Welcome
Thank you for choosing Freenove products!

Getting Started

When reading this, you should have downloaded the ZIP file for this product.
Unzip it and you will get a folder containing tutorials and related files. Please start with this PDF tutorial.

! Unzip the ZIP file instead of opening the file in the ZIP file directly.
! Do not move, delete or rename files in the folder just unzipped.

Get Support

Encounter problems? Don't worry! Refer to “TroubleShooting.pdf” or contact us.

When there are packaging damage, quality problems, questions encountering in use, etc., just send us an
email. We will reply to you within one working day and provide a solution.

support@freenove.com

Safety and Precautions

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

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

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

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

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

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

® Only operate the product in accordance with the instructions and guidelines of this tutorial, otherwise
parts may be damaged or you could be injured.

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

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

Any concerns? DX support@freenove.com
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About Freenove

Freenove provides open source electronic products and services worldwide.

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

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

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

Product Development and Customization Services

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

http://www.freenove.com

Copyright

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

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

Freenove brand and logo are copyright of Freenove Creative Technology Co., Ltd. and cannot be used without
written permission.
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Other registered trademarks and their owners appearing in this document:

Arduino® is a trademark of Arduino LLC (https://www.arduino.cc/).

Raspberry Pi® is a trademark of Raspberry Pi Foundation (https://www.raspberrypi.org/).
Raspberry Pi Pico® is a trademark of Raspberry Pi Foundation (https://www.raspberrypi.org/).
micro:bit® is a trademark of Micro:bit Educational Foundation (https://www.microbit.org/).
ESPRESSIF® and ESP32® are trademarks of ESPRESSIF Systems (Shanghai) Co, Ltd
(https://www.espressif.com/).

Any concerns? DX support@freenove.com
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Preface

Raspberry Pi Pico is a tiny, fast, and versatile board built using RP2040, a brand new microcontroller chip
designed by Raspberry Pi in the UK. Supporting Python and C/C++ development, it is perfect for DIY projects.
In this tutorial, we use Arduino to learn Pico. If you want to learn the Python version, please refer to another
tutorial: python_tutorial.pdf.

Using Arduino IDE as the development environment for Raspberry Pi Pico allows users to learn Pico better
and more quickly, which is just like developing Arduino programs. In addition, resources such as Arduino's
libraries can be directly used to greatly improve the efficiency of development.

If you have not downloaded the related material for Raspberry Pi Pico tutorial, you can download it from this
link:
https://github.com/Freenove/Freenove Ultimate Starter Kit for Raspberry Pi Pico

In this tutorial, we divide each project into 4 sections:

1, Component list: helps users to learn and find what components are needed in each project.

2, Component Knowledge: allows you to learn the features and usage of the components.

3, Circuit: assists to build circuit for each project.

4, Sketches and comments: makes it easier for users to learn to use Raspberry Pi Pico and make secondary
development.

After completing the projects in this tutorial, you can also combine the components in different projects to
make your own smart homes, smart car, robot, etc., bringing your imagination and creativity to life with
Raspberry Pi Pico.

If you have any problems or difficulties using this product, please contact us for quick and free technical
support: support@freenove.com

Any concerns? X support@freenove.com
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Raspberry Pi Pico

Raspberry Pi Pico applies to all chapters except Wireless in this tutorial.

Before learning Pico, we need to know about it. Below is an imitated diagram of Pico, which looks very similar

to the actual Pico.

The hardware interfaces are distributed as follows:

Frame color Description
Pins
BOOTSE button
USB port
N —
LED
Debugging

Any concerns? DX support@freenove.com
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Function definition of pins:

ST ST 9
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System Control - Debugging

For details: https://datasheets.raspberrypi.org/pico/pico-datasheet.pdf

Any concerns? DX support@freenove.com
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UART, 12C, SPI Default Pin

In Arduino IDE, the default pins of serial port are PinO and Pin1.

Note: Serial port is virtualized by RP2040. Therefore, when using the serial port, please enable the verification

function of DTR. It can work under any baud rate.
UART

Function Default
UART_BAUDRATE X
UART_BITS 8
UART_STOP 1
UART_TX Pin 0
UART_RX Pin1
12C
Function Default
[2C Frequency 400000
[2C_SDA Pin 4
12C_SCL Pin 5
SPI
Function Default
SPI_BAUDRATE 1000000
SPI_POLARITY 0
SPI_PHASE 0
SPI_BITS 8
SPI_FIRSTBIT MSB
SPI_SCK Pin 18
SPI_MQOSI Pin 19
SPI_MISO Pin 16
SPI_SS Pin 17

Any concerns? DX support@freenove.com
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Raspberry Pi Pico W

Raspberry Pi Pico W applies to all chapters in this tutorial.
Raspberry Pi Pico W adds CYW43439 as the WiFi function based on Raspberry Pi Pico. It is connected to
RP2040 chip through SPI interface.

O © 0 0 © © 0 © © 0 © © © o0 o © ©0 o 0o o

Raspberry Pi Pico W ©2022 S00TSEL ;H.—

5nd3d

. Il

© 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 o o

The hardware interfaces are distributed as follows:

e ©¢ 06 0 ¢ 0 0 00 0 @ o 0 © 0 0 0 0 o0 o0 o

Rasphnrry Pi Pico W ©2022
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. vn"
- - ] j:
11 -
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=

ongia
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Frame color Description
BOOTSE button
CEEEER USB port
——
Debugging
fr— Wireless
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Function definition of pins:
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For details: https://datasheets.raspberrypi.com/picow/pico-w-datasheet.pdf
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http://www.freenove.com/
https://datasheets.raspberrypi.com/picow/pico-w-datasheet.pdf

B www freenove.com

Preface

In Arduino IDE, the default pins of serial port are PinO and Pin1.

Note: Serial port is virtualized by RP2040. Therefore, when using the serial port, please enable the verification

function of DTR. It can work under any baud rate.

Function Default
UART_BAUDRATE X
UART_BITS 8
UART_STOP 1
UART_TX Pin 0
UART_RX Pin1
Function Default
[2C Frequency 400000
[2C_SDA Pin 4
12C_SCL Pin 5
Function Default
SPI_BAUDRATE 1000000
SPI_POLARITY 0
SPI_PHASE 0
SPI_BITS 8
SPI_FIRSTBIT MSB
SPI_SCK Pin 18
SPI_MQOSI Pin 19
SPI_MISO Pin 16
SPI_SS Pin 17
Function Default
WL_ON GP1023
WL_D GP1024
WL_CLK GPI0O29_ADC
WL_CS GP1025

Any concerns? X support@freenove.com
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Raspberry Pi Pico 2

Raspberry Pi Pico 2 is applicable to all chapters in this tutorial except RFID and those involving WiFi.
Raspberry Pi Pico 2 uses RP2350 chip as the main controller, which equipped with dual Cortex-M33 or
Hazard3 processors, capable of running up to 150 MHz, providing a significant boost in processing power,
compared with the original Pico. It also doubles the memory with 520KB of SRAM and 4MB of onboard flash
memory, with the ADC sampling frequency increasing to up to 500ksps. In addition, it adds 8 more PWM
channels, and features additional interfaces like 2x Timer with 4 alarms, 1x AON Timer and 4 x PIO.

Frame color Description

Pins

BOOTSE button

USB port

LED

Debugging

Any concerns? DX support@freenove.com
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Function definition of pins:

-
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)
5
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Color Pins Color Pins
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For details: https://datasheets.raspberrypi.com/pico/pico-2-datasheet.pdf
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UART, 12C, SPI Default Pin

In Arduino IDE, the default pins of serial port are PinO and Pin1.

Note: Serial port is virtualized by RP2350. Therefore, when using the serial port, please enable the verification

function of DTR. It can work under any baud rate.
UART

Function Default
UART_BAUDRATE X
UART_BITS 8
UART_STOP 1
UART_TX Pin 0
UART_RX Pin1
12C
Function Default
[2C Frequency 400000
[2C_SDA Pin 4
12C_SCL Pin 5
SPI
Function Default
SPI_BAUDRATE 1000000
SPI_POLARITY 0
SPI_PHASE 0
SPI_BITS 8
SPI_FIRSTBIT MSB
SPI_SCK Pin 18
SPI_MQOSI Pin 19
SPI_MISO Pin 16
SPI_SS Pin 17

Any concerns? DX support@freenove.com
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Raspberry Pi Pico 2W

Raspberry Pi Pico 2W applies to all chapters in this tutorial.
The Raspberry Pi Pico 2W adds WiFi functionality based on the Raspberry Pi Pico 2 by incorporating the
CYW43439 module, which connects to the RP2350 chip via an SPI interface.

L] L] . L] L] L] e
KC:R-R-PZR-PICOZW o

Pi C(ﬂ W BOOTSEL

o D - ® '

ME02Id-H0EVE - D0d

(oo

HKZ0ITd-€560Z D1

KU K-K-FZK-F LLUZW W’

HZ021d-£5602 01
KZ001d-H404VE - 00d

Frame color Description

Pins

BOOTSE button

USB port

LED

Debugging

Wireless

Juuu
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Function definition of pins:
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For details: https://datasheets.raspberrypi.com/picow/pico-2-w-datasheet.pdf
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In Arduino IDE, the default pins of serial port are PinO and Pin1.

Note: Serial port is virtualized by RP2350. Therefore, when using the serial port, please enable the verification

function of DTR. It can work under any baud rate.

Function Default
UART_BAUDRATE X
UART_BITS 8
UART_STOP 1
UART_TX Pin 0
UART_RX Pin1
Function Default
[2C Frequency 400000
[2C_SDA Pin 4
12C_SCL Pin 5
Function Default
SPI_BAUDRATE 1000000
SPI_POLARITY 0
SPI_PHASE 0
SPI_BITS 8
SPI_FIRSTBIT MSB
SPI_SCK Pin 18
SPI_MQOSI Pin 19
SPI_MISO Pin 16
SPI_SS Pin 17
Function Default
WL_ON GP1023
WL_D GP1024
WL_CLK GPI0O29_ADC
WL_CS GP1025

Any concerns? X support@freenove.com
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Chapter 0 Getting Ready (Important)

Before starting building the projects, you need to make some preparation first, which is so crucial that you
must not skip.

Programming Software

Arduino Software (IDE) is used to write and upload the code for Arduino Board.
First, install Arduino Software (IDE): visit https://www.arduino.cc/en/software/

Bring Your Projects to Life with Arduino Software

o0 Arduino IDE 2.3.6
.
Release notes

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. For more details, check the Arduino IDE 2.0 documentation.

Windows Win 10 or newer (64-bit) - DOWNLOAD

o weatherstationing  +

id setup() {

Nightly Builds

1
2

El }
4 voud losp() { Download a preview of the incoming release with the most updated ~

features and bugfixes.

The Arduino IDE 2.0 is open source and its source code is hosted on GitHub.

Any concerns? DX support@freenove.com
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Select and download corresponding installer based on your operating system. If you are a Windows user,
please select the "Windows" to download and install the driver correctly.

Bring Your Projects to Life with Arduino Software

o0 Arduino IDE 2.3.6
Release notes
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, cod vigation, and even a live
debugger. For more details, check the Ard E 2.0 documentation.

Windows Win 10 or newer (64-bit) - DOWNLOAD

Windows Win 10 or newer (64-bit)

windows MSI installer

Windows ZIP file € most updated -

Linux Applmage (64-bit X86-64)

Linux ZIP file (64-bit X86-64)

Hub.
macOs Intel 10.15 Catalina or newer (64-bit)

macOS Apple Silicon 11 Big Sur or newer (64-bit)

Legacy IDE (1.8.19)

Download a legacy version of the Arduino IDE.

After the downloading completes, run the installer. For Windows users, there may pop up an installation dialog
box of driver during the installation process. When it is popped up, please allow the installation.
After installation is completed, an shortcut will be generated in the desktop.

OO

(o

Any concerns? X support@freenove.com
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Run it. The interface of the software is as follows:

&1
Menus _
File Edit Sketch Tools Help

Serial Monitor ]

¥ Arduino Uno
sketch_sep17a.ino

1 void setup() {

2
T di 3
ext eaitor 4 )
5
6 void loop() {
7
8
0}
1@
Output

Any concerns? DX support@freenove.com

|
)

Ln 10, Col 1 Arduino Uno on COM30 o B8

Configured board

and serial port
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Programs written with Arduino IDE are called sketches. These sketches are written in a text editor and are
saved with the file extension.ino. The editor has features for cutting/pasting and for searching/replacing text.
The console displays text output by the Arduino IDE, including complete error messages and other
information. The bottom right-hand corner of the window displays the configured board and serial port.
The toolbar buttons allow you to verify and upload programs, open the serial monitor, and access the serial
plotter.

Verify
Checks your code for errors compiling it.

Upload
Compiles your code and uploads it to the configured board.

Debug
Troubleshoot code errors and monitor program running status.

Serial Plotter
Real-time plotting of serial port data charts.

Serial Monitor

oJi-Jojlojo

Used for debugging and communication between devices and computers.

Any concerns? X support@freenove.com
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Installation of Development Board Support Package

1. Make sure your network is of good connection.

2. Open Arduino IDE, and click File>Preference. In new pop-up window, find “Additional Boards Manager
URLs", and replace with a new line:

https://github.com/earlephilhower/arduino-pico/releases/download/global/package _rp2040_index.json

As shown below:

Preferences .
Settings Wetwork

Sketchbook loeation:

|D: \Documents\Arduine | | Browse
- 1 - |'I'.‘ dicl (Hemli-lb | . = e L}
@ Additional Boards Manager URLs >

Enter additional URLs, one for each row

fearlephilhower/arduino-pico/releases/downloa

Click for a list of unofficial hoards suppert URLs

| 0K || Cancel

[JUse accessibility features

Additional Boards Manager URLs: com;'es.rlephilhowerfs.rdui.no—picofreleases;’dowrﬂ.oadfglohal,"pac]{age_rpzﬂd-ﬂ_i.ndex.json|

More preferences can be edited directly in the file
C:\User=\DESKTOP-LIM\AppData‘\Local \ArduinolS\preferences. txt

(edit only when Arduine is not runming)

0K Cancel

3. Open Arduino IDE; click Boards Manager on the left.

sketch_sep21b | Arduino IDE 2.3.2 — O X
_SEep:
File Edit Sketch Tools Help

BOARDS MANAGER sketch_sep21b.ino
Pico 1 void setup() {
Type: | Al - 2 // put your setup code here, to run once:
3
4}
5
1. Board 6 void loop() {
7 // put your main code here, to run repeatedly:
Manager 3
° 1}
10

Raspberry Pi
Pico/RP2040 by Earle .

Boards included in this package:
Raspberry Pi Pico, Raspberry Pi
Pico W, Raspberry Pi Pico 2,...
Mare info

402 INSTALL

Any concerns? DX support@freenove.com
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4. Enter Pico in the searching box, and select “Raspberry Pi Pico/RP2040” and click on Install.

sketch_sep21b | Arduine IDE 2.3.2 - O *
File Edit Sketch Tools Help

SEIECt Board

BOARDS MAMAGER

Pico up() {
£ Tpe Al - put your setup code here, to run once:

3

Arduino Mbed 0s 4 1

RP2040 Boards by.. 5

Boards included in this package: 6 void ]_oop() {

Raspberry Pi Pic :

Nf;fa_li?;’ e 7 // put your main code here, to run repeatedly:

AR NsTALL ;

. v
° }

Raspberry Pi
Pico/RP2040 by Earle
Boards included in this package:
Raspberry Pi Pico, Raspberry Pi
Pico W, Raspberry Pi Pico 2,...
More info

Ln1,Col1 X Noboard selected [}

5. Click Yes in the pop-up "“dpinst-amd64.exe " installation window. (Without it, you will fail to
communicate with Arduino.) Thus far, we have finished installing the development support package.

Any concerns? DX support@freenove.com
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Uploading Arduino-compatible Firmware for Pico

If your Pico is new and you want to use Arduino to learn and develop, you need to upload an Arduino-
compatible Firmware for it. Please refer to the following steps to configure.

1. Disconnect Pico from computer. Keep pressing the white button (BOOTSEL) on Pico, and connect Pico to
computer before releasing the button. (Note: Be sure to keep pressing the button before powering the Pico,
otherwise the firmware will not download successfully)

2. Open Arduino IDE. Click File>Examples>01.Basics>Blink.

sketch_sep21c | Arduino IDE 2.3.2 Built-in examples |
File Edit Sketch Tools Help 01.Basics 3 AnalogReadSerial
Mew Sketch Ctrl+N 02.Digital » BareMinimum
MNew Cloud Sketch  Alt+Ctrl+N 03.Analog » Blink
Open... Ctrl+O 04.Communication » DigitalReadSerial
Open Recent » 05.Control » Fade
Sketchbook 3 06.5ensors 3 ReadAnalogVoltage
Examples » 07.Display L
Clase Ctrl+W 08.5trings »
Save Ctrl+5 09.USE »
Save As.. Ctrl+5hift+5 10.5tarterkit_Basickit 4
Preferences... Ctrl+iES 11.ArduinolSP i’ htedly:
Advanced > Examples from Custom Libraries
. Adafruit BuslO »
Quit - i Adafruit GFX Library »

Any concerns? DX support@freenove.com
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3. Click Tools>Board>Raspberry Pi RP2040 Boards>Raspberry Pi Pico.

& sketch_sep2ic | Arduina IDE 2.3.2 Raspberry Pi Pico
File Edit Sketch Tools Help Raspberry Pi Pico W
Auto Format Ctrl+T Raspberry Pi Pico 2
Archive Sketch 0xCE Helios
sketch_se Manage Libraries... Ctrl+Shift+] Adafruit Feather RP2040
1 Serial Monitor Ctrl+Shift+M Adafruit Feather RP2040 SCORPIO
2 Serial Platter Adafruit Feather RP2040 DVI
3 Firmware Updater Adafruit Feather RP2040 Adalegger
. Upload SSL Root Certificates Adafruit Feather RP2040 RFM
Adafruit Feather RP2040 ThinkINK
5 Board » Boards Manager... Ctrl+Shift+8 )
Adafruit Feather RP2040 USB Host
6 Port ) " Arduino AVR Boards P Adafruit Feather RP2040 CAN
7 Get Board Info esp32 * Adafruit Feather RP2040 Prop-Maker
8 Burn Bootloader e5p8266 4 Adafruit ltsyBitsy RP2040
9 7] Raspberry Pi Pico/RP2040 4 Adafruit Metro RP2040
10 | Adafruit QT Py RP2040
Adafruit STEMMA Friend RP2040
Adafruit Trinkey RP2040 QT

4. Click Tools>Port>UF2 Board.

& Blink | Arduina IDE 2.3.2 — [m] x

File Edit Sketch Tools Help

Auto Format Ctrl+T

Archive Sketch

Blink.ino Manage Libraries... Ctrl+Shift+]
22 Serial Monitor Ctrl+Shift+M
23 Serial Plotter
24 Firmware Updater
25 Upload SSL Root Certificates
26 Board: "Raspberry Fi Pico” 4
27 Port > Serial ports
28 Get Board Info Com1
29 Debug Level: "None” r uf2conv ports
30 Debug Port: "Disabled” 3 UF2 Board
31 C++ Exceptions: "Disabled” 4
32 Flash Size: "2MB (no FS)" 3
33 CPU Speed: "133 MHz" [
IP/Bluetooth Stack: "IPv4 Only” 3
34 Optimize: "Small (-Os} (standard)” 3
RTTI: "Disabled” L
35 X
Stack Protector: "Disabled” ’
Upload Method: "Default (UF2)" 3
36 USB Stack: "Pico SDK” L
37
Burn Bootloader
38

O indexing: 32/44 Col 1 Raspberry Pi Pico [not connected] 01

5. Upload sketch to Pico.

tch Tools Help

O R A -

26 void setup() {

28 pinMode(LED BUILTIN, OUTPUT);

8]
o
[

30

31

32  void loop() {
Qutput

Converting to uf2, output size: 139776, start address: ©x2000
Scanning for RP2040 devices
Flashing I: (RPI-RP2)

ploading...

o2

Ln1,Col 1 Raspberry Pi Pico on UF2_Board [not connected] B8

Any concerns? X support@freenove.com
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When the sketch finishes uploading, you can see the following prompt.

Output

1|
(g

Converting to uf2, output size: 139776, start address: ex2eee
Scanning for RP2040 devices
Flashing I: (RPI-RP2)

Wrote 139776 bytes to I:/NEW.UF2

Ln 32, Col 14 Raspberry Pi Pico on UF2_Board [not connected] (22 B

Any concerns? DX support@freenove.com
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And you can see the indicator on Pico starts to flash.

e
©

. &
LI )
B o=
"¢)

-
=
=
4]

BOOTSEL
.- & ®
BOOTSEL

-
Raspberry PiPico © 2020

Raspberry PiPico © 2020

. = »

5. Click Tools>Port>COMx(Raspberry Pi Pico). X of COMx varies from different computers. Please select the
correct one on your computer. In our case, it is COM15.

File Edit Sketch Tools Help
Auto Format Ctrl+T -\f‘- 0
Archive Sketch

RTTI: "Disabled” start address: ex2e00
Stack Protector: “Disabled”
Upload Method: "Default (UF2)"

USE Stack: "Pico SDK”

Blink.ino Manage Libraries... Ctrl+Shift+1
- Serial Monitor Ctrl+Shift+M
1o Serial Plotter
11 )
Firmware Updater
12 o
Upload SSL Root Certificates
13
1 Board: "Raspberry Pi Pico” »
15 Port: "UF2 Board” » Serial ports
16 Get Board Info COM15 (ArtronShop RP2 Nano, DatanaiseTV PicoADK, Neko Systems BL2040 Mini, Raspberry Pi Pico, Seeed XIAD RP2040, Viyala...
" " COM1
17 Debug Level: "None 4
18 Debug Partf "Disablled” 4
19 C++ Exceptions: "Disabled” 4 g
Flash Size: "2MB (no FS)" r
20 CPU Speed: "133 MHz" 4
21 IP/Bluetooth Stack: "IPv4 Only” r
Qi Optimize: “Small (-Os) (standard)” r = 6
»
»
»
»

Burn Bootloader

Ln 32, Col 14 Raspbemy Pi Pico on UF2 Board [not connected] (22 B

Note:

1. At the first time you use Arduino to upload sketch for Pico, you do not need to select port. After
that, each time before uploading sketch, please check whether the port has been selected; otherwise,
the downloading may fail.

2. Sometimes when using, Pico may lose firmware due to the code and fail to work. At this point, you
can upload firmware for Pico as mentioned above.

Any concerns? X support@freenove.com
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Paste the Sticker on the Breadboard

It is not difficult to use the Pico. However, officially, the pin functions are printed on the back of the board,
which makes it inconvenient to use. To help users finish each project in the tutorial faster and easier, we
provide stickers of the pin functions as follows:

4 & & & @
a & & & &
4«4 &5 & &

s & & &

- & & & &
. & & & @&
-« & & & &

* * * ® 2 = 92 & & 2 2 * 2 2 * & 2 2 S
& & & & & & & & & & & &5 5 & 4 & 8 8 s a
. & & & & & & 5 &5 5 & & 5 5 S & 8 5 & &
s & & 5 » 5 & 5 5 52 & 5 5 2 5 &5 8 2 b=

You can paste the sticker on the blank area of the breadboard as above.

To make the tutorial more intuitive, we have made some changes to the simulation diagram as below. The
left one is the actual Pico and the right one is its simulation diagram. Please note that to avoid
misunderstanding.

In addition, the external pin interface functions of Pico, Pico W, Pico 2 and Pico 2W are identical.

BOOTSBL

Pico
©2020

-]
oy -
-]
o
o
(-]
-
B
-l
[
o3
-
-
L]
-]
[
L]
[ ]
[}

Any concerns? DX support@freenove.com
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Note:

Raspberry Pi Pico, Raspberry Pi Pico W, Raspberry Pi Pico 2 and Raspberry Pi Pico 2W only differ by one
wireless function, and are almost identical in other aspects. In this tutorial, except for the wireless function,
other parts use Raspberry Pi Pico's map for tutorial demonstration.

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

Project 1.1 Blink

In this project, we will use Raspberry Pi Pico to control blinking a common LED.
If you have not installed Arduino IDE, you can click Here.
If you have not uploaded firmware for Pico, you can click Here to upload.

Component List

Raspberry Pi Pico (or Pico W or Pico 2 or Pico 2W) x1

BOOTSBL

PiccH

B

.

o (1 feied | N |
- (o
N s C
o~
o
N - G
@ (1]
-
Hl (s o o
o
=
o
o
Pl
=
=
(7}
Qo
Q.

()
0> o
o ()
-} ()
o o
) ()
o o
o ()
o (]
o o
o ()
o ()
] o
o ()
o o
o ()
o ()
o o
o ()
o ()

.lnapborr, PiPico © 2020 .

' Ras
®

or

_-—

USB cable x1

Any concerns? DX support@freenove.com
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Power
Raspberry Pi Pico requires 5V power supply. You can either connect external 5V power supply to Vsys pin of

Pico or connect a USB cable to the onboard USB base to power Pico.
In this tutorial, we use USB cable to power Pico and upload sketches.

.lnlpberr, PiPico © 2020  pporseL

pogaa

Any concerns? DX support@freenove.com
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Sketch

The onboard LED of Raspberry Pi Pico is controlled by GP25. When GP25 outputs high level, LED lights up;
when it outputs low, LED lights off. You can open the provided code:
Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi_Pico\C\Sketches\Sketch_01.1_Blink.

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

Click Tools, make sure Board and Port are as follows:

& sketch 01.1 Blink | Arduino IDE 2.3.2
File Edit Sketch Tools Help
: Archive Sketch
Sketch_01 Manage Libraries... Ctrl+Shift+
6 Serial Manitor CRIIEERIFEE I B ot o s st oo s o o o s s o o5 o o o o S 5 o o o
7 Serial Plotter
g Firmware Updater
g Upload 55L Root Certificates hen ou press reset or power 1
18 Board: "Raspberry Pi Pico” »
11 Port: "COM15" » PILTIN as an Tput
12 Get Board Info
13 Debug Level: "Mone” »
14 Debug Port: "Disabled” b
15 C++ Exceptions: "Disabled” * H over E-—;Ei"l foreve
16 Flash Size: "2MEB (no F5)" b
17 CPU Speed: "133 MHz *£ // turn the LED on (HIGH i

Click “"Upload” to upload the sketch to Pico.

File

5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

ch Tools

Help

¥ Raspberry Pi Pico

Sketch_01.1_Blink.ino

// the setup function runs once when you press reset or power the board
void setup() {
// initialize digital pin LED BUILTIN as an output.

}

// the loop func

Qoid loop() {

}

-

pinMode(LED_BUILTIN, OUTPUT);

tion runs over ar
digitalWrite(LED BUILTIN, HIGH);
delay(1eea);
digitalWrite(LED_BUILTIN, LOW);
delay(1eea);

Any concerns? X support@freenove.com
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If you have any concerns, please contact us at support@freenove.com

Pico's on-board LED lights on and off every 1s, flashing cyclically.

BO O TSEL
BO O TSEL

Raspberry PiPico © 2020
Raspberry PiPico © 2020

Note: Pico's on-board LED is driven by GPIO25. Pico W's on-board LED uses WL_ GPIOO, which is defined as
GPIO32 on Arduino.
If you use Pico W, please change "# define LED_BUILTIN 25" to "# define LED_BUILTIN 32" in the code.

w.

- 0
© 0 © 0 0 0 0 0 0 0 0 0 0 0 ©0 o ©O0 © o o

w.

- ©
© 0 © 0 0 © 0 0 0 0 0 0 0 0 0 o ©0 © o o

2
2

e] o
o o
o o
o (=]
o (5]
o (4]
o] (=]
o (4]
L] (-]
o] (<]
o o
o] (¢]
o o

. Raspberry Pi Pico W ©202
. Raspberry Pi Pico W ©202

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

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

// initialize digital pin LED BUILTIN as an output

pinMode (LED_BUILTIN, OUTPUT) ;

// the loop function runs over and over again forever
void loop() {
digitalWrite (LED BUILTIN, HIGH); // turn the LED on (HIGH is the voltage level)

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

}
The Arduino IDE code usually contains two basic functions: void setup() and void loop().
After the board is reset, the setup() function will be executed firstly, and then the loop() function.
setup() function is generally used to write code to initialize the hardware. And loop() function is used to write
code to achieve certain functions. loop() function is executed repeatedly. When the execution reaches the end
of loop(), it will back to the beginning of loop() to run again.

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

// the loop function runs over and over again forever
i void loop() {
L }

In the setup() function, first, we set the LED_BUILTIN as output mode, which can make the port output high

or low level.
// initialize digital pin LED BUILTIN as an output.
. pinMode (LED_BUILTIN, OUTPUT) ;
Then, in the loop() function, set the LED_BUILTIN to output high level to make LED light up.

digitalWrite (LED BUILTIN, HIGH): // turn the LED on (HIGH is the voltage level) |
Wait for 1000ms, that is 1s. Delay() function is used to make control board wait for a moment before executing

the next statement. The parameter indicates the number of milliseconds to wait for.
- delay (1000) ; // wait for a second |
Then set the LED_BUILTIN to output low level, and LED lights off. One second later, the execution of loop()
function will be completed.
digitalWrite (LED BUILTIN, LOW):; // turn the LED off by making the voltage LOW
delay (1000) ; // wait for a second
The loop() function is constantly being executed, so LED will keep blinking.

Any concerns? DX support@freenove.com
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Reference

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

Parameters
pin: the pin number to set the mode of LED.
mode: INPUT, OUTPUT, INPUT_PULLDOWM, or INPUT_PULLUP.

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

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

In this project, we will use Raspberry Pi Pico to control blinking a common LED.

Component List

Raspberry Pi Pico x1 USB Cable x1

—

LED x1 Resistor 220Q x1 Jumper

Any concerns? DX support@freenove.com
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Component Knowledge

LED

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

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

-

/Y LED Voltage Maximum current Recommended current

20 B 2 Red 1.9-22V 20mA 10mA

Green 29-34V 10mA 5mA

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

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

Resistor

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

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

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

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

Any concerns? DX support@freenove.com
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In the following diagram, the current through R1 is: I=U/R=5V/10kQ=0.0005A=0.5mA.

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

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

Breadboard

Here we have a small breadboard as an example of how the rows of holes (sockets) are electrically attached.
The left picture shows the way to connect pins. The right picture shows the practical internal structure.

Power

In this tutorial, we connect Raspberry Pi Pico and computer with a USB cable.

.lalpborry PiPico © 2020 jpoorseL :H.

C I I VN VN N I T TR I M I I

Any concerns? DX support@freenove.com
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Circuit

First, disconnect all power from the Raspberry Pi Pico. Then build the circuit according to the circuit and
hardware diagrams. After the circuit is built and verified correct, connect the PC to Raspberry Pi Pico.

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

Schematic diagram

a] a2] a3

1 SWCLK GND SWDIO 40
s GPO VBUS fom
-l P vss |22
Raspberry Pl
4 Pico a7
— GP2 3VI_EN [
3
=] a3 s |2
== cpa ADC_VREF 22,
7 34
i GP5 GP28_A2 =
acno B2
—_— -1 sre GP27_A1 2,
— 10 31
] GP7 GP26_AQ [
LY P run 2%
LED1 b £ GP9 GP22 £
Red (633nm)ZS/}
= L] P ar21 L
] ep20
16 25
] GP12 GP19 [
i P Ty L2
R1
. 1 22
220 2 GP14 GP17 [
201 cpis apis b2L
GND

3,8,13,18) 23,28,38

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

Note: To help users have a better experience when doing the projects, we have made some modifications
to Pico's simulation diagram. Please note that there are certain differences between the simulation diagram

and the actual board to avoid misunderstanding.

Any concerns? DX support@freenove.com
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Sketch

According to the circuit diagram, when GP15 of Pico outputs high level, LED lights up; when it outputs low,
LED lights off. Therefore, we can make LED flash repeatedly by controlling GP15 to output high and low
repeatedly.

You can open the provided code:
Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi_Pico\C\Sketches\Sketch_01.2_Blink.

Before uploading code to Pico, please check the configuration of Arduino IDE.
Click Tools, make sure Board and Port are as follows:

& Sketch_01.2_Blink | Arduino IDE 2.3.2
File Edit Sketch Tools Help
Auto Format Ctrl+T
: Archive Sketch
Sketch_01 Manage Libraries... Ctrl+Shift+1
q Serial Monitor Ctrl +Shift+M
9 Serial Plotter hen you press reset or power the board
10 Firmware Updater
11 Upload S5L Root Certificates JILTIN as an tput
12 Board: "Raspberry Pi Pico® »
13 Port: *COM15" »
14 =
15 Debug Level: "None” » § over agaln toreve
16 Debug Port: "Disabled” >
17 C++ Exceptions: "Disabled” LS irn the LED on (HIGH is the tage
Flash Size: "2MB (no FS)" 3
10 CPU Speed: "133 MHz" » 23t Far o eprnnd

Click “Upload” to upload the sketch to Pico.

(&) Sketch_01.2_Blink | Arduino IDE 2.3.2
File f ch Tools Help
Sketch_01.2_Blink.ino
7 #define LED BUILTIN 15
8
9 // the setup function runs once when you press reset or power the board
10  void setup() {
11 // initialize digital pin LED BUILTIN as an output.
12 pinMode(LED BUILTIN, OUTPUT);
13}
14
15 / the loop function runs over and over again foreve
16  void loop() {
17 digitalWrite(LED BUILTIN, HIGH); turn the LED on (HIGH is the vo

Click “Upload”. Download the code to Pico and your LED in the circuit starts Blink.

\ |7

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

Any concerns? X support@freenove.com
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Chapter 2 Button & LED

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

Next, we make a simple project: build a control system with button, LED and Raspberry Pi Pico.
Input: Button

Control: Raspberry Pi Pico

Output: LED

Any concerns? DX support@freenove.com
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Project 2.1 Button & LED

Note: Raspberry Pi Pico, Raspberry Pi Pico W, Raspberry Pi Pico 2 and Raspberry Pi Pico 2W only differ by
wireless function, and are almost identical in other aspects. In this tutorial, except for the wireless function,

other parts use Raspberry Pi Pico's map for tutorial demonstration.
In the project, we will control the LED state through a Push Button Switch. When the button is pressed, our
LED will turn ON, and when it is released, the LED will turn OFF.

Component List

Raspberry Pi Pico x1 USB cable x1

& & @ @ @ @® & ® @ @ ® @ @ @ @& & @ @& @

Breadboard x1

© © 6 0 6 0 0 0 © 0 0 0 O G O G G O OO G G OO G G OO OO OO GG O OO OO OO O OO0 GG SO O GGG SO
© © © 0 6 0 0 0 ° 0 0 S S O O O O OO OO OGO O OO OO OO OO OO OO OSSOSO OGSO OSSO GGG e
© © 6 6 6 6 0 0 © © ° 0 O O 6 6 O O OO OO O G O G S O OO O O OO O GO S G S OO O OO G S GGG SO GG GGG e e
© © 0 0 0 0600 060000000000 0 0
® © 0 0 0 0 00 0 000000008 000 e

© © 6 6 6 6 © 6 © © 0 6 O 0 O O O O O OO G O O G OO OO S OO O G OGO S GOS0 0 OO S OO O SO 00 GGG S e e
©® © © 0 0 0 0 © ° O ° 0 9 O 0 O O O OO O O OGO O OO O O OO O O O O G O OO OO 000G S OSSOSO GGG
© © 9 9 6 0 0 0 0 ° 0 0 9 O O S S O O OO0 O O O S O OO SO OO O S OO S S OO OO O OO OO OSSO OO OO S SO OO
© © 0 0 0 00 0060000000000 000000 00 ©® © © 9 9 0 0 0 0 0 0 0 0 00 0 0 0 0 S S SO GG GG GG S e e e
© © © 6 6 6 © © © 0 0 0 0 O O O O O G OO OO O G O O OO OO OO O OGO O GOS0 0GOS G GO S GGG GGG

® e 0 0 0 e e e 0 e o e e e ® o 0 0 IR ® o 0 0 0 ® o o 0 0 o 0 0 0 ® o o 0 0 IR
® o o 00 U R I I LI ® o 0 00 ® o o 0o ® o 0 00 ® o 0 0 o ® e o 0 0

Jumper LED x1 Resistor Resistor Push button
220Q x1 10kQ x2 x1

Any concerns? DX support@freenove.com
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Component Knowledge

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

1 2 1 2

1 2 1 2

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

Circuit

Schematic diagram

4] 42| 43]
SWCLK GND SWDIO 40
GPO VBUS

GP1 VSS

Raspberry Pl

Pico 37
GP2 3V3_EN

4
b
5
=i GP3 v
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7
—l GP5 GP28_A2 [
AGND

_ 2] crs GP27_A1
e -
) GP7 GP26_A0
l GP8 RUN [
. bo ] P GP22 [
LEDI P
Red (633nm) /\ 7 “
- ) GP10 GP21 [
GP11 GP20
GP12 GP19

GP13 GP18

22
GP14 GP17 [
21

GP15 GP16
GND

3,8.13,18' 23,28,38

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Note: To help users have a better experience when doing the projects, we have made some modifications

to Pico's simulation diagram. Please note that there are certain differences between the simulation diagram

and the actual board to avoid misunderstanding.

Any concerns? DX support@freenove.com
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Sketch

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

Upload following sketch:

Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi_Pico\C\Sketches\Sketch_02.1_ButtonAndLed.

Sketch_02.1_ButtonAndlLed

& Sketch_02.1_ButtonAndLed | Arduine IDE 2.3.2

File Edit Sketch Tools Help

Sketch_02.1_ButtonAndLed.ino

7 #define PIN_LED 15

8 #define PIN_BUTTON 13

9

10  void setup() { —
11 // initialize digital pin PIN LED as an output.

12 pinMode(PIN_LED, OUTPUT);

13 pinMode (PIN_BUTTON, INPUT);

14}

15

16 // the loop function runs over and over again forever
17  void loop() {

18 if (digitalRead(PIN BUTTON) == LOW) {

19 digitalWrite(PIN_LED,HIGH);

20 telse{

21 digitalWrite(PIN_LED,LOW);

22 }

23}

Upload the sketch to Pico. When pressing the button, LED lights up; when releasing the button, LED lights

OFF.

LI L LA ¢ e

LR LI B LA R L AL

Any concerns? X support@freenove.com
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The following is the program code:
#define PIN_LED 15
#defiine PIN_BUTTON 13

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

// initialize digital pin PIN LED as an output

pinMode (PIN_LED, OUTPUT) ;

pinMode (PIN_BUTTON, INPUT);

// the loop function runs over and over again forever
void loop() {
if (digitalRead (PIN_BUTTON) == LOW) {
digitalWrite (PIN_LED, HIGH) ;
Jelse
digitalWrite (PIN_LED, LOW) ;

In the circuit connection, LED and button are connected with GP15 and GP13 respectively, so define ledPin
and buttonPin as 15 and 13 respectively.

#define PIN_LED 15
#define PIN BUTTON 13

In the while cycle of main function, use digitalRead(buttonPin) to determine the state of button. When the

button is pressed, the function returns low level and the result of “if” is true, so LED lights up. Otherwise, LED
lights OFF.
void loop() {
if (digitalRead (PIN_BUTTON) == LOW) {
digitalWrite (PIN _LED, HIGH) ;
Jelse{
digitalWrite (PIN _LED, LOW) ;

Reference

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

logic level at the pin.

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

We will also use a Push Button Switch, LED and Raspberry Pi Pico to make a MINI Table Lamp but this will
function differently: Press the button, the LED will turn ON, and pressing the button again, the LED turns OFF.
The ON switch action is no longer momentary (like a door bell) but remains ON without needing to continually

press on the Button Switch.
First, let us learn something about the push button switch.

Debounce for Push Button

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

press I s]table rellease| stable
U
U |
| |
Ideal state I }
| | N
u | | t
™ |
| |
Virtual state | | ‘
| N
| 7
|

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

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

Any concerns? DX support@freenove.com
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Sketch

Upload following sketch:
Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi_Pico\C\Sketches\Sketch_02.2_TableLamp.
Sketch_02.2_TableLamp

&) sketch 02.2_ TableLamp | Arduino IDE 2.3.2
File Edit Sketch Tools Help

¥ Raspberry Pi Pico

Sketch_02.2_TableLamp.ino

7 #define PIN_LED 15

8 #define PIN_BUTTON 13

9 bool ledState = false;

1@

11 void setup() {

12 // initialize digital pin PIN_LED as an output.
13 pinMode (PIN_LED, OUTPUT);

14 pinMode (PIN_BUTTON, INPUT);

15}

16

17 // the loop function runs over and over again forever
18 wvoid loop() {

19 if (digitalRead(PIN_BUTTON) == LOW) {

20 delay(20);

21 if (digitalRead(PIN_BUTTON) == LOW) {
22 reverseGPIO(PIN_LED);

23 }

24 while (digitalRead(PIN_BUTTON) == LOW);
25 }

26 }

27

28 void reverseGPIO(int pin) {

29 ledState = !ledState;

30 digitalWrite(pin, ledState);

31 }

Upload the sketch to Pico. When the button is pressed, LED lights up; when the button is released, LED is

still ON.
L L L L L L L L L LI B L B B L B
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When the button is pressed again, LED turns OFF; when released, LED keeps OFF.

" e e e e * e 0 e 0 LI B e e LRI B O " e e 8w “ e e 00 * e w0

The following is the program code:
#idefine PIN_LED 15
#define PIN_BUTTON 13
bool ledState = false;

void setup() {
// initialize digital pin PIN LED as an output
pinMode (PIN_LED, OUTPUT);
pinMode (PIN_BUTTON, INPUT);

// the loop function runs over and over again forever
void loop() {
if (digitalRead (PIN BUTTON) == LOW) {
delay (20) ;
if (digitalRead (PIN BUTTON) == LOW) {
reverseGPIO (PIN LED) ;
}
while (digitalRead(PIN_BUTTON) == LOW);

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

}
In the circuit connection, LED and button are connected with GP15 and GP13 respectively, so define ledPin
and buttonPin as 15 and 13 respectively.

fidefine PIN_LED 15

fidef'ine PIN BUTTON 13

Define a variable to store the status of LED.

- bool ledState = false;

Any concerns? DX support@freenove.com
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When judging the push button state, if it is detected as "pressed down", wait for a certain time to detect again
to eliminate the effect of bounce. When confirmed, flip the LED on and off. Then it starts to wait for the
pressed button to be released, and waits for a certain time to eliminate the effect of bounce after it is released.
if (digitalRead (PIN_BUTTON) == LOW) {
delay (20) ;
if (digitalRead(PIN_BUTTON) == LOW) {
reverseGPIO (PIN LED) ;
1
while (digitalRead(PIN BUTTON) == LOW);
}
When the button is pressed, reverseGPIO function is called to change the variable that controls LED's statue,

and write it to Pico to reverse the pin’'s output state.

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

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

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

Project 3.1 Flowing Light

Note: Raspberry Pi Pico, Raspberry Pi Pico W, Raspberry Pi Pico 2 and Raspberry Pi Pico 2W only differ by
wireless function, and are almost identical in other aspects. In this tutorial, except for the wireless function,
other parts use Raspberry Pi Pico's map for tutorial demonstration.

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

Component List

Raspberry Pi Pico x1 USB cable x1

ooooooooo D I I I I I I I I I I I I I S I I I I I I B
---------------------------------------------------------------
®© o600 0000000000000 00 00 . e e e 00000000 LI . o ® e 0000000
@ e 0000000000000 0000 o0 0000000000000 DR .. © e 0000000 ® o o000 00 .
------------------------------------------- .o . . oo 0000
© © © 6 © 0 0 9 © 0 6 6 6 0 0 0 G G GG OO G OGS S SO 66 G S S S O 660060 G 000G 660G G
®© © 0000060600000 000000000 000 00 ® e 00 00 ® © 0 ¢ 9 0006000000000 000000 eSO e

Jumper LED bar graph x1 Resistor 220Q x10
-_— -

Any concerns? DX support@freenove.com
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Component Knowledge

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

LED bar

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

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

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram
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and the actual board to avoid misunderstanding.

Note: To help users have a better experience when doing the projects, we have made some modifications
to Pico's simulation diagram. Please note that there are certain differences between the simulation diagram

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

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

Upload following sketch:

Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi_Pico\C\Sketches\Sketch_03.1_FlowingLight.

(58]
File Edit Sketch Tools Help

Sketch_03.1_FlowingLight.ino

8 int ledCounts;

=

10 void setup() {

11 ledCounts = sizeof(ledPins);

12 for (int 1 = @; i < ledCounts; i++) {

13 pinMode(ledPins[i], OUTPUT);
14 }
15}
16
17 void loop() {
18 for (int i = @; i < ledCounts; i++) {
19 digitalWrite(ledPins[i], HIGH);
20 delay(10@);
21 digitalWrite(ledPins[i], LOW);
22 }
23 for (int i = ledCounts - 1; i > -1; i--) {
24 digitalWrite(ledPins[i], HIGH);
25 delay(10@);
26 digitalWrite(ledPins[i], LOW);
27 }
28 }
Oupat

L4 Raspberry FiFice - _

7 byte ledPins[] = {16, 17, 18, 19, 20, 21, 22, 26, 27, 28};

Click Upload to upload the sketch to Pico. LEDs of LED bar graph lights up one by one from left to right and

then back from right to left.

<
<

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

Any concerns? DX support@freenove.com


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

B www.freenove.com Chapter 3 LED Bar

The following is the program code:
byte ledPins[] = {16, 17, 18, 19, 20, 21, 22, 26, 27, 28};

int ledCounts;

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

void loop() {

for (int i = 0; i < ledCounts; i++) {
digitalWrite (ledPins[i], HIGH);
delay (100) ;
digitalWrite (ledPins[i], LOW):

}

for (int i = ledCounts — 1; i > -1; i—) {
digitalWrite (ledPins[i], HIGH);
delay (100) ;
digitalWrite (ledPins[i], LOW):

}

Use an array to define 10 GPIO ports connected to LED bar graph for easier operation.
! byte ledPins[] = {16, 17, 18, 19, 20, 21, 22, 26, 27, 28};
In setup(), use sizeof() to get the number of array, which is the number of LEDs, then configure the GPIO port

to output mode.

ledCounts = sizeof (ledPins) ;

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

}

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

for (int i = 0; i < ledCounts; i++) {
digitalWrite (ledPins[i], HIGH);
delay (100) ;
digitalWrite (ledPins[i], LOW):

}

for (int i = ledCounts — 1; i > —-1; i—) {
digitalWrite(ledPins[i], HIGH);
delay (100) ;
digitalWrite (ledPins[i], LOW):

Any concerns? DX support@freenove.com
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Chapter 4 Analog & PWM

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

First, let us learn how to control the brightness of an LED.

Project 4.1 Breathing LED

Breathing light, that is, LED is turned from off to on gradually and gradually from on to off, just like "breathing".
So, how to control the brightness of an LED? We will use PWM to achieve this target.

Component List

Raspberry Pi Pico x1 USB cable x1

Breadboard x1

DR DR e e e o e 0 e e ee ee e LR * e 00 s e e e e se e
“ oo 0. e e e e s e e see e e e e e e se e e e e e se e e s o e o
L I I I I I I I I I )

LED x1 Resistor 220Q x1 Jumper
I — . s
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An Analog Signal is a continuous signal in both time and value. On the contrary, a Digital Signal or discrete -
time signal is a time series consisting of a sequence of quantities. Most signals in life are analog signals. A
familiar example of an Analog Signal would be how the temperature throughout the day is continuously
changing and could not suddenly change instantaneously from 0°C to 10°C. However, Digital Signals can
instantaneously change in value. This change is expressed in numbers as 1 and 0O (the basis of binary code).
Their differences can more easily be seen when compared when graphed as below.

ANALOG DIGITAL

N\ N

7 7

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

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

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

The longer the output of high levels last, the longer the duty cycle and the higher the corresponding voltage
in the analog signal will be. The following figures show how the analog signal voltages vary between 0V -5V
(high level is 5V) corresponding to the pulse width 0%-100%:

Any concerns? X support@freenove.com
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The longer the PWM duty cycle is, the higher the output power will be. Now that we understand this
relationship, we can use PWM to control the brightness of an LED or the speed of DC motor and so on.

It is evident from the above that PWM is not real analog, and the effective value of the voltage is equivalent
to the corresponding analog. Therefore, we can control the output power of the LED and other output
modules to achieve different effects.

Raspberry Pi Pico and PWM

Raspberry Pi Pico has 16 PWM channels, each of which can control frequency and duty cycle independently.
Every pin on Raspberry Pi Pico can be configured as PWM output. In Arduino, PWM frequency is set to 500Hz.
You can change the PWM output by changing duty cycle.

Any concerns? DX support@freenove.com
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Circuit

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

Schematic diagram
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Note: To help users have a better experience when doing the projects, we have made some modifications
to Pico's simulation diagram. Please note that there are certain differences between the simulation diagram

and the actual board to avoid misunderstanding.

Any concerns? X support@freenove.com


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

Chapter 4 Analog & PWM www.freenove.com Il

This project is designed to make PWM output GP15 with pulse width increasing from 0% to 100%, and then
reducing from 100% to 0% gradually.

&) Sketch_04.1_BreathingLight | Arduino IDE 2.3.2 - O X

File Edit Sketch Tools Help

Sketch_04.1_BreathingLight.ino

7 #define PIN_LED 15
g ]
9 void setup() {

10 pinMode (PIN_LED, OUTPUT);

11 }

12

13  void loop() {

14 for (int i = @; 1 < 255; i++) {

15 analogWrite(PIN_LED, 1i);
16 delay(5);
17 }
18 for (int i = 255; i » -1; i--) {
19 analogWrite(PIN_LED, 1i);
20 delay(5);
21 }
22}
Output =5

Ln3,Col 69 Raspberry Pi Picoon COM15 0 B

Download the code to Pico, and you will see that LED is turned from on to off and then from off to on
gradually like breathing.

Y AN A1/ WAl N
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The following is the program code:
#tdefine PIN LED 15 //define the led pin

void setup() {
pinMode (PIN LED, OUTPUT) ;

void loop() {

for (int i = 0; i < 255; i++) { //make light fade in
analoglrite (PIN_LED, 1i);
delay (5) ;

}

for (int i = 255; i > -1; i—) { //make light fade out
analogWrite (PIN _LED, 1i);
delay (5) ;

Set the pin controlling LED to output mode.
! pinMode (PIN_LED, OUTPUT) ;

In the loop(), there are two “for” loops. The first makes the LED Pin output PWM from 0% to 100% and the
second makes the LED Pin output PWM from 100% to 0%. This allows the LED to gradually light and extinguish.
for (int i = 0; i < 255; i++) { //make light fade in
analogWrite (PIN LED, i);
delay (5) ;
}
for (int i = 255; i > -1; i——) { //make light fade out
analogWrite (PIN LED, i);
delay (5) ;

You can also adjust the rate of the state change of LED by changing the parameters of the delay() function in
the “for” loop.

Arduino IDE provides the function, analogWrite(pin, value), which can make ports directly output PWM

waves. Every pin on Pico board can be configured to output PWM. In the function called analogWrite(pin,
value), the parameter "pin" specifies the port used to output PWM wave. The range of value is 0-255, which
represents the duty cycle of 0%-100%.

In order to use this function, we need to set the port to output mode.
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Project 4.2 Meteor Flowing Light

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

Component List

Raspberry Pi Pico x1 USB cable x1

Jumper LED bar graph x1 Resistor 220Q x10

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram
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Note: To help users have a better experience when doing the projects, we have made some modifications
to Pico's simulation diagram. Please note that there are certain differences between the simulation diagram
and the actual board to avoid misunderstanding.

