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    Raxol Sensor

Sensor fusion framework for Elixir built on OTP. Poll sensors, fuse readings with weighted averaging and thresholds, render real-time HUD widgets.
Install
{:raxol_sensor, "~> 2.7"}
Optional Nx backend for vectorized fusion:
{:raxol_sensor, "~> 2.7"},
{:nx, "~> 0.9"}
Quick start
defmodule CpuSensor do
  @behaviour Raxol.Sensor.Behaviour

  @impl true
  def read(_opts) do
    {:ok, %Raxol.Sensor.Reading{
      sensor_id: :cpu,
      value: get_cpu_usage(),
      unit: :percent,
      timestamp: System.monotonic_time(:millisecond)
    }}
  end
end

# Start a feed that polls every second
Raxol.Sensor.Feed.start_link(sensor: CpuSensor, interval: 1000)

# Fusion batches readings, applies weighted averaging
Raxol.Sensor.Fusion.subscribe(:cpu, fn reading ->
  IO.inspect(reading, label: "fused")
end)
HUD widgets
Pure functional rendering for terminal dashboards:
alias Raxol.Sensor.HUD

HUD.gauge(:cpu, value: 73.2, max: 100, width: 20)
HUD.sparkline(:memory, history: recent_readings, width: 30)
HUD.threat(:network, level: :warning, label: "High latency")
Architecture
	Sensor.Behaviour: Sensor callback + Reading struct
	Sensor.Feed: Polling, buffering, error escalation
	Sensor.Fusion: Batching, weighted averaging, thresholds
	Sensor.HUD: Gauge, sparkline, threat, minimap widgets
	Sensor.Supervisor: rest_for_one supervision tree

Further reading
The sensor fusion guide lives in the umbrella repo rather than in this package,
because a Hex tarball cannot carry files from outside its own directory:
	Sensor fusion guide
	Raxol overview



  

    
Raxol.Sensor.Behaviour behaviour
    



      
Behaviour for sensor implementations.
Sensors produce readings at a configurable sample rate. Each reading
contains timestamped values with a quality indicator.

      


      
        Summary


  
    Callbacks
  


    
      
        connect(opts)

      


    


    
      
        disconnect(state)

      


    


    
      
        read(state)

      


    


    
      
        sample_rate()

      


        Sample rate in milliseconds. Defaults to 100ms.
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      connect(opts)



        
          
        

    

  


  

      

          @callback connect(opts :: keyword()) :: {:ok, term()} | {:error, term()}


      



  



  
    
      
    
    
      disconnect(state)



        
          
        

    

  


  

      

          @callback disconnect(state :: term()) :: :ok


      



  



  
    
      
    
    
      read(state)



        
          
        

    

  


  

      

          @callback read(state :: term()) ::
  {:ok, Raxol.Sensor.Reading.t(), term()} | {:error, term()}


      



  



  
    
      
    
    
      sample_rate()


        (optional)


        
          
        

    

  


  

      

          @callback sample_rate() :: pos_integer()


      


Sample rate in milliseconds. Defaults to 100ms.

  


        

      


  

    
Raxol.Sensor.Feed 
    



      
GenServer managing a single sensor's polling lifecycle.
Connects to a sensor module, polls at the configured sample rate,
buffers readings in a CircularBuffer, and forwards each reading
to the fusion process.
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    Types
  


    
      
        status()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_history(server, count \\ 10)

      


    


    
      
        get_latest(server)

      


    


    
      
        get_status(server)

      


    


    
      
        reconnect(server)

      


    


    
      
        start_link(opts)
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      status()



        
          
        

    

  


  

      

          @type status() :: :connecting | :running | :error | :stopped


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Sensor.Feed{
  backoff_ref: reference() | nil,
  buffer: CircularBuffer.t(),
  buffer_size: pos_integer(),
  connect_opts: keyword(),
  error_count: non_neg_integer(),
  fusion_pid: pid() | nil,
  max_errors: pos_integer(),
  module: module(),
  poll_ref: reference() | nil,
  sample_rate_ms: pos_integer(),
  sensor_id: atom(),
  sensor_state: term(),
  status: status()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      get_history(server, count \\ 10)



        
          
        

    

  


  

      

          @spec get_history(GenServer.server(), pos_integer()) :: [map()]


      



  



  
    
      
    
    
      get_latest(server)



        
          
        

    

  


  

      

          @spec get_latest(GenServer.server()) :: {:ok, map()} | {:error, :empty}


      



  



  
    
      
    
    
      get_status(server)



        
          
        

    

  


  

      

          @spec get_status(GenServer.server()) :: status()


      



  



  
    
      
    
    
      reconnect(server)



        
          
        

    

  


  

      

          @spec reconnect(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      



  


        

