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    RasterExRatatui
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Render ExRatatui apps on pixel displays such as e-ink panels, with helpers for Linux framebuffers.
A terminal paints glyphs for us. A panel with nothing but pixels does not, so something has to turn every cell (a symbol, a foreground, a background) into pixels, and blit the bitmaps that Viewport3D and Image render. RasterExRatatui is that something. It sits on top of an ExRatatui.CellSession, keeps the cell grid and the pixel regions of the current frame, and hands the device only the rectangles that changed, already packed in the panel's pixel format.
Flow
flowchart LR
  app("ExRatatui app") --> server["ExRatatui.Server"]
  server -- "cell diff<br/>cells + pixel regions" --> raster["Raster<br/>font × palette × format × scale"]
  raster -- "changed rectangles<br/>%Patch{}" --> push[["push/2"]]
  push --> panel[/"the panel"/]
  input[/"keyboard, touch<br/>Input.Devices"/] -- "key and mouse events" --> server
A surface (or a Session in a process the device already has) runs the app and owns this loop; the panel only ever sees packed pixels, in its own orientation.
Features
	A framebuffer is one line — use RasterExRatatui.Framebuffer.Surface, app: MyApp: geometry and format from sysfs, a font scale to match, the console detached, the keyboard found and found again, the app restarted when it quits.
	Any other panel is one module — use RasterExRatatui.Surface, return the panel geometry from init/1, write pixels in push/2. The surface process starts the app, folds diffs, rasterises, and forwards input.
	Rotation — rotate: 90 turns the app for a panel mounted on its side; the panel is still written in its own orientation.
	Patches, not frames — only changed cells (and changed pixel regions) are rasterised and pushed; Raster.frame/1 renders a full buffer for panels that want one.
	Pixel regions — Viewport3D and Image arrive as RGB bitmaps and are scaled onto their cell rect at the panel's native resolution.
	Pixel formats — Mono (1-bit panels: tone rules for cells, Bayer dither for regions), RGB565, and XRGB8888, with a palette for named, indexed, and RGB colours.
	Fonts — a built-in 6×8 bitmap font with box drawing, blocks, and braille, an integer scale: for large panels, and a Font behaviour to bring another.
	Keyboards and touch — Input.Devices finds, grabs, and re-finds evdev keyboards and touch panels; Input.Evdev and Input.Touch turn their events into the key and mouse events a terminal would send, taps landing on the right cell at any rotation.
	Device helpers — Framebuffer for Linux fbdev: geometry from sysfs, stride-aware writes.
	Own process — Session runs the app on a raster from a process the consumer already has; Raster, Grid, fonts, and formats underneath are plain functions.
	Snapshots — Raster.to_png/1 writes what the panel shows as a PNG, for tests and debugging.

Installation
Add raster_ex_ratatui to the dependencies in mix.exs:
def deps do
  [
    {:raster_ex_ratatui, "~> 0.4"}
  ]
end
Prerequisites
	Elixir 1.17+
	ex_ratatui 0.18 or later (pixel regions: CellSession.new/3 with font_size:; native region packing with ExRatatui.Pixels.pack_rgb8/5)

Quick start
The app needs no change: it is a plain use ExRatatui.App that renders widgets exactly as it would in a terminal, so build and try it there first.
A Linux framebuffer (a Raspberry Pi with a display, on Nerves) is one module and a child in the supervision tree:
defmodule MyDevice.Surface do
  use RasterExRatatui.Framebuffer.Surface, app: MyDevice.App, rotate: 90
end
It waits for /dev/fb0, reads the panel's size and depth from sysfs, picks the pixel format and a font scale, keeps the kernel console off the display, reads the first USB keyboard (and the touch panel, with touch: true) through input_event in the deps, and restarts the app when it quits. Every default is an option or an override. Nerves Quick Start goes from mix nerves.new to the panel; Linux Framebuffers has the details.
Any other panel (an SPI LCD, an e-ink controller) answers three questions in its own surface: how big it is, how its pixels are packed, and how bytes reach it.
defmodule MyDevice.Surface do
  use RasterExRatatui.Surface, app: MyDevice.App, format: RasterExRatatui.PixelFormat.RGB565

  @impl true
  def init(_opts), do: {:ok, [size: {480, 320}], MyDevice.LCD.open!()}