If LEDbar does not work, try to rotate LEDbar for 180°. The label is random.
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Sketch

Meteor flowing light will be implemented with PWM.
Sketch_04.2_FlowingLight?2

& Sketch_04.2 Flowinglight2 | Arduino IDE 2.3.2 - O X
File Edit Sketch Tools Help

Sketch_04.2_FlowingLight2.ino
7 const byte ledPins[] = {16, 17, 18, 19, 28, 21, 22, 26, 27, 28};

8

9 const int dutys[] = {e, e, e, e, e, e, e, ©, e, e, —
10 4095, 2047, 1023, 512, 256, 128, 64, 32, 16, 8,

11 o, 0, 9, e, ©, ®©, o, o, 8, 8}

12

13 int ledCounts;

14 int delayTimes = 50;

15  void setup() {

16 ledCounts = sizeof(ledPins);
17 for (int 1 = @; i < ledCounts; i++) {
18 pinMode(ledPins[i], OUTPUT);
19 }

20}

21

22 void loop() {

23 for (int 1 = 8; 1 < 208; i++) {

24 for (int j = @; j < ledCounts; j++) {
25 analogWrite(ledPins[j], map(dutys[i+j], ©, 495, @, 255));
26 }
27 delay(delayTimes);
28 }
29 for (int 1 = @; 1 < 20; i++) {
30 for (int j = @; j < ledCounts; j++) {
21 PR I P SN e I | o TR i I ol U R TST S . I | wamm A idra T 1= [+ Anac [+
Output = 58

Ln 6, Col 72 Raspberry Pi Picoon COM15 0 B

Download the code to Pico, and LED bar graph will gradually light up and out from left to right, then back
from right to left.

The following is the program code:

1 const byte ledPins[] = {16, 17, 18, 19, 20, 21, 22, 26, 27, 28}; //define led pins

2

3 const int dutys[] = {0, 0, 0, o0 0 0 0 0, 0 0

4 4095, 2047, 1023, 512, 256, 128, 64, 32, 16, 8,

5 0, 0, 0, 0, 0, 0, 0, 0, 0, 0};//define the pwm dutys
6

7 int ledCounts; //the number of leds

Any concerns? DX support@freenove.com
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int delayTimes = 50; //flowing speed , the smaller, the faster
void setup() {

ledCounts = sizeof (ledPins) ; //get the led counts

for (int i = 0; i < ledCounts; i++) { //setup the pwm channels
pinMode (ledPins[i], OUTPUT) ;

void loop() {
for (int i = 0; i < 20; i++) { //flowing one side to other side
for (int j = 0; j < ledCounts; j++) {

analogWrite (ledPins[j], map(dutys[i+j], 0, 4095, 0, 255));

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

for (int j = 0; j < ledCounts; j++) {
analogWrite (ledPins[ledCounts — j — 1], map(dutys[i+j], 0, 4095, 0, 255));
}

delay (delayTimes) ;

" —
" —

First, we defined 10 GPIO, 10 PWM channels, and 30 pulse width values.
const byte ledPins[] = {16, 17, 18, 19, 20, 21, 22, 26, 27, 28}: //define led pins

const int dutys[] = {0, 0, 0, 0, 0, 0, 0, 0, 0, O,
4095, 2047, 1023, 512, 256, 128, 64, 32, 16, 8,
0, 0, 0, o0 0 0, 0, 0, 0, 0};//define the pwm dutys

Define a variable to store the number of LEDs and another to control the flashing speed of the LED bar.

int ledCounts; //the number of leds

int delayTimes = 50; //flowing speed , the smaller, the faster

Sizeof() function is used to obtain the number of members of the array ledPins and assign it to ledCount.
Use the ‘for’ loop to set all pins to output mode.

ledCounts = sizeof (ledPins) ; //get the led counts
for (int i = 0; i < ledCounts; i++) { //setup the pwm channels
pinMode (1edPins[i], OUTPUT) ;

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

the starting point, achieving the desired effect.

0 314(5| 7|89 2 2172 212223
1 671890

d 0/ 0;0|/0|0]0 0 0|0 0[{0|0|0O|O0O

[

0

1

2

3

1

8

1

g

2

0

In the code, two nested for loops are used to achieve this effect.

17
18
19
20
21
22
23
24
25
26
27
28

for (int i = 0; i < 20; i++) { //flowing one side to other side
for (int j = 0; j < ledCounts; j++) {
analogWrite (ledPins[j], map(dutys[i+j], 0, 4095, 0, 255));
}
delay(delayTimes) ;
}
for (int i = 0; i < 20; i++) { //flowing one side to other side
for (int j = 0; j < ledCounts; j++) {
analogWrite (ledPins[ledCounts — j — 1], map(dutys[i+j], 0, 4095, 0, 255));
}
delay(delayTimes) ;

This function is used to remap a value, which will return a new value whose percentage in the range of
toLow-toHigh is equal to the percentage of "value" in the range of fromLow-fromHigh. For example, 1 is
the maximum in the range of 0-1 and the maximum value in the scope of 0-2 is 2, that is, the result value
ofmap (1,0,1,0,2)is 2.

Any concerns? DX support@freenove.com
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Chapter 5 RGBLED

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

Project 5.1 Random Color Light

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

Component List

Raspberry Pi Pico x1 USB cable x1

.lalpborrr PiPico © 2020

doEiaq

RGBLED x1 Resistor 220Q x3 Jumper
%
|]
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Related Knowledge

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

1

M
R G B

! NINE
23 2 3 4

Red, green, and blue light are known as three primary colors. When you combine these three primary-color
lights with different brightness, it can produce almost all kinds of visible lights. Computer screens, single pixel
of cell phone screen, neon, etc. are working under this principle.

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

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram
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Note: To help users have a better experience when doing the projects, we have made some modifications

to Pico's simulation diagram. Please note that there are certain differences between the simulation diagram

and the actual board to avoid misunderstanding.
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Sketch

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

() Sketch_05.1_RandomColerlight | Arduine IDE 2.3.2 — O *
File Edit Sketch Tools Help
Sketch_05.1_RandomColorLight.ino
7 int ledPins[] = {13, 12, 11}; //define red, green, blue led pins
8 int red, green, blue;
9 void setup() {
10 for (int i =@; 1 < 3; i++) { //setup the pwm channels,1KHz,8bit o
11 pinMode(ledPins[i], OUTPUT);
12 1
13}
14
15 void loop() {
16 red = random(@, 255);
17 green = random(@, 255);
18 blue = random(@, 255);
19 setColor(red, green, blue);
20 delay(200);
21}
22
23 void setColor(byte r, byte g, byte b) {
24 analogurite(ledPins[®@], 255-r); //Common anode LED, low level to turn on the
led.
25 analoghrite(ledPins[1], 255-g);
26 analoghrite(ledPins[2], 255-b);
27}
Qutput =

With the code downloaded to Pico, RGB LED begins to display random colors.

LA

The following is the program code:
int ledPins[] = {13, 12, 11}; //define red, green, blue led pins

int red, green, blue;

2 2 2

| 4
3
1

void setup() {
for (int i = 0; 1 < 3; i++) { //setup the pwm channels, 1KHz, 8bit
pinMode (ledPins[i], OUTPUT);

Any concerns? DX support@freenove.com
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void loop() {

red = random(0, 255);

green = random(0, 255) ;
blue = random(0, 255);
setColor (red, green, blue);
delay (200) ;

void setColor(byte r, byte g, byte b) {

analogWrite (ledPins[0], 255-1); //Common anode LED, low level to turn on the led
analogWrite (ledPins[1], 255-g);

analogWrite (ledPins[2], 255-h);

— —

Define pins to control RGB LED, and configure them as output mode.
int ledPins[] = {13, 12, 11}: //define red, green, blue led pins

int red, green, blue;

void setup() {

for (int i = 0; i < 3; i++) { //setup the pwm channels, 1KHz, 8bit
pinMode (ledPins[i], OUTPUT);

}
In setColor(), this function controls the output color of RGB LED by the given color value. Because the circuit
uses a common anode, the LED lights up when the GPIO outputs low power. Therefore, in PWM, low level is

"

the active level, so 255 minus the given value is necessary.

void setColor(byte r, byte g, byte b) {
ledcWrite (chns[0], 255 - r); //Common anode LED, low level to turn on the led
ledcWrite (chns[1], 255 - g);
ledcWrite (chns[2], 255 - b);
}
In loop(), get three random Numbers and set them as color values.
red = random (0, 255);
green = random(0, 255);
blue = random(0, 255);
setColor(red, green, blue);
delay (200) ;
The related function of software PWM can be described as follows:

l

This function will return a random number(min --- max-1).

Any concerns? DX support@freenove.com


http://www.freenove.com/

Chapter 5 RGBLED www.freenove.com [l

Project 5.2 Gradient Color Light

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

Component list, the circuit is the same as the project random color light.

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

0 85 170 255

Sketch

In this code, the color model will be implemented and RGBLED will change colors along the model.

Sketch_05.2_SoftColorfulLight
The following is the program code:
const byte ledPins[] = {13, 12, 11}; //define led pins

void setup() {
for (int i = 0; i < 3; i++) { //setup the pwm channels
pinMode (1edPins[i], OUTPUT) ;

void loop() {
for (int i = 0; i < 256; i++) {
setColor (wheel (i)) ;
delay (100) ;

void setColor(long rgh) {
analogWrite (ledPins[0], 255 - (rgh >> 16) & OxFF);
analogWrite (ledPins[1], 255 — (rgh >> 8) & OxFF):
analogWrite (ledPins[2], 255 — (rgh >> 0) & OxFF):

long wheel (int pos) {
long WheelPos = pos % 0xff;
if (WheelPos < 85) {
return ((255 — WheelPos * 3) << 16) | ((WheelPos * 3) << 8);
} else if (WheelPos < 170) {

Any concerns? DX support@freenove.com
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WheelPos —= 85;

return (((255 — WheelPos * 3) << 8) | (WheelPos * 3));
} else {

WheelPos —= 170;

return ((WheelPos * 3) << 16 | (255 - WheelPos * 3));

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

void setColor(long rgh) {
ledcWrite (chns[0], 255 — (rgh >> 16) & O0xFF) ;
ledeWrite (chns[1], 255 — (rgb >> 8) & OxFF):
ledeWrite (chns[2], 255 — (rgb >> 0) & OxFF):

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

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

Any concerns? DX support@freenove.com
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Chapter 6 NeoPixel

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

Project 6.1 NeoPixel

Learn the basic usage of NeoPixel and use it to blink red, green, blue and white.

Component List

Raspberry Pi Pico x1 USB cable x1

- L] . L L - L . L L - L -

.lalpborrr PiPico © 2020

@ " 7

]
]
=
=
Y

.- & = 8 » . = 8 8 =

Breadboard x1
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@ crum  © 4600
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The Freenove 8 RGB LED Module is as below. You can use only one data pin to control eight LEDs on the
module. As shown below:

® ol

y ~
4 FREENOVE
o "™ ,«
K

% <Z

~

~ i
FREENOVE S |1

Freenove 8 RGB LED Module

Free Your Innovation
www.freenove.com

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

~ ~

S, S
FREENOVE FREENOVE

- - -
Freenove 8 RGB LED Module Freenove 8 RGB LED Module

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

symbol Function symbol Function
S Input control signal S Output control signal
V Power supply pin, +3.3V~5.5V V Power supply pin, +3.3V~5.5V
G GND G GND
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Circuit

Schematic diagram
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Sketch

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

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

How to install the library

There are two ways to add libraries.

The first way, open Arduino IDE, click Library Manager on the left, input “Adafruit_NeoPixel” in the search
bar and select “Adafruit_NeoPixel” to install, as shown below.

&) sketch 06.1_LEDPixel | Arduino IDE 2.3.2 - O *

File Edit Sketch Tools Help

LIERARY MANAGER Sketch_06.1_LEDPixelino
l Adafruit_NeoPixel I 8 #include <Adafruit NeoPixel.h>

Type: Al b 9

Topic: Al v 1@ #define Pin 16 _
- ~\ 11  #define NumPixels 8

Adafruit NeoPixel by .

Adafruit - 12 int setcoler[5][3] = { {255, @, @}, {@, 255,

Arduino library for controlling 0}, {@, @, 255}, {255, 255, 255}, {0, @, @} };

single-wire-based LED pixels 13

and strip. Arduino library for...

14 Adafruit NeoPixel pixels(NumPixels, Pin,
NEO GRB + NEO_KHZ8@e);

More info

1123 INSTALL
\ J 15

The second way, open Arduino IDE, click Sketch=>Include Library=>Add .ZIP Library. In the pop-up window,
find the file named “./Libraries/ Adafruit_NeoPixel-V1.12.3.Zip” which locates in this directory, and click
OPEN.

&) Sketch_06.1_LEDPixel | Arduino IDE 2.3.2 Manage Libraries... Ctrl+Shift+1
File Edit Sketch Tools Help Add ZIP Library..
o Verify/Compile Ctrl+R
y Upload Ctil£U Arduine libraries
S Configure and Upload Adafruit TinyUSB Library
Upload Using Programmer Ctrl+Shift+U ADClnput
Export Compiled Binary Alt+Ctrl+5 Arduino_Builtin
Optimize for Debugging ArduincOTA
AsyncUDP
Show Sketch Folder Alt+Carl +K AudioBufferManager
(g i Ll ' BluetoothAudio
Add File.. BluetoothHCI e: 255}: {255
| e Search Libraries F=
~
Mame Date modified Ty 8 items
% Adafruit_MeoPiel-V1.12.3.zip I 9/ 024 3:34 PM ZIp
g DHT.zip 3/ 23 1:44 PM ZIp
% ESPE266Audio-V1.9.9.zip 9/24/2024 3:35 PM ZIp
% Freenove_RFID_Lib_for_Pico-W1.0.0.zip G/24/2024 3:52 PM ZIp
% LiquidCrystal_12C-V1.1.2.zip 0/24/2024 3:46 PM ZIp
% MPUBD50_tockn-Y1.5.2.zip 0/24/2024 3:45 PM ZIp
% Servo-V1.2.2.7ip 9/, 024 3:44 PM ZIp
% UltrasonicSensor-¥1.1.0.zip 9/24/2024 3:47 PM ZIp
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10
11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Output

&3 Sketch 06.1_LEDPixel | Arduino IDE 2.3.2 — O Pad
File Edit Sketch Tools Help

Sketch_06.1_LEDPixel.ino

#define Pin 16

#define NumPixels 8

int setColor[5][3] = { {255, @, e}, {@, 255, @}, {8, @, 255}, {255, 255, 255}, -
{e, e, e} };

Adafruit_NeoPixel pixels(NumPixels, Pin, NEO_GRB + NEO_KHZ8@®);

void setup() {
pixels.begin();
pixels.setBrightness(20);
by

void loop() {
for (int j = @; J < 5; j++) {
for (int 1 = @; 1 < NumPixels; i++) {
pixels.setPixelColor(i, setColor[j][e], setColor[j][1], setColor[j]1[2]);
pixels.show();
delay(1e8);

1
delay(5ee);

Ln 5, Col 33 Raspbemy PiPicoon COM15 (23 B

Download the code to Pico and RGB LED begins to light up in red, green, blue, white and black.
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The following is the program code:
#include <Adafruit NeoPixel.h>

ttdefine Pin 16
#define NumPixels 8
int setColor[5][3] = { {255, 0, 0}, {0, 255, 0}, {0, O, 255}, {255, 255, 255}, {0, 0, O} };

Adafruit NeoPixel pixels(NumPixels, Pin, NEO GRB + NEO KHZS00) ;

void setup() {
pixels. begin() ;
pixels. setBrightness(20) ;

void loop() {
for (int j = 0; j < 5; j++) {
for (int i = 0; i < NumPixels; i++) {
pixels. setPixelColor (i, setColor[j][0], setColor[j][1], setColor[jl[2]);
pixels. show() ;
delay (100) ;

}
delay (500) ;

}

To use some libraries, first you need to include the library's header file.

! #include <Adafruit NeoPixel.h>

Define the pins connected to the ring, the number of LEDs on the ring.
#tdefine Pin 16

. fidefine NumPixels 8

Apply for an object that controls the RGB LED ring, and assign the number of LEDs, the number of pins that

control the LEDs, and the control mode of the LEDs to the object.

- Adafruit NeoPixel pixels(NumPixels, Pin, NEO GRB + NEO KHZS00) ; |
Define the color values to be used, as red, green, blue, white, and black.

- u8 m color[5][3] = { {255, 0, O}, {0, 255, 0}, {0, O, 255}, {255, 255, 255}, {0, 0, O} }; |
Initialize pixels() in setup() and set the brightness.

pixels. begin() ;
pixels. setBrightness(20) ;
In the loop(), there are two “for” loops, the internal for loop is to light the LED one by one, and the external
for loop to switch colors. setPixelColor() is used to set the color, but it does not change immediately. Only
when show() is called will the color data be sent to the LED to change the color.
for (int j = 0; j < 5; j+) {
for (int i = 0; i < NumPixels; i++) {

pixels. setPixelColor (i, setColor[j][0], setColor[jl[1], setColor[j][2]);

pixels. show () ;

Any concerns? DX support@freenove.com


http://www.freenove.com/

Chapter 6 NeoPixel www.freenove.com [l

delay (100) ;
J
delay (500) ;

Reference

| Adafruit NeoPixel uintl6_t n_intl6_t pin = 6 neoPixclType type = NEO.GRB + NeO KiZ800) |

Constructor to create a NeoPixel object.

Before each use of the constructor, please add “Adafruit NeoPixel.h”

Parameters

n: The number of led.

pin_gpio: A pin connected to an LED.

type: Types of LED.
NEO_RGB: The sequence of NeoPixel module loading color is red, green and blue.
NEO_RBG: The sequence of NeoPixel module loading color is red, blue and green.
NEO_GRB: The sequence of NeoPixel module loading color is green, red and blue.
TYPE_GBR: The sequence of NeoPixel module loading color is green, blue and red.
NEO_BRG: The sequence of NeoPixel module loading color is blue, red and green.
NEO_BGR: The sequence of NeoPixel module loading color is blue, green and red.

Initialize the NeoPixel object

Set the color of LED with order number n.

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

Set the brightness of the LED.

If you want to learn more about this library, you can visit the following website:
https://github.com/adafruit/Adafruit_ NeoPixel

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

In the previous project, we have mastered the usage of NeoPixel. This project will realize a slightly complicated
Rainbow Light. The component list and the circuit are exactly the same as the project NeoPixel.

Sketch

Continue to use the following color model to equalize the color distribution of the eight LEDs and gradually
change.

0 85 170 255
Sketch_06.2_RainbowLight

&) Sketch_06.2_Rainbowlight | Arduino IDE 2.3.2 - [m] X
File Edit Sketch Tools Help

Sketch_06.2_RainbowLight.ino

#include <Adafruit_NeoPixel.h>

W o~ !

#define Pin 16 .
1@ #define NumPixels 8

11 int red = ©;

12 int green = 8;

13  int blue = @;

14 Adafruit_NeoPixel strip(NumPixels, Pin, NEO_GRB + NEQ_KHZ8ee);

16 void setup() {

17 strip.begin();

18 strip.setBrightness(2@);
19 3}

21 void loop() {
22 for (int j = @; j < 256 * 5; j++) {

23 for (int i = @; 1 < 8; i++) {
24 Wheel(((i * 256 / 8) + 3)%255);
25 strip.setPixelColor(i, strip.Color(red, green, blue));
26 }
27 strip.show();
28 delay(1@);
29 }
3@}
Output = 5

< indexang: 19/45 Ln6, Col 72 Raspberry PiPicoon COM15 222 O
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Download the code to Pico, and the Freenove 8 RGB LED Strip displays different colors and the color changes
gradually.

Qe S i R .
FREENOVE 5 B

59

The following is the program code:
#include <Adafruit NeoPixel.h>

#define Pin 16
#define NumPixels 8
int red = 0;

int green = 0;
int blue = 0;
Adafruit NeoPixel strip(NumPixels, Pin, NEO _GRB + NEO KHZS800) ;

void setup() {
strip. begin();
strip. setBrightness (20) ;

void loop() {
for (int j =0; j < 256 * 5; j++) {
for (int i =0; i < 8; i++) {
Wheel (((i * 256 / 8) + j)%255);
strip. setPixelColor (i, strip.Color(red, green, blue));
}
strip. show() ;
delay (10) ;

void Wheel (byte WheelPos) {
WheelPos = 255 — WheelPos;
if (WheelPos < 85) {
red = 255 — WheelPos * 3;
green = 0;
blue = WheelPos * 3;
}
else if (WheelPos < 170) {
WheelPos —= 85;
red = 0;
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green = WheelPos * 3;

blue = 255 — WheelPos * 3;
}
else {

WheelPos —= 170;

red = WheelPos * 3;

green = 255 — WheelPos * 3;

blue = 0;

In the loop(), two “for” loops are used, the internal “for” loop(for-j) is used to set the color of each LED, and
the external “for” loop(for-i) is used to change the color, in which the self-increment value in i+=1 can be
changed to change the color step distance. Changing the delay parameter changes the speed of the color
change. Wheel(((i = 256 / 8) + [)%255) will take color from the color model at equal intervals starting from i.

for (int j =0; j < 256 % 5; j++) {
for (int i =0; i < 8; i++) {
Wheel (((i * 256 / 8) + j)%255);
strip. setPixelColor (i, strip.Color(red, green, blue));
}
strip. show() ;
delay (10) ;

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

In this chapter, we will learn about buzzers and the sounds they make.

Project 7.1 Doorbell

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

Component List

Raspberry Pi Pico x1 USB cable x1

.lnspborr; PiPico © 2020

@8" -

poEIqQ

Jumper
NPN transistorx1l Active buzzer x1 Push button x1 Resistor | Resistor
(S8050) 1kQ x1 | 10kQ x2
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Buzzer is a sounding component, which is widely used in electronic devices such as calculator, electronic
warning clock and alarm. Buzzer has two types: active and passive. Active buzzer has oscillator inside, which
will sound as long as it is supplied with power. Passive buzzer requires external oscillator signal (generally use
PWM with different frequency) to make a sound.

Active buzzer Passive buzzer

1
o —
2.

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

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

How to identify active and passive buzzer?

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

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

Active buzzer Passive buzzer

Because the buzzer requires such large current that GP of Raspberry Pi Pico output capability cannot meet
the requirement, a transistor of NPN type is needed here to amplify the current.
Transistor, the full name: semiconductor transistor, is a semiconductor device that controls current. Transistor
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can be used to amplify weak signal, or works as a switch. It has three electrodes(PINs): base (b), collector (c)
and emitter (e). When there is current passing between "be", "ce" will allow several-fold current (transistor
magnification) pass, at this point, transistor works in the amplifying area. When current between "be" exceeds
a certain value, "ce" will not allow current to increase any longer, at this point, transistor works in the saturation
area. Transistor has two types as shown below: PNP and NPN.

PNP transistor NPN transistor
1| E 3]C
P 5 Bl g
B B
19293 3|C 19283 11 E
E B C E B C

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

Based on the transistor's characteristics, it is often used as a switch in digital circuits. As micro-controller's
capacity to output current is very weak, we will use transistor to amplify current and drive large-current
components.

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

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

NPN transistor to drive buzzer PNP transistor to drive buzzer
5V N
111 R1
Y Buzzer 1kQ
2] ;‘ [Pin y——h /\N\——I_ Q1
R1
1kQ 1 N
Pin > AW I:Q1 ||| Buzzer
1T
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Circuit

Schematic diagram

(4]
|=

i
oo

4] a2] a3 5V
1 SWCLK GND SWDIO 40
=t GPO VBUS
2 39
—f GP1 VSS [
Raspberry PI
Pico 3.3V
= p 3V3_EN Erd
3
S P avs |25
—6 GP4 ADC_VREF ﬂ
7 34
mf GP5 GP28_A2 [
AGND ﬂ
9 32
] GPE GP27_A1 [
10 31
= GP7 GP26_AQ [
11
=) GP8 RUN ﬂ
) op2z P22
ﬁ GP10 GP21 E
15
w—{ GP11 GP20
L e GP19
17
] GP13 GP18
19
=t GP14 GP17
201 Ge1s GP16
GND
3,8,13,18{ 23,28,38

R2

10K

R3
10K

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

support@freenove.com
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Note:

1.

In this circuit, the power supply for buzzer is 5V, and pull-up resistor of the button connected to the

power 3.3V. The buzzer can work when connected to power 3.3V, but it will reduce the loudness.

VBUS should be connect to the positive end of USB cable. If it connects to GND, it may burn the computer

or Raspberry Pi Pico. Similarly, please be careful when wiring pins 36-40 of Pico to avoid short circuit.
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Sketch

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

Sketch_07.1_Doorbell

&) Sketch_07.1_Doorbell | Arduino IDE 2.3.2 - O X
File Edit Sketch Tools Help

Sketch_07.1_Doorbellino
#define PIN_BUZZER 15
#define PIN_BUTTON 16

w oo !

18 void setup() {

11 pinMode (PIN_BUZZER, OUTPUT);

12 pinMode (PIN_BUTTON, INPUT);

13 digitalWrite(PIN_BUZZER,LOW);

14 }

15

16 void loop() {

17 if (digitalRead(PIN_BUTTON) == LOW) {

18 digitalWrite(PIN_BUZZER,HIGH);

19 Yelse{

20 digitalWrite(PIN_BUZZER,LOW);

21 }

22} m
Output = 5

Ln23,Col1 Raspberry PiPicoon COM15 [0 B

Download the code to Pico, press the push button switch and the buzzer will sound. Release the push button
switch and the buzzer will stop.
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The following is the program code:
#define PIN _BUZZER 15
#define PIN _BUTTON 16

void setup() {
pinMode (PIN_BUZZER, OUTPUT) ;
pinMode (PIN_BUTTON, INPUT);
digitalWrite (PIN_BUZZER, LOW) ;

void loop() {
if (digitalRead (PIN BUTTON) == LOW) f{
digitalWrite (PIN_BUZZER, HIGH) ;
Jelse{
digitalWrite (PIN_BUZZER, LOW) ;

}

The code is logically the same as using button to control LED.
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Project 7.2 Alertor

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

Component list and the circuit part is similar to last section, only the active buzzer needs to be replaced with
a passive buzzer for this project.

Component List

Raspberry Pi Pico x1 USB cable x1

.lalpborr, PiPico © 2020 R

Jumper
NPN transistorxl Passive buzzer x1 Push button x1 Resistor | Resistor
(S8050) 1kQ x1 10kQ x2
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Circuit

Schematic diagram

a1 42| a3 5V
SWCLK GND SWDIO
= Gro veus 22
2 39
el GP1 VSS fe—
Raspberry PI
Pico 3, 3V
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I 3
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i P ADC_VREF £
7 34
w—d GP5 GP28_A2 fmm
1 AGND 2
9 32
2 w— GP6 GP27_A1 fmm— 3. 3V
— GP7 GP26_A0 Eil
11
] GP8 RUN |
12 29
1 GPY GP22 femm R3
- R2 10K
10K
GP10 cp21 b
26
GP11 GP20 [
GP12 P19 =
24 S
GP13 GP18 [ :
GP14 GP17 [
GND —

3,8,13,18§ 23,28,38

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

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

Sketch_07.2_Alertor

File Edit Sketch Tools Help
Y Raspberry Pi Pico v NS o E

Sketch_07.2_Aleror.ino
7 #define PIN_BUZZER 15
8 #define PIN_BUTTON 16
9
1@ void setup() {
1 pinMode(PIN_BUTTON, INPUT);
12 pinMode (PIN_BUZZER, OUTPUT);
12} -
14
15 void loop() {
16 if (digitalRead(PIN_BUTTON) == LOW) {
17 alert();
138 telse {
19 freq(PIN_BUZZER, @, 10);
20 }
21}
22
23 wvoid alert() {
24 float sinval; // Define a variable to save sine value
25 int toneval; // Define a variable to save sound frequency
26 for (int x = @; x < 360; x += 10) { // X from @ degree->360 degree
27 sinval = sin(x * (PI / 18@)); // Calculate the sine of x
28 toneval = 20@@ + sinval * 5@0; // Calculate sound freguency according to the sine po
29 freq(PIN_BUZZER, toneval, 1@);
20 }
31}
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Download the code to Pico, press the button, and then alarm sounds; when the button is released, the alarm
will stop sounding.

I o @ o8 0900 00
e e 80 CGEEEEED ¢ 6 6
.. L .

.. L A .
I & 8 @ % 0 08 00000 -

The following is the program code:
#tdefine PIN_BUZZER 15
#idef'ine PIN_BUTTON 16

void setup() {
pinMode (PIN _BUTTON, INPUT) ;
pinMode (PIN BUZZER, OUTPUT) ;

void loop() {
if (digitalRead (PIN BUTTON) == LOW) f{
alert();
Jelse {
freq(PIN BUZZER, 0, 10);

void alert() {
float sinVal; // Define a variable to save sine value
int toneVal; // Define a variable to save sound frequency
for (int x = 0; x < 360; x += 10) { // X from 0 degree—>360 degree
sinVal = sin(x * (PT / 180)); // Calculate the sine of x
toneVal = 2000 + sinVal * 500; // Calculate sound frequency according to the sine of x
freq(PIN BUZZER, toneVal, 10);

void freq(int PIN, int freqs, int times) {
if (freqs == 0) {
digitalWrite (PIN, LOW);
}
else {
for (int i = 0; i < times * fregs / 1000; i ++) {
digitalWrite(PIN, HIGH) ;
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delayMicroseconds (1000000 / freqs / 2);
digitalWrite (PIN, LOW);
delayMicroseconds (1000000 / freqs / 2);

—
—

}
Define the button and pin to control the passive buzzer.
#define PIN_BUZZER 15
#defiine PIN_BUTTON 16

Write a function to drive the passive buzzer with a duty cycle of 50%. The delayMicroseconds() function is in

lus. 1's = 1000000 us. By the formula T = % when the frequency is fixed, the PWM period T is also fixed.

void freq(int PIN, int freqs, int times) {
if (fregs == 0) {
digitalWrite (PIN, LOW);
}
else {
for (int i = 0; i < times * fregqs / 1000; i ++) {
digitalWrite(PIN, HIGH) :
delayMicroseconds (1000000 / freqs / 2);
digitalWrite (PIN, LOW);
delayMicroseconds (1000000 / freqs / 2);

}
The frequency curve of the alarm is based on the sine curve. We need to calculate the sine value from O to

—
—

360 degree and multiply a certain value (here it is 500) and plus the resonant frequency of buzzer.

void alert() {

float sinVal; // Define a variable to save sine value

int toneVal; // Define a variable to save sound frequency

for (int x = 0; x < 360; x += 10) { // X from 0 degree—>360 degree

sinVal = sin(x * (PI / 180)); // Calculate the sine of x

toneVal = 2000 + sinVal * 500; // Calculate sound frequency according to the sine of x
freq(PIN BUZZER, toneVal, 10);

—

}
In the loop() function, when the button is pressed, subfunction alert() will be called and the alertor will issue a

warning sound; otherwise, it stops the buzzer.

if (digitalRead (PIN_BUTTON) == LOW) {
alert();

Jelse {

freq (PIN_BUZZER, 0, 10);

—
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Chapter 8 Serial Communication

Serial Communication is a means of Communication between different devices. This section describes
Raspberry Pi Pico Serial Communication.

Project 8.1 Serial Print

This project uses Raspberry Pi Pico serial communicator to send data to the computer and print it on the serial
monitor.

Component List

Raspberry Pi Pico x1 USB cable x1

.laspborr; PiPico © 2020 O

o
=
=
=
®

Related Knowledge

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

Device 1 Device 2

i >< i

TX TX
Before serial communication starts, the baud rate of both sides must be the same. Communication between
devices can work only if the same baud rate is used. The baud rates commonly used is 9600 and 115200.
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Serial port on Raspberry Pi Pico
Raspberry Pi Pico has integrated USB to serial transfer, so it could communicate with computer connecting to

USB cable.

Pico USB to Serial Computer

Arduino Software also uploads code to Pico through the serial connection.

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

Sketch_08.1_SerialPrinter | Arduino IDE 2.3.2 - o X

File Edit Sketch Tools Help

Sketch_08.1_SerialPrinter.ino
8 void setup() {

Interface of serial monitor window is as follows. If you cannot open it, make sure Pico has been connected
to the computer, and choose the right serial port in the menu bar "Tools".
[ TimestampJ

o~
Output  Serial Monitor x ¥ 0O

Clear output ]

Baud

N

Enter to send message to ‘Raspberry Pi Pico’ on 'COM15 Mew Line * 115200 baud

Data- %

sending

area

Data- >

receiving
area

Ln15,Col 5 Raspbeny PiPicoon COM15 (32 B
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Connect Raspberry Pi Pico to the computer with USB cable.

® s 8 & & & & 8 & & 88 = 8 & = =8 = = = =
i
1
I |

:
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' | =
- -
=
] (= -
E 3 o
II _II
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- @ 8 ® @ @ @ & @ @ @ @ & & & & @ =8 @ @

& Sketch_08.1_SerialPrinter | Arduino IDE 2.3.2 — O >
File Edit Sketch Tools Help

Sketch_08.1_SerialPrinterino

1

2

3

4

5

&6

7

8 wvoid setup() {

9 Serial.begin(1152e8);
1e delay(2ee8);

11 Serial.println("Raspberry Pi Pico initialization completed!");
12}

13

14 wvoid loop() {

15 Serial.println( millis() / 1e6@ % 6©);
16 delay(1lee8);

17}

Output = 5

Ln 18 Col 1 Raspbery Pi Picoon COM15 (22 B
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Download the code to Pico, open the serial port monitor, set the baud rate to 115200. As shown in the
following picture:

15 Serial.println( millis() / 10ee % 60);

16 delay(leee); ‘ ‘
17 3} Set the relevant information

Output  Serial Monitor x

¥ @ =

ssage (Enter to send message to 'Raspberry Pi Pico’ on 'COM15") | New Line = 115200 baud =

M

o

13:59:58. 860 -» Raspherry Pi Pico initialization completed!
13:59: 58, 860 -
13:89:59, 831 -
14:00:00.830 ->
14:00:01. 830 ->
14:00: 02, 868 ->
14:00:03, 8964 ->
14:00:04. 830 ->
14:00:05. 851 -

Above the trip is the system

information, and below is the
result of the code.

[ R e I R

Ln 10, Col 10 Raspberry PiPicoon COM15 (32 B

As shown above, when the code runs, the data is printed every one second.
Reference

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

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

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

Returns the number of milliseconds since the current system was booted.
For details, please refer to UART, 12C, SPI default pin.

You can change settings according to the distribution of pins.

1
2
3
4
5
6
| GP5_§v
8
2c1 5DA [ sPiosck 9
201 SCL 10

3
X 3V3_EN

2C1 SDA
2C1 SCL
2C0 SDA
2C0 SCL

36 EUEI

uT)
C_VR
) GP28 ) ADC?
E§  Gnp | AGND |
E-§ GP27 § ADCT § 1201 SCL |
Ef - GP26 ) ADCO _J 12C1 SDA |

UART1 TX | 2C0 SDA n -I§  RUN |
2c05CL | SPI1Csn 12 2
13 28

2C1 SDA § SPIT SCK 14 VN GP21 |

2C1 SCL 15 T GP20 |

2c0SDA [ SPITRX 16 25
uaRTO RX | 2coscL § sPi csn 17 24

T e 2 T

. & 8 8 B " B & " 88 "Ry

2C1 SDA § SPI1 SCK GP14 19 22 GP17 SPI0 CS 12C0 SCI § UARTO RX
2C1 SCL SPITTX GP15 20 7 GP16 12C0 S0+ § UARTO TX
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Project 8.2 Serial Read and Write

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

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

Sketch

Sketch_08.2_SerialRW

[ sketch_08.2_SerialRW | Arduino IDE 2.3.2 - O X
File Edit Sketch Tools Help

Sketch_08.2_SerialRW.ino wes
7 String inputString = ""; a String to hold incoming data
8 bool stringComplete = false; whether the string is complete
9
18 void setup() {
11 Serial.begin(1152e@);delay(1leee);
12 Serial.println(String("\nPico initialization completed!\n")
13 + String("Please input some characters,\n")
14 + String("select \"Newline\" below and click send button.

\n"));

15 }
16
17 void loop() {
18 if (Serial.available()) { judge whether data has been received
19 char inChar = Serial.read(); read one character
20 inputString += inChar;
21 if (inChar == '\n") {
22 stringComplete = true;
23 }
24 }
25 if (stringComplete) {
26 Serial.print("input text: ");
27 Serial.print(inputString);
28 inputString = "";
29 stringComplete = false;
30 }

Qutput  Serial Monitor = 6

Ln1,Col 1 Raspberry Pi Picoon COM15 0 B

Any concerns? X support@freenove.com
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Download the code to Pico, open the serial monitor, and set the bottom to Newline, 115200, as shown in

the following picture:

Output

15:41:
15:41:
158: 41
15:41:
15:41:

Serial Monitor

17,650 ->
17.6580 - Pico initialization completed!

c1T. 6680 -% Pleaze input =ome characters,

17.6580 =+ zelect "Newline” below and click send button.
17. 600 -

MNew Line -

¥ 0O =
115200 baud -

Newline, 115200 baud

32 B

Ln 11, Col 34

Raspberry Pi Pico on COM15

Input texts like “ABCDEFG” in the Message Bar and press Enter to print the data received by Pico.

Mew Line -

II”
=

v @
115200 baud ~ ~

COutput  Serial Monitor

Message (Ente end message to 'Raspberry Pi P § 5
15:41: 17,650 -

15:41:17. 6580 - Pico initializstion completed!

15:41: 17,6580 —-» Please input zome characters,

15:41:17. 650 —» szelect “Newline” below and click zend button.
16:41: 17, 660 -

15:41: 68,082 -» input text: ALBCDEFG:

Ln 11, Col 34

Raspberry Pi Pico on COM15

a2z B

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

a4

String inputString = ”77; //a String to hold incoming data
bool stringComplete = false; // whether the string is complete

void setup() {
Serial. begin(115200) ; delay (1000) ;
Serial. println(String(“"\nPico initialization completed!\n”)
+ String ("Please input some characters, \n”)

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

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

stringComplete = true;

}

if (stringComplete) {
Serial.print (“input text: ”);
Serial. print (inputString) ;

inputString =

stringComplete = false;

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

Constructs an instance of the String class.
For more information, please visit
https://www.arduino.cc/reference/en/language/variables/data-types/stringobject/

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

|

Reads incoming serial data.

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

This chapter we learn to use the ADC function of Raspberry Pi Pico.

Project 9.1 Read the Voltage of Potentiometer

In this chapter, we use ADC function of Pico to read the voltage output by potentiometer.

Component List

Raspberry Pi Pico x1

.laspborr, PiPico ©2020 O

.';‘ . "

pogda

USB cable x1

Any concerns? DX support@freenove.com
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Related Knowledge

ADC

An ADC is an electronic integrated circuit used to convert analog signals such as voltages to digital or binary
form consisting of 1s and 0s. The range of our ADC on Pico is 10 bits, which means the resolution is
2710=1024, and it represents a range (at 3.3V) will be divided equally to 1024 parts. The rage of analog values
corresponds to ADC values. So the more bits the ADC has, the denser the partition of analog will be and the
greater the precision of the resulting conversion.

DIGITAL
N

255
254
253
252

O NWS:

AN
ov 3.3v © ANALOG

Subsection 1: the analog in rang of OV---3.3/1023 V corresponds to digital 0;
Subsection 2: the analog in rang of 3.3/1023V---2%x3.3/1023V corresponds to digital 1;

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

ADC ChannelsRaspberry Pi Pico

Raspberry Pi Pico has four ADC channels, which are ADCO(GP26), ADC1(GP27), ADC2(GP28), ADC3(GP29).
ADC3 used to measure VSYS on Pico board. Therefore, there are only three generic ADC channels that can
be directly used, namely, ADCO, ADC1 and ADC2.

Any concerns? DX support@freenove.com
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Component Knowledge

Potentiometer

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

>
< 1

1 32 2

Between potentiometer pin 1 and pin 2 is the resistive element (a resistance wire or carbon) and pin 3 is
connected to the brush that makes contact with the resistive element. In our illustration, when the brush
moves from pin 1 to pin 2, the resistance value between pin 1 and pin 3 will increase linearly (until it reaches
the highest value of the resistive element) and at the same time the resistance between pin 2 and pin 3 will
decrease linearly and conversely down to zero. At the midpoint of the slider, the measured resistance values
between pin 1 and 3 and between pin 2 and 3 will be the same.

In a circuit, both sides of resistive element are often connected to the positive and negative electrodes of
power. When you slide the brush “pin 3", you can get variable voltage within the range of the power supply.

. R1
Pin 3 10kQ

Rotary potentiometer
Rotary potentiometers and linear potentiometers have the same function; the only difference being the
physical action being a rotational rather than a sliding movement.

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram

4] 42|  a43)

1 SWCLK GND SWDIO 40
] GPO VBUS [

2l a1 vss =2

Raspberry PI
Pico
= P 3V3_EN Kl
3
== Gp3 ava 28
1 ) ADC_VREF o
7 34
| GP5 GP28_A2 fem 1
AGND |2
S P GP27_A1 32,
10 31
m—] GP7 GP26_A0 -
LI P run 2% 3
2] Gro cp22 P2
2
L] PR eP2 P
2] P11 ap20 22
16 25 —
— GP12 GP19 = —
Skl PR cpis 2t
19 22
w— GP14 GP17 fmmm
29 cp1s o1 P2k
GND

3,8,13,18) 23,28,38

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

Sketch_09.1_ADC

& Sketch_09.1_ADC | Arduino IDE 2.3.2 = O X
File Edit Sketch Tools Help

Sketch_09.1_ADC.ino

7 #define PIN_ANALOG_IN 26
8
9 void setup() {

18 Serial.begin(115260);

11}

12

13  void loop() {

14 int adcVal = analogRead(PIN_ANALOG_IN);

15 double voltage = adcVal / 1823.@ * 3.3;

16 Serial.println("ADC Value: " + String(adcVal) + " --- Voltage Value: "
+ String(voltage) + "V");

17 delay(5@0);

18 }

Qutput = O

Ln1,Col 1 Raspberry PiPicoon COM15 32 8

Download the code to Pico, open the serial monitor, and set the baud rate to 115200, as shown in the
following picture,

Output  Serial Monitor x ¥ 0 =
Mew Line * 115200 baud -

14:21: 22,183 =» ADC Walue: 245 --— Voltage Walue: 0. 79V

14:21: 22,725 —» ADC Value: 245 -—— Voltage Walue: 0,79V

14:21:23.183 = ADC Walue: 246 -—— Voltage Walue: 0. 79V

14:21: 23,719 = ADC Value: 243 -—— Voltage Walue: 0,78V

14:21: 24,198 —» ADC Walue: 245 -—— Voltage Walue: 0. 79V

14:21:24. 711 = ADC Walue: 244 -—— Voltage Walue: 0. 79V

14:21: 25, 206 —> ADC Walue: 245 -—— Voltage Walue: 0,79V

14:21: 25, 684 —> ADC Walue: 244 --— Voltage Walue: 0. 79V

14:21: 26,184 —> ADC Walue: 244 -—— Voltage Walue: 0,79V

14:21: 26,717 —» ADC Walue: 244 -—— Voltage Walue: 0. 79V

14:21: 27, 228 - ADC Value: 245 -—— Voltage Walue: 0,79V

14:21:27. 6385 —» ADC Walue: 245 -—— Voltage Walue: 0. 73V

14:21:28. 231 - ADC Walue: 246 -—— Voltage Walue: 0. 79V

14:21: 28, 685 —> ADC Walue: 243 -—— Voltage Walue: 0,78V

14:21:29, 223 = ADC Walue: 244 --— Voltage Walue: 0. 79V

Ln1,Col 1 Raspberry Pi Picoon COM15 (32 8
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The following is the code:

#define PIN_ANALOG IN 26

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

void loop() {

int adcVal = analogRead (PIN ANALOG IN);

double voltage = adcVal / 1023.0 * 3.3;

Serial. println(“ADC Value: ” + String(adcVal) +
"y

delay (500) ;

”

——— Voltage Value: ” + String(voltage) +

}

In loop() function, analogRead is called to get the ADC value of ADCO and assign it to adcVal. Calculate the
measured voltage value through the formula, and print these data through the serial port monitor.

int adcVal = analogRead (PIN ANALOG IN) ;
double voltage = adcVal / 1023.0 * 3.3;
Serial. println(“ADC Value: ” + String(adcVal) +

”

——— Voltage Value: ” + String(voltage) +

Y

Reference

Reads the value from the specified analog pin. Return the analog reading on the pin. (0-1023 for 10 bits).

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

We have learnt to use ADC in the previous chapter. In this chapter, we will combine PWM and ADC to use
potentiometer to control LED, RGBLED and Neopixel.

Project 10.1 Soft Light

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

Component List

Raspberry Pi Pico x1 USB cable x1

.lnlpborry PiPico © 2020 BOOTEEL En.
3 L oo =

*- B0 B ” M -
= ([ (] - = " s
s /9 z

. G

L I I I I I A B B R R B I A B AR A I B B B U T I I )
L A I B I R I R I I I R IR I A R B R T B R B R R )
® ® 9 9 9 6 6 % O F O G G GGG T OGO G GG O S GG OGS G S OO O G GGG GE SO LS e OGSO
CHC U I I T I I T I B B BT B T B A B A I R I A T R R T R R R
® ® 9 0 9 9 P E S T O T T G S G TGS OGS E S S GO ST eSS C eSO

LR R A I T I R I L I I L I T T T R T R B B T R R T T R R )
® 9 9 9 9 9 0 6 S T O G U G O G S G T GG G S G T GG T GGG TSSOSO
® ® 9 9 0 P P E S S G PSS S PSS ST PSS eSS E e
® © 9 9 U S E S T G T G G P G S S TG U GG GG TGS TGS OSSO E e
DR B R I T B I T R I R I R T L B R I T T R R T )

Rotary potentiometer x1 Resistor 220Q x1 LED x1 Jumper

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram

a1  a2|  a3]

1 SWCLK GND SWDIO 40
— GPO VBUS =
2 39
GP1 VSS fomm
= Raspberry Pl
Pico
] GP2 3V3_EN 37,
5 36
= GP3 V3
— - GP4 ADC_VREF £l
7 34
w—{ GP5 GP28_A2 [
_ acnD 2 1
LEDI1 P 9 "
Red (633mm) N7 = ore er27_a1 |25
1
: Ll e GP26_A0 3 <10k
! SLE PR RUN | 3
12 29
R1 =l GP9 GP22 [
220 § 2
- 241 cpio oy 8
2 GP11 GP20 E ——
16 25 -
— GP12 GP19 =
L P op1s 2L
L] P op17 P22
20 21
GP15 GP16 e
GND

3,8,13,18} 23,28,38

* ® L

L) L]

L L]

L] .

L]

L * o * o

* o L L] L] L] ] LN * o0

Any concerns? X support@freenove.com
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Sketch

Sketch_10.1_Softlight

& Sketch_10.1_SoftLight | Arduino IDE 2.3.2 — O
File Edit Sketch Tools Help

Sketch_10.1_SoftLight.ino

#define PIN_ADC® 26
#define PIN_LED 15

o 0w ~ !

10 void setup() {

11 pinMode (PIN_LED, OUTPUT);

12}

13

14 wvoid loop() {

15 int adcVal = analogRead(PIN_ADC®);

16 analogWrite(PIN_LED, map(adcVal, @, 1823, @, 255));
17 delay(1e);

18 }

L indexing: 2/44

Download the code to Pico, by turning the adjustable resistor to change the input voltage of GP26, Pico
changes the output voltage of GP15 according to this voltage value, thus changing the brightness of the LED.

| \/  \l7 A\

Any concerns? DX support@freenove.com
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The following is the code:
#define PIN_ADCO 26
#define PIN_LED 15

void setup() {
pinMode (PIN LED, OUTPUT) ;

void loop() {
int adcVal = analogRead(PIN ADCO); //read adc
analogWrite (PIN LED, map(adcVal, 0, 1023, 0, 255));
delay (10) ;
}
In the code, read the ADC value of potentiometer and map it to the duty cycle of PWM to control LED
brightness.

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

Any concerns? DX support@freenove.com
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Project 10.2 Soft Colorful Light

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

Component List

Raspberry Pi Pico x1 USB cable x1

.lnapborr, PiPico © 2020 .

'.‘q .- | _::

-]
=
=
a
@

L - L L] L] L] - L L] ] ] L]

Breadboard x1

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

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

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

Resistor 220Q x3 RGBLED x1 Jumper

2

|

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram

a1 a2] a3

SWCLK GND SWDIO 40
GPO VBUS fumm
Pt vss 2 3.3V 3.3V
Raspberry Pl
Pico a7 3.3V 1 1
GP2 3V3_EN [
36 |
GP3 3v3
35
GP4 ADC_VREF [
24 GP27 3 GP28 3
GP5 GP28_A2 GP28
AGND 2>
GP6 GP27_A1 32 GP27 2 2
GP7 GP26_A0 3 GP26
GPB run |22 — pu—
GP9 or22 2
GP10 er21 3.3y
26
— GP11 GP2( [
25
w— GP12 GP19 e 1
24
GP13 GP18 fm
LE] op17 |22 GP26
20 21 3
GP15 GP16 o
GND
3,8,13,18| 23,28,38 2

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

Any concerns? X support@freenove.com


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

Chapter 10 Potentiometer & LED www.freenove.com [l

& Sketch_10.2_SoftColorfullight | Arduine IDE 2.3.2 — O *

File Edit Sketch Tools Help

Sketch_10.2_SoftColorfulLight.ino
7 const byte ledPins[] = {15, 14, 13};
8 const byte adcChns[] {26, 27, 28%};
9 int colors[] = {@, ©, ©};

18 void setup() {

11 for (int 1 = @; 1 < 3; i++) {
12 pinMode(ledPins[i], OUTPUT);
13 }

14}

15

16 wvoid loop() {

17 for (int 1 = @; 1 < 3; i++) {

18 colors[i] = map(analogRead(adcChns[i]), @, 1823, @, 255);
19 analogWrite(ledPins[i], colors[i]);
20 }
21 delay(18);
22}
Qutput = =

Ln1,Col 1 Raspberry Pi Picoon COM15 0 B

Download the code to Pico, rotate one of the potentiometers, then the color of RGB LED will change.
If you have any concerns, please contact us via: support@freenove.com
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The following is the program code:

const byte ledPins[] = {15, 14, 13}; //define led pins
const byte adcChns[] = {26, 27, 28}; // define the adc channels
int colors[] = {0, 0, 0}; // red, green, blue values of color

void setup() {
for (int i = 0; i < 3; i++) { //setup the pwm channels
pinMode (1edPins[i], OUTPUT);

void loop() {
for (int i =0; i < 3; i+H) {
colors[i] = map(analogRead(adcChns[i]), 0, 1023, 0, 255); //calculate color value
analogWrite (ledPins[i], colors[i]);
}
delay (10) ;

In the code, you can read the ADC values of the three potentiometers and map it into a PWM duty cycle to
control the three LED elements to vary the color of their respective RGB LED.

Any concerns? DX support@freenove.com
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Project 10.3 Soft Rainbow Light

In this project, we use a potentiometer to control Freenove 8 RGBLED Module.

Component List

Raspberry Pi Pico x1 USB cable x1

. - L . L - L . L . L] L} . . . L] . . - L]
B -

.lnapborr, PiPico © 2020 BO O TSEL ;n
g AR oo -]

'L o ]
.'-‘.q .: : - 0
o9/ N : |

poEla

0, %

[
0

o ~
FREENOVE 8

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram

41|  a2| a3]

1 SWCLK GND SWDIO 10
m—l GPO VBUS e
2 39
== GP1 Vss f—
Raspberry Pl 9.9y
Pico -1
— P2 3V3_EN 3T,
= cp3 ava |28 3. 3V
- G4 ADC_VREF L3,
i G5 GP28_A2 k-
aowo |22 !
LN ouTf——= 9 32
] GP6 GP27_A1 ==
IN GP15] .. 10 N KX
[+ ] o |* =l GP7 GP26_AD [
o _o vCC o I; 11 30 3
a ] GPB RUN [
GND 12 29
1 GP9 GP22 fme
2
— L] P P21 o
] P op20 P2
16 25 p—
— GP12 GP19 fom pu—
- P13 oPis P2
L] P opi7 P22
GP15 20 GP15 GP16 21,
GND

3,8,13,18§ 23,28,38

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

GND
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)
L/

13
GND
I
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Sketch

Sketch_10.3_Soft_Rainbow_Light

Sketch_10.3_SoftRainbowLight | Arduinc IDE 2.3.2 — O s
File Edit Sketch Tools Help

Sketch_10.3_SoftRainbowLight.ino

#include <Adafruit_NeoPixel.h>

O 0~

#define Pin 15

180 #define NumPixels 8

11  #define Pin_ADC® 26

12  int red = 9; f‘
13  int green = 8;

14 int blue = @;

15 int adcval = @;

16  Adafruit_NeoPixel strip(NumPixels, Pin, NEO_GRB + NEO_KHZ8@8);

17

18 void setup(){

19 strip.begin();

20 strip.setBrightness(20);

21}

22 void loop(){

23 adcval = map(analogRead(Pin_ADC®), ©, 1823, 8, 255);
24 for(int i=@; i< 8; i++) {

25 Wheel(((1 * 256 / 8) + adcval) & 255);

26 strip.setPixelColor(i, strip.Color(red, green, blue));
27 }

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

) 3
- £
ZZ i
v v
> > &
C

The following is the program code:

#include <Adafruit NeoPixel.h>

ftdefine Pin 16
#define NumPixels 8
#define Pin ADCO 26

int red = 0;

Any concerns? DX support@freenove.com
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int green = 0;

int blue = 0;

int adcVal = 0;

Adafruit NeoPixel strip(NumPixels, Pin, NEO GRB + NEO KHZS800) ;

void setup() {
strip. begin();
strip. setBrightness (20) ;
}
void loop() {
adcVal = map(analogRead (Pin ADCO), 0, 1023, 0, 255);
for(int i=0; i< 8; i++) {
Wheel (((i * 256 / 8) + adcVal) & 255);
strip. setPixelColor (i, strip.Color(red, green, blue));
}
strip. show() ;
delay (10) ;

void Wheel (byte WheelPos) {
WheelPos = 255 - WheelPos;
if (WheelPos < 85) {
red = 255 — WheelPos * 3;
green = 0;
blue = WheelPos * 3;
Jelse if (WheelPos < 170) {
WheelPos —= 85;
red = 0;
green = WheelPos * 3;
blue = 255 — WheelPos * 3;
Jelse{
WheelPos —= 170;
red = WheelPos * 3;
green = 255 — WheelPos * 3;
blue = 0;

}
The overall logical structure of the code is the same as the previous project rainbow light, except that the
starting point of the color in this code is controlled by potentiometer.

