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    BB.TUI
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Terminal-based dashboard for Beam Bots robots. Built on ExRatatui.
[image: BB.TUI Demo]
Features
	Safety controls — arm / disarm / force disarm with confirmation popup
	Joint control panel — position table with type (revolute/prismatic/continuous), units (degrees/mm), visual range bars, target tracking, simulated joint markers, and direct position adjustment via keyboard (1% and 10% steps)
	Event stream — scrollable, color-coded event list with formatted timestamps and message summaries; pause/resume, clear, and Enter to open a detail popup showing full payload. Surfaces hardware-error detail ([:safety, :error]) and estimator output ([:estimator]) alongside state, sensor, parameter, and command events
	Commands panel — lists available robot commands with Ready/Blocked indicators based on runtime state. Argument-less commands execute on Enter; commands with declared arguments open an inline edit mode (Tab to cycle fields, type-to-edit, Enter to run, Esc to cancel). Argument types — boolean, integer, float, atom, enum ({:in, [...]}), string — are parsed before dispatch
	Parameters panel — live parameter table grouped by path with real-time updates, plus bridge tabs for editing remote parameters
	3D visualization tab — renders the live robot in the terminal from its URDF topology and joint positions, with an orbitable/zoomable camera. Built on ExRatatui's Viewport3D: crisp pixel graphics on capable terminals (Ghostty/WezTerm/Kitty) with automatic braille fallback over SSH; the arm reposes in real time as sensor data arrives
	High-rate-safe — the event log debounces repeated sensor messages and renders coalesce to ~30fps, so fast telemetry never floods the log or stalls the UI
	Status bar, help overlay, and theming — robot name / safety / runtime indicators, a battery / power readout when the robot reports it (colored by remaining charge), a scrollable keybinding reference, and a consistent semantic color palette
	Keyboard-driven navigation — [/] to switch between the Control Panel and Visualization tabs, Tab to cycle panels, number keys to jump, vim-style j/k/h/l within panels
	Three transports — local terminal, SSH (multiple isolated operator sessions), and Erlang distribution (attach a thin renderer to a TUI running on the robot node)
	Runtime inspection — snapshot, trace, and inject events into a running TUI via ExRatatui.Runtime
	Extensible rendering — register BB.TUI.Renderer modules per PubSub path prefix (:renderers) to render a consumer's own payloads in the event log and status bar, without bb_tui depending on their structs
	Mix task — mix bb.tui --robot MyApp.Robot for standalone launch
	Headless test suite — full coverage using Mimic and ExRatatui's test backend

Layout
 🤖 BB.TUI · MyApp.Robot                                                  ← title bar
╭ Safety ────────╮╭ Joint Control ────────────────────────────────────╮
│ ● ARMED        ││ Joint       Type  Position    Target              │
│ Runtime: Idle  ││ elbow       rev   -63.8°      -90 ─────●────── 90 │  60%
│ a  arm         ││ gripper SIM pri    30.6 mm      0 ─────●────── 50 │  height
│ d  disarm      ││ wrist       rev    87.0° !    -90 ──────────◆─ 90 │
├ Commands (2) ──┤│ ...                                               │
│ ▶ home  ● Ready││                                                   │
│   calibrate    ││                                                   │
╰────────────────╯╰───────────────────────────────────────────────────╯
╭ Events (47) ───╮╭ Parameters ───────────────────────────────────────╮
│ 18:23:12 sensor.sim       JointState 2 joint(s)                    ││
│ 18:23:11 state_machine    disarmed → armed                         ││
╰────────────────────────────────────────────────────────────────────╯╯
 MyApp.Robot │ ● ARMED │ idle │ 🔋 78%   Tab panel  ? help  q quit  a arm  d disarm
That is the Control Panel tab. Pressing ] switches to the Visualization tab, which renders the live robot in 3D from its URDF topology and joint positions — orbitable, zoomable, and re-posed in real time as sensor data arrives.
Installation
Use Igniter to add bb_tui to a project. The installer imports formatter rules and prints a launch notice tailored to the chosen install shape. If the project already has a BB robot module (typically scaffolded by mix igniter.install bb):
mix igniter.install bb_tui
mix igniter.install bb_tui --robot MyApp.Arm

The install shape can be tuned with flags:
	--auto-bb — scaffold a BB robot via bb.install when none is present (skips the interactive prompt).
	--ssh — append a supervised {BB.TUI, …} child wired for an SSH daemon, so the dashboard is reachable as soon as the app boots. Accepts --port, --user, --password. Idempotent; change the generated credentials before deploying.
	--nerves — register BB.TUI.subsystem(<Robot>) under config :nerves_ssh, :subsystems so the dashboard rides on an existing nerves_ssh daemon.

Local dashboards are not supervised — a child that claims the terminal on boot would fight an IEx session for stdin/stdout — so the local entry points are mix bb.tui and BB.TUI.run/1. See mix help bb_tui.install for the full option reference, and the Transports guide for SSH and distribution setups.
To skip Igniter, add the dep directly:
def deps do
  [
    {:bb_tui, "~> 0.3"}
  ]
end
Quick Start
Standalone, via the mix task:
mix bb.tui --robot MyApp.Robot

From IEx:
BB.TUI.start(MyApp.Robot)
Under a supervision tree:
children = [
  {BB.Supervisor, MyApp.Robot},
  {BB.TUI, robot: MyApp.Robot}
]
Serving the dashboard over SSH or attaching to a robot on another BEAM node is covered in the Transports guide. The full key reference lives in the Keybindings guide (and in the in-app ? overlay).
How It Works
BB stores state in ETS and publishes changes over PubSub. The TUI subscribes to the [:state_machine], [:sensor], [:param], [:actuator], [:command], [:safety], and [:estimator] paths, takes a one-time ETS snapshot on mount, then keeps state fresh from PubSub messages. This subscription set is configurable — passing :subscribe_paths to BB.TUI.run/2 points the dashboard at a narrower or downsampled set of paths instead. Most paths drive dedicated panels; [:safety, :error] hardware-error reports and [:estimator] output flow into the event log. A consumer can override that fallback for paths it owns by passing :renderers — a %{prefix => module} map of BB.TUI.Renderer implementations — so its own payloads get a custom event-log summary (and an optional status-bar readout) without bb_tui depending on their structs; messages route to a renderer by longest-matching prefix. Keyboard events call BB APIs directly (safety, actuator, command execution) — there are no optimistic updates, so the dashboard is a faithful reflection of the robot's actual state.
All state transitions live in BB.TUI.State as pure functions — no side effects, no process communication — which makes the dashboard easy to test headlessly. BB.TUI.App wires input and async results to those transitions through ExRatatui's reducer runtime.
Robots can publish sensor data faster than a terminal can usefully redraw, so the event log debounces repeats of the same {path, payload-type} within a one-second window, and sensor-driven renders coalesce to at most one frame every ~33ms (~30fps). Key presses, command results, and safety/parameter/state changes still render immediately. Both windows are fields on BB.TUI.State.Throttle.
The Visualization tab is built the same way — as a pure projection of state. BB.TUI.Viz.RobotScene reads the robot's URDF topology and the live joint positions, runs forward kinematics down the kinematic chain, and emits an ExRatatui.ThreeD scene-graph of links and joints; BB.TUI.Panels.Visualization hands that scene, plus the orbit camera and render mode held in BB.TUI.State.Viz, to ExRatatui's Viewport3D widget. Every sensor frame that moves a joint re-runs the kinematics, so the on-screen arm tracks the real one. Viewport3D picks the sharpest pixel protocol the terminal advertises (kitty / sixel / iTerm2) and falls back to half-block, braille, or ASCII when those aren't available — which is why the view stays usable over SSH; the m key forces a specific mode.
Configuration
	Key	Default	Notes
	:bb_tui, :command_timeout	30_000 ms	Wait window for BB.Command.await/2 on commands dispatched from the UI. Compile-time only — downstream apps need mix deps.compile bb_tui --force after changing it.

# config/config.exs
config :bb_tui, command_timeout: 30_000
Development
The project ships a simulated WidowX-200 robot arm that starts automatically in dev:
mix deps.get
mix bb.tui --robot Dev.TestRobot

Dev.TestRobot exercises every panel feature end-to-end:
	Commands with all argument shapes — home (no args), move (enum + float), log (string + integer), wobble (always returns {:error, :wobble_failed}), calibrate (sleeps ~2s so the throbber is visible), and stream (emits a high-rate JointState burst to show debounce + render coalescing).
	Telemetry demos — power (drains a simulated battery so the status-bar readout shifts green → yellow → red) and diagnostics (publishes a [:safety, :error] hardware-error report and an [:estimator] pose so both surface in the event log).
	Parameter groups covering every primitive type — float, integer, boolean, atom — most with :min / :max so 1%-of-range stepping applies.
	A :mavlink bridge (Dev.MockBridge) with a fixed remote-parameter list and in-memory writes — press t in the Parameters panel to cycle to the Bridge tab.

The WidowX-200 ships a full URDF, so the Visualization tab is live in dev too — press ] to switch to it, then move joints from the Joint Control panel or run stream to watch the 3D arm repose in real time.
Exercising the SSH and Erlang-distribution transports against the simulated robot is covered in the Transports guide.
Guides
	Guide	Description
	Transports	Serve the dashboard over SSH or attach over Erlang distribution, inspect a running session, and test both locally
	Keybindings	Full per-panel key reference, including command argument editing and parameter stepping
	Telemetry	:telemetry events for mount, input, dispatch, and frames — logging and Telemetry.Metrics

Contributing
See CONTRIBUTING.md for development setup and guidelines.
BB.TUI is built on ExRatatui - a general-purpose terminal UI library for Elixir, and Beam Bots - robotics framework. Contributions to underlying libraries are very welcome too.
License
Apache-2.0 — see LICENSE.


  

    Contributing to BB.TUI

Thanks for your interest in contributing!
BB.TUI is a terminal dashboard for Beam Bots robots, built on ExRatatui. If you're missing a feature or something isn't working, consider contributing upstream too — both to ExRatatui (the terminal UI library) and to Beam Bots (the robotics framework). Contributions are welcome everywhere!
This guide will help you get set up.
Setup
	Clone the repo:

git clone https://github.com/mcass19/bb_tui.git
cd bb_tui

	Prerequisites:

	Elixir 1.19+ and Erlang/OTP 27+.

	Fetch dependencies:

mix deps.get

Running the dashboard
The project ships a simulated WidowX-200 robot arm that starts automatically in dev, so you can smoke-test the TUI without hardware:
mix bb.tui --robot Dev.TestRobot

Dev.TestRobot exercises every panel feature end-to-end — commands with all argument shapes, parameter groups for every primitive type, a :mavlink bridge tab, and a stream command that emits a high-rate sensor burst.
Running Tests
mix test
mix test --cover        # must report 100% Total

A small number of test/fixture modules are excluded from coverage in mix.exs. The threshold applies to everything else.
Branching and Commits
	Branch from main
	Keep commits focused and atomic
	Use descriptive commit message prefixes: feat:, fix:, docs:, test:, refactor:, chore:

Pull Requests
Before submitting a PR, make sure the full check suite passes (this is what CI runs):
mix format --check-formatted
mix deps.unlock --check-unused
mix credo --strict
mix compile --warnings-as-errors
mix xref graph --format cycles --fail-above 0
mix dialyzer
mix test --cover

	Keep PRs focused — one feature or fix per PR
	Add tests for new functionality
	Add @doc, @spec, and @moduledoc for new public functions and modules
	Update documentation (moduledocs, CHANGELOG, README if applicable)
	For breaking changes, include migration notes in the CHANGELOG
	Follow existing code style and patterns
	Ensure CI passes before requesting review



  

    Changelog

All notable changes to this project will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
Unreleased
0.3.0 - 2026-06-23
Added
	Configurable subscription paths. BB.TUI.run/2 (and start/2 / start_ssh/2) now accept a :subscribe_paths option that overrides the default control-plane set the dashboard subscribes to — e.g. [[:state_machine], [:command]] to narrow it, or a downsampled observability topic instead of the high-rate sensor firehose. Threaded through both the local and SSH transports; default behaviour is unchanged when the option is omitted. Thanks to @lostbean.
	Consumer-supplied renderers. BB.TUI.run/2 (and start/2 / start_ssh/2) now accept a :renderers option — a %{path_prefix => module} map that lets a consumer teach the dashboard how to render a payload on a PubSub path it owns, without bb_tui knowing the payload's struct. A module implements the new BB.TUI.Renderer behaviour: summarize/2 returns the event-log line (or nil to fall back to the generic inspect/2), and the optional observed/2 feeds an at-a-glance status-bar slot. Messages route to a renderer by longest-matching prefix, like a routing table. Fully additive — with no :renderers, dispatch is unchanged. Threaded through both the local and SSH transports. Thanks to @lostbean.

0.2.0 - 2026-06-19
Added
	3D visualization tab. A new top-level tab ([ / ] to switch) renders the live robot in the terminal in 3D, built from its URDF topology and joint positions via forward kinematics. The camera orbits, tilts, zooms, and resets (←/→/h/l, ↑/↓/k/j, +/-, r), and the arm reposes in real time as sensor data arrives. Built on ExRatatui's Viewport3D and ThreeD.Node scene-graph.
	Battery / power readout in the status bar. When the robot publishes BB.Message.Sensor.BatteryState or BB.Message.Sensor.PowerState, the status bar shows an at-a-glance segment — charge percentage (colored green / yellow / red by remaining charge, with a bolt while charging), falling back to bus voltage when percentage is unmeasured. Latest-reading-wins; the event log keeps the history. Especially useful when driving a headless robot over SSH.
	Hardware-error and estimator events. The dashboard now also subscribes to [:safety] and [:estimator], so BB.Safety.HardwareError detail (the component and reason behind an error badge) and estimator output (Odometry / Pose) surface in the event log. Safety state transitions already arrived via [:state_machine], so the badge was already accurate — this adds the missing diagnostic detail.
	Dev demo commands. Dev.TestRobot gains power (drains a simulated battery so the status-bar readout shifts green → yellow → red) and diagnostics (publishes a hardware-error report and an estimator pose so both surface in the event log).

0.1.0 - 2026-06-04
Initial release — a terminal dashboard for Beam Bots robots, built on ExRatatui.
Added
	Dashboard layout. A multi-panel terminal UI — title bar, Safety, Joint Control, Commands, Events, Parameters, and a status bar — composed through ExRatatui's reducer runtime. Pure state transitions live in BB.TUI.State; BB.TUI.App wires input and async results to those transitions.
	Safety panel. Arm / disarm / force-disarm controls with a confirmation popup for force-disarm, plus an animated throbber while disarming. Reflects the robot's live safety state (:armed / :disarmed / :disarming / :error).
	Joint control panel. Position table showing joint type (revolute / prismatic / continuous), units (degrees / mm), visual range bars, last-commanded target markers, and simulated-joint tags. Direct keyboard position adjustment in 1%-of-range and 10%-of-range steps.
	Commands panel. Lists available robot commands with Ready / Blocked indicators based on runtime state. Argument-less commands execute on Enter; commands with declared arguments open an inline edit mode (Tab / Shift+Tab to cycle fields, type-to-edit, Enter to run, Esc to cancel). Argument types — boolean, integer, float, atom, enum ({:in, [...]}), and string — are parsed before dispatch. Entered values are preserved per command across executions.
	Parameters panel. Live parameter table grouped by path with real-time updates and schema-aware editing (min / max bounds drive 1%-of-range stepping). Bridge tabs surface remote-parameter lists fetched per bridge, editable through the same keys; press t to cycle tabs.
	Event stream. Scrollable, color-coded event log with summaries and timestamps taken from BB.Message.wall_time (publish time, not arrival time). Pause / resume, clear, and Enter to open a detail popup showing the full payload.
	High-rate sensor handling. The event log debounces repeats of the same {path, payload-type} within a one-second window so a fast sensor can't flood it, and sensor-driven re-renders are coalesced to ~30fps — keeping the UI responsive under high-rate telemetry while key presses, command results, and safety / parameter / state changes still render immediately. Both windows are tunable.
	Status bar, help overlay, and theme system. Status bar shows robot name, safety indicator, runtime state, and contextual key hints; a scrollable help overlay lists the full keybinding reference; a consistent color palette provides semantic styles (safety colors, focus borders, panel headers).
	Keyboard-driven navigation. Tab / Shift+Tab to cycle panels, number keys to jump directly to a panel, and vim-style j/k/h/l within panels.
	SSH transport. Serve the dashboard over SSH; multiple operators can connect simultaneously, each with an isolated session (built on ExRatatui's :ssh transport).
	Distribution attach. Run the TUI on the robot node and attach a thin renderer from any connected BEAM node (built on ExRatatui's :distributed transport).
	Nerves support. Register the dashboard as a nerves_ssh subsystem so operators can attach over SSH on-device.
	Runtime inspection. Snapshot, trace, and inject events into a running TUI via ExRatatui.Runtime — useful for debugging SSH sessions that aren't otherwise observable.
	mix bb.tui task. Standalone launch — mix bb.tui --robot MyApp.Robot, with --ssh and distribution options.
	mix bb_tui.install Igniter task. Adds bb_tui to a project, imports formatter rules, optionally scaffolds a BB robot, and wires up launch for the default, --ssh, or --nerves install shapes.
	Headless test suite. Full coverage using Mimic and ExRatatui's test backend, including end-to-end tests that drive a real server via ExRatatui.Runtime.inject_event/2.



  

    Transports

BB.TUI.App's mount / render / handle_event / handle_info callbacks are transport-agnostic — the same dashboard code serves a local terminal, an SSH client, or a thin renderer attached over Erlang distribution. This guide covers the remote transports and how to drive each one locally.
Local
The default transport renders to the terminal that launched the dashboard. Start it with the mix task, from IEx, or as a supervised child:
mix bb.tui --robot MyApp.Robot

BB.TUI.start(MyApp.Robot)
children = [
  {BB.Supervisor, MyApp.Robot},
  {BB.TUI, robot: MyApp.Robot}
]
SSH
When the robot runs on a headless device (Nerves board, container, remote host), serve the dashboard over SSH so any SSH client can connect — no local Elixir node or distribution needed on the client side. Each SSH client gets its own isolated session with independent panel selection, scroll positions, and event streams, so multiple operators can monitor the same robot at once.
Supervised (production)
children = [
  {BB.Supervisor, MyApp.Robot},
  {BB.TUI, robot: MyApp.Robot, transport: :ssh, port: 2222,
   auto_host_key: true, auth_methods: ~c"password",
   user_passwords: [{~c"admin", ~c"s3cret"}]}
]
Then from any machine with an SSH client:
ssh admin@robot.local -p 2222

Programmatic
BB.TUI.start_ssh(MyApp.Robot,
  port: 2222,
  auto_host_key: true,
  auth_methods: ~c"password",
  user_passwords: [{~c"admin", ~c"s3cret"}]
)
Mix task
# Defaults: port 2222, admin/admin
mix bb.tui --robot MyApp.Robot --ssh

# Custom port
mix bb.tui --robot MyApp.Robot --ssh --port 3333

Nerves subsystem
If the device already runs nerves_ssh, plug into its daemon instead of starting a second one:
# config/runtime.exs
import Config

if Application.spec(:nerves_ssh) do
  config :nerves_ssh,
    subsystems: [
      :ssh_sftpd.subsystem_spec(cwd: ~c"/"),
      BB.TUI.subsystem(MyApp.Robot)
    ]
end
Then connect with:
ssh -t nerves.local -s Elixir.BB.TUI.App

The -t flag is required — it forces PTY allocation, which the TUI needs for interactive input.
runtime.exs is the right home for this: Mix evaluates compile-time configs before it builds deps for the target, so ExRatatui.SSH isn't on the code path yet, whereas runtime.exs runs at device boot after all beam files are loaded. The Application.spec(:nerves_ssh) guard keeps host builds silent.
Under the hood, ExRatatui.SSH.Daemon listens on a TCP port and spawns an isolated ExRatatui.SSH channel process per client; each channel owns an in-memory ExRatatui.Session (backed by a Rust VTE parser) and a linked server running BB.TUI.App. See ExRatatui.SSH.Daemon for the full list of SSH options (authentication, host keys, idle timeout, max sessions).
The Visualization tab over SSH
The 3D Visualization tab works over SSH, but how crisply it renders depends on the client terminal. Viewport3D negotiates the sharpest pixel protocol the connecting terminal advertises (kitty / sixel / iTerm2) and falls back to half-block, braille, or ASCII when none is available — so a Ghostty/WezTerm/Kitty client sees pixel graphics, while a plainer client degrades gracefully to a braille mesh instead of failing. The m key cycles render modes if the auto-detected one isn't ideal for a given link. This negotiation happens per session, so two operators on the same robot can each get the best mode their own terminal supports.
Erlang distribution
When the robot runs on a different BEAM node, the dashboard can render on the robot's terminal, on a local terminal that pulls all data from the robot node, or as a thin renderer attached to a TUI already running on the robot node.
Remote attach via :node
Spawn the TUI on the robot node so it renders on the robot's terminal:
# On the dev node, after Node.connect/1
:rpc.call(:"robot@192.168.1.42", BB.TUI, :run, [MyApp.Robot])
This is the simplest variant — the entire TUI runs on the robot node and binds to whatever stdio that node has.
Or spawn the TUI locally and pull data from the robot node, so it renders on the local terminal while every robot call goes to the remote node:
# On the dev node, after Node.connect/1
BB.TUI.run(MyApp.Robot, node: :"robot@192.168.1.42")
The dev node needs bb_tui (and the BB modules it depends on) loaded so the rendering layer has its types available, but no robot supervision tree is started locally. The same --node flag is available on the mix task:
iex --name dev@127.0.0.1 --cookie secret -S mix bb.tui \
    --robot MyApp.Robot --node robot@192.168.1.42

Renderer-only attach via Distributed.attach/3
Run the TUI on the robot node and attach to it from any connected BEAM node. The remote node runs the app callbacks (mount / render / handle_event); the local node only renders the widgets it receives and forwards terminal events back. No robot code is required on the local node.
On the robot node, add the listener to the supervision tree:
children = [
  {BB.Supervisor, MyApp.Robot},
  ExRatatui.Distributed.Listener
]
From any connected node:
iex --name dev@127.0.0.1 --cookie secret -S mix
iex> Node.connect(:"robot@192.168.1.42")
iex> ExRatatui.Distributed.attach(:"robot@192.168.1.42", BB.TUI.App)
Choosing between them
	Concern	:node option	Distributed.attach/3
	Where app callbacks run	Local node	Remote node
	Where robot code is needed	Both nodes	Remote node only
	Transport	Ad-hoc :rpc.call	Erlang distribution
	Reconnect on remote crash	Manual	Monitor-driven cleanup
	Good for	Dev/ops workstations that already run bb_tui	Thin clients attaching to long-running robots

Both require Erlang distribution (same cookie, reachable EPMD/ports). See ExRatatui.Distributed for the full transport reference.
Inspecting a running session
The running BB.TUI.App pid (local, SSH, or distributed) exposes debugging hooks via ExRatatui.Runtime — handy for peeking into SSH sessions that aren't otherwise observable, asserting against a running TUI from tests, or tracing transitions when a panel misbehaves:
# Headless-or-not check plus dimensions, render count, subscriptions, etc.
ExRatatui.Runtime.snapshot(pid)

# Record the last N state transitions in memory — each event / info message,
# render, command dispatch, and subscription firing gets a trace record.
ExRatatui.Runtime.enable_trace(pid, limit: 200)
ExRatatui.Runtime.trace_events(pid)
ExRatatui.Runtime.disable_trace(pid)

# Deterministically drive input — works under test_mode where live polling
# is disabled. See test/bb/tui/integration_test.exs for end-to-end examples.
ExRatatui.Runtime.inject_event(pid, %ExRatatui.Event.Key{code: "tab", kind: "press"})
Testing transports locally
The dev application ships a simulated robot, so both remote transports can be exercised without hardware.
SSH
Start the SSH daemon against the simulated robot:
mix bb.tui --robot Dev.TestRobot --ssh

This starts a daemon on port 2222 with auto-generated host keys and default credentials (admin / admin). Then from another terminal:
ssh admin@localhost -p 2222

Multiple SSH sessions can run simultaneously — each gets its own independent dashboard. A host key warning on reconnect (after recompiling) clears with ssh-keygen -R "[localhost]:2222".
Erlang distribution
The dev application (dev/application.ex) also supervises an ExRatatui.Distributed.Listener wired to BB.TUI.App with Dev.TestRobot, so no further setup is needed on the "robot" side — just boot two named BEAM nodes sharing a cookie.
Terminal 1 — robot node (app + listener, no terminal takeover):
iex --sname robot --cookie demo -S mix

Terminal 2 — client node (renders + forwards input):
iex --sname dev --cookie demo -S mix

iex> Node.connect(:"robot@<your-hostname>")
iex> ExRatatui.Distributed.attach(:"robot@<your-hostname>", BB.TUI.App)
Terminal 2 takes over with the dashboard while the app callbacks run on the robot node. Press q to disconnect — monitors fire on both sides and the local terminal is restored.