  @impl true
  def push(patches, lcd) do
    Enum.each(patches, &MyDevice.LCD.write(lcd, &1.x, &1.y, &1.width, &1.height, &1.data))
    lcd
  end
end
Input is whatever reads the hardware, turned into ExRatatui.Event structs and handed to RasterExRatatui.Surface.send_event/2. Building a Surface covers whole-frame panels, slow refreshes, crashes, rotation, and testing on the host. A device already driven from its own process starts a RasterExRatatui.Session there instead of a surface.
Examples
The examples folder has a headless snapshot script, a benchmark, a Nerves project for a Raspberry Pi display with keyboard and touch, and an e-ink name badge; its README says what each one shows and how to run it.
Guides
	Guide	Description
	Nerves Quick Start	From mix nerves.new to an app on a Raspberry Pi's display with keyboard and touch, the build traps, and first checks
	Building a Surface	The contract: geometry, push, input, crashes, rotation, testing, Session for an own process, and a 1-bit e-ink consumer
	Fonts	The glyph layout, the built-in 6×8 font, scale, and bringing a font
	Pixel Formats	Mono tone rules and dithering, colour palettes, writing a format
	Linux Framebuffers	Framebuffer.Surface and what it is made of: device geometry, writes, the kernel console, keyboards, and touch
	Telemetry	Rasterisation, push, and input events with a Telemetry.Metrics example

Ecosystem
	ex_ratatui — The core terminal UI library this builds on.
	phoenix_ex_ratatui — Run TUIs in the browser within Phoenix LiveView.
	kino_ex_ratatui — Run TUIs inside Livebook notebooks.

Contributing
See CONTRIBUTING.md for development setup and guidelines.
License
MIT — see LICENSE.


  

    Contributing to RasterExRatatui

Thanks for the interest in contributing!
RasterExRatatui is built on ExRatatui. Consider contributing to the upstream library too when a feature is missing or something is not working. Contributions are welcome everywhere!
This guide covers the setup.
Setup
	Clone the repo:

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

	Prerequisites:

	Elixir 1.17+ and Erlang/OTP 26+.
	No device: the library is pure Elixir, and every test runs on the host against a headless ExRatatui.CellSession.
	No Rust toolchain: ex_ratatui ships a precompiled NIF. Make sure EX_RATATUI_BUILD is not set in the environment, or ex_ratatui will build its NIF from source instead.

	Fetch dependencies:

mix deps.get

Running Tests
mix test
mix test --cover        # must report 100.00% Total

The suite never touches a terminal or a display. Rasterisation is tested against cell diffs taken from a real ExRatatui.CellSession (created with font_size:, so Viewport3D and Image produce pixel regions), and the device helpers (RasterExRatatui.Framebuffer) take their file access as an injected module, so they are covered without /dev/fb0. Property-based invariants via stream_data run as part of the regular mix test.
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 following pass:
mix format --check-formatted
mix compile --warnings-as-errors
mix credo --strict
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, guides, 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
0.4.0 - 2026-10-23
Added
	PixelFormat.native_format/1, an optional callback naming the ExRatatui.Pixels format whose bytes match the format's rgb_pixel/6. RGB565 returns :rgb565, XRGB8888 :xrgb8888, and Mono :mono_bayer4 (its region dither; cells keep the tone rules). PixelFormat.native_format/2 returns nil for a format that does not define it.

Changed
	Pixel regions are packed natively. A region used to be sampled onto its rect, turned, and then packed into the panel's format one row at a time in Elixir, which was most of what a region cost: about 20–30 ns a pixel on a laptop and ~130 on a Raspberry Pi 4. The raster now does all of it in one pass with ExRatatui.Pixels.pack_rgb8/5 (new in ex_ratatui 0.18), and flat, turned and scaled regions cost the same. On this host a 696×480 RGB565 region went from 8.5 ms to 0.6 ms flat and from 10.3 ms to 0.6 ms turned, and a 1080×1000 XRGB8888 one from 30.5 ms to 2.5 ms. The output is byte for byte what it was, at every angle and scale. A custom format without native_format/1 still gets the sampling and rotation natively and packs through its rgb_row/4 (or rgb_pixel/6) as before.
	Requires ex_ratatui ~> 0.18, for ExRatatui.Pixels.pack_rgb8/5.

0.3.1 - 2026-10-05
Changed
	Requires ex_ratatui ~> 0.17. Firmware builds no longer pick up the host's NIF, so the Nerves Quick Start drops the step that deleted it.

