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Interact with simulated I2C devices
Using
CircuitsSim requires Elixir Circuits 2.0 libraries.
You may need to add override: true since not many libraries have been updated
to allow Circuits 2.0 versions. Circuits 2.0 is mostly backwards compatible, so
this should be safe.
CircuitsSim works by providing an alternative backend for interacting with
hardware. This is setup via config/config.exs. In your project, you may only
want the simulated backends for MIX_ENV=test configurations, so you'll want to
add the following appropriately. For trying it out, it's fine to start with
adding this to config.exs:
config :circuits_i2c, default_backend: CircuitsSim.I2C.Backend
config :circuits_spi, default_backend: CircuitsSim.SPI.Backend
config :circuits_gpio, default_backend: CircuitsSim.GPIO.Backend
Note that you don't need to replace all backends. If you're only using I2C,
there's no need to bring in SPI and GPIO support.
Demo
CircuitsSim takes a configuration for how to set up the simulated I2C buses and
devices. Here's an example configuration:
config :circuits_sim,
  config: [
    {CircuitsSim.Device.MCP23008, bus_name: "i2c-0", address: 0x20},
    {CircuitsSim.Device.AT24C02, bus_name: "i2c-0", address: 0x50},
    {CircuitsSim.Device.ADS7138, bus_name: "i2c-1", address: 0x10},
    {CircuitsSim.Device.MCP23008, bus_name: "i2c-1", address: 0x20},
    {CircuitsSim.Device.MCP23008, bus_name: "i2c-1", address: 0x21},
    {CircuitsSim.Device.TM1620, bus_name: "spidev0.0", render: :binary_clock},
    {CircuitsSim.Device.GPIOLED, gpio_spec: 10},
    {CircuitsSim.Device.GPIOButton, gpio_spec: 11}
  ]
This shows two simulated I2C buses, "i2c-0" and "i2c-1", one SPI bus,
and two GPIO.
The "i2c-0" bus has two devices, an MCP23008 GPIO expander and an AT24C02
EEPROM.
Here's how it looks when you run IEx:
$ iex -S mix

Interactive Elixir (1.14.3) - press Ctrl+C to exit (type h() ENTER for help)
iex> Circuits.I2C.detect_devices
Devices on I2C bus "i2c-1":
 * 16  (0x10)
 * 32  (0x20)
 * 33  (0x21)

Devices on I2C bus "i2c-0":
 * 32  (0x20)
 * 80  (0x50)

5 devices detected on 2 I2C buses

You can then read and write to the I2C devices similar to how you'd interact
with them for real. While they're obviously not real and have limitations, they
can be super helpful in mocking I2C devices or debugging I2C interactions
without hardware in the loop.
Adding an I2C device
Many I2C devices follow a simple pattern of exposing all operations as register
reads and writes. If this is the case for your device, create a new module and
implement the CircuitsSim.I2C.SimpleI2CDevice protocol. See
CircuitsSim.Device.MCP23008 for an example.
If your device has a fancier interface, you'll need to implement the
CircuitsSim.I2C.I2CDevice protocol which just passes the reads and writes
through and doesn't handle conveniences like auto-incrementing register
addresses on multi-byte reads and writes. See CircuitsSim.Device.ADS7138 for
an example.
Adding a SPI device
Simulated SPI devices implement the CircuitsSim.SPI.SPIDevice protocols. See
CircuitsSim.Device.TM1620 for an example.
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MCP23008 8-bit I/O Expander
Small, 8-Channel, 12-Bit ADC with I2C interface, GPIOs, and CRC. Supports
addresses 0x10 to 0x17
See the datasheet for details.
Many features aren't implemented.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(args)

      


    


    
      
        new()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CircuitsSim.Device.ADS7138{current: non_neg_integer(), registers: map()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(args)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      



  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: %CircuitsSim.Device.ADS7138{current: 0, registers: %{}}


      



  


        

      


  

