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Note: You are reading the most recent version available.

Documentation for the UNIT PULSAR H2 Development Board. This board is a versatile ultra-low-power microcon-
troller with advanced connectivity and peripheral features, making it suitable for a wide range of IoT and embedded
applications.
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Fig. 1: PULSAR H2 Development Board
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CHAPTER
ONE

PULSAR H2 DEVELOPMENT BOARD

1.1 Introduction

This guide will help you get started with the PULSAR H2 development board. The PULSAR H2 is a development
board based on the ESP32H2 microcontroller. It is designed for prototyping and developing IoT applications. The
board features a variety of interfaces, including GPIO, 12C, SPI, UART, and more. It also has built-in support for
Zigbee, Thread (802.15.4), and Bluetooth connectivity.

Fig. 1.1: PULSAR H2 Development Board

1.2 Features

1.2.1 CPU

Espressif ESP32-H2FH4S
» Single-core 32-bit RISC-V processor
* Up to 96 MHz operating frequency

* Four-stage pipeline
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1.2.2 Internal Memory

320 KB of internal SRAM

128 KB of ROM (for boot and system functions)

* 4 MB of integrated SPI Flash (in the ESP32-H2FH4 module)
4 KB LP Memory

16 KB cache

1.2.3 Wireless Connectivity

* Bluetooth® 5.0 LE, supports LE 2M, LE Coded PHY, Extended Advertising, and Advertising Extensions
* IEEE 802.15.4 for Zigbee and Thread, with support for Matter over Thread

1.2.4 Peripheral Interfaces

* 19 programmable GPIOs (including GPIOS, GPIO9, and GPIO25 as strapping pins)
* 12-bit SAR ADC (up to 5 channels)

* Temperature sensor

+ SPI, UART, I°C, I’S, PWM, RMT

e USB 2.0 Full-Speed (with integrated Serial/JTAG controller and PHY)
* General-purpose SPI, UART (x2), and I2C (x2) interfaces

e RMT with up to 2 transmit channels and 2 receive channels

* LED PWM controller (up to 6 channels)

¢ Motor Control PWM (MCPWM)

¢ Pulse Count Controller

¢ General DMA controller (3 TX channels, 3 RX channels)

e Parallel I/0 (PARLIO) controller

¢ SoC Event Task Matrix (ETM)

* Two TWAI® Controllers (compatible with ISO 11898-1 / CAN 2.0)

* Two 54-bit general-purpose timers

* 52-bit system timer

* Three watchdog timers

» SDIO, JTAG, GPIO

4 Chapter 1. PULSAR H2 Development Board
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1.2.5 Built-in Security

* Secure Boot — Ensures firmware integrity during startup
* Flash Encryption — Provides secure memory encryption and decryption

* 4096-bit OTP (One-Time Programmable memory), with up to 1792 bits available for user data

1.2.6 Cryptographic Hardware Acceleration

* AES-128/256 (FIPS PUB 197) — Supports ECB, CBC, CFB, OFB, and CTR modes (FIPS PUB 800-38A)
¢ SHA Accelerator (FIPS PUB 180-4)

* RSA Accelerator

* ECC Accelerator

* ECDSA (Elliptic Curve Digital Signature Algorithm)

* HMAC (Hash-based Message Authentication Code)

* Digital Signature Engine

* Access Permission Management (APM)

¢ Random Number Generator (RNG)

¢ Power Glitch Detector

1.2.7 Power Management and Operating Voltage

¢ I/O Operating Voltage: 3.3 V
 Ultra-Low Power Consumption — Designed for energy-efficient applications requiring extended battery life

¢ Fine-resolution power control through adjustable clock frequency, duty cycle, RF operating modes, and individ-
ual power control of internal components

* Four Power Modes optimized for different operation scenarios:
— Active, Modem-sleep, Light-sleep, and Deep-sleep
* Power Consumption in Deep-sleep Mode: 7 uA
* Independent RTC (Real-Time Clock) for data and event retention during Deep-sleep mode

* LP (Low-Power) memory remains powered on in Deep-sleep mode

1.2.8 Antenna

¢ Integrated PCB antenna (no external antenna required)

1.2. Features 5
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1.2.9 Storage

* Integrated microSD card slot via SPI for data logging, multimedia storage, and firmware updates

¢ Connected to GPIO0, GP104, GPIOS5, and GPIO25

1.2.10 Power Management

* Vin: Up to 6V via pin header
¢ USB-C powered (5V input)
VUSB Output: Available

3.3V AP2112K 3.3V LDO Regulator (max input 6V): 350 mA nominal current, up to 600 mA peak with
thermal protection

* Supports LiPo battery charging with an onboard power management circuit. Charging current: 200 mA

1.2.11 Interfaces and Connectors
e 1 x I2C JST-SH (1.0 mm pitch): Qwiic-compatible connector wired to GPIO12 and GPIO22 for Low-Power
12C
¢ 1 x microSD Card Holder

* 1 x Auxiliary Battery Connector (optional): Supports both 2.0 mm and 1.25 mm pitch options

1 x USB Type-C Connector

2 x 15-pin Header Connectors: With castellated holes for easy surface mounting

1.2.12 Communication and Connectivity

* USB-C connector for programming and power

* Reset button and Flash/Boot button for manually entering flash mode

1.2.13 LED Indicators

¢ Green or Red PWR LED (0603) — Power indication

e Orange CHG LED (0603) — LiPo charging status

¢ Pink BLINK LED (0603, GPIO4) — User-programmable

* WS2812 RGB LED (2020) — Fully addressable for status or visual feedback connected to GPIO8

6 Chapter 1. PULSAR H2 Development Board
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1.2.14 Software Support

Arduino IDE (official Uelectronics-ESP32 Arduino Package)

ESP-IDF for advanced native development

e MicroPython and CircuitPython support

PlatformIO / VS Code for professional development

1.2.15 Applications

¢ Smart Home (Matter, Thread)

* Home and Industrial Automation (including CAN Bus and low-power systems)
¢ IoT Prototyping and Embedded Development

e Multi-radio Devices and Mesh Communication

¢ Robotics and Sensor Networks

1.2. Features 7



UNIT PULSAR H2, Release 0.0.1

8 Chapter 1. PULSAR H2 Development Board



CHAPTER
TWO

DESKTOP ENVIRONMENT

The environment setup is the first step to start working with the PULSAR H2 board. The following steps will guide
you through the setup process.

1. Install the required software

2. Set up the development environment
3. Install the required libraries

4. Set up the board

2.1 Install the required software

The following software is required to start working with the PULSAR H2 board:
1. Python 3.7 or later: Python is required to run the scripts and tools provided by the PULSAR H2 board.
2. Git: Git is required to clone the PULSAR H2 board repository.

3. MinGW: MinGW is a native Windows port of the GNU Compiler Collection (GCC), with freely distributable
import libraries and header files for building native Windows applications.

4. Visual Studio Code: Visual Studio Code is a code editor that is required to write and compile the code.

This section will guide you through the installation process of the required software.

2.2 Python 3.7 or later

Python is a programming language that is required to run the scripts and tools,
To install Python, follow the instructions below:

1. Download the Python installer from the:

2. Run the installer and follow the instructions.

Attention: Make sure to check the box that says “Add Python to PATH” during the installation process.

Open a terminal and run the following command to verify the installation:
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&k Python 3.12.4 (64-bit) Setup - x

Install Python 3.12.4 (64-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

¥ Install Now
ChUsers\pc\AppData\Local\Programs\Python\Python312

Includes IDLE, pip and decumentation
Creates shortcuts and file associations

—> Customize installation
Choose location and features

Use admin privileges when installing py.exe
Add python.exe to PATH Cancel

pgthf(_)n

windows

Fig. 2.1: Add python to PATH

[python --version

If the installation was successful, you should see the Python version number.

2.3 Git

Git is a version control system that is required to clone the repositories in general. To install Git, follow the instructions
below:

1. Download the Git installer from the

2. Run the installer and follow the instructions.

3. Open a terminal and run the following command to verify the installation:

[git --version

If the installation was successful, you should see the Git version number.

10 Chapter 2. Desktop Environment
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2.4 MinGW

MinGW is a native Windows port of the GNU Compiler Collection (GCC), with freely distributable import libraries
and header files for building native Windows applications. MinGW provides a complete Open Source programming
toolset that is suitable for the development of native Windows applications, and which do not depend on any 3rd-
party C-Runtime DLLs. MinGW, being Minimalist, does not, and never will, attempt to provide a POSIX runtime
environment for POSIX application deployment on MS-Windows. If you want POSIX application deployment on this

platform, please consider Cygwin instead.
To install MinGW, follow the instructions below:

1. Download the MinGW installer from the

2. Run the installer and follow the instructions.

mingw-get version 0.6.2-beta-20131004-1

Step 2: Download and Set Up MinGW Installation Manager

Download Progress
Updating catalogue: mingw32-libunistring.xml

Processed 37 of 43 items : 86 %
Details
mingw-get: ==** INFO *=* satup: unpacking mingw-get-setup-0.6.2-mingw32-beta-20 .
131004-1-xml.Tar.xz
mingw-get: ==** INFO *=* setup: updating installation database

mingw-get: =#*** INFO *=* setyp: register mingw-get-0.6.2-mingw32-beta-20131004-
1-bin.tar.xz

mingw-get: *#** INFO *** setup: register mingw-get-0.6.2-mingw32-beta-20131004-
1-gui.tar.xz
mingw-get: =** INFO *=* satup: register mingw-get-0.6.2-mingw32-beta-20131004-

1-Tic.tar.xz
Pingw—get: #xx TNFD **=* satyp: installation database updated
W

View Licence Continue Quit

Fig. 2.2: MinGW installer

Note: During the installation process, make sure to select the following packages:
* mingw32-base
* mingw32-gcc-g++

* msys-base

3. Open a terminal and run the following command to verify the installation:

2.4. MinGW
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y2 r oy
Package Class Installed Version Repository Version  Description
B mingw-developer-tool...  bin 2013072300 2013072300 An MSYS Installation for MinGW D
B mingw32-base bin 2013072200 2013072200 A Basic MinGW Installation
. mingw32-gcc-ada bin 6.3.0-1 6.3.0-1 The GNU Ada Compiler
. mingw32-gcc-fortran bin 6.3.0-1 6.3.0-1 The GNU FORTRAN Compiler
. mingw32-gcc-g++ bin 6.3.0-1 6.3.0-1 The GNU C++ Compiler
. mingw32-gcc-objc bin 6.3.0-1 6.3.0-1 The GNU Objective-C Compiler
. msys-base bin 2013072300 2013072300 A Basic MSYS Installation (meta)

Fig. 2.3: MinGW installation

[mingw --version

If the installation was successful, you should see the MinGW version number.

2.4.1 Environment Variable Configuration

Remember that for Windows operating systems, an extra step is necessary, which is to open the environment variable
-> Edit environment variable:

[c :\MinGW\bin

2.4.2 Locate the file

After installing MinGW, you will need to locate the mingw32-make.exe file. This file is typically found in the
C:/MinGW/bin directory. Once located, rename the file to make.exe.

2.4.3 Rename it

After locating mingw32-make.exe, rename it to make.exe. This change is necessary for compatibility with many build
scripts that expect the command to be named make.

Warning: If you encounter any issues, create a copy of the file and then rename the copy to make.exe.

2.4.4 Add the path to the environment variable
Next, you need to add the path to the MinGW bin directory to your system’s environment variables. This allows the
make command to be recognized from any command prompt.