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

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

Project 11.1 Control LED through Photoresistor

A Photoresistor is very sensitive to the amount of light present. We can take advantage of the characteristic
to make a night lamp with the following function: when the ambient light is less (darker environment) the LED
will automatically become brighter to compensate and when the ambient light is greater (brighter
environment) the LED will automatically dim to compensate.

Component List

Raspberry Pi Pico x1 USB cable x1

.l.spborry PiPico ©2020 o

Photoresistor Resistor LED x1 Jumper
x1 220Q x1 10KQ x1

Any concerns? DX support@freenove.com
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Component Knowledge

Photoresistor

Photoresistor is simply a light sensitive resistor. It is an active component that decreases resistance with respect
to receiving luminosity (light) on the component's light sensitive surface. Photoresistor’s resistance value will
change in proportion to the ambient light detected. With this characteristic, we can use a Photoresistor to
detect light intensity. The Photoresistor and its electronic symbol are as follows.

1
2
2

The circuit below is used to detect the change of a Photoresistor’s resistance value:
3.3V 3. 3V

1

R1

Pin
Pin
R1 -

R2
10K

In the above circuit, when a Photoresistor’s resistance value changes due to a change in light intensity, the
voltage between the Photoresistor and Resistor R1 will also change. Therefore, the intensity of the light can
be obtained by measuring this voltage.

Any concerns? X support@freenove.com
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Circuit

The circuit of this project is similar to SoftLight. The only difference is that the input signal is changed from a
potentiometer to a combination of a photoresistor and a resistor.

Schematic diagram

a1 42| a3

1 SWCLK GND SWDIO 40
] GPO VBUS f==
2 39
—l GP1 VSS [
Raspberry PI
Pico
=) Gp2 3V3_EN 37
- Gp3 3v3
S ces ADC_VREF
] GP5 GP28_A2
AGND
S P GP27_A1 [
10
-— = GP7 GP26_A0
s RUN [
2] sro P22
*
LED1 X 14
=] GP10 GP21
Red (633nm)y 15
] GP11 GP20

GP12 GP19
R3
P1
290 GP13 GP18
GP14 g
21
GP15 GP16 fom=

GND
3,8,13,18) 23,28,38

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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The circuit used is similar to the project Soft Light. The only difference is that the input signal of the ADCO pin
of ADC changes from a potentiometer to a combination of a photoresistor and a resistor.

& Sketch_11.1_Photosensitive | Arduino IDE 2.3.2 = O X
File Edit Sketch Tools Help

Sketch_11.1_Photosensitive.ino
7 #define PIN_ADC® 26
8 #define PIN_LED 15
9

18 void setup() {
11 pinMode (PIN_LED, OUTPUT);

12}

13

14 wvoid loop() {

15 int adcVal = analogRead(PIN_ADCS);

16 analogWrite(PIN_LED, map(adcvVal, @, 123, @, 255));
17 delay(1e);
18 }

Output = 6

Ln1,Col 1 Raspberry Pi Picoon COM15 0 B

Download the code to Pico, if you cover the photoresistor or increase the light shining on it, the brightness
of the LED changes accordingly.
If you have any concerns, please contact us via: support@freenove.com

Fully cover the photoresistor:

Pico
©2020

e e

o gummmmm o selc)]y

Any concerns? X support@freenove.com
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Half cover the photoresistor:

The following is the program code:

fidefine PIN ADCO 26
ftdefine PIN _LED 15

void setup() {
pinMode (PIN LED, OUTPUT) ;

void loop() {
int adcVal = analogRead (PIN ADCO); //Read the voltage of the photoresistor
analogWrite (PIN LED, map(adcVal, 0, 1023, 0, 255));
delay (10) ;

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

In this chapter, we will learn about Thermistors that are another kind of Resistor.

Project 12.1 Thermometer

A Thermistor is a type of Resistor whose resistance value is dependent on temperature and changes in
temperature. Therefore, we can take advantage of this characteristic to make a thermometer.

Component List

Raspberry Pi Pico x1 USB cable x1

.lnspborry PiPico © 2020 R

Thermistor x1 Resistor 10kQ x1 Jumper

Any concerns? DX support@freenove.com
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Component Knowledge

Thermistor
A Thermistor is a temperature sensitive resistor. When it senses a change in temperature, the resistance of the

Thermistor will change. We can take advantage of this characteristic by using a Thermistor to detect
temperature intensity. A Thermistor and its electronic symbol are shown below.

| I

The relationship between resistance value and temperature of a thermistor is:

Where:
Rt is the thermistor resistance under T2 temperature;
R is the nominal resistance of thermistor under T1 temperature;
EXP[n] is nth power of g;

B is for thermal index;
T1, T2 is Kelvin temperature (absolute temperature). Kelvin temperature=273.15 + Celsius temperature.

For the parameters of the Thermistor, we use: B=3950, R=10kQ, T1=25°C.
The circuit connection method of the Thermistor is similar to photoresistor, as the following:

3. 3V

R1
10K

We can use the value measured by the ADC converter to obtain the resistance value of Thermistor, and then

we can use the formula to obtain the temperature value.
Therefore, the temperature formula can be derived as:

Any concerns? DX support@freenove.com
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Circuit

The circuit of this project is similar to the one in the previous chapter. The only difference is that the
Photoresistor is replaced by a Thermistor.

Schematic diagram

4] 42| a3
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w—l GPO VBUS [
- GP1 vss 32,
Raspberry PI
4 Pico 37
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7 34 R1
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-1 GP6 GP27_A1 2
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w—l GP7 GP26_A0
il GP8 RUN 2
.t GPg GP22 =
"] GP10 GP21 25
— GP11 GP20 22
16 25
w— GP12 GP19 [ -
. GP13 GP18 =3
19 22 p—
w— GP14 GP17 = p—
w2l GP15 GP16 2L
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3,8,13,18§ 23,28,38

* e e °
e e .
e o @ .
. o °
o =Ml o o
(0]
izl ® ® o o o @ o o
co.-to .
L)
o
S
= [
W
a
L )
oooo-o .
LGl e o o ¢ o o .
< —
® o o 0 0o 0 .
* e o 0 0 0 .
* o o o 0o e .

Any concerns? X support@freenove.com

125



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

Chapter 12 Thermistor www.freenove.com Il

Sketch

Sketch_12.1_Thermometer

& Sketch_12.1_Thermometer | Arduino IDE 2.3.2 - m] *

File Edit Sketch Tools Help

Sketch_12.1_Thermometer.ino

7 #define PIN_ADCO 26
8 wvoid setup() {
9 Serial.begin(1152ee);
10 )
11
12 void loop() {
13 int adcvalue = analogRead(PIN_ADC®);
14 double voltage = (float)adcvalue / 1023.@ * 3.3;
15 double Rt = 10 * voltage / (3.3 - voltage); —
16 double tempkK = 1 / (1 / (273.15 + 25) + log(Rt / 1@) / 395@.0);
17 double tempC = tempK - 273.15;
18 Serial.println("voltage: " + String(voltage) + "V,\t\t" + "Kelvins: " + String
(tempK) + "K,\t" + "Temperature: " + String(tempcC) + "C");
19 delay(1@08);
20 )
Qutput =

Ln 14, Col 54 Raspberry Pi Picoon COM153 22 B

Upload the code to Pico and serial monitor will display the current ADC, voltage and temperature values. Try
to “pinch” the thermistor (without touching the leads) with your index finger and thumb for a brief time, you
should see that the temperature value increases.

Output  Serial Monitor x vy @ =
Mew Line * 115200 baud -

La. du. 2l P40 TS vulLdge. Lo deeW, LELWLILE., JUl. 210, lemperdrudre. 40l 100

14:60: 36, 952 -» Woltage: 1. 52V, Kelwvin=: 301. 86K, Temperature: 2Z8. T1C

14:80: 37,959 —> Voltage: 1.03V, Kelwin=: 301.58E, Temperature: 28.43C

14:50: 38,935 - Woltage: 1.52V, Kelwvins=: 301. 86K, Temperature: 28. T1C

14:50: 39, 958 > Woltage: 1.54V. Kelwvin=: 301. 31K, Temperature: 28. 1AC

14:50: 40, 953 —» Voltage: 1.52V, Kelwvins: 301, 67K, Temperature: 28, B2C

14:50:41.961 -» Voltage: 1.5ZV. Kelwvin=: 301.67K, Temperature: 28, 52C

14:60: 42,917 —> Voltage: 1.52ZV, Eelwinz: 301.67E, Temperature: 28, B2C

14:80: 43,940 -> Woltage: 1.53V. Kelwvins=: 301. 459K, Temperature: 28, 34C

14:60: 44, 946 —> Voltage: 1. 54V, Kelwins: 301, 22K, Temperature: 28, 07C

14:50: 45,918 - Woltage: 1.5ZV, Kelwvin=: 301.67K, Temperature: 28, B2C

14:80: 46, 919 —> Voltage: 1.54V, Kelwin=: 301, 31E, Temperature: 28. 16C

14:50: 47,942 —» VWoltage: 1. 53V, Kelwvins=: 301. 49K, Temperature: 28, 34C

14:50: 48, 947 -» Voltage: 1.53V, Kelwvin=: 301.58K, Temperature: 28, 43C

14:580; 49, 960 —> Voltage: 1.52V, Kelwvins: 301, 67K, Temperature; 28, B2C

14:B0: 50,920 -» Voltage: 1.53V. Kelwvin=: 301.58K, Temperature: 28, 43C

Ln 14, Col 54 Raspberry PiPicoon COM15 22 B3

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

#define PIN ADCO 26
void setup() {
Serial. begin(115200) ;

void loop() {
int adcValue = analogRead (PIN ADCO); //read ADC pin
double voltage = (float)adcValue / 1023.0 * 3.3;// calculate voltage
double Rt = 10 * voltage / (3.3 - voltage);//calculate resistance value of thermistor
double tempK = 1 / (1 / (273.15 + 25) + log(Rt / 10) / 3950.0);//calculate temperature
(Kelvin)
double tempC
Serial.println("Voltage: ” + String(voltage) + "V, \t\t” + “Kelvins: ” + String(tempK) +
+ String(tempC) + “C”);

|
—

tempK — 273.15;//calculate temperature (Celsius)

”

“K,\t” + “Temperature:
delay (1000) ;

In the code, the ADC value of ADC module AQ port is read, and then calculates the voltage and the resistance
of thermistor according to Ohms Law. Finally, it calculates the temperature sensed by the thermistor,
according to the formula.

Any concerns? DX support@freenove.com
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Chapter 13 Joystick

In the previous chapter, we have learned how to use rotary potentiometer. Now, let us learn a new electronic
module Joystick that works on the same principle as rotary potentiometer.

Project 13.1 Joystick

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

Component List

Raspberry Pi Pico x1 USB cable x1

& & & & & . & & & 8 = = =

.lnspborry PiPico © 2020 R
- - o = )

Joystick x1 Jumper

Any concerns? DX support@freenove.com
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A Joystick is a kind of input sensor used with your fingers. You should be familiar with this concept already as
they are widely used in gamepads and remote controls. It can receive input on two axes (Y and or X) at the
same time (usually used to control direction on a two dimensional plane). In addition, it has a third direction
capability by pressing down (Z axis/direction).

GND
+35V
VRX
VRY
SW

Joystick

o [ oo |

This is accomplished by incorporating two rotary potentiometers inside the Joystick Module at 90 degrees
of each other, placed in such a manner as to detect shifts in direction in two directions simultaneously and
with a Push Button Switch in the “vertical” axis, which can detect when a User presses on the Joystick.

+5V W

> L

When the Joystick data is read, there are some differences between the axes: data of X and Y axes is analog,
which needs to use the ADC. The data of the Z axis is digital, so you can directly use the GPIO to read this
data or you have the option to use the ADC to read this.

Any concerns? X support@freenove.com


http://www.freenove.com/

Chapter 13 Joystick

www.freenove.com Il

Circuit

Schematic diagram

| a2 a3

3.3V

1 SWCLK GND SWDIO 40
] GPO VBUS e
2 GP1 vss o
Raspberry PI
4 Pico 37
—l GP2 3V3_EN [
3
= GP3 avs |28
2 Gpa ADC_VREF 35
] G5 GP28_A2 3
AGND 2
9 32
] GPG GP27_A1
1
] g GP26_A0
LN P RUN |22
< cro o2z |22
27
L1 P GP21 ==
2
L] P ap20 P2
] P GP19 (25
U cris pasry =3
19 22
w— GP14 GP17 e
20 21
md GP15 GP16
GND
3,8,13,18 23,28,38

GND

+5V

VRX
VRY
SW

Joystick

VRX
VRY

Hardware connection. If you need any support, please feel free to contact us via:support@freenove.com
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In this project’s code, we will read the ADC values of X and Y axes of the joystick, and read digital quality of
the Z axis, then display these out in terminal.

& Sketch_13.1_Joystick | Arduino IDE 2.3.2 - O X
File Edit Sketch Tools Help

Sketch_13.1_Joystick.ino

7 int xyzPins[] = {28, 27, 26};
8 wvoid setup() {

9 Serial.begin(115200);
10 pinMode(xyzPins[2], INPUT_PULLUP);
1}
12
13 wvoid loop() {
14 int xval = analogRead(xyzPins[@]);
15 int yval = analogRead(xyzPins[1]);
16 int zval = digitalRead(xyzPins[2]);
17 Serial.println("X,Y,Z: " + string(xval) + ", " + sString(yval) + ", " + String
(zval));
18 delay(500);
19 }
Output = =

Ln1,Col 1 Raspberry Pi Picoon COM15 0 B

Download the code to Pico, open the serial port monitor, the baud rate is 115200, as shown in the picture
below, shift (moving) the joystick or pressing it down will make the data change.

Output  Serial Monitor x ¥ @ =
| MNew Line * 115200 baud ~

14:57: 15,701 - ¥, T, I: 124, 1023, 1
14:57: 16, 166 -» ¥, T, I: 504, 519, 1
14:57: 16, 656 - X, T, I: 502, 9280, 1
14:57:17.188 > X, T, I: 4, 521, 1
14:57: 17,6958 > ¥, ¥, I: 506, 1023, 1
14:57:18. 156 > ¥, T,I: 5, 516, 0O
14:57:18. 657 > X, T, I: 502, 517, O
14:57:19. 187 -» X, T, I: 1023, 1023, 1
14:57: 19,699 - ¥, T, I: 503, 518, 1
14:57: 200 167 ->» ¥, ¥, I: 501, 516, 1
14:57: 20,680 - X, T, I: 504, 519, 1
14:57: 21,192 - ¥, T, I: 504, 519, 1

Ln1,Col 1 Raspberry PiPicoon COM15 32 B

Any concerns? X support@freenove.com
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The following is the code:
int xyzPins[] = {28, 27, 26}; //x,v,z pins

void setup() {
Serial. begin (115200) ;
pinMode (xyzPins[2], INPUT PULLUP); //z axis is a button

void loop() {
int xVal = analogRead (xyzPins[0]);
analogRead (xyzPins[1]);

int yVal
int zVal = digitalRead(xyzPins[2]);
Serial. println ("X, Y, Z: ”
delay (500) ;

” ” ” ”

+ String(xVal) + 7, 7 + String(yVal) + 7, 7 + String(zVal));

In the code, configure xyzPins[2] to pull-up input mode. In loop(), use analogRead () to read the value of axes
X and Y and use digitalRead () to read the value of axis Z, and then display them.
! pinMode (xyzPins[2], INPUT PULLUP); //z axis is a button.

In the code, configure xyzPins[2] to pull-up input mode. In loop (), use analogRead () to read the value of axes
X and Y and use digitalRead () to read the value of axis Z, and then display them.

int xVal = analogRead (xyzPins[0]) ;

int yVal = analogRead (xyzPins[1]);

int zVal = digitalRead(xyzPins[2]);

Serial. printf ("X, Y, Z: %d, \t%d, \t%d\n”, xVal, yVal, zVal);
delay (500) :

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

We have used LED Bar Graph to make a flowing water light, in which 10 GPIO ports of Raspberry Pi Pico is
occupied. More GPIO ports mean that more peripherals can be connected to Raspberry Pi Pico, so GPIO
resource is very precious. Can we make flowing water light with less GPIO? In this chapter, we will learn a
component, 74HC595, which can achieve the target.

Project 14.1 Flowing Water Light

Now let us learn how to use the 74HC595 IC Chip to make a flowing water light using less GPIO.

Component List

Raspberry Pi Pico x1 USB cable x1

& & & & & . & & & 8 & =

.lnspborry PiPico © 2020 R

7T4HC595 x1 LED Bar Graph x1 Resistor 220Q x8 | Jumper

SESDHhL

Any concerns? DX support@freenove.com
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A 74HC595 chip is used to convert serial data into parallel data. A 74HC595 chip can convert the serial data
of one byte into 8 bits, and send its corresponding level to each of the eight ports correspondingly. With this
characteristic, the 74HC595 chip can be used to expand the 10 ports of Raspberry Pi Pico. At least three ports
are required to control the eight ports of the 74HC595 chip.

1 16 - a1 vee fi2
2 15 3 Q2 QO i
3 14 o E DS |5
4 13 <1 Q4 OF |5
5 12 = Q5 STCP |55
6 11 = Q6 SH_CP 0
7 10 <1 Q7 MR [5-
8 9 —=] GND Q7 =
74HC595
The ports of the 74HC595 chip are described as follows:

Pin name GPIO number | Description

Q0-Q7 15, 1-7 Parallel data output

VCC 16 The positive electrode of power supply, the voltage is 2~6V

GND 8 The negative electrode of power supply

DS 14 Serial data Input

OE 13 Enable output,

When this pin is in high level, Q0-Q7 is in high resistance state
When this pin is in low level, Q0-Q7 is in output mode

ST_CP 12 Parallel Update Output: when its electrical level is rising, it will update the
parallel data output.

SH_CP 11 Serial shift clock: When its electrical level is rising, serial data input, register
would do a shift.

MR 10 Remove shift register: When this pin is in low level, the content in shift
register will be cleared.

Qr 9 Serial data output: it can be connected to more 74HC595 in series.
For more detail, please refer to the datasheet on the 74HC595 chip.

Any concerns? DX support@freenove.com
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Circuit
Schematic diagram
RI
. 220
ERRI T
220 L1 1 Q1 VCC 16—|
3 1279 2 15
AR e ok
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com

o o o0 0 00
e o o0 s 0

e e o o
e e o o o
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Ll
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e e o o o
e & o & o
e e o 0o o

DEBUG
15@e m 0@ 16

e & & o o
e e o o o

Sketch

In this project, we will make a flowing water light with a 74HC595 chip to learn about its functions.
Sketch_14.1_FlowingLight?2

& Sketch_14.1_FlowingLight02 | Arduino IDE 2.3.2 - O *
File Edit Sketch Tools Help

Sketch_14.1_FlowingLight02.ino e
7 int dataPin = 18;
8 int latchprin = 20;
9 int clockPin = 21;
10
11 void setup() {
12 pinMode(latchPin, OUTPUT);
13 pinMode(clockPin, OUTPUT);
14 pinMode(dataPin, OUTPUT);
15}
16
17 void loop() {
18
19
20 byte x = @xe1;
21 for (int j =0; j < 8; j++) {
22 writeTo595(LSBFIRST, X);
23 X <<= 1;

Output = 5

> indexing: 11/44 Ln1,Col 1 Raspberry Pi Picoon COM15 0 B

Download the code to Pico. You will see that LED bar graph starts with the flowing water pattern flashing from
left to right and then back from right to left.
If you have any concerns, please contact us via: support@freenove.com
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The following is the program code:
int dataPin = 18; // Pin connected to DS of 74HC595(Pinl14)
int latchPin = 20; // Pin connected to ST CP of 74HC595(Pinl12)
21; // Pin connected to SH CP of 74HC595(Pinll)

int clockPin

void setup() {// set pins to output
pinMode (latchPin, OUTPUT);
pinMode (clockPin, OUTPUT) ;
pinMode (dataPin, OUTPUT) ;

void loop() {
// Define a variable to use the 8 bits to represent the state of 8 LEDs of LED bar graph.
// This variable is assigned to 0x0l, which indicates only one LED light on.
byte x = 0x01; // 0b 0000 0001
for (int j =0; j <8; j++) { // Let led light up from right to left
writeTo595 (LSBFIRST, x);
x <<= 1; // make the variable move one bit to left once, then the bright LED move one step
to the left once
delay (100) ;
}
delay (100) ;
x = 0x80; //0b 1000 0000
for (int j =0; j < 8; j++) { // Let led light up from left to right
writeTo595 (LSBFIRST, x);
x >>=1;
delay (100) ;
}
delay (100) ;
}
void writeTo595 (BitOrder order, byte data ) {
// Output low level to latchPin
digitalWrite (latchPin, LOW);
// Send serial data to 7T4HC595
shiftOut (dataPin, clockPin, order, data);
// Output high level to latchPin, and 74HC595 will update the data to the parallel output
port.
digitalWrite (latchPin, HIGH) ;
}
In the code, we configure three pins to control the 74HC595 chip and define a one-byte variable to control
the state of the 8 LEDs (in the LED bar graph Module) through the 8 bits of the variable. The LEDs light ON
when the corresponding bit is 1. If the variable is assigned to 0x01, that is 00000001 in binary, there will be
only one LED ON.

! byte x = 0x01; // 0b 0000 0001

Any concerns? DX support@freenove.com
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In the loop(), use “for” loop to send x to 74HC595 output pin to control the LED. In "for" loop, x will shift one
bit to the LEFT in one cycle, then when data of x is sent to 74HC595, the LED that is turned ON will move one
bit to the LEFT once.

15 for (int j =0; j < 8; j++) { // Let led light up from right to left
16 writeTo595 (LSBFIRST, x);

17 x <<= 1;

18 delay (50) ;

19 }

In second “for” loop, the situation is the same. The difference is that x is shift from 0x80 to the RIGHT in order.

The subfunction writeTo595() is used to write data to 74HC595 and immediately output on the port of
74HCH95.
Reference

"<<"is the left shift operator, which can make all bits of 1 byte shift by several bits to the left (high) direction
and add 0 on the right (low). For example, shift binary 00000001 by 1 bit to left:
bytex = 1 << 1,

<« <« <« <« <« <« “«—
—lofJofofoJoJoJof1|—]o0]
The result of xis 2 (binary 00000010) .
(ofofofofofoj1]o]

There is another similar operator” >>". For example, shift binary 00000001 by 1 bit to right:
bytex = 1>>1;
— — — — — — —
[o|—~[ofojo]oJoJoJofu1]~
The result of x is 0 (00000000) .
[0JofofoJoJofo]o]
X <<=1lisequivalenttox = x << land x >>= 1isequivalenttox=x>>1

This is used to shift an 8-bit data value in with the data appearing on the dataPin and the clock being
sent out on the clockPin. Order is as above. The data is sampled after the cPin goes high. (So clockPin
high, sample data, clockPin low, repeat for 8 bits) The 8-bit value is returned by the function.

Parameters

dataPin: the pin on which to output each bit. Allowed data types: int.

clockPin: the pin to toggle once the dataPin has been set to the correct value. Allowed data types: int.
bitOrder: which order to shift out the bits; either MSBFIRST or LSBFIRST. (Most Significant Bit First, or, Least
Significant Bit First).

value: the data to shift out. Allowed data types: byte.

For more details about shift function, please refer to:
https://www.arduino.cc/reference/en/language/functions/advanced-io/shiftout/

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

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

Project 15.1 7-Segment Display.

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

Component List

Raspberry Pi Pico x1 USB cable x1

o =
-
., BOOTEEL :n.

s e ee se e cs e e e * o0 0 e e e e eeeee esesee seeee e e ee se e

e e s e e s e e DR “ oo e e e e e e s e e “ e o0 *se s e e s e “ o e
L I I I A A I .. D I I A A R I B )
I I A e e s e e e LR A L T I R I A A .. L LR
LI L A A LRI e s o000 e R ) LRI e s o000 DI C R I )
L I T I A I I
e e e s s e e s e ® 9 9 9 0 ° S P G S P TSP E S ESE O

L I I I I A I I O A B o L I L L e I T A A I LR
LRI LR A CRCRCA A * e o0 CEC R LRI A DA CECE R LRI LU
e s e e s e e R DR “ oo ¢ e e “ o e DR DR "o e

7T4HC595 x1 7-segment display x1 | Resistor 220Q x8 | Jumper
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Component Knowledge

7-segment display
A 7-Segment Display is a digital electronic display device. There is a figure "8" and a decimal point represented,
which consists of 8 LEDs. The LEDs have a Common Anode and individual Cathodes. Its internal structure and

pin designation diagram is shown below:

10 6
eo0o0o00

3,8

Lﬂw@j ﬁf‘s&,p

D O O
1 9 10 5

As we can see in the above circuit diagram, we can control the state of each LED separately. Also, by combining
LEDs with different states of ON and OFF, we can display different characters (Numbers and Letters). For
example, to display a “0": we need to turn ON LED segments A, B, C, D, E and F, and turn OFF LED segments

s
n

In this project, we will use a 7-Segment Display with a Common Anode. Therefore, when there is an input low
level to an LED segment the LED will turn ON. Defining segment “A” as the lowest level and segment “DP” as
the highest level, from high to low would look like this: “DP”, “G”, “F", “E", “D”, “C”", “B", “A". Character "0"
corresponds to the code: 1100 0000b=0xcO0.
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For detailed code values, please refer to the following table (common anode).

CHAR DP G F E D C B A He ASCl
OxcO 1100 0000
Oxf9 | 1111 1001
Oxa4 1010 0100
Oxb0 | 1011 0000
0x99 1001 1001
0x92 1001 0010
0x82 1000 0010
Oxf8 | 1111 1000
0x80 1000 0000
0x90 1001 0000
0x88 1000 1000
0x83 1000 0011
Oxc6 1100 0110
Oxal 1010 0001
O0x86 1000 0110
Ox8e 1000 1110

m m OO W >» O 0N o~ WDNEFLR O
I R N N = Tl e T e S S e e Y S SN RN
O O Ok OO OOk, O OO oo k- k-
O O P OO O OOk, O ook kk +—» o
O 0O 0O OO0 O0OFrR OF ORFR LRk O kKO
_ O 0O 0O Ok OO0k OOk OO kK O
P OFPr OO0 0O 00O O0OOo0OOoOOoOLFrR oo
Ok kO O0OO0O0OkRrR P OOOoOOoO Oo
OO Ok OO0 00O OO kFr OO0+ O
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Circuit

Schematic diagram
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R 74HC595

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

In this section, the 74HC595 is used in the same way as in the previous section, but with different values

transferred. We can learn how to master the digital display by sending the coded value of "0" - "F".
Sketch_15.1_7_Segment_Display

& Sketch_15.1_1_Digit_7-Segment_Display | Arduino IDE 2.3.2 - m} X
File Edit Sketch Tools Help

Sketch_15.1_1_Digit_T-Segment_Display.ino
7 1nt dataPin = 18;
8 int latchpin = 20;
9 int clockpPin = 21;
18
11
12 byte num[] = {
13 oxco, oxf9, oxad, oxbe, ©x99, ©x92, ©Ox82, oxfs,
14 @x80, Ox90, 0x88, Ox83, Oxc6, O@xal, Ox86, Ox8e
15}
16
17 wvoid setup() {
18
19 pinMode(latchPin, OUTPUT);
20 pinMode(clockPin, OUTPUT);
21 pinMode(dataPin, OUTPUT);
22}
23
24 void loop() {
25
26 for (int 1 =@; 1 < 165 i++) {
27 writeData(num[i]);
28 delay(1ee9);
29 writeData(exff);
30 }
31}

Output = 5

Ln1,Col 1 Raspberry Pi Picoon COM15 0 B
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Verify and upload the code, and you will see a 1-bit, 7-segment display displaying O-f in a loop.

= FE »m >u ’ -

The following is the program code:

1 int dataPin = 18; // Pin connected to DS of 74HC595 (Pinl4)
2 int latchPin = 20; // Pin connected to ST CP of 74HC595 (Pinl2)
3 int clockPin = 21; // Pin connected to SH CP of 74HC595 (Pinll)
4 // Define the encoding of characters 0-F for the common—anode 7-Segment Display
5 byte num[] = {

6 0Oxc0, 0xf9, Oxa4, 0xb0, 0x99, 0x92, 0x82, O0xf8,

7 0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e

8 b

9

10 void setup() {

11 // set pins to output

12 pinMode (latchPin, OUTPUT) ;

13 pinMode (clockPin, OUTPUT) ;

14 pinMode (dataPin, OUTPUT) ;

15 |}

16

17 void loop() {

18 // display 0-F on digital tube

19 for (int i =0; i < 16; i++) {

20 writeData(num[i]);// Send data to 74HC595

21 delay (1000) ; // delay 1 second

22 writeData (0xff); // Clear the display content

23 }

24 |}

25

26 | void writeData(int value) {

27 // Make latchPin output low level

28 digitalWrite (latchPin, LOW);

29 // Send serial data to 7T4HC595

30 shiftOut (dataPin, clockPin, LSBFIRST, value);

31 // Make latchPin output high level

32 digitalWrite (latchPin, HIGH) ;

33 |}

Any concerns? DX support@freenove.com
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First, put encoding of “0”- “F" into the array.

// Define the encoding of characters 0-F for the common—-anode 7-Segment Display
byte num[] = {

0xc0, 0xf9, Oxa4, 0xb0, 0x99, 0x92, 0x82, 0xf8,

0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e

Then, in the loop, we transfer the member of the “num” to 74HC595 by calling the writeData function, so
that the digital tube displays what we want. After each display, “Oxff" is used to eliminate the previous effect
and prepare for the next display.

void loop() {
// display 0-F on digital tube
for (int i =0; i < 16; i++) {
writeData(num[i]);// Send data to 74HC595
delay (1000) ; // delay 1 second
wrlteData(Oxff) // Clear the display content

In the sh|ftOut( ) function, whether to use LSBFIRST or MSBFIRST as the parameter depends on the physical
situation.

void writeData(int value) f{
// Make latchPin output low level
digitalWrite (latchPin, LOW);
// Send serial data to 74HC595
shiftOut (dataPin, clockPin, LSBFIRST, value);
// Make latchPin output high level, then 74HC595 will update data to parallel output

digitalWrite(latchPin, HIGH) ;

If you want to display the decimal point, make the highest bit of each array become 0, which can be
implemented easily by num[i]&0x7f.
[80 ] shiftout (dataPin, clockPin, LSBFIRST, value & 0x7f)

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

Now, let us try to control a more-digit 7-segment display.

Component List

Raspberry Pi Pico x1 USB cable x1

.- =& = ® - . L] - - L - = = - - - & @ . .
B -

.l.lpborry PiPico © 2020 ..., BOOTSEL :n.
- 1 i o = ]

N0 F - -

. & & & & & = & & @

T4HC595 x1 7-segment display x1 Resistor 220Q x8 | Jumper
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A 4-Digit 7-segment display integrates four 7-Segment Displays into one module. Therefore, it can display
more characters. All the LEDs contained have a Common Anode and individual Cathodes. Its internal structure
and pin designation diagram is shown below:

12111098 7

123456

The internal electronic circuit is shown below, and all 8 LED cathode pins of each 7-Segment Display are

connected together.

|12 |9 |8 |6
'l,_,l.. 'II_,I...'I'_,I_ 'II_,I..
WA \‘\.\:Zx‘:z\t:zi*\‘:‘\:\‘:E.E‘:‘:j\‘:i..‘:‘:‘:.\\:

1117 14 |12 |1 |10}5 |3

Display method of 4-Digit 7-segment display is similar to 1-Digit 7-segment display. The difference between
them is that the 4-Digit displays each Digit visibly in turn, one by one and not together. We need to first send
high level to the common end of the first Digit Display, and send low level to the remaining three common
ends, and then send content to eight LED cathode pins of the first Digit Display. At this time, the first 7-
Segment Display will show visible content and the remaining three will be OFF.

Similarly, the second, third and fourth 7-Segment Displays will show visible content in turn by scanning the
display. Although the four number characters are displayed in turn separately, this process is so fast that it is
imperceptible to the naked eye. This is due to the principle of optical afterglow effect and the vision
persistence effect in human sight. This is how we can see all four number characters at the same time. However,
if each number character is displayed for a longer period, you will be able to see that the number characters
are displayed separately.

Any concerns? X support@freenove.com
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Circuit

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

In this code, we use the 74HC595 IC chip to control the 4-digit 7-segment display, and use the dynamic

scanning method to show the changing number characters.
Sketch_15.2_4_Dight_7-Segment_Display

@ Sketch_15.2_4_Digit_7-Segment_Display | Arduinc IDE 2.3.2
File Edit Sketch Tools Help
J* Raspberry Pi Pico
Sketch_15.2_4 Digit_7-Segment_Display.ino
16 void setup() {
17 // set pins to output
18 pinMode(latchPin, OUTPUT);
19 pinMode(clockPin, OUTPUT);
20 pinMode(dataPin, OUTPUT);
21 for (int 1 = @; 1 < 4; i++) {
22 pinMode(comPin[i], OUTPUT);
23 1
24}
25
26 void loop() {
27 for (int i =9; 1 < 4; i++) {
28 // Select a single 7-segment display
29 electbigitalbDisplay (i);
30 // send data to 74HC595
31 writeData(num[1i]);
32 delay(5);
33 // Clear the display content
34 writeData(exff);
35 1
36}

-
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Compile and upload code to Pico, then the digital tube displays as shown.

The following is the program code:

1

© 00 N O Ol B~ W N

— =
— O

LW W W W W W DN DD DD DN DD DN DNDNDDNDDN = = = = = = =
Ol B~ W DN~ O © 0 N O O i W H+H O O© 0 3 O O & W N

w
»

int latchPin = 18; // Pin connected to ST CP of 74HC595 (Pinl2)
int clockPin = 20; // Pin connected to SH CP of 74HC595 (Pinll)
int dataPin = 21; // Pin connected to DS of 74HC595 (Pinl4)

int comPin[] = {17, 16, 15, 14};// Common pin (anode) of 4 digit 7-segment display

// Define the encoding of characters 0-F of the common—anode 7-Segment Display

byte num[] = {0xc0O, 0xf9, Oxa4, O0xb0, 0x99, 0x92, 0x82, 0xf8
0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e};

void setup() {
// set pins to output
pinMode (1atchPin, OUTPUT) ;
pinMode (clockPin, OUTPUT) ;
pinMode (dataPin, OUTPUT) ;
for (int 1 = 0; i < 4; i++) |
pinMode (comPin[i], OUTPUT) ;

void loop() {
for (int i =0; i < 4; i+t {
// Select a single 7—segment display
electDigitalDisplay (i);
// Send data to 74HC595
writeData (num[i]) ;
delay (5) ;
// Clear the display content
writeData (0xff) ;

void electDigitalDisplay (byte com) {
// Close all single 7-segment display
for (int i =0; i < 4; i+t {
digitalWrite (comPin[i], LOW);
}

Any concerns? DX support@freenove.com
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digitalWrite (latchPin, HIGH);
}
First, define the pin of 74HC595 and 7-segment display common end, character encoding.

int latchPin = 18; // Pin connected to ST CP of 74HC595 (Pinl2)

int clockPin = 20; // Pin connected to SH CP of 74HC595 (Pinll)

int dataPin = 21; // Pin connected to DS of 74HC595 (Pinl4)

int comPin[] = {17, 16, 15, 14} ;// Common pin (anode) of 4 digit 7-segment display

// Open the selected single 7-segment display
digitalWrite (comPin[com], HIGH);
}
void writeData(int value) {
// Make latchPin output low level
digitalWrite (latchPin, LOW);
// Send serial data to T4HC595
shiftOut (dataPin, clockPin, LSBFIRST, value); // Make latchPin output high level
// Make latchPin output high level, then 74HC595 will update data to parallel output

// Define the encoding of characters 0-F of the common—anode 7-Segment Display
byte num[] = {Oxc0O, 0xf9, Oxa4, O0xb0, 0x99, 0x92, 0x82, 0xf8,
0x80, 0x90, 0x88, 0x83, 0xc6, Oxal, 0x86, 0x8e};
Second, initialize all the pins to output mode.

void setup() {
// set pins to output
pinMode (1atchPin, OUTPUT) ;
pinMode (clockPin, OUTPUT) ;
pinMode (dataPin, OUTPUT) ;
for (int i = 0; i < 4; i++) {
pinMode (comPin[i], OUTPUT) ;

}
Then, since there are four digital tubes, we need to write a subfunction to control it to turn ON any digital

tube. In order not to affect a new display, each time we want to turn ON a digital tube, we need to set the
other digital tube OFF.
void electDigitalDisplay(byte com) {

// Close all single 7-segment display
for (int i = 0; i < 4; i++) {
digitalWrite (comPin[i], LOW);
}
// Open the selected single 7-segment display
digitalWrite (comPin[com], HIGH);
}

Any concerns? DX support@freenove.com
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The usage of the writeData function is the same as in the previous two sections, so it will not be covered again
here.

void writeData(int value) {
// Make latchPin output low level
digitalWrite (latchPin, LOW);
// Send serial data to 74HC595
shiftOut (dataPin, clockPin, LSBFIRST, value):
// Make latchPin output high level, then 74HC595 will update data to parallel output
digitalWrite (latchPin, HIGH) ;
}
In the loop function, because there are four digital tubes, a “for loop” is used to display the values of each
one in turn. For example, when i =0, turn ON the first digital tube to display the first value, then turn ON the
second digital tube to display the second value, until all four digital tubes display their own values. Because

the displaying time from the first number to the fourth number is so short, it may display many times in one
second, but our eyes can't keep up with the speed of the digital tube, so we look as if the digital tube is
displaying different Numbers at the same time.

void loop() {
for (int i = 0; i < 4; i++) {
// Select a single 7-segment display
electDigitalDisplay (i) ;
// Send data to 74HC595
writeData(num[i]) ;
delay(5) ;
// Clear the display content
writeData (0xff) ;

}
If you want to display the decimal point, make the highest bit of each array become 0, which can be
implemented easily by num[i]&0x7f.
- shiftOut (dataPin, clockPin, LSBFIRST, value & 0x7f):
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Chapter 16 74HC595 & LED Matrix

Thus far, we have learned how to use the 74HC595 IC Chip to control the Bar Graph LED and the 7-Segment
Display. We will now use 74HC595 IC Chips to control an LED Matrix.

Project 16.1 LED Matrix

In this project, we will use two 74HC595 IC chips to control a monochrome (one color) (8X8) LED Matrix to
make it display both simple graphics and characters.

Component List

Raspberry Pi Pico x1 USB cable x1

. & & =8 = & = = » . & =& =»

.lalpborr, PiPico © 2020 .

'-‘0 .: | =

T4HC595 x2 8+8 LED Matrix x1 Resistor 220Q x8 | Jumper

(X X X X X X X
000000OCGS
00000000
(X X X X X X X e -
00000OCGOS {
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An LED Matrix is a rectangular display module that consists of a uniform grid of LEDs. The following is an 8X8
monochrome (one color) LED Matrix containing 64 LEDs (8 rows by 8 columns).

16151413121110 9
00000000
00000000
00000000
00000000

123456738

In order to facilitate the operation and reduce the number of ports required to drive this component, the
Positive Poles of the LEDs in each row and Negative Poles of the LEDs in each column are respectively
connected together inside the LED Matrix module, which is called a Common Anode. There is another
arrangement type. Negative Poles of the LEDs in each row and the Positive Poles of the LEDs in each column
are respectively connected together, which is called a Common Cathode.

The LED Matrix that we use in this project is a Common Anode LED Matrix.

Connection mode of common anode Connection mode of common cathode
13 3.410. 61115 16 13 3.410.611 1516

9_ X M M M M A M X IO XM M MMM K NMH
14_x M M M M 2 2 14 M M M X XM XM M X

8_ M M M M ¥ x 8 XM M MM M KM H
12_x x| x| ] ] % ] 12 2 X A X A & & A

T X A ¥ ¥ X X T XM MMM NN M

7 X X A A x X X T X MMM NMH
2_x ¢ ¢ ¢ A x ¥ X 2 XM MMM MK NH

S5 X X X X X X X S K KKK KK KK
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Here is how a Common Anode LED Matrix works. First, choose 16 ports on Raspberry Pi Pico to connect to
the 16 ports of LED Matrix. Configure one port in columns for low level, which makes that column the selected
port. Then configure the eight port in the row to display content in the selected column. Add a delay value
and then select the next column that outputs the corresponding content. This kind of operation by column is
called Scan. If you want to display the following image of a smiling face, you can display it in eight columns,
and each column is represented by one byte.

1 2 3 45 6 7 8
0({0|0|0|0|0O|0O]|O
0/0(1|1(2(2(/0]0
0({1/0|0|0|0|1]0
1{0(1]0(0|1|0]|1
1/0[{0|0|0]|0|0|1
1/0(0|1|1]0]|0]|1
0(1/0|0|0|0|1]0
0O(0|1|1(2]|1({0]|0
Column Binary Hexadecimal

1 0001 1100 Oxlc

2 0010 0010 0x22

3 0101 0001 0x51

4 0100 0101 0x45

5 0100 0101 0x45

6 0101 0001 0x51

7 0010 0010 0x22

8 0001 1100 Oxlc

To begin, display the first column, then turn off the first column and display the second column. (and so on) ...
turn off the seventh column and display the eighth column, and then start the process over from the first
column again like the control of LED Bar Graph project. The whole process will be repeated rapidly in a loop.
Due to the principle of optical afterglow effect and the vision persistence effect in human sight, we will see a
picture of a smiling face directly rather than individual columns of LEDs turned ON one column at a time
(although in fact this is the reality we cannot perceive).

Then, to save the number of GPIO, we use a 74HC595. When the first column is turned ON, set the lights that
need to be displayed in the first column to "1", otherwise to "0", as shown in the above example, where the
value of the first column is Ox1c. This value is sent to 74HC595 to control the display of the first column of the

LEDMatrix. Following the above idea, turn OFF the display of the first column, then turn ON the second column,

and then send the value of the second column to 74HC595...... Until each column is displayed, the LEDMatrix
is displayed again from the first column.

Any concerns? X support@freenove.com
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Circuit

In circuit of this project, the power pin of the 74HC595 IC Chip is connected to 3.3V. It can also be connected
to 5V to make LED Matrix brighter.
Schematic diagram
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Hardware connection. If you need any support, please feel free to contact us via:support@freenove.com
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The following code will make LED matrix display a smiling face, and then display scrolling character "0-F".

o0
File Edit Sketch Tools Help
Sketch_16.1_LED_Matrix.ino e
36 wvoid setup() {
37
38 pinMode(latchPin, OUTPUT);
39 pinMode(clockPin, OQUTPUT);
49 pinMode(dataPin, OUTPUT);
41}
42
43 void loop() {
44
45 int cols;
46
a7 for (int j = @; j < 500; j++ ) {
18 cols = @xe1;
49 for (int 1 =0@; 1 < 8; 1++) {
50 matrixRowsval(smilingFace[i]);
51 matrixColsval(~cols);
52 delay(1);
53 matrixRowsval(exee);
54 cols <<= 1;
Output = 5

© indexing: 1/44 Ln 89, Col 1 Raspberry Pi Picoon COM15 Q3 B8

Download the code to Pico, and the LED matrix display a smiling face, and then display characters "0 to F"
scrolling in a loop on the LED matrix.

The following is the program code:

1 int latchPin = 18; // Pin connected to ST CP of 74HC595 (Pinl2)
2 int clockPin = 20; // Pin connected to SH CP of 74HC595 (Pinll)
3 int dataPin = 21; // Pin connected to DS of 74HC595 (Pinl4)

Any concerns? DX support@freenove.com
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// Define the pattern data for a smiling face

const int smilingFacel] = { /) v
0x1C, 0x22, 0x51, 0x45, 0x45, 0x51, 0x22, 0x14

b

// Define the data of numbers and letters, and save them in flash area

const int datal] PROGMEM = {
0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, // ~
0x00, 0x00, 0x21, Ox7F, 0x01, 0x00, 0x00, 0x00, // “1”
0x00, 0x00, 0x23, 0x45, 0x49, 0x31, 0x00, 0x00, // "2”
0x00, 0x00, 0x22, 0x49, 0x49, 0x36, 0x00, 0x00, // ”3”
0x00, 0x00, OxOE, 0x32, O0x7F, 0x02, 0x00, 0x00, // “4”
0x00, 0x00, 0x79, 0x49, 0x49, 0x46, 0x00, 0x00, // ”5”
0x00, 0x00, O0x3E, 0x49, 0x49, 0x26, 0x00, 0x00, // “6”
0x00, 0x00, 0x60, 0x47, 0x48, 0x70, 0x00, 0x00, // “7”
0x00, 0x00, 0x36, 0x49, 0x49, 0x36, 0x00, 0x00, // ”8”
0x00, 0x00, 0x32, 0x49, 0x49, 0x3E, 0x00, 0x00, // “9”
0x00, 0x00, Ox3E, 0x41, 0x41, 0x3E, 0x00, 0x00, // “0”
0x00, 0x00, Ox3F, 0x44, 0x44, 0x3F, 0x00, 0x00, // “A”
0x00, 0x00, Ox7F, 0x49, 0x49, 0x36, 0x00, 0x00, // “B”
0x00, 0x00, Ox3E, 0x41, 0x41, 0x22, 0x00, 0x00, // “C”
0x00, 0x00, Ox7F, 0x41, 0x41, 0x3E, 0x00, 0x00, // “D”
0x00, 0x00, Ox7F, 0x49, 0x49, 0x41, 0x00, 0x00, // "E”
0x00, 0x00, Ox7F, 0x48, 0x48, 0x40, 0x00, 0x00 // "F”

void setup() {
// set pins to output
pinMode (l1atchPin, OUTPUT) ;
pinMode (clockPin, OUTPUT) ;
pinMode (dataPin, OUTPUT) ;

void loop() {
// Define a one-byte variable (8 bits) which is used to represent the selected state of 8
column.
int cols;
// Display the static smiling pattern
for (int j = 0; j < 500; j++) { // repeat 500 times
cols = 0x01;
for (int i = 0; i < 8; i++) { // display 8 column data by scanning
matrixRowsVal (smilingFace[i]);// display the data in this column

matrixColsVal ("cols) ; // select this column

delay (1) ; // display them for a period of time
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matrixRowsVal (0x00) ; // clear the data of this column
cols <<= 1; // shift “cols” 1 bit left to select the next column

}
// Display the dynamic patterns of numbers and letters
for (int i =0; i < 128; i++) {
for (int k = 0; k < 10; k++) { // repeat image of each frame 10 times.
cols = 0x01; // Assign binary 00000001. Means the first column is selected
for (int j =1i; j < 8+ i; j++) { // display image of each frame

matrixRowsVal (pgm read word near(data + j));// display the data in this column

matrixColsVal ("cols) ; // select this column

delay (1) ; // display them for a period of time
matrixRowsVal (0x00) ; // close the data of this column

cols <<= 1; // shift “cols” 1 bit left to select the next column

void matrixRowsVal (int value) {
// make latchPin output low level
digitalWrite (latchPin, LOW);
// Send serial data to 7T4HC595
shiftOut (dataPin, clockPin, LSBFIRST, value);
// make latchPin output high level, then 74HC595 will update the data to parallel output
digitalWrite (latchPin, HIGH) ;

void matrixColsVal (int value) {
// make latchPin output low level
digitalWrite (latchPin, LOW);
// Send serial data to 7T4HC595
shiftOut (dataPin, clockPin, MSBFIRST, value);
// make latchPin output high level, then 74HC595 will update the data to parallel output
digitalWrite (latchPin, HIGH) ;

}
The first “for” loop in the “while” loop is used to display a static smile. Displaying column information from left
to right, one column at a time with a total of eight columns. This repeats 500 times to ensure sufficient display
time.

int cols;
// Display the static smiling pattern
for (int j = 0; j < 500; j++) { // repeat 500 times
cols = 0x01;
for (int i = 0; i < 8; i++) { // display 8 column data by scanning
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matrixRowsVal (smilingFacel[i]);// display the data in this column

matrixColsVal ("cols) ; // select this column

delay (1) ; // display them for a period of time

matrixRowsVal (0x00) ; // clear the data of this column

cols <= 1; // shift “cols” 1 bit left to select the next column

}
The second “for” loop is used to display scrolling characters "0 to F", for a total of 17« 8 = 144 columns.
Displaying the 0-8 column, then the 1-9 column, then the 2-10 column... and so on-+128-136 column in
consecutively to achieve the scrolling effect. The display of each frame is repeated a certain number of times

and the more repetitions, the longer the single frame display will be and the slower the scrolling movement.

// Display the dynamic patterns of numbers and letters
for (int i =0; i < 128; i++) {
for (int k = 0; k < 10; k++) { // repeat image of each frame 10 times.
cols = 0x01; // Assign binary 00000001. Means the first column is selected
for (int j =1i; j <8+ i; j++) { // display image of each frame

matrixRowsVal (pgm read word near(data + j));// display the data in this column

matrixColsVal ("cols) ; // select this column

delay (1) ; // display them for a period of time
matrixRowsVal (0x00) ; // close the data of this column

cols <<= 1; // shift “cols” 1 bit left to select the next column

}

In this example, we use two 74HC595 to drive the LED matrix, requiring only 3 pins, so that we could save

the rest of 13 pins.
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Chapter 17 Relay & Motor

In this chapter, we will learn a kind of special switch module, Relay Module.

Project 17.1 Relay & Motor

In this project, we will use a Push Button Switch indirectly to control the motor via a Relay.

Component List

Raspberry Pi Pico x1 USB cable x1

.lalpborr; PiPico © 2020 .
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LI e e e e “ e L ) “ oo “ oo e “ oo e e e LU "o

Breadboard Power x1 9V battery (prepared by yourself) & battery line x1

5V OFF 3.3V 5V OFF 3.3V
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+ + -
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Resistor 10kQ x2 Resistor 1kQ x1 Resistor 220Q x1
NPN transistor x1 | Relay x1 Motor x1 Push button x1 LED x1 Diode x1
| |

&'¥ °
DC SV

3A 120VAC
3A 24VDC

Jumper

Component Knowledge

Relay

A relay is a safe switch, which can use low power circuit to control high power circuit. It consists of
electromagnet and contacts. The electromagnet is controlled by low power circuit and contacts are used in
high power circuit. When the electromagnet is energized, it will attract contacts.

The following is a schematic diagram of a common relay and the feature and circuit symbol of a 5V relay used
in this project:

Diagram Feature: Symbol
/Armature Contactor
Spring Z 1
\ L a 24 1
&% ° 3 £
= /! DC 5V = -~
I ~ 1 3A 120VAC
- 3A 24VDC — 6
Electromagnet T 4 T 5
Signal power 1 3 5
Load power
o

Pin 5 and pin 6 are connected to each other inside. When the coil pins 3 and 4 are connected to 5V power
supply, pin 1 will be disconnected to pin 5&6 and pin 2 will be connected to pin 5&6. So pin 1 is called close
end, pin 2 is called open end.