    
CircuitsSim.Device.AHT20 
    



      
AHT20 temperature and humidity sensor
Typically found at 0x38
See the datasheet
Many features aren't implemented.
Call set_humidity_rh/3 and set_temperature_c/3 to change the state of the sensor.
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This is a 2 Kb (256 byte) I2C EEPROM
This does not implementing the paging, so it's forgiving of writes across
EEPROM write pages. If you use a real AT24C02, make sure not to cross 8-byte
boundaries when writing more than one byte.
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Abracon AB-RTCMC-32.768kHz-IBO5-S3 RTC
Typically found at 0x68
See the datasheet for details.
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Bosch BMP3XX sensors.
Most sensors are at address 0x77, but some are at 0x76.
See the datasheet for details.
Many features aren't implemented.
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This is simple GPIO-connected button
Buttons can be connected in a few ways:
	:external_pullup - 0 is pressed, 1 is released
	:external_pulldown - 1 is pressed, 0 is released
	:internal_pullup - 0 is pressed. The GPIO will need to be configured in pullup mode for releases to be 1.
	:internal_pulldown - 1 is pressed. The GPIO will need to be configured in pulldown mode for releases to be 0.

Call press/1 and release/1 to change the state of the button.
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Pass in a duration in milliseconds to automatically release the button after
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This is simple GPIO-connected LED
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MCP23008 8-bit I/O Expander
This is a simple I2C GPIO Expander that's normally found at I2C addresses between 0x20 and 0x27.
See the datasheet for details.
Many features aren't implemented.
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Low-Voltage Translating 16-bit I2C-bus I/O Expander
Typically found at 0x20
  See the datasheet for more information:
https://www.mouser.com/datasheet/2/115/DIOD_S_A0006645136_1-2542969.pdf
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Sensirion SGP30 gas sensor
Typically found at 0x58
See the datasheet
Many features aren't implemented.
Call the following functions to change the state of the sensor.
	set_tvoc_ppb/3
	set_co2_eq_ppm/3
	set_h2_raw/3
	set_ethanol_raw/3
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Sensirion SHT4x sensors
Typically found at 0x44
See the datasheet for details.
Call set_humidity_rh/3 and set_temperature_c/3 to change the state of the sensor.
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Inject CRC errors into the next n CRC fields
Currently all messages have 2 CRC fields, so this will cause CRC mismatch
errors on the next n/2 messages.
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Experimental API to return I2C errors on read/read_writes
Set the 3rd argument to an error tuple to be returned or nil to work
normally.
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CircuitsSim.Device.TM1620 
    



      
TM1620 LED Driver
See the datasheet for details.
Many features aren't implemented.

      


      
        Summary


  
    Types
  


    
      
        render_mode()

      


        Render mode is how to pretty print the expected LED output



    


    
      
        t()

      


    





  
    Functions
  


    
      
        binary_clock(data)

      


    


    
      
        child_spec(args)

      


    


    
      
        command(data, state)

      


        Process a TM1620 command



    


    
      
        grid(digits, data)

      


        Display registers as a grid



    


    
      
        new(args)

      


    


    
      
        seven_segment(data)

      


        Draw out 7-segment display digits using TM1620 data



    





      


      
        Types


        


  
    
      
    
    
      render_mode()



        
          
        

    

  


  

      

          @type render_mode() :: :grid | :seven_segment | :binary_clock


      


Render mode is how to pretty print the expected LED output
Modes:
	:grid - a grid of LEDs. Grid dimensions depend on the TM1620 mode
	:seven_segment - render LEDs like they're hooked up to a 7 segment display
	:binary_clock - render LEDs like the Nerves binary clock


  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CircuitsSim.Device.TM1620{
  data: <<_::88>>,
  digits: pos_integer(),
  mode: :auto,
  pulse16: pos_integer(),
  render: render_mode()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      binary_clock(data)



        
          
        

    

  


  

      

          @spec binary_clock(binary()) :: IO.ANSI.ansidata()


