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A FABRIK-based inverse kinematics solver for the Beam Bots robotics framework.
FABRIK (Forward And Backward Reaching Inverse Kinematics) is an iterative algorithm that computes joint angles needed to position an end-effector at a target location. It works by alternately reaching from the end-effector toward the target, then from the base back to maintain segment lengths.
Features
	Implements the BB.IK.Solver behaviour for pluggable IK solvers
	Works with BB.Robot.State or plain position maps
	Supports revolute, prismatic, and continuous joints
	Position and orientation solving (quaternion or axis constraints)
	Respects joint limits with optional clamping
	Uses Nx tensors for efficient computation
	Returns best-effort positions even when targets are unreachable

Installation
Add bb_ik_fabrik to your list of dependencies in mix.exs:
def deps do
  [
    {:bb_ik_fabrik, "~> 0.8.0"}
  ]
end
Usage
# Define your robot using the BB DSL
robot = MyRobot.robot()

# Create initial state
{:ok, state} = BB.Robot.State.new(robot)

# Define a target position for the end-effector
target = {0.3, 0.2, 0.1}

# Solve inverse kinematics
case BB.IK.FABRIK.solve(robot, state, :end_effector, target) do
  {:ok, positions, meta} ->
    # Apply the solved positions to the robot state
    BB.Robot.State.set_positions(state, positions)
    IO.puts("Solved in #{meta.iterations} iterations")
    IO.puts("Final distance to target: #{meta.residual}m")

  {:error, %BB.Error.Kinematics.Unreachable{residual: residual, positions: positions}} ->
    # Target is beyond the robot's reach
    IO.puts("Target unreachable, best distance: #{residual}m")
    # positions contains best-effort joint values

  {:error, %BB.Error.Kinematics.NoSolution{}} ->
    IO.puts("Failed to converge within max iterations")
end
Solving with Options
BB.IK.FABRIK.solve(robot, state, :end_effector, target,
  max_iterations: 100,         # Maximum FABRIK iterations (default: 50)
  tolerance: 0.001,            # Position tolerance in metres (default: 1.0e-4)
  orientation_tolerance: 0.1,  # Orientation tolerance in radians (default: 0.01)
  respect_limits: true         # Clamp to joint limits (default: true)
)
Using solve_and_update/5
For convenience, solve_and_update/5 solves IK and updates the state in one call:
case BB.IK.FABRIK.solve_and_update(robot, state, :end_effector, target) do
  {:ok, positions, meta} ->
    # State has already been updated
    :ok

  {:error, %BB.Error.Kinematics.Unreachable{} = error} ->
    # State is unchanged on error
    {:error, error}
end
Target Formats
Targets can be specified as:
# Position only (Vec3)
target = BB.Math.Vec3.new(0.3, 0.2, 0.1)

# Position with axis constraint ("point tool in this direction")
target = {BB.Math.Vec3.new(0.3, 0.2, 0.1), {:axis, BB.Math.Vec3.new(0.0, 0.0, -1.0)}}

# Position with full orientation (quaternion)
quat = BB.Math.Quaternion.from_axis_angle(BB.Math.Vec3.unit_z(), :math.pi() / 4)
target = {BB.Math.Vec3.new(0.3, 0.2, 0.1), {:quaternion, quat}}

# 4x4 homogeneous transform (extracts both position and orientation)
target = BB.Math.Transform.from_position_quaternion(
  BB.Math.Vec3.new(0.3, 0.2, 0.1),
  BB.Math.Quaternion.identity()
)
When using orientation constraints, the result metadata includes orientation_residual (in radians) alongside the position residual.
Supported Arm Configurations
FABRIK works best with simple planar or spatial arms where:
	Joints have significant lever arms between them
	The arm has 2-4 degrees of freedom

Works Well
	2-link planar arms: Classic shoulder + elbow configuration

	3-link arms: Shoulder + elbow + wrist with distinct positions

	SCARA-style arms: Horizontal joints with vertical offsets

	Simple grippers: Where the end-effector is offset from the last joint

	Arms with co-located joints (spherical wrists/shoulders): Each joint is fitted about its own axis, so sharing a point costs nothing

	6-DOF anthropomorphic arms (e.g., WidowX, Kinova): position targets solve to
tolerance; full pose targets are the hardest case and converge less often


How a target is solved
Classic FABRIK moves points as though every joint were a ball joint, so the
configuration it settles on generally has no counterpart in any pose the robot
can hold. For a position target this implementation keeps FABRIK's backward
reach but treats its answer as desired directions: the forward pass walks base
to tip choosing, for each joint, the rotation about its real world axis that
carries its links closest to those directions, clamped to its limits, and
regenerates the positions beyond it by forward kinematics.
Every pose considered is therefore one the robot can actually hold, and the joint
values are the solver's output rather than something recovered from a point cloud
afterwards.
Orientation rides the same fit: three points sit rigidly on the target link's
axes, and putting them where they are wanted is the same as pointing the frame
where it is wanted.
Limitations
	Serial chains only: Does not support branching topologies
	Convergence is not guaranteed: a minority of solves exhaust
:max_iterations rather than reaching tolerance, and return best-effort
positions with reached: false
	Cost: constraining costs iterations — tens rather than a handful, each one a
forward-kinematics pass per joint. Batch with Nx.vectorize/2 when solving
many chains, such as the legs of a gait
	Collinear targets: FABRIK can struggle when the target lies on the same line as a straight chain

When to Use a Different Solver
Consider analytical IK or Jacobian-based methods when:
	You have a 6-DOF arm with specific geometry (closed-form solutions exist)
	You need precise control over which joints move
	You need to optimise for specific joint configurations (elbow up vs down)
	You require guaranteed orientation accuracy for complex arm geometries

Documentation
Full documentation is available at HexDocs.


