here, all you need to do is install the SquareLine Studio platform.

https://www.elecrow.com/wiki/7.0_3_Use_LVGL_library_to_create_UI_interface_an
d_light_up_lights.html
Here, please download the version 1.5.1 of the SquareLine Studio platform.

After downloading SquareLine Studio, we use it to open this UI project that we have
already completed.

First, download this SquareLine Studio project that we have provided.

https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree
/master/example/V1.0/Arduino

https://www.elecrow.com/wiki/7.0_3_Use_LVGL_library_to_create_UI_interface_and_light_up_lights.html
https://www.elecrow.com/wiki/7.0_3_Use_LVGL_library_to_create_UI_interface_and_light_up_lights.html
https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree/master/example/V1.0/Arduino
https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree/master/example/V1.0/Arduino


After downloading it, use the SquareLine Studio software to open this project.

Then open this ".spj" file, and you will be able to see our complete knob screen UI
interface project.



Complete UI Project:

You can make modifications based on our design. Please pay attention to every
variable name of every interface in our project.

Then, place the exported UI file in the UI folder within the libraries folder.



In this way, we only need to add "#include "ui.h"" in the main program to be able to
reference and access the UI interface code generated by SquareLine Studio; and
these source code files related to the interfaces will all be saved in the "ui" folder
within the project directory.



Open the code

Click the link below to download the function code for the knob screen of this lesson.

Code link:

https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree

/master/example/V1.0/Arduino

Code explanation

Next, let's take a detailed look at the function codes of the knob screen.

https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree/master/example/V1.0/Arduino
https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree/master/example/V1.0/Arduino


Screen display
Let's first take a look at the LGFX content in the RotaryScreen_1_46.h file.

The main function of this code is to configure and initialize a 360×360 circular TFT
screen based on the ST77961 driver chip for the ESP32 using the LovyanGFX graphics
library, thereby enabling the ESP32 to have graphic display capabilities.

The code first creates a custom display device class through "class LGFX : public
lgfx::LGFX_Device", and defines the SPI bus object "_bus_instance" and the screen



driver object "_panel_instance" inside the class. The SPI bus is responsible for data
communication between the ESP32 and the screen, while the ST77961 driver chip is
responsible for actually controlling the screen pixel refresh.

In the constructor, the SPI communication parameters are first configured, including
SPI controller, communication mode, 80 MHz high-speed write frequency, DMA
automatic transmission, three-wire SPI mode, clock line, data line, and command
control pin, etc. The activation of DMA allows the ESP32 to not need the CPU to
transfer data pixel by pixel during screen refreshing, thereby significantly improving
the refresh efficiency and smoothness of the LVGL interface;

Then, the screen itself is configured, including screen resolution, memory size, chip
select pin, reset pin, color order, and whether to support screen reading, etc., to
ensure that the graphic data can be correctly mapped to the actual display area;

Finally, "setPanel(&_panel_instance)" is used to formally bind the SPI bus with the
screen driver, and ultimately a complete display driver system is constructed.
Therefore, this class essentially tells the ESP32: which pins should be used, what
communication method, what resolution and display parameters to drive this TFT
circular screen, providing underlying hardware support for the subsequent LVGL
graphic interface display.

All you need to do is to directly use this single display driver. We have already set it
up for everyone.

All you need to do is to create a global screen driver instance object.

As the sole operation interface between ESP32 and the physical display screen, all
subsequent screen initialization, drawing, and refreshing operations are
accomplished through this "gfx" object.



Next, let's take a look at RotaryScreen_1_46_Code.ino to see how the gfx library is
used for screen display-related operations.

This code is the core initialization process for transforming the screen from a state
without power or signal to a display-ready state:

First, the gfx.init() function is used to complete the hardware reset, register
configuration, and communication establishment of the ST77961 screen.

Then, gfx.initDMA() is used to enable the high-speed transmission capability of the
hardware DMA to improve the efficiency of screen refreshing.

Next, gfx.startWrite() takes over the SPI bus to prepare for drawing, and at the same
time, the default drawing color and text size parameters are configured.

Finally, gfx.fillScreen(TFT_BLACK) is executed to send full-screen black data to the
screen, completing the screen lighting, clearing, and putting the display into a
ready-for-drawing state.

