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Webinar Logistics

« Turn on your system sound to hear the streaming presentation.

* If you have technical problems, click “Help” or submit a question
asking for assistance.

« Participate in ‘Group Chat’ by maximizing the chat widget in your
dock.
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THE SPEAKER

Beningo Embedded Group - President

Focus: Embedded Software Consulting

An independent consultant who specializes in the design of real-time,
microcontroller based embedded software.

He has published two books:

« Reusable Firmware Development

« MicroPython Projects

« Embedded Software Design

Writes a weekly blog for DesignNews.com focused on embedded
system design techniques and challenges.

Visit www.beningo.com to learn more ...

Jacob Beningo

Visit ‘Lecturer Profile’ Visit ‘Lecturer Profile’ in your console for more details.

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.


https://www.amazon.com/Reusable-Firmware-Development-Practical-Approach-ebook/dp/B07811CX8Q/ref=sr_1_1?dchild=1&keywords=reusable+firmware&qid=1589410049&sr=8-1
https://www.amazon.com/MicroPython-Projects-do-yourself-applications-ebook/dp/B086CXMYZV/ref=sr_1_1?dchild=1&keywords=MicroPython+Projects&qid=1589410080&sr=8-1
https://bit.ly/3PZCtNO
http://www.beningo.com/
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Course Sessions

Introduction to Rust for Embedded Systems
"Hello Rust!”, using QEMU

"Hello Rust!”, using the STM32F3

Interfacing to Peripherals in Rust

Becoming a Rust Expert

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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1 More on Crates
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Crates

Microcontroller

A crate is a compilation unit in Rust. (STHAF3)
== AR Cartn)

Rust treats each *.rs file as a crate Boaracrate | | HALCrate | (| [“aoc | [ oro

f||e Perg’r';‘ff('é‘fgfss 4 | |mMemory| | 12¢
= | || use

There are several types of crates for 3 N
embeddEd de\/elopers High level of abstraction Low level of abstraction

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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Crates Manages CPU/Core and

common peripherals (systick)

Microcontroller

. (STM32F3)
Packages everything for a ~
. . Micro-architecture Microprocessor
board including Crate (ARM Cortex)
preconfiguration -
Board Crate HAL Crate » ADC GPIO
Peripheral A
/‘ “Cnsn | | [wemon] [ 20
: = USB
User friendly HAL. .
See https://crates.io/crates/embedded-hal
< > Wrapper around memory
High level of abstraction Low level of abstraction mapped periphera| regiSterS

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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(STM32F3)
i Micro-architecture Microprocessor

Crate (ARM Cortex)

Microarchitecture Crate wevor | [om ]| ][]
bl

usB

]

#![no_std]

#![no_main]

use cortex_m::peripheral::{syst, Peripherals};
use cortex_m_rt::entry;

use panic_halt as _;

#[entry]

fn main() -> ! {
let peripherals = Peripherals::take().unwrap();
let mut systick = peripherals.SYST;

systick.set_clock_source(syst::SystClkSource::Core);
systick.set_reload(1_000);
systick.clear_current();
systick.enable_counter();
while !systick.has_wrapped() {
// Loop

}

loop {}

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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(STM32F3)
Micro-architecture Microprocessor
Crate (ARM Cortex)

Peripheral Access Crate

ADC GPIO
Peripheral Access
Crate (PAC) 12¢

r=%

][
#![no_std]
#![no_main]
use panic_halt as _; // panic handler
use cortex_m_rt::entry;
use tm4cl23x;
#[entry]
pub fn init() -> (Delay, Leds) {
let cp = cortex_m::Peripherals::take().unwrap();
let p = tm4cl23x::Peripherals::take().unwrap();
let pwm = p.PWMO;
pwm.ctl.write(|w| w.globalsynco().clear_bit());
// Mode = 1 => Count up/down mode
pwm._2_ctl.write(|w| w.enable().set_bit().mode().set_bit());
pwm._2_gena.write(|w| w.actcmpau().zero().actcmpad().one());
// 528 cycles (264 up and down) = 4 loops per video line (2112
pwm._2_load.write(|w| unsafe { w.load().bits(263) });
pwm._2_cmpa.write(|w| unsafe { w.compa().bits(64) });
pwm.enable.write(|w| w.pwmden().set_bit());
9
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Peripheral Access Crates