Inductor

The symbol of Inductance is “L” and the unit of inductance is the “Henry” (H). Here is an example of how
this can be encountered: 1H=1000mH, 1mH=1000pH.

An inductor is an energy storage device that converts electrical energy into magnetic energy. Generally, it
consists of winding coil, with a certain amount of inductance. Inductors hinder the change of current passing
through it. When the current passing through it increases, it will attempt to hinder the increasing trend of
current; and when the current passing through it decreases, it will attempt to hinder the decreasing trend of
current. Therefore, the current passing through inductor is not transient.

1<MM-2 L~V L2

Any concerns? X support@freenove.com
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The reference circuit for relay is as follows. The coil of relays can be equivalent to that of inductors, when the
transistor disconnects power supply of the relay, the current in the coil of the relay cannot stop immediately,
causing an impact on power supply. Therefore, a parallel diode will be connected to both ends of relay coill
pin in reversing direction, and then the current will pass through diode, avoiding the impact on power

supply.
.
¢ 15
N
6
T 12
Relay
Motor

A motor is a device that converts electrical energy into mechanical energy. Motor consists of two parts: stator
and rotor. When motor works, the stationary part is stator, and the rotating part is rotor. Stator is usually the
outer case of motor, and it has terminals to connect to the power. Rotor is usually the shaft of motor, and can
drive other mechanical devices to run. Diagram below is a small DC motor with two pins.

|
]
2
————
1 2

When a motor is connected to the power supply, it will rotate in one direction. Reverse the polarity of power
supply, then the motor rotates in opposite direction.

fll\ fm\
——— ———
+ - -+
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Breadboard Power
When the Raspberry Pi Pico outputs insufficient power or the power supply voltage and power consumption
required by the device or module exceeds that provided by the Raspberry Pi Pico, you can choose
Breadboard Power to either output 3.3V voltage source or 5V voltage source. Input power: DC 6~10V
power supply or USB power supply.

5v TFF 3.3V
030D
+ -

5V OFF 3.3V
000

4

Usage:

First connect Breadboard Power to the power supply, and then selectively choose the connection between
OFF and 5V, 3V to generate different voltage source outputs, as the picture shows.

L ]
LR I L B I B
LI A A
R I O I I I
L L

I O
R I I I
LA B L

CRE I A I I

0*?0**"¢t0f:;‘lllll
® s www -

.

® soswowow - - woww
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You can either select only one side of the output power supply, or choose to output 5V or 3.3V power supply
at the same time on both sides, because the output circuits on both sides are separated and controlled
independently and will not cause interference. Note that the GND should be connected to any GND of the
Raspberry Pi Pico to form a Common ground connection.

Circuilt
Schematic diagram
5V
R4 5V
220
3 1
LED1 J, 5
Red (633nm)
(] nm ]1 \
{,SZ IN4001 6
- Q 4 T 12
1
M
sl
2
4] 42] a3
SWCLK GND SWDIO
e GPO vy
2 39
"' Raspberry Pl V5[
4 Pico 37 3.3V
— GP2 3V3_EN :J_
—5 GP3 V3 36
—6 GP4 ADC_VREF 2 l_
; GPS GP238_A2 ﬁ
AGND 2
— GPs GP27_A1 2 ' '
2 GP7 GP26_A0 ﬂ
L GP8 RUN ﬂ
1— GP9 GP22 E —
5V e 3.3V
14 27 - -
=] GP10 GP21 = — —
15 26
— GP11 GP2() [
16 25 GND T T GND
— GP12 GP19 [
17 24
= GP13 GP18 fmem
BreadBoardPower
GP14 N cra op17 P2 __—_
GP15 L GP15 paoTy Cik
GND
3,8,13,18) 23,28,38
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com

Any concerns? DX support@freenove.com


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

Chapter 17 Relay & Motor www.freenove.com [l

Use buttons to control the relays and motors.

File Edit Sketch Toals Help

' Raspberry Pi Pico 2W -

Sketch_17.1_Control_Motor_by_Relay.ino
7 int relayPin = 14;
8 int buttonPin = 15;
9
1@ int buttonstate = HIGH;
11 int relayState = LOW;
12 int lastButtonstate = HIGH;
13 long lastChangeTime = @;
14
15 void setup() {
16 pinMode(buttonPin, INPUT); —
17 pinMode(relayPin, QUTPUT);
18 digitalWrite(relayPin, relayState);
19 }
20
21 void loop() {
22 int nowButtonsState = digitalRead(buttonPin);
23
24 if (nowButtonstate = lastButtonState) {
25 lastcChangeTime = millis();
26 }
Output = =

Ln 20, Col 1  Raspberry Pi Pico 2W on COM16 [not connected] 0 B

Download the code to Pico. When the DC motor is connected to a power supply, it will rotate in one direction.
If you reverse the polarity of the power supply, the DC motor will rotate in opposite direction.

g 9 g Q9
+ - -+
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The following is the program code:

int relayPin = 14; // the number of the relay pin
int buttonPin = 15; // the number of the push button pin
int buttonState = HIGH; // Record button state, and initial the state to high level
int relayState = LOW; // Record relay state, and initial the state to low level
int lastButtonState = HIGH; // Record the button state of last detection
long lastChangeTime = 0; // Record the time point for button state change
void setup() {
pinMode (buttonPin, INPUT) ; // Set push button pin into input mode
pinMode (relayPin, OUTPUT) ; // Set relay pin into output mode
digitalWrite (relayPin, relayState); // Set the initial state of relay into “off”

}
void loop() {

int nowButtonState = digitalRead(buttonPin);// Read current state of button pin

// If button pin state has changed, record the time point

if (nowButtonState ! = lastButtonState) {

lastChangeTime = millis();

}

// If button state changes, and stays stable for a while, then it should have skipped the
bounce area

if (millis() - lastChangeTime > 10) {

if (buttonState ! = nowButtonState) { // Confirm button state has changed
buttonState = nowButtonState;
if (buttonState == LOW) { // Low level indicates the button is pressed
relayState = ! relayState; // Reverse relay state

digitalWrite(relayPin, relayState); // Update relay state

}

lastButtonState = nowButtonState; // Save the state of last button

Any concerns? X support@freenove.com
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In Chapter 2, the pressing and releasing of the button will result in mechanical vibrating. If we do not solve
this problem, some unexpected consequences may happen to the procedure.
Click here to return to Chapter 2 Button & LED.

To eliminate the vibrating, we record the electrical level of the button with nowButtonState, and the time point
for the last change of pin level with lastChangeTime If the state of the button changes, it will record the time
point of the change.

int nowButtonState = digitalRead(buttonPin);// Read current state of button pin

// If button pin state has changed, record the time point

if (nowButtonState ! = lastButtonState) {

lastChangeTime = millis();

}
If the state of the pin changes and keeps stable for a period of time, it can be considered as a valid key state
change, update the key state variable buttonState, and determine whether the key is pressed or released
according to the current state.

// If button state changes, and stays stable for a while, then it should have skipped the

bounce area
if (millis() - lastChangeTime > 10) {

if (buttonState ! = nowButtonState) { // Confirm button state has changed
buttonState = nowButtonState;
if (buttonState == LOW) { // Low level indicates the button is pressed
relayState = ! relayState; // Reverse relay state

digitalWrite(relayPin, relayState); // Update relay state

}
lastButtonState = nowButtonState; // Save the state of last button
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Chapter 18 L293D & Motor

Project 18.1 Control Motor with Potentiometer

Control the direction and speed of the motor with a potentiometer.

Component List

Raspberry Pi Pico x1 USB cable x1

s & & & @& &8 & & & 8 & & & 8 & =8 & =

.laapborrr PiPico © 2020  joo1m

@ . .

POEIC

- L - L] - - L] - L] - . . - . L] L] L] - L] -

Breadboard x1

---------------------------------------------------------------
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................

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

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

—
n
1}
w
=4

Jumper Battery box x1
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Component Knowledge

L293D

L293D is an IC Chip (Integrated Circuit Chip) with a 4-channel motor drive. You can drive a Unidirectional DC
Motor with 4 ports or a Bi-Directional DC Motor with 2 ports or a Stepper Motor (Stepper Motors are covered
later in this Tutorial).

1 - Enable 1 +v pe
2 2411 In4 2
3 31 out 1 out4 [4
4 AL ov ov P2
5 21 ov ov P2
6 Llout2 out 3 L1
7 212 In3 2
8 &1 +vmotor Enable 2 2~
L293D
Port description of L293D module is as follows:
Pin name Pin number Description
In x 2,7,10,15 Channel x digital signal input pin
Out x 3,6,11,14 Channel x output pin, input high or low level according to In x pin, get
connected to +Vmotor or OV
Enablel 1 Channel 1 and channel 2 enable pin, high level enable
Enable2 9 Channel 3 and channel 4 enable pin, high level enable
ov 4,5,12,13 Power cathode (GND)
+V 16 Positive electrode (VCC) of power supply, supply voltage 3.0~36V
+Vmotor 8 Positive electrode of load power supply, provide power supply for the Out

pin x, the supply voltage is +3V~36V
For more details, please refer to the datasheet for this IC Chip.

When using L293D to drive DC motor, there are usually two connection options.

The following connection option uses one channel of the L239D, which can control motor speed through the
PWM. However, the motor then can only rotate in one direction.

L293D Pin Out
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The following connection uses two channels of the L239D: one channel outputs the PWM wave, and the other
channel connects to GND, therefore you can control the speed of the motor. When these two channel signals
are exchanged, not only can they control the speed of motor, but also control the direction of the motor.

UL

GND

Motor

GND  [L293D Pin Out 2

293D Pin Out 2

In practical use, the motor is usually connected to channels 1 and 2 by outputting different levels to in1 and

in2 to control the rotational direction of the motor, and output to the PWM wave to Enablel port to control
the motor’s rotational speed. If the motor is connected to channel 3 and 4 by outputting different levels to
in3 and in4 to control the motor's rotation direction, and output to the PWM wave to Enable2 pin to control
the motor’s rotational speed.

Circuit

Schematic diagram

s  a2] a3

1 SWCLK GND SWDIO 40
] GPO VBUS |
2} cp1 vss |22
Raspberry PI
4 Pico 37 1—“_
w— GP2 3V3_EN fn
3V 3 GP3 V3 36 3.3V
6 35
’ W =] GP4 ADC_VREF femm
GP17 ; Enable 1 +V :g e GP5 op2s a2 L
GP15 In1 In4 = o AGND 33 1
31 out1 Out4 |14 9 32
% ov ov % — ] GP6 GP27_A1 [
|12 31
1 Il 6 ov ov 11 — 2 GP7 GP26_AD -
Out 2 Out 3 = 1 30 3
GP16>—21 In 2 in3 L L = GP8 RUN ==
_ 81 +vmotor Enable 2 |2~ - 2] GP9 GP22 .29,
(293D 2
27
2 Ge1o GP21 e
= cpi1 ap20 P2
25 —
L] PR GP19 == —_—
- cp13 apis 24
22 Gpia or17 F22 GP17
20 21
GP15 GP15 GP16 GP16
GND

3,8.13,18| 23,28,38
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com

A

ou---.l(
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Sketch

Sketch_18.1_Control_Motor_by 293D

&) Sketch_18.1_Control_Motor_by L293D | Arduino IDE 2.3.2 — O >
File Edit Sketch Tools Help
Sketch_18.1_Control_Motor_by_L293D.ino vas
15  wvoid setup() {
16
17 pinMode(inlPin, OUTPUT);
18 pinMode(in2Pin, OUTPUT);
19 pinMode(enablelPin, OUTPUT);
20}
21
22 wvoid loop() {
23 int potenval = analogRead(ADCe@ _PIN);
24
25
26 rotationSpeed = potenval - 512;
27 if (potenval » 512)
Output = =

Ln1,Col 1 Raspberry Pi Picoon COM15 0 B
Download code to Pico, rotate the potentiometer in one direction, and the motor speeds up slowly in one
direction. Then rotate the potentiometer in the other direction and the motor will slow down to stop. Then
rotate it in an inverse direction to accelerate the motor.
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greater than 512

® ®

The following is the sketch:

int inlPin = 15; // Define L293D channel 1 pin
int in2Pin = 16; // Define L293D channel 2 pin
int enablelPin = 17; // Define L293D enable 1 pin
int ADCO_PIN = 26;

boolean rotationDir; // Define a variable to save the motor’ s rotation direction

int rotationSpeed; // Define a variable to save the motor rotation speed

void setup() {
// Initialize the pin into an output mode:
pinMode (inl1Pin, OUTPUT) ;
pinMode (in2Pin, OUTPUT) ;
pinMode (enablelPin, OUTPUT) ;

void loop() {
int potenVal = analogRead (ADCO_PIN) ; // Convert the voltage of rotary potentiometer
into digital
//Compare the number with value 512,
//if more than 512, clockwise rotates, otherwise, counter clockwise rotates
rotationSpeed = potenVal — 512;
if (potenVal > 512)
rotationDir = true;
else
rotationDir = false;
// Calculate the motor speed
rotationSpeed = abs (potenVal — 512);
//Control the steering and speed of the motor

driveMotor (rotationDir, constrain(rotationSpeed, 0, 512));

void driveMotor(boolean dir, int spd) {

// Control motor rotation direction
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if (dir) {
digitalWrite (inlPin, HIGH) ;
digitalWrite (in2Pin, LOW);

}

else {
digitalWrite(inlPin, LOW);
digitalWrite (in2Pin, HIGH) ;

}

// Control motor rotation speed

analogWrite (enablelPin, spd);

}

The ADC of Pico has a 10-bit accuracy, corresponding to a range from 0 to 1023. In this program, set the
number 512 as the midpoint. If the value of ADC is less than 512, make the motor rotate in one direction. If
the value of ADC is greater than 512, make the motor rotate in the other direction. Subtract 512 from the
ADC value and take the absolute value and use this result as the speed of the motor.

int potenVal = analogRead (ADCO_PIN) ;
into digital
//Compare the number with value 512,

//if more than 512, clockwise rotates, otherwise, counter clockwise rotates

rotationSpeed = potenVal - 512;
if (potenVal > 512)
rotationDir = true;
else
rotationDir = false;
// Calculate the motor speed
rotationSpeed = abs (potenVal - 512);

//Control the steering and speed of the motor

driveMotor (rotationDir, constrain(rotationSpeed, 0, 512));

// Convert the voltage of rotary potentiometer

Function driveMotor is used to control the rotation direction and speed of the motor. The dir represents

direction while spd refers to speed.

void driveMotor (hoolean dir, int spd) {

// Control motor rotation direction

if (dir) {
digitalWrite (in1Pin, HIGH);
digitalWrite (in2Pin, LOW);

}

else {
digitalWrite (inlPin, LOW);
digitalWrite (in2Pin, HIGH);

}

// Control motor rotation speed

analogWrite (enablelPin, spd);

Any concerns? DX support@freenove.com
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Chapter 19 Servo

Previously, we learned how to control the speed and rotational direction of a Motor. In this chapter, we will
learn about Servos, which are a rotary actuator type motor that can be controlled to rotate to specific angles.

Project 19.1 Servo Sweep

First, we need to learn how to make a Servo rotate.

Component List

Raspberry Pi Pico x1 USB cable x1

® & @ @ @ @ @ @ & @ @ ® @ @& @ & & @ @& @

Breadboard x1

L oo e e 00 oo e 0 * e e “« oo 0 LR L LR e e e
* e o e L o e e 0 L e e e e oo e e L L LR L

® ® 9 9 9 9 P P P E P G P GG PG GGG P S PSSP E S P S G S S S E e S E e
® © 0 9 0 0 S P P P P P T PSP PSP PSS SN PEEEEETEEEEE e EEs e T e
® ® 9 ¢ 9 0 0 P 0 T O S P P G T OGP OGO G S T S G GG OGS GG TGS SO S EEEEECOEEE e e
® ® 9 8 0 9 5 8 5 T G S F T T S P ST S S S PSS TS TSNS S S eSS
® ® 9 9 9 9P P S T O E T G OO S OGS OO T TS S S S PO S S PG TSSOSO OSSO

® % 8 9 0 8 0 6 0 E P E PP PSP SO T S S S S ST S E RS S SN
® ® © 9 9 9P P P P T O E P T O P S G PSP TS S TGP U ST PSS S STV OSSO
® 9 9 0 0 9 P PP ST PSPPSR TSNP PPN E e
® 5 9 0 T S E S T S S G G P TP ST E T ST S ST PGPS E SO TSN EETEEESE e
@ 9 0 6 9 0 P P S S S PTG NS PSS TSNS E PSS

® o 0 0 * e o s LU e o0 0 * e s 0 LU LA LA L “ e s 0
LR e e o e “ e 00 e 00 “ oo oo 0 LR L L “ e s e

Servo x1 Jumper
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Component Knowledge

Servo

Servo is a compact package, which consists of a DC Motor, a set of reduction gears to provide torque, a sensor
and control circuit board. Most Servos only have a 180-degree range of motion via their “horn”. Servos can
output higher torque than a simple DC Motor alone and they are widely used to control motion in model cars,
model airplanes, robots, etc. Servos have three wire leads, which usually terminate to a male or female 3-pin
plug. Two leads are for electric power: Positive (2-VCC, Red wire), Negative (3-GND, Brown wire), and the
signal line (1-Signal, Orange wire) as represented in the Servo provided in your Kit.

=

We will use a 50Hz PWM signal with a duty cycle in a certain range to drive the Servo. The time interval of
0.5ms-2.5ms of PWM single cycle high level corresponds to the Servo angle 0 degrees - 180 degrees linearly.
Part of the corresponding values are as follows:

High level time Servo angle ‘

0.5ms 0 degree
Ims 45 degree
1.5ms 0 degree
2ms 45 degree
2.5ms 180 degree

When you change the Servo signal value, the Servo will rotate to the designated angle.
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Circuit

Use caution when supplying power to the Servo, it should be 5V. Make sure you do not make any errors when
connecting the Servo to the power supply.

Schematic diagram

5V
4] a2] a3 —
SWCLK GND SWDIO
= Gro veus 2
2 39
="' Raspberry Pl V5[
Pico

2 cp2 3V3_EN 37,
5 36
— GP3 V3 fo
— GP4 ADC_VREF 35
7 34
—{ GP5 GP28_A2 fo==
33
AGND =
9 32
1 1—0 GP6 GP27_A1 ?
5 GP16 o ? GP7 GP26_A0 ;
3 i m— GP8 RUN [
2 2
224 Gpo op2z P22
servo | L] P o E:d
— ] P apa0 B2
L] pe cp1s 22
- cp13 Ty =2
19 22
= GP14 GP17 [
20 21

=l GP15 GP16 GP16

GND

3,8,13,18| 23,28,38

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

How to install the library
If you have not installed the Servo library, please do so first.
The first one: Open Arduino IDE, click Library Manage on the left, input “Servo” in the search bar, select it to

install.
&) sketch 19.1 Servo Sweep | Arduine IDE 2.3.2 - O *
File Edit Sketch Tools Help
© © 6 EEETEIIT.
LIERARY MANAGER Sketch_19.1_Servo_Sweep.ino
Servo 7 #include <Servo.h>
_ 8 #define servoPin 16
Type:  All v
Topic: Al v 7 .
[[]}?, 1@ Servo myServo; // create servo object
to ¢ /
Servo by Michael ) - control a servo _
Margolis, Arduino 11  int pos = @; // variable to store the
Allows Arduino boards to sServo pggjtjon
control 4 variet_\,-' of servo
motors. This library can contr... 12
Mare info 13 wvoid setup() {
122 w INSTALL 14 myServo.attach(servoPin, 568,
\ 25088): // attaches the servo on pin 9

The second way, open Arduino IDE, click Sketch=>Include Library=>Add .ZIP Library. In the pop-up window,
find the file named “./Libraries/ Servo-V1.2.2.Zip” which locates in this directory, and click OPEN.

Sketch_19.1_Servo_Sweep | Arduino IDE 2.3.2 Manage Libraries... Ctrl+Shift+1
File Edit Sketch Tools Help Add ZIP Library..
- Verify/Compile Ctrl+R
m Upload Ctrl+U Arduino libraries .
g Configure and Upload Adafruit TinyUSB Library
Upload Using Programmer Ctrl +Shift+U ADCInput #
Export Compiled Binary Alt+Ctrl+8 Arduino_Builtln
Optimize for Debugging ArduineOTA
AsyncUDP
Show Skeltch Folder Alt+Ctrl+K AudioBufferManager
Includle Library ’ BluetoothAudio
Add File.. BluetoothHCI e
| M Search Libraries P
Mame . Date modified Ty 8 items
% Adafruit_NeoPixel-V1.12.3.zip 9/24/2024 3:34 PM ZIp
% DHT.zip 3/1/2023 1:44 PM ZIp
% ESP2266Audio-Y1.9.9.zip 9/24/2024 355 PM ZIp
% Freenowve RFID_Lib_for_Pico-¥1.0.0.zip G/24/2024 3:52 PM ZIP
£3 LiquidCrystal_I12C-V1.1.2.zip 9/24/2024 3:46 PM ZIp
£3 1PUB0SD tockn-V1.5.2.i 09/24/2024 3:43 PM ZIp
'% Servo-V1.2.2.zip l 09/24/2024 3:44 PM ZIp
g Ultrasonicsensor-Y1.1.0.zip 9/24/2024 3:47 PM ZIp

Use the Servo library to control the servomotor and let the servomotor rotate back and forth.
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Sketch_19.1_Servo_Sweep

() Sketch 19.1 Servo_Sweep | Arduino IDE 2.3.2 — O *
File Edit Sketch Tools Help

Sketch_19.1_Servo_Sweep.ino

7 #include <Servo.h>
8 #define servoPin 16

9

18  Servo myServo; // create servo object to control a servo

11 int pos = @; // variable to store the servo position

12

13 void setup() {

14 myServo.attach(servoPin, 500, 2500); // attaches the servo on pin 9 to the
servo object

15}

16

17 void loop() {

18 for (pos = @; pos <= 180; pos += 1) { // goes from @ degrees to 186 degrees

19 // in steps of 1 degree

20 myservo.write(pos); // tell servo to go to position in

Output = 50

Compile and upload the code to Pico, the servo will rotate from 0 degrees to 180 degrees and then reverse
the direction to make it rotate from 180 degrees to 0 degrees and repeat these actions in an endless loop.

)

The following is the program code:
#include <Servo.h>

fidefine servoPin 16

Servo myServo; // create servo object to control a servo

int pos = 0; // variable to store the servo position

void setup() {

myServo. attach(servoPin); // attaches the servo on pin 9 to the servo object

void loop() {
for (pos = 0; pos <= 180; pos += 1) { // goes from 0 degrees to 180 degrees
// in steps of 1 degree

myServo. write (pos) ; // tell servo to go to position in variable ’pos
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15 delay (15) ; // waits 15 ms for the servo to reach the position
16 }
17 for (pos = 180; pos >= 0; pos —= 1) { // goes from 180 degrees to 0 degrees
18 myServo. write (pos) ; // tell servo to go to position in variable ’pos’
19 delay (15) ; // waits 15 ms for the servo to reach the position
20 }
21 |}
Servo uses the Servo library, like the following reference to Servo library:
| 1 | #include <Servo.h> |

Servo library provides the Servo class that controls it. Servo class must be instantiated before using:

| 4 | Servo myServo; // create servo object to control a servo

Set the control servo motor pin.

| 8 | myServo. attach (servoPin) ; // attaches the servo on pin 9 to the servo object

After initializing the servo, you can control the servo to rotate to a specific angle:

| 17 | myServo.write(posVal); |

Reference

Servo class must be instantiated when used, that is, define an object of Servo type, for example:

Servo myservo;
Most other boards can define 12 objects of Servo type, namely, they can control up to 12 servos.
The function commonly used in the servo class is as follows:
myservo.attach(pin): Initialize the servo, the parameter is the port connected to servo signal line;
myservo.write(angle): Control servo to rotate to the specified angle; parameter here is to specify the
angle.

Any concerns? X support@freenove.com
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Project 19.2 Servo Knob

Use a potentiometer to control the servomotor to rotate at any angle.

Component List

Raspberry Pi Pico x1 USB cable x1

.l.lpborrr PiPico © 2020 .

"

poega

Servo x1 Jumper
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Circuit

Use caution when supplying power to the Servo, it should be 5V. Make sure you do not make any errors when
connecting the Servo to the power supply.

Schematic diagram

o 7 S | 5V
1 SW CLKSW GND SW DIO 40 I
] GPO VBUS
2 39
— VSS fum
GP1 Raspberry PI
Pico

GP2 3V3_EN [
GP3 3v3
GP4 ADC_VREF

=1 £3 1 2

GP5 GP28_A2

AGND
GP6 GP27_A1
GP7 GP26_A0
GP8 RUN [
GP9 GP22 [

A
|z~

-
=

Y
]

4] sp10 GP21 [==

15

m— GP11 GP20 [

16

— GP12 GP19

17

1 GP13 GP18

19 22

—] P14 ep17 ==

L] P er16 2~ GP16
GND

3,8,13,18} 23,28,38

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

Sketch_19.2_Control_Servo_by Potentiometer

Now, write the code to detect the voltage of rotary potentiometer, and control servo to rotate to a different

angle according to that.
#include <Servo.h>

#define servoPin 16 // define the pin of servo signal line

#define adcPin 26 // analog pin used to connect the potentiometer
Servo myservo; // create servo object to control a servo

int potVal; // variable to read the potValue from the analog pin

void setup() {

myservo. attach(servoPin); // attaches the servo on servoPin to the servo object

void loop() {

potVal = analogRead(adcPin) ; // reads the potValue of the potentiometer
potVal = map (potVal, 0, 1023, 0, 180):// scale it to use it with the servo
myservo. write (potVal) ; // sets the servo position

delay (15) ; // waits for the servo to get there

}
In the code, we obtain the ADC value of GP26, and map it to the servo angle.

Verify and upload the code, turn the potentiometer shaft, and then the servo will rotate to a corresponding
angle.
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Chapter 20 Stepper Motor

In this project, we will learn how to drive a Stepper Motor, and understand its working principle.

Project 20.1 Stepper Motor

Component List

Raspberry Pi Pico x1 USB cable x1

Stepper Motor x1
VAOARN

A

T

Breadboard Power x1 9V battery (prepared by yourself) & battery line x1

5V OFF 3.3V

+ -
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Stepper Motors are an open-loop control device, which converts an electronic pulse signal into angular
displacement or linear displacement. In a non-overload condition, the speed of the motor and the location
of the stops depend only on the pulse signal frequency as well as the number of pulses and are not affected
by changes in load as with a DC Motor. A small Four-Phase Deceleration Stepper Motor is shown here:

| fw |-
oNwX>

PWR
Stepper Motor

12345

The electronic schematic diagram of a Four-Phase Stepper Motor is shown below:

A
B

COM

The outside case or housing of the Stepper Motor is the Stator and inside the Stator is the Rotor. There are
a specific number of individual coils, usually an integer multiple of the number of phases the motor has,
when the Stator is powered ON, an electromagnetic field will be formed to attract a corresponding convex
diagonal groove or indentation in the Rotor’s surface. The Rotor is usually made of iron or a permanent
magnet. Therefore, the Stepper Motor can be driven by powering the coils on the Stator in an ordered
sequence (producing a series of “steps” or stepped movements).
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A common driving process is as follows:

AL

\
5

COM COM

COM COM

In the course above, the stepping motor rotates a certain angle once, which is called a step. By controlling the
number of rotation steps, you can control the stepping motor rotation angle. By controlling the time between
two steps, you can control the stepping motor rotation speed. When rotating clockwise, the order of coill
powered on is: A2B>C—>D->A-> - And the rotor will rotate in accordance with the order, step by step down,
called four steps four pats. If the coils is powered on in the reverse order, D>C>B>A->D->+, the rotor will
rotate in anti-clockwise direction.

There are other methods to control Stepper Motors, such as: connect A phase, then connect A B phase, the
stator will be located in the center of A B, which is called a half step. This method can improve the stability of
the Stepper Motor and reduces noise. The sequence of powering the coils looks like this: A> AB>B >BC—>C
—>CD->D->DA->A->, the rotor will rotate in accordance to this sequence at a half-step at a time, called
four-steps, eight-part. Conversely, if the coils are powered ON in the reverse order the Stepper Motor will
rotate in the opposite direction.

The stator in the Stepper Motor we have supplied has 32 magnetic poles. Therefore, to complete one full
revolution requires 32 full steps. The rotor (or output shaft) of the Stepper Motor is connected to a speed
reduction set of gears and the reduction ratio is 1:64. Therefore, the final output shaft (exiting the Stepper
Motor's housing) requires 32 X 64 = 2048 steps to make one full revolution.

The time required for each step of the stepper motor must be greater than 2ms to operate normally.

Any concerns? X support@freenove.com
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ULN2003 Stepper motor driver

A ULN2003 Stepper Motor Driver is used to convert weak signals into more powerful control signals in order

to drive the Stepper Motor. In the illustration below, the input signal IN1-IN4 corresponds to the output signal
A-D, and four LEDs are integrated into the board to indicate the state of these signals. The PWR interface can
be used as a power supply for the Stepper Motor. By default, PWR and VCC are connected.

A INT A 18-
21 N2 B |-
311N3 c o
Al Na p 1L
2lGND pwr J12
L1 vcc
L1 pwR

ULN2003 Stepper

Motor Driver

ONm@>

U s (W N |—=

Circuit
Schematic diagram
IN1 A8
IN2 B |2
IN3 c [10
IN4 p |1
| GND PWR |12
Vde
PWR
- ULN2003 Stepper
Motor Driver

PWR

Stepper Motor
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Sketch
This code uses the four-step, four-part mode to drive the stepper motor in the clockwise and anticlockwise
directions.
Sketch_20.1_Drive_Stepper_Motor
& Sketch_20.1_Drive_Stepper_Mator | Arduing IDE 2.3.2 - O >
File Edit Sketch Tools Help
Sketch_20.1_Drive_Stepper_Motorino ee
8 int outPorts[] = {21, 2@, 19, 18};
9
180  void setup() {
11
12 for (int i =@; 1 < 4; i++) {
13 pinMode (outPorts[i], OUTPUT);
14 }
15 1}
16
17 void loop()
18 {
19
20 moveSteps(true, 32 * 64, 3);
21 delay(10080);
22
Output = 5

Ln 1,Col 1 Raspberry Pi Pico on COM15 [not connected] 24 B8

Compile and upload the code to the Pico, the stepper motor will rotate 360° clockwise and stop for 1s, and
then rotate 360° anticlockwise and stop for 1s. This action is repeated in an endless loop.

— —
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The following is the program code:

// Connect the port of the stepper motor driver
int outPorts[] = {21, 20, 19, 18};

void setup() {
// set pins to output
for (int i =0; i < 4; i+H) {
pinMode (outPorts[i], OUTPUT) ;

void loop() {
// Rotate a full turn
moveSteps (true, 32 * 64, 3);
delay (1000) ;
// Rotate a full turn towards another direction
moveSteps (false, 32 * 64, 3);
delay (1000) ;

//Suggestion: the motor turns precisely when the ms range is between 3 and 20
void moveSteps (bool dir, int steps, byte ms) {
for (unsigned long i = 0; i < steps; i++) {
moveOneStep (dir); // Rotate a step
delay (constrain (ms, 3, 20)) ; // Control the speed

void moveOneStep (bool dir) {
// Define a variable, use four low bit to indicate the state of port
static byte out = 0x01;
// Decide the shift direction according to the rotation direction
if (dir) { // ring shift left

out ! = 0x08 ? out = out << 1 : out = 0x01;
}
else { // ring shift right

out ! = 0x01 ? out = out >> 1 : out = 0x08;
}

// Output singal to each port
for (int i = 0; i < 4; i++) {
digitalWrite (outPorts[i], (out & (0x01 << i)) ? HIGH : LOW);
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44 void moveAround(bool dir, int turns, byte ms) {

45 for (int 1=0;i<turns;i++)

46 moveSteps (dir, 32%64, ms) ;

47 |}

48 void moveAngle (bool dir, int angle, byte ms) {
49 moveSteps (dir, (angle*32%64/360), ms) ;

50 |}

In this project, we define four pins to drive stepper motor.

1 // Connect the port of the stepper motor driver

2 int outPorts[] = {21, 20, 19, 18};
moveOneStep Function is used to drive the stepper motor to rotate clockwise or counterclockwise. The
parameter "dir" indicates the direction of rotation. If "dir" returns true, the stepper motor rotates clockwise,
otherwise the stepper motor rotates counterclockwise.

| 23 | moveOneStep (dir) ; // Rotate a step

Define a static byte variable, calculate the value of the variable according to the rotation direction of the motor,
and use the keyword static to save the position status of the previous step of the stepper motor. Use the four
low bits of the variable to control the output state of the four pins.

29 // Define a variable, use four low bit to indicate the state of port
30 static byte out = 0x01;
31 // Decide the shift direction according to the rotation direction
32 if (dir) { // ring shift left
33 out ! = 0x08 ? out = out << 1 : out = 0x01;
34 }
35 else { // ring shift right
36 out ! = 0x01 ? out = out > 1 : out = 0x08;
37 }
Make the pin output corresponding level based on the value of the variable.
38 // Output singal to each port
39 for (int i = 0; i < 4; i+ |
40 digitalWrite (outPorts[i], (out & (0x01 << i)) ? HIGH : LOW);
41 }

The moveSteps function can control the direction of the stepper motor, the number of rotation steps, and the
speed of rotation. According to the previous knowledge, the stepper motor needs 32+64 steps for one
revolution. The speed of rotation is determined by the parameter ms. The larger the ms is, the slower the
rotation speed is. There is a range for the speed of the motor, which is determined by the motor itself and
according to our test, the value of ms is limited to 3-20.

20 //Suggestion: the motor turns precisely when the ms range is between 3 and 20
21 | void moveSteps(bool dir, int steps, byte ms) {

22 for (unsigned long i = 0; i < steps; i++) {

23 moveOneStep(dir); // Rotate a step

24 delay (constrain (ms, 3, 20)) ; // Control the speed

25 }

26 |}

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 20 Stepper Motor EEE]

The function moveTurns() is a further package of moveSteps(), which is used to control the stepper motor to
rotate a specified number of turns. The parameter "turns” represents the number of turns that need to be
rotated.

void moveAround(bool dir, int turns, byte ms) {
for (int i=0;i<turns;i++)
moveSteps (dir, 32%64, ms) ;
}
The function moveAround () is a further package of moveSteps (), which is used to control the stepper motor
to rotate by a specified angle, and the parameter "angle"” represents the angle to be rotated.

void moveAngle (bool dir, int angle, byte ms) {
moveSteps (dir, (angle*32%64/360), ms) ;
}
In the loop function, call the moveSteps function to loop the stepper motor: rotate clockwise one turn and
stop for 1s, then rotate counterclockwise one turn and stop for 1s.

void loop() {
// Rotate a full turn
moveSteps (true, 32 * 64, 3);
delay (1000) ;
// Rotate a full turn towards another direction
moveSteps (false, 32 * 64, 3);
delay (1000) ;
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Chapter 21 LCD1602

In this chapter, we will learn about the LCD1602 Display Screen.

Project 21.1 LCD1602

In this section, we learn how to use LCD1602 to display something.

Component List

Raspberry Pi Pico x1 USB cable x1

a & & & @ & & = = 8 & & & & @ & = = 8 @»
® e
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Breadboard x1

LCD1602 Module x1 Jumper
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Component Knowledge

I2C communication

I2C (Inter-Integrated Circuit) is a two-wire serial communication mode, which can be used for the connection
of micro controllers and their peripheral equipment. Devices using 12C communication must be connected to
the serial data (SDA) line, and serial clock (SCL) line (called 12C bus). Each device has a unique address and
can be used as a transmitter or receiver to communicate with devices connected to the bus.

LCD1602 communication'

The LCD1602 Display Screen can display two lines of characters in 16 columns. It is capable of displaying
numbers, letters, symbols, ASCIl code and so on. As shown below is a monochrome LCD1602 Display Screen
along with its circuit pin diagram.

—AMNSLNON OO

o~

o

O
wn O O‘—de'mkol\aé‘—
8203 BERR8388888 S
EREEREREREE LR

[2C LCD1602 Display Screen integrates an 12C interface, which connects the serial-input & parallel-output
module to the LCD1602 Display Screen. This allows us to use only four lines to operate the LCD1602.
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12C LCD1602 Module

The serial-to-parallel IC chip used in this module is PCF8574T (PCF8574AT), and its default I2C address is
0x27(0x3F).

Any concerns? DX support@freenove.com
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Below is the PCF8574 pin schematic diagram and the block pin diagram:

PCF8574 chip pin diagram:

A0 [1]
a1 [2]
w2 [3]
PO [4]
P1 [5]
P2 [6]
P3 [7]
Vss [2]

U

PCF8574
PCF8574A

[ 16] VoD
[15] sDA
14] scL
[13] INT
[12] P7
[11] Pe
[10] P5
[9] P4

PCF8574 module pin diagram

GND}|—
VCC|—
SDA}l—
SCL}—
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PCF8574 module pin and LCD1602 pin are corresponding to each other and connected with each other:

vssH— GND

vob}2-2{vbp  onD}—
voPP—31 vo veel—
Rs|4-4] po spal—

rRw 221 p1 scLl—
E[S6]po

o] NC

pe1|8-8] Ne

212921 Ne

pe3 1919 N

DB4 [ 11 py

pB5[1212] pg

pBe [1313] pg

pB7[414] p7

LED+[1215] p3

LED-[618] aND

LCD1602 PCF8574

Therefore, we only need four pins to control the 16 pins of the LCD1602 Display Screen through the 12C

interface.

In this project, we will use the 12C LCD1602 to display some static characters and dynamic variables.
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Circuit

Schematic diagram
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—z GP1 VsS J

Raspberry PI
Pico
] GP2 3V3_EN .37,
=l s |2
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GPS LA P GP28_A2 34,
12C LCD1602 Module acno |22
9 32
] GPG GP2T_A1 [
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SDA[3 :]— Sl P run 3L
VCC 22 6po cr2z |22
GND |
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Sketch

How to install the library

In this project, we use a third-party library named LiquidCrystal 12C. Here are two ways to install the library
for your reference.

The first one: Open Arduino IDE; click Library Manage on the left, search "LiquidCrystal 12C" to install.

1

@ sketch_21.1_Display_the_string_on_LCD1602 | Arduino IDE 2.3.2 — O x

File Edit Sketch Tools Help

Sketch_21.1_Display_the_string_on_LCD1802.ino
W' ' l #include <LiquidcCrystal I2C.h>»

.

Type:  All v 8

Topic: Al v 9 LiquidCrystal TI2C lcd(©x27,16,2); |
) N ¢

LiquidCrystal 12C by 11 void setup() {

Ffléb“kdefoaba”derd | 12 if (li2caddrTest(ex27)) {

e by allows to contrel € 13 led = LiquidCrystal T2C(ex3F, 16, 2);

dlspla_ys with functions... 14 }

More o 15 lcd.init(); // LCD driver

112~ initialization

\_ J 16 lcd.backlight(); // Open the

The second way, open Arduino IDE, click Sketch=>Include Library=>Add .ZIP Library. In the pop-up window,
find the file named “./Libraries/ LiquidCrystal_I12C-V1.1.2.Zip" which locates in this directory, and click OPEN.

Sketch_21.1_Display _the_string_on_LCD1602 | Arduino IDE Manage Libraries... Cirl+Shift+1
File Edit Sketch Tools Help Add ZIP Library..
= Verify/Compile Ctrl+R
4 Upload CtrleU Arduine libraries
g Configure and Upload Adafruit TinyUSB Library

Upload Using Programmer Ctrl+Shift+U ADClnput

Export Compiled Binary Alt+Ctrl+5 Arduine_Builtin

Optimize for Debugging ArduinoOTA

AsyncUDP

Show Sk.eltch Folder Alt+Crl +K AudioBufferManager

Includle Library » BluctoothAudio

Add File.. BluetoothHCI

| M Search Libraries P

Mame . Date modified Ty 8 items
% Adafruit_NeoPixel-V1.12.3.zip 9/24/2024 3:34 PM P
% DHT.zip 3/1/2023 1:44 PM P
% ESP2266Audio-Y1.9.9.zip 9/24/2024 355 PM P
% Freenowve RFID_Lib_for Pico-¥1.0.0.zip G/24/2024 3:52 PM ZIP
g LiquidCrystal_[2C-Y1.1.2.zip l 9/24/2024 3:46 PM ZIp
Eid | tockn-V1.3.2zp 0/24/2024 3:45 PM ZIp
£3 Servo-V1.2.21ip 09/24/2024 3:44 PM ZIp
% UltrasonicSensor-¥1.1.0.zip 9/24/2024 3:47 PM ZIp

Use 12C LCD 1602 to display characters and variables.
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Sketch_21.1_Display_the_string_on_LCD1602

File Edit Sketch Tools Help

&) Sketch_21.1_Display_the_string_on_LCD1602 | Arduino IDE 2.3.2 — m} X

 Raspberry Pi Pico

Sketch_21.1_Display_the_string_on_LCD1602.ino

7 #include <LiquidCrystal _I2C.h>

8

9 LiquidCrystal I2C lcd(ex27,16,2); L
10

11 void setup() {

12 if (lizcaddrTest(ex27)) {

13 lcd = LiquidCrystal _TI2C(ex3F, 16, 2);

14 K

15 led.init();

16 lcd.backlight();
17 lcd.setCursor(@,0);
18 led.print("hello world™);

19 3}

20

21 void loop() {

22 lcd.setCursor(@e,1);

23 led.print(“Counter:™);

24 led.print(millis() / 1e@e);
25 delay(leea);

26 )

-

5 v
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So far, at this writing, we have two types of LCD1602 on sale. One needs to adjust the backlight, and the other

does not.

The LCD1602 that does not need to adjust the backlight is shown in the figure below.
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If the LCD1602 you received is the following one, and you cannot see anything on the display or the display
is not clear, try rotating the white knob on back of LCD1602 slowly, which adjusts the contrast, until the screen

can display clearly.
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The following is the program code:
#include <LiquidCrystal I2C.h>

LiquidCrystal I12C lcd(0x27, 16, 2) ;

void setup() {
if (1i2CAddrTest (0x27)) {
led = LiquidCrystal I2C(0x3F, 16, 2);

}

led. initQ); // LCD driver initialization

led. backlight () : // Open the backlight

led. setCursor (0, 0) ; // Move the cursor to row 0, column 0

led. print ("hello world”) ; // The print content is displayed on the LCD

void loop() {

led. setCursor (0, 1) ; // Move the cursor to row 1, column 0
led. print (“Counter:”) ; // The count is displayed every second
led. print(millis() / 1000);

delay (1000) ;

bool i2CAddrTest (uint8 t addr) {
Wire. begin() ;
Wire. beginTransmission (addr) ;
if (Wire.endTransmission() == 0) {
return true;
}
return false;
}
Include header file of Liquid Crystal Display (LCD)1602.
P #include <LiquidCrystal I2C.h> |
Instantiate the 12C LCD1602 screen. It should be noted here that if your LCD driver chip uses PCF8574T, set
the 12C address to 0x27, and if uses PCF8574AT, set the 12C address to 0x3F.
87 iquidcrystal 12C 1cd(0x27, 16,2) ; |
Initialize LCD1602 and turn on the backlight of LCD.
if (1i2CAddrTest (0x27)) {
led = LiquidCrystal I2C(0x3F, 16, 2);

}
led. init () ; // LCD driver initialization
lcd. backlight () ; // Turn on the backlight

Check whether the 12C address is responded by a device.

bool i2CAddrTest (uint8 t addr) {
Wire. begin() ;

Any concerns? DX support@freenove.com
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Wire. beginTransmission (addr) ;

if (Wire.endTransmission() == 0) {
return true;

}

return false;

}
Move the cursor to the first row, first column, and then display the character.

lcd. setCursor (0, 0) ; // Move the cursor to row 0, column 0

led. print (“hello, world! 7); // The print content is displayed on the LCD
Print the number on the second line of LCD1602.

void loop() {

lcd. setCursor (0, 1) ; // Move the cursor to row 1, column 0
led. print (“Counter:”) ; // The count is displayed every second
led. print(millis() / 1000) ;
delay (1000) ;
}
Reference

The LiquidCrystal class can manipulate common LCD screens. The first step is defining an object of
LiquidCrystal, for example:
LiquidCrystal_I2C 1cd(0x27, 16, 2) ;

Instantiate the Lcd1602 and set the 12C address to 0x27, with 16 columns per row and 2 rows per

column.
init();
Initializes the Lcd1602’s device
backlight();
Turn on Lcd1602's backlight.
setCursor (column, row) ;
Sets the screen's column and row.
Column: The range is 0 to 15
Row: The range is 0 to 1.
print (String) ;
Print the character string on Lcd1602

Any concerns? DX support@freenove.com
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Chapter 22 Ultrasonic Ranging

In this chapter, we learn a module, which use ultrasonic to measure distance, HC SR0A4.

Project 22.1 Ultrasonic Ranging

In this project, we use ultrasonic ranging module to measure distance, and print out the data in the terminal.

Component List

Raspberry Pi Pico x1

laspborr, PiPico © 2020 .

5%@'

USB cable x1

Jumper

HC SR04 x1

HC-SR04

Any concerns? DX support@freenove.com
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Component Knowledge

The Ultrasonic Ranging Module uses the principle that ultrasonic waves will reflect when they encounter any
obstacles. This is possible by counting the time interval between when the ultrasonic wave is transmitted to
when the ultrasonic wave reflects back after encountering an obstacle. Time interval counting will end after
an ultrasonic wave is received, and the time difference (delta) is the total time of the ultrasonic wave'’s
journey from being transmitted to being received. Because the speed of sound in air is a constant, and is
about v=340m/s, we can calculate the distance between the Ultrasonic Ranging Module and the obstacle:
s=vt/2.

RIC ( C C C((
T]) ) ) ) ) ) )
|« S >| 2=Vt

The HC-SR04 Ultrasonic Ranging Module integrates both an ultrasonic transmitter and a receiver. The
transmitter is used to convert electrical signals (electrical energy) into high frequency (beyond human hearing)
sound waves (mechanical energy) and the function of the receiver is opposite of this. The picture and the
diagram of the HC SR04 Ultrasonic Ranging Module are shown below:

R E
e RZL(((
HC-SR04
Pin description:
Description
VCC power supply pin
Trig trigger pin
Echo Echo pin
GND GND
Technical specs:
Working voltage: 5V Working current: 12mA
Minimum measured distance: 2cm Maximum measured distance: 200cm

Instructions for Use: output a high-level pulse in Trig pin lasting for least 10us, the module begins to transmit
ultrasonic waves. At the same time, the Echo pin is pulled up. When the module receives the returned
ultrasonic waves from encountering an obstacle, the Echo pin will be pulled down. The duration of high level
in the Echo pin is the total time of the ultrasonic wave from transmitting to receiving, s=vt/2.

10us
Trigger signal
(Input)

Echo signal
(Output)

Echo time

Distance = Echo time x sound velocity / 2 .

Any concerns? X support@freenove.com
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Circuit

Note that the voltage of ultrasonic module is 5V in the circuit.

Schematic diagram

4| 42|  as] 5V
1 SWCLK GND SWDIO 40
] GPO VBUS
2 39
— GP1 VSS fam
Raspberry Pl
4 Pico 37
—] GP2 3V3_EN fem
5 36
— GP3 3V3 [
= crs ADC_VREF |2
7 34
w— GP5 GP28_A2 ==
acnD |22
9 32
—] GP6 GP27_A1 fomm
10 31
— GP7 GP26_AD [
LH P run 22
12 29
— GPY GP22 femm
5V
24 pio op21 P2 1
— GP11 P20 b2 |—2 Vcce
] e P19 22 Trig
17 24 3
=l GP13 GP18 Echo
4
19 22 Gnd
= GP14 GP17 [
22 Gpis oP16 ok pe— HC-SR04
GND —

3,8,13,18§ 23,28,38

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

o e s 0
e e s 0w
" e s 8
e e 0 e
e e e 0

" e 8 8
" e e 0
* e s 8 s
® e e o 0
* e 8 0

Any concerns? DX support@freenove.com


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

. www.freenove.com

Sketch

Sketch_22.1_Ultrasonic_Ranging

oo o~

11
12
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Sketch_22.1_Ultrasonic_Ranging | Arduino IDE 2.3.2 — O X
File Edit Sketch Tools Help

Sketch_22.1_Ultrasonic_Ranging.ino

#define trigPin 19 // define TrigPin

#define echoPin 18 // define EchoPin.

#define MAX DISTANCE 700 // Maximum sensor distance is rated at 4@©-500cm.
//timeOut= 2*MAX_DISTANCE /100 /340 *1000000 = MAX DISTANCE*58.8

float timeOut = MAX DISTANCE * 60;

int soundvelocity = 34@; // define sound speed=34@m/s

void setup() {
pinMode(trigPin,OQUTPUT);// set trigPin to output mode

pinMode(echoPin,INPUT); // set echoPin to input mode
Serial.begin(115208); // Open serial monitor at 115200 baud to see ping
results.

i

void loop() {
delay(1ee); // wWait 1@ems between pings (about 20 pings/sec).
Serial.print("Distance: ");
Serial.print(getSonar()); // Send ping, get distance in cm and print result
Serial.println("cm™);

¥

float getSonar() {
unsigned long pingTime;
float distance;
// make trigPin output high level lasting for 1eps to triger HC SRe4
digitalWrite(trigPin, HIGH);
delayMicroseconds(1@);
digitalWrite(trigPin, LOW);
// Wait HC-SRe4 returning to the high level and measure out this waitting time
pingTime = pulseIn(echoPin, HIGH, timeoOut);
// calculate the distance according to the time
distance = (float)pingTime * soundvelocity / 2 / 1e6ee;

i

return distance; // return the distance value

Download the code to Pico, open the serial monitor, set the baud rate to 115200, and you can use it to
measure the distance between the ultrasonic module and the object, as shown in the following picture:

Any concerns? DX support@freenove.com
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Output  Serial Monitor x ¥ @O =

Message (Enter to send message to 'Raspberry Pi Pico’ on 'COM15") New Line v | 115200 baud -

L.l Jg%. U0~/ UAxLdnee.  Jd. e
17:53:34, 289 > Distance: 3Z.%5cm
17:53: 34, 426 -> Distance: 32.%93cm
17:53:34.519 -> Distance: 33.Tlcm
17:53:34.598 - Distance: 33.73cm
17:53: 34,736 - Distance: 33.20cm
17:53:34, 830 -> Distance: 33. Z0cm
17:53:34. 911 -> Distance: 33.T3cm
17:53:35.047 -> Distance: 33.T3cm
17:53:35. 120 - Distance: 33.73cm
17:53:35. 249 - Distance: 3Z.%95cm
17:53: 35,329 -5 Distance: 32.%8cm
17:53:35. 466 -> Distance: 32.44cm
17:63: 356,668 -> Distance: 32.689cm
17:63:35.641 - Distance: 31.%93cm

Ln1,Col 1 Raspberry PiPico on COM15 (32 B

The following is the program code:

#tdefine trigPin 19 // define trigPin

#define echoPin 18 // define echoPin.

#tdefine MAX_DISTANCE 700 // Maximum sensor distance is rated at 400-500cm.
//timeOut= 2:#MAX_DISTANCE /100 /340 *1000000 = MAX_ DISTANCE*58. 8

float timeOut = MAX DISTANCE * 60;

int soundVelocity = 340; // define sound speed=340m/s

void setup() {
pinMode (trigPin, OUTPUT) ;// set trigPin to output mode
pinMode (echoPin, INPUT) ; // set echoPin to input mode
Serial. begin(115200);  // Open serial monitor at 115200 baud to see ping results.

void loop() {
delay (100) ; // Wait 100ms between pings (about 20 pings/sec)
Serial. printf (“Distance: ”);
Serial.print(getSonar()); // Send ping, get distance in cm and print result

Serial. println(“cm”) ;

float getSonar() {
unsigned long pingTime;
float distance;
// make trigPin output high level lasting for 10us to trigger HC SR04
digitalWrite (trigPin, HIGH);
delayMicroseconds (10) ;
digitalWrite (trigPin, LOW);
// Wait HC-SR04 returning to the high level and measure out this waiting time
pingTime = pulseln(echoPin, HIGH, timeOut);
// calculate the distance according to the time

distance = (float)pingTime * soundVelocity / 2 / 10000;

Any concerns? DX support@freenove.com
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. return distance; // return the distance value
}

First, define the pins and the maximum measurement distance.

ttdefine trigPin 19 // define trigPin

#tdefine echoPin 18 // define echoPin.