This function serves as the core bridge between the LVGL graphics library and the
physical screen. Its role is to transfer the image data drawn by LVGL in memory to the
screen for display at high speed through the hardware driver: Firstly, the function
checks and terminates any unfinished SPI drawing operations that might have
occurred previously to ensure communication security. Then, it calls the
gfx.pushImageDMA hardware DMA function to precisely and rapidly send the image
data of the specified area to the corresponding coordinate position on the screen,
completing the rendering of the image. Immediately after this, it notifies LVGL



through lv_disp_flush_ready that the data transmission is complete, allowing LVGL to
continue drawing the next frame of the image, thus enabling the screen to display UI,
text, and patterns. This is the final execution entry point for enabling the screen to
display UI, text, and patterns.

This code is for creating the memory canvas required for screen drawing in LVGL:
Firstly, calculate the memory size needed for a frame image that is suitable for a 360
×360 screen. Then, allocate two separate display buffers, buf and buf1, from the
PSRAM (external high-speed memory) of the ESP32. At the same time, perform
anomaly detection on the memory allocation result. If the allocation fails, print a
prompt message. Finally, register these two buffers as the double-buffer drawing
space of LVGL, allowing LVGL to draw in one buffer while sending the other buffer to
the screen for display, achieving smooth and efficient double-buffered screen
refreshing, which is the core memory foundation for smooth screen display.

The complete process displayed on the entire screen can be summarized concisely
in a few sentences as follows:

First, in the header file, define the LGFX screen driver class, configure the SPI
communication pins, frequency, and parameters of the ST77961 driver chip, and
create a global gfx object as the sole entry point for screen operations.

During the setup initialization stage, complete the screen hardware initialization
through gfx.init(), enable high-speed DMA transmission through gfx.initDMA(), and
allocate two PSRAM memory blocks as the double-buffer canvases for LVGL, and
complete the initialization registration;

then, the LVGL graphics library draws all display contents such as UI interfaces, text,
and sliders on the memory canvas, and after the drawing is completed, automatically
calls the core refresh callback function my_disp_flush, which transmits the image
data of the specified area on the canvas to the physical screen through hardware
DMA at high speed.

Finally, after the screen receives the data, it completes the rendering of the picture,
and the process repeats, thereby enabling the screen to continuously and smoothly
display the complete dynamic interactive interface.



Screen touch

Now that we have figured out how to make the screen display normally, let's take a
look at how to achieve screen touch functionality next.

This line of code creates a global CST816T capacitive touch object named "touch",
explicitly specifying the use of the ESP32's hardware I2C bus "Wire" for
communication with the touch chip. It also binds the interrupt pin 13 and reset pin 5
of the touch chip, allowing the program to subsequently read the coordinates of the
finger and detect the touch state through this "touch" object. This is the hardware
operation entry point for implementing touchscreen interaction.

This code is used to start and initialize the touch system: First, configure the SDA=6
and SCL=7 pins of the I2C bus and enable I2C communication. Then, call touch.begin()
to start the CST816T touch chip, allowing the chip to enter the working state and
start real-time detection of finger presses.



This function serves as the core bridge between LVGL and the touch hardware. LVGL
continuously calls this function to obtain the touch status: The function first checks if
the CST816T detects a valid touch. If there is a press, it sets the status to "pressed"
and passes the X and Y coordinates obtained from the chip to LVGL; if there is no
press, it sets the status to "released", allowing the LVGL interface to know whether
the user is currently touching and where the touch is, thereby enabling interactions
such as button clicks and slider dragging.

This code officially integrates the hardware touch functionality into the LVGL system:
First, create an input device driver object, set the type to "touch / mouse", and bind
the above my_touchpad_read read callback function. Finally, register it with the LVGL
kernel so that LVGL can obtain the touch coordinates in real time and achieve
complete screen interaction.

The complete process of the touch function:

The system first creates a CST816T touch object and configures the I2C pins and
interrupt pins. During the initialization stage, it starts the I2C communication and the
touch chip, making the chip enter the real-time detection of pressing state. LVGL uses
the registered input device driver to continuously call the my_touchpad_read



callback function. It reads whether there is a press and the corresponding X and Y
coordinates from the CST816T chip, and then passes these touch data to the LVGL
graphics library, enabling the interface to respond to click, sliding and other
operations. Finally, it realizes the complete touch screen interaction function.

Initialization of the system in the Setup process

Previously, we discussed the drivers for screen display and screen touch. Now, let's
take a look at how to initialize the system so that it can fully enter the operational
state.

Enable the hardware serial communication of the ESP32 and set the baud rate to
115200. At the same time, wait for the successful connection of the serial port to
ensure that the subsequent debugging information can be normally output to the
serial port monitor.

Subsequently, by setting the same baud rate in the built-in serial monitor of the
Arduino IDE, you will be able to see the relevant information printed.



Then you will be able to see the relevant printed information.