  

    Change Log

All notable changes to this project will be documented in this file.
See Conventional Commits for commit guidelines.
v0.8.0 (2026-08-22)
Breaking Changes:
	match bb's synchronous set_position changes (#98) by James Harton

v0.7.0 (2026-08-05)
Breaking Changes:
	constrain FABRIK to the robot's real joint axes (#88) by James Harton

v0.6.0 (2026-08-04)
Breaking Changes:
	refuse multi-DoF chains, and scope solves with source_link (#86) by James Harton

v0.5.0 (2026-08-03)
Breaking Changes:
	migrate the test mock actuator to handle_command/2 (#81) by James Harton

Improvements:
	drive the tracking loop from BB.Loop (#83) by James Harton

v0.4.1 (2026-06-26)
Improvements:
	express FABRIK (position + orientation) as composable defns (#60) by James Harton

v0.4.0 (2026-05-28)
Features:
	add bb_ik_fabrik.install igniter task (#33) by James Harton

v0.3.2 (2026-05-17)
v0.3.1 (2026-01-04)
Improvements:
	update for bb 0.12 command API and add bb_dep helper (#9) by James Harton

v0.3.0 (2025-12-29)
Features:
	orientation-aware FABRIK with co-located joint handling (#6) by James Harton

	update FABRIK to use Vec3 targets and orientation types by James Harton

	add orientation-aware FABRIK solving with axis constraints by James Harton


Improvements:
	use orientation-aware FABRIK internally for all solves by James Harton

v0.2.0 (2025-12-18)
Features:
	add FABRIK solver with motion integration (#1) by James Harton
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FABRIK-based inverse kinematics solver for serial chains.
FABRIK (Forward And Backward Reaching Inverse Kinematics) is an iterative
solver that works by alternately reaching from the end-effector toward the
target, then from the base back to maintain segment lengths. This implementation
extends classic FABRIK with orientation tracking at each joint frame.
Features
	Works with BB.Robot.State or plain position maps
	Position and orientation solving (quaternion or axis constraints)
	Handles co-located joints by fitting each about its own axis
	Respects joint limits by clamping solved values
	Uses Nx tensors for efficient computation
	Returns best-effort positions even on failure

Usage
robot = MyRobot.robot()
{:ok, state} = BB.Robot.State.new(robot)

# Solve for end-effector to reach target position
target = Vec3.new(0.4, 0.2, 0.1)

case BB.IK.FABRIK.solve(robot, state, :end_effector, target) do
  {:ok, positions, meta} ->
    BB.Robot.State.set_configurations(state, configurations)
    IO.puts("Solved in #{meta.iterations} iterations")

  {:error, %BB.Error.Kinematics.Unreachable{residual: residual}} ->
    IO.puts("Target unreachable, residual: #{residual}m")
end
Target Formats
	Vec3.t() - Position-only target
	Transform.t() - Position + full orientation from transform
	{Vec3.t(), {:quaternion, Quaternion.t()}} - Position + explicit quaternion
	{Vec3.t(), {:axis, Vec3.t()}} - Position + tool axis direction constraint

Options
	:max_iterations - Maximum solver iterations (default: 50)
	:tolerance - Position convergence tolerance in metres (default: 1.0e-4)
	:orientation_tolerance - Orientation convergence tolerance in radians (default: 0.01)
	:respect_limits - Whether to clamp to joint limits (default: true)

Limitations
	Serial chains only (no branching topologies)
	Revolute and prismatic joints (fixed joints are skipped)
	Only position targets respect joint axes. An orientation target still solves
in point space and fits joint values afterwards, so its result may not
correspond to a pose the robot can hold — meta.reached says which
	Constraining costs iterations, so a solve takes tens rather than a handful.
BB.IK.FABRIK.Math.solve_constrained/4 vectorises over a batch axis when
many chains need solving at once
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        solve_and_update(robot, state, source_link, target_link, target, opts \\ [])

      


        Solve IK and update the state in-place.
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          @spec solve_and_update(
  BB.Robot.t(),
  BB.Robot.State.t(),
  atom(),
  atom(),
  BB.IK.Solver.target(),
  keyword()
) :: BB.IK.Solver.solve_result()


      


Solve IK and update the state in-place.
Convenience function that calls solve/6 and applies the result
to the given BB.Robot.State.
Meant for a state of your own - one from BB.Robot.State.new/1, stepped
through a planned motion. A running robot's state belongs to its sensors,
which write it from BB.Message.Sensor.JointState messages, and writing a
solved configuration into it claims the joints have arrived somewhere they
have only been asked to go.
Returns
Same as solve/6, but on success the state's ETS table is updated.
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Pure Nx implementation of FABRIK, constrained to a robot's real joint axes.
solve_constrained/3 is the entry point. backward_pass/3 is the classic
FABRIK reach it builds on, kept separate because it is the one half of the
algorithm that needs no knowledge of how the joints are allowed to move.
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        backward_pass(points, lengths, target)

      


        FABRIK backward reaching pass.