  

    Keybindings

The dashboard is fully keyboard-driven. Global keys work from any panel; the rest are scoped to the focused panel. The help overlay (?) shows the same reference in-app.
Global
	Key	Action
	q	Quit
	[ ]	Switch top-level tab (Control Panel / Visualization)
	Tab	Cycle to the next panel (Control Panel tab)
	Shift+Tab	Cycle to the previous panel (Control Panel tab)
	1 2 3 4 5	Jump directly to the panel whose title shows [N]
	?	Toggle help overlay
	a	Arm robot
	d	Disarm robot
	f	Force disarm (error state only)

Each panel's title carries a bold-cyan [N] badge that mirrors the number key for that panel: [1] Safety, [2] Commands, [3] Joints, [4] Events, [5] Parameters.
Visualization tab
The Visualization tab renders the live robot in 3D from its URDF topology and joint positions. The camera orbits the robot and reposes in real time as sensor data arrives.
	Key	Action
	Left / Right or h / l	Orbit the camera
	Up / Down or k / j	Tilt the camera
	+ / -	Zoom in / out
	r	Reset the camera
	m	Cycle render mode (auto / kitty / sixel / iterm2 / half-block / braille / ascii)

Events panel
	Key	Action
	j / Down	Scroll down
	k / Up	Scroll up
	Enter	Show event details
	p	Pause / resume
	c	Clear events

Commands panel
	Key	Action
	j / Down	Select next
	k / Up	Select previous
	Enter	Execute (or enter argument edit mode when the command declares arguments)

Command edit mode
Active when the selected command declares arguments and Enter is pressed.
	Key	Action
	Tab / Down	Focus next argument
	Shift+Tab / Up	Focus previous argument
	Printable key	Append to focused argument
	Backspace	Delete last char of focused arg
	← / h	Cycle to previous value (enum args only)
	→ / l	Cycle to next value (enum args only)
	Enter	Execute with current values
	Esc	Exit edit mode (keeps values)

Enum-typed args ({:in, [...]} in the Spark schema) render as ‹ value › chevrons and respond to ←/→ (or h/l) instead of needing the atom typed literally. For non-enum args, h/l continue to append to the buffer; ←/→ are no-ops outside of enum picks. Values are parsed before dispatch: "true"/"false" become booleans, ":foo" an atom, numeric an integer or float, otherwise a string.
Joints panel
	Key	Action
	j / Down	Select next joint
	k / Up	Select previous joint
	l / Right	Increase position (1% step)
	h / Left	Decrease position (1% step)
	L	Increase position (10% step)
	H	Decrease position (10% step)

Parameters panel
	Key	Action
	j / Down	Select next parameter
	k / Up	Select previous parameter
	l / Right	Increase value by one step
	h / Left	Decrease value by one step
	L	Increase value by ten steps
	H	Decrease value by ten steps
	Enter	Toggle boolean parameter
	t	Cycle to the next bridge tab (Local → bridges → Local)

Step size is 1% of the declared range when min / max are known — the Spark schema's {:float, min: 0.0, max: 1.0} form on the Local tab, or the bridge's flat :min / :max keys on a bridge tab — and the new value is clamped to the bounds. Parameters without bounds use an absolute step of +1 for integers and +0.1 for floats. The same keys dispatch through BB.Parameter.set on the Local tab and BB.Parameter.set_remote on a bridge tab; a successful remote set refetches that bridge's parameter list so the cached values stay in sync.


  

    Telemetry

Every BB.TUI session rides on ExRatatui's :telemetry instrumentation. The runtime wraps mount, every input event, every PubSub/info dispatch, and every frame in spans with :start / :stop / :exception events; transport connect/disconnect and session open/close fire as single events. All metadata carries :mod (BB.TUI.App for any TUI session) and :transport (:local, :ssh, :distributed, or :cell_session).
Development logger
A one-call default Logger handler is exposed for development:
BB.TUI.attach_telemetry_logger()

# or, scoped to a single level / event subset
BB.TUI.attach_telemetry_logger(level: :info)

BB.TUI.detach_telemetry_logger()
Production observability
For production, attach a custom handler that ships into Telemetry.Metrics, OpenTelemetry, or whatever the consumer app already uses. See ExRatatui.Telemetry for the full event reference — event names, measurement units, and metadata shapes.


  

    
BB.TUI 
    



      
Terminal-based dashboard for Beam Bots robots.
BB.TUI provides a TUI interface for monitoring and controlling BB robots —
safety controls, runtime state, joint positions, event stream, and command
display — in terminal environments.
Usage
# Interactive — from IEx when robot is already running
BB.TUI.run(MyApp.Robot)

# Supervised — add to the app's supervision tree
children = [
  {BB.Supervisor, MyApp.Robot},
  {BB.TUI, robot: MyApp.Robot}
]

# Mix task — standalone
$ mix bb.tui --robot MyApp.Robot
Remote attach (distribution)
When the robot is running on a different BEAM node — for example a
Nerves device on the network — pass the :node option so the TUI
renders on the local terminal but pulls all data and dispatches all
commands across distribution:
# On the dev node, after Node.connect/1 with the robot node
BB.TUI.run(MyApp.Robot, node: :"robot@192.168.1.42")
See BB.TUI.Robot for the routing layer that backs this option.
SSH transport
When the robot runs on a headless device (Nerves board, container, remote
host), the dashboard can be served over SSH so any SSH client can connect
without a local Elixir node or distribution setup on the client side:
# In the robot's supervision tree
children = [
  {BB.Supervisor, MyApp.Robot},
  {BB.TUI, robot: MyApp.Robot, transport: :ssh, port: 2222,
   auto_host_key: true, auth_methods: ~c"password",
   user_passwords: [{~c"admin", ~c"s3cret"}]}
]
Then from any machine:
ssh admin@robot.local -p 2222
Each SSH client gets its own isolated session with independent panel
selection, scroll positions, and event streams. Multiple operators can
monitor the same robot simultaneously.
For Nerves devices already running nerves_ssh, plug into the existing
daemon as a subsystem instead — see subsystem/1.
See ExRatatui.SSH.Daemon for the full list of SSH options.
Distributed transport (attach from a connected node)
As an alternative to the :node option — which keeps mount/render local
and routes data calls through :rpc — the TUI app can run on the robot
node and be attached from any connected BEAM node. This is the
ExRatatui.Distributed transport: the remote node runs the app
(mount/render/handle_event), and the local node only renders the
widgets it receives and forwards terminal events back.
1. On the robot node, add the Distributed listener to its
supervision tree (alongside whatever else the node normally supervises):
children = [
  {BB.Supervisor, MyApp.Robot},
  ExRatatui.Distributed.Listener
]
2. From any connected node, attach:
iex --name dev@127.0.0.1 --cookie secret -S mix
iex> Node.connect(:"robot@192.168.1.42")
iex> ExRatatui.Distributed.attach(:"robot@192.168.1.42", BB.TUI.App,
...>   listener: ExRatatui.Distributed.Listener)
For local experimentation, Dev.Application already supervises a
matching ExRatatui.Distributed.Listener wired to Dev.TestRobot,
so two named shells sharing a cookie are enough to exercise the
full round-trip — see the README's "Testing distribution locally"
section.
:node option vs Distributed.attach/3 — which do I want?
	Concern	:node option	Distributed.attach/3
	Where app callbacks run	Local (this) node	Remote node
	Where robot code is needed	Both nodes	Remote node only
	Transport	Ad-hoc :rpc.call	Erlang distribution
	Reconnect on remote crash	Manual	Monitor-driven cleanup
	Good for	Dev/ops workstations already running BB.TUI	Thin clients attaching to long-running robots

Both require Erlang distribution (same cookie, reachable EPMD/ports).
Runtime inspection and tracing
The supervising runtime exposes a few debugging hooks — handy when
something goes wrong inside an SSH session that isn't otherwise observable:
# Quick headless-or-not check plus dimensions, render count, etc.
ExRatatui.Runtime.snapshot(pid)

# Capture the last N state transitions in memory.
ExRatatui.Runtime.enable_trace(pid, limit: 200)
ExRatatui.Runtime.trace_events(pid)
ExRatatui.Runtime.disable_trace(pid)

# Deterministically drive input in tests (see test/bb/tui/integration_test.exs)
ExRatatui.Runtime.inject_event(pid, %ExRatatui.Event.Key{code: "tab", kind: "press"})
See ExRatatui.Runtime for the full API.
Telemetry
Every TUI session emits :ex_ratatui-prefixed :telemetry events
(mount, every keyboard/info dispatch, every frame, transport
connect/disconnect, session lifecycle). Metadata carries
:mod (always BB.TUI.App here) and :transport, so consumers
running multiple ex_ratatui apps can filter accordingly. For local
debugging, attach the default Logger handler:
BB.TUI.attach_telemetry_logger()
BB.TUI.detach_telemetry_logger()
For production observability, attach a custom :telemetry handler.
See ExRatatui.Telemetry for the event surface and the README's
Telemetry section for a Telemetry.Metrics-style wiring example.
Reducer runtime
BB.TUI.App is built on the ExRatatui reducer runtime
(use ExRatatui.App, runtime: :reducer). Every keyboard event,
PubSub message, async result, and subscription tick flows through
a single update/2 arrow; pure state transitions live in
BB.TUI.State.
	init/1 — validates the robot, subscribes to PubSub, snapshots
ETS state.
	update({:event, ev}, state) — terminal input.
	update({:info, msg}, state) — PubSub, async results,
send_after deliveries, subscription ticks.
	subscriptions/1 — declares the 100ms throbber tick whenever
the dashboard has something animating; the runtime diffs the
result so the timer only runs when needed.

Long-running command execution is owned by the runtime via
ExRatatui.Command.async/2, batched with Command.send_after/2
for the timeout. Both reach the reducer as {:info, _} messages.
Fast, fire-and-forget robot calls (arm / disarm / set_actuator /
set_parameter / publish) are invoked inline from update/2.
See the README for the full rationale and the cross-references to
ExRatatui.Command, ExRatatui.Subscription, and
ExRatatui.Runtime.

      


      
        Summary


  
    Functions
  


    
      
        attach_telemetry_logger(opts \\ [])

      


        Attaches a development-time Logger handler to every :ex_ratatui
telemetry event the runtime emits. Convenience delegate to
ExRatatui.Telemetry.attach_default_logger/1.



    


    
      
        child_spec(opts)

      


        Returns a child specification for supervision trees.



    


    
      
        detach_telemetry_logger()

      


        Detaches the Logger handler previously installed by
attach_telemetry_logger/1. Returns {:error, :not_found} when no
handler is attached.



    


    
      
        run(robot, opts \\ [])

      


        Runs the TUI dashboard interactively, blocking until the user quits.



    


    
      
        start(robot, opts \\ [])

      


        Starts the TUI dashboard as a linked process.



    


    
      
        start_ssh(robot, opts \\ [])

      


        Starts the TUI dashboard as an SSH daemon.



    


    
      
        subsystem(robot)

      


        Returns a subsystem tuple for plugging into an existing SSH daemon.



    





      


      
        Functions


        


    

  
    
      
    
    
      attach_telemetry_logger(opts \\ [])



        
          
        

    

  


  

      

          @spec attach_telemetry_logger(keyword()) :: :ok | {:error, :already_exists}


      


Attaches a development-time Logger handler to every :ex_ratatui
telemetry event the runtime emits. Convenience delegate to
ExRatatui.Telemetry.attach_default_logger/1.
ExRatatui exposes spans for mount, every handle_event/handle_info
dispatch, every frame draw, transport connect/disconnect, and
session open/close. Every event's metadata carries :mod —
BB.TUI.App for any TUI session — so consumers running multiple
ex_ratatui apps can filter by metadata in their own handlers.
Pass level: :info to bump the verbosity, or events: [...] to
narrow which events the logger picks up. The same :already_exists
return value flows back from :telemetry.attach_many/4 on a
second attach.

  



  
    
      
    
    
      child_spec(opts)



        
          
        

    

  


  

Returns a child specification for supervision trees.
Accepts all options supported by start/2 and start_ssh/2. When
transport: :ssh is present, the spec starts an SSH daemon instead
of a local terminal.
Examples
iex> %{id: BB.TUI, start: {BB.TUI, :start, _}} = BB.TUI.child_spec(robot: MyApp.Robot)

iex> spec = BB.TUI.child_spec(robot: MyApp.Robot, transport: :ssh, port: 2222)
iex> spec.id
BB.TUI

  



  
    
      
    
    
      detach_telemetry_logger()



        
          
        

    

  


  

      

          @spec detach_telemetry_logger() :: :ok | {:error, :not_found}


      


Detaches the Logger handler previously installed by
attach_telemetry_logger/1. Returns {:error, :not_found} when no
handler is attached.

  



    

  
    
      
    
    
      run(robot, opts \\ [])



        
          
        

    

  


  

      

          @spec run(
  module(),
  keyword()
) :: :ok | {:error, term()}


      


Runs the TUI dashboard interactively, blocking until the user quits.
Use this from IEx or scripts. For local transport, the terminal is
taken over for the duration and restored when the TUI exits (press
q to quit). For SSH transport, the daemon runs until the process
is stopped.
Options
	:node — connected remote node atom. When set, all robot data is
fetched from that node via :rpc.call/4 and PubSub messages are
relayed back to the local TUI. The dev node must be connected to
the remote node first via Node.connect/1.
	:transport — :local (default) for the OS terminal, or :ssh
to start an SSH daemon. When :ssh, all ExRatatui.SSH.Daemon
options (:port, :system_dir, etc.) are accepted.
	:subscribe_paths — PubSub paths the dashboard subscribes to,
overriding the default control-plane set. For example,
[[:state_machine], [:command]] narrows the dashboard to just
state-machine and command traffic instead of the full firehose.
	:renderers — a %{path_prefix => module} map registering consumer
BB.TUI.Renderer implementations. A message whose path matches a
registered prefix (longest prefix wins) is rendered by the consumer's
module — the dashboard never inspects the payload itself. Default %{}
(no renderers). See BB.TUI.Renderer.
	:test_mode — {width, height} tuple for headless testing
(optional).

Examples
# Local
BB.TUI.run(MyApp.Robot)

# Remote — render here, data from there
Node.connect(:"robot@192.168.1.42")
BB.TUI.run(MyApp.Robot, node: :"robot@192.168.1.42")

  



    

  
    
      
    
    
      start(robot, opts \\ [])



        
          
        

    

  


  

      

          @spec start(
  module(),
  keyword()
) :: {:ok, pid()} | {:error, term()}


      


Starts the TUI dashboard as a linked process.
When transport: :ssh is set in opts, starts an SSH daemon that
serves the dashboard to connecting SSH clients. Otherwise starts a
local terminal session.
Use run/2 for interactive use from IEx. Use start/2 or the
child spec when adding to a supervision tree.
Options
	:node — connected remote node atom (see run/2).
	:transport — :local (default) or :ssh. When :ssh, all
ExRatatui.SSH.Daemon options are accepted (:port,
:system_dir, :auto_host_key, etc.).
	:subscribe_paths — PubSub paths the dashboard subscribes to,
overriding the default control-plane set (see run/2).
	:renderers — consumer BB.TUI.Renderer map (see run/2).
	:test_mode — {width, height} tuple for headless testing
(optional).

Examples
# Local terminal
BB.TUI.start(MyApp.Robot)

# SSH daemon on port 2222
BB.TUI.start(MyApp.Robot, transport: :ssh, port: 2222, auto_host_key: true)

  



    

  
    
      
    
    
      start_ssh(robot, opts \\ [])



        
          
        

    

  


  

      

          @spec start_ssh(
  module(),
  keyword()
) :: {:ok, pid()} | {:error, term()}


      


Starts the TUI dashboard as an SSH daemon.
Convenience wrapper around start/2 that sets transport: :ssh
automatically. Each connecting SSH client gets its own isolated
dashboard session.
Options
Accepts all ExRatatui.SSH.Daemon options:
	:port — TCP port to listen on (default 2222).
	:auto_host_key — auto-generate an RSA host key on first boot
(default false).
	:system_dir — host key directory (alternative to
:auto_host_key).
	:auth_methods — e.g. ~c"password" or ~c"publickey".
	:user_passwords — [{~c"user", ~c"pass"}] pairs.
	:node — remote BEAM node atom, forwarded to each client's
mount/1.
	:subscribe_paths — PubSub paths the dashboard subscribes to,
forwarded to each client's mount/1 (see run/2).
	:renderers — consumer BB.TUI.Renderer map, forwarded to each
client's mount/1 (see run/2).

All other OTP :ssh.daemon/2 options are forwarded as-is.
Examples
# Auto-generated host key, password auth
BB.TUI.start_ssh(MyApp.Robot,
  port: 2222,
  auto_host_key: true,
  auth_methods: ~c"password",
  user_passwords: [{~c"admin", ~c"s3cret"}]
)

# In a supervision tree
children = [
  {BB.Supervisor, MyApp.Robot},
  %{
    id: BB.TUI.SSH,
    start: {BB.TUI, :start_ssh, [MyApp.Robot, [port: 2222, auto_host_key: true]]}
  }
]

  



  
    
      
    
    
      subsystem(robot)



        
          
        

    

  


  

      

          @spec subsystem(module()) :: {charlist(), {module(), keyword()}}


      


Returns a subsystem tuple for plugging into an existing SSH daemon.
Use this when the robot already runs nerves_ssh (or any OTP
:ssh.daemon/2) and the dashboard should be added as an SSH
subsystem instead of spinning up a separate daemon.
Nerves example
# config/runtime.exs
import Config

if Application.spec(:nerves_ssh) do
  config :nerves_ssh,
    subsystems: [
      :ssh_sftpd.subsystem_spec(cwd: ~c"/"),
      BB.TUI.subsystem(MyApp.Robot)
    ]
end
Then connect with:
ssh -t nerves.local -s Elixir.BB.TUI.App
The -t flag is required — it forces PTY allocation, which the TUI
needs for interactive input.
Examples
iex> {name, {mod, args}} = BB.TUI.subsystem(SomeRobot)
iex> name
~c"Elixir.BB.TUI.App"
iex> mod
ExRatatui.SSH
iex> Keyword.fetch!(args, :subsystem)
true

  


        

      


  

    
BB.TUI.App 
    



      
Main TUI application using the ExRatatui.App reducer runtime.
Renders the dashboard layout and handles every keyboard event,
PubSub message, and side effect through a single update/2 arrow.
Pure state transitions live in BB.TUI.State; this module's job is
to wire input and async results to those transitions and return
declarative ExRatatui.Command values for IO.
Layout
┌ Safety ────────┬─ Joint Control ──────────────────────────────┐
│ ● ARMED        │ Joint       Type  Position  Range           │
│ Runtime: Idle  │ elbow       rev   -63.8°    ████████░░░░░░  │
│ [a] Arm        │ gripper SIM pri    30.6mm   ███░░░░░░░░░░░  │
│ [d] Disarm     │ ...                                         │
├ Commands ──────┤                                             │
│ ▶ home   Ready │                                             │
│   calibrate    │                                             │
├ Events (47) ───┴── Parameters ───────────────────────────────┤
│ 18:23:12 sensor.sim  │ speed              100               │
│ 18:23:11 state_m...  │ controller.kp      0.5               │
└──────────────────────┴───────────────────────────────────────┘
 Robot | ● Armed | idle | [q]Quit [Tab]Panel [?]Help
Reducer callbacks
	init/1 — validates the robot module, subscribes to PubSub
({:bb, _, _} messages flow into update/2 as {:info, _}
automatically), and snapshots ETS state. No Task.Supervisor
is required: long-running command execution is owned by the
runtime via ExRatatui.Command.async/2.
	render/2 — composes panel functions into a flat
[{widget, rect}] list (the events panel contributes two panes:
the list and an overlay ExRatatui.Widgets.Scrollbar).
	update/2 — the single dispatch arrow. Receives {:event, ev}
for terminal input and {:info, msg} for everything else
(PubSub, async results, subscription ticks, send_after
messages). Returns {:noreply, state} for pure transitions or
{:noreply, state, commands: [cmd]} when an effect should fire.
	subscriptions/1 — declares the throbber tick interval whenever
the dashboard has something animating (a :disarming safety
state or a command currently executing), and a one-shot
:sensor_flush tick whenever a sensor render is pending (see
High-rate sensor handling). The runtime diffs the result
against the previous one, so timers only run when needed. This
replaces the previously-dormant Process.send_after-style
throbber tick.