The reset pin 14 of the screen driver chip ST77961 is controlled by high and low
voltage levels to complete the standard hardware reset process, allowing the screen
to transition from the power-off state to a ready state that is capable of initialization
and communication.

Only in this way can the screen work properly.

Initialize the two I2C buses separately, configure the I2C pins 6 and 7 used by the
touch chip CST816T, and start the communication.

At the same time, initialize the other I2C device to provide a stable communication
foundation for the touch function and other I2C peripherals.



This interface corresponds to:

Let's then proceed to look at the initialization of the relevant power supply pins.

Sequentially configure the power indicator light, the screen power supply pin, and
the RGB light power supply pin. Turn on all the hardware power supplies to enable



the screen, touch, RGB lights and other modules to receive power and enter the
working state.

lv_init(); It is the overall entry point of the LVGL graphics library, after execution, it
will complete the initialization of core systems such as internal memory management,
timers, display drivers, and input device drivers within LVGL, providing a basic
operating environment for all GUI functions such as creating UI interfaces, refreshing
the screen, and responding to touch buttons. It is the prerequisite for ensuring that
the entire screen UI can function properly.

ui_init(); It is an interface initialization function automatically generated by UI design
tools such as SquareLine Studio. It will create and load all the preset screens, arc
sliders, text labels, icons and other UI objects in the project at once, complete the
layout, style and default state configuration, and directly display the main interface,
allowing the screen to immediately present the fully visualized interactive page
designed by the user.

It comes from #include "ui.h".

The "initBacklight()" function is used to initialize the PWM control for the screen
backlight. First, it configures the frequency and resolution of the specified LEDC
channel. Then, it binds this channel to the screen backlight pin 46. Finally, it outputs
a 50% duty cycle PWM signal to set the screen backlight to a medium brightness and
enable it to light up normally.

loop



"loop()" is the main loop function of ESP32. It continuously calls "lv_timer_handler()"
to let the LVGL graphics library handle all GUI tasks such as interface refresh,
animations, touch response, etc. Then, through a 5-millisecond RTOS delay, it
releases the CPU resources to ensure the system is stable, smooth, and does not
consume all the processor performance.

Built-in keys (single press / double press) integrated with the

rotary encoder

This project uses the built-in key switch integrated with the rotary encoder as the
input hardware. It detects the key press action through pin 41 and adopts an external
interrupt mechanism to collect the key signal in real time along with software logic
judgment. This enables precise and stable interaction control for single-click
confirmation to enter and double-click to return to the home page. It is the core
operation key of the entire screen interface.

This code binds the pin 41 to the external interrupt service routine, setting it to
trigger on the falling edge (responding immediately upon the key press). This enables
the CPU to avoid continuous polling and automatically jump to the interrupt function
to handle the pressing event as soon as the key is pressed, achieving efficient and
real-time key detection.



This is the underlying processing interrupt function for key press. It activates the
software anti-shake mechanism to prevent accidental triggering due to physical
shaking of the keys. When an effective press is detected, it records the press
timestamp, increments the clickCount by 1, sets the pressFlag to the pressed state,
and provides the original data for subsequent judgment of single-click and
double-click.

This code is the core logic for detecting single-click and double-click events: By
comparing the count value of clickCount with the pressing time interval, if only one
press is made within a short period of time and it exceeds the double-click waiting
time, it is determined as a single click; if two consecutive quick presses are made, it is
determined as a double click, and the corresponding interface switching functions
will be executed respectively.



The click function "performClickAction" first obtains the current LVGL display screen.
If it is the main interface "ui_Screen1", it will, based on the selected "screen1_index"
value of the encoder, call the interface switching function. Using a 200-millisecond
fade-in animation, it will respectively navigate to the adjustment sub-interfaces
corresponding to volume, light bulb, and brightness, achieving the interactive effect
of confirming the click and entering the corresponding function page.

At the beginning, we will be on the main interface.



At this point, you can turn the knob to switch to the interface you want to enter.
After confirming, simply click and press the screen to achieve the effect of switching
interfaces.

(Here, it's a screen press for switching. You can also switch by touching the icons.)

After clicking and pressing, you can enter the interface you have selected.

Next, let's look at the effect when you double-click on the screen to return.

The double-click function "performDoubleClickAction" first obtains the currently
displayed screen. When it detects that the user is on any of the volume, light bulb, or
brightness adjustment sub-interface, it immediately switches back to the main
interface "ui_Screen1" through a 200-millisecond fade-in animation, achieving the
interactive function of quickly returning to the home page upon double-click.