0.3.0 - 2026-09-21
Changed
	A pixel region on a turned panel costs about what it costs on a flat one. Until now a rotated region was gathered pixel by pixel in Elixir — a panel row is a column of the app's image, so each row of the patch was assembled with one binary_part per pixel — which made a region roughly twice as expensive turned as flat. The raster now samples the bitmap onto its rect in the app's orientation, turns it in one pass with ExRatatui.Pixels.rotate_rgb8/4 (new in ex_ratatui 0.15), and packs whole panel rows through the format's rgb_row/4, which is the same path a flat region already took. On this host one 954×528 XRGB8888 region went from 20.0 ms to 12.4 ms at 90 and from 21.3 ms to 13.6 ms at 270, against 10.4 ms flat; the rotation itself is 0.4 ms of that. On a Raspberry Pi 4 with the Touch Display 2 at rotate: 90, the dashboard's Showcase tab went from a 95 ms to a 55 ms median raster per frame. The output is byte for byte what it was, at every angle and every scale. Packing stays in Elixir and is now most of what a region costs, turned or not.
	Requires ex_ratatui ~> 0.15, for ExRatatui.Pixels.rotate_rgb8/4.

Removed
	The rotated region fast path and its helpers (column/3, reverse_rows/2, and the per-pixel gather/3), which the native rotation replaces. Private, so nothing to migrate.

0.2.1 - 2026-09-19
Fixed
	Touch panels produced no mouse events through input_event. input_event delivers one evdev frame per message and drops the syn_report that ends it, and RasterExRatatui.Input.Touch only emitted on a syn_report, so it followed the finger and never reported it. Input.Touch.translate_all/2 now takes the end of its list as the end of a frame (an explicit syn_report still ends one too), and the tests feed frames in the shape input_event sends, including a tap captured on a Raspberry Pi Touch Display 2.

0.2.0 - 2026-09-19
Migration
Nothing breaks for consumers of the documented API. Two things to know:
	Apps started by a surface or a session receive a surface: key in their mount/1 (or reducer init/1) options. An app that already used app_opts: [surface: ...] for something else gets the library's map instead; rename that option.
	%RasterExRatatui.Raster{} has two new enforced fields, :logical_size and :rotate. Code that builds the struct by hand instead of calling Raster.new/1 has to add them.

Added
	RasterExRatatui.Framebuffer.Surface: a complete surface for a Linux framebuffer in one use: use RasterExRatatui.Framebuffer.Surface, app: MyApp, rotate: 90 waits for /dev/fb0, reads its geometry from sysfs, picks the format from the depth and the scale from the long side (RasterExRatatui.Framebuffer.auto_scale/2, new), detaches the framebuffer console, reads the keyboard through Input.Devices, writes with Framebuffer.write/2, and restarts the app when it quits (on_app_exit: :restart by default). Every option is documented in its moduledoc; init/1, push/2, handle_info/2, and terminate/2 are overridable and each default is a public function an override can call. Without input_event in the deps it logs once and runs without input.
	RasterExRatatui.Session: the surface without the process, for a consumer that already owns one. start/2 creates the cell session for a raster and starts the app server linked to the caller; every render arrives as a {RasterExRatatui.Session, ref, diff} message that handle/2 folds (together with every render of the session still waiting) into patches, or {:exit, reason, session} when the app exits; await/2 waits for the first frame; keep_frame: true keeps a whole frame current for frame/1; send_event/2, resize/2, stop/1, and drain/2 + render/2 as the two halves of handle/2. RasterExRatatui.Surface is now built on it.
	rotate: 0 | 90 | 180 | 270 on RasterExRatatui.Raster.new/1, RasterExRatatui.Session.start/2's raster, and RasterExRatatui.Surface, for a panel mounted on its side: the app's image is turned clockwise on its way to the panel. :size stays the physical panel and so do every patch, frame/1, and resize/2, so consumers' push/2 and Framebuffer.write/2 are untouched; the grid, the new Raster.logical_size/1, and margin/1 follow the turned image. Glyph blocks are rotated once into the cache, runs of cells become vertical strips, and regions are gathered already turned (a bitmap at panel size turned by 90 or 270 is gathered one column per panel row in a single bit-syntax pass); dithering and checkerboards stay anchored to the panel's pixels. Cells cost the same turned as flat; a turned pixel region costs about 1.6× a flat one on the host and 2× on a Raspberry Pi 4, the price of gathering it pixel by pixel in Elixir. Raster.rotate/1 reports the angle, and surface: carries it to the app.

