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Why Embedded Swift makes sense?



OSes and integration in Production

ESP-IDF (OS based on FreeRTOS) - https://github.com/espressif/esp-idf

Rust no_std - https://github.com/esp-rs/esp-hal - official support

Rust std - https://github.com/esp-rs/esp-idf-hal - community support

Zephyr - https://zephyrproject.org/

https://developer.espressif.com/tags/zephyr/
https://wokwi.com/projects/325751453458104914

M NuttX - https://nuttx.apache.org/ (as app, Linux-like 0S)

https://developer.espressif.com/tags/nuttx/

SVD files: https://github.com/espressif/svd



https://github.com/espressif/esp-idf
https://github.com/esp-rs/esp-hal
https://github.com/esp-rs/esp-idf-hal
https://zephyrproject.org/
https://developer.espressif.com/tags/zephyr/
https://wokwi.com/projects/325751453458104914
https://nuttx.apache.org/
https://developer.espressif.com/tags/nuttx/
https://github.com/espressif/svd

Cyber Resilience Act - Language Fit

Rust
Swift
C/C++

Python

W Excellent

Promising
> High burden

> Weak fit

Memory safety, OTA-ready, ecosystem-ready

Needs maturing runtime/tooling; good safety/readability
Requires external tools, extensive QA to meet safety standards
Poor memory safety - frequent source of CVEs

Dynamic runtime, opaque interpreter, poor auditability
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GitHub: https://github.com/espressif/developer-portal/
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Swift Embedded Examples

idf.py set-target esp32-c6
idf.py build flash monitor
Quit monitor: CTRL+]

https://github.com/swiftlang/swift-embedded-examples



https://github.com/swiftlang/swift-embedded-examples

Swift Embedded Examples - esp32-led-blink-sdk

‘Wokwi Simulator

WOKWI simulator

® @ ® [ esp32-led-blink-sdk v 9 main v
CLion + Wokwi plugi e et
ﬂ 0 WI p u gl n -0 v [ esp32-led-blink-sdk
% D assets
© d -
8 build esp32-led-blink-sdk
39 > [ cmake-build-debug
3 main This example demonstrates how to integrate with
12 2 CMakelLists.txt the ESP-IDF SDK via CMake and how to use the

standard GPIO library to control LED from Swift.

This example is specifically made for the RISC-V.
MCUs from ESP32 (the Xtensa MCUs are not
currently supported by Swift).

{} diagram json
README.md

W wokwi.tom!
th External Libraries

=" Scratches and Consoles

>4
9
R
Run ¥ Wokwi Simulator
G %
® \47) HEGP_LILL. AL HUG/LULU LGI UOUULFOM \Li RADJ. AN

I (26) heap_init: At 56068606 len BBGO3FE8 (15 KiB): RTCRAM
I (26) spi_flash: detected chip: generic

= I (20) spi_flash: flash io: dio
I
I
I

(20) sleep_gpio: Configure to isolate all GPIO pins in sleep state
(21) sleep_gpio: Enable automatic switching of GPIO sleep configuration
(21) coexist: coex firmware version: e727207

README.md

https://plugins.jetbrains.com/plugin/23826-wokwi-simulator

Add Configuration... v

Wokwi Pro Li
(@00:01.299 (9)24%

icense



https://developer.espressif.com/blog/clion/
https://plugins.jetbrains.com/plugin/23826-wokwi-simulator

Swift Embedded Exam

Architecture of ESP-IDF project:

Components

- main

- managed_components
- components (local)

main/idf_component.ym|

ples - esp32-led-strip-sdk

© @0 [ esp32-led-strip-sdk v ¥ main v
O Project +
0= ~ [7 esp32-led-strip-sdk
3 build
Ea cmake-build-debug
29 > O main
[ managed_compol

X

T O 0 ek

Y

2\ CMakelLists.txt

dencies.lock
{} diagram.json
README.md

sdkconfig
W wokwi.toml

[th External Libraries

Scratches and Consoles

Run W Wokwi Simulator

README.md

esp32-led-strip-sdk

This example demonstrates how to integrate with
the ESP-IDF SDK via CMake and how to use the
existing LED strip library to control WS8212 lights
from Swift. This example is specifically made for
the RISC-V MCUs from ESP32 (the Xtensa MCUs
are not currently supported by Swift).