    


    
      
        distance(p1, p2)

      


    


    
      
        move_point_toward(point_to_move, anchor, desired_distance)

      


        Place a point at desired_distance from anchor, along the direction from
anchor toward point_to_move. The per-joint reaching step shared by both
passes; a defn so it composes into them and is reusable on its own.



    


    
      
        solve_constrained(chain, target, opts)

      


        Run FABRIK against a chain whose joints each turn about one fixed axis.
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          @spec backward_pass(Nx.Tensor.t(), Nx.Tensor.t(), Nx.Tensor.t()) :: Nx.Tensor.t()


      


FABRIK backward reaching pass.
Pins the end effector to target, then walks toward the root placing each
joint at its segment length from the next. points is {n, 3}, lengths
{n - 1}. Returns the updated {n, 3} points.
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Place a point at desired_distance from anchor, along the direction from
anchor toward point_to_move. The per-joint reaching step shared by both
passes; a defn so it composes into them and is reusable on its own.
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          @spec solve_constrained(map(), map(), map()) ::
  {Nx.Tensor.t(), Nx.Tensor.t(), Nx.Tensor.t(), Nx.Tensor.t()}


      


Run FABRIK against a chain whose joints each turn about one fixed axis.
Classic FABRIK moves points freely, as though every joint were a ball joint. A
robot's are not, so the point configuration it converges on generally has no
counterpart in any pose the robot can hold, and reading joint values back out
of it is a fit that starts centimetres wrong.
This keeps the backward pass — the reach that pins the end effector to the
target and distributes the correction back along the chain — but treats its
answer as a set of desired directions rather than positions. The forward pass
then walks base to tip choosing, for each joint, the rotation about its real
world axis that carries its links closest to those directions, clamped to its
limits, and regenerates the positions beyond it by forward kinematics. Every
pose considered is therefore one the robot can hold, and the joint values are
the solver's output rather than something recovered afterwards.
Arguments
	chain - the description from BB.IK.FABRIK.Chain.kinematics/1
	target - %{position: {3}, rotation: {3, 3}, enforce: scalar}, where
enforce above 0.5 asks for the orientation as well as the position
	opts - %{max_iterations:, tolerance:, orientation_tolerance:, lever:}

All geometry is in the chain root's frame, target included. Returns
{positions, iterations, residual, orientation_residual} as tensors, and
vectorises over a leading batch axis so a fleet of identical chains — the legs
of a gait, say — solves in one call with a lane per chain.
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Convenience functions for FABRIK-based motion.
This module wraps BB.Motion with the FABRIK solver pre-configured,
providing a simpler API for common inverse kinematics motion tasks.
Single Target
# Move end-effector to target position
case BB.IK.FABRIK.Motion.move_to(MyRobot, :gripper, {0.3, 0.2, 0.1}, source_link: :base_link) do
  {:ok, meta} -> IO.puts("Reached in #{meta.iterations} iterations")
  {:error, error} -> IO.puts("Failed: #{Exception.message(error)}")
end

# Just solve without moving (for validation)
case BB.IK.FABRIK.Motion.solve(MyRobot, :gripper, {0.3, 0.2, 0.1}, source_link: :base_link) do
  {:ok, positions, meta} -> IO.inspect(positions)
  {:error, error} -> IO.puts("Unreachable: #{Exception.message(error)}")
end
Multiple Targets (for gait, coordinated motion)
targets = %{left_foot: {0.1, 0.0, 0.0}, right_foot: {-0.1, 0.0, 0.0}}

case BB.IK.FABRIK.Motion.move_to_multi(MyRobot, targets, source_link: :base_link) do
  {:ok, results} -> IO.puts("All targets reached")
  {:error, error} -> IO.puts("Failed: #{Exception.message(error)}")
end
In Custom Commands
use BB.Command

@impl BB.Command
def handle_command(%{target: target}, context, state) do
  case BB.IK.FABRIK.Motion.move_to(context, :gripper, target, source_link: :base_link) do
    {:ok, meta} ->
      {:stop, :normal, %{state | result: %{residual: meta.residual}}}

    {:error, error} ->
      {:stop, :normal, %{state | result: {:error, error}}}
  end
end

@impl BB.Command
def result(%{result: {:error, _} = error}), do: error
def result(%{result: result}), do: {:ok, result}
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    Functions
  


    
      
        move_to(robot_or_context, target_link, target, opts \\ [])

      


        Move an end-effector to a target position using FABRIK.



    


    
      
        move_to_multi(robot_or_context, targets, opts \\ [])

      


        Move multiple end-effectors to target positions simultaneously using FABRIK.



    


    
      
        solve(robot_or_context, target_link, target, opts \\ [])

      


        Solve FABRIK without moving the robot.