	RasterExRatatui.Input.Touch: a pure translator from evdev touch events (multitouch type B, or single-touch abs_x/abs_y with btn_touch) to ExRatatui.Event.Mouse events on the cell under the first finger: "down" and "up" for a tap, "drag" when the finger moves into another cell, nothing in the margins, a second finger ignored. Axes are scaled to the panel's pixels and the cell comes from a cell_at: function, normally Raster.cell_at/2, so rotation is handled; swap_xy:, invert_x:, invert_y: cover a controller that does not follow the panel. Input.Devices reads a touch panel with touch: true (found by touch_path/1, axes from touch_axes/1, grabbed, found again after an unplug) given size: and cell_at:, and Framebuffer.Surface passes both from its own geometry, so touch: true there is all a Raspberry Pi with the Touch Display 2 needs.
	RasterExRatatui.Input.Devices: the evdev device owner a Linux surface needs, process-less and embeddable. new/1 + start/1 look for the keyboard (the first device reporting letter keys, or a given path), start an input_event reader on it with the device grabbed, translate its events through Input.Evdev, and look again every retry_ms: while there is none: at boot, and after an unplug, with the modifiers released. handle_info/2 takes every message of the owning process and returns {:events, keys, devices}, {:noreply, devices}, or :unknown; stop/1 stops the readers. input_event stays the consumer's dependency: start/1 returns {:error, :input_event_missing} without it. Pure helpers keyboard_path/1, touch_path/1, and touch_axes/1 pick devices out of InputEvent.enumerate/0. Moved out of the rpi_framebuffer example, which adopts it with the one-use framebuffer surface.
	on_app_exit: :stop | :restart on RasterExRatatui.Surface. :stop (the default) is today's behaviour: the surface exits with the app's reason and its supervisor decides. :restart keeps the surface and its raster, starts the app again at once on a fresh cell session, and lets the new app's first render repaint the panel, for a panel that has nothing else to show. A crash loop does not spin: more than max_restarts: crashes (default 3) within max_seconds: (default 5) stop the surface with the app's reason after all, so its supervisor takes over; quits on purpose are never counted. Both policies report the exit as the new [:raster_ex_ratatui, :app, :exit] telemetry event, with the :reason and the :action taken; the default logger prints it.

	The app's mount/1 (or reducer init/1) options always include surface:, a map with the panel :size in pixels, the effective :cell_size, the :grid_size in cells, the :format, the :scale, and the :rotate angle, so an app can lay itself out for the panel it runs on instead of assuming a cell size.
	RasterExRatatui.Raster.cell_at/2: the cell under a physical panel pixel, {col, row} or :outside (margins, off the panel), whatever the rotation; the inverse mapping a touch controller reporting panel coordinates needs.
	RasterExRatatui.Raster.to_png/1: the whole panel as a PNG (8-bit RGB, physical size), pure Elixir with :zlib, for tests and debugging. It unpacks pixels through the new optional RasterExRatatui.PixelFormat.unpack_row/2 callback, which Mono, RGB565, and XRGB8888 implement; a format without it raises ArgumentError naming the callback.
	RasterExRatatui.Telemetry.probe/3 watches a surface for a few seconds from IEx and reports the raster and push spans (count, median, p90, max) and the surface's mailbox before and after, the quickest way to tell whether a panel keeps up with its app.
	RasterExRatatui.Raster.apply/2 takes a list of payloads and rasterises them as one: the grid is folded through all of them first, so a cell or region that changed several times is drawn once, in its final state. The patches are those of the last state only.
	RasterExRatatui.PixelFormat gains an optional rgb_row/4 callback that packs a whole row of region pixels in one call, plus RasterExRatatui.PixelFormat.rgb_row/5, the per-pixel fallback the raster uses for formats without one. Mono, RGB565, and XRGB8888 implement it.
	examples/rpi_framebuffer: a Nerves project that puts a dashboard on a Raspberry Pi's /dev/fb0 with a USB keyboard, through one use RasterExRatatui.Framebuffer.Surface. The panel's size, pixel format, and font scale are read from sysfs, so the same firmware fits the DSI Touch Display 2 (turned landscape with rotate:) and an HDMI monitor. The app is a two-tab dashboard (pixel regions, keyboard test) that reads its cell size from the surface: option and also runs in a terminal.
	examples/e_ink: the e-ink name badge, the consumer that runs its apps with RasterExRatatui.Session from its own screen process instead of a surface.
	The Nerves Quick Start guide: from mix nerves.new to an app on a Raspberry Pi's display with keyboard and touch, the build traps (OTP-matched Elixir, the host NIF in firmware builds), first checks over SSH, and what to do when the panel stays dark.

Fixed
	RasterExRatatui.Raster.resize/2 no longer calls the format's init/1 a second time with empty options (it reuses the raster's config), so formats whose init/1 rejects [] survive a resize.
	RasterExRatatui.Raster.new/1 raises ArgumentError for a missing :size or :format, and for a :size that is not a pair of positive integers, instead of KeyError or MatchError. A RasterExRatatui.Surface whose init/1 returns something other than {:ok, opts, state} or {:stop, reason} raises ArgumentError naming the module and the value, instead of FunctionClauseError.
	RasterExRatatui.Input.Evdev.translate_all/2 accepts the :disconnect that input_event sends in place of the event list when a device goes away: held modifiers are released and no keys are produced. The Linux Framebuffers guide's surface sketch handles it, and stops its reader in terminate/2: a reader that is only linked survives a surface that stops normally (its app quit) and keeps its grab on the keyboard, so the next surface's reader was disconnected at once, and the rpi_framebuffer example crashed on that message three times and took the application down. The example now does both.

