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https://georgik.rocks/
https://www.espressif.com/

0Ses and integration and Rust

no_std a.k.a. bare metal with Rust - https://github.com/esp-rs/esp-hal (minimalistic)
ESP-IDF (OS based on FreeRTOS) - https://github.com/esp-rs/esp-idf-hal

- Zephyr - https://zephyrproject.org/

EDC22 Day 1 Talk 10: Applications of Asymmetric Multiprocessing with ESP32 Devices -
including Rust on one core - https://youtu.be/oble90bAaxM

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

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



https://github.com/esp-rs/esp-hal
https://github.com/esp-rs/esp-idf-hal
https://zephyrproject.org/
https://youtu.be/oble9ObAqxM
https://nuttx.apache.org/
https://github.com/espressif/svd

Programming languages

Active support by Espressif teams

- (C/C++

most common choice - https://github.com/espressif/esp-idf

- Rust esp-rs
recommended for new design evaluation - https://github.com/esp-rs
security and memory guaranties of Rust
multi-target Xtensa, RISC-V, plus WASM, desktops or mobile

- Arduino - Maker choice

Arduino IDE 2.x
note: check the license for production



https://github.com/espressif/esp-idf
https://github.com/esp-rs

Other languages and frameworks

New and noteworthy:

Ada/Spark - from AdaCore
Embedded Wizard - DSL and C

Lig
VM based:

CircuitPython and MicroPython - Python-like language
Toit

Nanoframework - C# language

Mongoose 0S

Lua

downside: bigger VM

upside: more robust, comes with OTA and monitoring



https://blog.adacore.com/embedded-ada-spark-theres-a-shortcut
https://doc.embedded-wizard.de/getting-started-esp32
https://github.com/INetBowser/zig-xtensa/blob/xtensa/XTENSA.md
https://learn.adafruit.com/welcome-to-circuitpython/what-is-circuitpython
https://micropython.org/
https://toit.io/
https://www.nanoframework.net/
https://mongoose-os.com/mos.html
https://github.com/whitecatboard/Lua-RTOS-ESP32

IDE

Supported by Espressif:

VS Code with Espressif Extension - great Rust support
https://docs.espressif.com/projects/esp-idf/en/stable/esp32/get-started/vscode-setup.html
Espressif IDE - https://dl.espressif.com/dl/esp-idf/

Supported by JetBrains:
CLion - https://www.jetbrains.com/clion/ - great Rust Support

Supported by SysProgs
Visual Studio with VisualGDB - https://visualgdb.com/

Supported by TARA Systems
Embedded Wizard - https://www.embedded-wizard.de/

**
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https://docs.espressif.com/projects/esp-idf/en/stable/esp32/get-started/vscode-setup.html
https://dl.espressif.com/dl/esp-idf/
https://www.jetbrains.com/clion/
https://visualgdb.com/
https://www.embedded-wizard.de/

Rust language support

Talk: EDC22 Day 1 Talk 7: Rust on Espressif chips - Scott Mabin - DevConf September 2022
https://youtu.be/qekm) -6fPg

Talk: Embedded Rust on ESP32 - Juraj Michalek - Rust Linz November 2022
https://youtu.be/0PPPdqoDB0s



https://youtu.be/qeEmJ_-6fPg
https://youtu.be/0PPPdqoDBQs

wokwi.com/rust

Contribute: https://github.com/wokwi

EDC22 Day 1 Talk 9: Your browser is
SP32 - Wokwi -
https://youtu.be/TKe4MgD6080
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https://wokwi.com/rust
https://github.com/wokwi
https://youtu.be/TKe4MgD6O8o

Rust + e-Paper + ESP32

main.rs

https://wokwi.com/projects/366167936725307393



https://wokwi.com/projects/366167936725307393

Pause button - see state of GPIOs
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Wokwi F1 menu (download binary and many more)
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wt+ Download WiFi Packet Capture (PCAP) file




Wokwi Logic Analyzer
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Hit Stop to download VCD file for PulseView



Wokwi + PulseView - examples of |2C

¥ wokwi-logic (2).ved - PulseView
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(— Wokwi Simulator - m5stack-fire - Visual Studio Code OB (o - O X