      



  



  
    
      
    
    
      child_spec(args)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      



  



  
    
      
    
    
      command(data, state)



        
          
        

    

  


  

      

          @spec command(binary(), t()) :: t()


      


Process a TM1620 command

  



  
    
      
    
    
      grid(digits, data)



        
          
        

    

  


  

      

          @spec grid(4..6, binary()) :: IO.ANSI.ansidata()


      


Display registers as a grid

  



  
    
      
    
    
      new(args)



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  



  
    
      
    
    
      seven_segment(data)



        
          
        

    

  


  

      

          @spec seven_segment(binary()) :: IO.ANSI.ansidata()


      


Draw out 7-segment display digits using TM1620 data

  


        

      


  

    
CircuitsSim.Device.VCNL4040 
    



      
VCNL4040 ambient light and proximity sensor
Typically found at 0x60
See the datasheet
Many configuration options aren't implemented.
Call set_proximity/3, set_ambient_light/3, and set_white_light/3 to
change the state of the sensor.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(args)

      


    


    
      
        new(options \\ [])

      


    


    
      
        set_ambient_light(bus_name, address, value)

      


    


    
      
        set_proximity(bus_name, address, value)

      


    


    
      
        set_white_light(bus_name, address, value)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CircuitsSim.Device.VCNL4040{
  als_config: 0..65535,
  als_high_threshold: 0..65535,
  als_low_threshold: 0..65535,
  ambient_light_raw: 0..65535,
  proximity_raw: 0..65535,
  ps_cancellation_level: 0..65535,
  ps_config_1: 0..65535,
  ps_config_2: 0..65535,
  ps_high_threshold: 0..65535,
  ps_low_threshold: 0..65535,
  white_light_raw: 0..65535
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(args)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      



  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  



  
    
      
    
    
      set_ambient_light(bus_name, address, value)



        
          
        

    

  


  

      

          @spec set_ambient_light(String.t(), Circuits.I2C.address(), number()) :: :ok


      



  



  
    
      
    
    
      set_proximity(bus_name, address, value)



        
          
        

    

  


  

      

          @spec set_proximity(String.t(), Circuits.I2C.address(), number()) :: :ok


      



  



  
    
      
    
    
      set_white_light(bus_name, address, value)



        
          
        

    

  


  

      

          @spec set_white_light(String.t(), Circuits.I2C.address(), number()) :: :ok


      



  


        

      


  

    
CircuitsSim.Device.VEML7700 
    



      
Vishay VEML7700 ambient light sensors. This sim works for VEML6030 as well.
VEML7700 sensors are at address 0x10; VEML6030 typically at 0x48.
See the datasheet for details.
Call set_state/3 to change the state of the sensor.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(args)

      


    


    
      
        new(options \\ [])

      


    


    
      
        set_state(bus_name, address, kv)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %CircuitsSim.Device.VEML7700{
  als_config: 0..65535,
  als_output: 0..65535,
  als_power_saving: 0..65535,
  als_threshold_high: 0..65535,
  als_threshold_low: 0..65535,
  interrupt_status: 0..65535,
  white_output: 0..65535
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(args)



        
          
        

    

  


  

      

          @spec child_spec(keyword()) :: Supervisor.child_spec()


      



  



    

  
    
      
    
    
      new(options \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      



  



  
    
      
    
    
      set_state(bus_name, address, kv)



        
          
        

    

  


  

      

          @spec set_state(String.t(), Circuits.I2C.address(), keyword()) :: :ok


      



  


        

      


  

    
CircuitsSim.GPIO.Backend 
    



      
Circuits.GPIO backend for virtual GPIO devices

      


      
        Summary


  
    Functions
  


    
      
        backend_info()

      


        Return information about this backend



    


    
      
        open(gpio_spec, direction, options)

      


        Open an GPIO handle



    





      


      
        Functions


        


  
    
      
    
    
      backend_info()



        
          