Changed
	The child spec that use RasterExRatatui.Surface generates sets :shutdown to shutdown_timeout + 1_000 instead of the default 5 seconds, so raising shutdown_timeout: no longer lets the supervisor kill the surface in the middle of the consumer's terminate/2.
	RasterExRatatui.Raster.frame/1 composes each row from its patches without copying the row once per patch (a scanline sweep over the few patches instead of a map of every slice): a flat 1920×1080 frame takes 23 ms instead of 30 on the host, and a rotated one 38 ms instead of 148.
	push_mode: :frame applies each render's patches to a frame the surface keeps (RasterExRatatui.Session's keep_frame:) instead of rasterising the patches and then rendering the whole panel again; the frame pushed is the same.
	Region rasterisation goes row by row: the raster hands each source row to the format's rgb_row/4 instead of calling rgb_pixel/6 per pixel, gathers scaled rows once instead of per pixel, and reuses a source row an upscaled region repeats. A 954×528 region costs 14 ms instead of 35 on the host; on a Raspberry Pi 4 a 696×480 Viewport3D region went from 184 ms to 43 ms per frame.
	The surface process folds renders instead of queuing them. When a diff arrives, every diff already waiting in the mailbox goes with it through one Raster.apply/2 and one push, right away; before, each diff was rasterised on its own and the push went through a self-sent message that queued behind every render still waiting, so a panel whose raster took longer than the app's tick fell further behind on every frame (on a Raspberry Pi 4 with a turning Viewport3D region: one push every ~5 s, ~28 stacked copies of the same rectangle per push, and key presses ~5 s late). Now the panel shows fewer, later frames and input never waits behind stale renders. min_interval: holds the batch back on a timer instead of rasterising in between. The [:raster_ex_ratatui, :frame, :raster] :stop metadata gains :diffs, how many were folded into the call.
	RasterExRatatui.Raster.apply/2 rasterises only the pixel regions that are new or changed, instead of every region whenever the region list changed. A still Image next to an animated Viewport3D is now rasterised once, which halves the per-frame cost of that layout. Overlapping regions stay correct: an unchanged region that touches a repainted area is repainted with it, in list order, and unchanged regions that swap order are all repainted. Patches still reproduce frame/1 exactly.
	examples/README.md is a catalogue page with a row per example; the device examples carry their own READMEs. The Linux Framebuffers and Building a Surface guides point at them.

0.1.0 - 2026-09-15
Added
	First release. raster_ex_ratatui renders ExRatatui apps on pixel displays that are not terminals, on top of ExRatatui.CellSession pixel regions.
	RasterExRatatui.Surface: a behaviour with use defaults whose supervised process starts the app on a cell session, folds every diff through the raster, and calls the consumer's push/2 with changed rectangles (push_mode: :patches) or whole frames (push_mode: :frame). Renders that arrive while push/2 is busy are pushed together, so a slow device never builds a backlog; min_interval: additionally throttles pushes for slow panels. send_event/2 forwards input, resize/2 rebuilds the grid (diffs rendered for the old size are dropped), the surface exits with the app's exit reason under a :transient child spec, and shutdown_timeout: bounds how long it waits for the app to stop.
	RasterExRatatui.Raster: the pure rasteriser. apply/2 returns RasterExRatatui.Patch rectangles for changed cells, changed pixel regions (scaled nearest-neighbour onto their cell rect), and margins on a full repaint; frame/1 renders the whole panel and render_frame/1 does the same while keeping the glyph cache. Cells under a pixel region are never rasterised. Cell pixels are cached per glyph and colours.
	RasterExRatatui.Font behaviour with the built-in Font.Default6x8 (hand-drawn printable ASCII, light box drawing and the corners of every Block border type, blocks, and common symbols; generated braille, eighth blocks, and quadrants), Font.Art for compile-time ASCII-art glyphs, and Font.Generated for the geometric blocks at any cell size. An integer scale: magnifies any font.
	RasterExRatatui.PixelFormat behaviour with Mono (gray8 for 1-bit panels: tone rules for cells, Bayer 4×4 dither for regions), RGB565, and XRGB8888, and RasterExRatatui.Palette for named, indexed, RGB, and :reset colours with a configurable theme.
	RasterExRatatui.Framebuffer: Linux fbdev geometry from sysfs, stride-aware patch and frame writes, blanking, and console unbinding.
	RasterExRatatui.Input.Evdev: a pure evdev key translator producing ExRatatui.Event.Key structs with shift, ctrl, alt, super, and caps lock, for a US layout or a custom map.
	RasterExRatatui.Telemetry: surface start/stop, rasterisation and push spans, and input forwarding events.
	Guides (Building a Surface, Fonts, Pixel Formats, Linux Framebuffers, Telemetry), usage rules, a headless snapshot example, and a rasterisation benchmark.