1. Open the Start Search, type in “env”, and select “Edit the system environment variables”.

2. In the System Properties window, click on the “Environment Variables” button.

3. In the Environment Variables window, under “System variables”, select the “Path” variable and click “Edit”.

4. In the Edit Environment Variable window, click “New” and add the path:

[c - \MinGW\bin

12 Chapter 2. Desktop Environment
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I = |

Archivo Inicio

€ o ovn

K

# Acceso rapido

B Escritorio
; Descargas

Documentas

[&] Imagenes
Jl Musica
B videos

@& Onelrive
E Este equipo

¥ Red

142 elementos

Compartir

» Este equipo » Discolocal () » MinGW » bin

s

LY

<

Wista

Mombre

[ libtoalize

[5E] mingw32-c++
[5] mingw32-g++
[ mingw32-gec

[#5] mingw32-gcc-6.3.0
[#5] mingw32-gec-ar
[#5] mingw32-gcc-nm

Administrar

Herramientas de aplicacion

[#5] mingw32-gec-ranlib

[#5] mingw32-gfortran

[=] mingw32-make
[#=] mingw-get
mingwm10.dll
[] msgattrib

[55] msgeat

[5] msgemp

[5] msgecomm
[5] msgeonv

[5] msgen

[5] msgexec

[ msofilter

[5E] msgfmt

1 elemento seleccionado 214 KB

Fig. 2.4: Locating the mingw32-make.exe file
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Fecha de modificacidn
25/09/2010 02:16 p.
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20/05/2017 03:59 p.
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2017 12:03 p.
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Archivo
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Aplicacién
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Aplicacién
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Aplicacien
Aplicacien
Aplicacion
Aplicacion
Aplicacion
Aplicacion
Aplicacian
Aplicacian

Aplicacién

R

Tamafio
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975 KB
975 KB
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11 KB
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>
[E=

2.4. MinGW
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| = | Administrar bin - | x
Inicio Compartir Vista Herramientas de aplicacion v e
« v » Este equipo » Discolocal (C:) » MinGW » bin v () Buscar en bin 2
Nombre Fecha de modificacién Tipo Tamafic &
# Acceso ripido [ libtoolize 25/08/2010 02:16 p. . Archive 7T KB
I Escritorio A [ make 01/09/2012 07:42 p. m.  Aplicacién 215KB
* Descargas * [85] mingw32-c++ 29/05/2017 03:59 p. m. Aplicacion 975 KB
Documentos o [#E] mingw32-g++ 29/05/2017 03:59 p. m. Aplicacion 975 KB
[=] Imégenes » [5] mingw32-gcc 24/07/2017 12:03 p. m. Aplicacion 973 KB
J’ Miisica [#] mingw32-gcc-6.3.0 24/ 017 12:03 p. m. Aplicacion 973 KB
. [5] mingw32-gcc-ar 24/07/2017 12:03 p. m. Aplicacion TOKB
m Videos . _ o _
[5] mingw32-gcc-nm 24/07/2017 12:03 p. m. Aplicacion TOKB
& Onelrive [ mingw32-gecc-ranlib 24/07/2017 12:03 p. m. Aplicacion T0KB
. [ mingw32-gfortran 29/05/2017 03:59 p. m. Aplicacion 976 KB
[ Este equipo - N -
o [5] ringw-get 04/10/2013 02:20 p. m. Aplicacion 51 KB
[_} Red mingwrm10.dll 06/12/2017 02:09 p. m. Extensidn de la ap... 11 KB
[5] msgattrib 30/04,2014 07 Aplicacian 30 KB
[5] msgeat 30/04,2014 07: Aplicacion 28 KB
[#] msgemp 30/04,2014 07:33 a. m. Aplicacion 30KE
[ msgcomm 30/04/2014 07:33 a. m. Aplicacién 2B KB
[%E] msgeony 30/04/2014 07:33 a. m. Aplicacién 26 KB
= msgen 30/04/2014 07:33 3. m. Aplicacion 26 KB
= MsgeExec 30/04/2014 07:33 a. m. Aplicacion 25KB
= msgfilter 30/04/2014 07:33 a. m. Aplicacion 31 KB
= msgfmt 30/04/2014 07:33 a. m. Aplicacion BEEB Y
£ >
142 elementos 1 elemento seleccionade 214 KB =z =
Fig. 2.5: Renaming mingw32-make.exe to make.exe
| A |
Variables de entomo X
Varig Editar variable de entorno *
Va
d F%USERPROFILEZS\AppData\Local\Microsoft\WindowsApps Nuevo
% ChUsers\Innovacion07\AppData\Local\Programs\Microsoft V5 Cedel...
; | ChUsers\Innovacion07\AppData\Local\Programs\Hyperiresources\bin Editar
T; Ch\Users\Innovacion07\AppData\Roaming\npm
™ C\Program Files\SDCChbin Examinar...
CAMinGWhbin',
ChUsers\Innovacion07\AppData\Local\Microsoft\WinGet\Packages\... Eliminar
C\Python312\Scripts
Subir I
Varig Bajer
Va
Ck .
e Editar texto...
Dr
NI
(4]
Pa
PA
Aceptar Cancelar r
| Aceptar . Cancelar

Fig. 2.6: Adding MinGW bin directory to environment variables
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2.5 Visual Studio Code

Visual Studio Code is a code editor that is required to write and compile the code.
To install Visual Studio Code, follow the instructions below:

1. Download the Visual Studio Code installer from the

2. Run the installer and follow the instructions.

30 Setup - Microsoft Visual Studic Code (User)

Select Additional Tasks

E;{hich additional tasks should be performed? ﬂ

Select the additional tasks you would like Setup to perform while instaling Visual Studio Code, then dick
Mext.

Additional icons:

Create a desktop icon

Other:

Add "Open with Code™ action to Windows Explorer file context menu

Add "Open with Code™ action to Windows Explorer directory context menu
Register Code as an editor for supported file types

Add to PATH (requires shell restart)

Fig. 2.7: Visual Studio Code installer

Note: During the installation process, make sure to check the box that says “Open with Code”.

3. Open a terminal and run the following command to verify the installation:

[code --version ]

4. Install extensions for Visual Studio Code:

2.5. Visual Studio Code 15
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File Edit Selection View
EXTENSIONS: MARKETPLACE ) === ) welcome X
python ¥ Python v2024.8.1

Python language support with extension access points for IntelliSense (Pylance),

l_,’tho._nl 4 Debugging {Python Debugger), linting, formatting, refactoring, unit tests, and more.

# This publisher has verified ownership of mic
This extension has a Pre-Release version available

=
Install

Fig. 2.8: Visual Studio Code extensions

2.6 Arduino IDE Installation

The Arduino IDE is a popular open-source platform for building and programming microcontroller-based projects. It
provides a user-friendly interface and a wide range of libraries to simplify the development process.

To install the Arduino IDE, follow the instructions for your operating system in the

2.7 Thonny IDE Installation

Thonny is a Python IDE that is designed for beginners. It provides a simple interface and built-in support for MicroPy-
thon, making it an excellent choice for programming the PULSAR H2 board.

Follow the instructions for your operating system in the

16 Chapter 2. Desktop Environment



CHAPTER
THREE

ESP32-H2 MICROPYTHON INSTALLATION

This section provides comprehensive instructions for installing and using MicroPython on the PULSAR H2 board with
ESP32-H2 microcontroller.

3.1 ESP32-H2 MicroPython v1.0 - Complete Binary

3.1.1 Download and Installation Files

The firmware is available in the following location:

e ESP32H2_MicroPython_v1.0_Complete.bin (1,557,600 bytes)
— Complete binary ready to flash from 0x0000
— Includes: Bootloader + Partition Table + MicroPython
— Download: ESP32H2 MicroPython v1.0

e flash_esp32h2.sh
— Automatic script to flash ESP32-H2
— Automatic port detection
— Connection verification

* compile_py_to_mpy.sh
— Python to .mpy bytecode compiler

— Size and speed optimization

3.1.2 Installation Methods

Web-Based Flashing (Recommended for Beginners)

Using ESPTool-JS Web Flasher:
1. Open Web Flasher: Navigate to
2. Connect Device: Connect your PULSAR H2 via USB-C
3. Device Detection: Click “Connect” and select your ESP32-H2 device
4. Configure Flashing Parameters:

¢ Flash Address: 0x00000

17
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¢ Choose File: Select ESP32H2_MicroPython_v1.0_Complete.bin
Chip: ESP32-H2

* Baudrate: 115200

* Flash Mode: DIO

 Flash Size: 4MB

Reset Method: Hard Reset

Program

Connected to device: ESP32-H2 (revision v0.1)

Flash Address File

0x0000 | Choose File | ESP32H2_...Complete.bin

esptool.js

Serial port WebSerial VendorID 8x383a ProductID 8x1001
[Connecting...

Detecting chip type... ESP32-H2

Chip is ESP32-H2 (revision v©.1)

Features: BT 5 (LE), IEEE802.15.4,Single Core,96MHz
Crystal is 32MHz

MAC: 74:4d:bd:62:0a:08

Uploading stub...

IChanging baudrate to 921660
IChanged
If the chip does not respond to any further commands, consider using a lower baud rate.
Flash ID: @
IARNING: Failed to communicate with the flash chip,
read/write operations will fail.
Try checking the chip connections or

removing

any other hardware connected to IOs.
Configuring flash size...
Could not auto-detect Flash size. defaulting detect
Detected flash size set to 4MB

Fig. 3.1: ESPTool-JS Configuration Example

Important: Flash Erase Recommended

For optimal MicroPython firmware performance and to prevent potential issues:
1. Click “Erase” button in ESPTool-JS before flashing the firmware
2. Wait for erase completion (takes ~30 seconds)
3. Then flash the MicroPython binary

This process clears any existing firmware or data that might interfere with MicroPython execution, ensuring a clean
installation and preventing boot loops or unexpected behavior.

5. Start Flashing: Click “Program” button

6. Wait for completion: Process takes approximately 2-3 minutes

18 Chapter 3. ESP32-H2 MicroPython Installation



UNIT PULSAR H2, Release 0.0.1

Manual Flashing with ESPTool

# Install esptool if not already installed
pip install esptool

# Flash the complete binary

python3 -m esptool --chip esp32h2 --port /dev/ttyACMO --baud 460800 \
--before default_reset --after hard_reset write_flash \
--flash_mode dio --flash_freq 48m --flash_size 4MB \
0x0 ESP32H2_MicroPython_v1.0_Complete.bin

3.1.3 Connecting to MicroPython REPL

After successful flashing, connect to the MicroPython REPL:
Thonny IDE

Open Thonny IDE

Go to Tools > Options > Interpreter
Select "MicroPython (ESP32)"
Choose correct COM port

Click OK and connect

Ul B W N

Shell
forming initi

>>>

Fig. 3.2: Thonny IDE Configuration Example

Windows

# Using PuTTY or built-in serial terminal
# Port: COM3 (check Device Manager)
# Baud Rate: 115200

Linux/macOS

# Using picocom
picocom -b 115200 /dev/ttyACMO®

# Using screen
screen /dev/ttyACMO 115200

# Using miniterm
python3 -m serial.tools.miniterm /dev/ttyACMO® 115200

3.1. ESP32-H2 MicroPython v1.0 - Complete Binary
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3.2 Enabled Features and Capabilities

3.2.1 GPIO (General Purpose Input/Output)

3.2.2 ADC (Analog-to-Digital Converter)

3.2.3 Communication Protocols

3.2.4 Memory Configuration

* Available pins: GPIO 0-27 (28 pins total)