        

    

  


  

Return information about this backend

  



  
    
      
    
    
      open(gpio_spec, direction, options)



        
          
        

    

  


  

Open an GPIO handle

  


        

      


  

    
CircuitsSim.GPIO.GPIODevice protocol
    



      
A protocol for GPIO devices

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        handle_info(dev, message)

      


        Handle a message sent to the GenServer running the device



    


    
      
        handle_message(dev, message)

      


        Handle an user message



    


    
      
        read(dev)

      


        Read state



    


    
      
        render(dev)

      


        Return the internal state as ASCII art



    


    
      
        write(dev, value)

      


        Write state



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      handle_info(dev, message)



        
          
        

    

  


  

      

          @spec handle_info(t(), any()) :: t()


      


Handle a message sent to the GenServer running the device
These are used for timeouts or other events

  



  
    
      
    
    
      handle_message(dev, message)



        
          
        

    

  


  

      

          @spec handle_message(t(), any()) :: {any(), t()}


      


Handle an user message
User messages are used to modify the state of the simulated device outside of
I2C. This can be used to simulate real world changes like temperature changes
affecting a simulated temperature sensor. Another use is as a hook for getting
internal state.

  



  
    
      
    
    
      read(dev)



        
          
        

    

  


  

      

          @spec read(t()) :: Circuits.GPIO.value() | :hi_z


      


Read state
This is only called when the GPIO is an input. If the GPIO is an output, the most recently
written value is returned without making this call.
If the wire is not being driven (i.e., high impedance state or disconnected), return :hi_z.

  



  
    
      
    
    
      render(dev)



        
          
        

    

  


  

      

          @spec render(t()) :: IO.ANSI.ansidata()


      


Return the internal state as ASCII art

  



  
    
      
    
    
      write(dev, value)



        
          
        

    

  


  

      

          @spec write(t(), Circuits.GPIO.value()) :: t()


      


Write state
This is only called when the GPIO is set as an output.

  


        

      


  

    
CircuitsSim.I2C.Backend 
    



      
Circuits.I2C backend for virtual I2C devices

      


      
        Summary


  
    Functions
  


    
      
        bus_names(options)

      


        Return the I2C bus names on this system



    


    
      
        info()

      


        Return information about this backend



    


    
      
        open(bus_name, options)

      


        Open an I2C bus



    





      


      
        Functions


        


  
    
      
    
    
      bus_names(options)



        
          
        

    

  


  

Return the I2C bus names on this system
No supported options

  



  
    
      
    
    
      info()



        
          
        

    

  


  

Return information about this backend

  



  
    
      
    
    
      open(bus_name, options)



        
          
        

    

  


  

Open an I2C bus

  


        

      


  

    
CircuitsSim.I2C.I2CDevice protocol
    



      
A protocol for I2C devices
See Circuits.I2C.SimpleI2CDevice if you have a simple register-based I2C device.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        handle_message(dev, message)

      


        Handle an user message



    


    
      
        read(dev, count)

      


        Read count bytes



    


    
      
        render(dev)

      


        Return the internal state as ASCII art



    


    
      
        write(dev, data)

      


        Write data to the device



    


    
      
        write_read(dev, data, read_count)

      


        Write data to the device and immediately follow it with a read



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      handle_message(dev, message)



        
          
        

    

  


  

      

          @spec handle_message(t(), any()) :: {any(), t()}


      


Handle an user message
User messages are used to modify the state of the simulated device outside of
I2C. This can be used to simulate real world changes like temperature changes
affecting a simulated temperature sensor. Another use is as a hook for getting
internal state.

  



  
    
      
    
    
      read(dev, count)



        
          
        

    

  


  

      

          @spec read(t(), non_neg_integer()) :: {{:ok, binary()} | {:error, any()}, t()}


      


Read count bytes
The first item in the returned tuple is what's returned from the original
call to Circuits.I2C.read/2. Try to make the errors consistent with that
function if possible.