  

    RasterExRatatui Usage Rules

RasterExRatatui renders ExRatatui apps on pixel displays that are not terminals, such as e-ink panels and Linux framebuffers. It consumes ExRatatui.CellSession diffs (cells plus pixel regions) and produces packed pixels. It does not drive hardware itself: the consumer writes the bytes.
It is not a terminal emulator, a font renderer, or a display driver, and apps need no changes to run on it. Build the app with use ExRatatui.App as for a terminal; the surface runs it.
Choosing the layer
	Use	When
	use RasterExRatatui.Framebuffer.Surface, app: MyApp	A Linux framebuffer (/dev/fb0) with an evdev keyboard: one line, every default an option or an override
	use RasterExRatatui.Surface	Any other panel. A supervised process owns the app, rasterises, and calls push/2
	RasterExRatatui.Session	The consumer already owns a process in charge of the panel: the same app server, raster, and folding, driven from that process's mailbox
	RasterExRatatui.Raster directly	Rasterising payloads that come from somewhere else (a headless CellSession, a test)

Framebuffer surfaces
defmodule MyDevice.Surface do
  use RasterExRatatui.Framebuffer.Surface, app: MyDevice.App, rotate: 90
end
	Never hardcode the panel: size and depth come from sysfs, the format from the depth, the scale from the long side (scale: :auto). Override with scale:, framebuffer:, console:, keyboard:, touch:, rotate:.
	touch: true delivers %ExRatatui.Event.Mouse{} events to the app on the cell under the finger, rotation included; handle "down", "drag", "up" in the app like terminal mouse events.
	on_app_exit defaults to :restart here (a panel has nothing else to show); push_mode is :patches.
	To extend, override init/1, push/2, handle_info/2, or terminate/2 and call RasterExRatatui.Framebuffer.Surface.<same>/n from the override. The state is %{fb:, devices:} plus whatever the override adds.
	Add {:input_event, "~> 1.4"} to the deps for the keyboard. Without it the surface logs once and runs input-less; do not add input_event to a host-only project.
	Test against a fake tree with root: (sysfs files + an empty dev/fb0) and input: (a stub module with enumerate/0, start_link/1, stop/1).

Surfaces
defmodule MyDevice.Surface do
  use RasterExRatatui.Surface, app: MyDevice.App, format: RasterExRatatui.PixelFormat.RGB565, scale: 2

  @impl true
  def init(opts), do: {:ok, [size: {480, 320}], MyDevice.LCD.open!(opts)}

  @impl true
  def push(patches, lcd) do
    Enum.each(patches, &MyDevice.LCD.write(lcd, &1.x, &1.y, &1.width, &1.height, &1.data))
    lcd
  end
end
	push/2 is the only required callback. It receives [%RasterExRatatui.Patch{}] (default) or {:frame, binary} with push_mode: :frame, and must return the new state, not :ok.
	init/1 returns {:ok, extra_opts, state}: a three-tuple. extra_opts is a keyword list merged over the use/start_link options, for values known only at runtime (:size, :format).
	Options merge in order use < start_link < init/1's keyword. :app, :size, and :format are required somewhere in that chain. rotate: (90, 180, 270) turns the app for a panel on its side; :size stays physical and push/2 does not change.
	Write patches in list order; a region patch may overlap earlier cell patches. data is row-major with no stride padding.
	Send input with RasterExRatatui.Surface.send_event(surface, %ExRatatui.Event.Key{code: "enter", kind: "press"}). Codes are lowercase strings and kind is the string "press", never an atom.
	From handle_info/2, return {:events, [event], state} to forward events, {:noreply, state} otherwise.
	app_opts always carry surface: %{size:, cell_size:, grid_size:, format:, scale:, rotate:} (the panel in pixels, the effective cell, the grid in cells). Read it in mount/1 or the reducer's init/1 to lay the app out for its panel; never hardcode the cell size.
	on_app_exit: :stop (default) makes the surface exit when the app exits (same reason); on_app_exit: :restart starts the app again on the same surface at once, until it crashes more than max_restarts: (3) times within max_seconds: (5), when the surface stops and its supervisor takes over. Quits (:normal, :shutdown) are never counted. Put the surface under a supervisor either way; do not restart the app by hand inside it. Both emit [:raster_ex_ratatui, :app, :exit] with :reason and :action.
	min_interval: (ms) throttles pushes for slow panels. The surface never builds a backlog: every render waiting when it gets to work is folded into one Raster.apply/2 call (it takes a list) and one push, so slow panels or big regions show fewer frames, never later ones. [:raster_ex_ratatui, :frame, :raster] reports :diffs per batch.
	The generated child spec is restart: :transient: an app that quits with {:stop, state} stays stopped, a crash restarts. A kiosk that must always come back uses on_app_exit: :restart.
	shutdown_timeout: (default 4000 ms) bounds how long the surface waits for the app server to stop; the generated child spec sets the supervisor's :shutdown a second above it. Pass it to use or the child spec, not only from init/1, which the child spec cannot see.
	Put a Framebuffer.Surface last in its supervisor: its start waits for /dev/fb0 up to framebuffer_timeout: (30 s).