¢ Recommended pins for LED: 4, 5, 6,7, 10, 11, 22, 23, 24, 25

* Configuration: Input/Output, Pull-up/Pull-down

Channels: 5 available channels

ADC pins: GPIO1, GPIO2, GPIO3, GPI1O4, GPIOS

Resolution: 12 bits

Voltage Range: 0-3.3V

UART: REPL enabled via USB-Serial/JTAG
I2C: Hardware 12C available on GPIO12 (SDA) and GPIO22 (SCL)
SPI: Hardware SPI available

Bluetooth LE: Fully functional Bluetooth 5.0 Low Energy

IEEE 802.15.4: For Thread/Zigbee protocols

* Flash: 4MB configured

* RAM: ~256KB available for applications

¢ Partitions:

NVS: 24KB
PHY: 4KB
App: 1984KB
VES: 2MB

20
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3.3 Test Code Examples

3.3.1 Basic LED Blink

import machine
import time

# Use GPIO4 which is connected to the built-in LED
led = machine.Pin(4, machine.Pin.OUT)

while True:
led.on()
time.sleep(1)
led.off(Q)
time.sleep(1)

3.3.2 ADC Reading

import machine

# ADC on GPIO1
adc = machine.ADC(machine.Pin(1))
adc.atten(machine.ADC.ATTN_11DB) # 0-3.3V range

# Read value

value = adc.read()

voltage = value * 3.3 / 4095

print (£"ADC Value: {value}, Voltage: {voltage:.2f}V")

3.3.3 12C Communication

import machine

# Initialize I2C on PULSAR HZ2 pins
i2c = machine.I2C(0, scl=machine.Pin(22), sda=machine.Pin(12), freq=100000)

# Scan for I2C devices
devices = i2c.scan()
print (£"I2C devices found: {[hex(device) for device in devices]}")

3.3. Test Code Examples
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3.3.4 SPI Communication

import machine

# Initialize SPI for microSD (PULSAR H2 configuration)
spi = machine.SPI(1,
sck=machine.Pin(5), # Clock
mosi-machine.Pin(4), # Data Out
miso—-machine.Pin(0)) # Data In

cs = machine.Pin(25, machine.Pin.OUT) # Chip Select
cs.value(l) # Deselect initially

3.3.5 Bluetooth LE Example

import bluetooth

# Initialize Bluetooth LE
ble = bluetooth.BLE(Q)
ble.active(True)

# Start advertising
ble.gap_advertise(100, b'\x02\x01\x02\x0b\tPULSAR_H2"')
print("Bluetooth LE advertising started")

3.4 Performance Optimization

3.4.1 Compile to .mpy (Optimized Bytecode)

For better performance and reduced memory usage:

# Install mpy-cross compiler
pip install mpy-cross

# Compile single file
./compile_py_to_mpy.sh my_script.py

# Compile with optimization level 2
./compile_py_to_mpy.sh -02 my_script.py

# Compile entire directory
./compile_py_to_mpy.sh src/

22 Chapter 3.
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3.5 Technical Specifications

3.5.1 ESP32-H2 Chip Features

¢ Architecture: RISC-V single-core 96MHz

* WiFi: Not available (by chip design)

Bluetooth: Full LE 5.0 support

IEEE 802.15.4: Thread/Zigbee/Matter protocols

¢ Security: Crypto accelerator, Secure boot

* Power Management: Ultra-low power modes

3.5.2 Firmware Versions

* MicroPython: v1.23.0+ (custom build for ESP32-H2)
ESP-IDF: 5.4.1

e Compiler: GCC 14.2.0

Build Date: September 7, 2025

¢ Version: 1.0 (First Official Release)

3.6 Library Installation (No Wi-Fi Alternative)

Since ESP32-H2 doesn’t support Wi-Fi, use these methods for library installation:

3.6.1 Manual Library Installation

# Example: Manual library installation

# Download these libraries manually and copy to ESP32-H2:
# - max1704x.py from UNIT-Electronics/MAX1704X_1ib

# - ssd1306.py for OLED displays

# - sdcard.py for SD card support

# After copying files manually via USB:
import max1704x

import ssd1306

import sdcard

3.5. Technical Specifications 23
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3.6.2 Pre-compiled Libraries

1. Download on computer: Use a computer with internet access
2. Transfer via USB: Copy .py or .mpy files to ESP32-H2

3. Use Thonny file manager: Drag and drop files to device

3.6.3 Available Libraries

OLED Support: SSD1306 driver for 12C displays
* SD Card: File system support for microSD

* Sensors: 12C/SPI sensor libraries

* Communication: Bluetooth LE utilities

¢ Hardware: GPIO, ADC, PWM libraries

3.7 Troubleshooting

3.7.1 Common Issues

1. “Invalid pin” GPIO Error
* Fixed in MicroPython v1.0
* All GPIO 0-27 now work correctly

2. Connection Error During Flashing

# Verify connection
./flash_esp32h2.sh --verify

# Try specific port
./flash_esp32h2.sh /dev/ttyACM®

# Check if device is in download mode
esptool.py --port /dev/ttyACMO chip_id

3. Serial Port Permissions (Linux)

# Add user to dialout group
sudo usermod -a -G dialout $USER
# Log out and back in after this change

4. Thonny Connection Issues
» Ensure correct interpreter: “MicroPython (ESP32)”
¢ Check COM port in device manager
 Try different baud rates: 115200, 9600

5. Memory Issues

* Use .mpy compiled files
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* Implement garbage collection: import gc; gc.collect()

* Monitor memory: import micropython; micropython.mem_info()

3.8 Next Steps and Project Ideas

3.8.1 Beginner Projects

1. LED Control: RGB LED strips, status indicators

2. Sensor Reading: Temperature, humidity, light sensors
3. Display Output: OLED displays, status screens

4. Data Logging: SD card storage, sensor data

3.8.2 Intermediate Projects

1. Bluetooth LE Communication: Mobile app integration
2. 12C Sensor Networks: Multiple sensor reading
3. IoT Data Collection: Local sensor hub

4. Real-time Monitoring: Battery, environmental data

3.8.3 Advanced Projects

—

IEEE 802.15.4 Networks: Thread/Zigbee implementation
2. Matter Protocol: Smart home device integration

3. Mesh Networks: Multi-device communication
4

. Security Applications: Encrypted data transmission

3.9 Resources and Documentation

MicroPython Official Docs: https://docs.micropython.org/

ESP32-H2 Datasheet: Available in project documentation

PULSAR H2 Hardware Guide: See hardware documentation section

¢ Community Support: ESP32 MicroPython forums and GitHub

Created by: ESP32-H2 MicroPython Development Team Documentation Version: 1.0 Last Updated: October 2025
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CHAPTER
FOUR

ESP-IDF GETTING STARTED

The ESP-IDF (Espressif IoT Development Framework) is the official development framework for ESP32 series chips.
It provides a comprehensive suite of tools, libraries, and APIs to facilitate application development for ESP32 devices.

This section offers a step-by-step guide to setting up the ESP-IDF environment for the ESP32-H2 chip, including
installation instructions and basic usage examples. While the focus is on the ESP32-H2, the guidelines are generally
applicable to other ESP32 chips.

Supported Environment: Ubuntu 20.04 or later.

For users on other operating systems, please consult the official ESP-IDF documentation for platform-specific instruc-
tions.

Note: ESP-IDF is compatible with Windows and macOS, but the installation process may differ. Refer to the official
documentation for detailed instructions.

Attention: A stable internet connection is required during installation, as some steps involve downloading neces-
sary files.

4.1 Installation Steps

1. Install Prerequisites Ensure all required dependencies are installed. Execute the following commands in a
terminal:

sudo apt-get update

sudo apt-get install git wget flex bison gperf python3 python3-pip python3-
—,setuptools python3-venv cmake ninja-build ccache libffi-dev libssl-dev dfu-util..
—.device-tree-compiler

2. Clone the ESP-IDF Repository Clone the ESP-IDF repository from GitHub. Optionally, specify a particular
version or branch.

[git clone https://github.com/espressif/esp-idf.git J

3. Set Up the Environment Navigate to the cloned ESP-IDF directory and execute the setup script to configure
environment variables.
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cd esp-idf
./install.sh
./export.sh

Note: To install tools for all supported chips, use the following command:

[./install.sh —-all

4. Install Additional Tools For ESP32-H2-specific tools, run:

{ ./install.sh --esp32h2

Note: The install.sh script downloads and installs the required tools and dependencies for the ESP32-H2 chip.
The duration depends on your internet speed.

5. Verify Installation Confirm the installation by checking the ESP-IDF version:

[idf. py --version

4.2 Customizing the Installation Path

To customize the installation path of ESP-IDF, set the IDF_PATH environment variable. For example:

export IDF_PATH=/path/to/your/esp-idf
. $IDF_PATH/export.sh
. $IDF_PATH/install.sh

Note: Replace /path/to/your/esp-idf with the desired installation directory. This ensures the IDF_PATH variable
points to the correct location, and the export.sh and install.sh scripts are executed from there.

4.3 First Steps with ESP-IDF

1. Create a New Project Create a directory for your ESP-IDF project and navigate to it:

mkdir my_project
cd my_project

2. Generate a Basic Application Use the idf.py tool to create a basic application template:

[idf.py Create-project my_app

3. Build the Project Navigate to the project directory and build the application:

cd my_app
idf.py build
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4. Flash the Application Connect your ESP32-H2 board to your computer and flash the application:

[idf.py _p /dev/ttyUSBO flash J

5. Monitor the Output Monitor the output from the ESP32-H2 board:

[idf.py -p /dev/ttyUSB® monitor ]

6. Modify the Code Edit the code in the main directory of your project. The main application file is typically
named main.c or main.cpp. After making changes, rebuild and flash the project.

7. Clean the Project To remove all build artifacts, run:

[idf.py fullclean J

8. Update ESP-IDF To update ESP-IDF to the latest version, navigate to the ESP-IDF directory and execute:

(git pull
./install.sh
./export.sh

9. Uninstall ESP-IDF To uninstall ESP-IDF, delete the cloned repository and unset related environment variables:

(rm -rf esp-idf

unset IDF_PATH

unset PATH

unset LD_LIBRARY_PATH
unset PYTHONPATH

unset CMAKE_PREFIX_PATH

10. Explore ESP-IDF Examples The ESP-IDF repository includes numerous example projects demonstrating var-
ious features. These can be found in the examples directory. Copy and modify any example project as needed.

11. Refer to ESP-IDF Documentation For comprehensive information, including API references and guides, visit
the official ESP-IDF documentation: ESP-IDF Documentation.

12. Join the ESP-IDF Community For assistance or discussions, join the ESP-IDF community on GitHub or the
Espressif Community Forum. The community is active and provides support for various ESP32 development
topics.
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CHAPTER
FIVE

DEVELOPMENT BOARD

5.1 Squematic Diagram

5.2 Pinout distribution

The following table provides the pinout details for the PULSAR H2 board.