Sliding bar / Arc control

The working principles of the volume, bulb, and screen brightness circular sliders in
the project are exactly the same. They all use the LVGL circular control to achieve
0-100% numerical adjustment. They support touch dragging and encoder rotation
control.

When the slider value changes, the screen percentage text will be refreshed
synchronously, and it will be converted into PWM signals to control the
corresponding hardware separately, achieving a unified control logic for the
synchronous linkage of UI display and physical output.

This code uniformly initializes three arc sliders when the system starts up. It sets the
value range of each slider to 0-100 (representing a percentage), and sets the initial
value of each slider to 50, so that the sliders are preset to be in the middle position
upon startup and are ready for subsequent adjustments.

This code binds a unique callback function to each arc slider, and sets the trigger
condition as "when the value changes". As long as the slider value changes (whether
through touch dragging or encoder rotation), LVGL will automatically call the



corresponding function to complete operations such as value update, brightness
synchronization, and text refresh.

Slider callback function (taking the light bulb as an example, applicable to all
sliders)

This is the core processing function of the slider. When the slider value changes, it
will automatically obtain the current percentage value. First, it will synchronously
refresh the value to the percentage text display on the screen, then convert the
percentage into the duty cycle of the hardware PWM, and output it to the
corresponding pin to achieve real-time synchronization of the slider value, the screen
text, and the hardware brightness.

In the encoder task, the current slider value is read based on the rotation direction.
Each rotation increases or decreases by a fixed 5%. The slider position is directly
modified using lv_arc_set_value(), and at the same time, the callback function is
triggered to synchronously update the text and the hardware brightness, thus
achieving touchless adjustment of the slider by the rotating encoder.

The slider controls the entire workflow (ultimate summary):

When the system is powered on, it first initializes three circular sliders to have a
range of 0-100 and a default value of 50%. Then, it binds a value change callback



function to each slider. Users can either drag the sliders with their fingers or rotate
the encoders to adjust the values.

Whenever the slider value changes, the callback function will automatically
synchronize the percentage to the screen label and convert it into a PWM signal to
control the brightness of the bulbs, backlight, etc. hardware in real time, forming a
complete closed-loop control of UI slider → value display → hardware output.

UI interface (0-4)

Next, let's take a look at how each UI interface is connected and see what processing
has been done in the code.

First, after we reset the system, we saw Screen0.

Here, we have added these codes in the ui.c file within the UI folder of the code. This
is done so that after Screen0 has been running for a period of time, we can transition
to Screen1, which is more convenient for us to operate the system functions.



This selected code is an animation end callback mechanism: Firstly, the
"anim_end_cb" function was defined, which is automatically called when the
animation is completed. It switches back to the main interface "ui_Screen1" using a
fade-in animation through the "_ui_screen_change" function; subsequently, in the
"progress_Animation" function, this callback is bound to the progress bar animation
using "lv_anim_set_ready_cb", thereby achieving the effect of automatically jumping
back to the main interface after the progress bar animation is completed.

After entering Screen1, let's take a look at the display logic here. It's very ingenious.

Then in the code, we handle it in this way.

This function is the core function for rotating processing of the main interface
encoder. It first obtains the current displayed screen, which is only effective for
Screen1 of the main interface. Based on the rotation direction of the encoder
(clockwise / counterclockwise), it performs addition or subtraction control within the
range of 0 to 2 on the menu selection number screen1_index. After completing the
number update, it calls updataScreen to refresh the interface and reset the rotation
status, thereby realizing the basic logic for switching menu options through encoder
rotation.



Then for "updataScreen",

This function is the core UI refresh function for displaying the menu on the main
interface Screen1. Firstly, it limits the boundary of the input menu number to ensure
it always falls within the range of 0-2 (corresponding to volume, bulb, and brightness).
Then, it hides all icons and text to clear the previous interface state, and
subsequently executes the branch logic based on the current selected menu number:

when 0 (volume) is selected, the volume icon and text display blue highlight and
center alignment, the bulb displays white and moves to the right, and the brightness
is hidden;

when 1 (bulb) is selected, the bulb icon and text display blue highlight and center
alignment, the volume displays white and moves to the left, and the brightness
displays white and moves to the right;

when 2 (brightness) is selected, the brightness icon and text display blue highlight
and center alignment, the bulb displays white and moves to the left, and the volume
is hidden.



Through controlling the visibility, position movement, and color switching of the
icons, a complete visual effect of smooth sliding switch of the main menu,
highlighting of the current option, and moving of the unselected option to the side is
achieved.