Sessions
Process.flag(:trap_exit, true)
raster = RasterExRatatui.Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono)
{:ok, session} = RasterExRatatui.Session.start(raster, app: MyDevice.App, keep_frame: true)
{:render, _patches, session} = RasterExRatatui.Session.await(session)
frame = RasterExRatatui.Session.frame(session)
	Trap exits before start/2: the app server is linked to the caller. Its exit then reaches handle/2 as {:exit, reason, session}; without trapping it takes the caller down.
	Pass every message the process receives to handle/2; it returns {:render, patches, session}, {:exit, reason, session}, or :unknown. Keep the returned session: it holds the folded raster.
	handle/2 already drains every render of the session waiting in the mailbox and folds them into one call; do not build a queue on top of it. Patches may be empty when a render changed nothing.
	keep_frame: true keeps frame/1 current at no cost per call; without it frame/1 renders the raster.
	After {:exit, _, _} the cell session is closed and send_event/2 is a no-op. To bring the app back, start/2 again on raster(session); the first render repaints everything. stop/1 is safe either way.
	stop/1 unlinks, stops the app (killing it after shutdown_timeout:), and closes the cell session; call it from terminate/2.

Raster
raster = RasterExRatatui.Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono)
{cols, rows} = RasterExRatatui.Raster.grid_size(raster)
session = ExRatatui.CellSession.new(cols, rows, font_size: RasterExRatatui.Raster.font_size(raster))
{raster, patches} = RasterExRatatui.Raster.apply(raster, ExRatatui.CellSession.take_cells_diff(session))
frame = RasterExRatatui.Raster.frame(raster)
	Always create the session with grid_size/1 and font_size: from the same raster. Without font_size:, Viewport3D and Image degrade to half blocks and no regions arrive.
	Raster is an immutable value: keep the struct apply/2 returns, or the next diff is folded into a stale grid.
	Feed every diff to apply/2, in order, even when not pushing; diffs are deltas.
	:scale is a positive integer; the effective cell is font cell × scale.
	rotate: 90 | 180 | 270 turns the app's image clockwise on the panel. :size is always the physical panel; the grid, logical_size/1, and margin/1 follow the turned image, while patches, frame/1, and resize/2 stay physical. Never swap :size by hand to rotate. cell_at(raster, {px, py}) maps a panel pixel (a touch point) back to {col, row} or :outside, whatever the rotation.

	new/1 raises ArgumentError (never KeyError) for a missing :size or :format, a :size that is not two positive integers, a bad :scale, or a panel too small for one cell.

Formats and palettes
	Mono (gray8, 1-bit panels), RGB565 (little-endian), XRGB8888 (little-endian, bytes b, g, r, 255).
	Colour formats take palette options in format_opts: — :reset_fg, :reset_bg, :theme (a partial map of named colours), :bold_bright. Mono takes :ink_max, :paper_min.
	For a Linux framebuffer, pick the format from the device: {:ok, format} = RasterExRatatui.Framebuffer.format_for(info). Do not assume 32 bpp.
	Regions are packed natively for the built-in formats. A custom PixelFormat whose region bytes equal one of ExRatatui.Pixels' formats returns it from the optional native_format/1; otherwise it implements rgb_row/4 (the raster still samples and rotates natively). Never pack region pixels in a surface.

Fonts
	The default font is RasterExRatatui.Font.Default6x8 (printable ASCII, light box drawing plus every Block border type, blocks, braille, eighths, quadrants, a few arrows and marks). Other characters render as a hatched placeholder.
	A font is a module implementing RasterExRatatui.Font: cell_size/0 and glyph/1 returning exactly width * height bits. Build glyphs at compile time with RasterExRatatui.Font.Art.parse/3 and RasterExRatatui.Font.Generated.