High-rate sensor handling
Robot sensor readings arrive on the [:sensor | _] path and can be
very fast. Two mechanisms keep the UI responsive without dropping
meaningful information:
	BB.TUI.State.append_event/3 debounces the event log — a repeat
of the same {path, payload-type} within throttle.debounce_ms
(default 1s) is dropped, so one fast sensor cannot evict every
other event from the 100-entry log.
	Sensor messages update state but suppress their immediate render
(render?: false); a one-shot :sensor_flush tick
(throttle.flush_ms, default ~33ms / 30fps) armed by
subscriptions/1 performs a single coalesced redraw. Every other
message — key presses, command results, safety/param/state
events — still renders immediately.

Both intervals live in the BB.TUI.State.Throttle substruct, so tests
can shrink or disable them (a debounce window of 0 disables it).
Async commands
Pressing Enter on a Ready command executes it when the command has
no arguments, or enters an inline argument-edit mode when the
command declares arguments. From edit mode, Tab/Shift+Tab cycle
fields, typing edits the focused field, Enter executes with the
parsed values, and Esc exits without executing.
Execution returns a Command.async/2 that calls
BB.Command.await/2, which waits on the spawned command via
GenServer.call, falls back to bb's ResultCache if the handler
finishes before we can await, and enforces the timeout internally.
The result arrives as a single {:command_result, _} info message
(success, error, or {:error, :timeout}).
Side-effect convention
Fast, fire-and-forget calls (Robot.arm/2, Robot.disarm/2,
Robot.set_actuator/4, Robot.set_parameter/4,
Robot.publish/4, Robot.force_disarm/2) are invoked inline from
update/2 rather than wrapped in a Command.async/2. They are
effectively constant-time PubSub publishes; the boilerplate of
routing through a no-op result mapper would dwarf the call. Only
Robot.execute_command/4, which monitors a spawned command process
and waits for its :DOWN, goes through Command.async/2.
Configuration
The wait window for BB.Command.await/2 is compile-time configurable
via Application.compile_env/3:
# config/config.exs
config :bb_tui, command_timeout: 30_000
Default is 30_000 ms. The test suite overrides this to 100 ms in
config/test.exs to keep timeout assertions snappy. Because the
value is read with compile_env, downstream apps need to recompile
:bb_tui after changing the config (mix deps.compile bb_tui --force).

      




  

    
BB.TUI.Renderer behaviour
    



      
Behaviour a consumer implements to teach the dashboard how to render a
payload on a PubSub path the consumer owns — without bb_tui knowing anything
about that payload's shape or struct.
bb_tui subscribes to whatever paths it is told (:subscribe_paths) and
dispatches each {:bb, path, msg} by path prefix. Most prefixes have
dedicated, built-in handling ([:state_machine], [:sensor], [:param], …).
Anything else falls to a generic event-log row via inspect/2.
A renderer plugs into that generic seam: a consumer registers a module for a
path prefix via the :renderers option (a %{prefix => module} map threaded
through BB.TUI.run/2, start/2, start_ssh/2). When a message arrives whose
path matches a registered prefix (longest prefix wins, like a routing table),
bb_tui calls back into the consumer's module rather than pattern-matching the
payload itself. The dashboard therefore stays free of any downstream struct
knowledge — the consumer owns the rendering of its own data.
Two callbacks:
	summarize/2 — the one-line string for the event log. Return nil to fall
back to bb_tui's generic inspect/2.
	observed/2 (optional) — feed the at-a-glance status-bar readout. Return a
{slot_key, display, meta} triple to record/refresh a slot, or nil to
skip. The status bar surfaces the freshest slot (max meta.seq) and dims
stale ones (meta.freshness == :stale).

Return shapes
summarize(path, payload) → String.t() | nil.
observed(path, payload) → {slot_key, display, meta} | nil where:
	slot_key — any term that identifies the slot (e.g. {:wheels, :imu} or a
bare atom). Successive samples on the same slot_key overwrite, so the
readout shows the latest value of each slot rather than accumulating.
	display — a map() the status bar renders. bb_tui reads at least
:label (a String.t() shown in the segment) from it; consumers may carry
extra fields for their own future use.
	meta — a map() carrying at least:	:freshness — :fresh | :stale. Stale slots render dimmed.

	:seq — a sortable term (typically an integer or timestamp). The status
bar picks the slot with the maximum :seq as "freshest".



Example
defmodule MyApp.SlotRenderer do
  @behaviour BB.TUI.Renderer

  @impl true
  def summarize([:demo | _], %{name: name, value: value}) do
    "#{name} = #{value}"
  end

  def summarize(_path, _payload), do: nil

  @impl true
  def observed([:demo | _], %{name: name, value: value} = p) do
    {name, %{label: "#{name}:#{value}"},
     %{freshness: Map.get(p, :freshness, :fresh), seq: Map.get(p, :seq, 0)}}
  end

  def observed(_path, _payload), do: nil
end
Then:
BB.TUI.run(MyApp.Robot,
  subscribe_paths: [[:demo]],
  renderers: %{[:demo] => MyApp.SlotRenderer}
)

      


      
        Summary


  
    Types
  


    
      
        display()

      


        The status-bar display map. bb_tui reads at least :label.



    


    
      
        meta()

      


        Slot metadata. Carries at least :freshness and a sortable :seq.



    


    
      
        slot_key()

      


        A registered slot key — any term the renderer uses to identify a slot.



    





  
    Callbacks
  


    
      
        observed(path, payload)

      


        Returns {slot_key, display, meta} to record/refresh an at-a-glance status-bar
slot, or nil to skip. Optional — a renderer that only needs an event-log row
can omit it.



    


    
      
        summarize(path, payload)

      


        Returns a one-line event-log summary for payload on path, or nil to fall
back to bb_tui's generic inspect/2 rendering.



    





      


      
        Types


        


  
    
      
    
    
      display()



        
          
        

    

  


  

      

          @type display() :: %{optional(atom()) => term()}


      


The status-bar display map. bb_tui reads at least :label.

  



  
    
      
    
    
      meta()



        
          
        

    

  


  

      

          @type meta() :: %{freshness: :fresh | :stale, seq: term()}


      


Slot metadata. Carries at least :freshness and a sortable :seq.

  



  
    
      
    
    
      slot_key()



        
          
        

    

  


  

      

          @type slot_key() :: term()


      


A registered slot key — any term the renderer uses to identify a slot.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      observed(path, payload)


        (optional)


        
          
        

    

  


  

      

          @callback observed(path :: [atom()], payload :: term()) ::
  {slot_key(), display(), meta()} | nil


      


Returns {slot_key, display, meta} to record/refresh an at-a-glance status-bar
slot, or nil to skip. Optional — a renderer that only needs an event-log row
can omit it.

  



  
    
      
    
    
      summarize(path, payload)



        
          
        

    

  


  

      

          @callback summarize(path :: [atom()], payload :: term()) :: String.t() | nil


      


Returns a one-line event-log summary for payload on path, or nil to fall
back to bb_tui's generic inspect/2 rendering.

  


        

      


  

    
BB.TUI.State 
    



      
State struct and pure update functions for the BB TUI dashboard.
All state transitions are pure functions — no side effects, no process
communication. The BB.TUI.App module handles IO and delegates here
for state changes.
High-rate-stream controls live in the BB.TUI.State.Throttle substruct
(throttle.debounce_ms/throttle.last_seen back append_event/3's log
debouncing; throttle.render_pending?/throttle.flush_ms drive
BB.TUI.App's coalesced sensor re-render). See BB.TUI.App for the flow.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :safety, show_help?: false}}
iex> state.ui.active_panel
:safety

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        append_event(state, path, message)

      


        Appends an event to the event list, capping at 100.



    


    
      
        append_to_focused_arg(state, char)

      


        Appends a character to the focused argument's value.



    


    
      
        arg_value(state, cmd_name, map)

      


        Returns the current string value for an argument, falling back to the
argument's :default (rendered as a string).



    


    
      
        backspace_focused_arg(state)

      


        Deletes the last character from the focused argument's value.



    


    
      
        clamp_position(pos, joint)

      


        Clamps a position value within a joint's limits.



    


    
      
        clamp_to_bounds(value, arg2)

      


        Clamps a numeric value into {min, max} bounds. Either bound may be
nil to leave that side open. A nil bounds tuple returns value
unchanged.



    


    
      
        clear_events(state)

      


        Clears all events and resets scroll offset.



    


    
      
        clear_render_pending(state)

      


        Clears the pending-render flag once the coalesced frame has been rendered.



    


    
      
        cycle_focused_enum(state, direction)

      


        Cycles the focused argument to the next (or previous) value in its
enum list. A no-op when not in edit mode or when the focused arg
isn't enum-typed.



    


    
      
        cycle_panel(state)

      


        Cycles the active panel to the next one in order.



    


    
      
        cycle_panel_back(state)

      


        Cycles the active panel to the previous one in order (Shift+Tab).



    


    
      
        cycle_parameter_tab(state)

      


        Cycles to the next parameter tab, wrapping back to :local.



    


    
      
        cycle_render_mode(state)

      


        Cycles the visualization render mode to the next one in order, wrapping around.



    


    
      
        dismiss_event_detail(state)

      


        Dismisses the event detail popup.



    


    
      
        dismiss_force_disarm(state)

      


        Dismisses the force disarm confirmation popup.



    


    
      
        enter_command_edit_mode(state)

      


        Enters argument-edit mode for the selected command, if it has arguments.



    


    
      
        exit_command_edit_mode(state)

      


        Exits argument-edit mode. Keeps commands.form_values intact.



    


    
      
        focus_next_arg(state)

      


        Focuses the next argument field, wrapping at the end.



    


    
      
        focus_prev_arg(state)

      


        Focuses the previous argument field, wrapping at the start.



    


    
      
        focused_arg(state)

      


        Returns the currently-focused command argument map, or nil when the
selected command has no arguments.



    


    
      
        focused_arg_enum_values(state)

      


        Returns the enum-value list for the focused argument when the arg is
enum-typed ({:in, [...]} in the underlying Spark schema), otherwise
nil.



    


    
      
        joint_step(joint)

      


        Computes the step size for a joint based on its limits.



    


    
      
        jump_to_panel(state, panel)

      


        Jumps directly to the named panel, leaving everything else
unchanged. A no-op when the target isn't a known panel — so a
stray key never silently parks the dashboard in an unreachable
state.



    


    
      
        limit_proximity(pos, joint)

      


        Returns the proximity of a joint position to its nearest limit.



    


    
      
        mark_render_pending(state)

      


        Flags that sensor-driven state changed and a coalesced re-render is due.



    


    
      
        next_tab(state)

      


        Switches to the next top-level tab, wrapping around.



    


    
      
        orbit_camera(state, yaw, pitch)

      


        Orbits the visualization camera by yaw/pitch deltas (radians).



    


    
      
        panel_at(n)

      


        Returns the panel atom at a 1-based index, or nil when the index is
out of range. Mirror of panel_number/1, used by the number-key
jump handler.



    


    
      
        panel_number(panel)

      


        Returns the 1-based number of a panel, suitable for number-key jump
hints in panel titles and help text. Returns nil for unknown
panels.



    


    
      
        panels()

      


        Returns the ordered list of panel names for tab cycling.



    


    
      
        parameter_bounds(state, path)

      


        Returns {min, max} bounds for the parameter at path when the
Spark-style metadata declares them, otherwise nil.



    


    
      
        parsed_args_for_selected(state)

      


        Returns the form values for the selected command, parsed by type.



    


    
      
        prev_tab(state)

      


        Switches to the previous top-level tab, wrapping around.



    


    
      
        put_observed(state, slot_key, entry)

      


        Records the latest observed entry for a renderer-supplied slot_key.



    


    
      
        put_remote_parameters(state, bridge_name, payload)

      


        Stores the latest remote-parameter snapshot for a bridge.



    


    
      
        remote_param_bounds(param)

      


        Returns {min, max} bounds for a remote parameter when the bridge
carries them as flat :min / :max keys (matching bb_liveview's
shape), otherwise nil. Either bound may be nil to leave that side
open.



    


    
      
        remote_param_id(arg1)

      


        Returns the sort key used when rendering a remote parameter row.



    


    
      
        render_modes()

      


        Returns the ordered list of Viewport3D render modes.



    


    
      
        renderer_for(state, path)

      


        Returns the renderer module registered for path, or nil.



    


    
      
        reset_camera(state)

      


        Resets the visualization camera to the default framing.



    


    
      
        scroll_down(state)

      


        Scrolls the event panel down (newer events).



    


    
      
        scroll_help_down(state)

      


        Scrolls the help popup down by one line.



    


    
      
        scroll_help_up(state)

      


        Scrolls the help popup up by one line.



    


    
      
        scroll_up(state)

      


        Scrolls the event panel up (older events).



    


    
      
        select_next_command(state)

      


        Selects the next command in the list.



    


    
      
        select_next_joint(state)

      


        Selects the next joint in the sorted list.



    


    
      
        select_next_param(state)

      


        Selects the next parameter in the sorted list.



    


    
      
        select_prev_command(state)

      


        Selects the previous command in the list.



    


    
      
        select_prev_joint(state)

      


        Selects the previous joint in the sorted list.



    


    
      
        select_prev_param(state)

      


        Selects the previous parameter in the sorted list.



    


    
      
        selected_command(state)

      


        Returns the currently selected command map, or nil.



    


    
      
        selected_event(state)

      


        Returns the currently selected event, or nil if no events.



    


    
      
        selected_joint_name(state)

      


        Returns the name of the currently selected joint, or nil if no joints exist.



    


    
      
        selected_param(state)

      


        Returns the currently selected parameter as {path, value}, or nil.



    


    
      
        selected_parameter_tab(state)

      


        Returns the currently selected parameter tab.



    


    
      
        selected_remote_param(state)

      


        Returns the currently-focused remote parameter for the selected
bridge tab, or nil when the active tab is :local, the bridge has
no fetched list yet, or the fetch errored.



    


    
      
        set_command_result(state, result)

      


        Sets the command execution result.



    


    
      
        set_joint_position(state, name, position)

      


        Updates the position of a specific joint in state.



    


    
      
        set_joint_target(state, name, target)

      


        Records the last-commanded target position for a joint. The panel
renders it as a secondary marker on the position bar so the operator
can see what the joint is moving toward. Pass nil to clear the
target (e.g. when the joint has reached it).



    


    
      
        set_parameter_tabs(state, bridges)

      


        Replaces the discovered parameter tabs and resets the selected tab.



    


    
      
        show_force_disarm(state)

      


        Shows the force disarm confirmation popup.



    


    
      
        sorted_joint_names(state)

      


        Returns sorted joint names, matching the render order of the joints panel.



    


    
      
        start_command(state, marker)

      


        Marks a command as currently executing.



    


    
      
        tabs()

      


        Returns the ordered list of top-level tabs.



    


    
      
        tick_throbber(state)

      


        Increments the throbber animation step.



    


    
      
        toggle_event_detail(state)

      


        Toggles the event detail popup for the currently selected event.



    


    
      
        toggle_events_pause(state)

      


        Toggles the event stream pause state.



    


    
      
        toggle_help(state)

      


        Toggles the help overlay.



    


    
      
        update_parameters(state, new_parameters)

      


        Updates parameters from a parameter list.



    


    
      
        update_positions(state, new_positions)

      


        Updates joint positions from a sensor message.



    


    
      
        update_power(state, battery)

      


        Records the latest battery or power telemetry from a sensor payload.



    


    
      
        update_safety(state, safety_state, runtime_state)

      


        Updates safety and runtime state from a state machine message.



    


    
      
        viz_camera(state)

      


        Returns the visualization-tab camera, defaulting when unset.



    


    
      
        viz_render_mode(state)

      


        Returns the visualization render mode.



    


    
      
        zoom_camera(state, delta)

      


        Zooms the visualization camera; a positive delta moves farther from the robot.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State{
  commands: BB.TUI.State.Commands.t(),
  events: BB.TUI.State.Events.t(),
  joints: BB.TUI.State.Joints.t(),
  node: node() | nil,
  observed: %{optional(term()) => %{display: map(), meta: map()}},
  parameters: BB.TUI.State.Parameters.t(),
  power: BB.TUI.State.Power.t(),
  renderers: %{optional([atom()]) => module()},
  robot: module(),
  robot_struct: term(),
  safety: BB.TUI.State.Safety.t(),
  throttle: BB.TUI.State.Throttle.t(),
  ui: BB.TUI.State.UI.t(),
  viz: BB.TUI.State.Viz.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      append_event(state, path, message)



        
          
        

    

  


  

      

          @spec append_event(t(), list(), term()) :: t()


      


Appends an event to the event list, capping at 100.
Events are prepended (newest first) and the list is trimmed to
100 entries. When events are paused, the event is dropped.
Under high-rate streams, a repeat of the same {path, payload-type} seen
within throttle.debounce_ms (default 1s) is dropped so a fast sensor
cannot flood the log; distinct paths or payload types always pass through.
A debounce window of 0 disables this.

  



  
    
      
    
    
      append_to_focused_arg(state, char)



        
          
        

    

  


  

      

          @spec append_to_focused_arg(t(), String.t()) :: t()


      


Appends a character to the focused argument's value.

  



  
    
      
    
    
      arg_value(state, cmd_name, map)



        
          
        

    

  


  

      

          @spec arg_value(t(), atom(), map()) :: String.t()


      


Returns the current string value for an argument, falling back to the
argument's :default (rendered as a string).

  



  
    
      
    
    
      backspace_focused_arg(state)



        
          
        

    

  


  

      

          @spec backspace_focused_arg(t()) :: t()


      


Deletes the last character from the focused argument's value.

  



  
    
      
    
    
      clamp_position(pos, joint)



        
          
        

    

  


  

      

          @spec clamp_position(float(), map()) :: float()


      


Clamps a position value within a joint's limits.
Returns the position unchanged if the joint has no limits.
Examples
iex> BB.TUI.State.clamp_position(2.0, %{limits: %{lower: -1.0, upper: 1.0}})
1.0

iex> BB.TUI.State.clamp_position(-2.0, %{limits: %{lower: -1.0, upper: 1.0}})
-1.0

iex> BB.TUI.State.clamp_position(99.0, %{type: :continuous})
99.0

  



  
    
      
    
    
      clamp_to_bounds(value, arg2)



        
          
        

    

  


  

      

          @spec clamp_to_bounds(number(), {number() | nil, number() | nil} | nil) :: number()


      


Clamps a numeric value into {min, max} bounds. Either bound may be
nil to leave that side open. A nil bounds tuple returns value
unchanged.
Examples
iex> BB.TUI.State.clamp_to_bounds(5, {0, 10})
5

iex> BB.TUI.State.clamp_to_bounds(-3, {0, 10})
0

iex> BB.TUI.State.clamp_to_bounds(99, {0, 10})
10

iex> BB.TUI.State.clamp_to_bounds(99, {nil, 10})
10

iex> BB.TUI.State.clamp_to_bounds(-3, {0, nil})
0

iex> BB.TUI.State.clamp_to_bounds(7, nil)
7

  



  
    
      
    
    
      clear_events(state)



        
          
        

    

  


  

      

          @spec clear_events(t()) :: t()


      


Clears all events and resets scroll offset.
Examples
iex> list = [{~U[2026-01-01 00:00:00Z], [:test], %{}}]
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{list: list, scroll_offset: 5}}
iex> new_state = BB.TUI.State.clear_events(state)
iex> {new_state.events.list, new_state.events.scroll_offset}
{[], 0}

  



  
    
      
    
    
      clear_render_pending(state)



        
          
        

    

  


  

      

          @spec clear_render_pending(t()) :: t()


      


Clears the pending-render flag once the coalesced frame has been rendered.
iex> state = %BB.TUI.State{throttle: %BB.TUI.State.Throttle{render_pending?: true}}
iex> BB.TUI.State.clear_render_pending(state).throttle.render_pending?
false

  



  
    
      
    
    
      cycle_focused_enum(state, direction)



        
          
        

    

  


  

      

          @spec cycle_focused_enum(t(), :next | :prev) :: t()


      


Cycles the focused argument to the next (or previous) value in its
enum list. A no-op when not in edit mode or when the focused arg
isn't enum-typed.
Stores the chosen value as the leading-colon atom literal (":foo")
so parsed_args_for_selected/1 decodes it back to :foo when the
command executes.

  



  
    
      
    
    
      cycle_panel(state)



        
          
        

    

  


  

      

          @spec cycle_panel(t()) :: t()


      


Cycles the active panel to the next one in order.
When active_panel is unknown (e.g. set out-of-band to a stale
value), resets to the first panel.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :safety}}
iex> BB.TUI.State.cycle_panel(state).ui.active_panel
:commands

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :parameters}}
iex> BB.TUI.State.cycle_panel(state).ui.active_panel
:safety

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :unknown}}
iex> BB.TUI.State.cycle_panel(state).ui.active_panel
:safety

  



  
    
      
    
    
      cycle_panel_back(state)



        
          
        

    

  


  

      

          @spec cycle_panel_back(t()) :: t()


      


Cycles the active panel to the previous one in order (Shift+Tab).
When active_panel is unknown, resets to the last panel so a stale
state still lands somewhere navigable.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :commands}}
iex> BB.TUI.State.cycle_panel_back(state).ui.active_panel
:safety

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :safety}}
iex> BB.TUI.State.cycle_panel_back(state).ui.active_panel
:parameters

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :unknown}}
iex> BB.TUI.State.cycle_panel_back(state).ui.active_panel
:parameters

  



  
    
      
    
    
      cycle_parameter_tab(state)



        
          
        

    

  


  

      

          @spec cycle_parameter_tab(t()) :: t()


      


Cycles to the next parameter tab, wrapping back to :local.
Resets param_selected so the new tab starts at the first row.
Examples
iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{tabs: [:local, {:bridge, :mavlink}], tab_selected: 0, selected: 3}}
iex> next = BB.TUI.State.cycle_parameter_tab(state)
iex> next.parameters.tab_selected
1
iex> next.parameters.selected
0

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{tabs: [:local, {:bridge, :mavlink}], tab_selected: 1}}
iex> BB.TUI.State.cycle_parameter_tab(state).parameters.tab_selected
0

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{tabs: [:local], tab_selected: 0}}
iex> BB.TUI.State.cycle_parameter_tab(state).parameters.tab_selected
0

  



  
    
      
    
    
      cycle_render_mode(state)



        
          
        

    

  


  

      

          @spec cycle_render_mode(t()) :: t()


      


Cycles the visualization render mode to the next one in order, wrapping around.
Examples
iex> state = %BB.TUI.State{viz: %BB.TUI.State.Viz{render_mode: :auto}}
iex> BB.TUI.State.cycle_render_mode(state).viz.render_mode
:kitty

iex> state = %BB.TUI.State{viz: %BB.TUI.State.Viz{render_mode: :ascii}}
iex> BB.TUI.State.cycle_render_mode(state).viz.render_mode
:auto

  



  
    
      
    
    
      dismiss_event_detail(state)



        
          
        

    

  


  

      

          @spec dismiss_event_detail(t()) :: t()


      


Dismisses the event detail popup.
Examples
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{show_detail?: true}}
iex> BB.TUI.State.dismiss_event_detail(state).events.show_detail?
false

  



  
    
      
    
    
      dismiss_force_disarm(state)



        
          
        

    

  


  

      

          @spec dismiss_force_disarm(t()) :: t()


      


Dismisses the force disarm confirmation popup.
Examples
iex> state = %BB.TUI.State{safety: %BB.TUI.State.Safety{confirm_force_disarm?: true}}
iex> BB.TUI.State.dismiss_force_disarm(state).safety.confirm_force_disarm?
false

  



  
    
      
    
    
      enter_command_edit_mode(state)



        
          
        

    

  


  

      

          @spec enter_command_edit_mode(t()) :: t()


      


Enters argument-edit mode for the selected command, if it has arguments.
No-op when the selected command has no arguments — argument-less
commands execute directly on Enter.
Examples
iex> cmd = %{name: :move, arguments: [%{name: :angle, type: "float", default: 0.0}]}
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [cmd], selected: 0}}
iex> BB.TUI.State.enter_command_edit_mode(state).commands.edit_mode?
true

iex> cmd = %{name: :home, arguments: []}
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [cmd], selected: 0}}
iex> BB.TUI.State.enter_command_edit_mode(state).commands.edit_mode?
false

  



  
    
      
    
    
      exit_command_edit_mode(state)



        
          
        

    

  


  

      

          @spec exit_command_edit_mode(t()) :: t()


      


Exits argument-edit mode. Keeps commands.form_values intact.