Autogenerate your own creates

# crates.io Press 'S' to focus this searchbox... Browse All Crates | & Log in with GitHub

svd2rust vo0.28.0

Generate Rust register maps (‘struct’s) from SVD files

#map #register #embedded #svd #generator

Readme 54 Versions Dependencies Dependents

0.28.0 Metadata
about 2 months ago
Sde Iust & MIT or Apache-2.0
&\ 71.7 kB
Generate Rust register maps ( struct s) from SVD files
Install

This project is developed and maintained by the Tools team.
Run the following Cargo command in your
project directory:

Documentation

cargo add svd2rust

Or add the following line to your Cargo.toml:

API

svd2rust = "0.28.0"

10
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CORPORATION

Microcontroller
(STM32F3)

ARM Cortex)

HAL Crate

Peripheral Access
Crate (PAC)

#1[no_std] // Activate the UART.
#1[no_main] let uart = Serial::uart0o(
p.UARTO,
use panic_halt as _; // panic handler // The transmit pin
porta
use cortex_m_rt::entry; .pal
use tm4cl23x_hal as hal; .into_af_push_pull::<hal::gpio::AF1>(&mut porta.control),
use tm4cl23x_hal::prelude::x*; // The receive pin
use tm4cl23x_hal::serial::{NewlineMode, Serial}; porta
use tm4cl23x_hal::sysctl; .pad

.into_af_push_pull::<hal::gpio::AF1>(&mut porta.control),
fn main() -> ! { // No RTS or CTS required

let p = hal::Peripherals::take().unwrap(); oF
let cp = hal::CorePeripherals::take().unwrap(); 0,
// The baud rate
// Wrap up the SYSCTL struct into an object with a higher-layer API 115200_u32.bps(),
let mut sc = p.SYSCTL.constrain(); // Output handling
// Pick our oscillation settings NewlineMode: : SwapLFtoCRLF,
sc.clock_setup.oscillator = sysctl::0scillator::Main( // We need the clock rates to calculate the baud rate divisors
sysctl::CrystalFrequency::_16mhz, &clocks,
sysctl::SystemClock: :UsePll(sysctl: :P110utputFrequency::_80_00mhz), // We need this to power up the UART peripheral
)5 &sc.power_control,
// Configure the PLL with those settings ) g
let clocks = sc.clock_setup.freeze();

#[entry]

loo
// Wrap up the GPIO_PORTA struct into an object with a higher-layer API. pwiiteln!(uart, "Hello, World!\r\n").unwrap();
// Note it needs to borrow ‘sc.power_control® so it can power up the GPIO }
// peripheral automatically.
let mut porta = p.GPIO_PORTA.split(&sc.power_control);

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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What crate would you expect to use the most when developing your
applications?

- Microarchitecture crate

- PAC

- Embedded HAL

- Board

- other

12
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2 LED Example

13
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Example Setup

01-background
02-requirements
03-setup

04-meet-your-hardware

Clone the STM32F3 Rust Example Directory
e https://github.com/rust-embedded/discovery

05-led-roulette

06-hello-world

07-registers
08-leds-again
09-clocks-and-timers

Project 05-led-roulette

10-serial-communication

12-bluetooth-setup
13-serial-over-bluetooth

14-i2¢c

15-led-compass

16-punch-o-meter

WIP-async-io-the-future

14
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LED Roulette

=ny(unsafe_code) ]
m ]
1

use auxb5::{Delay, DelayMs, LedArray, OutputSwitch, entry};
#lentryl

fn main() —> ! {
let ( delay, leds): (Delay, LedArray) = aux5::init();

perpppBpepidienyd

2E

let ms = 50_u8;
loop { ' 2| os
for curr in 0..8 { o 3 53353:3'25-
let next = (curr + 1) % 8; =B l—EE:::
- x 83