Screens 2, 3, and 4 are all functional sub-interfaces of the project, corresponding to
volume adjustment, bulb brightness adjustment, and screen backlight adjustment
respectively. The working principles of these three are exactly the same: After
entering the interface, you can control the circular slider by rotating the encoder to
increase or decrease the values. When the slider changes, the percentage text is
refreshed synchronously, and the values from 0 to 100% are converted into PWM
signals for output, respectively controlling the corresponding hardware to achieve
real-time adjustment of volume, light, and screen brightness. Double-clicking the
button allows you to return from any sub-interface to the main interface Screen 1.

For Screen 3, by turning the knob or sliding the slider, you can control the brightness
of the LED bulb connected to the UART interface. During the operation, you need to
connect the SIG pin of the bulb to the TX pin of the UART interface, 5V corresponds
to the 5V pin, and GND corresponds to the GND pin.

As shown in the figure



The Crowtail LED in the picture is a product of our company. If you need it, you can
visit the following link to have a look.

https://www.elecrow.com/crowtail-led-p-1224.html

The implementation of the rotating encoder

The statement xTaskCreatePinnedToCore(encTask, "ENC", 2048, NULL, 1,
&encTaskHandle, 0) executed in the setup() function is a crucial operation in the
entire embedded system for starting the real-time encoder service. It is based on the
FreeRTOS real-time operating system kernel and encapsulates all the functions of the
encoder, such as rotation detection, direction determination, screen control,
single-click and double-click processing, into a separate, preemptive, and fixed to
CPU core 0 running real-time task.

The first parameter "encTask" specifies the actual executor of the task, which is the
core task of the encoder that we will elaborate on in detail later.

The second parameter "ENC" is the name given to the task, mainly used for
identifying the task during debugging.

The third parameter 2048 allocates 2KB of stack space for the task, which is sufficient
to store local variables, function calls, and status information during the task
execution process.

The fourth parameter NULL indicates that no additional parameters need to be
passed when the task starts.

The fifth parameter 1 sets the priority of the task to 1, ensuring that the encoder task
can obtain a stable running time slice and will not be preempted by lower-priority
tasks.

The sixth parameter &encTaskHandle is used to save the task handle, facilitating
subsequent management such as suspending, restoring, or deleting the task.

The last parameter 0 forces this task to run on CPU core 0 of the ESP32, avoiding
resource contention with high-frequency tasks such as LVGL interface refresh and
touchscreen processing running on core 1, thereby ensuring the real-time, stability,
and response speed of the encoder signal acquisition, making the entire knob
operation smooth and without delay.

https://www.elecrow.com/crowtail-led-p-1224.html


Next, let's take a look at the implementation of "encTask".

This code serves as the "entry point and framework" for the entire encoder task. It
first defines the task function encTask, which follows the standard format of void
type and takes void* as parameters. Here, pvParameters is used as the entry
parameter for the task but is not utilized. This is the standard way of writing
embedded RTOS tasks.

The while (1) infinite loop inside the function is the core design of the embedded
peripheral task. Since the encoder needs to continuously and real-time collect signals,
the infinite loop ensures that the task never exits once it is started and remains in the
collection and processing state, avoiding the situation of missed signal collection.

The following currentStateCLK = digitalRead(ENCODER_A_PIN); is the first core
operation of the task - real-time reading of the level state of the encoder A phase pin
(high level 1 or low level 0). The A phase serves as the clock phase of the encoder,
and its level change is the key to determining whether the encoder is rotating. Each
cycle re-reads this level to ensure that the level jump during the encoder's rotation
can be captured in time.

The core function of this code is to determine whether the encoder has rotated. It
employs the most commonly used edge detection method in embedded systems.

The underlying principle is as follows: When the rotating encoder rotates, the level of
phase A will change (from 0 to 1 or from 1 to 0), while if the encoder does not rotate,
the level of phase A will remain stable. Therefore, by comparing whether the current
read level of phase A (currentStateCLK) is different from the previously saved level of
phase A (lastStateCLK), it is possible to determine whether the encoder has rotated.

When a level difference is detected (indicating rotation), the next step is to execute
the line "current_screen = lv_scr_act ();", which is to obtain the current screen that
LVGL is displaying.

Because the functions of the encoder are completely different on different screens -
when rotating on screen 1 (main menu), it is used to switch menu options; when
rotating on screens 2, 3, and 4 (sub-pages), it is used to adjust the values of



corresponding controls. Only by clearly identifying the current screen can the
subsequent corresponding control logic be executed.

This code is the core for determining the rotation direction of the encoder. Essentially,
it is the software decoding of the orthogonal signals of the incremental encoder.