  



  
    
      
    
    
      focus_next_arg(state)



        
          
        

    

  


  

      

          @spec focus_next_arg(t()) :: t()


      


Focuses the next argument field, wrapping at the end.

  



  
    
      
    
    
      focus_prev_arg(state)



        
          
        

    

  


  

      

          @spec focus_prev_arg(t()) :: t()


      


Focuses the previous argument field, wrapping at the start.

  



  
    
      
    
    
      focused_arg(state)



        
          
        

    

  


  

      

          @spec focused_arg(t()) :: map() | nil


      


Returns the currently-focused command argument map, or nil when the
selected command has no arguments.
Examples
iex> cmd = %{name: :move, arguments: [%{name: :angle}, %{name: :side}]}
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [cmd], selected: 0, focused_arg: 1}}
iex> BB.TUI.State.focused_arg(state)
%{name: :side}

iex> BB.TUI.State.focused_arg(%BB.TUI.State{commands: %BB.TUI.State.Commands{available: []}})
nil

  



  
    
      
    
    
      focused_arg_enum_values(state)



        
          
        

    

  


  

      

          @spec focused_arg_enum_values(t()) :: [atom()] | nil


      


Returns the enum-value list for the focused argument when the arg is
enum-typed ({:in, [...]} in the underlying Spark schema), otherwise
nil.
Examples
iex> cmd = %{name: :move, arguments: [%{name: :side, enum_values: [:left, :right]}]}
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [cmd], selected: 0, focused_arg: 0}}
iex> BB.TUI.State.focused_arg_enum_values(state)
[:left, :right]

iex> cmd = %{name: :move, arguments: [%{name: :angle, enum_values: nil}]}
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [cmd], selected: 0, focused_arg: 0}}
iex> BB.TUI.State.focused_arg_enum_values(state)
nil

  



  
    
      
    
    
      joint_step(joint)



        
          
        

    

  


  

      

          @spec joint_step(map()) :: float()


      


Computes the step size for a joint based on its limits.
Returns (upper - lower) / 100 for joints with limits, or a default
step of π/50 (~3.6°) for unlimited joints.
Examples
iex> BB.TUI.State.joint_step(%{limits: %{lower: -1.0, upper: 1.0}})
0.02

iex> BB.TUI.State.joint_step(%{type: :continuous})
:math.pi() / 50

  



  
    
      
    
    
      jump_to_panel(state, panel)



        
          
        

    

  


  

      

          @spec jump_to_panel(t(), atom()) :: t()


      


Jumps directly to the named panel, leaving everything else
unchanged. A no-op when the target isn't a known panel — so a
stray key never silently parks the dashboard in an unreachable
state.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :safety}}
iex> BB.TUI.State.jump_to_panel(state, :events).ui.active_panel
:events

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_panel: :safety}}
iex> BB.TUI.State.jump_to_panel(state, :unknown).ui.active_panel
:safety

  



  
    
      
    
    
      limit_proximity(pos, joint)



        
          
        

    

  


  

      

          @spec limit_proximity(number() | nil, map()) :: :normal | :warning | :danger


      


Returns the proximity of a joint position to its nearest limit.
Returns :danger when within 5.0% of a limit,
:warning when within 15.0% of a limit,
or :normal otherwise.
Joints without limits always return :normal.
Examples
iex> joint = %{limits: %{lower: -1.0, upper: 1.0}}
iex> BB.TUI.State.limit_proximity(0.0, joint)
:normal

iex> joint = %{limits: %{lower: -1.0, upper: 1.0}}
iex> BB.TUI.State.limit_proximity(0.75, joint)
:warning

iex> joint = %{limits: %{lower: -1.0, upper: 1.0}}
iex> BB.TUI.State.limit_proximity(0.96, joint)
:danger

iex> joint = %{limits: %{lower: -1.0, upper: 1.0}}
iex> BB.TUI.State.limit_proximity(-0.96, joint)
:danger

iex> BB.TUI.State.limit_proximity(99.0, %{type: :continuous})
:normal

  



  
    
      
    
    
      mark_render_pending(state)



        
          
        

    

  


  

      

          @spec mark_render_pending(t()) :: t()


      


Flags that sensor-driven state changed and a coalesced re-render is due.
The reducer returns render?: false for sensor messages and sets this
flag; BB.TUI.App's subscriptions callback then arms the one-shot
:sensor_flush tick that performs the single batched render.
iex> BB.TUI.State.mark_render_pending(%BB.TUI.State{}).throttle.render_pending?
true

  



  
    
      
    
    
      next_tab(state)



        
          
        

    

  


  

      

          @spec next_tab(t()) :: t()


      


Switches to the next top-level tab, wrapping around.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_tab: :control}}
iex> BB.TUI.State.next_tab(state).ui.active_tab
:visualization

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_tab: :visualization}}
iex> BB.TUI.State.next_tab(state).ui.active_tab
:control

  



  
    
      
    
    
      orbit_camera(state, yaw, pitch)



        
          
        

    

  


  

      

          @spec orbit_camera(t(), number(), number()) :: t()


      


Orbits the visualization camera by yaw/pitch deltas (radians).

  



  
    
      
    
    
      panel_at(n)



        
          
        

    

  


  

      

          @spec panel_at(pos_integer()) :: atom() | nil


      


Returns the panel atom at a 1-based index, or nil when the index is
out of range. Mirror of panel_number/1, used by the number-key
jump handler.
Examples
iex> BB.TUI.State.panel_at(1)
:safety

iex> BB.TUI.State.panel_at(5)
:parameters

iex> BB.TUI.State.panel_at(9)
nil

  



  
    
      
    
    
      panel_number(panel)



        
          
        

    

  


  

      

          @spec panel_number(atom()) :: pos_integer() | nil


      


Returns the 1-based number of a panel, suitable for number-key jump
hints in panel titles and help text. Returns nil for unknown
panels.
Examples
iex> BB.TUI.State.panel_number(:safety)
1

iex> BB.TUI.State.panel_number(:parameters)
5

iex> BB.TUI.State.panel_number(:unknown)
nil

  



  
    
      
    
    
      panels()



        
          
        

    

  


  

      

          @spec panels() :: [atom()]


      


Returns the ordered list of panel names for tab cycling.
Examples
iex> BB.TUI.State.panels()
[:safety, :commands, :joints, :events, :parameters]

  



  
    
      
    
    
      parameter_bounds(state, path)



        
          
        

    

  


  

      

          @spec parameter_bounds(t(), list()) :: {number() | nil, number() | nil} | nil


      


Returns {min, max} bounds for the parameter at path when the
Spark-style metadata declares them, otherwise nil.
Looks at state.parameters.metadata[path].type for the standard
{head, opts} shape used by Spark.Options and extracts the
:min / :max keyword values. Either bound may be absent (returned
as nil); both absent collapses to nil (no bounds).
Examples
iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{metadata: %{[:speed] => %{type: {:integer, [min: 0, max: 100]}}}}}
iex> BB.TUI.State.parameter_bounds(state, [:speed])
{0, 100}

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{metadata: %{[:gain] => %{type: {:float, [min: 0.0]}}}}}
iex> BB.TUI.State.parameter_bounds(state, [:gain])
{0.0, nil}

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{metadata: %{[:speed] => %{type: :integer}}}}
iex> BB.TUI.State.parameter_bounds(state, [:speed])
nil

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{metadata: %{[:speed] => %{type: {:integer, [doc: "rpm"]}}}}}
iex> BB.TUI.State.parameter_bounds(state, [:speed])
nil

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{metadata: %{}}}
iex> BB.TUI.State.parameter_bounds(state, [:unknown])
nil

  



  
    
      
    
    
      parsed_args_for_selected(state)



        
          
        

    

  


  

      

          @spec parsed_args_for_selected(t()) :: map()


      


Returns the form values for the selected command, parsed by type.
Mirrors BB.LiveView.Components.Command's parse_value/1:
"true"/"false" → boolean, ":foo" → atom, numeric → number,
else string.
Falls back to arg.default for arguments the user has not touched.
Examples
iex> cmd = %{
...>   name: :move,
...>   arguments: [
...>     %{name: :angle, type: "float", default: 1.5},
...>     %{name: :side, type: "atom", default: :left}
...>   ]
...> }
iex> state = %BB.TUI.State{
...>   commands: %BB.TUI.State.Commands{
...>     available: [cmd],
...>     selected: 0,
...>     form_values: %{move: %{angle: "2.5"}}
...>   }
...> }
iex> BB.TUI.State.parsed_args_for_selected(state)
%{angle: 2.5, side: :left}

  



  
    
      
    
    
      prev_tab(state)



        
          
        

    

  


  

      

          @spec prev_tab(t()) :: t()


      


Switches to the previous top-level tab, wrapping around.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{active_tab: :control}}
iex> BB.TUI.State.prev_tab(state).ui.active_tab
:visualization

  



  
    
      
    
    
      put_observed(state, slot_key, entry)



        
          
        

    

  


  

      

          @spec put_observed(t(), term(), %{display: map(), meta: map()}) :: t()


      


Records the latest observed entry for a renderer-supplied slot_key.
The dashboard keeps only the freshest %{display: ..., meta: ...} per
slot_key (a faster slot overwrites the previous reading rather than
accumulating; the event log carries the history). The status bar reads
state.observed to surface the freshest slot at a glance.
bb_tui never inspects display or meta beyond the generic keys the status
bar reads (display.label, meta.seq, meta.freshness) — both are supplied
verbatim by the consumer's renderer.
Examples
iex> state = BB.TUI.State.put_observed(%BB.TUI.State{}, {:wheels, :imu},
...>   %{display: %{label: "imu"}, meta: %{seq: 1, freshness: :fresh}})
iex> state.observed
%{{:wheels, :imu} => %{display: %{label: "imu"}, meta: %{seq: 1, freshness: :fresh}}}

  



  
    
      
    
    
      put_remote_parameters(state, bridge_name, payload)



        
          
        

    

  


  

      

          @spec put_remote_parameters(t(), atom(), [map()] | {:error, term()}) :: t()


      


Stores the latest remote-parameter snapshot for a bridge.
Examples
iex> next = BB.TUI.State.put_remote_parameters(%BB.TUI.State{}, :mavlink, [%{id: "PITCH_P", value: 0.1}])
iex> next.parameters.remote
%{mavlink: [%{id: "PITCH_P", value: 0.1}]}

  



  
    
      
    
    
      remote_param_bounds(param)



        
          
        

    

  


  

      

          @spec remote_param_bounds(map()) :: {number() | nil, number() | nil} | nil


      


Returns {min, max} bounds for a remote parameter when the bridge
carries them as flat :min / :max keys (matching bb_liveview's
shape), otherwise nil. Either bound may be nil to leave that side
open.
Examples
iex> BB.TUI.State.remote_param_bounds(%{id: "X", value: 1, min: 0, max: 100})
{0, 100}

iex> BB.TUI.State.remote_param_bounds(%{id: "X", value: 1, min: 0})
{0, nil}

iex> BB.TUI.State.remote_param_bounds(%{id: "X", value: 1})
nil

  



  
    
      
    
    
      remote_param_id(arg1)



        
          
        

    

  


  

      

          @spec remote_param_id(map()) :: String.t()


      


Returns the sort key used when rendering a remote parameter row.
Bridges typically use string ids ("PITCH_P"), but some (BB.Bridge
implementations are free to use atoms) return atom ids. Both
normalize to a binary so the panel and the navigation index agree on
ordering.
Examples
iex> BB.TUI.State.remote_param_id(%{id: "PITCH_P"})
"PITCH_P"

iex> BB.TUI.State.remote_param_id(%{id: :gain})
"gain"

iex> BB.TUI.State.remote_param_id(%{})
""

  



  
    
      
    
    
      render_modes()



        
          
        

    

  


  

      

          @spec render_modes() :: [atom()]


      


Returns the ordered list of Viewport3D render modes.
Examples
iex> BB.TUI.State.render_modes()
[:auto, :kitty, :sixel, :iterm2, :half_block, :braille, :ascii]

  



  
    
      
    
    
      renderer_for(state, path)



        
          
        

    

  


  

      

          @spec renderer_for(t(), [atom()]) :: module() | nil


      


Returns the renderer module registered for path, or nil.
Registered renderers are keyed by a path prefix; a message's path matches
a prefix when the prefix is a leading sublist of the path ([:demo] matches
[:demo], [:demo, :imu], [:demo, :imu, 1], …). When several prefixes
match, the longest wins — a routing-table style most-specific match — so a
consumer can register a broad [:demo] renderer and override a narrower
[:demo, :raw] one. Returns nil when no prefix matches, so the caller falls
through to the built-in handling.
Examples
iex> state = %BB.TUI.State{renderers: %{[:demo] => A, [:demo, :raw] => B}}
iex> BB.TUI.State.renderer_for(state, [:demo, :imu])
A

iex> state = %BB.TUI.State{renderers: %{[:demo] => A, [:demo, :raw] => B}}
iex> BB.TUI.State.renderer_for(state, [:demo, :raw, 1])
B

iex> state = %BB.TUI.State{renderers: %{[:demo] => A}}
iex> BB.TUI.State.renderer_for(state, [:other])
nil

iex> BB.TUI.State.renderer_for(%BB.TUI.State{}, [:demo])
nil

  



  
    
      
    
    
      reset_camera(state)



        
          
        

    

  


  

      

          @spec reset_camera(t()) :: t()


      


Resets the visualization camera to the default framing.

  



  
    
      
    
    
      scroll_down(state)



        
          
        

    

  


  

      

          @spec scroll_down(t()) :: t()


      


Scrolls the event panel down (newer events).
Examples
iex> list = [{~U[2026-01-01 00:00:00Z], [:test], %{}}]
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{list: list, scroll_offset: 0}}
iex> BB.TUI.State.scroll_down(state).events.scroll_offset
0

  



  
    
      
    
    
      scroll_help_down(state)



        
          
        

    

  


  

      

          @spec scroll_help_down(t()) :: t()


      


Scrolls the help popup down by one line.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{show_help?: true, help_scroll_offset: 0}}
iex> BB.TUI.State.scroll_help_down(state).ui.help_scroll_offset
1

  



  
    
      
    
    
      scroll_help_up(state)



        
          
        

    

  


  

      

          @spec scroll_help_up(t()) :: t()


      


Scrolls the help popup up by one line.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{show_help?: true, help_scroll_offset: 0}}
iex> BB.TUI.State.scroll_help_up(state).ui.help_scroll_offset
0

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{show_help?: true, help_scroll_offset: 5}}
iex> BB.TUI.State.scroll_help_up(state).ui.help_scroll_offset
4

  



  
    
      
    
    
      scroll_up(state)



        
          
        

    

  


  

      

          @spec scroll_up(t()) :: t()


      


Scrolls the event panel up (older events).
Examples
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{scroll_offset: 0}}
iex> BB.TUI.State.scroll_up(state).events.scroll_offset
0

iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{scroll_offset: 5}}
iex> BB.TUI.State.scroll_up(state).events.scroll_offset
4

  



  
    
      
    
    
      select_next_command(state)



        
          
        

    

  


  

      

          @spec select_next_command(t()) :: t()


      


Selects the next command in the list.
Examples
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{selected: 0, available: [%{name: :a}, %{name: :b}]}}
iex> BB.TUI.State.select_next_command(state).commands.selected
1

iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{selected: 1, available: [%{name: :a}, %{name: :b}]}}
iex> BB.TUI.State.select_next_command(state).commands.selected
1

  



  
    
      
    
    
      select_next_joint(state)



        
          
        

    

  


  

      

          @spec select_next_joint(t()) :: t()


      


Selects the next joint in the sorted list.
Examples
iex> entries = %{a: %{joint: %{}, position: 0.0}, b: %{joint: %{}, position: 0.0}}
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: entries, selected: 0}}
iex> BB.TUI.State.select_next_joint(state).joints.selected
1

iex> entries = %{a: %{joint: %{}, position: 0.0}, b: %{joint: %{}, position: 0.0}}
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: entries, selected: 1}}
iex> BB.TUI.State.select_next_joint(state).joints.selected
1

  



  
    
      
    
    
      select_next_param(state)



        
          
        

    

  


  

      

          @spec select_next_param(t()) :: t()


      


Selects the next parameter in the sorted list.
Examples
iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{list: [{[:a], 1}, {[:b], 2}], selected: 0}}
iex> BB.TUI.State.select_next_param(state).parameters.selected
1

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{list: [{[:a], 1}, {[:b], 2}], selected: 1}}
iex> BB.TUI.State.select_next_param(state).parameters.selected
1

  



  
    
      
    
    
      select_prev_command(state)



        
          
        

    

  


  

      

          @spec select_prev_command(t()) :: t()


      


Selects the previous command in the list.
Examples
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{selected: 1}}
iex> BB.TUI.State.select_prev_command(state).commands.selected
0

iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{selected: 0}}
iex> BB.TUI.State.select_prev_command(state).commands.selected
0

  



  
    
      
    
    
      select_prev_joint(state)



        
          
        

    

  


  

      

          @spec select_prev_joint(t()) :: t()


      


Selects the previous joint in the sorted list.
Examples
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: %{a: %{joint: %{}, position: 0.0}}, selected: 1}}
iex> BB.TUI.State.select_prev_joint(state).joints.selected
0

iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: %{a: %{joint: %{}, position: 0.0}}, selected: 0}}
iex> BB.TUI.State.select_prev_joint(state).joints.selected
0

  



  
    
      
    
    
      select_prev_param(state)



        
          
        

    

  


  

      

          @spec select_prev_param(t()) :: t()


      


Selects the previous parameter in the sorted list.
Examples
iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{list: [{[:a], 1}], selected: 1}}
iex> BB.TUI.State.select_prev_param(state).parameters.selected
0

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{list: [{[:a], 1}], selected: 0}}
iex> BB.TUI.State.select_prev_param(state).parameters.selected
0

  



  
    
      
    
    
      selected_command(state)



        
          
        

    

  


  

      

          @spec selected_command(t()) :: map() | nil


      


Returns the currently selected command map, or nil.
Examples
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [%{name: :a}, %{name: :b}], selected: 1}}
iex> BB.TUI.State.selected_command(state)
%{name: :b}

iex> BB.TUI.State.selected_command(%BB.TUI.State{commands: %BB.TUI.State.Commands{available: []}})
nil

  



  
    
      
    
    
      selected_event(state)



        
          
        

    

  


  

      

          @spec selected_event(t()) :: {DateTime.t(), list(), term()} | nil


      


Returns the currently selected event, or nil if no events.
Examples
iex> list = [{~U[2026-01-01 00:00:00Z], [:test], %{payload: :ok}}]
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{list: list, scroll_offset: 0}}
iex> {_, [:test], _} = BB.TUI.State.selected_event(state)

iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{list: [], scroll_offset: 0}}
iex> BB.TUI.State.selected_event(state)
nil

  



  
    
      
    
    
      selected_joint_name(state)



        
          
        

    

  


  

      

          @spec selected_joint_name(t()) :: atom() | nil


      


Returns the name of the currently selected joint, or nil if no joints exist.
Examples
iex> entries = %{elbow: %{joint: %{}, position: 0.0}, shoulder: %{joint: %{}, position: 0.0}}
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: entries, selected: 1}}
iex> BB.TUI.State.selected_joint_name(state)
:shoulder

iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: %{}, selected: 0}}
iex> BB.TUI.State.selected_joint_name(state)
nil

  



  
    
      
    
    
      selected_param(state)



        
          
        

    

  


  

      

          @spec selected_param(t()) :: {list(), term()} | nil


      


Returns the currently selected parameter as {path, value}, or nil.
Parameters are sorted by path to match the render order.
Examples
iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{list: [{[:b], 2}, {[:a], 1}], selected: 0}}
iex> BB.TUI.State.selected_param(state)
{[:a], 1}

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{list: [], selected: 0}}
iex> BB.TUI.State.selected_param(state)
nil

  



  
    
      
    
    
      selected_parameter_tab(state)



        
          
        

    

  


  

      

          @spec selected_parameter_tab(t()) :: :local | {:bridge, atom()}


      


Returns the currently selected parameter tab.
Examples
iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{tabs: [:local, {:bridge, :mavlink}], tab_selected: 1}}
iex> BB.TUI.State.selected_parameter_tab(state)
{:bridge, :mavlink}

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{tabs: [:local], tab_selected: 0}}
iex> BB.TUI.State.selected_parameter_tab(state)
:local

  



  
    
      
    
    
      selected_remote_param(state)



        
          
        

    

  


  

      

          @spec selected_remote_param(t()) :: map() | nil


      


Returns the currently-focused remote parameter for the selected
bridge tab, or nil when the active tab is :local, the bridge has
no fetched list yet, or the fetch errored.
Sort order matches the panel's render (Enum.sort_by(remote_param_id/1)).
Examples
iex> remote = [%{id: "ROLL_P", value: 0.0}, %{id: "PITCH_P", value: 0.1}]
iex> state = %BB.TUI.State{
...>   parameters: %BB.TUI.State.Parameters{
...>     tabs: [:local, {:bridge, :mavlink}],
...>     tab_selected: 1,
...>     remote: %{mavlink: remote},
...>     selected: 0
...>   }
...> }
iex> BB.TUI.State.selected_remote_param(state)
%{id: "PITCH_P", value: 0.1}