@ EXPLORER wokwi.toml $ run-wokwi.sh = Wokwi Simulator X m .-
v Li d to:
. o \ Akt WOKWI wokwi for VS Code skl
() wokwi.toml _
WO le = VS COd E PI llgl I1 ' $ run-wokwish ©00:17.099 (943%
Q0 X = Wokwi Simulator
O ' M5STACK-FIRE
N > .cargo MPU6050 Accelerometer + Gyroscope X
. i St AL ACCELERATION C@) ROTATION
t t
NC - arge X: — () g X: I ()° /sec
CC = Cargo.lock
‘ \Z — () g Y- E— ()° /sec
argo.toml — :
{} diagram.json Z 19 s — 0°/sec
$ run-wokwi.sh 3 TEMPERATURE
Add wokwi.toml and diagram.json o
. " wokwi.toml

to your project

TPE6ITI

> OUTLINE
> TIMELINE
> PROJECT COMPONENTS

CTRL+Shift+P - Wokwi: Start Simulator



Development containers and Wokwi

ILI9341

https://github.com/playfulFence/esp-clock#dev-containers



https://github.com/playfulFence/esp-clock#dev-containers

Starting from template

cargo generate -a esp-rs/esp-template

W/ Project Name: hello-wokwi

\. Destination: /Users/georgik/projects/aero-rust/hello-wokwi ...

. project-name: hello-wokwi ...

. Generating template ...

+ W Use template default values?

~ W Which MCU to target? . esp3?

? Wr Configure project to support Wokwi simulation with Wokwi VS Code extensio
+ ¢ Configure project to support Wokwi simulation with Wokwi VS Code extension?
? Wr Configure project to use Dev Containers (VS Code and GitHub Codespaces)?
~ Wr Configure project to use Dev Containers (VS Code and GitHub Codespaces)?
~ Wr Enable allocations via the esp-alloc crate?

cargo build



Command/CTRL+Shift+P - Wokwi: Start Simulator

o000 Wokwi Simulator — hello-wokwi
@ EXPLORER wokwi.toml U = Wokwi Simulator X
v HELLO-WOKWI o g
= WOKWI wokwi for VS Code
() > .cargo

> .devcontainer
%o > Wvscode
> docs
scripts
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?
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— target
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rust-toolchain.toml U

wokwi.toml Y 'Hello world!



Debugging

main.rs — hello-wokwi

>
Debug: Start Debugging F5 recently used
Wokwi: Start Simulator and Wait for Debugger £5%

2 steps: simulator, debugger



Debugging session with Wokwi

'Y X main.rs — hello-wokwi D Qo8
@ RU.. D WokwiGDBYV | £ - ® m: > 2 ¥ T O O wlator O W O
' VARIABLES src > ® main.rs > @ main
+D LEL LLumeEr_groupi: 11meEruroupsiimul> = j1meruroup:inew|
v Locals . g ,
/C> } timer_group: peripherals.TIMG1,
> timer_groupl: {...} A &clocks, :
o > timer_group@: {...} ] &nut system.peripheral_clock_control, o
& SEPEC S );
< Sictockss 0 : let mut wd'fl: Wdt<TIMG1> = timer_groupl.wdt;
> ) rtc.rwdt.disable();
G Reuisters wdt@.disable();
o v CPU 53 wdtl.disable();
Efa pc: 0x400d2488 © 54 | println!("Hello world!");
ar@: 0x800d9bf9
loop {}
Lo arl: @x3ffdbd0  —
an?. el -
A > WATCH
v CALL STACK
v [1] PAUSED ON BREAKPOINT
hello_wokwi::__xtensa_lx_rt_mc
main() main.rs (301
> 121 BAUSED PROBLEMS (2 OUTPUT  AZURE: ACTIVITY LOG TERMINAL DEBUG CONSOLE =5
@ Filter (e.g. text, !exclude)
+ BREAKPOINTS o s printin!( HeLLO \i#(]r‘Lﬁ‘. Js .
. Execute debugger commands using "-exec <command>", for example "-exec i
{:{,} ¥ main.rs src % nfo registers" will list registers in use (when GDB is the debugger)
> ESP PERIPHERAL VIEW >