      


  

    
Raxol.Sensor.Fusion 
    



      
Batches sensor readings and produces fused state.
Receives {:sensor_reading, reading} messages from Feed processes,
accumulates them in a batch, and on a configurable timer flushes
the batch through a pure fusion function. Subscribers receive
{:fused_update, fused_state} on each flush.
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_fused_state(server \\ __MODULE__)

      


    


    
      
        register_feed(server \\ __MODULE__, sensor_id, feed_pid)

      


    


    
      
        start_link(opts \\ [])

      


    


    
      
        subscribe(server \\ __MODULE__)

      


    


    
      
        unregister_feed(server \\ __MODULE__, sensor_id)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Sensor.Fusion{
  batch: [Raxol.Sensor.Reading.t()],
  batch_ref: reference() | nil,
  batch_window_ms: pos_integer(),
  feeds: %{required(atom()) => pid()},
  fused_state: map(),
  subscribers: MapSet.t(pid()),
  thresholds: map()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      get_fused_state(server \\ __MODULE__)



        
          
        

    

  


  

      

          @spec get_fused_state(GenServer.server()) :: map()


      



  



    

  
    
      
    
    
      register_feed(server \\ __MODULE__, sensor_id, feed_pid)



        
          
        

    

  


  

      

          @spec register_feed(GenServer.server(), atom(), pid()) :: :ok


      



  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      



  



    

  
    
      
    
    
      subscribe(server \\ __MODULE__)



        
          
        

    

  


  

      

          @spec subscribe(GenServer.server()) :: :ok


      



  



    

  
    
      
    
    
      unregister_feed(server \\ __MODULE__, sensor_id)



        
          
        

    

  


  

      

          @spec unregister_feed(GenServer.server(), atom()) :: :ok


      



  


        

      


  

    
Raxol.Sensor.Fusion.NxBackend 
    



      
Nx-accelerated sensor fusion operations.
Replaces the pure-Elixir weighted averaging in Sensor.Fusion
with vectorized Nx tensor operations. Only compiled when Nx is
available as a dependency.
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    Functions
  


    
      
        weighted_average(values_list, qualities)

      


        Compute weighted average of sensor readings using Nx tensors.



    





      


      
        Functions


        


  
    
      
    
    
      weighted_average(values_list, qualities)



        
          
        

    

  


  

      

          @spec weighted_average([map()], [number()]) :: map()


      


Compute weighted average of sensor readings using Nx tensors.
Takes a list of value maps and a corresponding list of quality
weights. Returns a single map of weighted-average values per key.
Vectorized: builds a [n_readings, n_keys] matrix and a [n_readings]
weight vector, then computes the dot product in one pass.

  


        

      


  

    
Raxol.Sensor.HUD 
    



      
Pure functional HUD rendering for sensor data.
All functions take a region {x, y, w, h}, data, and options,
and return a list of {x, y, char, fg, bg, attrs} cell tuples.
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    Types
  


    
      
        cell()

      


    


    
      
        region()

      


    





  
    Functions
  


    
      
        render_gauge(arg, value, opts \\ [])

      


        Renders a horizontal gauge bar.



    


    
      
        render_minimap(arg, entities, opts \\ [])

      


        Renders a minimap using braille dot patterns.



    


    
      
        render_sparkline(region, values, opts \\ [])

      


        Renders a sparkline from a list of numeric values.



    


    
      
        render_threat(arg, level, bearing_deg, opts \\ [])

      


        Renders a threat indicator with level and bearing.
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      cell()



        
          
        

    

  


  

      

          @type cell() ::
  {non_neg_integer(), non_neg_integer(), String.t(), atom(), atom(), map()}


      



  



  
    
      
    
    
      region()



        
          
        

    

  


  

      

          @type region() :: {non_neg_integer(), non_neg_integer(), pos_integer(), pos_integer()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      render_gauge(arg, value, opts \\ [])



        
          
        

    

  


  

      

          @spec render_gauge(region(), number(), keyword()) :: [cell()]


      


Renders a horizontal gauge bar.
Options:
	label -- prefix label (default: "")
	min -- minimum value (default: 0.0)
	max -- maximum value (default: 100.0)
	thresholds -- {warn, crit} percentages (default: {0.6, 0.85})


  



    

  
    
      
    
    
      render_minimap(arg, entities, opts \\ [])



        
          
        

    

  


  

      

          @spec render_minimap(region(), [map()], keyword()) :: [cell()]


      


Renders a minimap using braille dot patterns.
Entities: [%{x: 0.0..1.0, y: 0.0..1.0, char: "x"}]
Maps normalized coordinates into a braille grid (2 dots wide x 4 dots tall per character).
Options:
	border -- draw border (default: true)


  



    

  
    