Arduino Arduino Nano Description PULSAR H2 ESP32-H2 GPIO
Nano Pin

1 D13 (SCK/LED) D13/SCK/ GPIO4
2 3.3V 3.3V 3.3V

3 AREF EN_3V3 NC

4 A0 (Analog)/D14 VBAT NC

5 Al (Analog)/D15 VSYS .

6 A2 (Analog)/D16 A2/D16 GPIO2
7 A3 (Analog)/D17 A3/D17 GPIO3
8 A4/(SDA) (SDA)/D18 GPIO12
9 A5/(SCL) (SCL)/D19 GPI1022
10 A6 (Analog) A6 GPIO1
11 A7 (Analog) NEOP_DO NC

12 5V 5V 5V

13 RESET RST RST

14 GND GND GND
15 VIN VIN VIN

16 DO (RX) DO/RX GP1023
17 DI (TX) DI/TX GPIO24
18 RESET RST RST

19 GND GND GND
20 D2 D2/NEOP GPIOS8
21 D3 (PWM) D3 GPIO9
22 D4 D4 GPIO10
23 D5 (PWM) D5 GPIO11
24 D6 (PWM) D6 GPIO13
25 D7 D7 GPIO14
26 D8 D8 GPIO26
27 D9 (PWM) D9 GPI1027
28 D10 (PWM/SS) D10/SS GPIO25

continues on next page
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Table 5.1 — continued from previous page

Arduino Arduino Nano Description PULSAR H2 ESP32-H2 GPIO
Nano Pin
29 D11 (PWM/MOSI) D11/ MOSI/A4 GPIO5
30 D12 (MISO) D12/MISO GPIOO0O
32
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CHAPTER
SIX

GENERAL PURPOSE INPUT/OUTPUT (GPIO) PINS

The General Purpose Input/Output (GPIO) pins on the PULSAR H2 development board are used to connect external
devices to the microcontroller. These pins can be configured as either input or output. In this section, we will explore
how to work with GPIO pins on the PULSAR H2 development board using both MicroPython and C++.

no I\-II
Y €Y yas 198

Fig. 6.1: PULSAR H2 Development Board

Let’s begin with a simple example: blinking an LED. This example demonstrates how to control GPIO pins on the
PULSAR H2 development board using both MicroPython and C++.

6.1 Working with LEDs on ESP32-H2

In this section, we will learn how to control a single LED using a microcontroller. The LED will be connected to a
GPIO pin, and we will control its on/off states using a simple program.

BOOT

POWER
O D ED ED D

Fig. 6.2: LED Connection to GPIO Pin
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6.1.1 LED Blinking Example

Tip: The following example demonstrates how to blink an LED connected to GPIO pin 4 on the PULSAR H2
development board. The LED will turn on for 1 second and then turn off for 1 second, repeating this pattern indefinitely.

MicroPython

import machine
import time

led = machine.Pin(4, machine.Pin.OUT)

def loopQ):
while True:
led.on() # Turn the LED on
time.sleep(l) # Wait for 1 second
led.off() # Turn the LED off
time.sleep(l) # Wait for 1 second

loop O

C++

#define LED 4

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

// Initialize digital pin LED as an output.

pinMode (LED, OUTPUT);
3

// The loop function runs continuously
void loop() {
digitalWrite(LED, HIGH); // Turn the LED on (HIGH is the voltage level)

delay(1000); // Wait for 1 second
digitalWrite(LED, LOW); // Turn the LED off (LOW is the voltage level)
delay(1000); // Wait for 1 second

}

esp-idf

#include <stdio.h>

#include '"freertos/FreeRTOS.h"
#include "freertos/task.h"
#include "driver/gpio.h"

#define BLINK_GPIO GPIO_NUM_4 // Puedes cambiarlo segin tu hardware

void app_main(void)

{
// Configura el GPIO como salida
gpio_reset_pin(BLINK_GPIO);

(continues on next page)
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gpio_set_direction(BLINK_GPIO, GPIO_MODE_OUTPUT);

while (1) {
// Enciende el LED
gpio_set_level (BLINK_GPIO, 1);
vTaskDelay (pdMS_TO_TICKS(500)); // 500 ms

// Apaga el LED
gpio_set_level (BLINK_GPIO, 0);
vTaskDelay (pdMS_TO_TICKS(500)); // 500 ms

(continued from previous page)

6.1. Working with LEDs on ESP32-H2
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CHAPTER
SEVEN

ANALOG TO DIGITAL CONVERSION

Learn how to read analog sensor values using the ADC module on the PULSAR H2 development board with the
ESP32-H2. This section will cover the basics of analog input and conversion techniques.

A2—USs
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Fig. 7.1: ADC Pins

7.1 ADC Definition

Analog-to-digital conversion (ADC) is a process that converts analog signals into digital values. The ESP32-H2,
equipped with multiple ADC channels, provides flexible options for reading analog voltages and converting them into
digital values. Below, you will find the details on how to utilize these pins for ADC operations.

7.1.1 Quantification and Codification of Analog Signals

Analog signals are continuous signals that can take on any value within a given range. Digital signals, on the other
hand, are discrete signals that can only take on specific values. The process of converting an analog signal into a digital
signal involves two steps: quantification and codification.

* Quantification: This step involves dividing the analog signal into discrete levels. The number of levels deter-
mines the resolution of the ADC. For example, a 12-bit ADC can divide the analog signal into 4096 levels.

* Codification: This step involves assigning a digital code to each quantization level. The digital code represents
the value of the analog signal at that level.
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7.2 ESP32-H2 ADC Channels (Official Documentation)

Complete ADC channel mapping according to ESP32-H?2 official documentation:

Table 7.1: ESP32-H2 ADC Channels

GPIO Pin ADC Channel Description

GPIOO ADC1_CHO 12-bit SAR ADC, Channel 0
GPIO2 ADCI1_CHI 12-bit SAR ADC, Channel 1
GPIO3 ADC1_CH2 12-bit SAR ADC, Channel 2
GPIO4 ADCI1_CH3 12-bit SAR ADC, Channel 3
GPIOS ADC1_CH4 12-bit SAR ADC, Channel 4

7.3 ADC Pin Status on PULSAR H2

Table 7.2: PULSAR H2 Pin Status for ADC Usage

PULSAR H2 Pin ESP32-H2 ADC Status ADC Chan- Notes / Alternative Function
GPIO nel
A0/D14 N/C NO — Battery control circuit (not connected
to MCU)
Al1/D15 N/C NO — System voltage monitoring (not con-
nected to MCU)
A2/D16 GPIO2 YES ADC1_CH1 Available for analog readings
A3/D17 GPIO3 YES ADC1_CH2 Available for analog readings
A4 (SDA) GPIO12 YES ADC Capa- 12C SDA + ADC support (JST con-
ble nector)
A5 (SCL) GPI1022 YES ADC Capa- 12C SCL + ADC support (JST con-
ble nector)
A6 GPIO1 YES ADC1_CHO Available for analog readings
A7 N/C NO — NeoPixel (WS2812B) output pin

Warning: Pin Usage Notes:
e A0 and A1: These are NOT connected to the ESP32-H2 microcontroller
* A2, A3, A6: Dedicated analog pins - best for ADC readings
¢ A4 and A5: Dual function (I2C + ADC) - available on JST connector

e A7: This is for NeoPixel output, not analog input
A2, A3, A4, AS, and A6 work for analog readings!
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7.4 Summary Table: Usable ADC Pins

Important: 5 pins can be used for analog readings on PULSAR H2:

Table 7.3: Usable ADC Pins

Pin Label GPIO ADC Channel Notes

A2 GPIO2 ADC1_CH1 Dedicated analog pin

A3 GPIO3 ADC1_CH2 Dedicated analog pin

A4 (SDA) GPIO12 ADC Capable I12C SDA + ADC (JST connector)
A5 (SCL) GPIO22 ADC Capable 12C SCL + ADC (JST connector)
A6 GPIO1 ADC1_CHO Dedicated analog pin

Note: ADC Summary:
» ESP32-H2 chip: Has 5 ADC channels (GPIO0, GPIO1, GP1IO2, GPIO3, GP104, GPIOS)
¢ PULSAR H2 board: 5 ADC pins are usable (A2, A3, A4, A5, A6)
¢ Resolution: 12-bit (0-4095 values)
* Voltage Range: 0V to 3.3V

Important: 12C vs ADC on A4/AS: You can use A4 and A5 for ADC readings when not using 12C. If you need both
12C and ADC, use A2/A3 for ADC and A4/A5 for 12C.

7.5 Class ADC

The machine.ADC class is used to create ADC objects that can interact with the analog pins.

class machine.ADC(pin)

The constructor for the ADC class takes a single argument: the pin number.

7.6 ADC Pin Usage Examples

Use only A2 (GPIO2) or A3 (GPIO3) for analog readings:
MicroPython

import machine

# ADC pins available on PULSAR H2:

adc_a2 = machine.ADC(machine.Pin(2)) # A2 - ADCI_CH1 (dedicated)
adc_a3 = machine.ADC(machine.Pin(3)) # A3 ADC1_CH2 (dedicated)
adc_a4 = machine.ADC(machine.Pin(12)) # A4 GPI012 (SDA + ADC)
adc_a5 = machine.ADC(machine.Pin(22)) # A5 GPI022 (SCL + ADC)
adc_a6 = machine.ADC(machine.Pin(1)) # A6 - ADCI_CH® (dedicated)
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C++

// ADC pins available on PULSAR H2:

#define ADC_PIN_A2 2 // GPI0O2 (A2) - ADCI1_CH1 (dedicated)
#define ADC_PIN_A3 3 // GPIO3 (A3) - ADCI1_CH2 (dedicated)
#define ADC_PIN_A4 12 // GPIO12 (A4) - SDA + ADC (JST connector)
#define ADC_PIN_A5 22 // GPI022 (A5) - SCL + ADC (JST connector)
#define ADC_PIN_A6 1 // GPIO1 (A6) - ADCI_CH® (dedicated)

7.7 Reading Values

To read the analog value converted to a digital format:

MicroPython

adc_value = adc.read() # Read the ADC value
print(adc_value) # Print the ADC value

C++

[voltage = analogRead (ADC_PIN);

7.8 Example Code

Below is an example that continuously reads from an ADC pin and prints the results:

MicroPython

import machine
import time

# Setup - All available ADC pins on PULSAR H2

adc_a2 = machine.ADC(machine.Pin(2)) # A2 - dedicated ADC
adc_a3 = machine.ADC(machine.Pin(3)) # A3 - dedicated ADC
adc_a4 = machine.ADC(machine.Pin(12)) # A4 SDA + ADC (JST)
adc_a5 = machine.ADC(machine.Pin(22)) # A5 - SCL + ADC (JST)
adc_a6 = machine.ADC(machine.Pin(1)) # A6 - dedicated ADC

# Continuous reading from all ADC pins
while True:
# Read all ADC pins
value_a2 = adc_a2.read_ul6()
value_a3 = adc_a3.read_ul6()
value_a4 = adc_ad.read_ul6()
value_a5 = adc_a5.read_ul6()
value_a6 = adc_a6.read_ul6()

# Convert to voltages

voltage_a2 = (value_a2 / 65535) *
voltage_a3 = (value_a3 / 65535) *
voltage_a4 = (value_a4 / 65535) *

w w w
w w w

(continues on next page)
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(continued from previous page)

voltage_a5 = (value_a5 / 65535) *
voltage_a6 = (value_a6 / 65535) *

3.3
3.3
print(£f"A2: {voltage_a2:.2f}V | A3: {voltage_a3:.2f}V | A4: {voltage_a4:.2f}V | A5:
—{voltage_a5:.2f}V | A6: {voltage_a6:.2f}V")
time.sleep(1)

C++

// Only these pins work for ADC on PULSAR H2
const int adcPin_A2 = 2; // GPIO2 (A2) - ADCI1_CHI
const int adcPin_A3 = 3; // GPIO3 (A3) - ADCI1_CH2

void setup() {
Serial.begin(115200);
analogReadResolution(12); // Set resolution to 12-bit (0-4095)
delay(1000);
Serial.println("PULSAR H2 ADC Test - Only A2 and A3 work!");
}

void loop() {
// Read from A2
int value_A2 = analogRead(adcPin_A2);
float voltage_A2 = (value_A2 / 4095.0) * 3.3;

// Read from A3
int value_A3 = analogRead(adcPin_A3);
float voltage_A3 = (value_A3 / 4095.0) * 3.3;

// Print results

Serial.print("A2: "); Serial.print(value_A2);

