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AHRS (Attitude and Heading Reference System) estimators for the
Beam Bots framework.
This is version 0.1.0 of bb_estimator_ahrs.
Three 6-DOF IMU fusion algorithms, each implemented as a BB.Estimator:
	BB.Estimator.Ahrs.Madgwick — gradient-descent filter. Standard
parameter is :beta (default 0.1).
	BB.Estimator.Ahrs.Mahony — PI-controller filter with optional
gyro bias estimation. Parameters :kp / :ki.
	BB.Estimator.Ahrs.Complementary — high-pass gyro + low-pass
tilt blend. Parameter :alpha or :time_constant.

All three consume BB.Message.Sensor.Imu payloads and republish them
with :orientation replaced by the fused estimate. Inputs and outputs
are in SI units (rad/s, m/s², radians) — unit conversion is the
publishing sensor's responsibility.
Usage
Nest an estimator inside any sensor that publishes BB.Message.Sensor.Imu:
defmodule MyRobot do
  use BB

  topology do
    link :base_link do
      sensor :imu, BB.Sensor.SomeImu, bus: "i2c-1", address: 0x68 do
        estimator :orientation, {BB.Estimator.Ahrs.Madgwick, beta: 0.1}
      end
    end
  end
end
Subscribers to [:sensor, :base_link, :imu, :orientation] receive the
fused IMU message; subscribers to [:sensor, :base_link, :imu] still
receive the raw sensor output.
Swap algorithms with a one-line change:
estimator :orientation, {BB.Estimator.Ahrs.Mahony, kp: 2.0, ki: 0.005}
# or
estimator :orientation, {BB.Estimator.Ahrs.Complementary, alpha: 0.98}
Linear-acceleration rejection
All three algorithms accept an :accel_threshold option (default 0.1,
expressed as a fractional deviation from 1 g). When the accelerometer
magnitude departs from gravity by more than the threshold, the
correction term is suppressed and the filter falls back to gyro-only
integration for that step. Standard mitigation for periods of sustained
linear acceleration.
Origins
Ported from Gus Workman's gworkman/ahrs.
The algorithm internals are essentially Gus's code with unit conversion
and dt tracking lifted out into the framework boundary. Gus's original
work is MIT; the new BB.Estimator wrappers and project scaffolding
are Apache-2.0. See per-file SPDX headers for details.
Development
mix deps.get
mix test
mix check --no-retry

Pointing at a local bb checkout for cross-repo development:
BB_VERSION=local mix deps.get
BB_VERSION=local mix test

bb_estimator_ahrs builds on the BB.Estimator behaviour introduced
in proposal 0018
and shipped in bb 0.20. See the proposal for design background.
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Complementary filter for 6-DOF IMUs, implemented as a BB.Estimator.
Integrates the gyroscope (high-pass) and blends in an accelerometer-
derived tilt estimate (low-pass) using a fixed weight or a time
constant.
Usage
sensor :imu, BB.Sensor.SomeImu, ... do
  estimator :orientation, {BB.Estimator.Ahrs.Complementary, alpha: 0.98}
end
Options
	:alpha — fixed gyro weight, 0.0..1.0. Default 0.98 (98% gyro,
2% accel per update).
	:time_constant — optional time constant τ in seconds. When set,
overrides :alpha with τ / (τ + dt), making the filter
frequency-independent.
	:accel_threshold — accepted deviation of |accel| / g from 1.0
before the correction is suppressed. Default 0.1.

Ported from gworkman/ahrs'
Ahrs.Complementary.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        step(state, gyro, accel, dt)

      


        Runs one Complementary filter step.
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          @type t() :: %BB.Estimator.Ahrs.Complementary{
  accel_threshold: float(),
  alpha: float(),
  last_monotonic_time: integer() | nil,
  q: BB.Estimator.Ahrs.Quaternion.t(),
  time_constant: nil | float()
}
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          @spec step(t(), {float(), float(), float()}, {float(), float(), float()}, float()) ::
  t()


      


Runs one Complementary filter step.