#tdefine MAX DISTANCE 700 //define the maximum measured distance
If the module does not return high level, we cannot wait for this forever, so we need to calculate the time
period for the maximum distance, that is, time Out. timeOut= 2xMAX_DISTANCE/100/340+«1000000. The
result of the constant part in this formula is approximately 58.8.
- float timeOut = MAX DISTANCE * 60;
Subfunction getSonar () function is used to start the ultrasonic module to begin measuring, and return the
measured distance in cm units. In this function, first let trigPin send 10us high level to start the ultrasonic
module. Then use pulseln () to read the ultrasonic module and return the duration time of high level. Finally,
the measured distance according to the time is calculated.

float getSonar() {
unsigned long pingTime;
float distance;
// make trigPin output high level lasting for 10us to trigger HC SR04?
digitalWrite (trigPin, HIGH) ;
delayMicroseconds (10) ;
digitalWrite (trigPin, LOW);
// Wait HC-SR04 returning to the high level and measure out this waiting time
pingTime = pulseln(echoPin, HIGH, timeOut);
// calculate the distance according to the time
distance = (float)pingTime * soundVelocity / 2 / 10000;
return distance; // return the distance value

}

Lastly, in loop() function, get the measurement distance and display it continually.

void loop() {
delay (100) ; // Wait 100ms between pings (about 20 pings/sec)
Serial. printf (“Distance: ”);
Serial. print (getSonar()): // Send ping, get distance in cm and print result

Serial. println(“cm”) ;

}

About function pulseIn():

pin: the number of the Arduino pin on which you want to read the pulse. Allowed data types: int.
value: type of pulse to read: either HIGH or LOW. Allowed data types: int.
timeout (optional): the number of microseconds to wait for the pulse to start; default is one second.

Any concerns? DX support@freenove.com
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Project 22.2 Ultrasonic Ranging

Component List and Circuit

Component List and Circuit are the same as the previous section.

Sketch

How to install the library

In this project, we use a third-party library named UltrasonicSensor. Here are two ways to install the library
for your reference.

The first one: Open Arduino IDE, click Library Manage on the left, and search "UltrasonicSensor" to install.

&) Sketch_22.2_ Ultrasonic_Ranging | Arduino IDE 2.3.2 - O X
File Edit Sketch Tools Help

LIBRARY MAMAGER Sketch_22 2 Ulrasonic_Ranging.ino
SIEEESE = 7 #include <UltrasonicSensor.h>
Type: Al v 8
Topic: Al v 9 //Attach the trigger and echo pins
mhl( \ 1@ UltrasonicSensor ultrasonic(19, 18);
UltrasonicSensor by 11
Giuseppe Martini 12 e setup() {
Allows Arduino/Genuino boards . .
to simplify the use of the 13 Serial.begin(115200); _
#ﬂlg'raesitz;gierlsor-Tf‘islibrary--- 14 //set the speed of sound propagation
according to the temperature to reduce errors
110~ 15 int temperature = 22;//Setting ambient
temperature
16 ultrasonic.setTemperature(temperature);
17 I
18

The second way, open Arduino IDE, click Sketch->Include Library=>Add .ZIP Library. In the pop-up window,
find the file named “./Libraries/ UltrasonicSensor-V1.1.0.Zip" which locates in this directory, and click OPEN.

() Sketch 22.2 Ultrasonic Ranging | Arduino IDE 2.3.2 Manage Libraries... Ctrl +Shift+1
File Edit Sketch Tools Help

Add ZIP Library...
Verify/Compile Ctrl+R

= Arduino libraries
Upload Ctrl+U

S Configure and Upload Adafruit TinyUSB Library
Upload Using Programmer Ctrl+Shift+U ADClnput
Export Compiled Binary Alt+Ctrl+S Arduino_Builtin E+
Optimize for Debugging ArduineOTA
AsyncUDP
Show Sketch Fold Alt+Crl +K )
- e ' AudicBufferManager
Include Lib 3
T BluetoothAudic
Add File...

BluetoothHCI

Any concerns? DX support@freenove.com
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e

MName

% Adafruit_MeoPiel-V1.12.3.zip

&3 DHTzip

£3 ESP2266AUdio-V1.9.9.ip

% Freenowve RFID_Lib_for_Pico-¥1.0.0.zip
% LiquidCrystal_12C-V1.1.2.zip

£ MPUBDS0_tockn-V1.5.2 zip

£ Sorp-Y1.2.2.7ip

Date modified

9/24/2024 3:34 PM
3/1/2023 1:44 PM

9/24/2024 3:35 PM
9/24/2024 3:52 PM
9/24/2024 3:46 PM
9/24/2024 3:49 PM
9/24/2024 3:44 PM

% UltrasenicSensor-¥1.1.0.zip

| 9242024 3:47 PM

Search Libraries 2

WP gitems
ZIP
ZIP
ZIP
ZIP
ZIP
ZIP
ZIP
ZIP

Any concerns? DX support@freenove.com


http://www.freenove.com/

Chapter 22 Ultrasonic Ranging www.freenove.com [l

Sketch_22.2_Ultrasonic_Ranging

) Sketch 22.2 Ultrasonic_Ranging | Arduino IDE 2.3.2 - O *
File Edit Sketch Tools Help

Sketch_22 2 Ultrasonic_Ranging.ino

7 #include <UltrasonicSensor.h>

8

9 //Attach the trigger and echo pins

1® UltrasonicSensor ultrasonic(19, 18);

11

12 void setup() {

13 Serial.begin(1152080);

14 //set the speed of sound propagation according to the temperature to
reduce errors

15 int temperature = 22;//Setting ambient temperature

16 ultrasonic.setTemperature(temperature);

17}

18

19 void loop() {

20 int distance = ultrasonic.distanceInCentimeters();

21 Serial.println(string("Distance: ")+distance+String("cm"));

22 delay(3ee);

23}

Upload the sketch to Pico, open the serial monitor and set the baud rate to 115200. Use the ultrasonic
module to measure distance, as shown in the following picture:

Output  Serial Monitor ¥ @

Ul

| New Line * 115200 baud =~

08:41:36.524 > Distance: 34cm
08:41:36.813 -» Distance: 34cm
08:41: 37,122 —=» Distance: 34cm
08:41:37. 421 -» Distance: 34cm
08:41:37.716 -» Distance: 35cm
08:41:38.003 -» Distance: 36cm
08:41:38.308 -» Distance: 38cm
08:41: 38,630 —» Distance: 34cm
08:41:38. 950 > Distance: 35cm
08:41: 359,238 -» Distance: 34cm
08:41:39.543 > Distance: 34cm
08:41:359.830 -» Distance: 34cm
08:41:40. 151 -» Distance: 33cm
08:41:40. 456 -» Distance: 34cm

() indexing: 9/44 Ln 12, Col 15 Raspbemy PiPicoon COM15 23 B8
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The following is the program code:

#include <UltrasonicSensor. h>

//Attach the trigger and echo pins

UltrasonicSensor ultrasonic (19, 18);

void setup() {
Serial.begin(115200);
//set the speed of sound propagation according to the temperature to reduce errors
int temperature = 22; //Setting ambient temperature

ultrasonic. setTemperature (temperature) ;

void loop() {
int distance = ultrasonic. distancelnCentimeters();
Serial. print (String("Distance: ”)+distance+String(“cm\n”));
delay (300) ;
}
First, add UltrasonicSensor library.
! #include <UltrasonicSensor. h> |
Define an ultrasonic object and associate it with the pins.
! UltrasonicSensor ultrasonic (19, 18); |
Set the ambient temperature to make the module measure more accurately.
- ultrasonic. setTemperature (temperature) ; |
Use the distancelnCentimeters function to get the distance measured by the ultrasound and print it out

through the serial port.

void loop() {
int distance = ultrasonic. distanceInCentimeters();
Serial.print (String("Distance: ”)+distance+String(“cm\n”));
delay (300) ;
}
Reference
| class UltrasonicSensor |
class UltrasonicSensor must be instantiated when used, that is, define an object of Servo type, for example:
UltrasonicSensor ultrasonic(19, 18);
setTemperature(value): The speed of sound propagation is different at different temperatures. In
order to get more accurate data, this function needs to be called. value is the temperature value of the

current environment.
distanceInCentimeters (): The ultrasonic distance acquisition function returns the value in centimeters.

distancelnMillimeters(): The ultrasonic distance acquisition function returns the value in millimeter.

Any concerns? DX support@freenove.com
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Chapter 23 Matrix Keypad

Earlier we learned about a single Push Button Switch. In this chapter, we will learn about Matrix Keyboards,
which integrates a number of Push Button Switches as Keys for the purposes of Input.

Project 23.1 Matrix Keypad

In this project, we will attempt to get every key code on the Matrix Keypad to work.

Component List

Raspberry Pi Pico x1 USB cable x1

a & & & & & & =& 8 8 & & & & & & = »

.l.spborr: PiPico © 2020  jgo1sm

@st

Cl
w=
]
a
@

L] . L L] - - L L] . - - L] L . L L] L] - L] .

Breadboard x1

Jumper 4x4 Matrix Keypad x1

BIEEE
— P . SlEEE

SO
S0 ®E >
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A Keypad Matrix is a device that integrates a number of keys in one package. As is shown below, a 4x4 Keypad
Matrix integrates 16 keys:

4x4 Keypad

af 3] 2 1|

[ for e

Similar to the integration of an LED Matrix, the 4x4 Keypad Matrix has each row of keys connected with one

8 1

pin and this is the same for the columns. Such efficient connections reduce the number of processor ports
required. The internal circuit of the Keypad Matrix is shown below.

1 2 3 A
e _ T _l
4 5 6 B
et ey P S ey
— O—I — 0—1 — 0—1 — 0—1 -
7 8 9 C
e — el —_—t
— D-—I *~— Dj «— D-—] *— Dj 6
*
— o—I — oj — o—‘l — O—J 5

The method of usage is similar to the Matrix LED, by using a row or column scanning method to detect the
state of each key’s position by column and row. Take column scanning method as an example, send low level
to the first 1 column (Pinl), detect level state of row 5, 6, 7, 8 to determine whether the key A, B, C, D are
pressed. Then send low level to column 2, 3, 4 in turn to detect whether other keys are pressed. By this means,
you can get the state of all of the keys.

Any concerns? X support@freenove.com
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Circuit

Schematic diagram

] 42| a3

1 SWCLK GND SWDIO 40
) GPO VBUS fmm
4x4 Keypad 2l o vss b2
8 Raspberry PI
{EEEm . Pico N
6 . . . . —5 GP2 3V3_EN 3_6
AN —1e ol
-l =l GP4 ADC_VREF Jes
EEEE - "
el GP5 GP28_A2 =
4{ 3| 2| 1 Achp 22
2 GP6 GP27_A1 32
L] e GP26_A0 kil
11 30
GP8 RUN [
12} 6po or2z |22
14 Gr1o or21 2=
15 26
GP11 GP20 [
L] e pary =k
17 24
GP13 GP18 fom
19 22
— GP14 GP17
] P pesry L1k
GND

3,3,13,1a| 23,28,38

Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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This code is used to obtain all key codes of the 4x4 matrix keypad, when one of the keys is pressed, the key
code will be printed out via serial port.

& Sketch 231 _Get Input_Characters | Arduino IDE 2.3.2 - O st
File Edit Sketch Tools Help
Sketch_231_Get Input_Characters.ino  Keypadcpp Keypadh
7 #include "Keypad.h"
8
9 wvoid setup(){
10 Serial.begin(115208); u
11 keyInit();
12}
13
14  wvoid loop(){
15 char keyvalue = getKey(@);
16 if (keyvalue = "\@")
17 serial.println(keyvalue);
18 delay(50);
19 }
Output = 5

Ln 6, Col 72 Raspberry PiPicoon COM15 (31 B

Download the code to Pico, open the serial port monitor, set the baud rate to 115200, press the keyboard,
the value of the pressed keys will be printed out via the serial port, as shown in the following picture:

Output  Serial Monitor ¢ ¥ O =
Mew Line * 115200 baud -

08:4%: 29,723 -»
08:49:30, 323 -
O5: 49: 30,940 -2
05:49:31.750 >
08:49: 32, 341 >
08:4%9: 33, 140 -
05:49:33. 724 >
O5:49: 34, 660 -
08:49:36. 124 >
05:49: 36,924 -
08:4%9:37.524 -

L= e T B = B O L = I

Ln 18, Col 12 Raspberry PiPicoon COM15 (32 B
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Keypad.cpp

#include “Keypad.h”

{13, 12, 11, 10};
{9, 8 17, 6};

byte rowPin[4]
byte colPin[4]

char keyStrings[4][4] = {
{)1)’ )2” )3” )A’}’

{)4)’ )5), ’6’, )By},
{)7)’ ’8’, )9), )Cy},
{)*)’ )0), )#), )D)}

int lastTime = 0;

int debounceTime = 20;

int pressKeyRow=0;
int pressKeyCol=0;

bool pressState=false;

void keyInit (void) {

for (int r = 0; r < sizeof (rowPin); r++) {
pinMode (colPin[r], OUTPUT) ;
digitalWrite(colPin[r], HIGH);
pinMode (rowPin[r], INPUT PULLUP) ;

}

for (int ¢ = 0; ¢ < sizeof(colPin); c++) {
pinMode (colPin[c], OUTPUT) ;
digitalWrite(colPin[c], HIGH);

void keyScan(bool state) {
for (int ¢ = 0; ¢ < sizeof(colPin); c++) {
digitalWrite(colPin[c], LOW);
for (int r = 0; r < sizeof (rowPin); r++) {
if (digitalRead (rowPin[r]) == LOW) {

while (state == true && digitalRead(rowPin[r]) == LOW);
digitalWrite(colPin[c], HIGH);
pressKeyRow=r;
pressKeyCol=c;

pressState=true;

}

Any concerns? DX support@freenove.com
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digitalWrite(colPin[c], HIGH):

char getKey (bool state) {
if (millis() - lastTime > debounceTime) {
pressState = false;
keyScan (state) ;
lastTime = millis();
if (pressState==true)
return keyStrings[pressKeyRow] [pressKeyCol];
else

return ~\0 ;

Include the header file, define the pins to control the keypad'’s rows and columns and define an array to store

the key values of the keypad being pressed.

You can modify the following code to change key values and the pins controlling the keypad.
#include “Keypad.h”

byte rowPin[4] = {13, 12, 11, 10};
byte colPinl[4] = {9, 8, 7, 6};

char keyStrings[4][4] = {
{)1), )2’, )3’, )A’}’

{)4), )5:, ’6’, )By}’
{)7), )8:, )9y, )Cy}’
{)*), )0:, )#y, )Dy}

b
The following is the program code:
#include “Keypad. h”

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

void loop() {
char keyValue = getKey(0) ;
if (keyValue !="\0")
Serial. println(keyValue) ;
delay (50) ;

Any concerns? DX support@freenove.com
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keylnit() function is called to initialize the pins controlling the keypad.

| 5 ‘ keyInit();

getKey() is called to scan the matrix keyboard and return "™\0" if no key is detected being pressed; and it returns
the key value character of the pressed key when a key is detected to be pressed

When the parameter of the getKey() function is 1, the matrix keyboard scans in an inching mode. In this mode,
when the key is pressed and not released, the program will stop execution until the key is released. When the
parameter is 0, the matrix keyboard scans in a continuous mode. In this mode, the program will not stop
execution because the key is not released.

| 9 l char keyValue = getKey (0);

Any concerns? DX support@freenove.com
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Project 23.2 Keypad Door

In this project, we use keypad as a keyboard to control the action of the servo motor.

Component List

Raspberry Pi Pico x1 USB cable x1

- = = . . 8 = = . e 8 & =

.laspborri PiPico © 2020 .

]
]
=
=
o

LU LR ® e LR e e 0. L LR R L LR L
U LR e e 0. L e e e L L LR * e e e ¢ e e e

® ® 8 9 0 8 6 6 0 G P P T PSSO S S S S S S TS EE SO EE SN E S
® 9 © 9 9 9 0 T P T P G G O G G PSP ST S TS G TGP ST PGS e E PO PSS e
® ® 6 8 0 9 P 8 S G P PGS PSS S E S S S S S S P S S EEEEEE eSS
® © © 9 9 U P T P G S S T G P TP ST ST O T S S ST PGP TP SV TS G S S E 0PSSO
@ % 9 0 9 9 9 P 8 U P ST PSS ST S S E S PSS PRGNS

Jumper Servo x1 4x4 Matrix Keypad x1

NEEE
EEEE

Hee @
S0 >

NPN transistorxl Active buzzer x1 Resistor 1kQ x1
(S8050)
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Circuit

Schematic diagram

4] a2] a3 5V
4 [ sweik onD swoio |40
GPO VBUS
2 39
4x4 Keypad = %" Raspberry PI Y55
8 Pico 23
7 EEEN = 6p2 ava en oL
6 . . . . _5 GP3 V3 36
5 EEER 1 PN ADC_vRer |22
] . . . . — GP5 GP28_A2 -
33
AGND [
4] 3| 2 1| 9 32
GP6 GP27_A1 [ a9 au
10 31 3.3V
GPT GP26_AD = —_—
il GP8 RUN 2
121 6po or2z 22
14 crro cr21 P
15 GP11 GP20 E
15) Gp1z pasry -3
17 24
GP13 GP18 [
2 GP14 GP17 2
GP15 2 6r1s ore J2L
GND

3,8,13,18| 23,28,38

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

Sketch_23.2_Keypad_Door

&) Sketch_23.2 Combination_Lock | Arduino IDE 2.3.2 — O x

File Edit Sketch Tools Help

Sketch_23.2_Combination_Lockino  Keypadcpp Keypadh

7 #include "Keypad.h"
8 #include <Servo.h>

o

18 Servo myservo;

11  int servoPin = 8;

12  int buzzerPin = 15;

13

14 string passWord = "1234";
15 string keyIn;

16
17  wvoid setup() {
18 keyInit();
19 myservo.attach(servoPin);
20 myservo.write(e);
21 pinMode (buzzerPin, OQUTPUT);
22 Serial.begin(115200);
23 keyIn = "";
24 Serial.println(keyIn);
25}
26
27 wvoid loop() {
28 char keyPressed = getKey(0);
29 if (keyPressed!="\0"') {
Output = 5

Ln1,Col1 Raspberry PiPicoon COM15 QO B8

Verify and upload the code to the Pico and press the keypad to input password with four characters. If the
input is correct, the servo will move to a certain degree, then return to the original position. If the input is
wrong, an input error alarm will be generated.

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

#include “Keypad.h”
finclude <Servo.h>

Servo myservo; // Create servo object to control a servo
int servoPin = 0; // Define the servo pin

int buzzerPin = 15; // Define the buzzer pin

String passWord = “1234”: // Save the correct password
String keyln;

void setup() {
keyInit () ;
myservo. attach (servoPin); // attaches the servo on servoPin to the servo object
myservo. write(0) ; // Set the starting position of the servo motor
pinMode (buzzerPin, OUTPUT) ;
Serial. begin (115200) ;
keyln =
Serial. println(keyIn) ;

void loop() {

char keyPressed = getKey (0) ; // Get the character input
if (keyPressed!="\0") { // Handle the input characters
digitalWrite (buzzerPin, HIGH) ; // Make a prompt tone each time press the key
delay (200) ;
digitalWrite (buzzerPin, LOW);
keyIn += keyPressed; // Save the input characters
Serial. println(keyPressed) ; // Judge the correctness after input
if (keyIn.length() == 4) {
bool isRight = true; // Save password is correct or not

if ( passWord != keyIn) {
isRight = !true;

}

if (isRight) { // 1f the input password is right
myservo. attach (servoPin) ;
myservo. write(90) ; // Open the switch
delay (2000) ; // Delay a period of time
myservo. write (0) ; // Close the switch
Serial. println(“passWord right!”);

}

else { // 1If the input password is wrong

digitalWrite (buzzerPin, HIGH);// Make a wrong password prompt tone
delay (1000) ;

Any concerns? DX support@freenove.com
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digitalWrite (buzzerPin, LOW);
Serial.println(“passWord error!”) ;

}
keylIn =

s

: // Reset the number of the input characters to 0

}
delay (200) ;
}
First, we need to set the value of the password.
- char passWord[] = {”1234”}; // Save the correct password
Second, each time the key is pressed, the buzzer makes a short sound and stores the key value entered.

char keyPressed = getKey(0) ; // Get the character input
if (keyPressed!="\0") { // Handle the input characters
digitalWrite (buzzerPin, HIGH); // Make a prompt tone each time press the key
delay (200) ;

digitalWrite (buzzerPin, LOW);
keyIn += keyPressed,;

Third, if the button has been pressed for four times, Pico begins to judge if the password is correct.
if (keylIn. length() == 4) {
bool isRight = true; // Save password is correct or not

if ( passWord != keyIn) {

isRight = !true;

}
If the password is correct, control the servomotor to open the lock and wait for 2 seconds before closing the
lock. If it is not correct, the buzzer makes a long sound and prints the error message through the serial port.

if (isRight) { // If the input password is right
myservo. attach (servoPin) ;
myservo. write (90) ; // Open the switch
delay (2000) ; // Delay a period of time
myservo. write (0) ; // Close the switch

Serial. println("passWord right!”);
}
else { // If the input password is wrong
digitalWrite (buzzerPin, HIGH);// Make a wrong password prompt tone
delay (1000) ;
digitalWrite (buzzerPin, LOW);
Serial. println(“passWord error!”);
}
Finally, remember to empty the keylnNum every time.
- keyIn = ””; // Reset the number of the input characters to 0

Any concerns? DX support@freenove.com
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Chapter 24 Infrared Remote

In this chapter, we will learn how to use an infrared remote control, and control an LED.

Project 24.1 Infrared Remote Control

First, we need to understand how infrared remote control works, then get the command sent from infrared
remote control.

Component List

Raspberry Pi Pico x1 USB cable x1

e & & & @ = @& = = & & & & = @ @ & = & @
® e

.laspborry PiPieco © 2020 = joo1smL :i.

@8

pogEq

L - L] L . L L L] L] - - L] L] L L) L] - L] L .

Breadboard x1

Jumper Infrared Remote x1
(May need CR2025 battery x1, please check
the holder)

Infrared Remote x1 Resistor 10kQ x1

& ) [ 9®oce006 |
M ‘ O00® O
 ©0©0000
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Component Knowledge

Infrared Remote

An infrared (IR) remote control is a device with a certain number of buttons. Pressing down different buttons
will make the infrared emission tube, which is located in the front of the remote control, send infrared ray with
different command. Infrared remote control technology is widely used in electronic products such as TV, air
conditioning, etc. Thus making it possible for you to switch TV programs and adjust the temperature of the
air conditioning when away from them. The remote control we use is shown below:

Infrared receiver
An infrared(IR) receiver is a component which can receive the infrared light, so we can use it to detect the
signal emitted by the infrared remote control. DATA pin here outputs the received infrared signal.

\/

& L pATA
-21GND
I | | 2lvee
IR Receiver
123

Any concerns? X support@freenove.com
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When you use the infrared remote control, it sends a key value to the receiving circuit according to the pressed
key. We can program the Raspberry Pi Pico to do things like lighting, when a key value is received.

The following is the key value that the receiving circuit will receive when each key of the infrared remote
control is pressed.

@ FFA25D © FFBO4F
@ FFE21D @ FF30CF
@ FF22DD ©) FF18E7
e FFO2FD @ FF7A85
@ FFC23D @ FFL0EF
o FFEOLF @ FF38C7
@ FFA857 @ FF5AAS
@ FFO06F @ FF42BD
@ FF6897 FFAABS
Q FF9867 @ FF52AD
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Circuit

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

This sketch uses the infrared receiving tube to receive the value sent form the infrared remote control, and
print it out via the serial port.
Sketch_24.1_Infrared_Remote_Control

&) Sketch 24.1 Infrared Remote Control | Arduino IDE 2.3.2 - O X
File Edit Sketch Tools Help

Sketch_24.1_Infrared_Remote_Controlino  IRcpp  IRh

7 #include "IR.h"

8 #define IR _Pin 16

9

1@ void setup() { I
11 Serial.begin(11520@);

12 IR Init(IR _Pin);

13}

14

15 void loop() {
16 if(flagCode){

17 int irValue = IR Decode(flagCode);
18 Serial.println{irvalue, HEX);
19 IR Release();
20 }
21}
Output = 5

Ln5, Col 27 Raspberry PiPicoon COM15 (22 B

Download the code to Pico, open the serial port monitor, set the baud rate to 115200, and press the IR
remote control, the pressed keys value will be printed out through the serial port.

Output  Serial Monitor x ¥ O =

Mew Line * 115200 baud b

09:00: 34,042 —> FFEOIF
09:00: 34. 691 Short press the key
09:00: 35 A5
09:00: 38, 776
Long press the key

0%9:00: 39, 169 - FFFFFFFF
0%:00: 39, 6505 —» FFFFFFFF
09:00: 41,907
09:00: 42, 295
09:00: 42, 625
09:00: 46. 075 —> FFOZFD

09:00: 46. T64 —> FFOZFD

09:00: 47,140 —> FFFFFFFF

Ln 5, Col 27 Raspberry PiPico on COM15 (32 B

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 24 Infrared Remote

IR.cpp

#include “IR.h”

int logList[32];
unsigned long startTime;
int endTime, end2Time;

int flagCode = 0;

int irPin;

bool irState = true;

void IR Init(int pin) {
irPin = pin;
pinMode (irPin, INPUT PULLUP) ;
attachInterrupt (digitalPinToInterrupt (irPin), IR Read, CHANGE);

void IR Read() {
if (irState == true) {
unsigned long lowTime, highTime, intervalTime;
int num = 0;
while (digitalRead(irPin) == LOW) {
startTime = micros() ;
while (digitalRead(irPin) == LOW) {
lowTime = micros();
}
intervalTime = lowTime — startTime;
while (digitalRead(irPin) == HIGH) {
highTime = micros();
intervalTime = highTime - lowTime;
if (intervalTime > 10000) {
end2Time = millis();
if (num == 32) {

flagCode = 1;
endTime = millis();
}
else if (num == 0 && end2Time - endTime > 300 && end2Time - endTime < 400) {
flagCode = 2;
endTime = millisQ);
}
return;

}
if (intervalTime < 2000) {

if (intervalTime < 700) {

Any concerns? X support@freenove.com
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logList[num ++] = 0;
1
else {
logList[num ++] = 1;
1
}
1

unsigned long IR Decode(int &code) {
unsigned long irData = 0;
irState=false;
if (code == 1) {
code = 0;
for (int i =0; i < 32; i +H) {
if (logList[i] == 0)
irData <<= 1;
}
else {
irData <<= 1;
irData ++;
}
logList[i] = 0;

}
if (code == 2) {

code = 0;

irData = Oxffffffff;
}

return irData;

void IR Release() {
irState=true;
}
When the IR_Init() function is called, Pico initializes the infrared received pin and sets the external interrupt,
associating it with the IR_Read() function. Every time the infrared receives data, external interrupt calls IR_Read()
function to receive data, and resets the bit flag.

extern int flagCode;
void IR Init(int pin);
void IR Read();

Any concerns? DX support@freenove.com
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You can check whether flagCode has been reset, If it is reset, call IR_Decode() to decode the infrared data.
Note: once IR_Decode() is called, infrared receiver will not receive data until IR_Release() is called.

unsigned long IR Decode(int &code) ;
void IR Release();

The following is the program code:

#include “IR.h”
#tdefine IR Pin 16

void setup() {
Serial. begin (115200) ;
IR_Init (IR Pin);

void loop() {
if (flagCode) {
int irValue = IR Decode (flagCode) ;
Serial.println(irValue, HEX);
IR Release();

}

IR_Init() is called to initialize infrared receiving pin GP16, enable external interrupt and associate it with GP16.

! IR Tnit(IR Pin);

In loop(), determines whether infrared bit flag is reset. If it is, IR_Decode() is called to decode the data and
print them out via serial monitor.

After using the infrared decoding function IR_Decode(), you need to call IR_Release() to release the infrared
data receiving function. Otherwise, it will not receiver new infrared data again.

if (flagCode) {
int irValue = IR Decode (flagCode) ;
Serial.println(irValue, HEX);
IR Release();

Any concerns? DX support@freenove.com
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Project 24.2 Control LED through Infrared Remote

In this project, we will control the brightness of LED lights through an infrared remote control.

Component List

Raspberry Pi Pico x1 USB cable x1

Raspberry PiPico © 2020  jpqo1sm

Breadboard x1

L T I TR B I A T T I I T A I I A I T I I T I A A B I BN B
L O T I I I A A R I I A I T T T B T B B B B I A B

LI A I B I I I I A B A B B T A T I B R R
I I I I I I R R ]
U I A I R S I I A I I R I I I B U R A B O ]
L I B I I I I B B I T I I R A T T A
U I B B B B R I R I B B B T T T I B I B R I A

I I I R I T I T B I B N I A
LR B T I I T I R T I T T T T B R A T T
R T I A I I I A T N I I T T T I I I A I I I A T T T I I O
LU A A A T I R A A I T T I A R BRI A A A A R A
D I I I A I B B

#9009 S0P EE S EEEE P EPEE P e TP EEE SV IEE PEEPEE e s
PP OB PPN PP PP P PP PP ST PPN TY PN s e e

Jumper Infrared Remote x1
(May need CR2025 battery x1,

please check the battery holder)
LED x1 Active buzzer x1 Resistor 1kQ x2 e ™\

©
®

Infrared receiver x1 NPN transistorxl Resistor 10kQ x1
(S8050)

o |

[1]

SISISIOL 116

QIGO0 0L +
OIOI®L  1C)
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Circuit

Schematic diagram

s 42| a3

1 SWCLK GND SWDIO Q
w1 GPO VBUS [
2 39
=" RaspberryPI VS|
=l GP2 3V3_EN fmmn
3 36 |
— GP3 3V3
] P ADC_VREF £
7 34
=1 GP5 GP28_A2 e
— acnp 22
] GPe GP27 A1 o
n A il GP7 GP26_AD 31
LEDI 11 -
3.3V Red (633nm) S/ z GP8 RUN 2—9
e ER GP22 fe
1 P or21 2L
(R - 15 26 3.3V
2= mg = e o |22
] 1K —{ GP12 GP19 fjemm .
i i 24 ' IR Receiver
Q - =] GP13 GP18 [ R3
R1 10K 3 VCC
1K 1Ll P oP17 k2 || - GND
' 2 20 21 .
_ o erie DATA
J—w 1
' 3,8,13,18] 23,28,38

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

The sketch controls the brightness of the LED by determining the key value of the infrared received.
Sketch_24.2_Control_LED_through_Infrared_Remote

() Sketch 24.2 Control LED through Infrared Remote | Arduino IDE 2.3.2 - O X
File Edit Skestch Tools Help

Sketch_24.2_Control_LED_through_Infrared_Remote.ino  IR.cpp  IRA

#include "IR.h"

0 0~

#define irPin 16
10 #define ledPin 14
11  #define buzzerPin 15

12

13 wvoid setup() {

14 serial.begin(11520@);

15 IR _Init(irPin);

16 pinMode(ledPin, QUTPUT);

17 pinMode(buzzerPin, OUTPUT);
18 }

19

26 void loop() {
21 if(flagCode){

22 int irValue = IR Decode(flagCode);
23 Serial.println(irvalue, HEX);

24 handleCcontrol(irvalue);

25 IR Release();

26 1

27}

Compile and upload the code to the Pico. When pressing "0", "1", "2", "3" of the infrared remote control, the
buzzer will sound once, and the brightness of the LED light will change correspondingly.

& & & o

I \/ v

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 24 Infrared Remote

The following is the program code:

#include “IR.h”

fidefine irPin 16
fidefine ledPin 14

fidefine buzzerPin 15

void setup() {
Serial. begin (115200) ;
IR _Init(irPin);
pinMode (1edPin, OUTPUT) ;
pinMode (buzzerPin, OUTPUT) ;

void loop() {
if (flagCode) {
int irValue = IR Decode (flagCode) ;
Serial. println(irValue, HEX);
handleControl (irValue) ;
IR Release();

void handleControl (unsigned long value) {
digitalWrite (buzzerPin, HIGH);
delay (100) ;
digitalWrite (buzzerPin, LOW);
// Handle the commands

switch (value) {

case 0xFF6897: // Receive the number "0’
analogWrite (IedPin, 0); // Turn off LED
break;

case O0xFF30CF: // Receive the number "1’
analogWrite (ledPin, 50); // Dimmest brightness
break;

case OxFF18ET7: // Receive the number 2’
analogWrite (ledPin, 100); // Medium brightness
break;

case OxFF7A85: // Receive the number '3’
analogWrite (ledPin, 255); // Strongest brightness
break;

Any concerns? X support@freenove.com
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The handleControl() function is used to execute events corresponding to infrared code values. Every time
when the function is called, the buzzer sounds once and determine the brightness of the LED based on the
infrared key value. If the key value is not "0", "1", "2", "3", the buzzer sounds once, but the brightness of LED
will not change.

void handleControl (unsigned long value) {
digitalWrite (buzzerPin, HIGH);
delay (100) ;
digitalWrite (buzzerPin, LOW);
// Handle the commands

switch (value) {

case 0xFF6897: // Receive the number ' 0’
analogWrite (ledPin, 0); // Turn off LED
break;

case OxFF30CF: // Receive the number 1’
analogWrite (ledPin, 50): // Dimmest brightness
break;

case OxFFI8ET: // Receive the number 2’
analogWrite (ledPin, 100); // Medium brightness
break;

case OxFF7A85: // Receive the number 3’
analogWrite (ledPin, 255); // Strongest brightnss
break;

In the loop() function, each time the infrared data is received, it is decoded and printed out through the serial
monitor, and the handleControl() function is called to control the LED and buzzer to execute the
corresponding code.

void loop() {
if (flagCode) {
int irValue = IR Decode (flagCode) ;
Serial. println(irValue, HEX);
handleControl (irValue) ;
IR Release();

Any concerns? DX support@freenove.com
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Chapter 25 Hygrothermograph DHT11

In this chapter, we will learn about a commonly used sensor called a Hygrothermograph DHT11.

Project 25.1 Hygrothermograph

Hygrothermograph is an important tool in our lives to give us data on the temperature and humidity in our
environment. In this project, we will use the Raspberry Pi Pico to read Temperature and Humidity data of the
DHT11 Module.

Component List

Raspberry Pi Pico x1 USB cable x1

.laspbarry PiPieo ©2020  jggorsEL

- @l o] -,

poEdq

Breadboard x1

LU A N T A T I T I L I T B N R I I I R )
PO P B PP I e PP S E P PP SN T P E P P e e EE T

LI I R R R I B I I I I U B B T B I R I R I
LU B O I A R I I I R S I I B A I A A
LU IR S I T I I A I I I T U I I R I I B I U B I I B
LU R R I I B A I B T I I R R I A A A )
LU B I B B A A T I O B A I I I U I A I R A A )

L I I I I I A R R A )
LU I R T I I I T I A I T I A R I A )
L I A I I I A A A I B R T R I U A B R I )
IR I B T T U A A T A T T I A R I B B AR A AR B I A
D I I A I A I B B

PP PP S PP EE B EPEE PSS PSP P I SV FEPEE PEPEY Feeee
U A I T A I A R B R B U I A R B A R A I I R A S I A )

Jumper DHT11 x1 Resistor 10kQ x1

Any concerns? DX support@freenove.com
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Component Knowledge

The Temperature & Humidity Sensor DHT11 is a compound temperature & humidity sensor, and the output
digital signal has been calibrated by its manufacturer.

VCC
SDA
NC
GND

1234 DHT-11

NS

DHT11 uses customized single-line communication protocol, so we can use the library to read data more
conveniently.

After being powered up, it will initialize in 1S's time. Its operating voltage is within the range of 3.3V-5.5V.
The SDA pin is a data pin, which is used to communicate with other devices.

The NC pin (Not Connected Pin) is a type of pin found on various integrated circuit packages. Those pins have
no functional purpose to the outside circuit (but may have an unknown functionality during manufacture and
test). Those pins should not be connected to any of the circuit connections.

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram

| 42| a3
SWCLK GND SwWDIO 40
GPO VBUS fumm

GP1

| |-
(7]
w0

Raspberry PI ves =

Pico 37 3.3V

GP2 IV3_EN [
36 |
GP3 3v3
35
GP4 ADC_VREF [
GP5 GP28_A2 34
AGND 2>
- GPs GP27_A1 32,
10 31
] GP7 GP26_AQ fmm
LN P run |22
2 Gpo or22 B2

DHT1 L1 P or21 P2

L] e op20 P25

1 GP12 ey 3

VCC > GP13 opis P2
SDA

NC 3 GP14 op17 P22

GND 4 GP15 - Ty Eak

DHT-11 3,8,13,18] 23,28,38
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Sketch

How to install the library

We use a third-party library DHT for this project. If you have not installed it yet, please do so first.

Steps are as follows:
Open Arduino>Sketch>Include Library>Add .ZIP Library...
Select the provided “Freenove_Ultimate_Starter_Kit_for_Raspberry Pi_Pico\C\Libraries\DHT.zip",

File

Edit

X

Sketch_25.1_Temperature_and_Humidity_Sensor | Arduino

Sketch Tools Help
Verify/Compile
Upload

Ctrl+R
Ctrl+U

Manage Libraries...
Add ZIP Library...

Arduino libraries

Ctrl+Shift+1

g Configure and Upload Adafruit TinyUSB Library
Upload Using Programmer Ctrl+Shift+U ADClnput
Export Compiled Binary Alt+Ctrl+5 Arduino_Builtln N
Optimize for Debugging ArduinoOTA
AsyncUDP
Show Sl-celflch Folder Alt+Ctrl +K AudioBufferManager
|nc|udle Lirary ’ BluetoothAudio
Add File... BluetoothHCI
| wv|= | TE Libraries FEE
A =m : BHEE = A g AEE
» £X Adafruit NeoPixel-V1.12.3.2ip 2024/9/24 15:34 ZIP Bt £
. ' EEEE DHTzip ) 2023731 13:44 ZIP R
m udio-V1.9.9.zip 2024/9/24 15:55 ZIP EiEit 7,78
* £X Freenove RFID_Lib_for Pico-V1.0.0zip  2024/9/24 15:52 ZIP FEEE 1
#* £3 LiquidCrystal 12C-v1.1.2.zip 2024/9/24 15:46 7IP i
- £ MPUB050 tackn-V1.5.2.zip 2024/9/24 15:49 ZIP R
£ servo-v1.2.2zip 2024/9/24 15:44 ZIP ST 1
% UltrasonicSensor-\V1.1.0.zip 2024/9/24 15:47 ZIP FEEEit 1

Any concerns? DX support@freenove.com
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Sketch_25.1_Temperature_and_Humidity_Sensor

O e N

10
11
12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27

Sketch_25.1_Temperature_and_Humidity_Sensor | Arduino IDE 2.3.2 = O X
File Edit Sketch Tools Help

¥ Raspberry Pi Pico

Sketch_25.1

_Temperature_and_Humidity_Sensor.ino

#include <dht.h>
dht DHT;
#define DHT11 PIN 15

void setup(){

Serial.begin(115200);

delay(2000);

Serial.println("Type,\tstatus, \tHumidity (%),\tTemperature (C)");

}

void loop(){

int chk = DHT.read11(DHT11 PIN);

if(chk == DHTLIB OK){
serial.println("humidity:
String(DHT.temperature) + "C");

telse{

Serial.println("DHT11 Reading data error!");

}
delay(2000);

}

-

+ String(DHT.humidity) + "%, temperature: +

Any concerns? DX support@freenove.com
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Compile and upload the code to the Pico, open the serial monitor, and set the baud rate to 115200. Print out
data of temperature and humidity sensor via the serial port.

Output  Serial Monitor ¥ @

[

Message (Enter to send message to ‘Raspberry Pi Pico’ on 'COM15') MNew Line * 115200 baud -

09:15: 29,790 —» Type. status, Humidity (%), Temperature (C)
091529, 790 - humidity: 59, 00%, temperature: 28, 00C
09:15: 31,829 - humidity: 62, 00%, temperature: 27.80C
09:15: 33,834 - humidity: 61.00%, temperature: 27.20C
09:15: 36, 866 —» humidits: 95, 00%, temperature: 28. 10C
09:16:37.911 —» humidits: 95, 00%, temperature: 28. 00C
09:15: 39,933 - homidity: 95, 00%, temperature: 28, 00C
09:15: 41,939 = homidity: 85, 00%, temperature: 28, 00C
09:15: 43,962 —» homidity: 79, 00%, temperature: 28, 00C
0915 46. 015 - humidity: 750, 00%, temperature: 28, 00C
091547, 989 - humidity: 71.00%, temperature: 28, 10C
09:15: 50,028 - humidity: 69, 00%, temperature: 28, 00C
09:16: 52,080 —-» humidits: A7.00%, temperature: 28, 00C

Ln7, Col 13 Raspberry Pi Picoon COM15 (22 B

The following is the program code:
#include <dht.h>

dht DHT;
#define DHT11 PIN 15

void setup() {
Serial. begin(115200) ;
delay (2000) ;
Serial. println("Type, \tstatus, \tHumidity (%), \tTemperature (C)”);

void loop() {
int chk = DHT. readll(DHT11 PIN);
if (chk == DHTLIB OK) {
Serial.println(“humidity: 7 + String (DHT. humidity) + “%, temperature: ” +
String (DHT. temperature) + “C”);
Jelse{
Serial.println(”DHT11 Reading data error!”);
}
delay (2000) ;

Any concerns? DX support@freenove.com
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Before using dht11, we need to include a header file. Apply for a DHT object and define the pin controlling
DHT as GP15.
#include <dht.h>

dht DHT;

#define DHT11_PIN 15
Read11() is used to read DHT11 data and assign the return value to variable chk.
[23 ] int chk = DHT. readl1 (DHTIL PIN);

If the return value of the read11() function is not equal to DHTLIB_OK, it means that the data reading failed; If
they equals, humidity() and temperature() are called to obtain the temperature and humidity data of the
current environment, and print it out through the serial port.
if (chk == DHTLIB OK) {
Serial.println ("humidity: ” + String (DHT. humidity) + “%, temperature: ” +

String (DHT. temperature) + “C”);
Jelse{
Serial.println(“DHT11 Reading data error!”);

Any concerns? DX support@freenove.com
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Project 25.2 Hygrothermograph

In this project, we use 12C-LCD1602 to display data collected by DHT11.

Component List

Raspberry Pi Pico x1 USB cable x1

.l.spborr, PiPico © 2020 o

LCD1602 Module x1 Resistor 10kQ x1

Jumper DHT11 x1

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram
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VCC 2 -l e ava |28
SDA 3 P ADC_VREF 35
SCL 4 LA P GP28_A2 34,
acno B2
12C LCD1602 Module N e cr27_a1 B2
10 31
=] GP7 GP26_AD [fmem
11 30
] GP8 RUN
2 op2 P2
3.3V
-1 24 e ora1 2L
) GP11 peory £
L] P GP19 .25,
17 24
— GP13 GP18
Rl 19 22
VCC 1 10K —] GP14 GP17 [
SDA 2 - GP15 GP16 A
NC 3 GND
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com

LI . .. . . . " . LI A A
" e . D L I ) . .- .
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.
. .

Obtain data of Hygrothermograph every second and display them on LCD1602. The first line displays

Any concerns? X support@freenove.com
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Sketch

This code uses the DHT and LiquidCrystal_I2C libraries, so make sure the relevant library files are added before
writing the program.
Sketch_25.2_Temperature_and_Humidity_Sensor

&) Sketch_25.2_Temperature_and_Humidity_Sensor | Arduino IDE 2.3.2 - O >
File Edit Sketch Tools Help

Sketch_25.2_Temperature_and_Humidity_Sensor.ino e
7  #include <LiquidCrystal I2C.h»>
8 #include <dht.h>»
9
10 LiquidcCrystal I2C lcd(ex27, 16, 2);
11 int dhtPin = 15;
12 dht DHT;
13
14  void setup() {
15 if (li2caddrTest(ex27)) {
16 lcd = LiquidcCrystal I2c(ex3F, 16, 2);
17 )
18 led.init();
19 lcd.backlight();
20 )
21
22 void loop() {
23
24 int chk = DHT.read11(dhtPin);
25 if (chk == DHTLIB_OK) {
26 led.clear();
27 lcd.setCursor(e, @);
28 led.print("Temp: ");
29 led.print(int(DHT.temperature));
30 led.print(™ €");
31 lcd.setCursor(e, 1);
32 led.print("Humi: ");
33 led.print(int(DHT.humidity));
34 led.print(™ %");
35 } else {

Output =65

1 indexing: 34/44 Ln1,Col 1 Raspberry Pi Picoon COM15 0 B8

Download the code to Pico. The first line of LCD1602 shows the temperature value, and the second line shows
the humidity value. Try to “pinch” the DHT11(without touching the leads) with your index finger and thumb
for a brief time to observe the change in the LCD display value.

S BT DT

Humi s

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

#include <LiquidCrystal I2C.h>
#include <dht.h>

LiquidCrystal I12C led(0x27, 16, 2); //initialize the LCD
int dhtPin = 15;
dht DHT;

void setup() {
if (1i2CAddrTest (0x27)) {
led = LiquidCrystal I2C(0x3F, 16, 2);

}
led. init Q) ; // LCD driver initialization
led. backlight O ; // Open the backlight

void loop() {

int chk = DHT. readll(dhtPin); // read DHT1l data and save it

if (chk == DHTLIB OK) {
led. clear();

led. setCursor (0, 0); //set the
led. print ("Temp: 7); //display
led. print (int (DHT. temperature)) ;
led. print (7 C7);
led. setCursor (0, 1); //set the
led. print ("Humi: 7); //display
led. print (int (DHT. humidity)) ;
led. print (7 %7) ;

} else {

led. clear();

lcd. setCursor (0, 0);

led. print (DHT11 Data error”);
}
delay (2000) ;

//set the

bool i2CAddrTest (uint8 t addr) {
Wire. begin() ;
Wire. beginTransmission (addr) ;
if (Wire.endTransmission() == 0) {
return true;

}

return false;

// the number of the DHT11 sensor pin

cursor to column O,

the Humidity on the LCD1602

cursor to column O,

the Humidity on the LCD1602

cursor to column O,

line 1

line 0

line 1

Any concerns? X support@freenove.com
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First, include the library function header file.
#include <LiquidCrystal I2C.h>

. #include <dht.h>

Initialize 1IC-LCD1602 and turn ON the backlight.

if (1i2CAddrTest (0x27)) {
led = LiquidCrystal I2C(0x3F, 16, 2);

}

led. init Q) ; // LCD driver initialization

led. backlight () : // Open the backlight
Obtain the temperature and humidity data of the DHT11. If the data is obtained successfully, print it to the
LCD1602 screen.

int chk = DHT. readll(dhtPin);

if (chk == DHTLIB OK) {
led. clear();
lcd. setCursor (0, 0); //set the cursor to column 0, line 1
led. print ("Temp: 7); //display the Humidity on the LCD1602
lcd. print (int (DHT. temperature)) ;
led. print (7 C7);
lcd. setCursor (0, 1); //set the cursor to column 0, line 0
led. print ("Humi: 7); //display the Humidity on the LCD1602
led. print (int (DHT. humidity)) ;
led. print (7 %7) ;

Any concerns? DX support@freenove.com
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Chapter 26 Infrared Motion Sensor

In this chapter, we will learn a widely used sensor, Infrared Motion Sensor.

Project 26.1 Infrared Motion Detector with LED Indicator

In this project, we will make a Motion Detector, with the human body infrared pyroelectric sensors.
When someone is in close proximity to the Motion Detector, it will automatically light up and when there is

no one close by, it will be out.
This Infrared Motion Sensor can detect the infrared spectrum (heat signatures) emitted by living humans and

animals.

Component List

Raspberry Pi Pico x1 USB cable x1

.lalpbarry PiPico ©2020

@8" -

pogiaq

HC SR501 x1 LED x1 Resistor 220Q x1 | Jumper
| — ____aal
— - -
— S+

Any concerns? DX support@freenove.com
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Component Knowledge

The following is the diagram of the infrared Motion sensor (HC SR-501) :

Top Bottom Schematic
MHenp
2{out
3lvec
OmOm=C HC-SR501
—S+

Description:

Working voltage: 5v-20v(DC)  Static current: 65uA.

Automatic Trigger: When a living body enters into the active area of sensor, the module will output high
level (3.3V). When the body leaves the sensor’s active detection area, it will output high level lasting for time
period T, then output low level(OV). Delay time T can be adjusted by the potentiometer R1.

According to the position of jumper cap, you can choose non-repeatable trigger mode or repeatable
mode.

L: non-repeatable trigger mode. The module output high level after sensing a body, then when the delay
time is over, the module will output low level. During high level time, the sensor no longer actively senses
bodies.

H: repeatable trigger mode. The distinction from the L mode is that it can sense a body until that body
leaves during the period of high-level output. After this, it starts to time and output low level after delaying T
time.

Induction block time: the induction will stay in block condition and does not induce external signal at
lesser time intervals (less than delay time) after outputting high level or low level.

Initialization time: the module needs about 1 minute to initialize after being powered ON. During this
period, it will alternately output high or low level.

One characteristic of this sensor is when a body moves close to or moves away from the sensor's dome
edge, the sensor will work at high sensitivity. When a body moves close to or moves away from the sensor’s
dome in a vertical direction, the sensor cannot detect well (please take note of this deficiency).

Note: The Sensing Range (distance before a body is detected) is adjusted by the potentiometer.
We can regard this sensor as a simple inductive switch when in use.

Any concerns? DX support@freenove.com
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Circuit

Schematic diagram
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In this project, we will use the infrared motion sensor to trigger an LED, essentially making the infrared motion
sensor act as a motion switch. Therefore, the code is very similar to the earlier project "push button switch
and LED". The difference is that, when infrared motion sensor detects change, it will output high level; when
button is pressed, it will output low level. When the sensor output high level, the LED turns ON, or it will turn
OFF.

@l
File Edit Sketch Tools Help

Sketch_26.1_Infrared_Motion_Sensorino

7 int sensorPin = 18;
8 int ledPin = 15;
9
18  void setup() {
11 Serial.begin(115200);
12 pinMode(sensorPin, INPUT);
13 pinMode(ledPin, OUTPUT);
14 }
15
16 void loop() {
17
18 digitalWrite(ledPin, digitalRead(sensorPin));
19 delay(1ee@);
20}
Qutput = G

Ln1,Col 1 Raspberry PiPicoonCOM15 0 B

Verify and upload the code, and put the sensor on a stationary table and wait for about a minute. Then try to
move away from or move closer to the infrared motion sensor and observe whether the LED turns ON or OFF
automatically.

You can rotate the potentiometer on the sensor to adjust the detection effect, or use different modes by
changing the jumper.
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Apart from that, you can also use this sensor to control some other modules to implement different functions
by reediting the code, such as the induction lamp, induction door.

Move to the Infrared Motion Sensor

\/

Move away from the Infrared Motion Sensor

Any concerns? X support@freenove.com
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Chapter 27 Attitude Sensor MPU6050

In this chapter, we will learn about an MPU6050 Attitude Sensor, which integrates an Accelerometer and
Gyroscope.

Project 27.1 Read an MPU6050 Sensor Module

In this project, we will read Acceleration and Gyroscope Data of the MPU6050 Sensor.

Component List

Raspberry Pi Pico x1 USB cable x1

-
=

.lalpborrr PiPico ©2020 jgorsm ;n.

@

doEiaq

Breadboard x1

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

---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
---------------------------------------------------------------
...............................................................
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®) INT .
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Component Knowledge

MPU6050

MPUGB050 Sensor Module is a complete 6-axis Motion Tracking Device. It combines a 3-axis Gyroscope, a 3-
axis Accelerometer and a DMP (Digital Motion Processor) all in a small package. The settings of the
Accelerometer and Gyroscope of MPU6050 can be changed. A precision wide range digital temperature
sensor is also integrated to compensate data readings for changes in temperature, and temperature values
can be read. The MPU6050 Module follows the 12C communication protocol and the default address is 0x68.
MPUG050 is widely used to assist with balancing vehicles, robots and aircraft, mobile phones and other
products which require stability to control stability and attitude or which need to sense same.

