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Embedded async
D i o n  D o k t e r

Th e r e ’ s  g o i n g  t o  b e  l o t s  o f  c o d e .

P l e a s e  s i t  c l o s e ,  I  d o n ’ t  b i t e !

If you can read this, you should be alright.
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Who am I?
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• Dion Dokter

• Tweede golf

• Embedded Rust since 2019

• Fan of async on embedded

• @geoxion

• @diondokter@fosstodon.org 
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Agenda
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• What is asynchronous coding?

• Polling loop

• Interrupts

• Async Rust

• Futures

• Wakers

• Real embassy code
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What is asynchronous coding?
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• Doing multiple things 
‘at the same time’

• Parallel vs 
concurrent

• Parallel often not 
possible on 
embedded

• Two ways to do 
concurrency
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fn main() {
  let button = Button::new();
  let mut led = Led::new();

  loop {
    let button_state = button.get();
    led.set(button_state);
  }  

}

Polling loop

5

• Easy, just a loop

• Polling events

• Not efficient
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fn main() {
  let mut state = State::new();

  loop {
    poll_blink(&mut state.led_blink_state);
    poll_radio(&mut state.radio_state);
  }  

}

pub enum LedBlinkState {
  Uninitialized,
  Off { led: Led },
  WaitForOn { led: Led, timestamp: Instant },
  WaitForOff { led: Led, timestamp: Instant },

}

fn poll_blink(state: &mut LedBlinkState) {
  let current_time = Instant::now();

  match core::mem::replace(state, LedBlinkState::Uninitialized) {
    LedBlinkState::WaitOn { mut led, timestamp } if current_time >= timestamp => {
      led.turn_on();
      *state = LedBlinkState::WaitForOff { 

                led, timestamp: timestamp + Duration::from_secs(1)
            };

    }
    LedBlinkState::WaitOff { mut led, timestamp } if current_time >= timestamp => {
      led.turn_off();
      *state = LedBlinkState::WaitForOn {

 led, timestamp: timestamp + Duration::from_secs(1)
 };
    }
    _ => return,
  }

}

Polling loop

6

• This gets messy very 
fast

• What happens when 
one poll takes a long 
time?
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static BUTTON: Mutex<RefCell<Option<Button>>> =
  Mutex::new(RefCell::new(None));
static LED: Mutex<RefCell<Option<Led>>> =
  Mutex::new(RefCell::new(None));

#[interrupt]
fn GPIO_INT() {
  critical_section::with(|cs| {
    let current_level = BUTTON.borrow_ref_mut(cs)
      .unwrap()
      .get();
    LED.borrow_ref_mut(cs).unwrap().set(current_level);
  });
}

fn main() {
  let button = Button::new();
  let mut led = Led::new();

  critical_section::with(|cs| {
    button.enable_any_edge_interrupt();

    unsafe { NVIC::unmask(GPIO_INT_IRQ);}

    *BUTTON.borrow_ref_mut(cs).unwrap() = Some(button);
    *LED.borrow_ref_mut(cs).unwrap() = Some(led);
  });

  loop {
    cortex_m::asm::wfi();
  }
}

Interrupts
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• Very efficient

• A lot of setup

• Not very readable

• RTIC exists though
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#[embassy_executor::main]
async fn main(spawner: Spawner) {
  let p = embassy_nrf::init(
 Default::default()
 );

  let mut button = Input::new(
 p.P0_11, Pull::Up
 );
  let mut led = Output::new(
    p.P0_12, 
    Level::Low, 
    OutputDrive::Standard
  );

  loop {
    button.wait_for_any_edge().await;
    led.set_level(button.get_level());
  }
}

Async Rust
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• Looks easy & 
readable

• How does it work?

• Efficient?
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Futures
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• Async fn’s get turned 
into Futures

• Polling

• Executor

• Tasks

pub trait Future {
  
  type Output;

  fn poll(
 self: Pin<&mut Self>,
        cx: &mut Context<'_>
 ) -> Poll<Self::Output>;
}
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Futures
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• Async fn’s get turned 
into Futures

• Polling

• Executor

• Tasks

• Make it more 
efficient?

• How to use 
interrupts?

Button 
task

Led 
task

Radio 
task

Serial 
task

Main 
task
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Wakers
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• Signal to executor

• Abstract way of 
setting a flag in the 
tasks

• Accessed in context 
parameter of Future

Static waker

Interrupt

Executor

Task

Task

Task
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Wakers
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#[embassy_executor::main]
async fn main(spawner: Spawner) {
  let p = embassy_nrf::init(
 Default::default()
 );

  let mut button = Input::new(
 p.P0_11, Pull::Up
 );
  let mut led = Output::new(
    p.P0_12, 
    Level::Low, 
    OutputDrive::Standard
  );

  loop {
    button.wait_for_any_edge().await;
    led.set_level(button.get_level());
  }
}

20
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Real embassy code
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Real embassy code
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Real embassy code
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Real embassy code
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Real embassy code
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Real embassy code
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Real embassy code
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#[embassy_executor::main]
async fn main(spawner: Spawner) {
  let p = embassy_nrf::init(
 Default::default()
 );

  let mut button = Input::new(
 p.P0_11, Pull::Up
 );
  let mut led = Output::new(
    p.P0_12, 
    Level::Low, 
    OutputDrive::Standard
  );

  loop {
    button.wait_for_any_edge().await;
    led.set_level(button.get_level());
  }
}

29
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Thank you!
An d  s o r r y  f o r  t h e  h e a d a c h e
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