      
    
    
      render_sparkline(region, values, opts \\ [])



        
          
        

    

  


  

      

          @spec render_sparkline(region(), [number()], keyword()) :: [cell()]


      


Renders a sparkline from a list of numeric values.
Options:
	label -- prefix label (default: "")
	min -- explicit minimum (default: auto from data)
	max -- explicit maximum (default: auto from data)


  



    

  
    
      
    
    
      render_threat(arg, level, bearing_deg, opts \\ [])



        
          
        

    

  


  

      

          @spec render_threat(region(), atom(), number(), keyword()) :: [cell()]


      


Renders a threat indicator with level and bearing.
Options:
	label -- prefix (default: "THREAT")

Levels: :none, :low, :medium, :high, :critical

  


        

      


  

    
Raxol.Sensor.HUDOverlay 
    



      
Glue layer: subscribes to Fusion updates, renders HUD widgets,
writes cells to a buffer.

      


      
        Summary


  
    Types
  


    
      
        layout_entry()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])
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      layout_entry()



        
          
        

    

  


  

      

          @type layout_entry() :: %{
  widget: :gauge | :sparkline | :threat | :minimap,
  region: Raxol.Sensor.HUD.region(),
  sensor_id: atom(),
  opts: keyword()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Sensor.HUDOverlay{
  buffer_pid: pid() | nil,
  fusion_pid: pid() | nil,
  last_fused_state: map(),
  layout: [layout_entry()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: GenServer.on_start()


      



  


        

      


  

    
Raxol.Sensor.MockSensor 
    



      
Configurable test/demo sensor.
Options:
	sensor_id -- atom identifier (default: :mock)
	sample_rate -- poll interval in ms (default: 100)
	generator_fn -- (tick :: integer()) -> map() producing values
	fail_after -- fail read after N ticks (for error testing)
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Sensor.MockSensor{
  fail_after: non_neg_integer() | nil,
  generator_fn: (integer() -> map()),
  sample_rate: pos_integer(),
  sensor_id: atom(),
  tick: non_neg_integer()
}


      



  


        

      


  

    
Raxol.Sensor.Reading 
    



      
A timestamped sensor reading with quality indicator.
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        t()
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      t()



        
          
        

    

  


  

      

          @type t() :: %Raxol.Sensor.Reading{
  metadata: map(),
  quality: float(),
  sensor_id: atom(),
  timestamp: integer(),
  values: map()
}


      



  


        

      


  

    
Raxol.Sensor.Supervisor 
    



      
Supervisor for the sensor fusion subsystem.
Start order (rest_for_one):
	Registry -- name lookup for feeds
	DynamicSupervisor -- hosts Feed processes
	Fusion -- batches readings from all feeds


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_feed(feed_opts, sup \\ __MODULE__)

      


    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

Returns a specification to start this module under a supervisor.
See Supervisor.

  



    

  
    
      
    
    
      start_feed(feed_opts, sup \\ __MODULE__)



        
          
        

    

  


  

      

          @spec start_feed(keyword(), GenServer.server()) :: DynamicSupervisor.on_start_child()


      



  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword()) :: Supervisor.on_start()


      



  


        

      


  

    
RaxolSensor 
    



      
Sensor fusion framework for Elixir built on OTP.
Poll sensors at configurable intervals, buffer readings, fuse data with
weighted averaging and configurable thresholds, and render real-time HUD
widgets (gauges, sparklines, threat indicators, minimaps).
Quick Start
defmodule CpuSensor do
  @behaviour Raxol.Sensor.Behaviour

  @impl true
  def read(_opts) do
    # Return a sensor reading
    {:ok, %Raxol.Sensor.Reading{
      sensor_id: :cpu,
      value: get_cpu_usage(),
      unit: :percent,
      timestamp: System.monotonic_time(:millisecond)
    }}
  end
end

# Start the sensor supervisor, then register sensors
Raxol.Sensor.Feed.start_link(sensor: CpuSensor, interval: 1000)
Architecture
	Raxol.Sensor.Behaviour -- Sensor callback and Reading struct
	Raxol.Sensor.Feed -- GenServer: polling, buffering, error escalation
	Raxol.Sensor.Fusion -- GenServer: batching, weighted averaging, thresholds
	Raxol.Sensor.HUD -- Pure functional HUD widgets (gauge, sparkline, threat, minimap)
	Raxol.Sensor.Supervisor -- rest_for_one: Registry + DynSup + Fusion

Optional Nx Backend
When {:nx, "~> 0.9"} is available, vectorized fusion operations use Nx tensors
for batch processing sensor readings.
Documentation
See the Sensor Fusion guide.
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        version()

      


        Returns the version of RaxolSensor.
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Returns the version of RaxolSensor.
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