Serial.print(" ("); Serial.print(voltage_A2); Serial.print('V) | ");
Serial.print("A3: "); Serial.print(value_A3);

Serial.print(" ("); Serial.print(voltage_A3); Serial.println("V)");

delay(1000);

esp-idf

#include <stdio.h>

#include "esp_log.h"

#include "esp_err.h"

#include "freertos/FreeRTO0S.h"
#include "freertos/task.h"
#include "esp_adc/adc_oneshot.h"

static const char *TAG = "ADC_MIN";

void app_main(void)
{

adc_oneshot_unit_handle_t adc_handle;
(continues on next page)
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(continued from previous page)
adc_oneshot_unit_init_cfg t init_cfg = {
.unit_id = ADC_UNIT_1,
bE
ESP_ERROR_CHECK (adc_oneshot_new_unit(&init_cfg, &adc_handle));

adc_oneshot_chan_cfg_t chan_cfg = {
.bitwidth = ADC_BITWIDTH_DEFAULT,
.atten = ADC_ATTEN_DB_12, // <- Usa el recomendado
};
ESP_ERROR_CHECK (adc_oneshot_config_channel (adc_handle, ADC_CHANNEL_2, &chan_cfg)); //
- GPIO2

int adc_raw;

while (1) {
ESP_ERROR_CHECK (adc_oneshot_read(adc_handle, ADC_CHANNEL_2, &adc_raw));
ESP_LOGI(TAG, "Lectura ADC (GPIO2): %d", adc_raw);
vTaskDelay (pdMS_TO_TICKS(1000)); // <- Necesitabas incluir FreeRTOS
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CHAPTER
EIGHT

12C (INTER-INTEGRATED CIRCUIT)

Discover the I2C communication protocol and learn how to communicate with I2C devices using the PULSAR H2
board. This section will cover I2C bus setup and communication with I2C peripherals.

8.1 12C Overview

12C (Inter-Integrated Circuit) is a synchronous, multi-master, multi-slave, packet-switched, single-ended, serial com-
munication bus. It is commonly used to connect low-speed peripherals to processors and microcontrollers.

The PULSAR H2 development board, powered by the ESP32-H2, features advanced I2C communication capabilities
with two I12C controllers that support:

¢ Standard mode (100 kbit/s) and Fast mode (400 kbit/s)

¢ Master and slave modes

7-bit and 10-bit addressing
* Dual address mode support

* Programmable digital noise filtering

SCL clock stretching in slave mode

8.2 Pinout Details

Below is the pinout table for the I2C connections on the PULSAR H2, detailing the pin assignments for SDA and SCL.

Table 8.1: ESP32-H2 I2C Pinout

Pin Function
A4 (SDA)/D18 GPIO12 /12C SDA
A5 (SCL)/D19 GPIO22 /12C SCL
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Fig. 8.1: PULSAR H2 Pinout

8.3 12C Features on ESP32-H2

The ESP32-H2 is designed as an ultra-low-power microcontroller, making it inherently energy-efficient for I2C com-
munication. Key features include:

* Ultra-low power consumption: The ESP32-H2 is optimized for battery-powered applications

e Two I2C controllers: Support for multiple I2C buses

Flexible GPIO assignment: 12C pins can be assigned to any available GPIO
¢ Standard and Fast modes: Support for 100 kbit/s (Standard) and 400 kbit/s (Fast mode)

* Master and slave modes: Can operate as either [2C master or slave device

Note: Unlike other ESP32 variants, the ESP32-H2 doesn’t have a separate “LP I12C” mode because the entire chip is
designed for low power operation.

8.4 Scanning for 12C Devices

To scan for I2C devices connected to the bus, you can use the following code snippet:

MicroPython

import machine

# PULSAR H2 I2C pins: A4 (SDA) = GPIO12, A5 (SCL) = GPI022
i2c = machine.I2C(®, scl=machine.Pin(22), sda=machine.Pin(12))
devices = i2c.scan()

for device in devices:
print("Device found at address: ".format (hex(device)))

C++
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SD + OLED OK
HWrite OK
Read: SD OK

File: test.txt

L

Fig. 8.2: I12C Device Connection Example

#include <Wire.h>

void setup() {
// PULSAR H2 I2C pins: A4 (SDA) = GPIO12, A5 (SCL) = GPI022
Wire.setSDA(12);
Wire.setSCL(22);
Wire.beginQ);
Serial.begin(9600); // Start serial communication at 9600 baud rate
while (!Serial); // Wait for serial port to connect
Serial.println("\nI2C Scanner");

}

void loop() {
byte error, address;
int nDevices;

Serial.println("Scanning...");

nDevices = 0;
for(address = 1; address < 127; address++ ) {
// The i2c_scanner uses the return value of the Write.endTransmisstion to see if
// a device did acknowledge to the address.
Wire.beginTransmission(address);
error = Wire.endTransmission();

if (error == 0) {
Serial.print("I2C device found at address 0x");
if (address<16)
Serial.print("0");

(continues on next page)
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(continued from previous page)

Serial.print(address, HEX);
Serial.println(" !'");

nDevices++;
}
else if (error==4) {
Serial.print("Unknown error at address 0x");
if (address<16)
Serial.print("0");
Serial.println(address, HEX);
}
}
if (nDevices == 0)
Serial.println("No I2C devices found\n");
else
Serial.println("done\n");

delay(5000); // wait 5 seconds for next scan

8.5 SSD1306 Display

&
GND VCC SCL SDA

aill H =

Blue

Fig. 8.3: SSD1306 Display

The display 128x64 pixel monochrome OLED display equipped with an SSD1306 controller is connected using a JST
1.25mm 4-pin connector. The following table provides the pinout details for the display connection.
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Table 8.2: SSD1306 Display Pinout

Pin Connection
1 GND

2 VCC

3 SDA

4 SCL

8.5.1 Library Support

MicroPython
The ocks.py library for MicroPython on ESP32 & RP2040 is compatible with the SSD1306 display controller.
Installation
1. Open Thonny.
2. Navigate to Tools -> Manage Packages.
3. Search for ocks and click Install.
Alternatively, download the library from ocks.py.

Microcontroller Configuration

[SoftIZC(scl, sda, *, freq=400000, timeout=50000)

Change the following line depending on your microcontroller:

For PULSAR H2 (ESP32-H2):

>>> i2c = machine.SoftI2C(freq=400000, timeout=50000, sda=machine.Pin(12), scl=machine.
~Pin(22))

Example Code

import machine
from ocks import SSD1306_I2C

# PULSAR H2 I2C pins: A4 (SDA) = GPIO12, A5 (SCL) = GPI022
i2c = machine.SoftI2C(freq=400000, timeout=50000, sda=machine.Pin(12), scl=machine.
~Pin(22))

oled = SSD1306_I2C(128, 64, i2c)

# Fill the screen with white and display
oled.fill(1)
oled.show()

# Clear the screen (fill with black)
oled.fill(®)
oled.show()

# Display text
oled.text('UNIT', 50, 10)

(continues on next page)
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(continued from previous page)

oled.text('ELECTRONICS', 25, 20)
oled.show()

Replace sda=machine.Pin(*) and scl=machine.Pin(*) with the appropriate GPIO pins for your setup.
C++
The Adafruit_SSD1306 library for Arduino is compatible with the SSD1306 display controller.
Installation
1. Open the Arduino IDE.
2. Navigate to Tools -> Manage Libraries.
3. Search for Adafruit_SSD1306 and click Install.

Example Code

#include <Wire.h>
#include <Adafruit_GFX.h>
#include <Adafruit_SSD1306.h>

// OLED display TWI (I2C) interface

#define OLED_RESET -1 // Reset pin # (or -1 if sharing Arduino reset pin)
#define SCREEN_WIDTH 128 // OLED display width, in pixels

#define SCREEN_HEIGHT 64 // OLED display height, in pixels

#define SDA_PIN 4 // SDA pin

#define SCL_PIN 5 // SCL pin

// Declare an instance of the class (specify width and height)
Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, OLED_RESET);

void setup() {
Serial.begin(9600);

// Initialize I2C - PULSAR H2 pins: A4 (SDA) = GPIO12, A5 (SCL) = GPI022

Wire.begin(12,22);

// Start the OLED display

if(!display.begin(SSD1306_SWITCHCAPVCC, 0x3C)) { // Address 0x3C for 128x64
Serial.println(F("SSD1306 allocation failed™));
for(;;); // Don't proceed, loop forever

}

// Clear the buffer
display.clearDisplay();

// Set text size and color
display.setTextSize(1);
display.setTextColor(SSD1306_WHITE) ;
display.setCursor(0,0);
display.println(F("UNIT ELECTRONICS!"));
display.display(); // Show initial text
delay (4000); // Pause for 2 seconds

(continues on next page)
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void loop() {
// Increase a counter
static int counter = 0;

// Clear the display buffer

display.clearDisplay(Q);

display.setCursor(0, 10); // Position cursor for new text
display.setTextSize(2); // Larger text size

// Display the counter
display.print(F("Count: "));
display.println(counter);

// Refresh the display to show the new count
display.display(Q);

// Increment the counter
counter++;

// Wait for half a second
delay(500);

(continued from previous page)

esp-idf

#include "ssd1306.h"
#include "driver/i2c.h"
#include "esp_log.h"

#define I2C_MASTER_NUM I2C_NUM_O
#define I2C_MASTER_SDA_IO 12 // PULSAR H2 A4 (SDA)
#define I2C_MASTER_SCL_IO 22 // PULSAR H2 A5 (SCL)
#define I2C_MASTER_FREQ_HZ 100000

GPIO12
GPI022

static const char *TAG = "MAIN";

void scan_i2c_bus(void) {
ESP_LOGI(TAG, "Scanning I2C bus...");
for (uint8_t addr = 1; addr < 127; addr++) {
i2c_cmd_handle_t cmd = i2c_cmd_link_create();
i2c_master_start(cmd);

i2c_master_write_byte(cmd, (addr << 1) | I2C_MASTER_WRITE, true);

i2c_master_stop(cmd);

esp_err_t ret = i2c_master_cmd_begin(I2C_MASTER_NUM, cmd, 100 / portTICK_PERIOD_

~MS);
i2c_cmd_link_delete(cmd);
if (ret == ESP_OK) {
ESP_LOGI(TAG, "Found device at 0x%02X", addr);
3

}
ESP_LOGI(TAG, "Scan complete.");

(continues on next page)
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(continued from previous page)

}

void app_main(void) {

i2c_config_t conf = {
.mode = I2C_MODE_MASTER,
.sda_io_num = I2C_MASTER_SDA_IO,
.scl_io_num = I2C_MASTER_SCL_IO,
.sda_pullup_en = GPIO_PULLUP_ENABLE,
.scl_pullup_en = GPIO_PULLUP_ENABLE,
.master.clk_speed = I2C_MASTER_FREQ_HZ,

Bf;

i2c_param_config(I2C_MASTER_NUM, &conf);
i2c_driver_install (I2C_MASTER_NUM, conf.mode, 0, 0, 0);

scan_i2c_bus(); // Optional

ssd1306_init (I2C_MASTER_NUM) ;

ssd1306_clear (I2C_MASTER_NUM) ;

ssd1306_draw_text (I2C_MASTER_NUM, 0, "ESP32-H2 ");
ssd1306_draw_text (I2C_MASTER_NUM, 2, "I2C Scan + OLED");
ssd1306_draw_text (I2C_MASTER_NUM, 4, "Monosaurio");
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CHAPTER
NINE

SPI (SERIAL PERIPHERAL INTERFACE)

9.1 SPI Overview

SPI (Serial Peripheral Interface) is a synchronous, full-duplex, master-slave communication bus. It is commonly used to
connect microcontrollers to peripherals such as sensors, displays, and memory devices. The PULSAR H2 development
board features SPI communication capabilities, allowing you to interface with a wide range of SPI devices including
microSD cards.