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{tabs: [:local], tab_selected: 0}}
iex> BB.TUI.State.selected_remote_param(state)
nil

iex> state = %BB.TUI.State{
...>   parameters: %BB.TUI.State.Parameters{
...>     tabs: [:local, {:bridge, :mavlink}],
...>     tab_selected: 1,
...>     remote: %{mavlink: {:error, :nodedown}}
...>   }
...> }
iex> BB.TUI.State.selected_remote_param(state)
nil

  



  
    
      
    
    
      set_command_result(state, result)



        
          
        

    

  


  

      

          @spec set_command_result(t(), {:ok, term()} | {:error, term()}) :: t()


      


Sets the command execution result.
Examples
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{result: nil, executing: self()}}
iex> new_state = BB.TUI.State.set_command_result(state, {:ok, :done})
iex> {new_state.commands.result, new_state.commands.executing}
{{:ok, :done}, nil}

  



  
    
      
    
    
      set_joint_position(state, name, position)



        
          
        

    

  


  

      

          @spec set_joint_position(t(), atom(), float()) :: t()


      


Updates the position of a specific joint in state.
Examples
iex> entries = %{shoulder: %{joint: %{}, position: 0.0, target: nil}}
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: entries}}
iex> BB.TUI.State.set_joint_position(state, :shoulder, 1.5).joints.entries.shoulder.position
1.5

  



  
    
      
    
    
      set_joint_target(state, name, target)



        
          
        

    

  


  

      

          @spec set_joint_target(t(), atom(), float() | nil) :: t()


      


Records the last-commanded target position for a joint. The panel
renders it as a secondary marker on the position bar so the operator
can see what the joint is moving toward. Pass nil to clear the
target (e.g. when the joint has reached it).
Examples
iex> entries = %{shoulder: %{joint: %{}, position: 0.0, target: nil}}
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: entries}}
iex> BB.TUI.State.set_joint_target(state, :shoulder, 1.5).joints.entries.shoulder.target
1.5

iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: %{}}}
iex> BB.TUI.State.set_joint_target(state, :missing, 1.5).joints.entries
%{}

  



  
    
      
    
    
      set_parameter_tabs(state, bridges)



        
          
        

    

  


  

      

          @spec set_parameter_tabs(t(), [map()]) :: t()


      


Replaces the discovered parameter tabs and resets the selected tab.
Always keeps :local at the head, so cycling never lands in a state
where no local-parameter view is reachable.
Examples
iex> next = BB.TUI.State.set_parameter_tabs(%BB.TUI.State{}, [%{name: :mavlink}])
iex> next.parameters.tabs
[:local, {:bridge, :mavlink}]
iex> next.parameters.tab_selected
0

  



  
    
      
    
    
      show_force_disarm(state)



        
          
        

    

  


  

      

          @spec show_force_disarm(t()) :: t()


      


Shows the force disarm confirmation popup.
Examples
iex> BB.TUI.State.show_force_disarm(%BB.TUI.State{}).safety.confirm_force_disarm?
true

  



  
    
      
    
    
      sorted_joint_names(state)



        
          
        

    

  


  

      

          @spec sorted_joint_names(t()) :: [atom()]


      


Returns sorted joint names, matching the render order of the joints panel.
Examples
iex> entries = %{elbow: %{joint: %{}, position: 0.0}, shoulder: %{joint: %{}, position: 0.0}}
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: entries}}
iex> BB.TUI.State.sorted_joint_names(state)
[:elbow, :shoulder]

  



  
    
      
    
    
      start_command(state, marker)



        
          
        

    

  


  

      

          @spec start_command(t(), term()) :: t()


      


Marks a command as currently executing.
Examples
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{executing: nil, result: {:ok, :old}}}
iex> pid = self()
iex> new_state = BB.TUI.State.start_command(state, pid)
iex> {new_state.commands.executing, new_state.commands.result}
{pid, nil}

  



  
    
      
    
    
      tabs()



        
          
        

    

  


  

      

          @spec tabs() :: [atom()]


      


Returns the ordered list of top-level tabs.
Examples
iex> BB.TUI.State.tabs()
[:control, :visualization]

  



  
    
      
    
    
      tick_throbber(state)



        
          
        

    

  


  

      

          @spec tick_throbber(t()) :: t()


      


Increments the throbber animation step.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{throbber_step: 3}}
iex> BB.TUI.State.tick_throbber(state).ui.throbber_step
4

  



  
    
      
    
    
      toggle_event_detail(state)



        
          
        

    

  


  

      

          @spec toggle_event_detail(t()) :: t()


      


Toggles the event detail popup for the currently selected event.
Examples
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{show_detail?: false}}
iex> BB.TUI.State.toggle_event_detail(state).events.show_detail?
true

  



  
    
      
    
    
      toggle_events_pause(state)



        
          
        

    

  


  

      

          @spec toggle_events_pause(t()) :: t()


      


Toggles the event stream pause state.
Examples
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{paused?: false}}
iex> BB.TUI.State.toggle_events_pause(state).events.paused?
true

iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{paused?: true}}
iex> BB.TUI.State.toggle_events_pause(state).events.paused?
false

  



  
    
      
    
    
      toggle_help(state)



        
          
        

    

  


  

      

          @spec toggle_help(t()) :: t()


      


Toggles the help overlay.
Examples
iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{show_help?: false}}
iex> BB.TUI.State.toggle_help(state).ui.show_help?
true

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{show_help?: true}}
iex> BB.TUI.State.toggle_help(state).ui.show_help?
false

  



  
    
      
    
    
      update_parameters(state, new_parameters)



        
          
        

    

  


  

      

          @spec update_parameters(t(), [{list(), term()}]) :: t()


      


Updates parameters from a parameter list.
BB.Parameter.list/2 returns {path, metadata} tuples where metadata
is a map carrying :value plus schema-derived fields like :type,
:doc, and :default. The plain value is mirrored into
state.parameters.list so navigation code keeps working with simple
{path, value} tuples, while the rest of the metadata is stashed in
state.parameters.metadata keyed by path. Plain-value inputs (no
metadata map) leave the metadata side-channel untouched for that path.
Examples
iex> next = BB.TUI.State.update_parameters(%BB.TUI.State{}, [{[:speed], %{value: 100, type: :integer, doc: "rpm"}}])
iex> next.parameters.list
[{[:speed], 100}]
iex> next.parameters.metadata
%{[:speed] => %{type: :integer, doc: "rpm", default: nil}}

iex> BB.TUI.State.update_parameters(%BB.TUI.State{}, [{[:speed], 42}]).parameters.list
[{[:speed], 42}]

  



  
    
      
    
    
      update_positions(state, new_positions)



        
          
        

    

  


  

      

          @spec update_positions(t(), %{required(atom()) => float()}) :: t()


      


Updates joint positions from a sensor message.
Only updates joints that exist in the current state; unknown joint names
are silently ignored.
Examples
iex> entries = %{shoulder: %{joint: %{}, position: 0.0}}
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: entries}}
iex> BB.TUI.State.update_positions(state, %{shoulder: 42.0}).joints.entries.shoulder.position
42.0

  



  
    
      
    
    
      update_power(state, battery)



        
          
        

    

  


  

      

          @spec update_power(t(), term()) :: t()


      


Records the latest battery or power telemetry from a sensor payload.
Recognizes BB.Message.Sensor.BatteryState and BB.Message.Sensor.PowerState
payloads and stashes the freshest of each in state.power; any other payload
passes through untouched. BB.TUI.App calls this for every [:sensor | _]
message, and the status bar renders the result.
Examples
iex> battery = %BB.Message.Sensor.BatteryState{voltage: 12.0, percentage: 0.8}
iex> BB.TUI.State.update_power(%BB.TUI.State{}, battery).power.battery.percentage
0.8

iex> reading = %BB.Message.Sensor.PowerState{voltage: 11.5, current: 2.0}
iex> BB.TUI.State.update_power(%BB.TUI.State{}, reading).power.power.voltage
11.5

iex> BB.TUI.State.update_power(%BB.TUI.State{}, %{names: [:a], positions: [0.0]}).power
%BB.TUI.State.Power{}

  



  
    
      
    
    
      update_safety(state, safety_state, runtime_state)



        
          
        

    

  


  

      

          @spec update_safety(t(), atom(), atom()) :: t()


      


Updates safety and runtime state from a state machine message.
Examples
iex> state = BB.TUI.State.update_safety(%BB.TUI.State{}, :armed, :idle)
iex> {state.safety.state, state.safety.runtime}
{:armed, :idle}

  



  
    
      
    
    
      viz_camera(state)



        
          
        

    

  


  

      

          @spec viz_camera(t()) :: ExRatatui.ThreeD.Camera.t()


      


Returns the visualization-tab camera, defaulting when unset.

  



  
    
      
    
    
      viz_render_mode(state)



        
          
        

    

  


  

      

          @spec viz_render_mode(t()) :: atom()


      


Returns the visualization render mode.

  



  
    
      
    
    
      zoom_camera(state, delta)



        
          
        

    

  


  

      

          @spec zoom_camera(t(), number()) :: t()


      


Zooms the visualization camera; a positive delta moves farther from the robot.

  


        

      


  

    
BB.TUI.State.Commands 
    



      
Command palette and inline argument-edit state, split out of BB.TUI.State.
available is the discovered command list; selected is the highlighted
row; result is the last execution result; executing is a marker held
while a command runs; edit_mode?/focused_arg/form_values drive the
inline argument editor. available is seeded when BB.TUI.App starts.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.Commands{
  available: [term()],
  edit_mode?: boolean(),
  executing: term() | nil,
  focused_arg: non_neg_integer(),
  form_values: %{required(atom()) => %{required(atom()) => String.t()}},
  result: {:ok, term()} | {:error, term()} | nil,
  selected: non_neg_integer()
}


      



  


        

      


  

    
BB.TUI.State.Events 
    



      
Event-log display state, split out of BB.TUI.State.
list holds the captured events (newest first, capped); scroll_offset is
the viewport offset; paused? freezes capture; show_detail? toggles the
detail popup for the selected event. The high-rate debounce that feeds
list lives in BB.TUI.State.Throttle.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.Events{
  list: [{DateTime.t(), list(), term()}],
  paused?: boolean(),
  scroll_offset: non_neg_integer(),
  show_detail?: boolean()
}


      



  


        

      


  

    
BB.TUI.State.Joints 
    



      
Joint positions and selection, split out of BB.TUI.State.
entries maps each joint name to its %{joint:, position:, target:} data
(the joints panel renders from it); selected is the highlighted row index.
entries is seeded when BB.TUI.App starts.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.Joints{
  entries: %{required(atom()) => %{position: float(), joint: term()}},
  selected: non_neg_integer()
}


      



  


        

      


  

    
BB.TUI.State.Parameters 
    



      
Parameter browser state, split out of BB.TUI.State.
list is the local parameter {path, value} list with metadata keyed by
path; tabs/tab_selected drive the Local/bridge tab strip; remote caches
per-bridge remote parameter fetches; selected is the highlighted row.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.Parameters{
  list: [{list(), term()}],
  metadata: %{required(list()) => map()},
  remote: %{required(atom()) => [map()] | {:error, term()}},
  selected: non_neg_integer(),
  tab_selected: non_neg_integer(),
  tabs: [:local | {:bridge, atom()}]
}


      



  


        

      


  

    
BB.TUI.State.Power 
    



      
Latest electrical telemetry, split out of BB.TUI.State.
battery holds the most recent BB.Message.Sensor.BatteryState payload and
power the most recent BB.Message.Sensor.PowerState, or nil until one
arrives on the [:sensor | _] path. The status bar reads these to render an
at-a-glance charge / voltage segment — most useful when driving a headless
robot over SSH, where the charge level is otherwise invisible.
Only the freshest reading of each kind is kept; the event log carries the
history.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.Power{battery: struct() | nil, power: struct() | nil}


      



  


        

      


  

    
BB.TUI.State.Safety 
    



      
Robot safety status, split out of BB.TUI.State.
state mirrors the robot's safety state machine (:armed/:disarmed/
:disarming/:error), runtime its operational runtime state, and
confirm_force_disarm? tracks whether the force-disarm confirmation
dialog is open. state/runtime are seeded when BB.TUI.App starts.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.Safety{
  confirm_force_disarm?: boolean(),
  runtime: atom() | nil,
  state: :armed | :disarmed | :disarming | :error | nil
}


      



  


        

      


  

    
BB.TUI.State.Throttle 
    



      
High-rate sensor handling, split out of BB.TUI.State.
debounce_ms + last_seen back the event-log debounce in
BB.TUI.State.append_event/3; flush_ms + render_pending? drive the
coalesced sensor re-render in BB.TUI.App. Defaults: 1s debounce window,
~33ms (~30fps) flush. A debounce_ms of 0 disables debouncing.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.Throttle{
  debounce_ms: non_neg_integer(),
  flush_ms: pos_integer(),
  last_seen: %{optional({list(), term()}) => integer()},
  render_pending?: boolean()
}


      



  


        

      


  

    
BB.TUI.State.UI 
    



      
View chrome state, split out of BB.TUI.State.
active_tab is the focused top-level tab; active_panel is the focused panel
within the Control Panel tab; show_help? toggles the help overlay and
help_scroll_offset scrolls it; throbber_step advances the spinner animation.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.UI{
  active_panel: :safety | :commands | :joints | :events | :parameters,
  active_tab: :control | :visualization,
  help_scroll_offset: non_neg_integer(),
  show_help?: boolean(),
  throbber_step: non_neg_integer()
}


      



  


        

      


  

    
BB.TUI.State.Viz 
    



      
Visualization-tab state: the orbit camera and render mode for the 3D robot view.
camera is nil until first used; BB.TUI.State.viz_camera/1 falls back to
BB.TUI.Viz.RobotScene.default_camera/0 so a fresh state still renders.
render_mode is the ExRatatui.Widgets.Viewport3D mode. :auto (the default)
renders crisp pixel graphics on terminals that speak a graphics protocol
(Kitty — Ghostty/WezTerm/Kitty; Sixel — WezTerm) and falls back to :braille
over CellSession/SSH and unsupported terminals. The explicit pixel protocols
(:kitty, :sixel, :iterm2) and cell-blit modes (:half_block, :braille,
:ascii) can also be selected by cycling with m.

      


      
        Summary


  
    Types
  


    
      
        render_mode()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      render_mode()



        
          
        

    

  


  

      

          @type render_mode() ::
  :auto | :kitty | :sixel | :iterm2 | :half_block | :braille | :ascii


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %BB.TUI.State.Viz{
  camera: ExRatatui.ThreeD.Camera.t() | nil,
  render_mode: render_mode()
}


      



  


        

      


  

    
BB.TUI.Panels.CommandEdit 
    



      
Argument-edit popup for the commands panel.
Floats above the dashboard while the user edits the arguments of the
selected command. Each declared argument renders as a row showing
the current value (string buffer) and type hint; the focused row
gets a › prefix and a ▏ cursor. A hint footer describes the
edit-mode keys.
Pure function — takes state, returns a Popup widget struct.

      


      
        Summary


  
    Functions
  


    
      
        render(state)

      


        Renders the edit popup for the selected command, or nil when the
selected command has no arguments. The caller should only invoke
this when state.commands.edit_mode? is true.



    





      


      
        Functions


        


  
    
      
    
    
      render(state)



        
          
        

    

  


  

      

          @spec render(BB.TUI.State.t()) :: struct() | nil


      


Renders the edit popup for the selected command, or nil when the
selected command has no arguments. The caller should only invoke
this when state.commands.edit_mode? is true.
Examples
iex> cmd = %{name: :move, arguments: [%{name: :angle, type: "float", default: 0.0}]}
iex> state = %BB.TUI.State{
...>   commands: %BB.TUI.State.Commands{
...>     available: [cmd],
...>     selected: 0,
...>     edit_mode?: true,
...>     focused_arg: 0
...>   }
...> }
iex> %ExRatatui.Widgets.Popup{} = BB.TUI.Panels.CommandEdit.render(state)

iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [], selected: 0}}
iex> BB.TUI.Panels.CommandEdit.render(state)
nil

  


        

      


  

    
BB.TUI.Panels.Commands 
    



      
Commands panel — displays available robot commands with execution state.
Shows each command name with a Ready / Blocked badge based on the
current runtime state. Each row is a %ExRatatui.Text.Line{} so
the badge can render in its own color (green for Ready, dim for
Blocked) without affecting the surrounding text. The trailing
result / executing rows render as colored badges too — green ✔ for
success, red ✖ for failure, yellow ⏳ while a command is in flight.
Argument editing for commands with declared arguments is handled by
BB.TUI.Panels.CommandEdit, which renders as a popup above this
panel while state.commands.edit_mode? is true.
Pure function — takes state, returns a widget struct.

      


      
        Summary


  
    Functions
  


    
      
        command_ready?(arg1, runtime_state)

      


        Checks whether a command can execute in the current runtime state.



    


    
      
        render(state, focused?)

      


        Renders the commands panel as a List widget. Arrow keys select,
Enter executes when focused.



    


    
      
        title(state)

      


        Returns the title string for the commands panel (legacy, plain string).



    


    
      
        title_line(state)

      


        Returns the rich-text panel title — the count renders bold-cyan.



    





      


      
        Functions


        


  
    
      
    
    
      command_ready?(arg1, runtime_state)



        
          
        

    

  


  

      

          @spec command_ready?(map(), atom()) :: boolean()


      


Checks whether a command can execute in the current runtime state.
Examples
iex> BB.TUI.Panels.Commands.command_ready?(%{allowed_states: [:idle, :executing]}, :idle)
true

iex> BB.TUI.Panels.Commands.command_ready?(%{allowed_states: [:idle]}, :executing)
false

iex> BB.TUI.Panels.Commands.command_ready?(%{}, :idle)
true

  



  
    
      
    
    
      render(state, focused?)



        
          
        

    

  


  

      

          @spec render(BB.TUI.State.t(), boolean()) :: struct()


      


Renders the commands panel as a List widget. Arrow keys select,
Enter executes when focused.
Examples
iex> state = %BB.TUI.State{
...>   commands: %BB.TUI.State.Commands{
...>     available: [%{name: :home, allowed_states: [:idle]}],
...>     selected: 0, result: nil, executing: nil
...>   },
...>   safety: %BB.TUI.State.Safety{runtime: :idle}
...> }
iex> %ExRatatui.Widgets.List{items: [%ExRatatui.Text.Line{spans: spans}]} =
...>   BB.TUI.Panels.Commands.render(state, false)
iex> Enum.map_join(spans, "", & &1.content)
"home  ● Ready"

  



  
    
      
    
    
      title(state)



        
          
        

    

  


  

      

          @spec title(BB.TUI.State.t()) :: String.t()


      


Returns the title string for the commands panel (legacy, plain string).
Examples
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [%{name: :a}, %{name: :b}]}}
iex> BB.TUI.Panels.Commands.title(state)
" Commands (2) "

iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: []}}
iex> BB.TUI.Panels.Commands.title(state)
" Commands "

  



  
    
      
    
    
      title_line(state)



        
          
        

    

  


  

      

          @spec title_line(BB.TUI.State.t()) :: ExRatatui.Text.Line.t()


      


Returns the rich-text panel title — the count renders bold-cyan.
Examples
iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: [%{name: :a}]}}
iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Commands.title_line(state)
iex> Enum.map_join(spans, "", & &1.content)
"  2  Commands (1) "

iex> state = %BB.TUI.State{commands: %BB.TUI.State.Commands{available: []}}
iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Commands.title_line(state)
iex> Enum.map_join(spans, "", & &1.content)
"  2  Commands "

  


        

      


  

    
BB.TUI.Panels.EventDetail 
    



      
Event detail popup — overlay showing the full payload of the selected
event as a syntax-highlighted Elixir term.
Renders the message payload via inspect(payload, pretty: true) inside
an ExRatatui.Widgets.CodeBlock so operators get real Elixir
highlighting (atoms, structs, numerics) instead of the previous
hand-rendered tree. The popup's block title carries the one-line
summary built by BB.TUI.Panels.Events.format_event/1.
Pure function — takes an event tuple, returns a Popup widget struct.

      


      
        Summary


  
    Functions
  


    
      
        render(event)

      


        Renders the event detail popup for the given event.



    





      


      
        Functions


        


  
    
      
    
    
      render(event)



        
          
        

    

  


  

      

          @spec render({DateTime.t(), list(), term()}) :: struct()


      


Renders the event detail popup for the given event.
Examples
iex> event = {~U[2026-01-15 18:23:12.000Z], [:sensor, :sim], %{payload: %{names: [:a], positions: [1.0]}}}
iex> %ExRatatui.Widgets.Popup{content: %ExRatatui.Widgets.CodeBlock{language: "elixir"}} =
...>   BB.TUI.Panels.EventDetail.render(event)

  


        

      


  

    
BB.TUI.Panels.Events 
    



      
Events panel — displays a scrollable list of recent robot messages with
formatted timestamps, color-coded paths, message types, and summaries.
Press Enter on a selected event to open a detail popup showing the full
message payload. Supports pause/resume (p) and clear (c) when focused.
Pure function — takes state, returns a widget struct.

      


      
        Summary


  
    Functions
  


    
      
        event_line(event)

      


        Builds a rich-text %Line{} for a single event.



    


    
      
        event_line(arg, state)

      


        Builds an event %Line{}, consulting any consumer renderer registered in
state for the event's path before falling back to the built-in summarize/2
clauses. The dashboard never inspects the payload's struct: a renderer-owned
path is summarised by the consumer's BB.TUI.Renderer.summarize/2.



    


    
      
        format_event(arg)

      


        Formats a single event as a display string.



    


    
      
        format_event_details(arg)

      


        Formats the detail lines for an expanded event.



    


    
      
        render(state, focused?)

      


        Renders the events panel as a List widget with formatted event entries.
Newest events appear first. Scrollable with j/k when focused.



    


    
      
        render_panes(state, focused?, rect)

      


        Renders the events panel as a list of {widget, rect} panes: the events
list plus an overlay Scrollbar pinned to the right-hand side.



    


    
      
        summarize(arg1, message)

      


        Produces a short summary string for an event based on its path and payload.



    


    
      
        title(count, bool)

      


        Builds the panel title as a single-string label (legacy form).



    


    
      
        title_line(count, bool)

      


        Builds the panel title as a rich-text %Line{} — the count renders
bold-cyan and the ⏸ PAUSED badge renders bold-yellow when the
stream is paused.