    


    
      
        solve_multi(robot_or_context, targets, opts \\ [])

      


        Solve FABRIK for multiple targets without moving the robot.
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          @type meta() :: BB.IK.Solver.meta()
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          @type motion_result() :: BB.Motion.motion_result()
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          @type multi_motion_result() :: BB.Motion.multi_motion_result()
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          @type multi_solve_result() :: BB.Motion.multi_solve_result()
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          @type positions() :: BB.IK.Solver.positions()
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          @type robot_or_context() :: module() | BB.Command.Context.t()
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          @type solve_result() :: BB.Motion.solve_result()
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          @type target() :: BB.IK.Solver.target()
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          @type targets() :: %{required(atom()) => target()}
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          @spec move_to(robot_or_context(), atom(), target(), keyword()) :: motion_result()


      


Move an end-effector to a target position using FABRIK.
This is a convenience wrapper around BB.Motion.move_to/4 with the
FABRIK solver pre-configured.
Options
FABRIK-specific:
	:max_iterations - Maximum FABRIK iterations (default: 50)
	:tolerance - Convergence tolerance in metres (default: 1.0e-4)
	:respect_limits - Whether to clamp to joint limits (default: true)
	:source_link - Link the chain starts at (required, no default). The chain
must contain no :planar or :floating joint — FABRIK cannot solve those, so
scope past them or use a Jacobian-based solver such as BB.IK.DLS

Motion:
	:delivery - How to send actuator commands. :pubsub (default) publishes
each command and waits for the actuator to accept it, reporting the first
refusal; :direct casts to each actuator and waits for nothing, so a
refusal is never reported
	:timeout - How long to wait for each actuator to accept its command, in
milliseconds (default 5000). Unused under :direct. A timeout exits the
caller, as GenServer.call/3 does

Returns
	{:ok, meta} - Successfully moved; meta contains solver info
	{:error, error} - Either the target couldn't be solved, in which case the
error is a BB.Error.Kinematics struct, or an actuator refused the command
it was sent, in which case it is the actuator's own error

Examples
BB.IK.FABRIK.Motion.move_to(MyRobot, :gripper, {0.3, 0.2, 0.1}, source_link: :base_link)

BB.IK.FABRIK.Motion.move_to(context, :gripper, target,
  source_link: :base_link,
  delivery: :direct,
  max_iterations: 100,
  tolerance: 0.001
)
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          @spec move_to_multi(robot_or_context(), targets(), keyword()) :: multi_motion_result()


      


Move multiple end-effectors to target positions simultaneously using FABRIK.
Useful for coordinated motion like walking gaits. Each target is solved
independently using FABRIK and all actuator commands are sent together.
Options
Same as move_to/4.
Returns
	{:ok, results} - All targets solved; results is a map of link → {:ok, positions, meta}
	{:error, %BB.Error.Kinematics.MultiFailed{}} - A target failed to solve.
The error names the link that failed, carries the underlying kinematics
error, and keeps the results of the targets solved before it
	{:error, error} - Every target solved, but an actuator refused the command
it was sent, so the failure arrives as the actuator's own error rather than
wrapped in MultiFailed

Examples
alias BB.Error.Kinematics.MultiFailed

targets = %{
  left_foot: {0.1, 0.0, 0.0},
  right_foot: {-0.1, 0.0, 0.0}
}

case BB.IK.FABRIK.Motion.move_to_multi(MyRobot, targets, source_link: :base_link) do
  {:ok, results} ->
    IO.puts("All limbs positioned")

  {:error, %MultiFailed{failed_link: link} = error} ->
    IO.puts("Failed to reach #{link}: #{Exception.message(error)}")

  {:error, error} ->
    IO.puts("An actuator refused: #{Exception.message(error)}")
end
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          @spec solve(robot_or_context(), atom(), target(), keyword()) :: solve_result()


      


Solve FABRIK without moving the robot.
Useful for validating targets are reachable before committing to motion,
or for planning multi-step movements.
Options
	:max_iterations - Maximum FABRIK iterations (default: 50)
	:tolerance - Convergence tolerance in metres (default: 1.0e-4)
	:respect_limits - Whether to clamp to joint limits (default: true)
	:source_link - Link the chain starts at (required, no default). The chain
must contain no :planar or :floating joint — FABRIK cannot solve those, so
scope past them or use a Jacobian-based solver such as BB.IK.DLS

Returns
	{:ok, positions, meta} - Successfully solved
	{:error, error} - Failed to solve; a struct from BB.Error.Kinematics

Examples
case BB.IK.FABRIK.Motion.solve(MyRobot, :gripper, target, source_link: :base_link) do
  {:ok, positions, %{reached: true}} ->
    IO.puts("Target reachable")
    IO.inspect(positions)

  {:ok, _positions, %{reached: false, residual: residual}} ->
    IO.puts("Close but not exact, residual: #{residual}m")

  {:error, %BB.Error.Kinematics.Unreachable{}} ->
    IO.puts("Target is out of reach")
end
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          @spec solve_multi(robot_or_context(), targets(), keyword()) :: multi_solve_result()


      


Solve FABRIK for multiple targets without moving the robot.
Useful for validating that all targets in a coordinated motion are reachable.
Options
Same as solve/4.
Returns
	{:ok, results} - All targets solved
	{:error, %BB.Error.Kinematics.MultiFailed{}} - A target failed. The error
names the link that failed, carries the underlying kinematics error, and
keeps the results of the targets solved before it

Examples
alias BB.Error.Kinematics.MultiFailed

targets = %{left_foot: {0.1, 0.0, 0.0}, right_foot: {-0.1, 0.0, 0.0}}

case BB.IK.FABRIK.Motion.solve_multi(MyRobot, targets, source_link: :base_link) do
  {:ok, results} ->
    Enum.each(results, fn {link, {:ok, _pos, meta}} ->
      IO.puts("#{link}: #{meta.residual}m residual")
    end)