X Pmant & ®2A0 £ Wokwi GDB (hello-wokwi) A\ rust-analyzer Spaces:4 UTF-8 LF Rust & & (2



jram.json @ Cargo.toml

Wokwi Profiler T ————

or=: “wOKwl™,

wokwi.com #7 ¥

100 ms 200 ms 300 ms 400 ms 500 ms 600 ms 700 ms 800 ms 900 ms 1000 ms 1100 ms 1200 ms 1300 ms 1400 ms 1500 ms

940 ms 950 ms 960 ms 970 ms 990 ms 1000 ms 1010 ms 1020 ms
» esp_timer
» IDLE

¥ main
app_main
std:rt:lang_start_internal
std:rtzlang_start::{{closure}}
std::sys_common:backtrace::_ rust_begin_short_backtrace
test_wifi_scanzmain
test_wifi_scan:wifi
esp_idf_svcuwifi:EspWifiz:start esp_i..meout lo..og esp_id..:;scan core:ptr:drop_in_place<alloc:boxed::Box<esp_idf_svciwifi:EspWifi>>
esp_wifi_start Sl s <e..og esp_id..scan <esp_idf_svc:wifi...drop:Drop>:drop <esp_idf_svc:wifizWifiDriver as core:ops:drop:Drop>:d
semphr_take_wrapper = ek || Peng | =2 co...mt esp_ihggg ms (self 4 ps) esp_idf_svcawifizWifiDriver:scan  SP_i-.:stop esp_wifi_deinit l..g
vPortYield go k|| el co..te log:...i_logTrespriarsveiwITTmver:stop muwer.g | L.g esp_wifi_de...t_internal  <...
esp_crosscore_int_send_yield c.e e <.. <esp..log lo..g esp_wifi_stop l.g ieee8..octl wifi..task c..t
<. core..fmt <e..g i.l ieee8..octl <.. pp_h..size icd..ask c..
f.. core..rite cg: & 'p || lppihsisize! | e queu..per vTa..lay
<&..ir c.e Q.. queu..per C.. vPort...ical  esp...ld
<es..tr V.. VvPort..ical



https://profiler.wokwi.com/

Wokwi Cl

https://github.com/wokwi/wokwi-ci-action



https://github.com/wokwi/wokwi-ci-action

Wokwi and Cl with screenshot

https://github.com/georgik/esp32-spooky-maze-game/actions/runs/5111553942

deploy summary

LCD screen shot (simulated with Wokwi)



https://github.com/georgik/esp32-spooky-maze-game/actions/runs/5111553942

Wokwi custom chips

https://docs.wokwi.com/chips-api/getting-started

Implement your own virtual HW.


https://docs.wokwi.com/chips-api/getting-started

ESP32-C6

Main feature: WiFi 6 support - reduced power consumption

- https://www.youtube.com/watch?v=FAljqZLig4s
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https://www.youtube.com/watch?v=FA1jqZLig4s
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[chip-bh175@] Hello from light sensor!


https://github.com/wokwi/esp32c6-i2c-lp

Books

The Rust on ESP Book
https://esp-rs.github.io/book/



https://esp-rs.github.io/book/

Rust STD Training Embedded for ESP32-C3

Material: https://esp-rs.github.io/std-training/

GitHub: https://github.com/esp-rs/std-training

Developed by Ferrous Systems, Espressif Systems and Community

-y
e _ ferrous systems


https://esp-rs.github.io/std-training/
https://github.com/esp-rs/std-training

Async with Embassy

Embassy: https://github.com/embassy-rs/embassy

Examples of Embassy on ESP32:

https://github.com/esp-rs/esp-hal/blob/main/esp32-hal/examples/embassy hello world.rs
https://github.com/esp-rs/esp-hal/blob/main/esp32-hal/examples/embassy spi.rs
https://github.com/esp-rs/esp-hal/blob/main/esp32-hal/examples/embassy wait.rs



https://github.com/embassy-rs/embassy
https://github.com/esp-rs/esp-hal/blob/main/esp32-hal/examples/embassy_hello_world.rs
https://github.com/esp-rs/esp-hal/blob/main/esp32-hal/examples/embassy_spi.rs
https://github.com/esp-rs/esp-hal/blob/main/esp32-hal/examples/embassy_wait.rs

Designing Open Hardware - esp-rust-board

£SP32-C3 .