The core principle is as follows: The A phase and B phase of the encoder are
orthogonal signals (with a phase difference of 90°). When there is a level change in
the A phase, reading the level state of B phase at that moment can determine the
rotation direction - if the level of B phase is different from the current level of A
phase, it indicates that the encoder is rotating clockwise. At this time, set
position_tmp = 1 to mark the direction as "increase", and increment the rotation
step counter counter.

Also, record the direction string in currentDir (for serial port debugging); if the level
of B phase is the same as the current level of A phase, it indicates that the encoder is
rotating counterclockwise. At this time, set position_tmp = 0 to mark the direction as
"decrease", decrement the counter counter, and also record the direction string.



This code implements the specific control logic for clockwise rotation. The core is
"perform the operation of increasing the value of the corresponding control based
on the current screen".

When it is determined that the encoder is rotating counterclockwise (position_tmp =
1), the following steps are taken: first, through the if-else if branches, determine
which sub-screen is currently active: if it is screen 2 (volume adjustment page), then
first obtain the current value of the volume arc control using lv_arc_get_value
(ui_VolumeArc), then calculate the new volume value - increase by 5 each time,
while setting the upper limit to 100 (to avoid values exceeding a reasonable range),
and finally update the display of the arc control using lv_arc_set_value
(ui_VolumeArc, newVol); if it is screen 3 (light bulb brightness page) or screen 4
(screen brightness page), the logic is exactly the same, incrementing the value of the
corresponding control by 5 each time, and simultaneously updating the hardware
PWM signal (light bulb brightness is controlled by breathPwmChannel, screen



brightness is controlled by pwmChannel), achieving "synchronization of software
display and hardware control".

This code is logically symmetrical to the previous section and implements the control
logic for counterclockwise rotation. The core is "perform the operation of reducing
the value of the corresponding control element based on the current screen".

When it is determined that the encoder is rotating counterclockwise (position_tmp =
0), a branch judgment is made based on the current screen: when it is screen 2, the
volume value is reduced by 5 each time, with the lower limit set to 0 (to avoid
negative values); when it is screen 3, the bulb brightness value is reduced by 5, and



the PWM output of the bulb is updated simultaneously; when it is screen 4, the
screen brightness value is reduced by 5, and the PWM output of the screen backlight
is updated simultaneously.

This code is the "cleanup operation" after the rotation action processing is
completed, and it is also the key to ensuring the continuous and stable operation of
the encoder.

Firstly, the rotation direction (currentDir) and the rotation steps (counter) are printed
through the serial port, which is a common debugging method in embedded
development, allowing developers to observe the working status of the encoder in
real time and troubleshoot issues such as incorrect rotation direction and numerical
jumps;

then, the current counter value is saved in last_counter to be used for subsequent
anti-misoperation judgment (to avoid abnormal numerical values caused by rapid
rotation);

then, the processEncoder() function is called, which is the core function of this
function to handle the menu switching logic of screen 1 (main menu) - only when the
current screen is screen 1, will the rotation encoder trigger the menu switching
(switching volume, bulb, and brightness options), this step realizes the
"distinguishing of different screen rotation functions", reflecting the "layered logic" in
embedded development;

finally, execute lastStateCLK = currentStateCLK, this is the most crucial step, saving
the current read A-phase level as the previous state, preparing for the edge detection
in the next loop, if this line is not written, in the subsequent steps, it will be
impossible to determine whether A-phase has jumped, and the encoder will not be
able to work normally.

8 LED flashing tasks



This section of code serves as the fundamental configuration for the entire LED
hardware system. It is located in the header file and is used to centrally manage the
hardware pins and parameters, enhancing the maintainability and portability of the
code. Among them, POWER_LIGHT_PIN 40 defines the pin for the system power
indicator light, which is used to indicate whether the device is properly powered on
and working. LED_PIN 48 defines the data control pin for the external WS2812 series
programmable color lights. All 8 colors, brightness, and switch states of the lights are
all controlled through this single pin via serial communication. LED_NUM 8 clearly



states that the number of LEDs in the light string is 8, providing accurate hardware
parameters for the subsequent initialization of the Adafruit_NeoPixel library.

This part of the code declares all the global variables and driver objects required for
controlling the LED color lights. Firstly, an instance of the Adafruit_NeoPixel class
named led is created, and the number of LEDs, data pin, and communication timing
format (NEO_GRB + NEO_KHZ800) are passed in to complete the low-level binding of
the color light driver library. The global boolean variable isLed serves as the overall
switch for the LED lighting effect, with an initial value of true indicating that the
lighting effect is enabled by default upon power-on. It controls the running and
suspension of the entire LED task. ledCount is an unsigned character counter used to
record the number of cycles for various lighting effects, ensuring that each animation
is executed according to the set number of times. ledBrightness is used in the
breathing light effect to store the current brightness level, enabling smooth gradient
control of the brightness. These global variables are declared in the header file and
can be accessed by the ledTestTask task, the main function, and other functional
functions, achieving global sharing of LED status throughout the system. This is a
standard variable design method for peripheral control in multi-task environments.