1
I ® vcc Y — VCC
2 X %_9. L GND
3 R z$ A 3] SCL
4 [OBN 4 SDA
s T 21 XDA
@l \pyeoso % ﬁgb
7 1% —
1. © SB1INT
MPU6050

The port description of the MPU6050 module is as follows:

Pin name Pin number Description ‘
VCC 1 Positive pole of power supply with voltage 5V
GND 2 Negative pole of power supply
SCL 3 I2C communication clock pin
SDA 4 I2C communication clock pin
XDA 5 I2C host data pin, which can be connected to other devices.
XCL 6 [2C host clock pin, which can be connected to other devices.
ADO 7 I2C address bit control pin.

Low level: the device address is 0x68

High level: the device address is 0x69
INT 8 Output interrupt pin

For more details, please refer to datasheet.

Any concerns? X support@freenove.com


http://www.freenove.com/

Chapter 27 Attitude Sensor MPU6050 www.freenove.com [l

Circuit

Schematic diagram
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Sketch

How to install the library

In this project, we will read the acceleration data and gyroscope data of MPU6050, and print them out.
We use a third-party library named MPU6050_tockn. Here are two ways to install the library for your
reference.

The first one: Open Arduino IDE, click Library Manage on the left, search "MPU6050_tockn" to install.

E) sketch 27.1 Acceleration_Detection | Arduino IDE 2.3.2 - O *
File Edit Sketch Tools Help

LIBRARY MANAGER Sketch_27.1_Acceleration_Detaction.ino

MPUB050_tockn 7 #include <MPU6B5@_ tockn.h>
Type: Al - 8 #include <Wire.h>
Topic: | Al v ° _ .
[[m 180  MPU6056 mpu6@s5e(Wire);//Attach the IIC
. (Mpuﬁoso_mckn by N 11 intil6_t ax,ay,az;//define acceleration
tockn values of 3 axes
Arduino library for easy 12  int16 t gx z;//define variables to save
communicating with the - 8 "_gy’g e
MPUG050. It can get accel, gyr.. the values in 3 axes of gyroscope
More info 12
152 w 14 long timer = @;

\_ J 15

The second way, open Arduino IDE, click Sketch=>Include Library=>Add .ZIP Library. In the pop-up window,
find the file named *“./Libraries/MPU6050_tockn-V1.5.2.Zip” which locates in this directory, and click OPEN.

Sketch 27.1_Acceleration_Detection | Arduino IDE 2.3.2 Manage Libraries... Ctrl+ Shift+!
File Edit Sketch Toals Help Add ZIP Library..
i Verify/Compile Ctrl+R
bt Upload Ctrl U Arduino libraries
g Configure and Upload Adafruit TinyUSB Library
Upload Using Programmer Ctrl+Shift+U ADCInput
Export Compiled Binary Alt+Crl+5 Arduino_Builtin
Optimize for Debugging ArduinoOTA
AsyncUDP
Show Sketch Folder Alt+Cirl+K AudioBufferManager
Includle Library » BluetoothAudio
Add File... - I BluetoothHCI
| M Search Libraries P
Mame . Date modified Ty 8 items
% Adafruit_NeoPixel-V1.12.3.zip 9/24/2024 3:34 PM ZIp
% DHT.zip 3/1/2023 1:44 PM ZIp
% ESPE266Audio-Y1.9.9.zip 9/24/2024 355 PM ZIp
% Freenowve RFID_Lib_for_Pico-¥1.0.0.zip G/24/2024 3:52 PM ZIP
£ igi - i 9/24/2024 3:46 PM ZIP
| ﬂ; MPUB030 tockn-¥1.5.2.zip l 9/24/2024 3:43 PM ZIP
B Servo-V1.2.2.zip 9/24/2024 3:44 PM ZIP
% UltrasonicSensor-¥1.1.0.zip 9/24/2024 3:47 PM ZIp

Any concerns? DX support@freenove.com


http://www.freenove.com/

VAU Chapter 27 Attitude Sensor MPU6050 www.freenove.com [l

Sketch_27.1_Acceleration_Detection

& Sketch_27.1_Acceleration_Detection | Arduino IDE 2.3.2 = O X
File Edit Sketch Tools Help

Sketch_27.1_Acceleration_Detection.ino e
23 void loop() {
24 if(millis() - timer > 1000){
25 mpu6es5e.update(); L
26 getMotions();
27 Serial.print("\na/g:\t");
28 Serial.print(ax); Serial.print("\t");
29 Serial.print(ay); Serial.print("\t");
30 Serial.print(az); Serial.print("\t");
31 Serial.print(gx); Serial.print("\t\t");
32 Serial.print(gy); Serial.print("\t\t");
33 Serial.println(gz);
34 Serial.print("a/g:\t");
35 Serial.print((float)ax / 16384); Serial.print("g\t");
36 Serial.print((float)ay / 16384); Serial.print("g\t");
37 Serial.print((float)az / 16384); Serial.print("g\t");
38 Serial.print((float)gx / 131); Serial.print("d/s \t");
39 Serial.print((float)gy / 131); Serial.print("d/s \t");
40 Serial.print((float)gz / 131); Serial.print("d/s \n");
41 timer = millis();
42 }
43}
44  void getMotioné(void){
45 ax=mpu6e5e.getRawAccX();
46 ay=mpu6e5e.getRawiccY();
47 az=mpu6e5e.getRawAccz();
48 gx=mpu6ese.getRawGyrox();
49 gy=mpu6e5e.getRawcyroX();
50 gz=mpu6e5e.getRawcyroX();
51}

Output = &

Ln 6, Col 72 Raspberry Pi Pico on COM15

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 27 Attitude Sensor MPU6050

Download the code to Pico, open the serial monitor set the baud rate to 115200, as shown in the following
picture:

Output  Serial Monitor ¥ @ =
Message (Enter to send message to 'Raspberry Pi Pico' on 'COM15" Mew Line * 115200 baud -

049:37:60, 668 ->
09:37.680.5588 - Calculating gyro offzets
0%:37:60. 565 - DO HOT MOVE MPUAOSO0...
09:37:53.249 - Done!

09:37:63, 249 -» X . —13,94

09:37:683,249 -> T . -0.1%

09:37:63.249 -» T . —-8.11

09:37:63, 249 -> Program will =start after 3 seconds
09:37:53, 249 >

09:37:56. 246 -» afg: 1624 —-100 16976  -918 -818 -819
09:37: 56, 246 -> afs: 0.10gz -0.0lg 1.04g -7.024/= -T7.02df= -7.024/=
09:37: 87,2681 ->

09:37:657. 261 -» afa: 1580 —284 16812 -934 -834 -834
09:37:87.261 -» afs: 0.10g -0.02g 1.03g -T.13d/= -T.13df= -7.13d/=
09:37: 88,272 —>

09:37:58,272 - alg: 1596 -212 16900  -921 -921 -9zl
09:37:58.272 -» afg: 0.10g -0.0lg 1.03g -7.03d/= -T7.03df= -T7.03d/=s

Ln 6, Col 72 Raspberry Pi Pico on COM15  [21

The following is the program code:
#include <MPU6050 tockn.h>
#include <Wire.h>

MPU6050 mpu6050 (Wire) ;//Attach the I1C
intl6_t ax, ay,az;//define acceleration values of 3 axes

intl6_t gx, gy, gz;//define variables to save the values in 3 axes of gyroscope

long timer = 0;

void setup() {
Wire. begin() ;
Serial. begin(115200) ;
mpu6050. begin() ; //initialize the MPU6050
mpu6050. calcGyroOffsets (true); //get the offsets value

void loop() {
if(millis() — timer > 1000) { //each second printf the data
mpu6050. update () ; //update the MPU6050
getMotion6 () ; //gain the values of Acceleration and Gyroscope value
Serial. print ("\na/g:\t”);
Serial. print (ax); Serial.print("\t”);
Serial. print (ay); Serial.print ("\t”);

Serial.print(az); Serial.print("\t”);
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Serial. print (gx); Serial.print("\t\t”);

Serial. print(gy); Serial.print("\t\t”);

Serial. println(gz) ;

Serial. print ("a/g:\t”);

Serial. print ((float)ax / 16384); Serial.print (“g\t”);
Serial. print ((float)ay / 16384); Serial.print(“g\t”);
Serial.print ((float)az / 16384); Serial.print(“g\t”);
Serial. print ((float)gx / 131); Serial.print("d/s \t”);
Serial.print ((float)gy / 131); Serial.print("d/s \t”);
Serial.print ((float)gz / 131); Serial.print(“d/s \n”);

timer = millis();

}
void getMotion6 (void) {
ax=mpu6050. getRawAccX () ;//gain the values of X axis acceleration raw data
ay=mpu6050. getRawAccY () ;//gain the values of Y axis acceleration raw data
az=mpu6050. getRawAccZ () ;//gain the values of 7 axis acceleration raw data
gx=mpu6050. getRawGyroX () ; //gain the values of X axis Gyroscope raw data
gy=mpu6050. getRawGyroX () ; //gain the values of Y axis Gyroscope raw data
gz=mpu6050. getRawGyroX () ; //gain the values of Z axis Gyroscope raw data
}
Two library files "MPU6050_tockn.h™ and "Wire.h" are used in the code and will be compiled with others.
Class MPU6B050 is used to operate the MPU6050. When using it, please instantiate an object first.
[4 ] 16050 mpub050 (Fire) ;//Attach the T1C
In the setup function, IIC and MPUG6050 are initialized and the offset difference of MPU6050 is obtained.
void setup() {

Wire. begin() ;
Serial. begin(115200) ;

mpu6050. begin() ; //initialize the MPU6050
mpu6050. calcGyroOffsets (true); //get the offsets value
}
The getMotion6 function is used to obtain the x, y, z axis acceleration raw data and the Gyroscope raw data.
void getMotion6(void){

ax=mpu6050.getRawAccX();//gain the values of X axis acceleration raw data

ay=mpu6050.getRawAccY();//gain the values of Y axis acceleration raw data

az=mpu6050.getRawAccZ();//gain the values of Z axis acceleration raw data

gx=mpu6050.getRawGyroX();//gain the values of X axis Gyroscope raw data

gy=mpu6050.getRawGyroX();//gain the values of Y axis Gyroscope raw data

gz=mpu6050.getRawGyroX();//gain the values of Z axis Gyroscope raw data
}

Finally, the original data of the gyroscope is updated and acquired every second, and the original data, the

processed acceleration and angular velocity data are printed out through the serial port.

void loop() {
ifmillis() - timer > 1000) //each second print the data

Any concerns? DX support@freenove.com
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21 mpu6050.update(); //update the MPU6050
22 getMotion6(); //gain the values of Acceleration and Gyroscope value
23 Serial.print("\na/g:\t");
24 Serial.print(ax); Serial.print("\t");
25 Serial.print(ay); Serial.print("\t");cc
26 Serial.print(az); Serial.print("\t");
27 Serial.print(gx); Serial.print("\t\t");
28 Serial.print(gy); Serial.print("\t\t");
29 Serial.println(gz);
30 Serial.print("a/g:\t");
31 Serial.print((float)ax / 16384); Serial.print("g\t");
32 Serial.print((float)ay / 16384); Serial.print("g\t");
33 Serial.print((float)az / 16384); Serial.print("g\t");
34 Serial.print((float)gx / 131); Serial.print("d/s \t");
35 Serial.print((float)gy / 131); Serial.print("d/s \t");
36 Serial.print((float)gz / 131); Serial.print("d/s \n");
37 timer = millis();
38 }
39 |}
Reference

This is a class library used to operate MPU6050, which can directly read and set MPU6050. Here are some
member functions:

MPU6050 mpu6050 (Wire): Associate MPU6050 with IIC.

begin(): Initialize the MPUG050.

calcGyroOffsets (true): If the parameter is true, get the gyro offset and automatically correct the offset.

If the parameter is false, the offset value is not obtained and the offset is not corrected.

getRawAccX () : Gain the values of X axis acceleration raw data.

getRawAccY () : Gain the values of Y axis acceleration raw data.

getRawAccZ () : Gain the values of Z axis acceleration raw data.

getRawGyroX () : Gain the values of X axis Gyroscope raw data.

getRawGyroY () : Gain the values of Y axis Gyroscope raw data.

getRawGyroZ () : Gain the values of Z axis Gyroscope raw data.

getTemp () : Gain the values of MPU6050'temperature data.

update () : Update the MPUG050. If the updated function is not used, the IIC will not be able to retrieve the
new data.
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Chapter 28 RFID

Now, we will learn to use the RFID (Radio Frequency Identification) wireless communication technology.

Project 28.1 RFID read UID

In this project, we will read the unique ID number (UID) of the RFID card, recognize the type of the RFID card
and display the information through serial port.

Component List

Raspberry Pi Pico x1 USB cable x1

.- & = ® .- & 8 = » e & 8 =

.lalpborrr PiPico © 2020

doEiaq

Breadboard x1

LR ) “ oo DR ) S e e e e e e s e LR ) “ oo e e e e

e e e e s e e “ e v e e e e e ee e ee s e ¢ oo “ oo s e e e e e
L I I D I A I A . I A I ) . .o
R A R R I I D I R I B CE . s e s e Y
---------------------------------------------------------------
---------------------------------------------------------------
R A CRC T A I R T A A A e s e s e s U e s e s e s e s e .

--------------------------------------------------
e s e e e e e e e see e e e seeee “« o e e e s e s e e

Jumper

[ S
—as 4 -

‘FR!:ENCJVE_

Any concerns? DX support@freenove.com


http://www.freenove.com/

. www.freenove.com Chapter 28 RFID m

Mifarel S50 Standard card x1 Mifarel S50 Non-standard card x1
e ~

Component Knowledge

RFID

RFID (Radio Frequency ldentification) is a wireless communication technology. A complete RFID system is
generally composed of the responder and reader. Generally, we use tags as responders, and each tag has a
unique code, which is attached to the object to identify the target object. The reader is a device for reading
(or writing) tag information.

Products derived from RFID technology can be divided into three categories: passive RFID products, active
RFID products and semi active RFID products. Moreover, Passive RFID products are the earliest, the most
mature and most widely used products in the market among others. It can be seen everywhere in our daily
life such as, the bus card, dining card, bankcard, hotel access cards, etc., and all of these belong to close-
range contact recognition. The main operating frequency of Passive RFID products are: 125KHZ (low
frequency), 13.56MHZ (high frequency), 433MHZ (ultrahigh frequency), 915MHZ (ultrahigh frequency). Active
and semi active RFID products work at higher frequencies.

The RFID module we use is a passive RFID product with the operating frequency of 13.56MHz.

MFRC522 RFID Module

The MFRC522 is a highly integrated reader/writer IC for contactless communication at 13.56MHz.

The MFRC522's internal transmitter is able to drive a reader/writer antenna designed to communicate with
ISO/IEC 14443 A/MIFARE cards and transponders without additional active circuitry. The receiver module
provides a robust and efficient implementation for demodulating and decoding signals from ISO/IEC 14443
A/MIFARE compatible cards and transponders. The digital module manages the complete ISO/IEC 14443A
framing and error detection (parity and CRC) functionality.

This RFID Module uses MFRC522 as the control chip and SPI (Peripheral Interface Serial) as the reserved
interface.
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Mifarel S50 Card

Mifarel S50 is often called Mifare Standard with the capacity of 1K bytes. Each card has a 4-bytes global
unique identifier number (USN/UID), which can be rewritten 100 thousand times and read infinite times. Its
storage period can last for 10 years. The ordinary Mifarel S50 Card and non-standard Mifarel S50 Card
equipped for this kit are shown below.

Mifarel S50 Standard card Mifarel S50 Non-standard card

The Mifarel S50 capacity (1K byte) is divided into 16 sectors (SectorO-Sector15). Each sector contains four
data block (BlockO-Block3. 64 blocks of 16 sectors will be numbered according to absolute address, from 0
to 63). Each block contains 16 bytes (Byte0-Bytel5), 64x16=1024. As is shown in the following table:

Sector No. | Block No. Storage area Block type | Absolute block No.
block 0 vendor code vendor block 0
block 1 data block 1
sector 0
block 2 data block 2
block 3 Password A-access control-password B | control block 3
block 0 data block 4
block 1 data block 5
sector 1
block 2 data block 6
block 3 Password A-access control-password B | control block 7
block 0 data block 60
block 1 data block 61
sector 15
block 2 data block 62
block 3 Password A-access control-password B | control block 63

Each sector has a set of independent password and access control that are put in the last block of each sector,
and the block is also known as sector trailer, that is Block 3 in each sector. Sector 0, block 0 (namely absolute
address 0) of S50 is used to store the vendor code, which has been solidified and cannot be changed, and
the card serial number is stored here. In addition to the manufacturer and the control block, the rest of the
cards are data blocks, which can be used to store data. Data block can be used for two kinds of applications:
(1) used as general data storage and can be operated for reading and writing.

(2) used as data value, and can be operated for initializing the value, adding value, subtracting and reading
the value.
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The sector trailer block in each sector is the control block, including a 6-byte password A, 4-byte access

control and 6-byte password B. For example, the control block of a brand new card is as follows:
A0 Al A2 A3 A4 A5 FF 07 80 69 BO B1 B2 B3 B4 B5
password A access control password B

The default password of a brand new card is generally AOA1A2A3A4A5 for password A, BOB1B2B3B4B5 for
password B, or both the password A and password B are 6 FF. Access control is used to set the access
conditions for each block (including the control block itself) in a sector.

Blocks of S50 are divided into data blocks and control blocks. There are four operations, "read”, "write", "add
value", "subtract value (including transmission and storage)" for data blocks, and there are two operations,
"read" and "write" for control blocks.

For more details about how to set data blocks and control blocks, please refer to Datasheet.

By default, after verifying password A or password B, we can do reading or writing operation to data blocks.
In addition, after verifying password A, we can do reading or writing operation to control blocks. However,
password A can never be read. If you choose to verify password A and then you forget the password A, the
block will never be able to read again. It is highly recommended that beginners should not try to change
the contents of control blocks.
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Circuit

The connection of control board and RFID module is shown below.

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

Sketch_28.1_RFID_Read_UID

In this project, we use a third-party library named Freenove RFID Lib for Pico. Here are two ways to install
the library for your reference.

The first one: Open Arduino IDE, click Library Manage on the left, search "Freenove RFID Lib for Pico” to
install.

@ Sketch 28.1 RFID Read UID | Arduino IDE 2.3.2 - o X
File Edit Sketch Tools Help

LIERARY MANAGER Sketch_28.1_RFID_Read UID.ino
Freenove RFID Lib for Pico 21 RFID rfid(5, 6);

Type: | Al - 22 uns:_tgned char status; B _

Topic. | Al - 23 unsigned char str[MAX LEN]; //MAX LEN 1is 16:

[H]El size of the array i

Freenove RFID Lib for 24

Pico by Freenove 25 void setup()

An Arduino library for RFID on 26 {

Pico.<br /= This is an Arduino . . B

library used to drive Pico to... 27 Serial.begin(115200);

More info 28 SPI.setRX(4);
100 29 SPI.setCs5(5);

\ ) 3e SPI.setSCK(2);

The second way, open Arduino IDE, click Sketch=>Include Library=>Add .ZIP Library. In the pop-up window,
find the file named “./Libraries/ Freenove_RFID_Lib_for_Pico-V1.0.0.Zip" which locates in this directory, and
click OPEN.

) Sketch_28.1_RFID_Read_UID | Arduino IDE 2.3.2 Manage Libraries... Ctrl+Shift+1
File Edit Sketch Tools Help Add 2P Library..
Verify/Compile Ctrl+R
Upload Crl+U Arduing libraries
Configure and Upload Adafruit TinyUSB Library
Upload Using Programmer Ctrl+Shift+U ADClnput
Export Compiled Binary Alt+Ctrl+S Arduine_Builtin
Optimize for Debugging ArduinoOTA
AsyncUDP
Show Sk.elftch Folder Alt+Ctrl+K AudioBufferManager
Includle Library 4 BlustoothAudio
Add File.. BluetoothHCl
| M Search Libraries P
o~ -
MName Date modified Ty 8 items
% Adafruit_MeoPiel-V1.12.3.zip 9/ ZIP
&3 DHT.zip 3 ZIp
o ; ZIp
% Freenove RFID_Lib_for_Pico-¥1.0.0.zip 9/, ZIp
gaa LiquidCrystal_[2C-Y1.1.2.zip 9/, ZIp
% MPUBD50_tockn-Y1.5.2.zip 9/, ZIp
£ Servo-Vi.2.2zip zZIp
% UltrasonicSensor-¥1.1.0.zip 9/, ZIp

Any concerns? X support@freenove.com
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This sketch will read the unique ID number (UID) of the card, recognize the type of the card and display the
information through serial port.
#include <SPI.h>

f#include <RFID. h>

RFID rfid(5, 6);
unsigned char status;
unsigned char str[MAX LEN]; //MAX LEN is 16: size of the array

void setup()
{
Serial. begin (115200) ;
SPI. setRX (4) ;
SPI. setCS (5) ;
SPI. setSCK(2) ;
SPI. setTX(3) ;
SPI. begin() ;
rfid. init(); //initialization

Serial. println(“Please put the card to the induction area...”);

void loop()
{
//Search card, return card types
if (rfid. findCard (PICC REQIDL, str) == MI_OK) {
Serial. println("Find the card!”);
// Show card type
ShowCardType (str) ;
//Anti-collision detection, read card serial number
if (rfid.anticoll(str) == MI OK) {
Serial. print ("The card s number is : ”7);
//Display card serial number
for (int i = 0; i < 4; i++) {
Serial. print (0xOF & (str[i] >> 4), HEX);
Serial. print (0xOF & str[i], HEX);
}
Serial. println(””);
}
//card selection (lock card to prevent redundant read, removing the line will make
the sketch read cards continually)
rfid. selectTag(str) ;
}
rfid.halt(); // command the card to enter sleeping state
}
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http://www.freenove.com/

B www.freenove.com Chapter 28 RFID

void ShowCardType (unsigned char * type)
{
Serial. print ("Card type: ”);
if (type[0] == 0x04 & typel[l] == 0x00)
Serial. println ("MFOne—S507) ;
else if (typel[0] == 0x02 && typell] == 0x00)
Serial. println ("MFOne-S707) ;
else if (typel[0] == 0x44 && typell] == 0x00)
Serial. println ("MF-Ultralight”) ;
else if (typel[0] == 0x08 && typell] == 0x00)
Serial. println ("MF-Pro”) ;
else if (typel[0] == 0x44 && typell] == 0x03)
Serial. println ("MF Desire”);
else
Serial. println(“Unknown”) ;
}
After verifying and uploading the code, open the serial monitor and make a card approach the sensing area
of RFID module. Then serial monitor will display the displacement ID number and the type of the card. If the
induction time is too short, it may lead to incomplete-information display.

Output  Serial Monitor 3¢ ¥ O =

|I_'~.:.:::'-';

nter to send massage to ‘Raspberry Pi Pico’ on 'COM15 Mew Line * 115200 baud =

15:13:28. 732 -» Pleaze put the card to the induction area..
15:13:43.046 - Find the card!

15:13:43. 046 —* Card type: MEOne—-5h0
16:13:43. 046 - The card’ = number iz : GCFE4117
15:13:43. 643 -» Find the card!

15:13:43. 643 —-» Card type: MFOne—350
16:13:43. 687 - The card = number iz : GCFB4117
15:13:44. 076 -» Find the card!

158:13:44. 076 - Card tvpe: NFOne-550
16:13:44.076 —» The card = number iz : GCFB4117
15:13:44.5894 - Find the card!

15:13:44.894 -> Card type: MFOne—350
15:13:44.594 -» The card = number i= : GCFB4117

Ln 34, Col 15 Raspbemy PiPicoon COM15 1 B3

After including the RFID library, we need to construct a RFID class object before using the function in RFID
library. Its constructor needs to be written to two pins, respectively to the SDA pin and the RST pin.
[4 [ rem rfidGs, 6
In setup, initialize the serial port, SPl and RFID.

Serial. begin(115200) ;

SPI. setRX (4) ;

SPI. setCS(5) ;

SPI. setSCK(2) ;

Any concerns? DX support@freenove.com
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SPI. setTX(3);
SPI. begin() ;

rfid. init(); //initialization

In loop(), use findCard() waiting for the card approaching. Once it detects card contact, this function will return

MI_OK and save the card type data in parameter str, and then enter the “if” statement.

[23 | i (fid findCard(PICC REQIDL, str) — ML OK) | |

After entering if statement, call the sub function ShowCardType(). Then determine the type of the card

according to the content of STR and print the type out through the serial port.

- ShowCardType (str) ; |

Then use the.anticoll() to read UID of the card and use serial port to print it out.
if (rfid.anticoll (str) == MI_OK) {

Serial.print ("The card s number is : 7);

//Display card serial number

for (int i = 0; i < 4; i++) {
Serial.print (0xOF & (str[i] >> 4), HEX);
Serial. print (0xOF & str[i], HEX);

}

Serial.println(””);

Any concerns? DX support@freenove.com
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Project 28.2 Read and write

In this project, we will do reading and writing operations to the card.

Component list
Same with last section.
Circuit

Same with last section.

Sketch

Sketch 28.2 RFID_Read And_Write
In this sketch, first read the data in particular location of the S50 M1 Card, then write data in that position and
read it out. Display these data through the serial port.
#include <SPI.h>
#include <RFID. h>

//pinb:pin of card reader SDA. pin6:pin of card reader RST
RFID rfid(5, 6);

// 4-byte card serial number, the fifth byte is check byte

unsigned char serNuml[5];

unsigned char status;

unsigned char str[MAX LEN];

unsigned char blockAddr; //Select the operation block address: 0 to 63

// Write card data you want (within 16 bytes)

unsigned char writeDate[16] = “WelcomeFreenove”;

// The A password of original sector: 16 sectors; the length of password in each sector

is 6 bytes.

unsigned char sectorKeyA[16][16] = {
{ OxFF, OxFF, OxFF, OxFF, OxFF, OxFF
{ OxFF, OxFF, OxFF, OxFF, OxFF, OxFF
{ OxFF, OxFF, OxFF, OxFF, OxFF, OxFF
{ OxFF, OxFF, OxFF, OxFF, OxFF, OxFF
{ OxFF, OxFF, OxFF, OxFF, OxFF, OxFF
{ OxFF, OxFF, OxFF, OxFF, OxFF, OxFF

— e e e e e
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O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF
O0xFF, OxFF, OxFF, OxFF, OxFF, OxFF

e e T e T e T e W e NP
e e e e e e e e e

void setup()
{
Serial. begin (115200) ;
SPI. setRX (4) ;
SPI. setCS(5) ;
SPI. setSCK(2) ;
SPI. setTX(3) ;
SPI. begin() ;
rfid. init();

Serial. println(“Please put the card to the induction area...”);

void loop ()
{
//find the card
rfid. findCard (PICC_REQIDL, str);
//Anti-collision detection, read serial number of card
if (rfid.anticoll(str) == MI O0K) {
Serial. print ("The card s number is : 7);:
//print the card serial number
for (int i = 0; i < 4; i++) {
Serial.print (0xOF & (str[il] >> 4), HEX);
Serial. print (0xOF & str[i], HEX):
}
Serial. println("”);
memepy (rfid. serNum, str, 5);
}
//select card and return card capacity (lock the card to prevent multiple read and
written)
rfid. selectTag (rfid. serNum) ;
//first, read the data of data block 4
readCard (4) ;
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//write data(within 16 bytes) to data block
writeCard (4) ;

//then read the data of data block again
readCard (4) ;

rfid. halt();

//write the card
void writeCard(int blockAddr) {
if (rfid. auth(PICC_AUTHENT1A, blockAddr, sectorKeyA[blockAddr / 4], rfid.serNum) ==
MI _OK) //authenticate
{
//write data
//status = rfid. write ((blockAddr/4 + 3%(blockAddr/4+1)), sectorKeyA[0]);
Serial. print (“set the new card password, and can modify the data of the Sector: ”);
Serial. println(blockAddr / 4, DEC);
// select block of the sector to write data
if (rfid.write (blockAddr, writeDate) == MI OK) {
Serial.println(“Write card OK!”):

//read the card
void readCard(int blockAddr) {
if ( rfid.auth(PICC AUTHENT1A, blockAddr, sectorKeyA[blockAddr / 4], rfid.serNum) ==
MI OK) // authenticate
{
// select a block of the sector to read its data
Serial. print ("Read from the blockAddr of the card : ”);
Serial. println(blockAddr, DEC);
if ( rfid. read(blockAddr, str) == MI OK) {
Serial. print ("The data is (char type display): ”);
Serial.println((char *)str);
Serial.print ("The data is (HEX type display): ”);
for (int i = 0; 1 < sizeof(str); i++) {
Serial. print (str[i], HEX);
Serial.print(” ”);
}
Serial. println();

Any concerns? X support@freenove.com
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In the sub function of writeCard() and readCard(), we must first verify the password A, and then use the

corresponding sub function to read and write. Here we do reading and writing operations to data block O
(absolute NO.4) of the first sector.

77

if (rfid. auth (PICC_AUTHENT1A, blockAddr, sectorKeyA[blockAddr / 4], rfid. serNum) ==

MI OK) //authenticate

In loop(), compare the contents of the data block NO.4 after written to the original contents.

65
66
67
68
69
70

//first, read the data of data block 4

readCard (4) ;

//write data(within 16 bytes) to data block
writeCard (4) ;
//then read the data of data block again

readCard (4) ;

After verifying and uploading the code, open the serial port monitor and make a card approach the sensing
area of RFID module, then the serial port monitoring window will display displacement ID numbers of the
card, the type of this card and the contents (before and after writing operation) of data block. If the induction
time is too short, it may lead to incomplete information display.

Output

15:
15:
15:
15:
15:
15:
15:
15:
15:

17:
17:
17:
17:
17:
17:
17:
17:
17:

a0,
a0,
a0,
a0,
a0,
a0,
a0,
a0,
a0,

Serial Monitor >

402
407
407
407
407
407
407
407
407

The card s number iz : BSCFB4117
Read from the blockiddr of the card : 4
The data iz (char type display): WelcomeFreenowve

The data is (HEX type display): 57 65 6C 63 6F 6D 65 46 72 65 659 GE 6F 76 65 0
zet the new card password, and can modify the data of the Sector

Write card OK!
Read from the blockiddr of the card : 4
The data iz (char type display): WelcomeFreenowve

The data iz (HEX type display): BT 65 GC 63 6F 6D 65 45 T2 65 65 GE 6F 76 65 O

Ln9, Col 1

Mew Line

* 115200 baud ~

1

Raspberry Pi Picoon COM15 0 B
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Chapter 29 Play Music

In this chapter, we use Raspberry Pi Pico and an IS audio decoding module to play music.
This chapter is not applicable to FNKOO58A/B. If your kit is one of these two models, please skip this chapter.

Project 29.1 Play Music by Audio Converter & Amplifier

Component List

Raspberry Pi Pico x1 Micro USB Wire x1

.lalpberr[?i?iﬂo°2020HH B0 O TSEL :n. .

=

doEiaq

Audio Converter & Amplifier Speaker*1

ENEE = N

- |:||||I:l=l '\=::

RERNCE 0

Jumper wire F/Mx5
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Component knowledge

Audio Converter & Amplifier module

front view

RRRRCE ..

schematic diagram

L- L
Ly L3—
—Llsck _ R .12
_2 BCK % R+ L

_3 DIN 0>-)

—4 1 c

CK o
—Sfec S AETE
FREENOVE —Sdeno 2 R —:
5 o] e —
< LH—

Interface description for Audio Converter & Amplifier module

Pin Name Introductions

1 SCK System clock input

2 BCK Audio data bit clock input

3 DIN Audio data input

4 LCK Audio data word clock input

5 VCC Power input, 3.3V~5.0V

6 GND Power Ground

7 L External audio left channel input
8 G Power Ground

9 R External audio right channel input
10 G Power Ground

11 R+ Positive pole of right channel horn
12 R- Negative pole of right channel horn
13 L+ Positive pole of left channel horn
14 L- Negative pole of left channel horn

L+ L- R+ R- ENEE -* h
SCK — #

BCK

DIN =
][

LCK

VCC :
i~ ‘ FREENOVE

- - ERRNCR o
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Speaker interface: Connect left channel speaker and right channel speaker. Group L: L+ & L-; Group R: R+&
R-. The two interfaces of the speaker can be connected to the interfaces of group L or group R. However,
when one interface is connected to group L, the other cannot be connected to group R. Doing so may cause
the module to malfunction.

Headphone interface: the interface to connect the headphones.

I2S input interface: connect to the device with 12S. Used to transcode audio data into DAC audio signals.
External audio input interface: connect to external audio equipment. Used to amplify externally input audio
signals.

Power interface: connect to external power supply. External power supply selection range: 3.3V-5.0V.

Circuit

The connection between the control board and the audio module is shown in the figure below.

Schematic diagram

3,8,1&18' 23,28,38

T | —
o[ swetk” ono swoio. |4 5V
—] GPO VBUS o
2 39
~—1°"" Raspberry P “>°
Picow
= cr2 e
== s avs |2
1 P ac_veer |2
o Gpas_az |24 14
oo |22 L-
. - o EE
GP6. GP27_A1 1 (o8} 12
2 opr [ —2 SCK j R- —1 1
11 30 )
GP8 RUN [ . —
o P Sfeck S R+
L P GP22 o= o
GP8 2 DIN S
L] peen arat |2 5P 5 LCK U| 10
L] e orz0 |22 = 6 VCC o G 9
LI aris |22 GND © R 8
= cpis s |24 2 G —7
19 22 L
— GP14 GPA7
2 cos pary Eah
GND

Hardware connection. If you

need any support, please feel free to contact us via: support@freenove.com

[ |FREENOVE|
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Sketch

How to install the library
In this project, we use a third-party library named ESP8266Audio. Please install it first.
Open Arduino IDE, click Library Manage on the left, and search “ESP8266Audio” to install.

B PlayMP3FromlLittleFS-115 | Arduino IDE 2.3.2 — O >
File Edit Sketch Tools Help
LIBRARY MANAGER PlayMP3FromLittleFS-11S ino
ESP8266Audio 1  #include <Arduino.h>
Type: Al - 2 #include <WiFi.h>
Topic. Al - 3 #include "AudioFileSourceLittleFs.h"
[[m ( \ 4  #include "AudioFileSourceID3.h"
EsP8266Audio by Earle 5 #include "AudioGeneratormMP3.h™
F. Philhower, 1ll 6 #include "AudioOutputi2s.h”
Audio file and 125 sound playing 7
routines for ESP8266, ESP32, . .
and Raspberry Pi Pico RP2040... 8 AudioGeneratorMP3 *mp3;
More info 9 AudioFileSourceLittleFs *file;
199 « INSTALL 18  AudioOutputI2S *out;
k ) 11 AudioFileSourceID3 *id3;
12

The second way, open Arduino IDE, click Sketch=>Include Library=>Add .ZIP Library. In the pop-up window,
find the file named “./Libraries/ESP8266Audio-V1.9.9.Zip” which locates in this directory, and click OPEN.

PlayMP3FromLittleFS-11S | Arduino IDE 2.3.2 Manage Libraries... Ctrl +Shift+1
File Edit Sketch Tools Help Add ZIP Library..
= Verify/Compile Ctrl+R
: Upload CtrleU Arduino libraries
=] Configure and Upload Adafruit TinyUSE Library
Upload Using Programmer Ctrl+Shift+U ADClnput
Export Compiled Binary Alt+Ctrl+5 Arduino_Builtn
Optimize for Debugging ArduinoOTA
AsyncUDP
Show Sketch Folder Alt+Ctrl+K AudioBufferManager
Includ.e Library ’ BluetoothAudio
Add File.. EluetaothHCI
| ~ | = | Search Libraries y=
Mame - Date modified Ty 3 items
% Adafruit_MeoPixel-V1.12.3.zip 9/24/2024 3:34 PM P !
% DHT.zip 3/1/2023 1:44 PM P
g ESPE266AUdiIo-V1.9.9.2ip I 9/24/2024 3:35 PM P
g Freenove_RFID_Lib_for_Pico-V1.0.0.zip 072472024 352 PM ZIP
% LiquidCrystal_I2C-V1.1.2.zip 9/24/2024 3:46 PM P
% MPUB0S0_tockn-V1.5.2.zip 9/24/2024 3:49 PM ZIp
% Serve-V1.2.2zip 9/24/2024 3:44 PM ZIP
% UltrasenicSensor-V1.1.0.zip 9/24/2024 3:47 PM ZIp
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Install the PicolittleFS tool

The latest Arduino IDE has supported LittleFS plugins.

The steps to install PicoLittleFS is as follows:

Copy the file arduino-littlefs-upload-1.2.0.vsix under the directory
“Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi_Pico\C\Sketches\Sketch_29.1_Play_Music\tools” to
the computer’s directory ~/.arduinolDE/plugins/

If there is no a folder name plugins in your computer, please create the folder before copying the file.
After copying the file, restart Arduino IDE.

ChSketches\Sketch_29.1_Play Musichtools | = Search tools

Mame Date modified Type Size
PicoLittleF5 9/13/2024 2:50 PM File folder

D arduino-littlefs-upload-1.2.0.vsix 9/24/2024 2:38 AM V51X File 1,056

C:h Usersifreenove- k03 .arduinelDE w | 8 Search .arduinolDE
Mame Date modified v Type plugins
globalStorage 6/26/2023 9:07 AM File e File folder
localization-cache 9/25/2024 11:53 AM File fc
logs 9/25/2024 2:43 PM File fc
plugins 9/24,/2024 9:22 AM File fc
plugin-storage 6/26/2023 %:07 AM File fc
workspace-storage 9/25/2024 2:48 PM File fc
'l arduino-cliyyaml 9/25/2024 1:30 PM Yaml Date modified:
| keymaps.json b/26/2023 3:04 PM JSOM
| pluggable-monitor-settings.json 9/25/2024 1:32 PM JSOM
| recent-sketches,json 9/25/2024 2:44 PM JSOM
| recentworkspace.jzon 9/25/2024 2:48 PM JS0M
| settings.json 9/25/2024 2:48 PM JSON
| w | @ Search plugin
Mame Date modified Type Size
D arduino-littlefs-upload-1.2.0.vsix 9/24/2024 2:38 AM WS File 056
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The sketch opened with the start of the Arduino IDE may be corrupted, which can lead to code uploading
failure. To address this issue, you can change the board selection (switching to any board), and then select
back the pico board. Alternatively, you can close the opened sketch and reopen it.

E PlayMP3FromLittleFS-IIS | Arduino IDE 2.3.2
File Edit Sketch Tools Help

Auto Format Cirl+T
: Archive Sketch
PlayMP3F Manage Libraries... Ctrl +Shift+1
1 Serial Monitor Ctrl+Shift+M
2 Serial Plotter
3 Firmware Updater
4 Upload S5L Root Certificates
5 Board: "Raspberry Pi Pico” 4 Boards Manager... Ctrl + Shift+B
6 Port: “COMTS" g Arduino AVR Boards » Arduine Yan
7 Get Board Info esp32 > Arduine Uno
8 Debug Level: "None” » espB266 » Arduine Uno Mini
9 Debug Port: "Disabled” 4 ® Raspberry Pi Pico/RP2040 4 Arduino Duemilanove or Diecimila
16 C++ Exceptions: "Disabled” > [ Arduino Nano

&) PlayMP3FromlLittleFS-IIS | Arduino IDE 2.3.2
File Edit Sketch Tools Help

PlayMP3F

Auto Format Cirl+T
Archive Sketch
Manage Libraries... Ctrl+Shift+]

Serial Monitor Ctrl +Shift+M

[y

Serial Plotter

Firmware Updater
Upload SSL Root Certificates

Board: "Arduino Uno"
Port: "COM15"
Get Board Info

Programmer

L= = R = Y L]

Burn Bootloader

Ctrl+Shift+B

Boards Manager...

& Arduino AVR Boards
espld2

espB266

Raspberry Pi Pico/RP2040

v v v ¥

=
@

AudioOutputI2s *out;
AudioFileSourcelID3 *id3;

=
[y

Raspberry Pi Pico

Raspberry Pi Pico W

Raspberry Pi Pico 2

0xCB Helios

Adafruit Feather RP2040

Adafruit Feather RP2040 SCORPIO
Adafruit Feather RP2040 DVI
Adafruit Feather RP2040 Adalogger
Adafruit Feather RP2040 RFM
Adafruit Feather RP2040 ThinkINK
Adafruit Feather RP2040 USB Host
Adafruit Feather RP2040 CAN
Adafruit Feather RP2040 Prop-Maker
Adafruit ItsyBitsy RP2040

Adafruit Metro RP2040

Adafruit QT Py RP2040

Adafruit STEMMA Friend RP2040

Here is how to use the PicolittleFS tool, press [Ctrl]+[Shift]+[P] simultaneously, enter Upload LittleFS to
Pico/ESP8266 on the input field.

File Edit Sketch Tools

&) PlayMP3FromLittleFS-115S | Arduino IDE 2.3.2

Help

Raspberry Pi Pico

PlayMP3FromLil |-

1

o~ o U B wWN

#1il
#il
#il
#1il
#il
#il

Aul.ca.u\_n_rlur SRS R D

Upload LittleFS to Pico/ESP826B/ESP32
About

Add Cursor Above

Add Cursor Below

Add Cursors To Bottom

Add Cursors to Line Ends

Add Cursors To Top

Add Line Comment
!I!‘J_PJ

recently used
other commands
Ctl + At + Up
Citd + Alt + Down

Shift + A + 1

Cil + K Cid + C
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E) PlayMP3FromlLittleFS-115 | Arduino IDE 2.3.2
File Edit Sketch Tools Help

PlayMP3FromLil -Upload LittleFS to Pico/ESP8266/ESP32
1 #il
2 #include <WiFi.h>

recently used

If your Arduino IDE is an old version one, like Arduino 1.x.x, please refer to the following steps to install the
PicolLittelFS tool.
First, open the Arduino IDE, and then click File in Menus and select Preferences.

@ PlayMP3FromSPIFFS-IIS | Arduino 1.8.19
Fil Sketch Tools Help

Ctrl+N
Op Ctrl+O
Open Recent >
Sketchbook >l m
Examples > [ 22 11
Close Ctrl+W [F
zave Ctr:+Sh-{;t P “h>
ave As... Ctrl+Shift+S F‘Wi—f'— S

Page Setup  Ctrl+Shift+P 7 ourceSPIFFS.h"
Print Ctrl+P sourceID3.h"
Preferences Ctrl+Comma ~neratorMp3.h"

; !tputIZSNoDAC.h"
Quit Ctrl+Q G

FHo——r=rreroac—rraarocUtputI2S . h"

Find the Arduino IDE environment directory location.

Preferences

Settings

Network

Sketchbook location:

' 4

iC : \Users\Freenove\Docments\Arduinol

Browse

Editor language:
Editor font size:
Interface scale:

Theme:

English (English) .

17

[ Automatic (100 & (requires restart of Arduino)

Default theme v (requires restart of Arduino)

(requires restart of Arduino)

Show verbose output during: compilation []upload

Copy the tools folder in the code folder to your Sketchbook location.

r Kit_for_Raspberry Pi Pica » C » Sketches » Sketch 29.1_Play Music » Arduino »
romLittleFS-11S 2022/9/27 11:22 ‘ libraries
tools 2022/9/27 11:22 tools

Any concerns? X support@freenove.com


http://www.freenove.com/

IS Chapter 29 Play Music www.freenove.com [l

Finally, restart the Arduino IED. After restarting, you can see that the plug-in already exists in the interface.

@ PlayMP3FromLittleFS-11S | Arduino 1.8.18 = m} X
File Edit Sketch Tools Help
Auto Format Ctrl+T
Archive Sketch
PlayMP3FromLi Fix Encoding & Reload
1 #ineclud Manage Libraries... Ctrl+Shift+1 "
2 Serial Monitor Ctrl +Shift+M
3 #if def Serial Plotter Ctrl+Shift+L
4 fde
- cla WiF101 / WiRNIMA Firmware Updater L ys
& _ = ESP32 Sketch Data Upload
7 #endif ESP8266 Sketch Data Upload
8 B A= PETI I |
5 #includ

Any concerns? DX support@freenove.com
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Upload music

Pico of Raspberry Pie has 2M Flash space. Generally, Arduino mode allocates it to the code area. Therefore,
before starting, we need to modify the configuration of Flash Size.

Open Arduino, select Tools from the menu bar, select Flash Size, and allocate 1MB of Flash space to store
codes and 1MB to store audio files.

&) PlayMP3FromLittleF5-115 | Arduino IDE 2.3.2
File Edit Sketch Tools Help
= Archive Sketch
PlayMP3F Manage Libraries... Ctrl+Shift+1
1 Serial Monitor Ctrl+Shift+ M
) Serial Plotter
3 Firmware Updater
il Upload S5L Root Certificates
5 Board: "Raspberry Pi Pico” r
6 Port: "COM15" »
7 Get Board Info
8 Debug Level: "None” r
9 Debug Port: "Disabled” »
16 C++ Exceptions: "Disabled” »
11 Flash Size: "2MB (Sketch: 1MB, FS: 1TME)" » 2MB (no FS)
12 CPU Speed: "133 MHz" > 2MB (Sketch: 1984KB, FS: 54KB)
13 IP/Bluetooth Stack: "IPvd Cnly” » 2MB (Sketch: 1920KB, F5: 128BKB) |, ., bloc k, otd
14 Optimize: "Small {-Os) (standard)” » 2MB (Sketch: 1792KB, F5: 256KE) const charl
RTTI: "Disabled” 4 2MB (Sketch: 1336KB, F5: 512K
Stack Protector: "Disabled” ¥ 2MB (Sketch: TMB, F5: 1MB)
15 Upload Method: "Default (UF2)" 4
16 USE Stack: "Pico SDK” »
qli Burn Bootloader - ’ type);

Make sure the CPU Speed of Raspberry Pie is 133 MHz. If the frequency is too low, the audio decoding speed
may be too slow and the audio playback may not be continuous.

PlayMP3FromLittleFS-115 | Arduina IDE 2.3.2
File Edit Sketch Tools Help
Auto Format Ctrl+T
- Archive Sketch
PlayMP3F Manage Libraries,. Ctrl+Shift+1
1 Serial Monitor Ctrl+Shift+M
) Serial Plotter
3 Firmware Updater
a4 Upload S5L Raot Certificates
5 Board: "Raspberry Pi Pico” »
6 Port: "COM15" 4
7 Get Board Info
8 Debug Level: "None" »
9 Debug Port: "Disabled” b
10 C++ Exceptions: "Disabled” »
11 Flash Size: "2MB (Sketch: 1MB, F5: 1MEB)" »
12 CPU Speed: "133 MHz" B 133 MHz
13 IP/Bluetooth Stack: “IPwd Only” » 50 MHz g, an ICY block , etc. N
14 ?it'm'fe tslmi” 0s) (standard)’ . 1??MH2 isuUnicode, const char

Any concerns? X support@freenove.com
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If your board is Raspberry Pi Pico 2, please select the Flash Size 4MB (Sketch: 2MB, FS: 2MB). As Pico 2 has
4M Flash space, so we assign 2M to store sketch and 2M to store audio files.

& PlayMP3FromLittleFs-115 | Arduino IDE 2.3.2
File Edit Sketch Tools Help
Auto Format Ctrl+T
: Archive Sketch
PlayMP3F Manage Libraries... Ctrl +5hift+1
1 Serial Monitor Ctrl+Shift+M
2 Serial Plotter
3 Firmware Updater
4 Upload S5L Root Certificates
5 Board: "Raspberry Pi Pico 2" »
] Port: "COM15" 3
7 Get Board Info
8 Debug Level: "Mone” »
9 Debug Port: "Disabled” »
16 C++ Exceptions: "Disabled” b
11 Flash Size: "4MEB (Sketch: 2MB, FS: 2MB)" > 4AME (no FS)
12 CPU Speed: "150 MHz" b AMB (Sketch: 4032KB, FS: 64KB)
13 IP/Blustooth Stack: "IPvd Only” > AMB (Sketch: 3968KE, F5: 128KB) cy block , etc. -
14 Optimiz#: "Srall (-Os) (standard)” > AMB (Sketch: 3840KB, FS: 256KB) de, const char
BTTI: "Disabled” k AMB (Sketch: 3584KE, F5S: 512KB)
Stack Protector: "Disabled” r 4MB (Sketch: 3MB, FS: TMB)
15 Upload Methad: “Default (UF2)" b AMB (Sketch: 2MB, FS: 2MB)
16 USB Stack: "Pico SDK” 3 4MB (Sketch: 1MB, FS: 3MB)

The CPU of Raspberry Pi Pico 2 can run up to 150MHz, so it is more appropriate to set the CPU speed to

150MHz.
E) playMPaFromlLitleF5-11S | Arduino IDE 2.3.2
File Edit Sketch Tools Help
- Archive Sketch
PlayMP3F Manage Libraries... Ctrl+Shift+1

1 Serial Monitor Ctrl + Shift+ M
2 Serial Plotter
3 Firmware Updater
A Upload S5L Root Certificates
5 Board: "Raspberry Pi Pico 2" »
6 Port: "COM15" »
7 Get Board Info
8 Debug Level: "Mone” b
9 Debug Port: "Disabled” »

16 C++ Exceptions: "Disabled” »

11 Flash Size: "AMB (Sketch: 2MB, F5: 2MEB)" »

12 CPU Speed: "150 MHz" P+ 150 MHz '

13 IP/Bluetooth Stack: "IPvd Only” » 50 MHz g, an ICY

14 COptimize: "Small (-Os) (standard)” k 100 MHz i SUﬂiCOdEJ

RTTI: "Disabled” [ 120 MHz

Any concerns? DX support@freenove.com
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Check the code file and audio file. We create a folder named data under the same level directory of the
code file, and place the audio file directly in this folder.

data 2022/9/27 11:20
&) PlayMP3FromLittleF5-115.ino 2022/9/27 13:27

Note:

1. The name of the data folder cannot be changed; otherwise, the plug-in cannot be used to upload audio
files to Pico.

2. The number of audio files in the data folder is unlimited, but the total size cannot exceed 1MB. If the file
upload fails, please check whether the data folder size exceeds the range.

Click the upload button to upload the code to Pico:

&) PlayMP3FromlLittleFS-11S | Arduino IDE 2.3.2 - [m] X
File Edit Sketch Tools Help
PlayMP 3FromLittleF S-1IS ino
1  #include <Arduino.h> -
2 #include <WiFi.h»
3 #include "AudioFileSourcelittleFs.h"
4 #include "AudioFileSourceID3.h"
5 dtinclude "AudioGeneratorMP3.h”
6 #include "AudioOutputI2s.h”
7
8 AudioGeneratorMP3 *mp3;
9 AudioFileSourcelittleFs *file;
190  AudioOutputI2s *out;
11  AudioFileSourceID3 *id3;
12
13 // Called when a metadata event occurs (i.e. an ID3 tag, an ICY block, etc.)
14  void MDCallback(void *cbData, const char *type, bool isUnicode, const char
*string)
15 {

After uploading the code, click Arduino IDE Tools and click following content:

&) PlayMP3FromLittleFS-1IS | Arduino IDE 2.3.2 - O *
File Edit Sketch Tools Help
PlayMP3FromLil | =Upload littleFS to Pico/ESP8266/ESP32
1 #il ’enﬂy used |
2 #include <WiFi.h>
3 #include "AudioFileSourcelittleFS.h"
4  #include "AudioFileSourceID3.h"
5 #include "AudioGeneratorMP3.h"
6 #include "AudioOutputI2s.h™
2
8 AudioGeneratorMP3 *mp3;
9 AudioFileSourcelLittleFs *file;
1@  AudioOutputI2s *out;
11  AudioFileSourceID3 *id3;
12
13 / Ccalled when a metadata event occurs (i.e. an ID3 tag, an ICY
lock, etc.)

Any concerns? X support@freenove.com
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Qutput  LittleFS Upload x

LittleFs Filesystem Uploader v1.2.8 -- https://github.con/earlephilhower/arduino-littlefs-upload

Building LittleFs filesystem

/1.mp3
4.8 or above

Generating UF2 image

Uploading LittleFs filesystem

Resetting COM1S

Converting to uf2, output 2097152, start address: €x2000
Scanning for RP2646 devices

Flashing I: (RPI-RP2)

Wrote 2097152 bytes to I:/NEW.UF2

Completed upload.