  


        

      


  

    
BB.Estimator.Ahrs.Madgwick 
    



      
Madgwick AHRS filter, 6-DOF IMU variant, implemented as a
BB.Estimator.
Fuses gyroscope and accelerometer measurements into a drift-free
orientation using a gradient-descent optimisation step. Consumes
BB.Message.Sensor.Imu inputs and republishes them with :orientation
replaced by the fused estimate; :angular_velocity and
:linear_acceleration are passed through unchanged.
Usage
sensor :imu, BB.Sensor.SomeImu, ... do
  estimator :orientation, {BB.Estimator.Ahrs.Madgwick, beta: 0.1}
end
Options
	:beta — gradient-descent step size. Higher = tracks faster but
noisier. Default 0.1.
	:accel_threshold — accepted deviation of |accel| / g from 1.0
before the accelerometer correction is suppressed (gyro integration
only). Default 0.1 (i.e. ±10% of 1 g).

Ported from gworkman/ahrs'
Ahrs.Madgwick.
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        orientation(madgwick)

      


        Convenience: returns the current orientation as a BB.Math.Quaternion.
Useful for direct callers.



    


    
      
        step(state, arg2, arg3, dt)

      


        Runs one Madgwick step against state. dt is the time since the
previous step in seconds; gyro is rad/s, accel is m/s².
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          @type t() :: %BB.Estimator.Ahrs.Madgwick{
  accel_threshold: float(),
  beta: float(),
  last_monotonic_time: integer() | nil,
  q: BB.Estimator.Ahrs.Quaternion.t()
}
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          @spec orientation(t()) :: BB.Math.Quaternion.t()


      


Convenience: returns the current orientation as a BB.Math.Quaternion.
Useful for direct callers.
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          @spec step(t(), {float(), float(), float()}, {float(), float(), float()}, float()) ::
  t()


      


Runs one Madgwick step against state. dt is the time since the
previous step in seconds; gyro is rad/s, accel is m/s².
Use this directly for testing or for callers who don't want the
BB.Estimator envelope.
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Mahony AHRS filter, 6-DOF IMU variant, implemented as a BB.Estimator.
Uses a Proportional-Integral controller to fuse gyroscope and
accelerometer measurements. Computationally cheaper than Madgwick and
particularly robust under sustained drift.
Usage
sensor :imu, BB.Sensor.SomeImu, ... do
  estimator :orientation, {BB.Estimator.Ahrs.Mahony, kp: 2.0, ki: 0.005}
end
Options
	:kp — proportional gain on the accel/mag error vector. Default 2.0.
	:ki — integral gain (gyro bias estimation). Default 0.0 (P-only).
	:accel_threshold — accepted deviation of |accel| / g from 1.0
before the correction is suppressed. Default 0.1.
	:e_int_limit — anti-windup clamp on the integral term. Default 100.0.

Ported from gworkman/ahrs' Ahrs.Mahony.
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        step(state, gyro, accel, dt)

      


        Runs one Mahony step. gyro is rad/s, accel is m/s², dt is
seconds. Returns the updated state.
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          @type t() :: %BB.Estimator.Ahrs.Mahony{
  accel_threshold: float(),
  e_int: {float(), float(), float()},
  e_int_limit: float(),
  ki: float(),
  kp: float(),
  last_monotonic_time: integer() | nil,
  q: BB.Estimator.Ahrs.Quaternion.t()
}
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          @spec step(t(), {float(), float(), float()}, {float(), float(), float()}, float()) ::
  t()


      


Runs one Mahony step. gyro is rad/s, accel is m/s², dt is
seconds. Returns the updated state.
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Stateless mathematical utilities shared across the AHRS filters.
All inputs and outputs are in SI units (rad/s for angular velocity,
m/s² for linear acceleration, radians for angles). Unit conversion is
the responsibility of the sensor driver populating the inbound
BB.Message.Sensor.Imu payload.
Ported from gworkman/ahrs'
Ahrs.Math.
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        accel_to_tilt(ax, ay, az)

      


        Calculates roll and pitch in radians from a 3-axis acceleration
vector. Yaw is unobservable from acceleration alone.



    


    
      
        euler_to_quaternion(roll, pitch, yaw)

      


        Converts Euler angles in radians to a quaternion (Z-Y-X Tait-Bryan).



    


    
      
        gravity()

      


        Standard gravity in m/s².



    


    
      
        gravity_only?(ax, ay, az, threshold)

      


        Returns true if the magnitude of an accel vector in m/s² is within
threshold of standard gravity, where threshold is a fractional
value (e.g. 0.1 means ±10% around 1 g).



    


    
      
        normalize_angle(angle)

      


        Normalises an angle to the range (-π, π].



    


    
      
        quaternion_to_euler(quaternion, opts \\ [])

      


        Converts a quaternion to Euler angles using the Z-Y-X Tait-Bryan
convention. Returns {roll, pitch, yaw} in radians, unless :degrees
is passed.