This part of the code is located in the "setup()" function and serves as the
initialization entry point for the LED hardware and the driver library after the system
powers on. The execution sequence strictly follows the embedded hardware startup
logic of "power supply first, then initialization, and finally clearing the status".

Firstly, pin 17 is configured as an output mode and a high level is output. This pin is
the power enable pin for the LED light strip, used to provide the working power for
the entire light strip module, ensuring that the hardware is ready upon power-on.

Then, the "led.begin()" function is called to initialize the Adafruit_NeoPixel driver
library, completing the handshake with the hardware light strip, timing configuration,



and pin binding, enabling the MCU to control the light strip. Next,
"led.setBrightness(25)" is used to set the global default brightness to 25 (maximum
value 255), avoiding overly bright initial lighting that could cause glare or excessive
power consumption.

Then, "led.clear()" is used to clear the color cache of all light beads, setting all light
beads to an off state. Finally, "led.show()" is called to refresh the cleared state to the
actual hardware light beads, ensuring that the initial power-on state has no stray
light or garbled bright lights. The entire initialization process is rigorous and
standardized, ensuring that the LED system is in a stable, clean, and controllable
initial state before entering the animation task, laying a hardware foundation for the
normal operation of the subsequent "ledTestTask" task.

This sentence is in the FreeRTOS system of ESP32, where a dedicated real-time task is
created specifically for the color light effect. The entry function of the task is
ledTestTask, and the task is named "LED Test" for easy debugging and viewing. A
2048-byte task stack is allocated, which is sufficient to accommodate the color light
logic, local variables, and function call overhead. There are no entry parameters, the
task priority is set to 1, and the task handle is stored in ledTestTaskHandle for later
suspension and restoration. It is also fixedly bound to CPU core 0 for operation. The
color light logic is made into a separate RTOS task. The main advantage is that it does
not block the LVGL interface, does not block the encoder detection, and does not
occupy the loop main thread. The color light animation can run independently in a
loop, and it does not interfere with screen operations or knob operations.



The ledTestTask follows the standard format of FreeRTOS tasks. Internally, it
continuously runs the color light animation logic in an infinite loop to ensure that the
preset lighting effects are automatically played in a loop after power-on. At the
beginning of each cycle, all the light bulbs are cleared and the hardware display is
refreshed to ensure that the residual lights from the previous cycle do not affect the
rendering of the next animation.

The entire task encapsulates five sets of fixed lighting modes: white sequential
waterfall light, full-color synchronous flash, color sequential waterfall, multi-color
synchronous slow flash, and global color breathing gradient. These modes are
executed in sequence to form a complete lighting effect process.

Throughout the process, a global variable is used as the overall switch: as long as
isLed is false, the light count and brightness parameters are immediately reset, the
light bulb display is cleared, and vTaskSuspend(NULL) is called to suspend the current
task, thus not occupying the CPU until it is awakened by an external signal.

This self-suspension writing method is very classic and can achieve task sleep
without external handles; finally, a 5ms task delay is added to give the CPU to other
tasks, ensuring that the lighting animation is smooth without lag, and does not
monopolize system resources, balancing real-time performance and system stability.

This section achieves a five-round pure white sequential flashing effect for each
individual light bulb. The outer while loop controls the overall loop to run only 5
times. The inner for loop iterates through 8 light bulbs, setting the maximum RGB
value of pure white for each bulb. The led.show() function is called immediately to
refresh the hardware and light up the current bulb. A delay of 250ms is added to
maintain visual persistence.

Then, the light bulbs are cleared and refreshed to form a visual effect where each
bulb flows sequentially. The loop condition includes an isLed check throughout to
ensure that if the light switch is turned off halfway through, the logic for the light
effect can immediately exit, and no invalid execution will continue. After completing
5 rounds, the count variable ledCount is automatically reset to prepare for the next
set of light effects.



This code implements a five-round full-lamp color synchronization flash, repeating
the complete flashing process 5 times. In each round, 8 light beads are respectively
assigned different fixed colors such as red, green, blue, yellow, and purple. After all
the values are assigned once, the led.show() function is called simultaneously to light
up all the light beads, staying for 100ms to create a bright visual effect.