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

‘s E
-
o

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

Thread End Device
ESP32-H2 Bulb

= [

Q)

ESPRESSIF

SHARE :: CONNECT :: INNOVATE

Thread Border Router
ESP32-H2 + ESP32-S3
(Thread + Wi-Fi)

Wi-Fi End Device
ESP32 FAN

Wi-Fi End Device
ESP32-C3 Smart Switch

ESP32 Bulb

Matter Bridge
ESP32-H2 + ESP32-S3
(Zigbee + Wi-Fi)

Espressif's Matter Demo - https://youtu.be/Jr4lut NggA



https://youtu.be/Jr4Lut_NgqA

Espressif and Matter

Support for ESP32 is upstream
https://github.com/project-chip/connectedhomeip/tree/master/examples/all-clusters-app/esp32

esp-matter project - https://github.com/espressif/esp-matter

matter-rs - Rust - https://github.com/project-chip/matter-rs



https://github.com/project-chip/connectedhomeip/tree/master/examples/all-clusters-app/esp32
https://github.com/espressif/esp-matter
https://github.com/project-chip/matter-rs

ESP Launchpad - https://espressif.github.io/esp-launchpad/

£y ESPLAUNCHPAD o5 #  8 e

Quick Start Y Connect Console Settings About

ESP Launchpad helps you to flash the selected firmware image onto your device.
Ensure you have connected your device to the serial USB port. Click on the ‘Connect’ button in the top menu option, to connect to your attached device.

Note : Once you flash your device, any earlier firmware would be overwritten.

Choose from some of ESP's pre-built, out-of-the-box examples to flash and play

Select Application [ Matter-AllClustersApp-TE9 v l

Matter-AllClustersApp-TES

ESP Chipset Type Matter-AllClustersApp-M5Stack-TES
Matter-LightingApp-TEQ
RainMaker-GPIO

Flash ‘ RainMaker-HomekitSwitch
RainMaker-LedLight
RainMaker-MultiDevice
RainMaker-Switch

RainMaker-TemperatureSensor



https://espressif.github.io/esp-launchpad/

Multi-target project (PoC) - ESP32 Spoo

ky Maze

ESP32 Spooky Maze

Source: https://github.com/georgik/esp32-spooky-maze-game

Idea: sharing business logic in Rust between

multiple targets e
Demo: https://georgik.rocks/rust-bare-metal-application-for-esp32-desktop-android-and-ios/

Targets: ESP32, ESP32-S2, ESP32-S3, ESP32-C3, M5Stack, Wasm and Desktop

Article: https://georgik.rocks/rust-hare-metal-application-for-esp32-desktop-android-and-ios/ @

https://github.com/espressif/esp-box



https://github.com/georgik/esp32-spooky-maze-game
https://georgik.rocks/rust-bare-metal-application-for-esp32-desktop-android-and-ios/
https://georgik.rocks/rust-bare-metal-application-for-esp32-desktop-android-and-ios/
https://github.com/espressif/esp-box

Using Al to generate Rust projects

Chat-GPT has limited history
Limitation: Majority of changes was done after 2021
Chat-GPT always tends to produce std code.

Crates and dependencies are old.

GitHub Copilot works well with no_std.



Espressif Developer Gonference 2022 - recording

} ESPRESSIF

Keynote CEO Welcoming Speech

Teo Swee Ann
Espressd

https://www.youtube.com/playlist?list=PLOzvoM] Knrc60-n25jYuXRB2T8UKKINU

Developer Conference 2023 - scheduled for 12-13 September - https://devcon.espressif.com/



https://www.youtube.com/playlist?list=PLOzvoM7_Knrc6o-n25jYuXRB2T8UKk1NU
https://devcon.espressif.com/

Embedded World 2024

Meet us in Nuremberg, Germany

@ embeddedworld

Exhibition&Conference




Visit us in Brno

Espressif Systems (Czech) s.r.o.
Piizova 3, 602 00 Brno

Czechia, Europe




Toolchain & tools support

e New STD target for the upcoming ESP32-C6, ESP32-H2, ESP32-P4 now upstream
o  riscv32imac-esp-espidf

e Xtensa LLVM backend now updated to LLVM 16

e We're adding Xtensa support to probe-rs
o Probe-rs is a toolkit for flashing, debugging and inspecting embedded devices, similar to openOCD and other OCD
like projects
e We're adding esp-idf bootloader format flashing support to probe-rs too