(23) sleep_gpio: Enable automatic switching of GPID sleep configuration

@ %
I (22) spi_flash: flash io: dio
I (22) sleep_gpio: Configure to isolate all GPIO pins in sleep state
o [GE
“® I (23) coexist: coex firmware version:
=X I (23) coexist: coexist rom version Sb8dcfa
@ I (24) main_task: Started on CPUB
@ I (24) main_task: Calling app_main()

Hello from Swift on ESP32-C6!

> MiREADME.md

Add Configuration... v

Wokwi Simulator

WOKWI simulator

#XSXHLAXILIXHL

Wokwi Pre

0 License




Component Registry

The ESP Component Registry

Browse components

ALL || Board Support Package

Compatible with ESP-IDF: | v5.0 ' v5.1 | v52

By target: EsP32  ESP32-C2  ESP32-C3

Featured

espressif/mdns
v14.0

uploaded 2 months ago

mDNS

espressif/arduino-esp32
v3.07

uploaded 23 hours ago

Arduino core for ESP32, ESP32-S and
ESP32-C series of SoCs

v5.3

ESP32-C5  ESP32-C6  ESP32-C61  ESP32-H2 | ESP32-P4  ESP32-52

Ivglfivgl
v9.2.0

uploaded 1 month ago

LVGL - Light and Versatile Graphics
Library

espressif/openai
v1.00
uploaded 5 months ago

OpenAl library compatible with ESP-IDF

https://components.espressif.com/

ESP32-53

espressif/esp-modbus
v1.0.16

uploaded 1 month ago

ESP-MODBUS is the official Modbus
library for Espressif SoCs.

wolfssl/wolfss|
V572

uploaded 3 months ago

wolfSSL Embedded SSL/TLS Library

joltwallet/littlefs
v1.14.8
uploaded 3 months ago

LittleFS is a small fail-safe filesystem for
micro-controllers.

slint/slint
v1.8.0

uploaded 1 month ago

Slint — declarative GUI toolkit



https://components.espressif.com/

ESP32 Weather Display

Display connected via SPI

Board Support Package - using Generic

https://github.com/georgik/esp32-swift-weather-display

Online simulation with Wokwi



https://github.com/georgik/esp32-swift-weather-display
https://wokwi.com/experimental/viewer?diagram=https%3A%2F%2Fraw.githubusercontent.com%2Fgeorgik%2Fesp32-swift-weather-display%2Fmain%2Fboards%2Fesp32_c6_devkit%2Fdiagram.json&firmware=https%3A%2F%2Fgithub.com%2Fgeorgik%2Fesp32-swift-weather-display%2Freleases%2Fdownload%2Fv1.0.0%2Fesp32-swift-weather-display-esp32_c6_devkit.bin

Smooth integration with C libraries - SDL3

Example with high performance ESP32-P4

Vi4

:>
RISC'V IMACF ; @ Et?:c::iac;:jEV_Board
cw
H

https://github.com/georgik/esp32-sdi3-swift-example

Online simulation with Wokwi

ESP-IDF SDL3 Component



https://github.com/georgik/esp32-sdl3-swift-example
https://wokwi.com/experimental/viewer?diagram=https%3A%2F%2Fraw.githubusercontent.com%2Fgeorgik%2Fesp32-sdl3-swift-example%2Fmain%2Fboards%2Fesp32_p4_function_ev_board%2Fdiagram.json&firmware=https%3A%2F%2Fgithub.com%2Fgeorgik%2Fesp32-sdl3-swift-example%2Freleases%2Fdownload%2Fv1.0.0%2Fesp32-sdl3-swift-example-esp32_p4_function_ev_board.bin
https://components.espressif.com/components/georgik/sdl/versions/3.2.5~2