Ln4,Col 28 Raspbery Pi Pico on COM15 [not connected] &1 B

After the music upload is completed, the speaker will play the audio file you uploaded.

Any concerns? DX support@freenove.com
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Sketch_29.1_Play_Music
#include <Arduino.h>
#include <WiFi.h>
#include “AudioFileSourceLittleFS. h”
#include “AudioFileSourcelD3.h”
#include “AudioGeneratorMP3.h”
#include “AudioOutputl2S.h”

AudioGeneratorMP3 *mp3;
AudioFileSourcelLittleFS *file;
AudioOutputI2S *out;
AudioFileSourcelD3 *id3;

// Called when a metadata event occurs (i.e. an ID3 tag, an ICY block, etc.)
void MDCallback (void *chbData, const char *type, bool isUnicode, const char *string)
{

(void)cbData;

Serial. printf (“ID3 callback for: %s =

s 7

, type);

if (isUnicode)
{

string += 2;

while (kstring)
{

char a = *(stringt++);

if (isUnicode)

{

string++;

}

Serial.printf ("%c”, a);
}
Serial.printf (" \n”);
Serial. flush();

void setup()
{
WiFi. mode (WIFI_OFF) ;
Serial. begin (115200) ;
delay (1000) ;
Serial. printf (“Sample MP3 playback begins...\r\n”);

Any concerns? X support@freenove.com
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audioLogger = &Serial;

out = new AudioOutputI2S();

out->SetPinout (6, 7, 8); // Set the pins for IIS(BCK, LCK, DIN)
out—>SetGain (0. 5) ;

file = new AudioFileSourcelLittleFS(”1.mp3”);

id3 = new AudioFileSourcelD3(file);

id3—>RegisterMetadataCB (MDCallback, (void *)”ID3TAG”) ;

mp3 = new AudioGeneratorMP3 () ;

mp3—>begin(id3, out);

void loop()

{
if (mp3—>isRunning())
{
if (!mp3->loop())
mp3—>stop () ;
}
else
{
Serial.printf ("MP3 done\r\n”) ;
delay (1000) ;
}
}

Check whether the file has finished playing in the main loop function.

void loop ()

{
if (mp3—->isRunning())
{
if (!mp3->loop())
mp3—>stop () ;
}
else
{
Serial. printf ("MP3 done\r\n”) ;
delay (1000) ;
1
}

Associate the callback information output of the decoding library to the serial port. Initialize the IIS interface,
and set the IIS pin interfaces to GP6, GP7, and GP8. Set the volume to 0.5.

audioLogger = &Serial;

out = new AudioOutputI2S();

out—>SetPinout (6, 7, 8); // Set the pins for IIS(BCK, LCK, DIN)
out—>SetGain(0.5); //Volume range: 0-3.9

Any concerns? DX support@freenove.com
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Note that the name of the audio file in the data folder must be consistent with the name in the code; otherwise,
music cannot be played because music cannot be retrieved.
file = new AudioFileSourcelLittleFS(”1.mp3”);
id3 = new AudioFileSourcelD3(file);
id3—>RegisterMetadataCB (MDCallback, (void *)”ID3TAG”) ;
mp3 = new AudioGeneratorMP3() ;
mp3—>begin (id3, out);

Any concerns? DX support@freenove.com
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Chapter 30 WiFi Working Modes (Only for Pico
W/Pico 2W)

The biggest difference between the raspberry pi pico and the raspberry pi Pico W is that the raspberry pi pico
W is equipped with a WiFi function module. At the beginning of this chapter, we will learn about the WiFi
function of Pico W of Raspberry Pi.

If you have Pico in your hand, please change it to Pico W before continuing to learn.

Project 30.1 Station mode

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1

© @ 060 ©© © ©6 0@ © © ©0 ©0 @ © @ 0 0 @
N =

Raspberry Pi Pico W ©2022 BOOTSEL  © - '

-
o
m
@
c
[}

© 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 o0 o o

Component knowledge

Wireless
Pico W has an on-board 2.4GHz wireless interface using an Infineon CYW43439. The antenna is an onboard
antenna licensed from ABRACON (formerly ProAnt). The wireless interface is connected via SPI to the RP2040.

Station mode

When Pico W selects Station mode, it acts as a WiFi client. It can connect to the router network and
communicate with other devices on the router via WiFi connection. As shown below, the PC is connected to
the router, and if Pico W wants to communicate with the PC, it needs to be connected to the router.

Any concerns? DX support@freenove.com
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STATION

Interet

Access Point

|

Station(pc)

Circuit

Connect Pico W to the computer using the USB cable.

© @ 060 ©© © 06 ©© © © 06 © 0 © 0 0 0 o
~

Raspberry Pi Pico W ©2022 oL ‘

;I

5nd3a
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& Sketch_30.1_WiFi_Station | Arduino IDE 2.3.2 - O *
File Edit Sketch Tools Help
Sketch_30.1_WiFi_Station.ino e
7 #include <WiFi.h>
8
9 J const char *ssid Router S
10 || const char *password Router = "®##s#®zsl, L
11
12 void setup(){
13 Serial.begin(115200);
14 delay(2000);
15 Serial.println("Setup start");
16 WiFi.begin(ssid Router, password Router);
17 Serial.println(String("Connecting to ")+ssid Router);
18 | while (WiFi.status() != WL_CONNECTED){
19 delay(500);
20 Serial.print(".");
21 1
Output = 5

Ln9,Col 31 Raspberry PiPicoWon COMO (22 B

Because the names and passwords of routers are different, before the Sketch runs, users need to enter the
correct router’'s name and password in the box as shown in the illustration above.

After making sure the router name and password are entered correctly, compile and upload codes to Pico W,
open serial monitor and set baud rate to 115200. Then it will display as follows:

Any concerns? DX support@freenove.com
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Output  Serial Monitor ¥ O =

Message (Enter to send message to 'Raspberry Pi Pico W on 'COMY Mew Line * 115200 baud -

10:42: 43,082 > Setup start
10:42:50,076 —» Connecting to FYI_Z, 4G
10: 42: 60,076 —>

10:42: 60,076 -» Connected, IP address
10:42: 60,125 -» 192, 168, 1. 23

10:42:50. 1256 —-» 3Setup End

Ln9, Col 42 Raspberry Pi PicoWon COM9 (32 B3

When PICO W successfully connects to “ssid_Router”, serial monitor will print out the IP address assigned to

PICO W by the router.

The following is the program code:
#include <WiFi.h>

const char *ssid Router = Tkxppkik”; //Enter the router name

const char *password Router = "skkistolk”: //Enter the router password

void setup() {
Serial. begin(115200) ;
delay (2000) ;
Serial. println(”"Setup start”);
WiFi.begin(ssid _Router, password Router) ;
Serial. println(String(“Connecting to ”)+ssid_Router) ;
while (WiFi.status() != WL CONNECTED) {
delay (500) ;
Serial.print(”.”);
}
Serial. println(“\nConnected, IP address: ”);
Serial. println (WiFi. localIP());
Serial. println(”“Setup End”);
}
void loop() {
}
Include the WiFi Library header file of Pico W.

! #include <WiFi.h>

Enter correct router name and password.

Any concerns? DX support@freenove.com
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3 const char *ssid Router = "kxpopkik”; //Enter the router name

4 const char #*password Router = "stkkiolk”; //Enter the router password

Set Pico W in Station mode and connect it to your router.

| 10 l WiFi. begin(ssid Router, password Router);
Check whether Pico W has connected to router successfully every 0.5s.
12 while (WiFi.status() !'= WL CONNECTED) {
13 delay (500) ;
14 Serial. print(”.”);
15 }
Serial monitor prints out the IP address assigned to Pico W.
| 17 l Serial. println (WiFi. localIP()) ;
Reference

Every time when using WiFi, you need to include header file "WiFi.h".
begin(ssid, password,channel, bssid, connect): PICO W is used as Station to connect hotspot.
ssid: WiFi hotspot name
password: WiFi hotspot password
channel: WiFi hotspot channel number; communicating through specified channel; optional parameter
bssid: mac address of WiFi hotspot, optional parameter
connect: blloean optional parameter, defaulting to true. If set as false, then PICO W won't connect WiFi.
config(local_ip, gateway, subnet, dnsl, dns2): set static local IP address.
local_ip: station fixed IP address.
subnet: subnet mask
dnsl,dns2: optional parameter. define IP address of domain name server
status: obtain the connection status of WiFl
local IP(): obtain IP address in Station mode
disconnect(): disconnect wifi

Any concerns? DX support@freenove.com
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Project 30.2 AP mode

Component List & Circuit

Component List & Circuit are the same as in Section 30.1.

Component knowledge

AP mode

When PICO W selects AP mode, it creates a hotspot network that is separate from the Internet and waits for
other WiFi devices to connect. As shown in the figure below, PICO W is used as a hotspot. If a mobile phone
or PC wants to communicate with PICO W, it must be connected to the hotspot of PICO W. Only after a
connection is established with PICO W can they communicate.

AP
[
1 A
<0»
v
Station Station
(mobile phone) (pc)

Circuit

Connect Pico W to the computer using the USB cable.

© @ 060 ©© © 06 © @ © © 06 © 0 © @ 0 0 o
>

Raspberry Pi Pico W ©2022 T Of ‘

9nd3a

;I

- ©
© 0 0 0 0 ©6 0 0 0 0 0 0 0 0 0 0 0 o0 o0 o

Any concerns? DX support@freenove.com
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& Sketch_30.2 WiFi_AP | Arduino IDE 2.3.2 - o x
File Edit Sketch Tools Help

Sketch_30.2_WiFi_AP.ino

7 #include <WiFi.h>

8

9 § const char ®ssid AP = "WiFi_Name";
10 | const char ®password AP = "12345678";
11

12 IPAddress local IP(192,168,1,100);
13 IPAddress gateway(192,168,1,10);
14  IPAddress subnet(255,255,255,0);

15
16  void setup(){
17 Serial.begin(115200);
18 delay(2000);
19 Serial.println("Setting soft-AP configuration ... ");
20 WiFi.disconnect():
Output = G

Ln1,Col 1 Raspbery PiPicoWonCOMO (31 B8

Before the Sketch runs, you can make any changes to the AP name and password for PICO W in the box as
shown in the illustration above. Of course, you can leave it alone by default.

Any concerns? DX support@freenove.com
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Compile and upload codes to PICO W, open the serial monitor and set the baud rate to 115200. Then it will
display as follows.

Output  Serial Monitor ¥ @ =
Mew Line * | 115200 baud e

10:458: 43,077 -> Setting =oft-AP configuration ...
10:48:43. 077 —-* Ready

10:48: 43,077 -» Setting =zoft-AF ...

10:458: 43,873 -> Ready

10:48:43.916 -» Soft—AP IP addreszs = 192.188.1.10
10:48:43. 916 -» MAC addres= = 28:cd:cl:06:41:95
10:48: 43,916 -» Setup End

Ln1,Col 1 Raspberry PiPicoWonCOMS [31 B

When observing the print information of the serial monitor, turn on the WiFi scanning function of your phone,
and you can see the ssid_AP on PICO W, which is called "WiFi_Name" in this Sketch. You can enter the
password "12345678" to connect it or change its AP name and password by modifying Sketch.

< Wi-Fi

Wi-Fi (]

(‘hAWnrk

~ WiFi_Name 2:::
Connected
FYI_2.4G =
Saved va

Note:

1. Every time you change the WiFi name and password in the code, please power off and then on again, and
then upload the code.lt is possible that the WiFi name and password have not actually changed due to the
direct uploading of code without power. This is because Pico W WiFi module and RP2040 chip are separated.
Only when the power is cut off can the WiFi name and password be flashed to the WiFi module again.

2. Pico W executes this code only to open a WiFi hotspot, and does not configure the code related to online
data transmission, so the mobile phone will display no data after connection.

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

#include <WiFi.h>

const char *ssid AP = "WiFi Name”; //Enter the router name
”12345678”; //Enter the router password

const char *password AP

IPAddress local IP(192,168, 1, 100);//Set the IP address of PICO W itself
IPAddress gateway(192,168,1,10); //Set the gateway of PICO W itself
IPAddress subnet (255, 255, 255, 0) ; //Set the subnet mask for PICO W itself

void setup() {
Serial. begin (115200) ;
delay (2000) ;
Serial.println(“Setting soft-AP configuration ... ”);
WiFi. disconnect () ;
WiFi. mode (WIFT_AP) ;
Serial. println (WiFi. softAPConfig(local IP, gateway, subnet) ? “Ready” : “Failed!”);
Serial. println(“Setting soft-AP ... 7);
boolean result = WiFi. softAP(ssid AP, password AP):
if (result) {
Serial. println(“Ready”) ;
Serial. println(String ("Soft-AP IP address = ”) + WiFi.softAPIP(). toString());
Serial. println(String ("MAC address = ”) + WiFi. softAPmacAddress().c _str()):
Jelse
Serial. println(“Failed!”);
}

Serial. println(”“Setup End”);

void loop() {
}

Include WiFi Library header file of PICO W.

! #include <WiFi.h>

Enter correct AP name and password.

const char *ssid AP = "WiFi Name”; //Enter the router name
const char *password AP = ”12345678”; //Enter the router password

Set PICO W in AP mode.

- WiFi. mode (WIFT AP):

Configure IP address, gateway and subnet mask for PICO W.

- WiFi. softAPConfig(local IP, gateway, subnet)

Turn on an AP in PICO W, whose name is set by ssid_AP and password is set by password_AP.

- WiFi. softAP (ssid AP, password AP);

Any concerns? DX support@freenove.com
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Check whether the AP is turned on successfully. If yes, print out IP and MAC address of AP established by
PICO W. If no, print out the failure prompt.

19 | if (result) {
20 Serial. println(“Ready”) ;
21 Serial. println(String ("Soft—AP IP address = ”) + WiFi.softAPIP(). toString()) :
22 Serial. println(String ("MAC address = ”) + WiFi. softAPmacAddress().c str());
23 Jelse
24 Serial. println(“Failed!”);
25 }
26 Serial. println(“Setup End”);
Reference

Every time when using WiFi, you need to include header file "WiFi.h".
softAP(ssid, password, channel, ssid_hidden, max_connection):
ssid: WiFi hotspot name
password: WiFi hotspot password
channel: Number of WiFi connection channels, range 1-13. The default is 1.
ssid_hidden: Whether to hide WiFi name from scanning by other devices. The default is not hide.
max_connection: Maximum number of WiFi connected devices. The range is 1-4. The default is 4.
softAPConfig(local_ip, gateway, subnet): set static local IP address.
local_ip: station fixed IP address.
Gateway: gateway IP address
subnet: subnet mask
softAP(): obtain IP address in AP mode
softAPdisconnect (). disconnect AP mode.

Any concerns? X support@freenove.com
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Project 30.3 AP+Station mode

Component List & Circuit

Component List & Circuit are the same as in Section 30.1.

Component knowledge

AP+Station mode

PICO W currently does not support simultaneous use of AP mode and Station mode, so this section can be
skipped. In the actual mode configuration, the last configured mode shall prevail.

Circuit

Connect Pico W to the computer using the USB cable.

© @ 060 ©© © 06 © @ © © 06 © 0 © @ 0 0 o

Raspberry Pi Pico W ©2022 S00TSEL ;n“.‘

-
o
m
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c
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Sketch

Sketch_30.3_AP_Station_mode

O X

& Sketch_30.3_AP Station | Arduino IDE 2.3.2
File Edit Sketch Tools Help

Sketch_30.3_AP_Station.ino e
7  #include <WiFi.h>
8
9l const char *ssid Router = EEmsmmmE
1@ | const char *password Router = "#Fx#sk=st,
11| const char *ssid_AP = "WiFi_Name";
12 | const char *password AP = "12345678";
13
14 void setup(){
15 Serial.begin(1152@0);
16 delay(500);
17 Serial.println("\nSetting Station configuration M)
18 WiFi.begin(ssid Router, password Router);
19 Serial.println(String("Connecting to ")+ ssid Router);
20 while (WiFi.status() != WL_CONNECTED){
21 delay(500); Please enter the correct
22 serial.print("."); names and passwords of
23 1
24 Serial.println("\nConnected, IP address: "); Router and AP.

Qutput

Ln21,Col 16 Raspbemy PiPicoWonCOM9 0 B

It is analogous to project 30.1 and project 30.2. Before running the Sketch, you need to modify ssid_Router,

password_Router, ssid_AP and password_AP shown in the box of the illustration above.

Any concerns? X support@freenove.com
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After making sure that Sketch is modified correctly, compile and upload codes to PICO W, open serial monitor
and set baud rate to 115200. Then it will display as follows:

Output  Serial Monitor x ¥y Q0 =

essaqe

iter to send massage to 'Raspberry Pi Pico W on "COMS Mew Line * 115200 baud =

10:53:45. 024 -» Connecting to FYI_Z2. 4G

10:53: 45,024 >

10:53: 45,024 -> Connected, IP addrezs

10:53: 45,024 —> 152, 168.1. 23

10:53: 45,5818 -» Setting soft-AF configuration ...
10:53:45.518 -» Setting zoft-AF ..

10:53: 46, 357 —» Eeady

10:53: 46, 357 —» Soft-4P IP addreszsz = 192, 168.1.1
10:53: 46, 357 —> MAC address = 28:cd:cl:05:41:595
10:53: 46, 357 —» Setup End

Ln 15, Col 24 Raspberry PiPicoWon COM9 (22 B

When observing the print information of the serial monitor, turn on the WiFi scanning function of your phone,
and you can see the ssid_AP on PICO W.

< Wi-Fi
Wi-Fi (]
F
o WiFi_Name 4‘,3:
Connected
FYI_2.4G =
Saved va

The following is the program code:
#include <WiFi.h>

const char *ssid _Router “xpokkkk”; //Enter the router name
const char *password Router = “skkistolkx”; //Enter the router password
“WiFi Name”; //Enter the AP name

”12345678”; //Enter the AP password

const char *ssid AP

const char *password AP

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

Any concerns? DX support@freenove.com
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Serial. println(”“Setting soft—AP configuration ... ”);
WiFi. disconnect () ;
WiFi. mode (WIFI_AP) ;
Serial. println(”Setting soft-AP ... 7);
boolean result = WiFi. softAP(ssid AP, password AP);
if (result) {
Serial. println(“Ready”) ;
Serial. println(String ("Soft-AP IP address = ”) + WiFi.softAPIP(). toString());
Serial. println(String ("MAC address = ”) + WiFi. softAPmacAddress().c str());
Jelse{
Serial. println(“Failed!”);

Serial.println("\nSetting Station configuration ... ”);
WiFi. begin(ssid Router, password Router) ;
Serial. println(String ("Connecting to ”)+ ssid Router);
while (WiFi.status() != WL CONNECTED) {
delay (500) ;
Serial. print (".”);
}
Serial. println("\nConnected, IP address: ”);
Serial. println (WiFi. localIP()) ;
Serial. println(“Setup End”);

void loop() {
}

Any concerns? X support@freenove.com
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Chapter 31 TCP/IP (Only for Pico W/Pico 2W)

In this chapter, we will introduce how PICO W implements network communications based on TCP/IP protocol.
There are two roles in TCP/IP communication, namely Server and Client, which will be implemented
respectively with two projects in this chapter.

Project 31.1 as Client

In this section, PICO W is used as Client to connect Server on the same LAN and communicate with it.

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1

© @ 060 ©© © ©6 0@ © © ©0 ©0 @ © @ 0 0 @
N =

Raspberry Pi Pico W ©2022 HOBTEEL

5nd3a

.l

© 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 o0 o o

Component knowledge

TCP connection

Before transmitting data, TCP needs to establish a logical connection between the sending end and the
receiving end. It provides reliable and error-free data transmission between the two computers. In the TCP
connection, the client and the server must be clarified. The client sends a connection request to the server,
and each time such a request is proposed, a "three-time handshake" is required.

Three-time handshake: In the TCP protocol, during the preparation phase of sending data, the client and the
server interact three times, to ensure the reliability of the connection, which is called "three-times handshake".
The first handshake, the client sends a connection request to the server and waits for the server to confirm.
The second handshake, the server sends a response back to the client informing that it has received the
connection request.

The third handshake, the client sends a confirmation message to the server again to confirm the connection.

Any concerns? DX support@freenove.com
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Client

syn_sent

the first handshake

ack+syn

the third handshake established I

Server

syn

ack

A

syn_rcvd
the second handshake
I established

TCP is a connection-oriented, low-level transmission control protocol. After TCP establishes a connection, the
client and server can send and receive messages to each other, and the connection will always exist as long
as the client or server does not initiate disconnection. Each time one party sends a message, the other party

will reply with an ack signal.

Client

established I

write

The client sends a data

message, and the server 2
data
read
] V u

The server sends a data
- data message, and the client

read

Server

ack

I established

Any concerns? DX support@freenove.com
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In this tutorial, we use Processing to build a simple TCP/IP communication platform.
If you have not installed Processing, you can download it by clicking https://processing.org/download/. You

can choose an appropriate version to download according to your PC system.

Processing p5js Processingpy Processingfor Android Processing for Pi Processing Foundation
y [ = !\ > \ /
/ 'Processing . 4 = IS N7
e \ — 7R — N\ / \
:_.-—F—-,,_>> / 2 2 = N ,"v
S ~, : / \ e
Cover Download Processing. Processing is available for Linux, Mac OS X, and
— Windows. Select your choice to download the software below.
Donate
Exhibition 3.54
Reference Windows 641 Linux 64-bit Mac OS X
Libraries Windows 3;
Tools
Environment
Tutorials
Examples » Github Read about the changes in 3.0. The list of revisions covers the differences
Books » Report Bugs between releases in detail.
» Supported
Platforms

Unzip the downloaded file to your computer. Click "processing.exe” as the figure below to run this software.

core 7 12:16
java 2020/1/17 12:17
lib 2020117 12:16
modes 71216
tools 0117 12:16
@ processing.exe 2020/1/17 12:16
[85] processing-java.exe 2020/1/17 12:16
[ revisions.txt 71216

Any concerns? DX support@freenove.com
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Use Server mode for communication
Open the “Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi_Pico\C\Sketches\Sketch_31.1_WiFiClient\

sketchWiFi\sketchWiFi.pde", and click "Run".

€ sketchWiFi | Processing 3.3.6
File Edit Sketch Debug Tools Help

149 s petiTextfield. class, "Local IF7). setText(Server. ipl));

The new pop-up interface is as follows. If PICO W is used as client, select TCP SERVER mode for sketchWiFi.

o sketchWiF — =4

TCP SERVER

Server mode

. Receiving

Local IP address
[0]0)'4

Local port

LOCAL PORT

Send box

Clear send

CLEARSEHD “

Send button

When sketchWiFi selects TCP SERVER mode, Pico W Sketch needs to be changed according to sketchWiFi's
displaying of LOCAL IP or LOCAL PORT.

Any concerns? DX support@freenove.com
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If PICO W serves as server, select TCP CLIENT mode for sketchWiFi.

o sketchWiF — X

TEF SERVER [
Client mode

192.168.1

REMOTE P Remote IP

Remote port

REMOTE PORT

CLEARSEHD “

When sketchWiFi selects TCP CLIENT mode, the LOCAL IP and LOCAL PORT of sketchWiFi need to be
changed according to the IP address and port number printed by the serial monitor.

Mode selection: select Server mode/Client mode.
IP address: In server mode, this option does not need to be filled in, and the computer will automatically
obtain the IP address.
In client mode, fill in the remote IP address to be connected.
Port number: In server mode, fill in a port number for client devices to make an access connection.
In client mode, fill in port number given by the Server devices to make an access connection.
Start button: In server mode, push the button, then the computer will serve as server and open a port number
for client to make access connection. During this period, the computer will keep monitoring.
In client mode, before pushing the button, please make sure the server is on, remote IP address
and remote port number is correct; push the button, and the computer will make access
connection to the remote port number of the remote IP as a client.
clear receive: clear out the content in the receiving text box
clear send: clear out the content in the sending text box
Sending button: push the sending button, the computer will send the content in the text box to others.

Any concerns? DX support@freenove.com
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Circuit

Connect Pico W to the computer using the USB cable.

0..................3
Raspberry Pi Pico W ©2022 HOBTEEL ) .

5nd3a

. : y -
- Ll 22
1 1 L ©
- - n
' = - _®
[al
=
L4 -
- w

(&} 0
©

Sketch

If you have not installed “ControlP5”, please follow the following steps to continue the installation, if you have
installed, please skip this section.
Open Processing.

@ sketch 210205a | Processing 3.5.4 - O >
File Edit Sketch Debug Tools Help

EM console A\ Errors

Any concerns? X support@freenove.com
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Click Add Tool under Tools.

€ sketch_210205a | Processing 3.5.4 - O x

Tools Help
Create Font...
Color Selector...

Archive Sketch
sketch_210205z

Movie Maker ~
Git Manager

Add Toal...

Select Libraries in the pop-up window.

© contribution Manager

Libraries Modes Tools Examples

All

Name ~ Author

$1 Unistroke Recognizer | Implementation of the [$1 Gesture Re... Darius Morawiec

Click it Al for 2D Games | An Al framework suitable for 2D games and si...  Peter Lager

Andrew's Utilities (AULib) | Motion blur, fields, easing, waves, u.. Andrew Glassner

Jianbin Qi

AndroidCapture for Processing | This lib tries to transfer data(A...

Ani | A lightweight library for creating animations and transitio...  Benedikt Gross

AP-Sync | AP-Sync it the easy way to sync data to processing fro... Nigel Tiany

Arduina (Firmatal | Controls Arduing hoards runnine the Firmat.. David A. Mellis

ControlP52.2.6
Andreas Schlegel

D 0113111l R

A GUI library to build custom user interfaces for desktop and android mode. ¢ Update

* Remove

Input “ControlP5” in the searching box, and then select the option as below. Click “Install” and wait for the
installation to finish.

Any concerns? DX support@freenove.com
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®

Libraries Modes Tools Examples

ControlP5 : All

Name ~ Author

ControlP5 | A GUI library to build custom user interfaces for des... Andreas Schlegel

ControlP52.2.6
Andreas Schlegel
2.2.6 installed

A GUI library to build custom user interfaces for desktop and android mode. Update

Remove

You can also click Add Library under 'Import Library" under 'Sketch’.

@ Oscilloscope | Processing 3.5.4 — O X
File Edit Sketch Debug Tools Help
| Run Ctrl+R
I Present Ctrl+Shift+R
Tweak Ctrl+Shift+T
Stop
A
Import Library... 3 Add Library.,, |"frrrrrEmammmmmE s
Show Sketch Folder Cirl+K —
2 DXF Export Nl
Add File...
Network
v Oscilloscope (Java) PDF Export
T ?w_‘eltcrx '41: u:-e’cll To maKe an Serial ugh communicate to an
* = bbb board or other micro ¢
* It will automatically detect 4 SVG Export vice (serdial port) which
* use the same trans format.
Contributed
ControlP5
rreenove |“’.’.|3 WIViv T T e ETTO Ve CUTT

Any concerns? X support@freenove.com
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Sketch_31.1_As_Client
Before running the Sketch, please open “sketchWiFi.pde.” first, and click “Run”.

€ sketchWiFi | Processing 3.3.6 - O >
File Edit_Sketch Debug Tools Help

LOCAL IP

LOCAL PORT

Click LISTENING, turn on TCP SERVER's data listening function and wait for PICO W to connect.
o sketchWiFi — =

TCF SERVER TCP CLIEHT

LOCAL PORT

LISTEHIHG CLEARRECY

CLEARSEHD

Any concerns? DX support@freenove.com
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Next, open Sketch_31.1_WiFiClient.ino. Before running it, please change the following information based on
"LOCAL IP" and "LOCAL PORT" in the figure above.

&) Sketch_31.1_WiFiClient | Arduino IDE 2.3.2 — O X

File Edit Sketch Tools Help

Sketch_31.1_WiFiClient.ino

7 #include <WiFi.h>»

8

9 const char *ssid Router = EEsEEmEmsmsar.
10f const char ®password Router = "FEEEssEms,
11 #define REMOTE_IP UERE R A
12 #define REMOTE_PORT 8888

13  WiFiClient client;

14
15 void setup() {
16 Serial.begin(115200);
17 delay(1e);
18
19 WiFi.begin(ssid Router, password Router);
Output =

Ln1,Col 1 Raspberry PiPicoWonCOMS (21 B

REMOTE_IP needs to be filled in according to the interface of sketchWiFi.pde. Taking this tutorial as an
example, its REMOTE_IP is “192.168.1.73". Generally, by default, the ports do not need to change its value.

Compile and upload code to PICO W, open the serial monitor and set the baud rate to 115200. PICO W
connects router, obtains IP address and sends access request to server IP address on the same LAN till the
connection is successful. When connect successfully, PICO W can send messages to server.

Output  Serial Monitor ¥ 0O =
Mew Line * 115200 baud -

11:03:03.402 ->

11:03:03.402 —* Waiting for WiFi...
11:03:03.402 -> WiFi comnected
11:03:03.402 -> IP address:

11:03:03.402 -> 192, 168, 1. 23

11:03: 02,861 -» Comnecting to 182, 168.1.73
11:03:03.900 - Connected

Ln11,Col 45 Raspberry PiPicoWonCOMO (32 B3

Any concerns? X support@freenove.com
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PICO W connects with TCP SERVER, and TCP SERVER receives messages from PICO W, as shown in the figure
below.

sketchWiF m
1€ Hello

LOCAL IP 1€ 23: This is my IP.

— >

LOCAL PORT

LISTEHING CLEARRECY

cimsEro T

At this point, you can send data to Pico W through sketchWiFi. Pico W will send the received data back to
sketchWiFi after receiving it.

Any concerns? DX support@freenove.com
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The following is the program code:
#include <WiFi.h>

const char *ssid Router = siieioioik” s //Enter the router name

const char *password Router = “skikikxx”; //Enter the router password

#define REMOTE_IP Tk’ //input the remote server which is you want to connect
ttdefine REMOTE PORT 8888 //input the remote port which is the remote provide

WiFiClient client;

void setup() {
Serial. begin (115200) ;
delay (10) ;

WiFi. begin(ssid Router, password Router) ;
Serial. print ("\nWaiting for WiFi... ”);
while (WiFi.status() != WL CONNECTED) {
Serial. print (".”);
delay (500) ;
}
Serial. println(””);
Serial. println("WiFi connected”);
Serial.println("IP address: ”);
Serial. println (WiFi. localIP());
delay (500) ;

Serial. print ("Connecting to ”);
Serial. println (REMOTE IP) ;

while (!client.connect (REMOTE IP, REMOTE PORT)) {
Serial. println(”Connection failed.”);
Serial.println("Waiting a moment before retrying...”);

}

Serial. println(”Connected”) ;

client. print ("Hello\n”);

client.print ("This is my IP.\n”);

void loop() {
if (client.available() > 0) {
delay (20) ;
//read back one line from the server
String line = client.readString() ;
Serial. println(REMOTE IP + String(”:”) + line);

Any concerns? X support@freenove.com
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if (Serial.available() > 0) {
delay (20) ;
String line = Serial.readString();
client. print (line);

}

if (client.connected () == 0) {
client. stop();

WiFi. disconnect () ;

}
Add WiFi function header file.

- #include <WiFi.h>

Enter the actual router name, password, remote server IP address, and port number.

const char *ssid Router = Tspplliekk”; //Enter the router name

const char *password Router = “skkitsiclk”; //Enter the router password

#tdefine REMOTE 1P Txdpoollkx” //input the remote server which is you want to connect
#tdefine REMOTE PORT 8888 //input the remote port which is the remote provide

Apply for the method class of WiFiClient.

! WiFiClient client;

Connect specified WiFi until it is successful. If the name and password of WiFi are correct but it still fails to
connect. Please disconnect the power supply and try again several times.

WiFi. begin(ssid Router, password Router) ;
Serial.print ("\nWaiting for WiFi... ”);
while (WiFi.status() ! = WL CONNECTED) {
Serial.print(”.”);
delay (500) ;

}
Send connection request to remote server until connect successfully. When connect successfully, print out the

connecting prompt on the serial monitor and send messages to remote server.
while (!client.connect (REMOTE IP, REMOTE PORT)) {//Connect to Server

Serial. println(”Connection failed.”);
Serial.println("Waiting a moment before retrying...”);
}
Serial. println(”Connected”) ;

client. print ("Hello\n”);

When PICO W receive messages from servers, it will print them out via serial port; Users can also send
messages to servers from serial port.
if (client.available() > 0) {
delay (20) ;

//read back one line from the server

String line = client.readString() ;

Serial. println(REMOTE IP + String(”:”) + line);
}
if (Serial.available() > 0) {

Any concerns? DX support@freenove.com
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44 delay (20) ;
45 String line = Serial.readString() ;
46 client. print(line);
47 }
If the server is disconnected, turn off WiFi of PICO W.
48 if (client.connected () == false) {
49 client. stop();
50 WiFi. disconnect () ;
51 }
Reference

Every time when using Client, you need to include header file "WiFi.h"
connect(ip, port, timeout)/connect(*host, port, timeout): establish a TCP connection.
ip, *host: ip address of target server
port: port number of target server
timeout: connection timeout
connected(): judge whether client is connecting. If return value is 1, then connect successfully; If return
value is O, then fail to connect.
stop(): stop tcp connection
print(): send data to server connecting to client
available(): return to the number of bytes readable in receive buffer, if no, return to O or -1.
read(): read one byte of data in receive buffer

readString(): read string in receive buffer

Any concerns? X support@freenove.com
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Project 31.2 as Server

In this section, PICO W is used as a server to wait for the connection and communication of client on the same
LAN.

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1

© @ 060 ©© © ©6 0@ © © ©0 ©0 @ © @ 0 0 @
N =

Raspberry Pi Pico W ©2022

BOOTSEL

ongia

© 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 o0 o o

Circuit

Connect Pico W to the computer using the USB cable.

© @ 060 ©© © 06 © @ © © 06 © 0 © @ 0 0 o
N =

Raspberry Pi Pico W ©2022 HOBTEEL

-
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Sketch

Before running Sketch, please modify the contents of the box below first.
Sketch_31.2_As_Server

) Sketch_31.2_ WiFiServer | Arduino IDE 2.3.2 = O X
File Edit Sketch Tools Help

Sketch_31.2_WiFiServer.ino

8 #include <WiFi.h>

9
10 _#defipe nort 80
11 const char ®ssid Router = UEEExEEERT.  //input your wifi name

12§ const char *password_Router
13 Wiriserver server(port);

UEEHEHFERT . //input your wifli passwords

14

15  void setup()

16 {

17 Serial.begin(115200);

Compile and upload code to PICO W board, open the serial monitor and set the baud rate to 115200. Turn
on server mode for PICO W, waiting for the connection of other devices on the same LAN. Once a device
connects to server successfully, they can send messages to each other.

If the Pico W fails to connect to router, please disconnect the power supply and try again several times.

Output  Serial Monitor 3¢ ¥y O =
Mew Line * 115200 baud -

11:19: 09, 786 -
11:19:09. 786 —* Connecting to FYI_Z2. 4G
L RO N O

Ln12,Col 33 Raspbery PiPicoWonCOM2 03 B8

Any concerns? X support@freenove.com
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Serial Monitor

Output

11:
11:
11:
11:

falatot=ly

34
34
34
34

18]

47,
47,
55,
55,

Serial Monitor

1595
192
192

Connecting to FYI_Z. 4G

WiFi connected.

11:
11:

34
34

55,
55,

192 ->
235 -

ro send massage o Raspoermy P CO on CUIM3E

IP addres=: 182.168.1.23
IF port: &0

11:
11:

36
36

14.
47.

535 -
B31

Client connected.

nice to meet you

Ln 35, Col 1

¥ QO =

Mew Line * 115200 baud -

IP address and

serial port

B

Raspberry Pi Pico W on COM3 (31

Processing:

Open the “Freenove_Ultimate_Starter_Kit_for_Raspberry_Pi_Pico\C\Sketches\Sketch_31.2_ WiFiServer\

sketchWiFi\sketchWiFi.pde".

Based on the messages printed by the serial monitor, enter correct IP address and serial port in Processing to

establish connection and make communication.

@ :letchWiF

3. hello

Enter IP address and
serial port of the serial
monitor.

REMOTE IP

REMOTE PORT

CLERRRECY

nice to meet you

CLEARSEHD

Pt

Any concerns? DX support@freenove.com
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The following is the program code:
#include <WiFi.h>

f#define port 80
const char *ssid Router = “seesielelk” ;. //input your wifi name
const char *password Router = "skkkkkkx”; //input your wifi passwords

WiFiServer server (port);

void setup()

{
Serial. begin(115200) ;
Serial. printf ("\nConnecting to ”);
Serial. println(ssid Router) ;
WiFi. disconnect () ;
WiFi. begin(ssid Router, password Router);
delay (1000) ;
while (WiFi.status() != WL CONNECTED) {
delay (500) ;
Serial.print(”.”);
}
Serial. println(””);
Serial. println("WiFi connected.”);
Serial. print ("IP address: ”);
Serial. println(WiFi. localIP()) ;
Serial. printf ("IP port: %d\n”, port) ;
server. begin(port) ;
}

void loop() {

WiFiClient client = server.available(); // listen for incoming clients
if (client) { // if you get a client
Serial. println(“Client connected.”);
while (client.connected()) { // loop while the client’s connected
if (client.available()) { // if there’s bytes to read from the
client

Serial.println(client. readStringUntil(C \n’)); // print it out the serial monitor
while(client. read () >0) ; // clear the wifi receive area cache
}
if(Serial. available()) { // if there’s bytes to read from the
serial monitor
client. print (Serial. readStringUntil (C\n’)); // print it out the client

while(Serial. read()>0) ; // clear the wifi receive area cache

Any concerns? X support@freenove.com
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client. stop() ; // stop the client connecting

Serial.println(”Client Disconnected.”);

}
Apply for method class of WiFiServer.
- WiFiServer server (port) ; //Apply for a Server object whose port number is 80
Connect specified WiFi until it is successful. If the name and password of WiFi are correct but it still fails to
connect, please disconnect the power supply and try again several times.

WiFi. disconnect () ;
WiFi. begin(ssid Router, password Router) ;
delay (1000) ;
while (WiFi.status() !'= WL CONNECTED) {
delay (500) ;
Serial.print(”.”);
}
Serial. println("”);
Serial. println("WiFi connected.”);
Print out the IP address and port number of PICO W.
Serial. print ("IP address: ”);
Serial. println(WiFi. localIP()) ; //print out IP address of PICO W
Serial. printf ("IP port: %d\n”, port); //Print out PICO W s port number

Turn on server mode of PICO W.

server. begin() ; //Turn ON PICO W as Server mode

When PICO W receive messages from servers, it will print them out via serial port; Users can also send
messages to servers from serial port.
if (client.available()) { // if there’s bytes to read from the

client
Serial.println(client. readStringUntil(C \n’)); // print it out the serial monitor
while(client. read () >0); // clear the wifi receive area cache
}
if(Serial. available()) { // if there’s bytes to read from the
serial monitor
client. print (Serial. readStringUntil (C\n’)); // print it out the client

while(Serial. read()>0) ; // clear the wifi receive area cache

Any concerns? DX support@freenove.com
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Reference

Every time use Server functionality, we need to include header file"WiFi.h",
WiFiServer(uintl6_t port=80, uint8_t max_clients=4): create a TCP Server.
Port: ports of Server; range from 0 to 65535 with the default number as 80.
max_clients: maximum number of clients with default number as 4.
begin(port): start the TCP Server.
Port: port of Server; range from 0 to 65535 with the default number as 0.
setNoDelay(bool nodelay): whether to turn off the delay sending functionality.
nodelay: true stands for forbidden Nagle algorithm.
close(): close tcp connection.
stop(): stop tcp connection.

Any concerns? X support@freenove.com
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Chapter 32 Control LED with Web (Only for Pico
W/Pico 2W)

In this chapter, we will use PICO W to make a simple smart home. We will learn how to control LED lights
through web pages.

Project 32.1 Control the LED with Web

In this project, we need to build a Web Service and then use PICO W to control the LED through the Web
browser of the phone or PC. Through this example, you can remotely control the appliances in your home to
achieve smart home.

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1

00000000000000000008
Raspberry Pi Pico W ©2022 HOBTEEL

9nd3a

© 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 o0 o o
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Component knowledge

HTML

Hypertext Markup Language (HTML) is a standard Markup Language for creating web pages. It includes
a set of tags that unify documents on the network and connect disparate Internet resources into a logical
whole. HTML text is descriptive text composed of HTML commands that describe text, graphics, animations,
sounds, tables, links, etc. The extension of the HTML file is HTM or HTML. Hypertext is a way to organize
information. It uses hyperlinks to associate words and charts in Text with other information media. These
related information media may be in the same Text, other files, or files located on a remote computer. This
way of organizing information connects the information resources distributed in different places, which is
convenient for people to search and retrieve information.

The nature of the Web is hypertext Markup Language (HTML), which can be combined with other Web
technologies (e.g., scripting languages, common gateway interfaces, components, etc.) to create powerful
Web pages. Thus, Hypertext Markup Language (HTML) is the foundation of World Wide Web (Web)
programming, that is, the World Wide Web is based on hypertext. Hypertext Markup Language is called
hypertext Markup language because the text contains so-called "hyperlink" points.

You can build your own WEB site using HTML, which runs on the browser and is parsed by the browser.

Example analysis is shown in the figure below:

Declare it as an HTML5 document —3 < !DOCTYPE htm1>
——— <html>
<head>

The head el <meta charset="utf-8">
e head element <title> </title>
</head>

<body>
Complete HTML page —<

<hl> </hl>
Visible page content

<p> </p>

</body>

— </html>

<IDOCTYPE html>: Declare it as an HTML5 document

<html>: Is the root element of an HTML page

<head>: Contains meta data for the document, such as &lt; meta charset="utf-8"&gt; Define the
web page encoding format to UTF-8.

<title>: Notes the title of the document

<body>: Contains visible page content

<hl>: Define a big heading

<p>: Define a paragraph

For more information, please visit: https://developer.mozilla.org/en-US/docs/Web/HTML

Any concerns? X support@freenove.com
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Circuit

Connect Pico W to the computer using the USB cable.

© @ 060 ©© © 06 © @ © © 06 © 0 © @ 0 0 o

Raspberry Pi Pico W ©2022 HOBTEEL
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Sketch

Sketch _32.1 Control the LED with Web

Sketch_32.1_Control_the_LED_with_Web | Arduino IDE 2.3.2 - O x
File Edit Sketch Tools Help
Select Board -
Sketch_32.1_Control_the LED with Web.ino Enter the correct Router
11 #include <WifFi.h» name and password.
12
] et oue potuorl oo
18  const char® ssid = EEEEmmmR,
1 const char® password = "HFEFEREEERD.
1
17 // Set web server port number to 86
18 WiFiServer server(8e);
19 // variable to store the HTTP request
20 String header;
21 // Auxiliar variables to store the current output state
22 String PIMN_LEDState = "OFF";
23
24 // Current time
25 unsigned long currentTime = millis();
26 // Previous time
27 unsigned long previousTime = 0;
28 // Define timeout time in milliseconds (example: 2088ms = 2s)
29 const long timeoutTime = 2000;
EL%)
31 void setup() {
32 Serial.begin(1152@0);
33 // Initialize the output variables as outputs
34 pinMode(LED BUILTIN, OUTPUT);
35 digitalwWrite(LED BUILTIN, LOW);
36
37 // Connect to Wi-Fi network with SSID and password
38 Serial.print("Connecting to ");

Ln1,Col1 X Mo board selected [}

Any concerns? DX support@freenove.com
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Download the code to PICO W, open the serial port monitor, set the baud rate to 115200, and you can use
it to measure the distance between the ultrasonic module and the object. As shown in the following figure:

Output  Serial Monitor ¥ QO =
Message (Enter to send message to 'Raspbearry Pi Picc on "COM3 Mew Line * 115200 baud =

11:44: 14, 202 —-» Connecting to FYI_Z. 4G
11:44: 20, 635 -

11:44: 20, 685> WiF1i connected.
11:44: 20, 685> IP addres==:
11:44: 20, 686> 182, 168.1. 23

Ln 36, Col 15 Raspberry Pi Pico Won COMO (22 B

When PICO W successfully connects to “ssid_Router”, serial monitor will print out the IP address assigned to
PICO W by the router. Access http://192.168.1.23 in a computer browser on the LAN. As shown in the following

figure:

v @ Pico W Web Server b + _ O %

&« 5 ¢ AF=2= 192168123 B &« O3 2

Pico W Web Server

GPI0O state: OFF

OFF

You can click the corresponding button to control the LED on and off.

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

1 #include <WiFi.h>

2

3 // Replace with your network credentials

4 const char* ssid = Tloklolololok”

5 const char* password = “skkkkokx” ;

6

7 // Set web server port number to 80

8 WiFiServer server (80) ;

9 // Variable to store the HTTP request

10 | String header;

11 // Auxiliar variables to store the current output state
12 String PIN LEDState = "OFF”;

13

14 | // Current time

15 unsigned long currentTime = millis();

16 | // Previous time

17 unsigned long previousTime = 0;

18 // Define timeout time in milliseconds (example: 2000ms = 2s)
19 const long timeoutTime = 2000;

20

21 | void setup() {

22 Serial. begin (115200) ;

23 // Initialize the output variables as outputs
24 pinMode (LED_BUILTIN, OUTPUT) ;

25 digitalWrite (LED_BUILTIN, LOW);

26

27 // Connect to Wi-Fi network with SSID and password
28 Serial. print ("Connecting to ”);

29 Serial. println(ssid);

30 WiFi. begin(ssid, password) ;

31 while (WiFi.status() != WL_CONNECTED) f{

32 delay (500) ;

33 Serial.print(”.”);

34 }

35 // Print local TP address and start web server
36 Serial. println(””);

37 Serial. printIn("WiFi connected.”);

38 Serial. printIn(”IP address: ”);

39 Serial. printIn(WiFi. locallIP()) ;

40 server. begin() ;

41 |}

42 void loop() {

43 WiFiClient client = server.available(); // Listen for incoming clients

Any concerns? DX support@freenove.com
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44
45
46

47
48
49

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7

78

79

80

81

82

if (client) { // If a new client connects
Serial.println("New Client.”): // print a message out in the serial port
String currentLine = 77; // make a String to hold incoming data from the
client

currentTime = millis();
previousTime = currentTime;
while (client.connected() && currentTime — previousTime <= timeoutTime) { // loop while
the client’ s connected
currentTime = millis();
if (client.available()) { // if there’s bytes to read from the client
char ¢ = client.read(); // read a byte, then
Serial.write(c); // print it out the serial monitor
header += c;
if (¢ ==’\n") { // if the byte is a newline character
// if the current line is blank, you got two newline characters in a row.
// that’s the end of the client HITP request, so send a response:
if (currentLine. length() == 0) {
// HTTP headers always start with a response code (e.g. HTTP/1.1 200 OK)
// and a content—type so the client knows what’s coming, then a blank line:
client. println ("HTTP/1.1 200 OK”);
client. println (“Content—type:text/html”) ;
client. println(“Connection: close”);
client. println();
// turns the GPIOs on and off
if (header. indexOf ("GET /LED_BUILTIN/ON”) >= 0) {
Serial. println(”LED BUILTIN ON”);
PIN LEDState = “ON”;
digitalWrite (LED BUILTIN, HIGH);
} else if (header. indexOf ("GET /LED BUILTIN/OFF”) >= 0) {
Serial. println(”"LED BUILTIN OFF”);
PIN LEDState = "OFF”;
digitalWrite (LED BUILTIN, LOW);
}
// Display the HIML web page
client. println (“<!DOCTYPE html><html>”) ;
client. println(“<head> <title>Pico W Web Server</title> <meta name=\"viewport\”
content=\"width=device-width, initial-scale=1\">");
client. println(“<link rel=\"icon\” href=\"data:, \">”);
// CSS to style the on/off buttons
// Feel free to change the background-color and font-size attributes to fit your
preferences
client. println(“<style>html {font—family: Helvetica; display:inline-block; margin:

Opx auto; text—align: center;}”);

client. printIn(” hl{color: #0F3376; padding: 2vh;} p{font-size: 1.5rem;}”);

Any concerns? DX support@freenove.com
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83

84

85
86
87
88

89

90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

client. printIn(”. button{background—color: #4286f4; display: inline-block; border:

none; border-radius: 4px; color: white; padding: 16px 40px;text—decoration: none; font-size:

30px; margin: 2px; cursor: pointer;}”);

client. printIn(”. button2 {background—color: #4286f4;display: inline—block; border:

none; border-radius: 4px; color: white; padding: 16px 40px;text—decoration: none; font-size:

30px; margin: 2px; cursor: pointer;}</style></head>”);

// Web Page Heading

client. println("<body><h1>Pico W Web Server</h1>”);

client. println ("<p>GPI0 state: ” + PIN LEDState + "</p>”);

client. println("<p><a href=\"/LED BUILTIN/ON\”><button class=\"button

button2\”>ON</button></a><{/p>”) ;

client. println("<p><a href=\"/LED BUILTIN/OFF\”><button class=\"button

button2\”>0FF</button></a></p>”") ;

}

client. println (“</body></html>”) ;

// The HTTP response ends with another blank line
client. println();

// Break out of the while loop

break;

else { // if you got a newline, then clear currentLine

as

currentLine =

} else if (¢ !'=’\r’) { // if you got anything else but a carriage return character,

currentLine += ¢; // add it to the end of the currentLine

}

// Clear the header variable

header =

nn

// Close the connection

client. stop() ;

Serial. println(“Client disconnected.”);

Serial. printIn(””);

}

Include the WiFi Library header file of PICO W.

! #include <WiFi.h>

Enter correct router name and password.

const char* ssid = "sekkkiokkk” ;. //Enter the router name

const char* password = “stkkksiokk”:  //Enter the router password

Set PICO W in Station mode and connect it to your router.
- WiFi.begin(ssid, password) ;
Check whether PICO W has connected to router successfully every 0.5s.
while (WiFi.status() != WL CONNECTED) ({
delay (500) ;

Any concerns? DX support@freenove.com
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. Serial. print (. ”);
}

Serial monitor prints out the IP address assigned to PICO W.
- Serial. println (WiFi. localIP());
Click the button on the web page to control the LED light on and off.
// turns the GPIOs on and off
if (header. indexOf ("GET /LED BUILTIN/ON”) >= 0) {
Serial. println(“LED BUILTIN ON”);
PIN LEDState = “ON”;
digitalWrite (LED BUILTIN, HIGH);
} else if (header. indexOf (“"GET /LED BUILTIN/OFF”) >= 0) {
Serial. println(“LED BUILTIN OFF”);
PIN LEDState = "OFF”;
digitalWrite (LED BUILTIN, LOW);

Any concerns? DX support@freenove.com
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Chapter 33 Bluetooth (Only for Pico W/Pico 2W)

In June 2023, Raspberry Pi Official has updated to add Bluetooth support to the Pico W.
Pico W'’s Bluetooth 5.2 supports Bluetooth Classic and Bluetooth Low Energy (BLE) functionality. At the
beginning of this chapter, we will learn the Pico W’s Bluetooth function.

If you have Pico in your hand, please change it to Pico W before continuing to learn.

Project 33.1 Bluetooth Passthrough

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1

© @ 060 ©© © ©6 0@ © © ©0 ©0 @ © @ 0 0 @
N =

Raspberry Pi Pico W ©2022 BOOTSEL  © - '

-
o
m
@
c
[}

© 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 o0 o o

Component knowledge

Pico W'’s wireless functionality is provided by the Infineon CYW43439 device, which contains a 2.4 GHz radio
providing both 802.11n Wi-Fi and Bluetooth 5.2, supporting Bluetooth Classic and Bluetooth Low Energy (BLE)
functionality.

For simple data transfer, there are two modes:

Master mode

A device works in master mode can connect to one or more slave devices.

We can search and select the slave devices nearby to connect.

When a device initiates a connection request in master mode, it requires information about other Bluetooth
devices, including their addresses and pairing keys.

Once the devices are paired, a direct connection can be established.

Slave mode

A Bluetooth module operating in slave mode can only receive connection requests from a master device and
cannot actively initiate connections.

After establishing a connection with a master device, it can either send or receive data.

Any concerns? DX support@freenove.com
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Bluetooth devices can interact with each other, with one in master mode and the other in slave mode.
During data communication, the master device searches for and selects nearby devices to connect with.
Once a connection is made, data can be exchanged between the devices.