  {:error, %MultiFailed{failed_link: link} = error} ->
    IO.puts("#{link} is unreachable: #{Exception.message(error)}")
end
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GenServer implementing continuous position tracking with FABRIK.
Runs a periodic IK solve loop, continuously solving for updated targets
and sending actuator commands. Useful for following moving targets or
real-time position control from external sources.
Usage
# Start tracking
{:ok, pid} = BB.IK.FABRIK.Tracker.start_link(
  robot: MyRobot,
  target_link: :gripper,
  source_link: :base_link,
  initial_target: {0.3, 0.2, 0.1},
  update_rate: 30
)

# Update target from vision callback
BB.IK.FABRIK.Tracker.update_target(pid, {0.35, 0.25, 0.15})

# Check status
%{residual: 0.001, tracking: true} = BB.IK.FABRIK.Tracker.status(pid)

# Stop and get final positions
{:ok, positions} = BB.IK.FABRIK.Tracker.stop(pid)
Options
	:robot - Robot module (required)
	:target_link - Link to track (required)
	:source_link - Link the chain starts at (required, no default)
	:initial_target - Starting target position (required)
	:update_rate - Solve frequency in Hz (default: 20)
	:delivery - Actuator command delivery. :direct (default) casts each
command and waits for nothing; :pubsub publishes it and waits for the
actuator to accept it, which blocks the loop for as long as that takes
	:timeout - How long to wait for each actuator under :pubsub, in
milliseconds (default 5000). Ignored under :direct
	:max_iterations - Maximum FABRIK iterations per update (default: 50)
	:tolerance - Convergence tolerance in metres (default: 1.0e-4)
	:respect_limits - Whether to clamp to joint limits (default: true)
	:name - Optional GenServer name for registration

Position feedback is a prerequisite
Every solve starts from the robot's current configuration, which is written
from BB.Message.Sensor.JointState messages and from nothing else - a
commanded position is not a measured one. A joint that nothing reports on
therefore stays at its initial configuration, and the tracker re-solves from
that same frozen pose on every tick.
That does not diverge: a solve is a function of its seed and its target, so a
frozen seed still yields an absolute joint configuration that reaches the
target. What it loses is the warm start, and with it the continuity between
ticks. Each solve pays the iteration count a distant seed needs rather than
the handful a nearby one does, and converges less reliably near singularities.
The one that bites is that the answer stops depending on the path taken to
reach the target, which leaves the arm free to change solution branch from one
tick to the next: a redundant arm can be asked to swing between two equally
valid postures inside a single tick period.
So the tracked joints want something that reports where they are: an encoder,
a driver that declares :position_feedback through
BB.Actuator.capabilities/1, or BB.Sensor.OpenLoopPositionEstimator
interpolating from the actuator's own BeginMotion messages. BB.Dsl warns
at compile time about a driven joint with none of the three, and simulation
supplies an estimator itself.
Notes
	Uses :direct delivery by default for low latency. Under :pubsub a solve
that outlives :timeout exits the tracker, as GenServer.call/3 does
	Continues tracking even if individual solves fail (best-effort)
	Call stop/1 to cleanly terminate tracking


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts)

      


        Start a tracker process.



    


    
      
        status(tracker)

      


        Get current tracking status.



    


    
      
        stop(tracker, opts \\ [])

      


        Stop tracking and return the configuration the last solve arrived at.



    


    
      
        update_target(tracker, target)

      


        Update the current target position.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

Start a tracker process.
See module documentation for options.

  



  
    
      
    
    
      status(tracker)



        
          
        

    

  


  

Get current tracking status.

  



    

  
    
      
    
    
      stop(tracker, opts \\ [])



        
          
        

    

  


  

Stop tracking and return the configuration the last solve arrived at.
Options
	:hold - Send hold commands to actuators (default: false)


  



  
    
      
    
    
      update_target(tracker, target)



        
          
        

    

  


  

Update the current target position.

  


        

      


  

    
BB.IK.TestHelpers.Chain 
    



      
Test helpers for creating chain point tensors.
These helpers make it easier to reason about test data by providing
semantic functions for common chain configurations.

      


      
        Summary


  
    Functions
  


    
      
        bent_chain(opts)

      


        Generate points for a chain with bends at each joint.



    


    
      
        collapsed(n, point \\ {0.0, 0.0, 0.0})

      


        Generate points that are all at the same location (degenerate case).



    


    
      
        elbow_bend(opts)

      


        Generate a chain that's straight for the first segment, then bends.



    


    
      
        points(tuples)

      


        Convert a list of {x, y, z} tuples to an Nx tensor.



    


    
      
        rotate(points, angle, axis)

      


        Rotate all points around an axis passing through the origin.



    


    
      
        straight_chain(opts)

      


        Generate points for a straight chain along the +X axis starting at origin.



    





      


      
        Functions


        


  
    
      
    
    
      bent_chain(opts)



        
          
        

    

  


  

      

          @spec bent_chain(keyword()) :: Nx.Tensor.t()


      


Generate points for a chain with bends at each joint.
Each joint bends in the XY plane (around Z axis) by the specified angle.
Angles are cumulative - each segment's direction is the previous direction
plus the bend angle.
Options
	:lengths - list of segment lengths (required)
	:angles - list of bend angles in radians, one per segment (required)        First angle is absolute direction from origin,
        subsequent angles are relative bends.