Integrating with Matter ecosystem - basic level

https://github.com/swiftlang/swift-matter-examples

let rootNode = Matter.Node()
rootNode.identifyHandler = {
print(“identify")
}

/1 (2) Create a "light" endpoint
let lightEndpoint = Matter.ExtendedColorLight(node: rootNode)
lightEndpoint.eventHandler = { event in

print("lightEndpoint.eventHandler:")


https://github.com/swiftlang/swift-matter-examples

Integrating with Matter ecosystem - pro level

Matter Data Model Interpreter

https://github.com/espressif/matter data model interpreter/

ZCL 3% matter

https://github.com/project-chip/connectedhomeip

https://github.com/project-chip/zap



https://github.com/espressif/matter_data_model_interpreter/
https://github.com/project-chip/connectedhomeip
https://github.com/project-chip/zap

Supported MCGUs

All modern RISC-V: ESP32-C*, ESP32-H*, ESP32-P* family

easy use of nightly upstream toolchain

More complex setup: ESP32, ESP32-S* family

requires build of custom toolchain with Xtensa support
this MCUs are older



Embedded Swift - Bare Metal

CMSIS System View Description (CMSIS-SVD)

https://github.com/espressif/svd

Patched version used in Rust no_std

https://github.com/esp-rs/esp-pacs/
https://github.com/apple/swift-mmio

SVD2Swift \
--input ../esp-pacs/esp32¢6/svd/esp32c6.svd \
--output Sources/Registers \

--access-level public \

--peripherals GPIO UARTO SPI0


https://github.com/espressif/svd
https://github.com/esp-rs/esp-pacs/
https://github.com/apple/swift-mmio

ESP32-C6 Embedded Swift Bare Metal

Sources/Registers from MMIO

Call of ROM functions

/1 ESP32-C6 ROM UART functions
@_silgen_name("esp_rom_uart_putc")
func esp_rom_uart_putc(_ char: Ulnt8)



Linker Scripts

Sources/Support/Ld/esp32¢6/linkall.x
Minimal size of section 64KB



ESP App Descriptor for Bootloader

Header required by default boot loader

https://github.com/georgik/esp32-c6-swift-baremetal/blob/main/Sources/Support/esp app d
esc.cfl21



https://github.com/georgik/esp32-c6-swift-baremetal/blob/main/Sources/Support/esp_app_desc.c#L21
https://github.com/georgik/esp32-c6-swift-baremetal/blob/main/Sources/Support/esp_app_desc.c#L21

Working example

Showcase:

- GPIO
- UART
S of

- Delay

000 [ esparcosuit et e/ srp

O Project esp32c6.x README.md

- 3 Sources - = =

3 Application . . /( :

93 = Delay.swift tLine(" :

putLine 6
= lay.swift
o Display.swift putLine(*

& W X

T O 0 e

= ESP32AppROM.swift
= ESP32DelayROM.swift
= ESP32GPIOROM.swift
= ESP32SPIROM.swift
= ESP32UARTROM.swift
= GPIOControl.swift

= ILI9341.swift

= main.swift

= SPIControl.swift

= UART.swift

Registers

ee

Support

D include

D
esp_app_desc.c
linkerscript.id

(3 Tools

@ .gitignore

W Wokwi Simulator

rrroy
Progress: 288/320
Screen fill complete

$8. £20/920

Test 3: Color pattern

Drawing color test pattern...

fLUShUART ()

//

initializelED()

1/
putLine("
runDisplayApplication()

counter =

| {
putString("
putChar(UInt8(
putLine("")

1l
f counter % 5 ==
putLine("

ntSErinal"EN

https://github.com/georgik/esp32-c6-swift-baremetal

= main.swift

‘)
+ (counter %

1))

Wokwi Simulator

WOKWI simulator

flash v

Wokwi Pro License
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https://github.com/georgik/esp32-c6-swift-baremetal

ESP Product Selector + Product Comparison
https://products.espressif.com

Product Selector

ESP32-S3 is a low-power MCU-based SoC that supports 2.4 GHz Wi-Fi and Bluetooth®
Low Energy (Bluetooth LE)
S3 has a complete Wi-Fi subsystem and a Bluetooth LE subsystem, State-of-the-
and RF performance. S3 provides a rich set of peripheral interfaces, and
ultra-low-powerapplications. Different security features allow the device to meet
stringent security requirements.