    


    
      
        rotate_vector(arg, quaternion)

      


        Rotates a 3D {x, y, z} vector by a quaternion. Equivalent to
q * v * conjugate(q).
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          @spec accel_to_tilt(float(), float(), float()) :: {roll :: float(), pitch :: float()}


      


Calculates roll and pitch in radians from a 3-axis acceleration
vector. Yaw is unobservable from acceleration alone.
Returns {roll, pitch}. The accel components are in any unit; only
their relative magnitudes matter.
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          @spec euler_to_quaternion(roll :: float(), pitch :: float(), yaw :: float()) ::
  BB.Estimator.Ahrs.Quaternion.t()


      


Converts Euler angles in radians to a quaternion (Z-Y-X Tait-Bryan).
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          @spec gravity() :: float()


      


Standard gravity in m/s².
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          @spec gravity_only?(float(), float(), float(), float()) :: boolean()


      


Returns true if the magnitude of an accel vector in m/s² is within
threshold of standard gravity, where threshold is a fractional
value (e.g. 0.1 means ±10% around 1 g).
Used by Madgwick and Mahony to reject readings dominated by linear
acceleration rather than gravity.
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          @spec normalize_angle(float()) :: float()


      


Normalises an angle to the range (-π, π].
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          @spec quaternion_to_euler(
  BB.Estimator.Ahrs.Quaternion.t(),
  keyword()
) :: {roll :: float(), pitch :: float(), yaw :: float()}


      


Converts a quaternion to Euler angles using the Z-Y-X Tait-Bryan
convention. Returns {roll, pitch, yaw} in radians, unless :degrees
is passed.
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          @spec rotate_vector({float(), float(), float()}, BB.Estimator.Ahrs.Quaternion.t()) ::
  {float(), float(), float()}


      


Rotates a 3D {x, y, z} vector by a quaternion. Equivalent to
q * v * conjugate(q).
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Scalar (w, x, y, z) quaternion used internally by the AHRS algorithms.
Kept separate from BB.Math.Quaternion (Nx-backed) because the AHRS
filters run at hundreds of Hz and the Nx dispatch overhead per
operation dominates the actual arithmetic. Conversion to
BB.Math.Quaternion happens at each estimator's input / output
boundary.
Ported from
gworkman/ahrs' Ahrs.Quaternion.
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        conjugate(quaternion)

      


        Returns the conjugate of a unit quaternion (also its inverse).



    


    
      
        from_bb(q)

      


        Constructs from a BB.Math.Quaternion.



    


    
      
        gyro_derivative(quaternion, gx, gy, gz)

      


        Calculates q̇, the time-derivative of a quaternion under angular
velocity (gx, gy, gz) in rad/s. Returns a {ẇ, ẋ, ẏ, ż} 4-tuple.



    


    
      
        identity()

      


        Identity quaternion (no rotation).



    


    
      
        multiply(quaternion1, quaternion2)

      


        Hamilton-product multiplication. Non-commutative; composes the
right-hand rotation first, then the left.



    


    
      
        normalise(q)

      


        Normalises a quaternion to a unit quaternion. Returns the input
unchanged when its norm is zero.



    


    
      
        to_bb(quaternion)

      


        Converts to a BB.Math.Quaternion for use in a message payload.
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          @type t() :: %BB.Estimator.Ahrs.Quaternion{
  w: float(),
  x: float(),
  y: float(),
  z: float()
}
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          @spec conjugate(t()) :: t()


      


Returns the conjugate of a unit quaternion (also its inverse).
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          @spec from_bb(BB.Math.Quaternion.t()) :: t()


      


Constructs from a BB.Math.Quaternion.
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          @spec gyro_derivative(t(), float(), float(), float()) ::
  {float(), float(), float(), float()}


      


Calculates q̇, the time-derivative of a quaternion under angular
velocity (gx, gy, gz) in rad/s. Returns a {ẇ, ẋ, ẏ, ż} 4-tuple.
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          @spec identity() :: t()


      


Identity quaternion (no rotation).
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          @spec multiply(t(), t()) :: t()


      


Hamilton-product multiplication. Non-commutative; composes the
right-hand rotation first, then the left.
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          @spec normalise(t()) :: t()


      


Normalises a quaternion to a unit quaternion. Returns the input
unchanged when its norm is zero.
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          @spec to_bb(t()) :: BB.Math.Quaternion.t()


      


Converts to a BB.Math.Quaternion for use in a message payload.
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