	:start - starting point (default: {0, 0, 0})

Example
# Straight arm then 90° elbow bend
iex> bent_chain(lengths: [0.3, 0.2], angles: [0.0, :math.pi/2])
# Points at: {0,0,0}, {0.3,0,0}, {0.3,0.2,0}

  



    

  
    
      
    
    
      collapsed(n, point \\ {0.0, 0.0, 0.0})



        
          
        

    

  


  

      

          @spec collapsed(non_neg_integer(), {number(), number(), number()}) :: Nx.Tensor.t()


      


Generate points that are all at the same location (degenerate case).
Useful for testing edge cases where direction vectors have zero length.

  



  
    
      
    
    
      elbow_bend(opts)



        
          
        

    

  


  

      

          @spec elbow_bend(keyword()) :: Nx.Tensor.t()


      


Generate a chain that's straight for the first segment, then bends.
Convenience function for the common case of testing elbow-like joints.
Options
	:lengths - list of segment lengths (required)
	:bend_at - index of joint where bend occurs (0-indexed, default: 1)
	:bend_angle - angle of bend in radians (required)

Example
iex> elbow_bend(lengths: [0.3, 0.2], bend_angle: :math.pi/2)
# Straight along X, then bent 90° at elbow

  



  
    
      
    
    
      points(tuples)



        
          
        

    

  


  

      

          @spec points([{number(), number(), number()}]) :: Nx.Tensor.t()


      


Convert a list of {x, y, z} tuples to an Nx tensor.
Example
iex> points([{0, 0, 0}, {1, 0, 0}, {2, 0, 0}])
#Nx.Tensor<f64[3][3]>

  



  
    
      
    
    
      rotate(points, angle, axis)



        
          
        

    

  


  

      

          @spec rotate(Nx.Tensor.t(), number(), :x | :y | :z) :: Nx.Tensor.t()


      


Rotate all points around an axis passing through the origin.
Parameters
	points - Nx tensor of shape {n, 3}
	angle - rotation angle in radians
	axis - :x, :y, or :z

Example
iex> straight_chain(lengths: [1.0]) |> rotate(:math.pi/2, :z)
# Rotates from +X to +Y direction

  



  
    
      
    
    
      straight_chain(opts)



        
          
        

    

  


  

      

          @spec straight_chain(keyword()) :: Nx.Tensor.t()


      


Generate points for a straight chain along the +X axis starting at origin.
Options
	:lengths - list of segment lengths (required)
	:start - starting point (default: {0, 0, 0})

Example
iex> straight_chain(lengths: [0.3, 0.2])
# Points at: {0,0,0}, {0.3,0,0}, {0.5,0,0}

  


        

      


  

    
BB.IK.TestRobots 
    



      
Test robot definitions for IK solver testing.

      




  

    
BB.IK.TestRobots.ContinuousJointArm 
    



      
Arm with continuous (unlimited rotation) joints.
Structure:
	base_link	wheel_joint (continuous, Z-axis) - can rotate infinitely	link1 (0.3m)	tip_joint (fixed, 0.2m)	tip









Continuous joints have no position limits.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts \\ [])

      


        Returns a child specification for starting this robot under a supervisor.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child specification for starting this robot under a supervisor.

  



  
    
      
    
    
      robot()



        
          
        

    

  


  

      

          @spec robot() :: BB.Robot.t()


      


Returns the optimised robot representation.
This struct is built at compile-time from the DSL definition and contains:
	All physical values converted to SI base units (floats)
	Flat maps for O(1) lookup of links, joints, sensors, and actuators
	Pre-computed topology metadata for efficient traversal

Examples
robot = Elixir.BB.IK.TestRobots.ContinuousJointArm.robot()
{:ok, link} = BB.Robot.get_link(robot, :base_link)
{:ok, joint} = BB.Robot.get_joint(robot, :shoulder)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      


Starts the robot's supervision tree.
Options
All options are passed through to sensor and actuator child processes.

  


        

      


  

    
BB.IK.TestRobots.FixedOnlyChain 
    



      
A chain with only fixed joints - should fail with :no_dofs.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts \\ [])

      


        Returns a child specification for starting this robot under a supervisor.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child specification for starting this robot under a supervisor.

  



  
    
      
    
    
      robot()



        
          
        

    

  


  

      

          @spec robot() :: BB.Robot.t()


      


Returns the optimised robot representation.
This struct is built at compile-time from the DSL definition and contains:
	All physical values converted to SI base units (floats)
	Flat maps for O(1) lookup of links, joints, sensors, and actuators
	Pre-computed topology metadata for efficient traversal

Examples
robot = Elixir.BB.IK.TestRobots.FixedOnlyChain.robot()
{:ok, link} = BB.Robot.get_link(robot, :base_link)
{:ok, joint} = BB.Robot.get_joint(robot, :shoulder)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      


Starts the robot's supervision tree.
Options
All options are passed through to sensor and actuator child processes.

  


        

      


  

    
BB.IK.TestRobots.FloatingBaseArm 
    



      
A 1-DOF gimbal on a fully free base, for solving a chain with six extra degrees
of freedom.
Structure:
	world	base (floating) — six degrees of freedom	airframe	gimbal (revolute, X-axis)	camera (0.1m offset)










      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts \\ [])

      


        Returns a child specification for starting this robot under a supervisor.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child specification for starting this robot under a supervisor.