9.1.1 SPI Pin Configuration

The ESP32-H2 PULSAR H2 board has the following SPI pin configuration:
- I\
0000

.

Micro SD
card holder

Fig. 9.1: PULSAR H2 Internal SPI Configuration

Fig. 9.2: External SPI Device Connection
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9.2 MicroSD Card SPI Interface

Warning: Ensure that the Micro SD contains data. We recommend saving multiple files beforehand to facilitate
testing. Format the Micro SD card to FAT32 before using it with the ESP32-H2.

DAT2/ X
DAT3/ CS
cMD/ DI
VDD / VDD
CLK / SCLK
VSs / Vss
DATO/ DO

DATL/ X

Fig. 9.3: Micro SD Card Pinout

Fig. 9.4: Micro SD Card external reader

The conections are as follows:

This table illustrates the connections between the SD card and the GPIO pins on the ESP32-H2 (PULSAR H2)
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Table 9.1: MicroSD SPI Connections

SD Card Pin Function

ESP32-H2 GPIO

PULSAR H2 Pin

1 D2 (Not Connected) N/C —
2 D3/CS (Chip Select) GPIO11 D10/SS
3 CMD/MOSI GPIOS D11/MOSI
4 VDD (3.3V) 3.3V 3.3V
5 CLK/SCK GPIO4 D13/SCK
6 VSS (GND) GND GND
7 DO/MISO GPIOO D12/MISO
8 D1 (Not Connected) N/C —
9.2.1 SPI Pin Mapping Summary
Table 9.2: ESP32-H2 SPI Pin Configuration
SPI Function ESP32-H2 GPIO PULSAR H2 Pin Description
MOSI (Master Out) GPIO5 D11/MOSI Data output from master
MISO (Master In) GPIOO D12/MISO Data input to master
SCK (Clock) GPIO4 D13/SCK Serial clock signal
CS (Chip Select) GPIO11 D10/SS Device selection signal

Note: MicroSD Connection Notes:

* The microSD card is connected via SPI interface using 4 wires (MOSI, MISO, SCK, CS)
* CS (Chip Select) is connected to GPIO11 (D10/SS pin)

¢ MOSI is connected to GPIO5 (D11/MOSI pin)
e MISO is connected to GPIO0 (D12/MISO pin)
* SCK is connected to GP104 (D13/SCK pin)

* D2 and D1 pins of the SD card are not used in SPI mode

¢ Make sure the SD card is formatted as FAT32 before use

* The SD card operates at 3.3V - no level shifters needed

MicroPython

from machine import Pin, SPI
import os

import sdcard

import time

# --- Custom pin configuration ---
MOSI_PIN = 5
MISO_PIN = O
SCK_PIN =4
CS_PIN =11

(continues on next page)
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(continued from previous page)

# --- Initialize SPI with custom pins ---

spi = SPI(
1, # Bus SPI(1) = HSPI (can use remapped pins)
baudrate=5_000_000, # 5 MHz is more stable with long cables or sensitive SDs
polarity=0,
phase=0,

sck=Pin(SCK_PIN),

mosi=Pin(MOSI_PIN),

miso=Pin(MISO_PIN)
)

# --- Chip Select pin ---
cs = Pin(CS_PIN, Pin.OUT)

# --- Initialize SD card ---
try:
sd = sdcard.SDCard(spi, cs)
vfs = os.VfsFat(sd)
os.mount (vfs, "/sd")
print("microSD mounted successfully at /sd\n'")

# --- List contents ---

print("Contents of /sd:")

for fname in os.listdir("/sd"):
print(" -", fname)

# --- Read/write test ---
test_path = "/sd/test.txt"
with open(test_path, "w'") as f:
f.write("Hello from ESP32 with custom SPI pins!\n")
print(f"\nFile created: {test_path}")

with open(test_path, "r") as f:
print("\nFile contents:")

print(£f.read())

except Exception as e:

print("Error initializing SD card:", e)
# --- Infinite loop ---
while True:

time.sleep(1)

C++

#include <SPI.h>
#include <SD.h>

// Pines SPI para microSD
#define MOSI_PIN 5
#define MISO_PIN 0
#define SCK_PIN 4

(continues on next page)
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(continued from previous page)

#define CS_PIN 11
File myFile;

void setup() {
Serial.begin(115200);
while (!Serial) ; // Wait for serial port to be ready

SPI.begin(SCK_PIN, MISO_PIN, MOSI_PIN, CS_PIN);
Serial.println("Initializing SD card...");

if (!SD.begin(CS_PIN)) {
Serial.println("Error initializing SD card.");
return;

3

Serial.println("SD card initialized successfully.");

// List files
Serial.println("Files on SD card:");
listDir(SD, "/", 0);

// Create and write to file

myFile = SD.open("/test.txt", FILE_WRITE);

if (myFile) {
myFile.println("Hello, Arduino on SD!");
myFile.println("This is a write test.");
myFile.close();
Serial.println("File written successfully.");

} else {
Serial.println("Error opening test.txt for writing.");

3

// Read the file
myFile = SD.open("/test.txt");
if (myFile) {
Serial.println("\nFile contents:");
while (myFile.available()) {
Serial.write(myFile.read());
}
myFile.close();
} else {
Serial.println("Error opening test.txt for reading.");

3

// List files again
Serial.println("\nFiles on SD card after writing:");
listDir(SD, "/", 0);

}

void loop() {

(continues on next page)
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// Nothing in the loop
}

// Function to list files and folders

(continued from previous page)

void listDir(fs::FS &fs, const char * dirname, uint8_t levels) {

File root = fs.open(dirname);

if ('root) {
Serial.println("Error opening directory");
return;

}

if (!'root.isDirectory()) {
Serial.println("Not a directory");
return;

}

File file = root.openNextFile();
while (file) {
Serial.print(" ");
Serial.print(file.name());
if (file.isDirectory()) {
Serial.println("/");
if (levels) {
listDir(fs, file.name(), levels - 1);
}
} else {
Serial.print("\t\t");
Serial.println(file.size());
}
file = root.openNextFile();

esp-idf

#include <stdio.h>
#include <string.h>
#include <sys/stat.h>
#include <sys/unistd.h>
#include "esp_log.h"
#include "esp_vfs_fat.h"
#include "sdmmc_cmd.h"
#include "driver/gpio.h"

#define TAG "SD_OPS"

#define MOUNT_POINT "/sdcard"

#define FILE_PREFIX MOUNT_POINT"/data_"
#define MAX_FILES 20

#define PIN_NUM_MISO O
#define PIN_NUM_MOSI 5
#define PIN_NUM_CLK 4
#define PIN_NUM_CS 11

(continues on next page)
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#define BTN_PIN GPIO_NUM_9

FILE* safe_fopen(const char* path, const char* mode, int tries) {
FILE* £ = NULL;
for (int i = 0; i < tries; ++i) {
f = fopen(path, mode);
if (f) return f;
vTaskDelay (50 / portTICK_PERIOD_MS);
}
return NULL;
}

esp_err_t mount_sdcard(sdmmc_card_t **card_out) {
sdmmc_host_t host = SDSPI_HOST_DEFAULT(Q);
host.max_freq_khz = 4000;

spi_bus_config_t bus_cfg = {
.mosi_io_num = PIN_NUM_MOSTI,
.miso_io_num = PIN_NUM_MISO,
.sclk_io_num = PIN_NUM_CLK,
.quadwp_io_num = -1,
.quadhd_io_num = -1,
.max_transfer_sz = 4000,

e

gpio_set_pull_mode(PIN_NUM_MISO, GPIO_PULLUP_ONLY);
gpio_set_pull_mode (PIN_NUM_MOSI, GPIO_PULLUP_ONLY);
gpio_set_pull_mode(PIN_NUM_CLK, GPIO_PULLUP_ONLY);
gpio_set_pull_mode(PIN_NUM_CS, GPIO_PULLUP_ONLY);

esp_err_t ret = spi_bus_initialize(host.slot, &bus_cfg, SDSPI_DEFAULT_DMA);
if (ret == ESP_ERR_INVALID_STATE) {
ESP_LOGW(TAG, "SPI bus already initialized, attempting to free and reinitialize.
")
spi_bus_freeChost.slot); // Libera el bus anterior
ret = spi_bus_initialize(host.slot, &bus_cfg, SDSPI_DEFAULT_DMA);
}

if (ret != ESP_OK) {
ESP_LOGE(TAG, "SPI bus init failed: %s", esp_err_to_name(ret));
return ret;

}

sdspi_device_config_t slot_config = SDSPI_DEVICE_CONFIG_DEFAULT();
slot_config.gpio_cs = PIN_NUM_CS;
slot_config.host_id = host.slot;

esp_vfs_fat_sdmmc_mount_config_t mount_config = {
.format_if mount_failed = false,
.max_files = 5,
.allocation_unit_size = 16 * 1024

b

(continues on next page)
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(continued from previous page)

sdmmc_card_t *card;
ret = esp_vfs_fat_sdspi_mount (MOUNT_POINT, &host, &slot_config, &mount_config, &
—card);
if (ret != ESP_OK) {
ESP_LOGE(TAG, "SD mount failed: %s", esp_err_to_name(ret));
spi_bus_free(host.slot); // Importante: liberar SPI si falla montaje
return ret;

}

*card_out = card;
sdmmc_card_print_info(stdout, card);
return ESP_OK;

void write_files() {
for (int i = ©; i < MAX_FILES; i++) {

char path[64];

snprintf(path, sizeof(path), FILE_PREFIX"%d.txt", i);

FILE *f = safe_fopen(path, "w", 5);

if () {
fprintf(£f, "This is file number %d\n", i);
fflush(f);
fclose(f);
ESP_LOGI(TAG, "lWrote %s", path);

} else {
ESP_LOGE(TAG, "Failed to write %s", path);

}
vTaskDelay (10 / portTICK_PERIOD_MS);

}

void read_files() {
for (int i = 0; i < MAX_FILES; i++) {
char path[64], buffer[128];
snprintf(path, sizeof(path), FILE_PREFIX"%d.txt", i);
FILE *f = safe_fopen(path, "r", 5);
if (£ {
if (fgets(buffer, sizeof(buffer), f)) {
ESP_LOGI(TAG, "[%d] %s", i, buffer);
} else {
ESP_LOGW(TAG, "File %s is empty or unreadable.", path);
}
fclose(f);
} else {
ESP_LOGE(TAG, "Failed to read %s", path);
}
vTaskDelay (10 / portTICK_PERIOD_MS);

(continues on next page)
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void wait_for_button_press() {

ESP_LOGI(TAG, "Waiting for button press (GPI09)

while (gpio_get_level (BTN_PIN) == 1) {
vTaskDelay (100 / portTICK_PERIOD_MS);

}

while (gpio_get_level(BTN_PIN) == 0) {
vTaskDelay (100 / portTICK_PERIOD_MS);

1

vTaskDelay (200 / portTICK_PERIOD_MS);

}

void app_main(void)
{
gpio_config_t io_conf = {
.pin_bit_mask = (I1ULL << BTN_PIN),
.mode = GPIO_MODE_INPUT,
.pull_up_en = GPIO_PULLUP_ENABLE,
.pull_down_en = GPIO_PULLDOWN_DISABLE,
.intr_type = GPIO_INTR_DISABLE
b

gpio_config(&io_conf);
while (1) {
sdmmc_card_t *card;
ESP_LOGI(TAG, "Mounting SD card...");

if (mount_sdcard(&card) == ESP_OK) {

(continued from previous page)

to retry...");