    





      


      
        Functions


        


  
    
      
    
    
      event_line(event)



        
          
        

    

  


  

      

          @spec event_line({DateTime.t(), list(), term()}) :: ExRatatui.Text.Line.t()


      


Builds a rich-text %Line{} for a single event.
	segment	color
	timestamp	cyan
	path	blue (Theme.path_style/0)
	summary	white

Examples
iex> ts = ~U[2026-01-15 18:23:12.000Z]
iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Events.event_line(
...>     {ts, [:state_machine], %{payload: %{from: :disarmed, to: :armed}}}
...>   )
iex> Enum.map_join(spans, "", & &1.content)
"18:23:12 state_machine      disarmed → armed"

  



  
    
      
    
    
      event_line(arg, state)



        
          
        

    

  


  

      

          @spec event_line({DateTime.t(), list(), term()}, BB.TUI.State.t()) ::
  ExRatatui.Text.Line.t()


      


Builds an event %Line{}, consulting any consumer renderer registered in
state for the event's path before falling back to the built-in summarize/2
clauses. The dashboard never inspects the payload's struct: a renderer-owned
path is summarised by the consumer's BB.TUI.Renderer.summarize/2.

  



  
    
      
    
    
      format_event(arg)



        
          
        

    

  


  

      

          @spec format_event({DateTime.t(), list(), term()}) :: String.t()


      


Formats a single event as a display string.
Shows timestamp, path, and a short summary of the message payload.
Examples
iex> ts = ~U[2026-01-15 18:23:12.936Z]
iex> BB.TUI.Panels.Events.format_event({ts, [:sensor, :simulated], %{payload: %{names: [:elbow], positions: [0.5]}}})
"18:23:12 sensor.simulated   JointState 1 joint(s)"

iex> ts = ~U[2026-01-15 18:23:12.000Z]
iex> BB.TUI.Panels.Events.format_event(
...>   {ts, [:command, :move, make_ref()], %{payload: %{status: :cancelled}}}
...> )
"18:23:12 command.move       move cancelled"

iex> ts = ~U[2026-01-15 18:23:12.000Z]
iex> BB.TUI.Panels.Events.format_event({ts, [:state_machine], %{payload: %{from: :disarmed, to: :armed}}})
"18:23:12 state_machine      disarmed → armed"

  



  
    
      
    
    
      format_event_details(arg)



        
          
        

    

  


  

      

          @spec format_event_details({DateTime.t(), list(), term()}) :: [String.t()]


      


Formats the detail lines for an expanded event.
Returns a list of indented strings showing the message type and payload fields.
Examples
iex> ts = ~U[2026-01-15 18:23:12.000Z]
iex> event = {ts, [:sensor, :simulated], %{payload: %{names: [:elbow], positions: [0.5], velocities: [0.0], efforts: [0.0]}}}
iex> details = BB.TUI.Panels.Events.format_event_details(event)
iex> hd(details) =~ "efforts"
true

  



  
    
      
    
    
      render(state, focused?)



        
          
        

    

  


  

      

          @spec render(BB.TUI.State.t(), boolean()) :: struct()


      


Renders the events panel as a List widget with formatted event entries.
Newest events appear first. Scrollable with j/k when focused.
Examples
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{list: [], scroll_offset: 0, paused?: false}}
iex> widget = BB.TUI.Panels.Events.render(state, false)
iex> widget.items
[]

  



  
    
      
    
    
      render_panes(state, focused?, rect)



        
          
        

    

  


  

      

          @spec render_panes(BB.TUI.State.t(), boolean(), ExRatatui.Layout.Rect.t()) :: [
  {struct(), ExRatatui.Layout.Rect.t()}
]


      


Renders the events panel as a list of {widget, rect} panes: the events
list plus an overlay Scrollbar pinned to the right-hand side.
The scrollbar rect is inset by one cell so it appears inside the panel's
rounded border rather than on top of it. When there are no events, only
the list pane is returned — a scrollbar with zero content would render
a track with no thumb, which is visually noisy.
Examples
iex> rect = %ExRatatui.Layout.Rect{x: 0, y: 0, width: 40, height: 10}
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{list: [], scroll_offset: 0, paused?: false}}
iex> panes = BB.TUI.Panels.Events.render_panes(state, false, rect)
iex> length(panes)
1

iex> rect = %ExRatatui.Layout.Rect{x: 0, y: 0, width: 40, height: 10}
iex> ts = ~U[2026-01-15 18:23:12.000Z]
iex> events = [{ts, [:state_machine], %{payload: %{from: :disarmed, to: :armed}}}]
iex> state = %BB.TUI.State{events: %BB.TUI.State.Events{list: events, scroll_offset: 0, paused?: false}}
iex> [{_list, _list_rect}, {scrollbar, _bar_rect}] =
...>   BB.TUI.Panels.Events.render_panes(state, true, rect)
iex> scrollbar.content_length
1

  



  
    
      
    
    
      summarize(arg1, message)



        
          
        

    

  


  

      

          @spec summarize(list(), term()) :: String.t()


      


Produces a short summary string for an event based on its path and payload.
Examples
iex> BB.TUI.Panels.Events.summarize([:sensor, :sim], %{payload: %{names: [:a, :b], positions: [1.0, 2.0]}})
"JointState 2 joint(s)"

iex> BB.TUI.Panels.Events.summarize([:state_machine], %{payload: %{from: :armed, to: :idle}})
"armed → idle"

iex> BB.TUI.Panels.Events.summarize([:actuator, :waist], %{payload: %{position: 1.57}})
"waist ← position 1.570"

iex> BB.TUI.Panels.Events.summarize([:command, :move, :ref], %{payload: %{status: :started, data: %{goal: %{angle: 1.5}}}})
"move started angle=1.5"

iex> BB.TUI.Panels.Events.summarize([:command, :home, :ref], %{payload: %{status: :started, data: %{goal: %{}}}})
"home started (no args)"

iex> BB.TUI.Panels.Events.summarize([:command, :home, :ref], %{payload: %{status: :succeeded, data: %{result: :ok}}})
"home ✔ :ok"

iex> BB.TUI.Panels.Events.summarize([:command, :move, :ref], %{payload: %{status: :failed, data: %{reason: :timeout}}})
"move ✘ :timeout"

iex> BB.TUI.Panels.Events.summarize([:command, :move, :ref], %{payload: %{status: :cancelled}})
"move cancelled"

iex> BB.TUI.Panels.Events.summarize([:param, :speed], %{payload: %{new_value: 42}})
"speed = 42"

iex> BB.TUI.Panels.Events.summarize([:unknown], %{payload: :something})
":something"

  



  
    
      
    
    
      title(count, bool)



        
          
        

    

  


  

      

          @spec title(non_neg_integer(), boolean()) :: String.t()


      


Builds the panel title as a single-string label (legacy form).
Examples
iex> BB.TUI.Panels.Events.title(47, false)
" Events (47) "

iex> BB.TUI.Panels.Events.title(47, true)
" Events (47) ⏸ PAUSED "

iex> BB.TUI.Panels.Events.title(0, false)
" Events "

iex> BB.TUI.Panels.Events.title(0, true)
" Events ⏸ PAUSED "

  



  
    
      
    
    
      title_line(count, bool)



        
          
        

    

  


  

      

          @spec title_line(non_neg_integer(), boolean()) :: ExRatatui.Text.Line.t()


      


Builds the panel title as a rich-text %Line{} — the count renders
bold-cyan and the ⏸ PAUSED badge renders bold-yellow when the
stream is paused.
Examples
iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Events.title_line(47, false)
iex> Enum.map_join(spans, "", & &1.content)
"  4  Events (47) "

iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Events.title_line(47, true)
iex> Enum.map_join(spans, "", & &1.content)
"  4  Events (47)  ⏸ PAUSED "

iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Events.title_line(0, false)
iex> Enum.map_join(spans, "", & &1.content)
"  4  Events "

  


        

      


  

    
BB.TUI.Panels.ForceDisarm 
    



      
Force disarm confirmation popup.
Asks the user to confirm force disarming from an error state.

      


      
        Summary


  
    Functions
  


    
      
        render()

      


        Renders the force disarm confirmation popup.



    





      


      
        Functions


        


  
    
      
    
    
      render()



        
          
        

    

  


  

      

          @spec render() :: struct()


      


Renders the force disarm confirmation popup.
Examples
iex> %ExRatatui.Widgets.Popup{} = BB.TUI.Panels.ForceDisarm.render()

  


        

      


  

    
BB.TUI.Panels.Help 
    



      
Help popup — overlay showing all available keyboard shortcuts.
Renders the keyboard reference as a single ExRatatui.Widgets.Markdown
widget so the content is a plain markdown string (@help_markdown)
rather than 50+ hand-built Text.Line rows. Markdown handles section
headings, bullet lists, inline code (used for keybindings), and
scroll offsets natively.
Pure function — returns a Popup widget struct.

      


      
        Summary


  
    Functions
  


    
      
        markdown()

      


        Returns the full markdown source rendered inside the popup. Exposed
so callers (and tests) can introspect the help content without
spinning up the widget tree.



    


    
      
        render(scroll_offset \\ 0)

      


        Renders the help popup as a Popup widget with optional scroll offset.



    





      


      
        Functions


        


  
    
      
    
    
      markdown()



        
          
        

    

  


  

      

          @spec markdown() :: String.t()


      


Returns the full markdown source rendered inside the popup. Exposed
so callers (and tests) can introspect the help content without
spinning up the widget tree.

  



    

  
    
      
    
    
      render(scroll_offset \\ 0)



        
          
        

    

  


  

      

          @spec render(non_neg_integer()) :: struct()


      


Renders the help popup as a Popup widget with optional scroll offset.
Examples
iex> %ExRatatui.Widgets.Popup{content: %ExRatatui.Widgets.Markdown{}} =
...>   BB.TUI.Panels.Help.render(0)

iex> %ExRatatui.Widgets.Popup{content: %ExRatatui.Widgets.Markdown{content: md}} =
...>   BB.TUI.Panels.Help.render(5)
iex> md =~ "## Global"
true

  


        

      


  

    
BB.TUI.Panels.Joints 
    



      
Joint control panel — displays joint positions with type, units, and
visual position bars.
Shows each joint's name, type (rev/pri/con), current position in
human-readable units (degrees or mm), and a bar indicating position
within the joint's limits. Simulated joints are marked with a SIM tag.
Pure function — takes state, returns a widget struct.

      


      
        Summary


  
    Functions
  


    
      
        format_limit(val, arg2)

      


        Formats a joint limit value in human-readable units (degrees or mm).



    


    
      
        format_name(name, arg2)

      


        Formats a joint name, appending SIM tag for simulated joints.



    


    
      
        format_position(pos, arg2)

      


        Formats position with appropriate units based on joint type.



    


    
      
        format_type(arg1)

      


        Formats the joint type as a short label.



    


    
      
        render(state, focused?)

      


        Renders the joints panel as a Table widget with columns for
name, type, position with units, and a visual position bar.



    





      


      
        Functions


        


  
    
      
    
    
      format_limit(val, arg2)



        
          
        

    

  


  

      

          @spec format_limit(number(), map()) :: String.t()


      


Formats a joint limit value in human-readable units (degrees or mm).
Examples
iex> BB.TUI.Panels.Joints.format_limit(1.5708, %{type: :revolute})
"90"

iex> BB.TUI.Panels.Joints.format_limit(-1.5708, %{type: :revolute})
"-90"

iex> BB.TUI.Panels.Joints.format_limit(0.037, %{type: :prismatic})
"37"

  



  
    
      
    
    
      format_name(name, arg2)



        
          
        

    

  


  

      

          @spec format_name(atom(), map()) :: String.t()


      


Formats a joint name, appending SIM tag for simulated joints.
A joint is simulated when it has an empty actuators list.
Examples
iex> BB.TUI.Panels.Joints.format_name(:elbow, %{actuators: []})
"elbow SIM"

iex> BB.TUI.Panels.Joints.format_name(:elbow, %{actuators: [:motor]})
"elbow"

iex> BB.TUI.Panels.Joints.format_name(:elbow, %{})
"elbow"

  



  
    
      
    
    
      format_position(pos, arg2)



        
          
        

    

  


  

      

          @spec format_position(number() | nil, map()) :: String.t()


      


Formats position with appropriate units based on joint type.
Revolute/continuous joints show degrees, prismatic joints show millimeters.
Examples
iex> BB.TUI.Panels.Joints.format_position(1.5708, %{type: :revolute})
"90.0°"

iex> BB.TUI.Panels.Joints.format_position(0.030, %{type: :prismatic})
"30.0 mm"

iex> BB.TUI.Panels.Joints.format_position(nil, %{type: :revolute})
"N/A"

  



  
    
      
    
    
      format_type(arg1)



        
          
        

    

  


  

      

          @spec format_type(map()) :: String.t()


      


Formats the joint type as a short label.
Examples
iex> BB.TUI.Panels.Joints.format_type(%{type: :revolute})
"rev"

iex> BB.TUI.Panels.Joints.format_type(%{type: :prismatic})
"pri"

iex> BB.TUI.Panels.Joints.format_type(%{type: :continuous})
"con"

iex> BB.TUI.Panels.Joints.format_type(%{type: :fixed})
"fix"

iex> BB.TUI.Panels.Joints.format_type(%{})
"-"

  



  
    
      
    
    
      render(state, focused?)



        
          
        

    

  


  

      

          @spec render(BB.TUI.State.t(), boolean()) :: struct()


      


Renders the joints panel as a Table widget with columns for
name, type, position with units, and a visual position bar.
Examples
iex> entries = %{shoulder: %{joint: %{name: :shoulder, type: :revolute, limits: %{lower: -1.57, upper: 1.57}}, position: 0.0}}
iex> state = %BB.TUI.State{joints: %BB.TUI.State.Joints{entries: entries}}
iex> %ExRatatui.Widgets.Table{header: header} = BB.TUI.Panels.Joints.render(state, false)
iex> header
["Joint", "Type", "Position", "Target"]

  


        

      


  

    
BB.TUI.Panels.Parameters 
    



      
Parameters panel — displays robot parameters grouped by path.
Renders a tab strip in the title when remote bridges have been
discovered. The Local tab shows parameters from state.parameters.list
(with schema metadata from state.parameters.metadata). Bridge tabs
show entries from state.parameters.remote[bridge_name], which the
app populates by calling BB.Parameter.list_remote/2 whenever the
user switches to that tab.
Pure function — takes state, returns a widget struct.

      


      
        Summary


  
    Functions
  


    
      
        edit_hint(val)

      


        Returns an edit hint suffix indicating how a parameter can be edited.



    


    
      
        format_path(path)

      


        Formats a parameter path list as a dot-separated string.



    


    
      
        format_type(arg1)

      


        Formats a parameter's Spark-declared type for the Type column.



    


    
      
        format_value(val)

      


        Formats a parameter value for display.



    


    
      
        render(state, focused?)

      


        Renders the parameters panel as a Table widget. Columns depend on the
selected tab: the local tab shows Parameter | Value | Type, while a
bridge tab shows Parameter | Value | Type populated from the remote
fetch result.



    


    
      
        title_line(tabs, idx, count)

      


        Builds the panel title as a rich %Line{} carrying the tab strip.



    





      


      
        Functions


        


  
    
      
    
    
      edit_hint(val)



        
          
        

    

  


  

      

          @spec edit_hint(term()) :: String.t()


      


Returns an edit hint suffix indicating how a parameter can be edited.
Examples
iex> BB.TUI.Panels.Parameters.edit_hint(42)
" [h/l]"

iex> BB.TUI.Panels.Parameters.edit_hint(3.14)
" [h/l]"

iex> BB.TUI.Panels.Parameters.edit_hint(true)
" [enter]"

iex> BB.TUI.Panels.Parameters.edit_hint(:fast)
""

  



  
    
      
    
    
      format_path(path)



        
          
        

    

  


  

      

          @spec format_path(list()) :: String.t()


      


Formats a parameter path list as a dot-separated string.
Examples
iex> BB.TUI.Panels.Parameters.format_path([:controller, :kp])
"controller.kp"

iex> BB.TUI.Panels.Parameters.format_path([:speed])
"speed"

  



  
    
      
    
    
      format_type(arg1)



        
          
        

    

  


  

      

          @spec format_type(map() | nil) :: String.t()


      


Formats a parameter's Spark-declared type for the Type column.
Returns "—" when no schema metadata is present. Atom types render as
":float"; option-tagged types like {:integer, [min: 0, max: 100]}
render as their head atom — the bounds belong in the (future) edit
popup, not in a one-line table cell.
Examples
iex> BB.TUI.Panels.Parameters.format_type(nil)
"—"

iex> BB.TUI.Panels.Parameters.format_type(%{type: nil})
"—"

iex> BB.TUI.Panels.Parameters.format_type(%{type: :float})
":float"

iex> BB.TUI.Panels.Parameters.format_type(%{type: {:integer, [min: 0, max: 100]}})
":integer"

iex> BB.TUI.Panels.Parameters.format_type(%{type: {:custom, MyMod, :validate, []}})
"{:custom, MyMod, :validate, []}"

iex> BB.TUI.Panels.Parameters.format_type(%{})
"—"

  



  
    
      
    
    
      format_value(val)



        
          
        

    

  


  

      

          @spec format_value(term()) :: String.t()


      


Formats a parameter value for display.
Examples
iex> BB.TUI.Panels.Parameters.format_value(42)
"42"

iex> BB.TUI.Panels.Parameters.format_value(3.14159)
"3.142"

iex> BB.TUI.Panels.Parameters.format_value(true)
"true"

iex> BB.TUI.Panels.Parameters.format_value(:fast)
":fast"

  



  
    
      
    
    
      render(state, focused?)



        
          
        

    

  


  

      

          @spec render(BB.TUI.State.t(), boolean()) :: struct()


      


Renders the parameters panel as a Table widget. Columns depend on the
selected tab: the local tab shows Parameter | Value | Type, while a
bridge tab shows Parameter | Value | Type populated from the remote
fetch result.
Examples
iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{list: [{[:speed], 100}, {[:controller, :kp], 0.5}]}}
iex> %ExRatatui.Widgets.Table{header: header} = BB.TUI.Panels.Parameters.render(state, false)
iex> header
["Parameter", "Value", "Type"]

iex> state = %BB.TUI.State{parameters: %BB.TUI.State.Parameters{list: []}}
iex> %ExRatatui.Widgets.Table{rows: rows} = BB.TUI.Panels.Parameters.render(state, false)
iex> rows
[["No parameters defined", "", ""]]

  



  
    
      
    
    
      title_line(tabs, idx, count)



        
          
        

    

  


  

      

          @spec title_line([atom() | {:bridge, atom()}], non_neg_integer(), non_neg_integer()) ::
  ExRatatui.Text.Line.t()


      


Builds the panel title as a rich %Line{} carrying the tab strip.
Single-tab (local-only) state renders as Parameters (N) with a
bold-cyan count. Multi-tab state renders Parameters · Local | mavlink etc.,
with the active tab bold-cyan. The t shortcut to cycle tabs is
surfaced in the bottom status bar.
Examples
iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Parameters.title_line([:local], 0, 5)
iex> Enum.map_join(spans, "", & &1.content)
"  5  Parameters (5) "

iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Parameters.title_line([:local], 0, 0)
iex> Enum.map_join(spans, "", & &1.content)
"  5  Parameters "

iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Panels.Parameters.title_line([:local, {:bridge, :mavlink}], 1, 12)
iex> Enum.map_join(spans, "", & &1.content)
"  5  Parameters · Local | mavlink (12) "

  


        

      


  

    
BB.TUI.Panels.Safety 
    



      
Safety panel — displays safety state, runtime state, and control hints.
Combines safety status indicator, runtime state, and keyboard shortcuts
in a single left-sidebar panel. When the robot is disarming, shows a
throbber animation.
Pure function — takes state, returns a widget struct.

      


      
        Summary


  
    Functions
  


    
      
        render(state, focused?)

      


        Renders the safety panel with status indicator, runtime state, and key hints.



    





      


      
        Functions


        


  
    
      
    
    
      render(state, focused?)



        
          
        

    

  


  

      

          @spec render(BB.TUI.State.t(), boolean()) :: struct()


      


Renders the safety panel with status indicator, runtime state, and key hints.
When the robot is in the :disarming state, returns a Throbber widget
instead to show the animated transition indicator.
Examples
iex> state = %BB.TUI.State{safety: %BB.TUI.State.Safety{state: :armed, runtime: :idle}}
iex> %ExRatatui.Widgets.Paragraph{} = BB.TUI.Panels.Safety.render(state, true)

iex> state = %BB.TUI.State{ui: %BB.TUI.State.UI{throbber_step: 0}, safety: %BB.TUI.State.Safety{state: :disarming, runtime: :disarming}}
iex> %ExRatatui.Widgets.Throbber{} = BB.TUI.Panels.Safety.render(state, false)

  


        

      


  

    
BB.TUI.Panels.StatusBar 
    



      
Status bar — single-line bar at the bottom of the dashboard.
Carries (in order) the robot module, a colored safety badge, a
runtime-state pill, a battery / power segment (only when the robot has
published electrical telemetry), the global key hints (Tab / q /
?), and a set of context-sensitive key pills for the active panel.
Every segment is a %ExRatatui.Text.Span{} so each piece can carry
its own color: the safety badge changes color with the safety
state (green / yellow / red / dim), the battery readout colors by
remaining charge (BB.TUI.Theme.battery_color/1), key labels render
as cyan pills (red for q), descriptions render dim. See
BB.TUI.Theme.brand_title/2, safety_badge/1, key_pill/2 for
the underlying primitives.
The battery segment prefers BB.Message.Sensor.BatteryState (charge
percentage, or voltage when percentage is unmeasured) and falls back
to BB.Message.Sensor.PowerState (bus voltage) when only the latter
is available — making the charge level visible at a glance over SSH.
Pure function — takes state, returns a widget struct.

      


      
        Summary


  
    Functions
  


    
      
        render(state)

      


        Renders the status bar as a Paragraph widget.



    





      


      
        Functions


        


  
    
      
    
    
      render(state)



        
          
        

    

  


  

      

          @spec render(BB.TUI.State.t()) :: struct()


      


Renders the status bar as a Paragraph widget.
Examples
iex> state = %BB.TUI.State{
...>   robot: MyApp.Robot, ui: %BB.TUI.State.UI{active_panel: :safety},
...>   safety: %BB.TUI.State.Safety{state: :armed, runtime: :idle}
...> }
iex> %ExRatatui.Widgets.Paragraph{text: %ExRatatui.Text.Line{spans: spans}} =
...>   BB.TUI.Panels.StatusBar.render(state)
iex> Enum.map_join(spans, "", & &1.content) =~ "MyApp.Robot"
true

iex> state = %BB.TUI.State{
...>   robot: MyApp.Robot, ui: %BB.TUI.State.UI{active_panel: :safety},
...>   safety: %BB.TUI.State.Safety{state: :armed, runtime: :idle}
...> }
iex> %ExRatatui.Widgets.Paragraph{text: %ExRatatui.Text.Line{spans: spans}} =
...>   BB.TUI.Panels.StatusBar.render(state)
iex> Enum.map_join(spans, "", & &1.content) =~ "ARMED"
true

  


        

      


  

    
BB.TUI.Panels.TabBar 
    



      
Top-level tab bar — shows Control Panel and Visualization, highlighting the
active tab. Pure function — takes the active tab atom, returns a widget struct.