  



  
    
      
    
    
      robot()



        
          
        

    

  


  

      

          @spec robot() :: BB.Robot.t()


      


Returns the optimised robot representation.
This struct is built at compile-time from the DSL definition and contains:
	All physical values converted to SI base units (floats)
	Flat maps for O(1) lookup of links, joints, sensors, and actuators
	Pre-computed topology metadata for efficient traversal

Examples
robot = Elixir.BB.IK.TestRobots.FloatingBaseArm.robot()
{:ok, link} = BB.Robot.get_link(robot, :base_link)
{:ok, joint} = BB.Robot.get_joint(robot, :shoulder)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      


Starts the robot's supervision tree.
Options
All options are passed through to sensor and actuator child processes.

  


        

      


  

    
BB.IK.TestRobots.MockActuator 
    



      
Minimal mock actuator for testing — a proper BB.Actuator callback module
that accepts commands and discards them.

      




  

    
BB.IK.TestRobots.PlanarBaseArm 
    



      
A 2-DOF arm on a planar base, for solving chains that contain a multi-DoF joint.
Structure:
	odom	base (planar, Z surface normal) — three degrees of freedom	base_link	shoulder_joint (revolute, Z-axis)	link1	elbow_joint (revolute, Z-axis, 0.25m out)	link2	tip_joint (fixed, 0.25m offset)	tip

















The arm alone reaches 0.5m from the base, so a target further out is only
reachable by driving the base as well — which is what makes this a test of the
planar joint rather than of the arm. Two revolute joints rather than one, so
the arm's own workspace is a disc rather than a circle and a chain scoped below
the base is still a solvable problem.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts \\ [])

      


        Returns a child specification for starting this robot under a supervisor.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child specification for starting this robot under a supervisor.

  



  
    
      
    
    
      robot()



        
          
        

    

  


  

      

          @spec robot() :: BB.Robot.t()


      


Returns the optimised robot representation.
This struct is built at compile-time from the DSL definition and contains:
	All physical values converted to SI base units (floats)
	Flat maps for O(1) lookup of links, joints, sensors, and actuators
	Pre-computed topology metadata for efficient traversal

Examples
robot = Elixir.BB.IK.TestRobots.PlanarBaseArm.robot()
{:ok, link} = BB.Robot.get_link(robot, :base_link)
{:ok, joint} = BB.Robot.get_joint(robot, :shoulder)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      


Starts the robot's supervision tree.
Options
All options are passed through to sensor and actuator child processes.

  


        

      


  

    
BB.IK.TestRobots.PrismaticArm 
    



      
Arm with a prismatic (linear) joint for testing prismatic IK.
Structure:
	base_link	rotate_joint (revolute, Z-axis)	link1	slide_joint (prismatic, X-axis, 0-0.3m range)	link2	tip_joint (fixed)	tip













The prismatic joint allows linear extension along X.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts \\ [])

      


        Returns a child specification for starting this robot under a supervisor.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child specification for starting this robot under a supervisor.

  



  
    
      
    
    
      robot()



        
          
        

    

  


  

      

          @spec robot() :: BB.Robot.t()


      


Returns the optimised robot representation.
This struct is built at compile-time from the DSL definition and contains:
	All physical values converted to SI base units (floats)
	Flat maps for O(1) lookup of links, joints, sensors, and actuators
	Pre-computed topology metadata for efficient traversal

Examples
robot = Elixir.BB.IK.TestRobots.PrismaticArm.robot()
{:ok, link} = BB.Robot.get_link(robot, :base_link)
{:ok, joint} = BB.Robot.get_joint(robot, :shoulder)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      


Starts the robot's supervision tree.
Options
All options are passed through to sensor and actuator child processes.

  


        

      


  

    
BB.IK.TestRobots.SixDofArm 
    



      
6-DOF anthropomorphic arm for testing orientation-constrained IK.
Structure:
	base_link	shoulder_yaw (revolute, Z-axis)	shoulder_link1	shoulder_pitch (revolute, Y-axis)	shoulder_link2	shoulder_roll (revolute, X-axis)	upper_arm (0.25m)	elbow_pitch (revolute, Y-axis)	forearm (0.2m)	wrist_pitch (revolute, Y-axis)	wrist_link	wrist_roll (revolute, X-axis)	hand	tip_joint (fixed, 0.1m)	tip





























Total: 6 revolute joints providing full 6-DOF control
	Shoulder: yaw (Z), pitch (Y), roll (X) - spherical wrist
	Elbow: pitch (Y) - single axis bend
	Wrist: pitch (Y), roll (X) - allows tool orientation

This arm can achieve arbitrary position and orientation within its workspace.
Total reach: ~0.55m from shoulder

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts \\ [])

      


        Returns a child specification for starting this robot under a supervisor.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child specification for starting this robot under a supervisor.

  



  
    
      
    
    
      robot()



        
          
        

    

  


  

      

          @spec robot() :: BB.Robot.t()


      


Returns the optimised robot representation.
This struct is built at compile-time from the DSL definition and contains:
	All physical values converted to SI base units (floats)
	Flat maps for O(1) lookup of links, joints, sensors, and actuators
	Pre-computed topology metadata for efficient traversal

Examples
robot = Elixir.BB.IK.TestRobots.SixDofArm.robot()
{:ok, link} = BB.Robot.get_link(robot, :base_link)
{:ok, joint} = BB.Robot.get_joint(robot, :shoulder)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      


Starts the robot's supervision tree.
Options
All options are passed through to sensor and actuator child processes.