ESP_LOGI(TAG, "SD card mounted. Starting file operations.");

write_files(Q);
read_files();

esp_vfs_fat_sdcard_unmount (MOUNT_POINT, card);
sdmmc_host_t host = SDSPI_HOST_DEFAULT(Q);

spi_bus_free(host.slot);

ESP_LOGI(TAG, "SD card unmounted and SPI bus freed.");

} else {

ESP_LOGW(TAG, "Operation aborted due to mount failure.");

}

wait_for_button_press();

9.2. MicroSD Card SPI Interface
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(Top) - SD SPI Example Configuration

[*] Format the card if mount failed

[#] Format the card as a part of the example
(7) MOSI GPIO number

(2) MISO GPIO number

(6) CLK GPIO number
(19) €S GPIO number

[ESC] Leave menu
[?] Symbol info
[C] Toggle show-name mode

[Space/Enter] Toggle/enter
[0] Load

[F] Toggle show-help mode
[Q] Quit (prompts for save)

[S] Save

[/] Jump to symbol

[A] Toggle show-all mode
[D] Save minimal config (advanced)

Fig. 9.5: ESP-IDF Menuconfig SD SPI Configuration

9.3 General SPI Device Connection

Besides microSD cards, you can connect various SPI devices to the PULSAR H2:

9.3.1 Common SPI Devices

Table 9.3: Compatible SPI Devices

Device Type Example Models Applications

Displays ST7735, 1L19341, SSD1306 Status displays, GUI interfaces

Sensors BME280, MPU6050, Environmental monitoring, IMU
MAX31855

Memory W25Q32, AT25DF641, mi- Data storage, logging
croSD

ADC/DAC MCP3008, MCP4725 Analog signal processing

RF Modules nRF241.01, LoRa modules Wireless communication

9.3.2 SPI Configuration Tips

# General SPI device connection example
from machine import Pin, SPI

# Initialize SPI bus with standard pins

spi = SPI(1,
sck=Pin(4),
mosi=Pin(5), # Master Out, Slave In
miso=Pin(®), # Master In, Slave Out
baudrate=1000000) # IMHz for most devices

# Clock

# Individual chip select pins for multiple devices
cs_display = Pin(11, Pin.OUT)
cs_sensor = Pin(10, Pin.OUT)

(continues on next page)
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cs_memory = Pin(9, Pin.OUT)

# Device selection example
cs_display.value(0®) # Select display
spi.write(b'display_data')
cs_display.value(l) # Deselect display

9.3.3 Troubleshooting SPI

Common Issues:
1. Device not responding: Check wiring and power supply
2. Data corruption: Reduce SPI clock frequency
3. Multiple device conflicts: Ensure proper CS management
4. Signal integrity: Use short wires, add pull-up resistors if needed
Best Practices:
 Use appropriate SPI clock frequencies for each device
* Implement proper chip select (CS) timing
* Add decoupling capacitors near SPI devices

» Keep wire lengths short for high-frequency signals

9.4 Resources and Documentation

* MicroPython SPI Documentation
ESP32-H2 SPI Driver Guide

SPI Protocol Specification

SD Card SPI Mode Documentation
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CHAPTER
TEN

ADDRESSABLE RGB LED CONTROL

Harness the power of addressable RGB LED strips with the PULSAR H2 board. Learn how to control intelligent RGB
LED strips and create dazzling lighting effects using MicroPython.

This section describes how to control addressable RGB LED strips (WS2812/WS2811 compatible) using the PULSAR
H2 board. The PULSAR H2 board has a GPIO pin embedded connected to a single addressable RGB LED.

Table 10.1: Pin Mapping for Addressable RGB LED
PIN GPIO ESP32H2
DIN 8

Fig. 10.1: Addressable RGB LED Strip

10.1 Code Example

Below is an example that demonstrates how to control addressable RGB LED strips using the PULSAR H2 board
MicroPython

from machine import Pin
from neopixel import NeoPixel

# Initialize addressable RGB LED on GPIO8

(continues on next page)
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rgb_led = NeoPixel(Pin(8), 1)

# Set color (Red, Green, Blue) - orange color
rgb_led[0] = (255, 128, 0)

# Apply the color change
rgb_led.write()

C++

#include <Adafruit_NeoPixel.h>

#define RGB_LED_PIN 8
#define NUM_LEDS 1

// Initialize addressable RGB LED strip
Adafruit_NeoPixel strip = Adafruit_NeoPixel (NUM_LEDS, RGB_LED_PIN, NEO_GRB + NEO_KHZ800) ;

void setup() {
strip.begin(Q;
// Set color (Red, Green, Blue) - orange color
strip.setPixelColor(0, 255, 128, 0);
strip.show();

}

void loop(Q){}

esp-idf

#include <stdio.h>

#include "freertos/FreeRTOS.h"
#include '"freertos/task.h"
#include "driver/rmt_tx.h"
#include "esp_err.h"

void app_main(void) {
rmt_channel_handle_t tx_channel = NULL;
rmt_tx_channel_config_t tx_config = {
.gpio_num = GPIO_NUM_8,
.clk_src = RMT_CLK_SRC_DEFAULT,
.resolution_hz = 10000000, // 10MHz resolution, 1 tick = 0.lus
.mem_block_symbols = 64,
.trans_queue_depth = 4,
.flags.invert_out = false,
.flags.with_dma = false,
it
ESP_ERROR_CHECK (rmt_new_tx_channel (&tx_config, &tx_channel));
ESP_ERROR_CHECK (rmt_enable (tx_channel));

rmt_encoder_handle_t bytes_encoder = NULL;
rmt_bytes_encoder_config_t bytes_encoder_config = {
.bit® = {.level® = 1, .duration® = 3, .levell = 0, .durationl = 9}, // 0: ~0.3us.

(continues on next page)
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—high, ~0.9us low
.bitl = {.level®

—high, ~0.3us low
.flags.msb_first = true,

1, .duration® = 9, .levell = 0, .durationl = 3}, // 1: ~0.9us.

i;
ESP_ERROR_CHECK (rmt_new_bytes_encoder (&bytes_encoder_config, &bytes_encoder));

rmt_transmit_config_t tx_trans_config = {
.loop_count = 0,

3

uint8_t r = 255, g = 0, b = 0;

while (1) {

if (r == 255 && g < 255 & b == 0) {
g++;

} else if (g == 255 & r > 0 & b == 0) {
r--;

} else if (g == 255 && b < 255 && r == 0) {
b++;

} else if (b == 255 & g > 0 & r == Q) {
9--;

} else if (b == 255 && r < 255 && g == 0) {
r++;

} else if (r == 255 & b > 0 && g == 0) {
b--;

}

uint8_t color_data[3] = {g, r, b};
// printf("%d %d %d\n",r,g,b);

ESP_ERROR_CHECK (rmt_transmit (tx_channel, bytes_encoder, color_data, sizeof(color_
—.data), &tx_trans_config));

ESP_ERROR_CHECK (rmt_tx_wait_all done(tx_channel, portMAX DELAY));

vTaskDelay (pdMS_TO_TICKS(10));

Tip: Compatibility Note: This addressable RGB LED is compatible with WS2812/WS2811 protocols. For more
information on the MicroPython implementation, refer to the NeoPixel Library Documentation.

Supported Protocols: WS2812, WS2812B, WS2811, SK6812 and other compatible addressable RGB LEDs.
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CHAPTER
ELEVEN

WIRELESS COMMUNICATION

Unlock the full wireless communication potential of the PULSAR H2 board with advanced IoT protocols. The ESP32-
H2 is specifically designed for modern IoT applications using Bluetooth LE, Zigbee, Thread (802.15.4), and Matter
protocols.

Note: Important: The ESP32-H2 does not support Wi-Fi. It is purposely designed for ultra-low-power IoT applica-
tions using:

* Bluetooth 5.0 LE - Short-range device communication
* IEEE 802.15.4 - Mesh networking (Zigbee, Thread)
* Matter Protocol - Smart home interoperability

¢ Serial Communication - Wired device interfaces

11.1 Wireless Protocol Overview

Table 11.1: ESP32-H2 Wireless Capabilities

Protocol Frequency Band Range Primary Use Cases
Bluetooth 5.0 LE 2.4 GHz 10-100m Device pairing, sensors, beacons
IEEE 802.15.4 2.4 GHz 10-100m (mesh) Thread, Zigbee, mesh networks
Thread 2.4 GHz 10-100m (mesh) Smart home, IoT networks
Zigbee 3.0 2.4 GHz 10-100m (mesh) Home automation, lighting
Matter Multiple Network dependent Cross-platform smart home

11.2 Bluetooth Low Energy (BLE)

The ESP32-H2 features Bluetooth 5.0 LE with advanced capabilities including Extended Advertising, LE 2M PHY,
and LE Coded PHY. This makes it perfect for IoT devices, sensors, and smart home applications.

Key Features: - Bluetooth 5.0 LE support - Extended Advertising (up to 255 bytes) - LE 2M PHY for higher throughput
- LE Coded PHY for extended range - Multiple simultaneous connections - Low power consumption modes
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11.2.1 BLE Device Scanner

This example demonstrates how to scan for nearby Bluetooth LE devices:

import bluetooth
import time

# Initialize Bluetooth
ble = bluetooth.BLE(Q)
ble.active(True)

# Helper function to convert memoryview to MAC address string
def format_mac(addr):
return ':'.join('{:02x}'.format(b) for b in addr)

# Helper function to parse device name from advertising data
def decode_name(data):
i=20
length = len(data)
while i < length:
ad_length = data[i]
ad_type = dataf[i + 1]
if ad_type == 0x09: # Complete Local Name
return str(datali + 2:i + 1 + ad_length], 'utf-8')
elif ad_type == 0x08: # Shortened Local Name
return str(datal[i + 2:i + 1 + ad_length], 'utf-8')
i += ad_length + 1
return None

# Global counter for devices found
devices_found = 0
max_devices = 10 # Limit to 10 devices

# Callback function to handle advertising reports
def bt_irg(event, data):
global devices_found
if event == 5: # event 5 is for advertising reports
if devices_found >= max_devices:
ble.gap_scan(None) # Stop scanning
print("Scan stopped, limit reached.")
return

addr_type, addr, adv_type, rssi, adv_data = data
mac_addr = format_mac(addr)
device_name = decode_name(adv_data)
if device_name:
print(f"Device found: {mac_addr} (RSSI: {rssi}) Name: {device_name}")
else:
print(f"Device found: {mac_addr} (RSSI: {rssi}) Name: Unknown")

devices_found += 1 # Increment counter

if devices_found >= max_devices:
(continues on next page)
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ble.gap_scan(None) # Stop scanning
print("Scan stopped, limit reached.")

# Set the callback function
ble.irq(bt_irq)

# Start active scanning

(continued from previous page)

ble.gap_scan(10000, 30000, 30000, True) # Active scan for 10 seconds with interval and.