In the case of data exchange between a smartphone and a Raspberry Pi Pico W, the smartphone typically
operates in master mode, while the Raspberry Pi Pico W functions in slave mode.

L

bpéLIA bI bIco M ©5033

® ..

Circuit

Connect Pico W to the computer using the USB cable.

© © 06 00 @ ©6 © © © © 0 0 @ @ @ 0 o e
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Sketch

How to enab

le Pico W’s Bluetooth

In default setting, Pico W only enables the ipv4 function of its WiFi. To enable Bluetooth, please refer to the
following steps:

File Edit Sketch

Serial_BT.

[

[CaJ - T I« N B - VU 8

) Serial BT | Arduino IDE 2.3.2

Tools Help

Auto Format Ctrl+T
Archive Sketch

Manage Libraries... Ctrl+Shift+
Serial Monitor Ctrl+Shift+M
Serial Plotter

Firmware Updater
Upload SSL Root Certificates

Board >
Port »
Get Board Info

Burn Bootloader

Serial.println( " The device ¢

Raspherry Pi Pico
Rasphberry Pi w

0xCB Helios
Adafruit Feather RP2040

Only choose Pico W Adafruit Feather RP2040 SCORPIO
Adafruit Feather RP2040 DVI
Adafruit Feather RP2040 Adalogger
Adafruit Feather RP2040 RFM
Adafruit Feather RP2040 ThinkINK

Boards Manager... Ctrl+Shift+B Adafruit Feather RP2040 USB Host
Arduino AVR Boards » Adafruit Feather RP2040 CAN

esp32 » Adafruit Feather RP2040 Prop-Maker
esp8266 » Adafruit ItsyBitsy RP2040

Raspberry Pi Pico/RP2040 > Adafruit Metro RP2040

Adafruit OT Pv RP2040

File Edit Sketch

Serial_BT.

000N O B W N

=R R e
W M= ®

14

16
17
18
19

Tools Help
Auto Format Ctrl+T
Archive Sketch
Manage Libraries... Ctrl+Shift+]
Serial Monitor Ctrl+Shift+M
Serial Plotter

Firmware Updater
Upload S5L Root Certificates

Board: "Raspberry Pi Pico W*
Port
Get Board Info

Debug Level: "None”

Debug Port: "Disabled”

C++ Exceptions: "Disabled”
Flash Size: "2MB [no F5)"

CPU Speed: "133 MHz"
IP/Bluetooth Stack: "IPv4 Only®
Optimize: "Small (-Os) (standard)”
RTTI: "Disabled”

Stack Protector: "Disabled”
Upload Method: "Default (UF2)"
USB Stack: "Pico SDK”

WiFi Region: "Warldwide"

Burn Bootloader

-

* ¥ v v v v v

Bluetooth device name

Choose the

fed, now you can pair it SNV Ittt

" IPv4 Only
IPvd + IPvE

v v v v

IPv4 + Bluetooth
i + + Blustoo
IPvd Only - 32K
IPvd + IPvé - 32K
IPv4 + Bluetooth - 32K
IPvd + IPv6 + Bluetooth - 32K

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 33 Bluetooth (Only for Pico W/Pico 2W) ReEN

Sketch_33.1 Serial BT

File Edit Sketch Tools Help
' Raspberry Pi Pico W - N ol

Sketch_33.1_Serial_BTino

1 #include <SerialBT.h>

2

3 void setup() {

4 Serial.begin(115260);

5 SerialBT.setName("PicoW BT");//Bluetooth device name

6 SerialBT.begin();

7 —
8 delay(2000);

9 Serial.println("The device started, now you can pair it with bluetooth!");
10

11}

12

13 void loop() {

14 if(serial.available()){

15 SerialBT.print(Serial.readstring());
16 1

17 if(SerialBT.available()){

18 Serial.print(SerialBT.readstring());
19 1

20 delay(5);

21}

Upload the sketch to Pico W and open the serial monitor, set the baud rate to 115200. When you see the
message as shown below, it indicates that, the Bluetooth of Pico W is ready.

Qutput  Serial Monitor ¥ @

New Line « 115200 baud -

09:01:40, 810 - The device started. now wou can pair it with bluetaooth!

Ln1,Col 22 Raspberry PiPicoWon COM2 (X2 B

Any concerns? X support@freenove.com
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Please make sure the Bluetooth of your phone is turn ON and the App Serial Bluetooth Terminal has installed

on your phone.

Bluetooth

Use Bluetooth ()

Device name ‘

MyBluetooth
+  Pair new device

®

When Bluetooth is turned on, your device can communicate with
other nearby Bluetooth devices

Click Pair new device and select "PicoW_BT” to connect.

Pair new device

Device name
MyBluetooth

Available devices J

%  U-AC5602

. Picow_BT -

®

Phone's Bluetooth address: AC:C1:EE:12:8D:A5

Open the App “Serial Bluetooth Terminal”, expand the menu and select "Devices".

09:51 ¥ IR 4 KR 4]

Terminal 4 § I

Serial Bluetooth Terminal

Terminal

Devices

Settings

Info

Any concerns? DX support@freenove.com
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In Bluetooth Classic mode, select PicowW_BT, and you will see “Connected”, which indicates a successful
connection.

09:59 ¢

<  Terminal

09:57:18.501 Connecting to PicoW_BT ...

Bluetooth Classic Bluetooth LE 09:57:18.615 Connected

PicoW_BT M1 M2 M3 M4

28:CD:C1:05:41:96

Now, the data can be transfer between your phone and computer (Pico W).

Input Hello at the sending bar on the phone app and tap the send icon to send message to pico W.

When the computer receives it, input "Hi" at the Message bar and hit Enter key to send message to your
phone.

Output  Serial Monitor ¥ @O =
Mew Line * 115200 baud >

09:44:43, 148 -* The device started, now you can pair it with bluetooth!
09:44: 58, 862 —-» Hella!

Ln21,Col 2 Raspberry Pi PicoWon COMO 22 B

09:44:48.180 Connecting to PicoW_BT ...
09:44:48.472 Connected

09:44:58.007 Hello!

09:45:05.413

M1 M2

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

#include <SerialBT. h>

void setup() {
Serial. begin (115200) ;
SerialBT. setName (“PicoW BT”); //Bluetooth device name

SerialBT. begin() ;

delay (2000) ;

Serial. println(”“The device started, now you can pair it with bluetooth!”)

void loop() {
if (Serial. available()) {
SerialBT. print (Serial. readString()) ;
}
if (SerialBT. available()) {
Serial. print (SerialBT. readString()) ;
}
delay (5) ;

Reference

This is a class library used to operate SerialBT, which can directly read and set SerialBT. Here are some
member functions:

SetName(const char *name): Sets the Bluetooth module name.

begin(): Initializes the Bluetooth functionality.

available(): Retrieves data sent from the buffer; if none, returns 0.

read(): Reads data from Bluetooth, returns data as an int type.

readString(): Reads data from Bluetooth, returns data as a String type.

write(uint8_t c): Sends a single uint8_t type of data to Bluetooth.

write(const uint8_t *p, size_t len): Sends the first len bytes of data stored at pointer address p to Bluetooth.
print(): Sends all types of data to Bluetooth for printing.

end(): Disconnects all Bluetooth devices and turns off Bluetooth, freeing up all occupied space.

Any concerns? DX support@freenove.com
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Project 33.2 Bluetooth Low Energy Data Passthrough

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1
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Circuit

Connect Pico W to the computer using the USB cable.
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In this tutorial we need to use a Bluetooth APP called Serial Bluetooth Terminal to assist in the experiment. If
you've not installed it yet, please do so by clicking: https://www.appsapk.com/serial-bluetooth-
terminal/.The following is its logo.

i -

r

Any concerns? DX support@freenove.com
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Sketch

Sketch_33.2_Serial_BT

File Edit Sketch Tools Help
¥ Raspberry Pi Pico W - -q\ O

Sketch_33.2_Serial_BLE.ino
42 void setup(void) {
43 Serial.begin(115200);
44 delay(2000);
45
46 setupBLE("PicoW BLE");
47}
48
49  void loop(void) {
50 BTstack.loop(); B
51
52 if (Serial.available() > 9) { // Check if there is serial dat
53 String input = Serial.readStringuntil('\n');
54 input.trim(); // Remove front and back blank
55
56 size t input_length = input.length(); // Get string lengt
57
58 // Copy input to characteristic _data and add line breaks
59 memcpy(characterlstlc data, input.c_str(), input_length);
60 characteristic data[input_length] = '\n"; // add linefeeds
61 characteristic data[input_length + 1] = "\@"; // End of string
62
63 Serial.print("input data: ");
64 Serial.print(characteristic_data);

Before uploading the sketch, please make sure the Bluetooth of Pico W is enabled.

Serial Bluetooth

Compile and upload sketch th Pico W. The opration is similar to that in the previous section.
First, make sure Bluetooth on your phone is turned ON, and open Serial Bluetooth Terminal.

Bluetooth

Use Bluetooth O

Device name
MyBluetooth

+  Pair new device

Serial Bluetooth... ®

When Bluetooth is turned on, your device can communicate with
other nearby Bluetooth devices

Any concerns? DX support@freenove.com
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Click Pair new device, select “PicoW_BT” to connect.

Pair new device

Device name
MyBluetooth

Available devices J
% U-AC5602

. PicoW_BT -

®

Phone's Bluetooth address: AC:C1:EE:12:8D:A5

Expand the menu at the left of the app, and select "Devices".

09:51 ¢ (R 4]

Terminal " i -1
ermina _I

Serial Bluetooth Terminal

Terminal
Devices
Settings

[31{s]

Select BLUETOOTH LE and click scan to search for BLE devices nearby.
10:53 ¥ 0P

& Devices SCAN

Bluetooth Classic Bluetooth LE

PicoW_BLE
28:CD:C1:05:41:96 (paired)

LR 4

Any concerns? X support@freenove.com
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Select “Picow_BLE".

10:49 ¢ (IR 4

< Scanning... STOP

Bluetooth Classic Bluetooth LE

PicoW_BLE
28:CD:C1:05:41:96 (paired)

Long press "PicoW_SLE" to bring up the option, select "Edit"

09:54 & o8 %5uS =D
< Scanning... STOP
Bluetooth Classic  Bluetooth LE

PicoW_BLE

28:CD:C1:05:41:96

Xiaomi Smart Banc Connect
D0:62:2C:43:E2:FB (pair

Edit

Select 'Custom' and click on configure Service UUID, Read characteristic UUID, and Write characteristic UUID
09:53 OB =ED
< Bluetooth LE Profile v
O Predefined @)

(® Custom

Service UUID
b8e06067-62ad-41ba-9231-206ae80ab551
Read characteristic UUID
f897177b-aee8-4767-8ecc-cc694fd5fcel

Write characteristic UUID

f897177b-aee8-4767-8ecc-cc694fd5fce

Any concerns? DX support@freenove.com
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LightBlue

If Serial Bluetooth cannot be installed on your phone, try LightBlue. If you do not have this software installed
on your phone, you can refer to this link:

iPhone:https://apps.apple.com/us/app/lightblue/id557428110?platform=iphone

LightBlue®
The go-to BLE development tool
Punch Through

*kkk* 4.0.4Ratings

Free

LE

Screenshots Mac iPhone iPad

-
Peripheral Temperature Measure Hos Cancel Characteristic Format
£ Meath Monor
Search Peripherals By Name Health Monitor Mean Wonter

Q Search Poripherais By Nam Temperature Measurement

UL AJIIAB00-FOFF 4560 DAAD- £ 2160AZ78210 Ternpera(ufe Measurement ULRO: 2A1C

_ Connected U0 2AC
il Health Monitor Connected 123456
- 2 5ervoes ADVERTISEMENT DATA Show il
A Matt's Mug B 04432126
09 1 senvico Device Information Listen for notifications
0 2 000100100011010001010110
'_':l‘l T.?”ed‘s Arduino Uno Hardware Revision Sting O Ot
,Il Gretchen's Fitbit Blaze Manulachurer Nerne S¥ng Oscrons b4
1 prvice Purch T
reoeyaTas

"lnl H?v.".R.‘. Mg Health Thermometer rdcate
aill Colin's iPhone Xs Intermedinte Tempemtue
48 Nogervices N gartem bt
.I‘u Sous Vide Bean Il:wv.w"'-m:n.m;l\hu-Jw'--z
1 gervice oo

Temperature Type
Ll Mike's MacBook Pro Pccertes: Fes)
40  No services

Measurement Interval
Jll PT DevKit e
Ay 2 services
Il Health Monitor Byte Count: = | +}
8 2services

Fraanness [ 5o

Any concerns? X support@freenove.com
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Step 1. Upload sketch 33.1 to Pico W.
Step 2. Open Serial Monitor.

File Edit Sketch Tools Help

¥ Raspberry Pi Pico W -

3.2_Serial_BLE.ino
void setup(void) {

43 Serial.begin(115200);

44 delay(2000);

45

46 setupBLE("PicoW BLE");

a7 }

48

49  void loop(void) {

50 BTstack.loop(); B
51

52 if (serial.available() > @) { // Check if there is serial dat
53 String input = Serial.readstringuntil('\n');

54 input.trim(); // Remove front and back blank
55

56 size t input_length = input.length(); // Get string length

Step 3. Set the baud rate to 115200.

Output  Serial Manitor x ¥ Q@ =

Message (Enter to send message to 'Raspberry Pi Pico W on 'COM3

MNew Line * | 115200 baud =

11:02:46. 386 -» Waiting a client commection to notify...

Ln 40, Col 2 Raspberry Pi PicoWon COM9 (31 B

Turn ON Bluetooth on your phone and open LightBlue App.

Bluetooth

Use Bluetooth O

Device name
MyBluetooth

+  Pair new device

LightBlue ©

When Bluetooth is turned on, your device can communicate with
other nearby Bluetooth devices

Any concerns? DX support@freenove.com
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At the device scan page, scroll down to refresh the devices nearby. Select Picow_BLE to connect.

11:16 ¥ 11:16 ¥

LightBlue® <  PicoW_BLE

aQ =

Peripherals Nearby (showing 1 of 39)

ADVERTISEMENT DATA

Connection status

. Connected
7‘ PicoW_BLE CONNECT

44dBm  28:CD:C1:05:41:96 Advertised name
PicoW_BLE

Raw advertisement packet
0x0201020A095069636F575F424C450000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000

DEVICE INFORMATION

Device Address
28:CD:C1:05:41:96

Read and Write b8e06067-62ad-41ba-9231-206ae
80ab551

f897177b-ace8-4767-8ecc-cc694f

B ) | d5fce0 >
Scan Bonded Learn Readable, Writable, Notify

Click “Read and Write”. Click on "Read and Write". Select the corresponding data format in the box on the
right side of the data format, such as HEX hexadecimal, utf-string string, Binary binary, etc. Then click
SUBSCRIBE.

11:16 ¢ 0 9§

<  f897177b-aee8-4767-8ecc...

Characteristic UUID
f897177b-aee8-4767-8ecc-cc694fd5fcel

v Readable
Able to be read from
v Writable _
Able to be written to
Supports mns
~" Abletobe si Hex 3/
indications stic
UTF-8 String
Data format 3
Binary

READ/INDIC

Unsigned Little-Endian

Signed Little-Endian
No value read
Tap onone of the | Unsigned Big-Endian  — 1o
begin

WRITTEN VA Signed Big-Endian

11:16 ¥ 0 Wi

<  f897177b-aee8-4767-8ecc...

Characteristic UUID
f897177b-aee8-4767-8ecc-cc694fd5fcel

Readable

Able to be read from

v

Writable
Able to be written to

v

Supports notifications/indications

~" Able to be subscribed to for notifications/
indications on changes to the characteristic

Data format [ UTF-8 String -

READ/INDICATED VALUES

READ AGAIN ISUBSCRIBE l

No value read recently

Tap on one of the buttons above — if available — to
begin

WRITTEN VALUES

Any concerns? DX support@freenove.com
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Return to the serial monitor on Arduino IDE, you can input any message and hit the Enter key to send.

Output  Serial Monitor ¢ ¥ 0 =
[ Hello ] Mew Line * 115200 baud e

11:34: 22,935 -> ﬁaiting a client connection to notify. ..
11:34: 32,070 -> Device connected!

Ln40,Col 2 Raspberry Pi Pico Won COM9 31 B

Then you can see LightBlue on your phone receive the data.

11:17 & o 9@

<  f897177b-aee8-4767-8ecc...

v Readable
Able to be read from
v Writable

Able to be written to

Supports notifications/indications

v Able to be subscribed to for notifications/
indications on changes to the characteristic

[ Data format [ UTF-8 String - J]

READ/INDICATED VALUES

READ AGAIN UNSUBSCRIBE

Hello

Wed Oct 09 11:17:37 GMT+08:00 2024

WRITTEN VALUES

\b, \f, \n, \r, \t, \x00, \u0000 and \000 escape
sequences are supported.

Any concerns? DX support@freenove.com


http://www.freenove.com/

B www.freenove.com Chapter 33 Bluetooth (Only for Pico W/Pico 2W) [ReZE]

Similarly, you can send data from your phone to computer. Input any content and click WRITE to send the
data.

11:18 ¥ R 4

< f897177b-aee8-4767-8ecc...

Supports notifications/indications

~ Able to be subscribed to for notifications/
indications on changes to the characteristic

[ Data format [ UTF-8 String v ]

READ/INDICATED VALUES

UNSUBSCRIBE

Hello

Wed Oct 09 11:17:37 GMT+08:00 2024

WRITTEN VALUES

\b, \f, \n, \r, \t, \x00, \u0000 and \000 escape
sequences are supported.

No value written recently
Input some data and tap on the "Write" button to
begin

You can see the data received.

Output  Serial Manitor x ¥ Q@ =

Message (Enter to send message to 'Raspberry Pi Pico W on 'COM3 Mew Line * 115200 baud 7
11:44:49, 498 - Waiting a client commection to notify...

11:44: 53,984 -» Device connected!

11:45: 06, 162 -» Receiwed data: hello

Ln 40, Col 2 Raspberry Pi PicoWon COM9 (31 B

Now the data can be transfer between your phone and pico W.

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

finclude <BTstackLib. h>
finclude <SPI.h>
finclude <btstack.h>

fidefine MAX LENGTH 256
static char characteristic_data[MAX LENGTH] = “Pico W Bluetooth”;

// Track subscription status

bool isSubscribed = false;

// The handle of the connection
hci con handle t connection handle = HCI CON HANDLE INVALID;

// characteristic handle

uintl6 t characteristic handle = 0;

// Assuming the handle of CCCD is a characteristic handle+l
#define CCCD_HANDLE (characteristic_handle + 1)

void setupBLE(const char *BLEName) {
//Set callback function
BTstack. setBLEDeviceConnectedCal 1back (deviceConnectedCallback) ;
BTstack. setBLEDeviceDisconnectedCallback (deviceDisconnectedCallback) ;
BTstack. setGATTCharacteristicRead (gattReadCallback) ;
BTstack. setGATTCharacteristicWrite (gattWriteCallback) ;

//Set GATT database
BTstack. addGATTService (new UUID("B8E06067-62AD-41BA-9231-206AE80AB5517)) ;
characteristic_handle = BTstack. addGATTCharacteristicDynamic (

new UUID("f897177b—aee8-4767-8ecc—cc694fd5fcel”),

ATT_PROPERTY READ | ATT PROPERTY WRITE | ATT PROPERTY NOTIFY,

0

)

//Activate Bluetooth and broadcast
BTstack. setup (BLEName) ;
BTstack. startAdvertising() ;

4

Serial. println(“Waiting a client connection to notify...”);

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

Any concerns? DX support@freenove.com
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Delay (2000) ;

setupBLE (“PicoW BLE”) ;

void loop() {
BTstack. loop () ;

if (Serial.available() > 0) { // Check if there is serial data
String input = Serial.readStringUntil (‘\n’);
input. trim() ; // Remove front and back blank spaces
size t input_length = input. length(); // Get String length

// Copy input to characteristic _data and add line breaks
memcpy (characteristic data, input.c str(), input length);
characteristic_datalinput_length] = “\n’; // add linefeeds
characteristic_datalinput length + 1] = \0’; // End of string

Serial. print (“input data: ”);

Serial. print (characteristic_data) ;

sendNotificationToSubscribers(); //Send notifications to subscribed devices
}
//Delay by 5ms to prevent data loss due to receiving too quickly
delay (5) ;

void deviceConnectedCallback (BLEStatus status, BLEDevice *device) {
if (status == BLE_STATUS OK) {
Serial. println(“Device connected!”);

connection_handle = device—>getHandle() ; // Get connection handle

void deviceDisconnectedCallback (BLEDevice * device) {
(void) device;
Serial. println(”“Disconnected.”) ;
connection_handle = HCI CON_HANDLE INVALID;

isSubscribed = false; // Reset subscription status

// Callback function for reading data
uintl16 t gattReadCallback (uintl6 t value handle, uint8 t * buffer, uintl6_t buffer size) {

Any concerns? X support@freenove.com
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(void) value handle;
if (buffer & buffer size > 0) {
Serial. print ("Read data: ”);

Serial. println(characteristic_data);

size t data length = strlen(characteristic data); // Get characteristic data length
if (data_length > buffer size) { // Limit length
data length = buffer size;

memcpy (buffer, characteristic data, data length); // Copy String
return data length;

}

return O;

// Callback function for writing data
int gattWriteCallback (uintl16_t value handle, uint8 t *buffer, uintl6 t size) {
if (value handle == CCCD_HANDLE) { // Processing CCCD writing
if (size >= 2) {
uintl6 t cced value = buffer[0] | (buffer[1] << 8);
isSubscribed = true; //Subscription status is true
}
} else { // Writing of processing feature data
size t copy_size = (size < (MAX_LENGTH - 1)) ? size : (MAX LENGTH - 1);
memcpy (characteristic_data, buffer, copy_size); // Copy String

characteristic_data[copy_size] = “\0’; // Ensure that the string ends

Serial. print ("Received data: ”);

Serial. println(characteristic_data) ;

return O;

void sendNotificationToSubscribers() {
if (isSubscribed && connection handle != HCI _CON_HANDLE INVALID) {
// Send notifications
att_server notify(connection handle, characteristic_handle

(uint8 t*)characteristic_data, strlen(characteristic data));

Any concerns? DX support@freenove.com
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Define the specified UUID number for BLE vendor.
BTstack. addGATTService (new UUID("B8E06067-62AD-41BA-9231-206AE80AB5517)) ;
characteristic_handle = BTstack. addGATTCharacteristicDynamic (
new UUID ("£897177b—aee8-4767-8ecc—cc694fd5fcel”),
ATT_PROPERTY _READ | ATT_PROPERTY WRITE | ATT PROPERTY NOTIFY,
0
)
Write a Callback function for the BLE server to manage BLE connections.

void deviceConnectedCallback (BLEStatus status, BLEDevice *device) {
if (status == BLE_STATUS_OK) {
Serial. println("Device connected!”);

connection handle = device—>getHandle(); // Get connection handle

"

}
Write a Callback function for the BLE server to handle BLE disconnections.

void deviceDisconnectedCallback (BLEDevice * device) {
(void) device;
Serial. println("Disconnected.”) ;
connection handle = HCI CON HANDLE INVALID;
isSubscribed = false; // Reset subscription status
}
Write a Callback function to read data. When BLE needs to read data, print the read data on the phone.

// Callback function for reading data

uintl6 t gattReadCallback (uintl6 t value handle, uint8 t * buffer, uintl6_t buffer size) {
(void) value_handle;
if (buffer && buffer size > 0) {

Serial.print ("Read data: ”);

Serial. println(characteristic data);

size t data_length = strlen(characteristic_data); // Get characteristic data length
if (data_length > buffer size) { // Limit length
data length = buffer size;

memcpy (buffer, characteristic_data, data length); // Copy String
return data length;
}

return O;

—

}

Create a Callback function for writing data. When data is written to BLE, check if it is the CCCD characteristic
handle or a write characteristic handle. If it is the CCCD, it indicates a subscription state; otherwise, print the
written data to the serial console.

// Callback function for writing data
int gattWriteCallback (uintl6 t value handle, uint8 t *buffer, uintl6 t size) {

Any concerns? DX support@freenove.com
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if (value handle == CCCD_HANDLE) { // Processing CCCD writing
if (size >=2) {
uintl6_t cced value = buffer[0] | (buffer[1] << 8);
isSubscribed = true; //Subscription status is true
}
} else { // Writing of processing feature data
size t copy size = (size < (MAX LENGTH - 1)) ? size : (MAX LENGTH - 1);
memcpy (characteristic_data, buffer, copy size); // Copy String

characteristic_datalcopy size] = ‘\0’; // Ensure that the string ends

Serial. print ("Received data: ”);

Serial. println(characteristic_data);

return 0;
}
Write a function to send subscription notifications. When data is received through the serial port, send a
notification to let BLE receive the data.

void sendNotificationToSubscribers() {
if (isSubscribed && connection handle != HCI_CON_HANDLE INVALID) {
// Send notifications
att_server notify(connection handle, characteristic_handle

(uint8_t*)characteristic_data, strlen(characteristic data));

}
Process serial port data: Upon receiving data from the serial port, remove any leading and trailing whitespace,
append a newline character to the end of the string, and then use the notification function to transmit the
data to the mobile device via BLE.
if (Serial.available() > 0) { // Check if there is serial data

String input = Serial.readStringUntil (‘\n’);

input. trim() ; // Remove front and back blank spaces

size t input length = input. length(); // Get String length

// Copy input to characteristic data and add line breaks
memcpy (characteristic data, input.c str(), input length);
characteristic datalinput length] = \n’; // add linefeeds
characteristic datalinput length + 1] = \0’; // End of string

Serial. print (“input data: ”);

Serial. print (characteristic data) ;

sendNotificationToSubscribers () ; //Send notifications to subscribed devices

}

Any concerns? DX support@freenove.com
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The design for creating the BLE server is:

. Set up a connection Callback function.

. Set up a Callback function for disconnection.

. Set up GATT read characteristic.

. Set up GATT write characteristic.

. Add GATT service.

. Add GATT dynamic characteristic (read, write, notify).
. Initialize BLE.

. Start advertising.

O N o ok~ w DN

void setupBLE(const char *BLEName) {
//Set callback function
BTstack. setBLEDeviceConnectedCal 1back (deviceConnectedCallback) ;
BTstack. setBLEDeviceDisconnectedCal lback (deviceDisconnectedCal lback) ;
BTstack. setGATTCharacteristicRead (gattReadCallback) ;
BTstack. setGATTCharacteristicWrite (gattWriteCallback) ;

//Set GATT database
BTstack. addGATTService (new UUID("B8E06067-62AD-41BA-9231-206AE80AB5517)) ;
characteristic_handle = BTstack. addGATTCharacteristicDynamic (

new UUID("f897177b-aee8-4767-8ecc—cc694fd5fcel”),

ATT_PROPERTY READ | ATT PROPERTY WRITE | ATT PROPERTY NOTIFY,

0

)

//Activate Bluetooth and broadcast
BTstack. setup (BLEName) ;
BTstack. startAdvertising() ;

4

Serial.println("Waiting a client connection to notify...”);

Any concerns? DX support@freenove.com
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Project 33.3 Bluetooth Control LED

In this project, we will control an LED via Pico W's Bluetooth function.

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1

© @ 060 ©© © ©6 0@ © © ©0 ©0 @ © @ 0 0 @
N =

Raspberry Pi Pico W ©2022 HOBTEEL

9nd3a

.l

© 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 o0 o o

Breadboard x1

LED x1 Resistor 220Q x1 Jumper

Any concerns? DX support@freenove.com
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Circuit

Connect Pico W to your phone with the USB cable.

Schematic diagram

41| 42| 43|

. SWCLK SWGND SWDIO | 4o
—dGpo VBUS |

2 39
L VsS =

Raspberry PI

4 PICOW 37
— cp2 V3_EN |
—J Gp3 3v3 ==
— Gpa ADC_VREF |=—
— aps GP28_A2 [P
AGND =
_ —lcps GP27 A1 =

— 10 Ell
—_ 7 GP26_A0 2=

" 30
—Jdcps RUN |==
) Gp22 2=

LEDI P

Red (633m) N7 . z
==l cp10 P21 =
BRER pT GP20 =
— P12 GP19 |
2 cri3 GP18 =

R1 19 22
—t GP14 GP17

2209 20 21
GP15 GP16 |

GND

381378 § 23,2838

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

 a

Note: To help users have a better experience when doing the projects, we have made some modifications
to Pico's simulation diagram. Please note that there are certain differences between the simulation diagram

and the actual board to avoid misunderstanding.

Any concerns? DX support@freenove.com
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Sketch

Sketch_33.3_LEDControl_BT

File Edit Sketch Teals Help

Wt~ 3w s

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

.\? Raspberw ren -

Sketch_33.3_LEDControl_ET.ino

#define LED 15
bool led status = false;

void setup() {
pinMode(LED, OUTPUT);

SerialBT.setName("PicoW BT");
SerialBT.begin();

Serial.begin(1152080);
delay(2000);

Serial.println("The device started, now you can pair it with bluetooth!");
1
i)

void loop() {
if(SerialBT.available()){
String myString = SerialBT.readString();
myString.trim();
Serial.println{myString);
if(myString.equals("led _on") == true){
led status = true;
digitalWrite(LED, led status);

Upload the sketch to Pico W.
The operation on the phone app is similar to that in Project 33.1. You just need to change the sending
messages to “led_on”, “led_off” and “led_toggle” to control the status of the LED.

15:08:33.828 Connecting to PicoW_BT ...
15:08:40.951 Connected

15:09:56.100 led_on

15:09:57.336 led_off

15:10:12.432 led_on

15:10:12.897 led_off

15:10:13.398 led_toggle
15:11:46.381 led_toggle

M1 M2 M3

Displays on the serial monitor.

Any concerns? DX support@freenove.com
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Output  Serial Monitor x ¥ O =

Message (Enter to send message to 'Raspberry Pi Pico W on'COM9") || New Line * 115200 baud e

15:07:21. 273 —-» The device started, now you can pair it with bluetooth!
15:09:567.011 —-» led _on

15:09: 58, 283 -» led_off

15:10:14. 306 —» led_on

15:10: 14, 306 - led_off

15:10: 14, 306 —» led_togzle

15:11:47. 316 —=» led_togzle

Ln 3. Col 31 Raspberry Pi PicoWon COMO (22 B

LED status.
N7
Send: “led_on” : ¢

Send: “led_off”

e o 0 0
L

N1/ 'Y
“ ” M p .
Send: “led_toggle M ¥ > Bl B
o JCo <+ ~ ~
. . . e

Note: If the messages you send are not “led_on”, “led_off”, or “led toggle”, the status of the LED won't change.

For example, when the LED is already ON, it will remain ON unless the message “led_off”, or “led toggle” is

received.

The following is the program code:
#include <SerialBT. h>

#define LED 15 //LED pin
bool led status = false;

void setup() {
pinMode (LED, OUTPUT) ;

SerialBT. setName ("PicoW_BT”); //Bluetooth device name
SerialBT. begin() ;

Serial. begin(115200) ;
Delay (2000) ;

Any concerns? DX support@freenove.com
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Serial. println(”“The device started, now you can pair it with bluetooth!”):

void loop() {
if (SerialBT. available()) {

String myString = SerialBT. readString() ;

myString. trim() ;

Serial. println(myString) ;

if (myString. equals(“led on”) == true) {
led status = true;
digitalWrite (LED, led status);

1

if (myString. equals(“led off”) == true) {
led status = false;
digitalWrite(LED, led status);

}

if (myString. equals(”“led _toggle”) == true) {
led status = !led status;

digitalWrite(LED, led status);

}

//read String
//Clear the front and back blank spaces

//on

//off

//toggle

Define the pin of LED and set its default status as false.

. #define LED 15 //LED pin

bool led status = false;
Set the LED pin to output mode.

- pinMode (LED, OUTPUT) :

Process the received Bluetooth data, determine the status of the LED light. If it is "led_on", the LED light is on;
if it is "led_off", the LED light is off; if it is "led_toggle”, the LED status is opposite to the current status.

if (SerialBT. available()) {

String myString = SerialBT. readString() ;

myString. trim() ;

Serial. println(myString) ;

if (myString. equals(“led on”) == true) {
led status = true;
digitalWrite(LED, led status);

1

if (myString. equals(“led off”) == true) {
led status = false;
digitalWrite(LED, led status);

1

if (myString. equals(“led toggle”) == true) {
led status = !led status;

digitalWrite (LED, led status);

//read String
//Clear the front and back blank spaces

//on

//off

//toggle

Any concerns? DX support@freenove.com
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}
}

Reference

The ‘trim()’ function is used to remove whitespace from both sides of a string, converting "led_on\n" to
"led_on" for easier subsequent judgment.

removes whitespace from both sides of a string.

The ‘equals()’ function is used to compare if two strings are identical, providing a simple and fast way to
compare strings.

s2: The other string to be compared.

Return value: If s2 is not equal to the current string, the return value is 0.
If s2 is equal to the current string, the return value is 1.

Note: Both data being compared must be of string type.

Any concerns? DX support@freenove.com
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Project 33.4 Bluetooth Low Energy Control LED

This project is basically the same as the previous one. You do not need to change the circuit wiring. Just
upload the corresponding sketch.

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1

© @ 060 ©© © ©6 0@ © © ©0 ©0 @ © @ 0 0 @
N =

Raspberry Pi Pico W ©2022 BOOTSEL  © - '

ongia

LED x1 Resistor 220Q x1 Jumper

Any concerns? DX support@freenove.com
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Circuit

Connect the Pico W to your computer with a USB cable.

Schematic diagram

41| 42| 43|

, SW CLK SW GND SW DIO "
—1 GPO VBUS [
2 39
— GP1 V5§ f—
Raspberry PI

. Picow
— GP2 3V3_EN frmmm
— Gp3 s |2
—= cp4 ADC_VREF

7

GP5 GP28_A2

37
36
i
s
AGND =
i
L
30
i

_ — Gps GP27_A1
—_ — cp7 GP26_A0
—Jdcps RUN =
— Gpg GP22
LEDI P
Red (633m) N7 . z
— Gp10 Gp21 =
BRER pT GP20 =
— P12 GP19 |
2 cri3 GP18 =
R1 19 22
— Gp1a P17 =
2209 20 21
GP15 GP16 |

GND

381378 § 23,2838

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

..
..
..
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¥

-
..0..0...0..0..0.'.0..0.' 2 1 )

. e e 0w . e e L S B . o e e -
. e e L S B A L S B A LR O BN - +

Note: To help users have a better experience when doing the projects, we have made some modifications
to Pico's simulation diagram. Please note that there are certain differences between the simulation diagram
and the actual board to avoid misunderstanding.
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Sketch

Sketch_33.4_LEDControl_BLE

File Edit Sketch Tools Help
¥ Raspberry Pi Pico 2W - WO

Sketch_33.4_LEDContron_BLE.ino
45 void setup(void) {
46 pinMode(LED, OUTPUT);
47
43 Serial.begin(115200);
49 delay(2e00);
50
51 setupBLE("PicoW_BLE"); B
52}
53
54 void loop(void) {
55 BTstack.loop();
56
57 if (serial.available() > @) { // Check if there is serial dat
58 String input = Serial.readStringuntil('\n');
59 input.trim(); //Remove front and back blank sj
60
61 size_t input_length = input.length(); // Get string length

Upload the sketch to Pico W. As previously mentioned, you can input “led_on”, “led_off", or “led_toggle” to
change the status of the LED.

15:58 ® 09l

< f897177b-aee8-4767-8...

[ Data format [ UTF-8 String v ]

READ/INDICATED VALUES

UNSUBSCRIBE

No value read recently

Tap on one of the buttons above — if available
— to begin

WRITTEN VALUES

\b, \f, \n, \r, \t, \x00, \u0000 and \000 escape
sequences are supported.

(e )

No value written recently

Input some data and tap on the "Write" button
to begin

Any concerns? DX support@freenove.com
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Displays on the serial monitor.

Qutput  Serial Monitor ¥ ) =

M

16}
12}

5540

(Enter to send message to 'Raspberry Pi Pico W on'COMY) | New Line * 115200 baud =

15:59: 27,800 > Waiting a client connection to notifw...
15: 6828, 952 -» Device comnnected!

16:59: 49, 320 -» Received data: led_on

15:59: 54, 347 -» Received data: led_off

15:59: 568, 369 -> Received data: led on

16:00:01.319 -> Eeceived data: led_ off

16:00:06. 918 —-» Receiwved data: led_toggle

16:00:07,991 - Eeceived data: led toggle

Ln 47, Col 18 Raspberry Pi PicoWon COMS (22 B

LED Status.

Send: “led_on”

¢ e o 0 o
e e e o0

Send: “led_off”

e e 0 0o o
—
e e e o o

Send: “led_toggle” i 9 >

oo o
e e o o o

Note: If the messages you send are not “led_on”, “led_off”, or “led toggle”, the status of the LED will not
change.
For example, when the LED is already ON, it will remain ON unless the message “led_off”, or “led toggle” is
received.

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

finclude <BTstackLib. h>
finclude <SPI.h>
finclude <btstack.h>

#define LED 15 // LED pin
bool led status = false;

fidefine MAX LENGTH 256
static char characteristic_data[MAX LENGTH] = “Pico W Bluetooth”;

// Track subscription status

bool isSubscribed = false;

// The handle of the connection
hci con handle t connection handle = HCI CON HANDLE INVALID;

// characteristic handle

uintl6 t characteristic handle = 0;

// Assuming the handle of CCCD is a characteristic handle+l
#define CCCD_HANDLE (characteristic_handle + 1)

void setupBLE(const char *BLEName) {
//Set callback function
BTstack. setBLEDeviceConnectedCallback (deviceConnectedCallback) ;
BTstack. setBLEDeviceDisconnectedCallback (deviceDisconnectedCallback) ;
BTstack. setGATTCharacteristicRead (gattReadCallback) ;
BTstack. setGATTCharacteristicWrite (gattWriteCallback) ;

//Set GATT database
BTstack. addGATTService (new UUID("B8E06067-62AD-41BA-9231-206AE80AB5517)) ;
characteristic_handle = BTstack. addGATTCharacteristicDynamic (

new UUID("f897177b—aee8-4767-8ecc—cc694fd5fcel”),

ATT_PROPERTY READ | ATT PROPERTY WRITE | ATT PROPERTY NOTIFY,

0

)

//Activate Bluetooth and broadcast
BTstack. setup (BLEName) ;
BTstack. startAdvertising() ;

4

Serial. println(“Waiting a client connection to notify...”);

}

Any concerns? DX support@freenove.com
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void setup() {
pinMode (LED, OUTPUT) ;

Serial. begin (115200) ;
delay (2000) ;

setupBLE (“PicoW BLE”) ;

void loop() {
BTstack. loop () ;

if (Serial.available() > 0) { // Check if there is serial data
String input = Serial.readStringUntil (‘\n’);
input. trim() ; // Remove front and back blank spaces
size t input_length = input. length(); // Get String length

// Copy input to characteristic data and add line breaks
memcpy (characteristic data, input.c str(), input length);
characteristic_datalinput_length] = “\n’; // add linefeeds
characteristic_datalinput length + 1] = \0’; // End of string

Serial. print (“input data: ”);

Serial. print (characteristic_data) ;

sendNotificationToSubscribers(); //Send notifications to subscribed devices
}
//Delay by 5ms to prevent data loss due to receiving too quickly
delay (5) ;

void deviceConnectedCallback (BLEStatus status, BLEDevice *device) {
if (status == BLE_STATUS OK) {
Serial. println(“Device connected!”);

connection _handle = device—>getHandle() ; // Get connection handle

void deviceDisconnectedCallback (BLEDevice * device) {
(void) device;
Serial. println(”“Disconnected.”) ;
connection handle = HCI CON HANDLE INVALID;

Any concerns? X support@freenove.com
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isSubscribed = false; // Reset subscription status

// Callback function for reading data
uintl6 t gattReadCallback(uint16 t value handle, uint8 t * buffer, uintl6 t buffer size) {
(void) value handle;
if (buffer & buffer size > 0) {
Serial. print ("Read data: ”);

Serial. println(characteristic_data);

size t data length = strlen(characteristic data); // Get characteristic data length
if (data_length > buffer size) { // Limit length
data length = buffer size;

memcpy (buffer, characteristic_data, data length); // Copy String
return data length;
}

return O;

// Callback function for writing data
int gattWriteCallback (uintl6_t value handle, uint8 t *buffer, uintl6 t size) {
if (value handle == CCCD_HANDLE) { // Processing CCCD writing
if (size >= 2) {
uintlé t cced value = buffer[0] | (buffer[1] << 8);
isSubscribed = true; //Subscription status is true
}
} else { // Writing of processing feature data
size t copy_size = (size < (MAX_LENGTH - 1)) ? size : (MAX LENGTH - 1);
memcpy (characteristic_data, buffer, copy_size); // Copy String

characteristic_datal[copy_size] = “\0’; // Ensure that the string ends

String myString = String(characteristic_data) // Convert to String

myString. trim() ; // Remove front and back blank spaces
if (myString. equals(“led on”) == true) { // led on

led status = true;
digitalWrite (LED, led status);
}
if (myString. equals(“led off”) == true) { // led off
led status = false;
digitalWrite (LED, led status);

}
if (myString. equals(“led toggle”) == true) { // led toggle

Any concerns? DX support@freenove.com
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led status = !led status;

digitalWrite(LED, led status);

Serial. print ("Received data: ”);

Serial. println(characteristic_data);

return 0;

void sendNotificationToSubscribers() {
if (isSubscribed && connection handle != HCI_CON_HANDLE INVALID) {
// Send notifications
att_server notify(connection handle, characteristic_handle

(uint8_t*)characteristic_data, strlen(characteristic data));

Any concerns? DX support@freenove.com
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Chapter 34 Bluetooth Audio (Only for Pico W/Pico
2W)

Raspberry Pi Pico W integrates both Classic Bluetooth and Bluetooth Low Energy (BLE), enabling it to
transmit not only simple data and commands but also files including text and audio. In this section, we will
use the Bluetooth reception function to receive music from a smartphone and play it.

Project 34.1 Bluetooth Audio

Utilizing the Bluetooth audio reception capability of the Raspberry Pi Pico W, we can decode audio data from
a smartphone using the A2DP protocol, allowing the Raspberry Pi Pico W to receive high-quality audio. In
this project, we will employ an audio converter and amplifier to transform the audio data into stereo and
output it.

Component List

Raspberry Pi Pico W(or Pico 2W) x1 Micro USB Wire x1

[N

Raspberry Pi Pico W ©2022 BOOTSEL o T '

. I

- ©
© © 0 ©0 © © © © © © © © © © © © © © @ ©

=

Audio Converter & Amplifier Speaker*1

L+ L R+ R . -* h
]

SCK [

BCK L h
DIN = ™
ICENERED ==

5nd3a

LCK

vcC

T

Jumper wire F/M*4
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Component knowledge

Audio Converter & Amplifier module

front view schematic diagram

L- L
Ly L3—
—Llsck _ R .12
_2 BCK % R+ | 11

_3 DIN 0>-)

—4 1 c

CK o
—Slee G NELE
FREENOVE —L&eno Q RF—
5 Gl=—
I I I l = I L G R G < LH—

Interface description for Audio Converter & Amplifier module

Pin Name Introductions

1 SCK System clock input

2 BCK Audio data bit clock input

3 DIN Audio data input

4 LCK Audio data word clock input

5 VCC Power input, 3.3V~5.0V

6 GND Power Ground

7 L External audio left channel input
8 G Power Ground

9 R External audio right channel input
10 G Power Ground

11 R+ Positive pole of right channel horn
12 R- Negative pole of right channel horn
13 L+ Positive pole of left channel horn
14 L- Negative pole of left channel horn

L+ L- R+ R- ENEE -* h
SCK — #

BCK

DIN =
][

(.
|
LCK I -

VCC :
i~ ‘ FREENOVE

ERENCR ...

Any concerns? X support@freenove.com


http://www.freenove.com/

Chapter 34 Bluetooth Audio (Only for Pico W/Pico 2W) www.freenove.com [l

Speaker interface: Connect left channel speaker and right channel speaker. Group L: L+ & L-; Group R: R+&
R-. The two interfaces of the speaker can be connected to the interfaces of group L or group R. However,
when one interface is connected to group L, the other cannot be connected to group R. Doing so may cause
the module to malfunction.

Headphone interface: the interface to connect the headphones.

I2S input interface: connect to the device with 12S. Used to transcode audio data into DAC audio signals.
External audio input interface: connect to external audio equipment. Used to amplify externally input audio
signals.

Power interface: connect to external power supply. External power supply selection range: 3.3V-5.0V.

Circuit

The connection between the control board and the audio module is shown in the figure below.

Schematic diagram

g ol
1 SWCLK SWGND SW DIO
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o Raspberry PI
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ElEEFERERET
—
]
—
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— 6ps P27 AT

= 6p7 GP26_A0 1 E L+ %—'—_

—ars RUN —2 SCK t R aa

— 6P P22 —3 BCK g R+ 11

—=—DIN g

—Jcpio Gp21 e _4 LCK )

— p11 P20 | I 5 vee oI G 1
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Hardware connection. If you need any support, please feel free to contact us via: support@freenove.com
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Sketch

Sketch_33.4_

Bluetooth_By PCM5102A

File Edit Sketch Tools Help
' Raspberry PiPicow  ~ W e

Sketch_34.1

(L= R B Y R I

W W AR R R NN NN R RN R R e e e e
H® W s 3w s W R ® W03 R W N ®

_Bluetooth_By_PCM5102A.ino

#include <BluetoothAudio.h> |
#include <PWMAudio.h>

PWMAudio pwm;
A2DPSink a2dp;

// Define a playback state
volatile A2DPSink::PlaybackStatus status = A2DPSink::STOPPED;

// Vvolume callback function
void volumeCB(void *param, int pct) {
(void) param;
Serial.printf("Speaker volume changed to %d¥%\n", pct);

¥

// Connect callback function
void connectCB(void *param, bool connected) {
(void) param;
if (connected) {
//print the address of the connected device
Serial.printf("A2DP connection started to ¥s\n", bd_addr_to_str(a2dp.getSourceAddress()));
} else {
Serial.printf("A2DP connection stoppedin™);
}
¥

// Play status callback function

void playbackCB(void *param, A2DPSink::PlaybackStatus state) {
(void) param;
status = state;

¥

When you see the messages as shown below, it indicates that the Pico W’s Bluetooth is ready for connection
and playing music.

Output  Serial Monitor x ¥y @O =

Mew Line * 115200 baud -

17:38: 41, 169 —=» Starting, connect to the PicoW and start playving music
17:38: 41,169 = Uze BOOTSEL to pause/resume playback
17:38: 41,918 —>» NOW PLAYING:

Ln1,Col 1 Raspberry Pi PicoWon COMI (31 B
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Search “Pico W Boom” on your phone to connect. Upon successful connection, you can display audio via Pico
w

‘s )\

The following is the program code:

1 #include <BluetoothAudio.h>

2 #include <PWMAudio.h>

3

4 PWMAudio pwm;

5 A2DPSink a2dp;

6

7 // Define a playback state

8 volatile A2DPSink::PlaybackStatus status = A2DPSink::STOPPED;
9

10 | // Volume callback function

11 void volumeCB(void *param, int pct) {

12 (void) param;

13 Serial. printf (“Speaker volume changed to %d%%\n”, pct);
14 |}

15

16 | // Connect callback function

17 void connectCB(void *param, bool connected) f{

18 (void) param;

19 if (connected) {

20 //Print the address of the connected device

21 Serial. printf ("A2DP connection started to %s\n”, bd addr to str(a2dp. getSourceAddress()));
22 } else {

23 Serial. printf (“A2DP connection stopped\n”);

24 }

25 |}

26

Any concerns? DX support@freenove.com
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// Play status callback function
void playbackCB(void *param, A2DPSink::PlaybackStatus state) {
(void) param;

status = state;

void setup() {
Serial. begin (115200) ;
delay (2000) ;

Serial. printf (“Starting, connect to the PicoW and start playing music\n”);

Serial. printf (“Use BOOTSEL to pause/resume playback\n”);

a2dp. setName ("PicoW Boom 00:00:00:00:00:007) ;

// Set the audio consumer to PWM audio output

a2dp. setConsumer (new BluetoothAudioConsumerPWM (pwm)) ;
a2dp. onVolume (volumeCB) ;

a2dp. onConnect (connectCB) ;

a2dp. onPlaybackStatus (playbackCB) ;

a2dp. begin() ;

char *nowPlaying = nullptr; //Store the name of the currently playing track

void loop() {
if (BOOTSEL) {
if (status == A2DPSink::PAUSED) { // if the playback status is paused
a2dp. play () ; // play
Serial. printf ("Resuming\n”) ;
} else if (status == A2DPSink::PLAYING) { // if the playback status is playing
a2dp. pause () ; // pause
Serial. printf ("Pausing\n”) ;
}
while (BOOTSEL);
}
if (InowPlaying || strcmp(nowPlaying, a2dp.trackTitle())) {
free (nowPlaying) ;
nowPlaying = strdup(a2dp. trackTitle()) ;
Serial. printf ("NOW PLAYING: %s\n”, nowPlaying) ;

}

Include two libraries: “BluetoothAudio.h” and “PWMAudio.h".

f#include <BluetoothAudio.h>
f#include <PWMAudio.h>

Any concerns? X support@freenove.com
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Before using the functions in these two libraries, it is necessary to construct objects of the PWMAudio class
and the A2DPSink class.
PWMAudio pwm;
. A2DPSink a2dp;
Define the playback status of Bluetooth audio, the default is stop status.

- volatile A2DPSink::PlaybackStatus status = A2DPSink: :STOPPED;
Write a volume callback function that is called when the volume changes and prints the volume percentage.

void volumeCB(void *param, int pct) {
(void) param;
Serial. printf (“Speaker volume changed to %d%%\n”, pct);
}
Write a connection callback function to print the Bluetooth device address when connected to Pico W
Bluetooth.

void connectCB(void *param, bool connected) {

(void) param;

if (connected) {

//Print the address of the connected device

Serial. printf ("A2DP connection started to %s\n”, bd addr to str(a2dp. getSourceAddress()));
} else {

Serial. printf (“"A2DP connection stopped\n”);

}
Write a playback status Callback function to control the playback status of Bluetooth audio.
void playbackCB(void *param, A2DPSink::PlaybackStatus state) {

—

(void) param;

status = state;

}

The steps for creating A2DP Bluetooth audio are:

1. Set the Bluetooth name and MAC address.

2. Set the audio consumer to PWM audio output.

3. Enable callbacks for volume, connection, and playback status.
4. Initialize A2DP.

a2dp. setName ("PicoWl Boom 00:00:00:00:00:007) ;

// Set the audio consumer to PWM audio output

a2dp. setConsumer (new BluetoothAudioConsumerPWM (pwm)) ;
a2dp. onVolume (volumeCB) ;

a2dp. onConnect (connectCB) ;

a2dp. onPlaybackStatus (playbackCB) ;

a2dp. begin() ;

Any concerns? DX support@freenove.com
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Reference

SetName(const char *name): Sets the Bluetooth module name and MAC address.
SetConsumer(BluetoothAudioConsumer_ *c): Sets the audio consumer as an A2DP receiver.
onVolume(void ( *cb)(void *, int), void *cbData = nullptr): Enables the Bluetooth audio volume
Callback.

onConnect(void ( *cb)(void *, bool), void *cbData = nullptr). Enables the Bluetooth audio connection
Callback.

onPlaybackStatus(void ( *cb)(void *, PlaybackStatus), void *cbData = nullptr): Enables the Bluetooth
audio playback status Callback.

begin(): Initializes A2DP.

play(): Changes the Bluetooth audio playback status to playing.

pause(): Changes the Bluetooth audio playback status to paused.

trackTitle(): Obtains the title of the current Bluetooth audio track.

Any concerns? X support@freenove.com
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What's Next?

THANK YOU for participating in this learning experience!

We have reached the end of this Tutorial. If you find errors, omissions, or if you have suggestions and/or
questions about the Tutorial or component contents of this Kit, please feel free to contact us:

We will make every effort to make changes and correct errors as soon as feasibly possible and publish a
revised version.

If you want to learn more about Arduino, Raspberry Pi, Smart Cars, Robotics and other interesting products
in science and technology, please continue to visit our website. We will continue to launch fun, cost-effective,
innovative and exciting products.

https://www.freenove.com/

Thank you again for choosing Freenove products.
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