Then, the light beads are cleared and refreshed, and a delay of 100ms is added to
form a dimming interval, creating a rapid flashing effect with one bright flash and
one dimming interval. The colors of all the light beads remain fixed and unchanged,
presenting a colorful and simultaneous flashing visual effect. The isLed global switch
judgment is also nested to support the interruption of the light effect at any time.
The structure is simple and the timing control is regular, making it the most
commonly used synchronous flashing code for Neopixel color lights.



This section is a five-round color sequential sequential light display. The outer layer is
limited to running 5 rounds of animation. When the inner layer traverses 8 light bulbs,
it first clears the entire screen of lights, then through the switch branch, assigns a
unique fixed single color to each numbered light bulb, sequentially lights them up,
delays for a period of time, and forms a color flowing effect that moves sequentially;

it is consistent with the logic structure of the white flowing effect, but instead of
using a fixed white color, each light is independently assigned a color. The visual
hierarchy is more rich. After one round, it automatically counts and accumulates,
after five rounds, the counting variable is reset, ensuring that the next section of the
light effect state is clean and without conflicts. The modular writing method allows
each set of light effects to be independent and closed-loop, and not interfere with
each other.

This is exactly the same as the previous colorful flash logic, except that the delay
between on-off states has been extended to 250ms, achieving slow and synchronized
colorful flashing. By increasing the delay time, the animation rhythm can be changed.

Without modifying the color configuration and lighting logic, simply adjusting the
timing can switch between fast and slow effects. This reflects the design concept of
decoupling code timing from business logic; also, it is limited to looping 5 times only,
maintaining the regularity of the entire lighting effect duration, and adapting to the
rhythm design of the entire machine's UI lighting.



This is the most complex global color breathing light in the entire lighting effect set.

First, the colors of the 8 light beads are fixed, without changing the hue, only
adjusting the overall brightness; through two layers of for loops, the brightness
gradually increases from 0 to 25, then decreases from 25 to 0. Each level of
brightness is re-set and refreshed for display.

With a 50ms small delay, the gradual transition is very smooth, creating a natural
breathing effect of light and darkness; the outer layer limits the breathing cycle to
run only 10 times.

After that, the count and brightness parameters are reset, the default brightness is
restored, and the light bead images are cleared, returning to the initial state.

The entire process relies on the global brightness control interface of the Neopixel
library. Without modifying the RGB values one by one, the overall breathing effect
can be achieved. The code is concise and the animation effect is exquisite.

At the same time, the isLed switch judgment is retained, allowing the lighting effect
to be turned off at any time.

At this point, all the code functions covered in this course have been explained.



Library file path

In order for the code to run properly, we also need to download the library files we
provided.

Library file download link:

https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree
/master/example/V1.0/Arduino/RotaryScreen_1_46_Code

After downloading, we will place these library files in the default library file path of
the Arduino IDE.

https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree/master/example/V1.0/Arduino/RotaryScreen_1_46_Code
https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree/master/example/V1.0/Arduino/RotaryScreen_1_46_Code


Then, place the downloaded library files into it.

After placing it properly, remember to save it.



Modification of partition table

Due to the large scale of our code project, the required firmware size exceeds the
limit of the default partition table. Direct compilation will result in an error and no
executable file can be generated. Therefore, next we need to modify the partition
table configuration to allocate sufficient storage space for the program, ensuring that
the project can be compiled and run normally.

Open the file system, and we arrive at the file path of the previously installed ESP32
version 2.0.14.

Come to this interface



Open the "boards.txt" file

Press Ctrl + F on the keyboard, and search for

"esp32s3.menu.PartitionScheme.huge_app"



Then open the modification file we provided.

https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree
/master/example/V1.0/Arduino

Copy this content here and remove the original comments marked with "#".

https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree/master/example/V1.0/Arduino
https://github.com/Elecrow-RD/CrowPanel-1.46inch-HMI-ESP32-Rotary-Display/tree/master/example/V1.0/Arduino


Save and exit.

Then proceed to the "partitions" folder and locate the "hugh_app.csv" file.

After opening, replace it with the partition table size provided by us.



After the replacement is completed, save and exit.

Then close all the Arduino IDE programs you have opened and reopen them.

Upload the code

Now we can proceed with the code upload.

First, connect the USB interface using the data cable provided by us.



Then, based on our upload environment, make the selection.

Here, we select the partition table as the one we just modified, namely Huge_APP.

This way, your code can be compiled and burned successfully.

Finally, click on "Upload" and just wait for the code upload to complete.
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