      


      
        Summary


  
    Functions
  


    
      
        render(active_tab)

      


        Renders the tab bar as a Paragraph whose rich %Line{} highlights active_tab.



    





      


      
        Functions


        


  
    
      
    
    
      render(active_tab)



        
          
        

    

  


  

      

          @spec render(atom()) :: struct()


      


Renders the tab bar as a Paragraph whose rich %Line{} highlights active_tab.

  


        

      


  

    
BB.TUI.Panels.TitleBar 
    



      
Title bar — single-line branded header at the top of the dashboard.
Renders a rich-text %Line{} via BB.TUI.Theme.brand_title/2, so
the bot icon, BB.TUI brand, robot module, and optional @ node
segment each carry their own color and modifier. The whole line
sits over Theme.title_bg/0 for visual separation from the panels
beneath it.
Pure function — takes state, returns a widget struct.

      


      
        Summary


  
    Functions
  


    
      
        render(state)

      


        Renders the title bar as a Paragraph widget. The text is the rich
%Line{} returned by BB.TUI.Theme.brand_title/2; the paragraph
background is Theme.title_bg/0.



    





      


      
        Functions


        


  
    
      
    
    
      render(state)



        
          
        

    

  


  

      

          @spec render(BB.TUI.State.t()) :: struct()


      


Renders the title bar as a Paragraph widget. The text is the rich
%Line{} returned by BB.TUI.Theme.brand_title/2; the paragraph
background is Theme.title_bg/0.
Examples
iex> state = %BB.TUI.State{robot: MyApp.Robot, node: nil}
iex> %ExRatatui.Widgets.Paragraph{text: %ExRatatui.Text.Line{spans: spans}} =
...>   BB.TUI.Panels.TitleBar.render(state)
iex> Enum.map_join(spans, "", & &1.content)
" 🤖 BB.TUI · MyApp.Robot"

iex> state = %BB.TUI.State{robot: MyApp.Robot, node: :"robot@host"}
iex> %ExRatatui.Widgets.Paragraph{text: %ExRatatui.Text.Line{spans: spans}} =
...>   BB.TUI.Panels.TitleBar.render(state)
iex> Enum.map_join(spans, "", & &1.content) =~ "@ robot@host"
true

  


        

      


  

    
BB.TUI.Theme 
    



      
Color, style, and rich-text constants for the BB TUI dashboard.
Provides a consistent visual palette for the robot dashboard.
All functions are pure and return a color atom, an
%ExRatatui.Style{}, an %ExRatatui.Text.Span{}, or an
%ExRatatui.Text.Line{} — never a side effect.
Rich text
	brand_title/2 - branded title-bar %Line{}
("🤖 BB.TUI · MyApp.Robot @ remote@host")
	safety_badge/1 - color-coded safety pill (armed green-bg,
disarmed dim, disarming yellow-bg, error red-bg)
	key_pill/2 - colored "key" pill %Span{} for status / help hints
	dim_span/1 - dim-text descriptor span between pills
	footer_line/1 - assembles a %Line{} from a list of {keys, label} pairs
	proximity_color/1 - foreground color for joint position bars
based on BB.TUI.State.limit_proximity/2


      


      
        Summary


  
    Functions
  


    
      
        armed_style()

      


        Bold green style for armed state.



    


    
      
        battery_color(level)

      


        Foreground color for a battery charge readout, keyed on the remaining
percentage (0..100).



    


    
      
        blocked_style()

      


        Style for blocked commands — dark gray.



    


    
      
        blue()

      


        Blue for interactive elements and paths.



    


    
      
        border_style(bool)

      


        Returns focused or unfocused border style based on boolean.



    


    
      
        brand_title(robot, node)

      


        Branded title-bar line — 🤖 BB.TUI · MyApp.Robot[ @ node].



    


    
      
        cyan()

      


        Cyan for timestamps and active panel borders.



    


    
      
        dim_border()

      


        Muted border color for inactive panels.



    


    
      
        dim_span(text)

      


        Dim span used between key pills.



    


    
      
        dim_text()

      


        Muted text for secondary information.



    


    
      
        disarmed_style()

      


        Dim style for disarmed state.



    


    
      
        disarming_style()

      


        Bold yellow style for disarming state.



    


    
      
        error_style()

      


        Bold red style for error state.



    


    
      
        focused_border_style()

      


        Cyan border style for the active/focused panel.



    


    
      
        footer_line(entries)

      


        Builds a %Line{} of key_pill/2 + dim_span/1 pairs from a list
of {label, description} entries. Pass a {label, description, :quit} triple for the warning-red pill.



    


    
      
        gauge_filled_style()

      


        Style for the gauge filled portion — green.



    


    
      
        gauge_unfilled_style()

      


        Style for the gauge unfilled portion — dark gray.



    


    
      
        green()

      


        Green for armed/safe states.



    


    
      
        highlight_style()

      


        Highlight style for selected items.



    


    
      
        key_pill(label, kind \\ :default)

      


        Colored "key" pill — keys render bold over a colored background,
used in the status bar and help hints.



    


    
      
        magenta()

      


        Magenta for parameter values and accents.



    


    
      
        panel_badge_spans(n)

      


        Returns the solid-pill badge spans for a panel title. The number
renders bold-black over a cyan background, mirroring the footer
keybind pills so the global 1..5 shortcuts are unmistakable in
the panel header. Returns an empty list when n is nil, so
callers can safely splat the result even for panels that aren't on
the cycle ring.



    


    
      
        panel_title_style()

      


        Bold style for panel title text, so the panel name stands shoulder
to shoulder with the solid number pill rendered by
panel_badge_spans/1.



    


    
      
        path_style()

      


        Style for event path labels — blue.



    


    
      
        proximity_color(arg1)

      


        Foreground color for a joint position bar based on its limit
proximity (the value returned by BB.TUI.State.limit_proximity/2).



    


    
      
        ready_style()

      


        Bold style for ready commands — green.



    


    
      
        red()

      


        Red for error states.



    


    
      
        safety_badge(other)

      


        Color-coded safety badge — a single %Span{} pill that reads the
current safety state at a glance.



    


    
      
        sim_style()

      


        Style for simulated joint indicators — yellow.



    


    
      
        tab_active_style()

      


        Style for the active top-level tab in the tab bar.



    


    
      
        tab_inactive_style()

      


        Style for inactive top-level tabs in the tab bar.



    


    
      
        title_bg()

      


        Deep Elixir/BB violet used as the title bar background.



    


    
      
        title_fg()

      


        Light lavender foreground used on top of the title bar background.



    


    
      
        unfocused_border_style()

      


        Dim border style for inactive panels.



    


    
      
        yellow()

      


        Yellow for transitional states (disarming).



    





      


      
        Functions


        


  
    
      
    
    
      armed_style()



        
          
        

    

  


  

      

          @spec armed_style() :: ExRatatui.Style.t()


      


Bold green style for armed state.
Examples
iex> style = BB.TUI.Theme.armed_style()
iex> style.fg
:green
iex> style.modifiers
[:bold]

  



  
    
      
    
    
      battery_color(level)



        
          
        

    

  


  

      

          @spec battery_color(integer()) :: ExRatatui.Style.color()


      


Foreground color for a battery charge readout, keyed on the remaining
percentage (0..100).
	level	color
	> 50	green
	21..50	yellow
	<= 20	red

Examples
iex> BB.TUI.Theme.battery_color(80)
:green

iex> BB.TUI.Theme.battery_color(35)
:yellow

iex> BB.TUI.Theme.battery_color(20)
:red

  



  
    
      
    
    
      blocked_style()



        
          
        

    

  


  

      

          @spec blocked_style() :: ExRatatui.Style.t()


      


Style for blocked commands — dark gray.
Examples
iex> BB.TUI.Theme.blocked_style().fg
:dark_gray

  



  
    
      
    
    
      blue()



        
          
        

    

  


  

      

          @spec blue() :: ExRatatui.Style.color()


      


Blue for interactive elements and paths.
Examples
iex> BB.TUI.Theme.blue()
:blue

  



  
    
      
    
    
      border_style(bool)



        
          
        

    

  


  

      

          @spec border_style(boolean()) :: ExRatatui.Style.t()


      


Returns focused or unfocused border style based on boolean.
Examples
iex> BB.TUI.Theme.border_style(true) == BB.TUI.Theme.focused_border_style()
true

iex> BB.TUI.Theme.border_style(false) == BB.TUI.Theme.unfocused_border_style()
true

  



  
    
      
    
    
      brand_title(robot, node)



        
          
        

    

  


  

      

          @spec brand_title(module(), node() | nil) :: ExRatatui.Text.Line.t()


      


Branded title-bar line — 🤖 BB.TUI · MyApp.Robot[ @ node].
BB.TUI renders bold over title_fg/0; the robot module renders
bold cyan; the optional @ node segment trails in dim text.
Examples
iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Theme.brand_title(MyApp.Robot, nil)
iex> Enum.map(spans, & &1.content)
[" 🤖 ", "BB.TUI", " · ", "MyApp.Robot"]

iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Theme.brand_title(MyApp.Robot, :"robot@host")
iex> Enum.map_join(spans, "", & &1.content)
" 🤖 BB.TUI · MyApp.Robot @ robot@host"

  



  
    
      
    
    
      cyan()



        
          
        

    

  


  

      

          @spec cyan() :: ExRatatui.Style.color()


      


Cyan for timestamps and active panel borders.
Examples
iex> BB.TUI.Theme.cyan()
:cyan

  



  
    
      
    
    
      dim_border()



        
          
        

    

  


  

      

          @spec dim_border() :: ExRatatui.Style.color()


      


Muted border color for inactive panels.
Examples
iex> BB.TUI.Theme.dim_border()
:dark_gray

  



  
    
      
    
    
      dim_span(text)



        
          
        

    

  


  

      

          @spec dim_span(String.t()) :: ExRatatui.Text.Span.t()


      


Dim span used between key pills.
Examples
iex> span = BB.TUI.Theme.dim_span(" panels")
iex> span.content
" panels"
iex> span.style.fg == BB.TUI.Theme.dim_text()
true

  



  
    
      
    
    
      dim_text()



        
          
        

    

  


  

      

          @spec dim_text() :: ExRatatui.Style.color()


      


Muted text for secondary information.
Examples
iex> BB.TUI.Theme.dim_text()
:dark_gray

  



  
    
      
    
    
      disarmed_style()



        
          
        

    

  


  

      

          @spec disarmed_style() :: ExRatatui.Style.t()


      


Dim style for disarmed state.
Examples
iex> style = BB.TUI.Theme.disarmed_style()
iex> style.fg
:dark_gray

  



  
    
      
    
    
      disarming_style()



        
          
        

    

  


  

      

          @spec disarming_style() :: ExRatatui.Style.t()


      


Bold yellow style for disarming state.
Examples
iex> style = BB.TUI.Theme.disarming_style()
iex> style.fg
:yellow
iex> style.modifiers
[:bold]

  



  
    
      
    
    
      error_style()



        
          
        

    

  


  

      

          @spec error_style() :: ExRatatui.Style.t()


      


Bold red style for error state.
Examples
iex> style = BB.TUI.Theme.error_style()
iex> style.fg
:red
iex> style.modifiers
[:bold]

  



  
    
      
    
    
      focused_border_style()



        
          
        

    

  


  

      

          @spec focused_border_style() :: ExRatatui.Style.t()


      


Cyan border style for the active/focused panel.
Examples
iex> BB.TUI.Theme.focused_border_style().fg
:cyan

  



  
    
      
    
    
      footer_line(entries)



        
          
        

    

  


  

      

          @spec footer_line([{String.t(), String.t()} | {String.t(), String.t(), atom()}]) ::
  ExRatatui.Text.Line.t()


      


Builds a %Line{} of key_pill/2 + dim_span/1 pairs from a list
of {label, description} entries. Pass a {label, description, :quit} triple for the warning-red pill.
Examples
iex> %ExRatatui.Text.Line{spans: spans} =
...>   BB.TUI.Theme.footer_line([{"Tab", "panel"}, {"q", "quit", :quit}])
iex> Enum.map_join(spans, "", & &1.content)
" Tab  panel  q  quit "

  



  
    
      
    
    
      gauge_filled_style()



        
          
        

    

  


  

      

          @spec gauge_filled_style() :: ExRatatui.Style.t()


      


Style for the gauge filled portion — green.
Examples
iex> BB.TUI.Theme.gauge_filled_style().fg
:green

  



  
    
      
    
    
      gauge_unfilled_style()



        
          
        

    

  


  

      

          @spec gauge_unfilled_style() :: ExRatatui.Style.t()


      


Style for the gauge unfilled portion — dark gray.
Examples
iex> BB.TUI.Theme.gauge_unfilled_style().fg
:dark_gray

  



  
    
      
    
    
      green()



        
          
        

    

  


  

      

          @spec green() :: ExRatatui.Style.color()


      


Green for armed/safe states.
Examples
iex> BB.TUI.Theme.green()
:green

  



  
    
      
    
    
      highlight_style()



        
          
        

    

  


  

      

          @spec highlight_style() :: ExRatatui.Style.t()


      


Highlight style for selected items.
Examples
iex> style = BB.TUI.Theme.highlight_style()
iex> style.fg
:cyan
iex> style.modifiers
[:bold]

  



    

  
    
      
    
    
      key_pill(label, kind \\ :default)



        
          
        

    

  


  

      

          @spec key_pill(String.t(), :default | :quit) :: ExRatatui.Text.Span.t()


      


Colored "key" pill — keys render bold over a colored background,
used in the status bar and help hints.
Pass :quit for the warning red pill (used for q); any other
atom uses the calm cyan pill.
Examples
iex> pill = BB.TUI.Theme.key_pill("Tab")
iex> pill.content
" Tab "
iex> pill.style.bg
:cyan

iex> pill = BB.TUI.Theme.key_pill("q", :quit)
iex> pill.style.bg
:red
iex> :bold in pill.style.modifiers
true

  



  
    
      
    
    
      magenta()



        
          
        

    

  


  

      

          @spec magenta() :: ExRatatui.Style.color()


      


Magenta for parameter values and accents.
Examples
iex> BB.TUI.Theme.magenta()
:magenta

  



  
    
      
    
    
      panel_badge_spans(n)



        
          
        

    

  


  

      

          @spec panel_badge_spans(pos_integer() | nil) :: [ExRatatui.Text.Span.t()]


      


Returns the solid-pill badge spans for a panel title. The number
renders bold-black over a cyan background, mirroring the footer
keybind pills so the global 1..5 shortcuts are unmistakable in
the panel header. Returns an empty list when n is nil, so
callers can safely splat the result even for panels that aren't on
the cycle ring.
Examples
iex> [%ExRatatui.Text.Span{content: " "}, %ExRatatui.Text.Span{content: " 3 ", style: style}, %ExRatatui.Text.Span{content: " "}] =
...>   BB.TUI.Theme.panel_badge_spans(3)
iex> style.bg
:cyan
iex> style.fg
:black
iex> :bold in style.modifiers
true

iex> BB.TUI.Theme.panel_badge_spans(nil)
[]

  



  
    
      
    
    
      panel_title_style()



        
          
        

    

  


  

      

          @spec panel_title_style() :: ExRatatui.Style.t()


      


Bold style for panel title text, so the panel name stands shoulder
to shoulder with the solid number pill rendered by
panel_badge_spans/1.
Examples
iex> BB.TUI.Theme.panel_title_style().modifiers
[:bold]

  



  
    
      
    
    
      path_style()



        
          
        

    

  


  

      

          @spec path_style() :: ExRatatui.Style.t()


      


Style for event path labels — blue.
Examples
iex> BB.TUI.Theme.path_style().fg
:blue

  



  
    
      
    
    
      proximity_color(arg1)



        
          
        

    

  


  

      

          @spec proximity_color(atom()) :: ExRatatui.Style.color()


      


Foreground color for a joint position bar based on its limit
proximity (the value returned by BB.TUI.State.limit_proximity/2).
	proximity	color
	:normal	green
	:warning	yellow
	:danger	red

Examples
iex> BB.TUI.Theme.proximity_color(:normal)
:green
iex> BB.TUI.Theme.proximity_color(:warning)
:yellow
iex> BB.TUI.Theme.proximity_color(:danger)
:red

  



  
    
      
    
    
      ready_style()



        
          
        

    

  


  

      

          @spec ready_style() :: ExRatatui.Style.t()


      


Bold style for ready commands — green.
Examples
iex> BB.TUI.Theme.ready_style().fg
:green

  



  
    
      
    
    
      red()



        
          
        

    

  


  

      

          @spec red() :: ExRatatui.Style.color()


      


Red for error states.
Examples
iex> BB.TUI.Theme.red()
:red

  



  
    
      
    
    
      safety_badge(other)



        
          
        

    

  


  

      

          @spec safety_badge(atom()) :: ExRatatui.Text.Span.t()


      


Color-coded safety badge — a single %Span{} pill that reads the
current safety state at a glance.
	state	bg	fg
	:armed	green	black
	:disarmed	none	dim
	:disarming	yellow	black
	:error	red	white

Examples
iex> badge = BB.TUI.Theme.safety_badge(:armed)
iex> badge.content
" ● ARMED "
iex> badge.style.bg
:green

iex> badge = BB.TUI.Theme.safety_badge(:error)
iex> badge.content
" ✖ ERROR "
iex> badge.style.bg
:red

iex> BB.TUI.Theme.safety_badge(:disarmed).style.bg
nil

  



  
    
      
    
    
      sim_style()



        
          
        

    

  


  

      

          @spec sim_style() :: ExRatatui.Style.t()


      


Style for simulated joint indicators — yellow.
Examples
iex> BB.TUI.Theme.sim_style().fg
:yellow

  



  
    
      
    
    
      tab_active_style()



        
          
        

    

  


  

      

          @spec tab_active_style() :: ExRatatui.Style.t()


      


Style for the active top-level tab in the tab bar.
Examples
iex> BB.TUI.Theme.tab_active_style().modifiers
[:bold]

  



  
    
      
    
    
      tab_inactive_style()



        
          
        

    

  


  

      

          @spec tab_inactive_style() :: ExRatatui.Style.t()


      


Style for inactive top-level tabs in the tab bar.
Examples
iex> BB.TUI.Theme.tab_inactive_style().fg
:dark_gray

  



  
    
      
    
    
      title_bg()



        
          
        

    

  


  

      

          @spec title_bg() :: ExRatatui.Style.color()


      


Deep Elixir/BB violet used as the title bar background.
The hue is inspired by the Elixir logo and the Beam Bots
hexdocs "purple" badge.
Examples
iex> BB.TUI.Theme.title_bg()
{:rgb, 78, 42, 90}

  



  
    
      
    
    
      title_fg()



        
          
        

    

  


  

      

          @spec title_fg() :: ExRatatui.Style.color()


      


Light lavender foreground used on top of the title bar background.
Examples
iex> BB.TUI.Theme.title_fg()
{:rgb, 230, 210, 245}

  



  
    
      
    
    
      unfocused_border_style()



        
          
        

    

  


  

      

          @spec unfocused_border_style() :: ExRatatui.Style.t()


      


Dim border style for inactive panels.
Examples
iex> BB.TUI.Theme.unfocused_border_style().fg
:dark_gray

  



  
    
      
    
    
      yellow()



        
          
        

    

  


  

      

          @spec yellow() :: ExRatatui.Style.color()


      


Yellow for transitional states (disarming).
Examples
iex> BB.TUI.Theme.yellow()
:yellow

  


        

      


  

    
BB.TUI.Panels.Visualization 
    



      
Visualization tab — renders the live robot in 3D via ExRatatui.Widgets.Viewport3D.
The scene is rebuilt from the current joint positions each render, so the robot
animates as sensor data arrives. Pure function: state + main Rect ->
[{widget, rect}].

      


      
        Summary


  
    Functions
  


    
      
        render_panes(state, area)

      


    





      


      
        Functions


        


  
    
      
    
    
      render_panes(state, area)



        
          
        

    

  


  

      

          @spec render_panes(
  BB.TUI.State.t(),
  struct()
) :: [{struct(), struct()}]


      



  


        

      


  

    
BB.TUI.Viz.RobotScene 
    



      
Builds an ExRatatui.ThreeD.Scene from a BB.Robot topology and live joint
positions, running forward kinematics.
The robot is Z-up (URDF); the whole tree is wrapped in a -90°-about-X root frame
so it renders in the engine's Y-up conventions. Pure: (robot_struct, positions)
in, Scene out.

      


      
        Summary


  
    Functions
  


    
      
        build(robot, positions, opts \\ [])

      


        Builds the 3D scene for robot at the given joint positions.



    


    
      
        default_camera()

      


        A sensible default orbit camera for the arm.



    





      


      
        Functions


        


    

  
    
      
    
    
      build(robot, positions, opts \\ [])



        
          
        

    

  


  

      

          @spec build(struct(), %{required(atom()) => number()}, keyword()) ::
  ExRatatui.ThreeD.Scene.t()


      


Builds the 3D scene for robot at the given joint positions.
Options: :lights and :background override the defaults.

  



  
    
      
    
    
      default_camera()



        
          
        

    

  


  

      

          @spec default_camera() :: ExRatatui.ThreeD.Camera.t()


      


A sensible default orbit camera for the arm.

  


        

      


  

    
BB.TUI.Robot 
    



      
Routing layer for BB.* calls used by the TUI.
When the TUI is launched against a remote BEAM node (via
BB.TUI.run(robot, node: :"robot@host")) all robot data needs to come
from that node — but the rendering, keyboard input and process state
live locally on the developer's machine. This module is the boundary
that decides where each call goes:
	node == nil — call the local BB.* module directly.
	node is a connected remote node atom — call via BB.TUI.Rpc,
a thin wrapper over :rpc.call/4 that exists so the cross-node
paths can be mocked in tests (:rpc itself is a sticky kernel
module that cannot be replaced at runtime).

PubSub across nodes
BB.PubSub is built on Registry, which is node-local, so we cannot
simply call BB.subscribe/2 from the dev node and expect to receive
messages published on the robot node. Instead subscribe/3 spawns a
small relay process on the remote node via Node.spawn_link/2. The
relay subscribes locally there and forwards every {:bb, _, _}
message back to the TUI process on the dev node.
This is the only "process with a runtime reason" introduced by the
remote path: it exists because we need (1) a place to receive PubSub
messages on the remote node and (2) fault isolation if the remote node
goes away (the link will tear it down on disconnect).

      


      
        Summary


  
    Types
  


    
      
        maybe_node()

      


        Either nil for local execution or a connected remote node.



    





  
    Functions
  


    
      
        arm(robot, node)

      


        Arms the robot.



    


    
      
        disarm(robot, node)

      


        Disarms the robot.