L
i Product Portfolio Sales Que:

ESP32-S3 © Show Same
Block Diagram:
Features:
ESP32-S3 ESP32-PANRW16

« Core: Xten: single-dual 32-bit LX7 CPU,

\E‘ Docs & Certs
E,\ DevKits

frequency up to 240MHz

» Memories: CPU

List: 203 items C/Module ment Board Freq. (MHz)

Marketing Status Type
Overview

Mass Production SoC IEEE 802.11

Mass Production > IEEE 802.11

Mass Production 5 |EEE 802.11 b/g/n; 2
Mass Production IEEE 802.11 b/g/n
Mass Production IEEE 802.11



https://products.espressif.com/

IDE

Supported by Espressif:

VS Code with Espressif Extension - https://developer.espressif.com/tags/vscode/
Espressif IDE - https://developer.espressif.com/tags/espressif-ide/

Supported by JetBrains:

BRAINS

CLion - https://developer.espressif.com/blog/clion/ JET ﬁ: n


https://developer.espressif.com/tags/vscode/
https://developer.espressif.com/tags/espressif-ide/
https://developer.espressif.com/blog/clion/

Tips



How to “unbrick” ESP32

Many people incorrectly thinks that ESP32 is bricked, in many cases the custom firmware just does
not receive UART or USB signals.

Solution: hold BOOT button and press RESET to switch to boot mode

After flashing, just press RESET to return to normal mode.



Wire Wrap Tool
P

Espressif DevCon 2024 - Tips and Tricks



https://youtu.be/G5NCIXwU2Gk?si=0lMLBtCKaiQeGU2M&t=298

ESP32-C6 TWT
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Control
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https://www.youtube.com/watch?v=FAljqZLig4s



https://www.youtube.com/watch?v=FA1jqZLig4s

Designing Open Hardware - esp-rust-board

KiCad templates

https://github.com/esp-rs/esp-rust-board

ESP32-C3-DevKit-RUST-1 (available at Mouser, AliExpress)

https://www.espressif.com/en/products/devkits



https://github.com/esp-rs/esp-rust-board
https://www.espressif.com/en/products/devkits

FRI STACK

M5Stack compatible Open Hardware stack
Developed by Technical Cybernetics UNIZA
- https://github.com/andsim04/FR| STACK HARDWARE



https://www.fri.uniza.sk/en/pracoviska/k-t-k
https://github.com/andsim04/FRI_STACK_HARDWARE

Espressif in Brno

VInéna Office Park
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Espressif Systems (Czech) s.r.0.
Pizova 3, 602 00 Brno

Czechia, Europe




Espressif Developer Conference 2022-2024 - recording

}ESPRES IF

DevCon

Keynote CEO Welcoming Speech

Teo Swee Ann

https://www.youtube.com/@EspressifSystems

https://devcon.espressif.com/



https://www.youtube.com/@EspressifSystems
https://devcon.espressif.com/

Embedded World 2026

Meet us in Nuremberg, Germany

@ embeddedworld

Exhibition&Conference




Old games ported to ESP32-P4

Openlyrian - https://github.com/georgik/Openlyrian/

Doom / FreeDoom - https://github.com/espressif/esp32-doom

Quake 1/ LibreQuake - https://github.com/espressif/esp32-quake


https://github.com/georgik/OpenTyrian/
https://github.com/espressif/esp32-doom
https://github.com/espressif/esp32-quake