  



  
    
      
    
    
      render(dev)



        
          
        

    

  


  

      

          @spec render(t()) :: IO.ANSI.ansidata()


      


Return the internal state as ASCII art

  



  
    
      
    
    
      write(dev, data)



        
          
        

    

  


  

      

          @spec write(t(), binary()) :: t()


      


Write data to the device

  



  
    
      
    
    
      write_read(dev, data, read_count)



        
          
        

    

  


  

      

          @spec write_read(t(), binary(), non_neg_integer()) ::
  {{:ok, binary()} | {:error, any()}, t()}


      


Write data to the device and immediately follow it with a read

  


        

      


  

    
CircuitsSim.I2C.SimpleI2CDevice protocol
    



      
A protocol that makes register-based I2C devices easier to simulate

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        handle_message(dev, message)

      


        Handle an user message



    


    
      
        read_register(dev, reg)

      


        Read a register



    


    
      
        render(dev)

      


        Return a pretty printable view the the state



    


    
      
        write_register(dev, reg, value)

      


        Write a value to a register



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      handle_message(dev, message)



        
          
        

    

  


  

      

          @spec handle_message(t(), any()) :: {any(), t()}


      


Handle an user message
User messages are used to modify the state of the simulated device outside of
I2C. This can be used to simulate real world changes like temperature changes
affecting a simulated temperature sensor. Another use is as a hook for getting
internal state.

  



  
    
      
    
    
      read_register(dev, reg)



        
          
        

    

  


  

      

          @spec read_register(t(), non_neg_integer()) :: {non_neg_integer(), t()}


      


Read a register

  



  
    
      
    
    
      render(dev)



        
          
        

    

  


  

      

          @spec render(t()) :: IO.ANSI.ansidata()


      


Return a pretty printable view the the state

  



  
    
      
    
    
      write_register(dev, reg, value)



        
          
        

    

  


  

      

          @spec write_register(t(), non_neg_integer(), non_neg_integer()) :: t()


      


Write a value to a register

  


        

      


  

    
CircuitsSim.SPI.Backend 
    



      
Circuits.SPI backend for virtual SPI devices

      


      
        Summary


  
    Functions
  


    
      
        bus_names(options)

      


        Return the I2C bus names on this system



    


    
      
        info()

      


        Return information about this backend



    


    
      
        open(bus_name, options)

      


        Open an I2C bus



    





      


      
        Functions


        


  
    
      
    
    
      bus_names(options)



        
          
        

    

  


  

Return the I2C bus names on this system
No supported options

  



  
    
      
    
    
      info()



        
          
        

    

  


  

Return information about this backend

  



  
    
      
    
    
      open(bus_name, options)



        
          
        

    

  


  

Open an I2C bus

  


        

      


  

    
CircuitsSim.SPI.SPIDevice protocol
    



      
A protocol for SPI devices

      


      
        Summary


  
    Types
  


    
      
        t()

      


        All the types that implement this protocol.



    





  
    Functions
  


    
      
        handle_message(dev, message)

      


        Handle an user message



    


    
      
        render(dev)

      


        Return the internal state as ASCII art



    


    
      
        transfer(dev, count)

      


        Transfer data



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


All the types that implement this protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      handle_message(dev, message)



        
          
        

    

  


  

      

          @spec handle_message(t(), any()) :: {any(), t()}


      


Handle an user message
User messages are used to modify the state of the simulated device outside of
SPI. This can be used to simulate real world changes like temperature changes
affecting a simulated temperature sensor. Another use is as a hook for getting
internal state.

  



  
    
      
    
    
      render(dev)



        
          
        

    

  


  

      

          @spec render(t()) :: IO.ANSI.ansidata()


      


Return the internal state as ASCII art

  



  
    
      
    
    
      transfer(dev, count)



        
          
        

    

  


  

      

          @spec transfer(t(), binary()) :: {binary(), t()}


      


Transfer data
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