  


        

      


  

    
BB.IK.TestRobots.ThreeLinkArm 
    



      
3-DOF arm with vertical reach for testing 3D IK.
Structure:
	base_link	joint1 (revolute, Z-axis) - base rotation	link1	joint2 (revolute, Y-axis) - shoulder lift	link2 (0.2m)	joint3 (revolute, Y-axis) - elbow	link3	tip_joint (fixed, 0.15m)	tip


















      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts \\ [])

      


        Returns a child specification for starting this robot under a supervisor.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child specification for starting this robot under a supervisor.

  



  
    
      
    
    
      robot()



        
          
        

    

  


  

      

          @spec robot() :: BB.Robot.t()


      


Returns the optimised robot representation.
This struct is built at compile-time from the DSL definition and contains:
	All physical values converted to SI base units (floats)
	Flat maps for O(1) lookup of links, joints, sensors, and actuators
	Pre-computed topology metadata for efficient traversal

Examples
robot = Elixir.BB.IK.TestRobots.ThreeLinkArm.robot()
{:ok, link} = BB.Robot.get_link(robot, :base_link)
{:ok, joint} = BB.Robot.get_joint(robot, :shoulder)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      


Starts the robot's supervision tree.
Options
All options are passed through to sensor and actuator child processes.

  


        

      


  

    
BB.IK.TestRobots.TwoLinkArm 
    



      
Simple 2-DOF planar arm for basic IK testing.
Structure:
	base_link	shoulder_joint (revolute, Z-axis)	link1 (0.3m long)	elbow_joint (revolute, Z-axis)	link2	tip_joint (fixed, 0.2m offset)	tip













Total reach: 0.5m from origin

      


      
        Summary


  
    Functions
  


    
      
        child_spec(opts \\ [])

      


        Returns a child specification for starting this robot under a supervisor.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    





      


      
        Functions


        


    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

          @spec child_spec(Keyword.t()) :: Supervisor.child_spec()


      


Returns a child specification for starting this robot under a supervisor.

  



  
    
      
    
    
      robot()



        
          
        

    

  


  

      

          @spec robot() :: BB.Robot.t()


      


Returns the optimised robot representation.
This struct is built at compile-time from the DSL definition and contains:
	All physical values converted to SI base units (floats)
	Flat maps for O(1) lookup of links, joints, sensors, and actuators
	Pre-computed topology metadata for efficient traversal

Examples
robot = Elixir.BB.IK.TestRobots.TwoLinkArm.robot()
{:ok, link} = BB.Robot.get_link(robot, :base_link)
{:ok, joint} = BB.Robot.get_joint(robot, :shoulder)

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(Keyword.t()) :: Supervisor.on_start()


      


Starts the robot's supervision tree.
Options
All options are passed through to sensor and actuator child processes.

  


        

      


  

    
BB.Error.Kinematics.FABRIK.UnsupportedJoint exception
    



      
The requested chain contains a joint FABRIK cannot solve for.
FABRIK is not Jacobian-based. It is a heuristic that iteratively repositions
joints along a chain, treating each as a point connected by a fixed-length link,
and a :planar or :floating joint has no meaningful interpretation in that
scheme — there is no single point to reposition, and no fixed length between one
and the next.
Refusing is better than approximating: a wrong answer from a solver that
silently ignored three or six degrees of freedom looks exactly like a right one.
This is a property of the chain, not the robot
A legged robot whose body floats is a perfectly good FABRIK problem when each
leg is solved from the body to the foot, because those chains contain nothing but
revolute joints. Scope the solve past the multi-DoF joint with source_link and
FABRIK handles it:
# The floating base is not part of this problem.
BB.IK.FABRIK.solve(robot, state, :body, :front_left_foot, target, [])
For a chain that genuinely must include the multi-DoF joint, use a
Jacobian-based solver — bb_ik_dls is dimension-agnostic and needs no special
case.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        exception(args)

      


        Create an Elixir.BB.Error.Kinematics.FABRIK.UnsupportedJoint without raising it.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.Error.Kinematics.FABRIK.UnsupportedJoint{
  __exception__: term(),
  bread_crumbs: term(),
  class: term(),
  joint: atom(),
  joint_type: :planar | :floating,
  path: term(),
  source_link: atom() | nil,
  splode: term(),
  stacktrace: term(),
  target_link: atom() | nil,
  vars: term()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      exception(args)



        
          
        

    

  


  

      

          @spec exception(opts :: Keyword.t()) :: %BB.Error.Kinematics.FABRIK.UnsupportedJoint{
  __exception__: term(),
  bread_crumbs: term(),
  class: term(),
  joint: term(),
  joint_type: term(),
  path: term(),
  source_link: term(),
  splode: term(),
  stacktrace: term(),
  target_link: term(),
  vars: term()
}


      


Create an Elixir.BB.Error.Kinematics.FABRIK.UnsupportedJoint without raising it.
Keys
	:joint
	:joint_type
	:source_link
	:target_link


  


        

      


  

    
mix bb_ik_fabrik.install 
    



      
Installs BB.IK.FABRIK into a project
The FABRIK solver is passed per-call via the :solver option to
BB.Motion functions or BB.Command.MoveTo entries, so this
installer prints a usage snippet rather than editing the topology.
Example
mix igniter.install bb_ik_fabrik
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