SEETE EE

2

leds [next].on().ok();
delay.delay_ms(ms);
leds[currl.off().ok();
delay.de’ ms(ms) ;

W wanz
- dxx

‘
‘b
a‘. TTTIe

15
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LED Roulette aux5

1 V/! Initialization code
#[ ]
use panic_itm; // panic handler

use cortex_m_rt::entry; // initialize user leds

let gpioe = device_periphs.GPIOE.split(& reset_and_clock_control.ahb);
use stm32f3_discovery::{leds::Leds, stm32f3xx_hal, switch_hal}; let leds = Leds::new(
use switch_hal::{ActiveHigh, OutputSwitch, Switch, ToggleableOutputSwitch}; gpioe.pe8,

gpioe.pe9,

stm32f3xx_hal: :prelude: :*; gpioe.pel0,
use stm32f3xx_hal::{
delay: :Delay,
gpio::{gpioe, Output, PushPull},
hal::blocking: :delay: :DelayMs,
pac,

gpioe.pell,
gpioe.pel2,
gpioe.pel3,
gpioe.pel4,
gpioe.pel5,

& gpioe.moder,
type LedArray = [Switch<gpioe::PEx<Output<PushPull>>, ActiveHigh>; 8]; & gpioe.otyper,
fn init() —> (Delay, LedArray) { )i

let device_periphs = pac::Peripherals::take(). (); (delay, leds.i

let reset_and_clock_control = device_periphs.RCC.

let core_periphs = cortex_m::Peripherals::take(). ();

let flash = device_periphs.FLASH. in();

let clocks = reset_and_clock_control.cfgr. (& flash.acr);
let delay = Delay::new(core_periphs.SYST, clocks);

© 2022 Beningo Embedded Group, LLC. All Rights Reserved.
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What do you think is the most important component to crate
creation?

- Function naming
- Encapsulation

- Dependency management
- Other

17
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! Exceptions and Interrupts
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Exceptions and Interrupts

Exceptions, and interrupts, are a hardware mechanism by which the
processor handles asynchronous events and fatal errors (i.e., executing an
invalid instruction). Exceptions imply preemption and involve exception
handlers, subroutines executed in response to the signal that triggered the
event.

19
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Exceptions and Interrupts

#[interrupt]
fn TIM2() {
static mut COUNT: u32 = 0;

#[exception]
fn SysTick() {
static mut COUNT: u32 = 0;

// "COUNT' has transformed to type "&mut u32’ and it's safe to use
*COUNT += 1;

// TCOUNT' has type "&mut u32’ and 1it's safe to use
*COUNT += 1;

20
© 2022 Beningo Embedded Group, LLC. All Rights Reserved.



Continuing P
Education Sponsored By w
Center CORPORATION /

Exceptions and Interrupts

#[exception]
fn HardFault(ef: &ExceptionFrame) -> ! {
if let Ok(mut hstdout) = hio::hstdout() {
writeln! (hstdout, "{:#?}", ef).ok();

#[exception]
fn DefaultHandler(irgn: 116) {

// custom default handler ’

loop {}

Ji

}

21
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How do you feel about rust so far?
- Great

- Good

- Undecided

- Not impressed

- Ready for C++ class

22
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4 Going Further

23
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Rust Resources

« Rust Webpsite

« Rust Book

 Rust for Embedded Book

 |Learning Rust for Embedded Systems

« Rust By Example

« RTIC: Real-Time Interrupt Driven Concurrency

24
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https://www.rust-lang.org/
https://doc.rust-lang.org/book/
https://docs.rust-embedded.org/book/
https://www.embeddedrelated.com/showarticle/1432.php
https://doc.rust-lang.org/rust-by-example/index.html
https://www.arm.com/resources/guide/machine-learning-on-cortex-m
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Thank you for attending

Please consider the resources below:
*  Wwww.beningo.com

- Blog, White Papers, Courses

- Embedded Bytes Newsletter
« http://bitly/TBAHYXm
- Embedded Software Design

e https://www.beningo.com/embedded-software-design/

From www.beningo.com under
- Blog > CEC - Embedded Software using Rust

25
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