    


    
      
        discover_commands(robot, node)

      


        Returns the list of declared commands for the robot, normalized for the
UI. Returns [] if the command DSL is not available or raises.



    


    
      
        execute_command(robot, name, args, node)

      


        Executes a command on the runtime.



    


    
      
        force_disarm(robot, node)

      


        Force-disarms the robot from an error state.



    


    
      
        get_robot(robot, node)

      


        Returns the runtime robot struct (joints, actuators, etc.).



    


    
      
        list_bridges(robot, node)

      


        Returns the list of declared parameter bridges for the robot.



    


    
      
        list_parameters(robot, opts, node)

      


        Returns the parameter list (with metadata maps) for the robot.



    


    
      
        list_remote_parameters(robot, bridge_name, node)

      


        Lists parameters exposed by a remote bridge.



    


    
      
        positions(robot, node)

      


        Returns the latest joint positions known by the runtime.



    


    
      
        publish(robot, path, msg, node)

      


        Publishes a PubSub message under the robot's topic.



    


    
      
        runtime_state(robot, node)

      


        Returns the runtime state machine state.



    


    
      
        safety_state(robot, node)

      


        Returns the safety state of the robot.



    


    
      
        set_actuator(robot, actuator, position, node)

      


        Commands an actuator to a position.



    


    
      
        set_parameter(robot, path, value, node)

      


        Sets a parameter value.



    


    
      
        set_remote_parameter(robot, bridge_name, param_id, value, node)

      


        Sets a parameter value on a remote bridge.



    


    
      
        subscribe(robot, paths, node)

      


        Subscribes to one or more PubSub paths for the given robot.



    





      


      
        Types


        


  
    
      
    
    
      maybe_node()



        
          
        

    

  


  

      

          @type maybe_node() :: node() | nil


      


Either nil for local execution or a connected remote node.

  


        

      

      
        Functions


        


  
    
      
    
    
      arm(robot, node)



        
          
        

    

  


  

      

          @spec arm(module(), maybe_node()) :: term()


      


Arms the robot.

  



  
    
      
    
    
      disarm(robot, node)



        
          
        

    

  


  

      

          @spec disarm(module(), maybe_node()) :: term()


      


Disarms the robot.

  



  
    
      
    
    
      discover_commands(robot, node)



        
          
        

    

  


  

      

          @spec discover_commands(module(), maybe_node()) :: [map()]


      


Returns the list of declared commands for the robot, normalized for the
UI. Returns [] if the command DSL is not available or raises.
Each command map has the shape:
%{
  name: atom(),
  handler: term(),
  timeout: integer() | :infinity,
  allowed_states: [atom()],
  arguments: [%{name: atom(), type: String.t(), required: boolean(),
                default: term(), doc: String.t() | nil}]
}
Argument types are normalized to strings: "boolean", "integer",
"float", "atom", "string", or "enum:[a, b, c]". Mirrors
BB.LiveView.Components.Command so both UIs see the same shape.

  



  
    
      
    
    
      execute_command(robot, name, args, node)



        
          
        

    

  


  

      

          @spec execute_command(module(), atom(), map(), maybe_node()) ::
  {:ok, pid()} | {:error, term()}


      


Executes a command on the runtime.
Returns whatever the runtime returns — typically {:ok, pid} for the
command process, or {:error, reason}. Cross-node pids are tracked
transparently by the Erlang distribution layer.

  



  
    
      
    
    
      force_disarm(robot, node)



        
          
        

    

  


  

      

          @spec force_disarm(module(), maybe_node()) :: term()


      


Force-disarms the robot from an error state.

  



  
    
      
    
    
      get_robot(robot, node)



        
          
        

    

  


  

      

          @spec get_robot(module(), maybe_node()) :: term()


      


Returns the runtime robot struct (joints, actuators, etc.).

  



  
    
      
    
    
      list_bridges(robot, node)



        
          
        

    

  


  

      

          @spec list_bridges(module(), maybe_node()) :: [map()]


      


Returns the list of declared parameter bridges for the robot.
Each bridge is rendered down to %{name: atom(), simulation: atom()} for
the UI; the underlying BB.Dsl.Bridge struct is not exposed so callers
don't depend on Spark internals. Bridges where :simulation is :omit
while the robot is in simulation mode are filtered out (matching
bb_liveview's discovery rules).
Returns [] when the DSL is unavailable or raises.

  



  
    
      
    
    
      list_parameters(robot, opts, node)



        
          
        

    

  


  

      

          @spec list_parameters(module(), keyword(), maybe_node()) :: [{list(), term()}]


      


Returns the parameter list (with metadata maps) for the robot.

  



  
    
      
    
    
      list_remote_parameters(robot, bridge_name, node)



        
          
        

    

  


  

      

          @spec list_remote_parameters(module(), atom(), maybe_node()) ::
  {:ok, [map()]} | {:error, term()}


      


Lists parameters exposed by a remote bridge.
Returns the bridge's flat parameter list (each entry a map carrying
:id, :value, :type, optionally :min, :max, :doc). Returns
{:error, reason} when the bridge is unavailable or the call fails.

  



  
    
      
    
    
      positions(robot, node)



        
          
        

    

  


  

      

          @spec positions(module(), maybe_node()) :: %{required(atom()) => float()}


      


Returns the latest joint positions known by the runtime.

  



  
    
      
    
    
      publish(robot, path, msg, node)



        
          
        

    

  


  

      

          @spec publish(module(), list(), term(), maybe_node()) :: term()


      


Publishes a PubSub message under the robot's topic.

  



  
    
      
    
    
      runtime_state(robot, node)



        
          
        

    

  


  

      

          @spec runtime_state(module(), maybe_node()) :: atom()


      


Returns the runtime state machine state.

  



  
    
      
    
    
      safety_state(robot, node)



        
          
        

    

  


  

      

          @spec safety_state(module(), maybe_node()) :: atom()


      


Returns the safety state of the robot.

  



  
    
      
    
    
      set_actuator(robot, actuator, position, node)



        
          
        

    

  


  

      

          @spec set_actuator(module(), atom(), number(), maybe_node()) :: term()


      


Commands an actuator to a position.

  



  
    
      
    
    
      set_parameter(robot, path, value, node)



        
          
        

    

  


  

      

          @spec set_parameter(module(), list(), term(), maybe_node()) :: term()


      


Sets a parameter value.

  



  
    
      
    
    
      set_remote_parameter(robot, bridge_name, param_id, value, node)



        
          
        

    

  


  

      

          @spec set_remote_parameter(module(), atom(), term(), term(), maybe_node()) ::
  :ok | {:error, term()}


      


Sets a parameter value on a remote bridge.

  



  
    
      
    
    
      subscribe(robot, paths, node)



        
          
        

    

  


  

      

          @spec subscribe(module(), [list()], maybe_node()) :: :ok


      


Subscribes to one or more PubSub paths for the given robot.
Local node — calls BB.subscribe/2 for each path directly so messages
arrive at self().
Remote node — spawns a relay process on the remote node that subscribes
there and forwards every {:bb, _, _} message back to self().

  


        

      


  

    
BB.TUI.Rpc 
    



      
Thin wrapper around :rpc.call/4 and Node.spawn_link/2.
This module exists purely so the cross-node code paths in
BB.TUI.Robot can be exercised in tests by mocking a normal Elixir
module — :rpc itself is a sticky kernel module and cannot be
swapped out at runtime.
In production this is a transparent passthrough; in tests Mimic
replaces it.

      


      
        Summary


  
    Functions
  


    
      
        call(node, mod, fun, args)

      


        Synchronous remote function call. Mirrors :rpc.call/4.



    


    
      
        spawn_link(node, fun)

      


        Spawns a linked process on a remote node. Mirrors Node.spawn_link/2.



    





      


      
        Functions


        


  
    
      
    
    
      call(node, mod, fun, args)



        
          
        

    

  


  

      

          @spec call(node(), module(), atom(), [term()]) :: term()


      


Synchronous remote function call. Mirrors :rpc.call/4.

  



  
    
      
    
    
      spawn_link(node, fun)



        
          
        

    

  


  

      

          @spec spawn_link(node(), (-> any())) :: pid()


      


Spawns a linked process on a remote node. Mirrors Node.spawn_link/2.

  


        

      


  

    
Dev.Application 
    



      
Dev supervision tree for local mix/iex sessions.
Boots the simulated Dev.TestRobot under BB.Supervisor plus an
ExRatatui.Distributed.Listener pre-wired to BB.TUI.App.
Having the listener up at boot means any connected BEAM node can
attach with ExRatatui.Distributed.attach/2 without further setup
on the robot side — just start iex --sname robot -S mix on this
app and attach from a second node. See the README's
"Testing distribution locally" section for the two-terminal recipe.

      




  

    
Dev.CalibrateHandler 
    



      
Dev-only command handler that sleeps for a couple of seconds before
succeeding. Useful for eyeballing the executing-command throbber and
the events panel's command.started/command.succeeded pair without
a real long-running operation.
Runs in its own command process spawned by BB.Command, so the
sleep does not block the TUI runtime.

      




  

    
Dev.DiagnosticsHandler 
    



      
Dev-only command that publishes one of each newly-surfaced diagnostic
message so they appear in the Events panel:
	a BB.Safety.HardwareError on [:safety, :error] — the detail behind an
error badge. This publishes the report directly and does not trip
the safety state machine; production errors arrive via
BB.Safety.report_error/3, which also forces a disarm.
	an estimator BB.Message.Estimator.Pose on [:estimator, :base_link].

Both subtrees are subscribed by BB.TUI.App but not modelled in dedicated
state, so they flow through the event log's catch-all. Run this to confirm
the surfacing end to end.
Goal shape: %{} (no arguments).

      




  

    
Dev.EchoHandler 
    



      
No-op command handler for dev/UI testing. Echoes the goal map back as
the result, and returns the state machine to the robot's initial
operational state so the runtime doesn't park in :executing
forever. Use only from the dev tree.

      




  

    
Dev.MockBridge 
    



      
Development-only BB.Bridge implementation that exposes a small set
of pretend remote parameters with in-memory writes.
Useful for exercising bb_tui's Bridge tab UI end-to-end without
connecting to a real flight controller or GCS:
iex> {:ok, params} = BB.Parameter.list_remote(Dev.TestRobot, :mavlink)
iex> BB.Parameter.set_remote(Dev.TestRobot, :mavlink, "PITCH_P", 0.42)
:ok
Storage is per-process and resets on bridge restart. Param shape
mirrors bb_liveview's expected map keys (:id, :value, :type,
:min, :max, :doc) so both dashboards consume the same payload.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  


        

      


  

    
Dev.MoveHandler 
    



      
Dev/UI command handler that drives a single joint by publishing a
synthetic JointState sensor message on [:sensor, :simulated].
This mirrors BB.LiveView.Components.JointControl.send_simulated_position/3
in bb_liveview — when no real actuator is wired up (as in our dev
robot and the default mix bb.add_robot scaffold), publishing a
fake JointState is the pragmatic way to feed position updates
into the dashboard's joints panel. No need for actuator
declarations or simulation: :kinematic.
Returns the state machine to the robot's initial operational state
so the runtime doesn't park in :executing.
Goal shape: %{joint: atom(), angle: float()}.

      




  

    
Dev.PowerHandler 
    



      
Dev-only command that emits a short battery + power telemetry sweep on
[:sensor, :battery_bus], draining a simulated pack from ~95% to ~10%
over ~2s so the status bar's battery readout shifts green → yellow → red.
A real robot publishes BB.Message.Sensor.BatteryState (and/or
BB.Message.Sensor.PowerState) continuously from its power monitor; this
handler fakes that stream on demand so the status-bar indicator is
demonstrable without hardware. Because every reading shares the same
{path, payload-type} key, the event log collapses the burst to one
debounced row per second while the status bar tracks the live value.
Runs in its own command process (so the TUI keeps rendering), returning the
state machine to its initial operational state when done.
Goal shape: %{} (no arguments).

      




  

    
Dev.StreamHandler 
    



      
Dev-only command that emits a high-rate burst of synthetic JointState
sensor messages on [:sensor, :simulated], sweeping a joint through a
sine motion for ~2s at ~100Hz.
Its purpose is to make the dashboard's high-rate handling visible: the
joints panel animates smoothly because sensor-driven renders are
coalesced to ~30fps, while the event log shows a single debounced
JointState row per second instead of hundreds. Run it from the
Commands panel and watch the Events count stay calm while the joint
bar sweeps.
Mirrors Dev.MoveHandler's publish pattern; the burst runs in the
command's own process (so the TUI keeps rendering), returning the state
machine to its initial operational state when done.
Goal shape: %{joint: atom()}.

      




  

    
Dev.TestRobot 
    



      
A simulated WidowX-200 style robot arm for development.
Based on the WidowX-200 5-DOF robot arm kinematic structure but without
any hardware controllers — purely for TUI development and testing.

      


      
        Summary


  
    Functions
  


    
      
        __bb_default_parameters__()

      


        Returns default parameter values.



    


    
      
        __bb_parameter_schema__()

      


        Returns the parameter schema for validation.



    


    
      
        calibrate(goal \\ [])

      


        Execute the calibrate command.



    


    
      
        child_spec(opts \\ [])

      


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



    


    
      
        diagnostics(goal \\ [])

      


        Execute the diagnostics command.



    


    
      
        home(goal \\ [])

      


        Execute the home command.



    


    
      
        log(goal \\ [])

      


        Execute the log command.



    


    
      
        move(goal \\ [])

      


        Execute the move command.



    


    
      
        power(goal \\ [])

      


        Execute the power command.



    


    
      
        robot()

      


        Returns the optimised robot representation.



    


    
      
        start_link(opts \\ [])

      


        Starts the robot's supervision tree.



    


    
      
        stream(goal \\ [])

      


        Execute the stream command.



    


    
      
        wobble(goal \\ [])

      


        Execute the wobble command.



    





      


      
        Functions


        


  
    
      
    
    
      __bb_default_parameters__()



        
          
        

    

  


  

      

          @spec __bb_default_parameters__() :: [{[atom()], term()}]


      


Returns default parameter values.
Returns a list of {path, value} tuples for parameters that have defaults.

  



  
    
      
    
    
      __bb_parameter_schema__()



        
          
        

    

  


  

      

          @spec __bb_parameter_schema__() :: [{[atom()], keyword()}]


      


Returns the parameter schema for validation.
The schema is a list of {path, opts} tuples where opts is a keyword
list compatible with Spark.Options.

  



    

  
    
      
    
    
      calibrate(goal \\ [])



        
          
        

    

  


  

      

          @spec calibrate(keyword()) :: {:ok, pid()} | {:error, term()}


      


Execute the calibrate command.
Returns
	{:ok, pid()} - Command started, use BB.Command.await/2 for the result
	{:error, term()} - Command could not be started

Example
{:ok, cmd} = calibrate(goal_args)
{:ok, result} = BB.Command.await(cmd)

  



    

  
    
      
    
    
      child_spec(opts \\ [])



        
          
        

    

  


  

      

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


      


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

  



    

  
    
      
    
    
      diagnostics(goal \\ [])



        
          
        

    

  


  

      

          @spec diagnostics(keyword()) :: {:ok, pid()} | {:error, term()}


      


Execute the diagnostics command.
Returns
	{:ok, pid()} - Command started, use BB.Command.await/2 for the result
	{:error, term()} - Command could not be started

Example
{:ok, cmd} = diagnostics(goal_args)
{:ok, result} = BB.Command.await(cmd)

  



    

  
    
      
    
    
      home(goal \\ [])



        
          
        

    

  


  

      

          @spec home(keyword()) :: {:ok, pid()} | {:error, term()}


      


Execute the home command.
Returns
	{:ok, pid()} - Command started, use BB.Command.await/2 for the result
	{:error, term()} - Command could not be started

Example
{:ok, cmd} = home(goal_args)
{:ok, result} = BB.Command.await(cmd)

  



    

  
    
      
    
    
      log(goal \\ [])



        
          
        

    

  


  

      

          @spec log(keyword()) :: {:ok, pid()} | {:error, term()}


      


Execute the log command.
Arguments
	message: :string, default: "hello" - Free-form note attached to the entry.
	level: :integer, default: 1 - Severity 1..5; higher is louder.

Returns
	{:ok, pid()} - Command started, use BB.Command.await/2 for the result
	{:error, term()} - Command could not be started

Example
{:ok, cmd} = log(goal_args)
{:ok, result} = BB.Command.await(cmd)

  



    

  
    
      
    
    
      move(goal \\ [])



        
          
        

    

  


  

      

          @spec move(keyword()) :: {:ok, pid()} | {:error, term()}


      


Execute the move command.
Arguments
	joint: {:in, [:waist, :shoulder, :elbow, :wrist_angle, :wrist_rotate, :gripper]}, default: :waist - Joint to drive.
	angle: :float, default: 0.0 - Target joint angle, in radians.

Returns
	{:ok, pid()} - Command started, use BB.Command.await/2 for the result
	{:error, term()} - Command could not be started

Example
{:ok, cmd} = move(goal_args)
{:ok, result} = BB.Command.await(cmd)

  



    

  
    
      
    
    
      power(goal \\ [])



        
          
        

    

  


  

      

          @spec power(keyword()) :: {:ok, pid()} | {:error, term()}


      


Execute the power command.
Returns
	{:ok, pid()} - Command started, use BB.Command.await/2 for the result
	{:error, term()} - Command could not be started

Example
{:ok, cmd} = power(goal_args)
{:ok, result} = BB.Command.await(cmd)

  



  
    
      
    
    
      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.Dev.TestRobot.robot()
link = BB.Robot.get_link(robot, :base_link)
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.

  



    

  
    
      
    
    
      stream(goal \\ [])



        
          
        

    

  


  

      

          @spec stream(keyword()) :: {:ok, pid()} | {:error, term()}


      


Execute the stream command.
Arguments
	joint: {:in, [:waist, :shoulder, :elbow, :wrist_angle, :wrist_rotate, :gripper]}, default: :waist - Joint to sweep.

Returns
	{:ok, pid()} - Command started, use BB.Command.await/2 for the result
	{:error, term()} - Command could not be started

Example
{:ok, cmd} = stream(goal_args)
{:ok, result} = BB.Command.await(cmd)

  



    

  
    
      
    
    
      wobble(goal \\ [])



        
          
        

    

  


  

      

          @spec wobble(keyword()) :: {:ok, pid()} | {:error, term()}


      


Execute the wobble command.
Returns
	{:ok, pid()} - Command started, use BB.Command.await/2 for the result
	{:error, term()} - Command could not be started

Example
{:ok, cmd} = wobble(goal_args)
{:ok, result} = BB.Command.await(cmd)

  


        

      


  

    
Dev.WobbleHandler 
    



      
Dev-only command handler that always fails. Useful for eyeballing the
Events panel's failure rendering and the Commands panel's
{:error, _} result formatting without driving a real fault.
Returns the state machine to the robot's initial operational state so
the runtime doesn't park in :executing on repeated invocations.

      




  

    
mix bb.tui 
    



      
Starts the terminal dashboard for a Beam Bots robot.
$ mix bb.tui --robot MyApp.Robot

The dashboard connects to a running robot's supervision tree and
displays safety controls, runtime state, joint positions, event
stream, and available commands.
Options
	--robot — (required) The robot module to connect to.
	--node — (optional) Connected remote node atom. When set, the
TUI renders on the local terminal but pulls all data and dispatches
all commands across distribution. The dev node must already be
connected to the remote node (e.g. via --sname/--name and
Node.connect/1).
	--ssh — (optional) Start an SSH daemon instead of a local
terminal. Each connecting SSH client gets its own isolated
dashboard session.
	--port — (optional) TCP port for the SSH daemon (default 2222).
Ignored unless --ssh is set.

Examples
# Local
$ mix bb.tui --robot MyApp.Robot

# Remote — render here, data from there
$ iex --name dev@127.0.0.1 --cookie secret -S mix bb.tui \
    --robot MyApp.Robot --node robot@192.168.1.42

# SSH daemon — accessible from any SSH client
$ mix bb.tui --robot MyApp.Robot --ssh
$ mix bb.tui --robot MyApp.Robot --ssh --port 3333
Keybindings
Global
	q — quit
	Tab — cycle active panel
	? — toggle help overlay
	a — arm robot
	d — disarm robot
	f — force disarm (error state only)

Events panel
	j / Down — scroll down
	k / Up — scroll up
	Enter — show event details
	p — pause / resume stream
	c — clear events

Commands panel
	j / Down — select next command
	k / Up — select previous command
	Enter — execute selected command

Joints panel
	j / Down — select next joint
	k / Up — select previous joint
	l / Right — increase position (1% step)
	h / Left — decrease position (1% step)
	L — increase position (10% step)
	H — decrease position (10% step)

Parameters panel
	j / Down — select next parameter
	k / Up — select previous parameter
	l / Right — increase value (+1 int, +0.1 float)
	h / Left — decrease value (-1 int, -0.1 float)
	L — increase value x10
	H — decrease value x10
	Enter — toggle boolean parameter


      




  

    
mix bb_tui.install 
    



      
Installs BB.TUI into a project
Imports the package's formatter rules and prints a launch notice for
the configured robot module.
When no robot module is present yet, the installer offers to compose
bb.install to scaffold one. Pass --auto-bb to skip the prompt in
non-interactive contexts.
With --ssh, the installer appends a supervised {BB.TUI, robot: …}
child to the application that boots an SSH daemon on application
start. Use this when the dashboard should be reachable remotely.
With --nerves, the installer registers BB.TUI.subsystem/1 under
config :nerves_ssh, :subsystems in config/runtime.exs. Use this
on Nerves devices that already run nerves_ssh so the dashboard
rides on the existing daemon instead of opening a second SSH port.
Without --ssh or --nerves, no supervision is wired up: launch
the dashboard on demand with mix bb.tui or BB.TUI.run/1 from
IEx. Auto-claiming the local terminal would fight an IEx session
for stdin/stdout.
Examples
mix igniter.install bb_tui
mix igniter.install bb_tui --robot MyApp.Arm
mix igniter.install bb_tui --auto-bb
mix igniter.install bb_tui --ssh
mix igniter.install bb_tui --ssh --port 2222
mix igniter.install bb_tui --ssh --user pilot --password secret
mix igniter.install bb_tui --nerves

Options
	--robot - The robot module (defaults to {AppPrefix}.Robot).
	--auto-bb - When the robot module is missing, compose bb.install
without prompting.
	--ssh - Append a supervised SSH-mode {BB.TUI, …} child to the
application's supervision tree. Idempotent.
	--port - SSH daemon port (default 2222). Ignored without --ssh.
	--user - SSH username (default admin). Ignored without --ssh.
	--password - SSH password (default admin). Ignored without --ssh.
	--nerves - Append BB.TUI.subsystem(<Robot>) to
config :nerves_ssh, :subsystems in config/runtime.exs. Idempotent.
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