—window of 30ms

# Keep the program running to allow the callback to be processed
while True:
time.sleep(1l)

11.2.2 BLE Peripheral (Server) Example

Create a BLE peripheral that advertises services and accepts connections:

import bluetooth
import time
import struct

# Initialize BLE
ble = bluetooth.BLEQ)
ble.active(True)

# Define service UUID (16-bit)
SERVICE_UUID = bluetooth.UUID(0x1234)
CHAR_UUID = bluetooth.UUID(0x5678)

# Create characteristic (readable and writable)

char = (CHAR_UUID, bluetooth.FLAG_READ | bluetooth.FLAG_WRITE)
service = (SERVICE_UUID, (char,))

services = (service,)

# Register services
handles = ble.gatts_register_services(services)
char_handle = handles[0][0]

# Advertising payload

name = "PULSAR_H2"

payload = bytearray()

payload.extend(struct.pack("BB", len(name) + 1, 0x09))
payload.extend(name.encode())

# Start advertising
ble.gap_advertise(100, payload)

print (f"Advertising as: {name}")
print(f"Service UUID: {SERVICE_UUID}")

# Handle BLE events

(continues on next page)
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def ble_irq(event, data):
if event == 1: # Central connected

elif event == 2:

print("Device connected")

print("Device disconnected")

# Central disconnected

(continued from previous page)

ble.gap_advertise(100, payload) # Resume advertising
elif event == 3: # GATTS write
print("Data received:", ble.gatts_read(char_handle))

ble.irq(ble_irq)

# Main loop
while True:
time.sleep(1)

11.2.3 BLE Central (Client) Example

Connect to a BLE device and interact with its services:

import bluetooth
import time

class BLEClient:

def

def

def

def

# Usage

__init__(self):

self.ble = bluetooth.BLE(Q)
self.ble.active(True)
self.ble.irq(self.ble_irq)
self.conn_handle = None
self.char_handle = None

ble_irqg(self, event, data):

if event == # Connected
self.conn_handle, _, _ = data
print("Connected to device')
# Discover services

self.ble.gattc_discover_services(self.conn_handle)

scan_and_connect(self, target_name="PULSAR_H2"):

print(f"Scanning for {target_name/...")
self.ble.gap_scan(5000, 30000, 30000)

send_data(self, data):

if self.conn_handle and self.char_handle:

self.ble.gattc_write(self.conn_handle, self.char_handle, data)

client = BLEClient()
client.scan_and_connect ()
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11.3 IEEE 802.15.4 Communication

The ESP32-H2 supports IEEE 802.15.4 protocol stack, enabling Thread and Zigbee mesh networking capabilities.
This is essential for smart home and industrial IoT applications.

11.3.1 Thread Protocol

Thread is an IPv6-based mesh networking protocol designed for connected home applications:

Thread Features: - IPv6 native connectivity - Self-healing mesh network - Low power consumption - Secure by default
(encryption) - Matter protocol compatibility

// Thread initialization example (ESP-IDF)
#include "esp_openthread.h"
#include "esp_ot_config.h"

void initialize_thread(void) {
// Initialize OpenThread
esp_openthread_platform_config_t config = {
.radio_config = ESP_OPENTHREAD_DEFAULT_RADIO_CONFIG(),
.host_config = ESP_OPENTHREAD_DEFAULT_HOST_CONFIG(Q),
.port_config = ESP_OPENTHREAD_DEFAULT_PORT_CONFIG(Q),

13

ESP_ERROR_CHECK (esp_openthread_init(&config));
ESP_ERROR_CHECK (esp_openthread_launch_mainloop());

// Start Thread network
otInstance *instance = esp_openthread_get_instance();
otThreadSetEnabled(instance, true);

11.3.2 Zigbee Protocol

Zigbee 3.0 provides a standardized mesh networking solution:

Zigbee Features: - Application layer standardization - Device types and clusters - Mesh networking with routing -
Low power operation - Interoperability certification

// Zigbee coordinator setup example
#include "esp_zigbee_core.h"

void zigbee_coordinator_init(void) {
// Configure as coordinator
esp_zb_cfg_t nwk_cfg = ESP_ZB_ZC_CONFIGQ);
esp_zb_init(&wk_cfg);

// Create endpoint
esp_zb_ep_list_add_ep(esp_zb_ep_list,
esp_zb_on_off_light_ep_create(l, 1));

// Register device
(continues on next page)
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esp_zb_device_register(esp_zb_ep_list);

// Start Zigbee stack
esp_zb_start(false);

11.4 Matter Protocol Support

Matter (formerly Project CHIP) enables interoperability across smart home ecosystems:

Matter Benefits: - Cross-platform compatibility - Works with Apple HomeKit, Google Home, Amazon Alexa -
Thread/Wi-Fi/Ethernet transport - Secure device commissioning

// Matter device configuration
#include "esp_matter.h"
#include "esp_matter_console.h"

static void matter_device_init(void) {
// Create Matter node
node_t *node = node::create(&ode_config, NULL, NULL);

// Create endpoint (Light device)
endpoint_t *endpoint = endpoint::create(node, ENDPOINT_FLAG_NONE, NULL);

// Add clusters

cluster_t *on_off_cluster = cluster::on_off::create(endpoint,
&on_off_config,
CLUSTER_FLAG_SERVER) ;

// Start Matter stack
esp_matter::start(matter_event_handler);

11.5 Power Management for Wireless

Optimize power consumption for wireless protocols:

import machine
import bluetooth
import time

class PowerOptimizedBLE:
def __init__(self):
# Configure for low power
self.ble = bluetooth.BLE()
self.ble.active(True)

def enter_sleep_mode(self):
# Configure wake sources
(continues on next page)
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wake_pin = machine.Pin(0, machine.Pin.IN, machine.Pin.PULL_UP)

machine.wake_on_ext0®(pin=-wake_pin, level=0)

# Disconnect BLE if connected

self.ble.gap_advertise(None) # Stop advertising

# Enter deep sleep
print("Entering deep sleep...")
machine.deepsleep()

def advertise_periodically(self, interval_ms=1000):
# Periodic advertising to save power
payload = b'\x02\x01\x06\x09\tPULSAR_H2'
self.ble.gap_advertise(interval_ms, payload)

11.6 Serial Communication

The PULSAR H2 supports multiple serial communication interfaces for device integration:

11.6.1 UART Communication

from machine import UART, Pin
import time

# Initialize UART
uart = UART(1, baudrate=115200, tx=Pin(4), rx=Pin(5))

def send_command(command) :

uart.write(command + '\r\n')

time.sleep(0.1)

if vart.any(Q):
response = uart.read().decode().strip(Q)
print (f"Response: {response}")
return response

return None

# Example usage
send_command("AT") # AT command example
send_command ("AT+VERSION")

11.6. Serial Communication
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11.6.2 USB Serial Communication

import sys

def usb_serial_communication():
while True:
if sys.stdin in select.select([sys.stdin], [], []1, ®)[0]:

command = input().strip(Q)

if command == "status":
print("Device status: Active")

elif command == "reset":
machine.reset()

elif command == "sleep":
machine.deepsleep(10000)

11.7 Network Protocols Comparison

Table 11.2: Protocol Comparison for PULSAR H2

Protocol Range Power Throughput Network Type Best For

BLE 5.0 10-100m Ultra Low 2 Mbps Star/Mesh Sensors, Wearables

Thread 10-100m Low 250 kbps Mesh Smart Home

Zigbee 3.0 10-100m Low 250 kbps Mesh Industrial IoT

Matter Network de- Variable Protocol de- Multiple Interoperability
pendent pendent

11.8 Practical Applications

11.8.1 Smart Home Hub Example

import bluetooth
import time

class SmartHomeHub:
def __init__(self):
self.ble = bluetooth.BLE(Q)
self.ble.active(True)
self.connected_devices = {}

def scan_for_sensors(self):
"""Scan for BLE sensors
print("Scanning for smart home devices...")
# Implementation for device discovery

i

def process_sensor_data(self, device_id, data):
"""Process incoming sensor data"""
if device_id in self.connected_devices:

(continues on next page)
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sensor_type = self.connected_devices[device_id]['type']

if sensor_type == 'temperature':
temp = struct.unpack('f', data)[0]
print (f"Temperature: {temp}°C")
elif sensor_type == 'motion':
motion = bool(data[0])
print(f"Motion detected: {motion}")

11.8.2 loT Sensor Network

class IoTSensorNode:

def

def

def

__init__(self, node_id):
self.node_id = node_id
self.ble = bluetooth.BLE(Q)
self.ble.active(True)

read_sensors(self):

"""Read multiple sensor values
# Read temperature (example)
adc = machine.ADC(Pin(1))
temp_raw = adc.read()

o

temperature = (temp_raw * 3.3 / 4096 - 0.5) *

# Create sensor data packet

data = {
'node_id': self.node_id,
'temperature': temperature,
'battery': self.get_battery_level(),
'"timestamp': time.time()

}

return data

transmit_data(self, data):
"""Transmit sensor data via BLE
# Convert to bytes and transmit
payload = json.dumps(data).encode()
# BLE transmission logic here

i

100

11.9 Troubleshooting Wireless Communication

11.9.1 Common Issues and Solutions

1. Bluetooth Connection Issues

def bluetooth_diagnostic():

ble

= bluetooth.BLE()

# Check if BLE is active

(continues on next page)
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if not ble.active():
print("BLE not active, initializing...")
ble.active(True)
time.sleep(1)

# Test advertising

try:
ble.gap_advertise (1000, b'\x02\x01\x06")
print("BLE advertising test: OK")

except Exception as e:
print(£"BLE advertising error: {e}l")

(continued from previous page)

2. Range and Signal Strength

def signal_strength_monitor():
"""Monitor BLE signal strength"""
def bt_irq(event, data):
if event == 5: # Advertising report
addr_type, addr, adv_type, rssi, adv_data = data
print(f"Device RSSI: {rssi} dBm")
if rssi > -50:
print ("Excellent signal")
elif rssi > -70:
print ("Good signal")
else:
print("Weak signal")

3. Power Consumption Optimization

def optimize_power_consumption():
# Reduce CPU frequency
machine. freq(80000000) # 80 MHz instead of 96 MHz

# Configure BLE for low power

ble = bluetooth.BLE()

# Use longer advertising intervals
ble.gap_advertise(2000) # 2 second intervals

# Use light sleep between operations
machine.lightsleep(1000) # Sleep for 1 second

11.10 Security Considerations

11.10.1 BLE Security Implementation

def secure_ble_connection():
"""TImplement BLE security features
ble = bluetooth.BLE(Q)

i

# Enable bonding and encryption

(continues on next page)
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ble.gap_security(
bond=True,
mitm=True,
lesc=True,
keysize=16,

# Enable bonding

# Man-in-the-middle protection
# LE Secure Connections

# Maximum key size

iocap=bluetooth.IO_CAPABILITY_DISPLAY_YESNO

(continued from previous page)

11.10.2 Thread Network Security

Thread networks are secure by default with:

* AES-128 encryption for all communications

* Network key management with automatic updates

* Device authentication before joining network

¢ Secure commissioning process

11.11 Future Expansion

The ESP32-H2’s wireless capabilities enable future protocol support including:
e Matter 1.1+ compatibility
* Enhanced Thread features

» Zigbee Pro stack updates

¢ Custom IEEE 802.15.4 implementations

* 6LoWPAN networking support

For the latest protocol implementations and examples, refer to the ESP32-H2 Technical Documentation.

11.11. Future Expansion
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TWELVE

HOW TO GENERATE AN ERROR REPORT

This guide explains how to generate an error report using GitHub repositories.

12.1 Steps to Create an Error Report

1. Access the GitHub Repository
Navigate to the GitHub repository where the project is hosted.

2. Open the Issues Tab
Click on the “Issues” tab located in the repository menu.

3. Create a New Issue
* Click the “New Issue” button.
* Provide a clear and concise title for the issue.
¢ Add a detailed description, including relevant information such as:
— Steps to reproduce the error.
— Expected and actual results.
— Any related logs, screenshots, or files.

4. Submit the Issue
Once the form is complete, click the “Submit” button.

12.2 Review and Follow-Up

The development team or maintainers will review the issue and take appropriate action to address it.
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INDICES AND TABLES

* genindex
* modindex

¢ search
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