Device helpers
	RasterExRatatui.Framebuffer.open(name) takes the device name ("fb0"), not a path. write/2 accepts patches or {:frame, binary} and handles stride.
	RasterExRatatui.Input.Devices finds and reads the keyboard (and, later, the touch panel) through input_event: new/1 + start/1 in the surface's init/1, every message through handle_info/2 (returns {:events, keys, devices}, {:noreply, devices}, or :unknown), stop/1 in terminate/2. It is process-less and needs the caller to trap exits. The library does not depend on input_event; the consumer adds {:input_event, "~> 1.4"}, and start/1 returns {:error, :input_event_missing} without it.
	RasterExRatatui.Input.Evdev is the pure translator underneath: keep the returned keyboard struct between calls, since it tracks held modifiers and caps lock.
	RasterExRatatui.Input.Touch is the same for a touch panel: new(size:, cell_at:, axes:), events fold to %ExRatatui.Event.Mouse{} ("down", "drag", "up", button: "left") on cells, first finger only. Devices with touch: true needs size: and cell_at: (&Raster.cell_at(raster, &1)); the framebuffer surface passes both itself. swap_xy:/invert_x:/invert_y: fix a controller that does not follow the panel.
	For a Linux framebuffer, use RasterExRatatui.Framebuffer.Surface (see Framebuffer surfaces above) rather than assembling Framebuffer and Input.Devices by hand; the rpi_framebuffer example is a complete Nerves project on it, and the Nerves Quick Start guide walks through one. A device that already owns its display from one process uses RasterExRatatui.Session from that process instead, the shape of the e_ink example.

Testing
	Test surfaces on the host: a test push/2 sends patches to the test process, and RasterExRatatui.Surface.raster/1 + RasterExRatatui.Raster.frame/1 show the panel.
	Test rasterisation with a real headless ExRatatui.CellSession (draw/2 + take_cells_diff/1); no TTY or device is involved.
	RasterExRatatui.Raster.to_png(raster) snapshots the panel as a PNG (RGB8, physical size) for eyeballing; do not hand-roll PPM/PGM writers. A custom format needs the optional unpack_row/2 callback for it.



  

    Examples

Headless
	Example	Run	What to see
	snapshot.exs	mix run examples/headless/snapshot.exs	A dashboard with text, a gauge, a sparkline, and a Viewport3D cube rasterised twice from the same widgets: a colour frame (XRGB8888 at scale 2) and a 1-bit e-ink frame (Mono), both written as PNG. App widgets, a CellSession diff with a pixel region, Raster.apply/2, and Raster.to_png/1 in one file; the two images show what a pixel format decides.

Bench
	Example	Run	What to see
	raster_bench.exs	mix run examples/bench/raster_bench.exs	Rasterisation cost on a 1080p panel (a 106×45 grid at scale 3, XRGB8888): a full repaint cold and warm, a full frame, a handful of changed cells, one row, and pixel regions of two sizes, as median times.

Devices
	Example	Panel	What to see
	rpi_framebuffer/	Any Raspberry Pi display on /dev/fb0; first hardware a Pi 4 with the Touch Display 2 (720×1280, RGB565)	The framebuffer surface in one use: size, depth, format, and scale from sysfs, the console detached, a USB keyboard found and found again, the app restarted when it quits, rotate: for the stand. The app is a two-tab dashboard: a Viewport3D object and a colour photo as pixel regions, and a keyboard test. It also runs in a terminal (RpiFramebuffer.run/0), and its tests drive the surface against a fake sysfs.
	e_ink/	400×300 1-bit e-ink, the Goatmire name badge	Session, without a surface. The badge's own screen process runs each app with RasterExRatatui.Session, folds its renders into a kept gray8 frame so one slow refresh shows the latest one, and draws a crash frame when the app dies. Two GPIO buttons become ExRatatui.Event.Key events. The folder is a guide to the code, which lives in a pull request on a fork of the badge firmware.



  

    Nerves Quick Start

From mix nerves.new to an ExRatatui app on a Raspberry Pi's display, with a USB keyboard and the touch panel. The same steps fit any Nerves target whose display is a Linux framebuffer. The rpi_framebuffer example is this guide, built.
The project
mix nerves.new my_device

Two dependencies in mix.exs. input_event reads the keyboard and the touch panel; it is a C port that only builds on Linux, so it is the project's dependency, not the library's.
{:raster_ex_ratatui, "~> 0.4"},
{:input_event, "~> 1.4", targets: @all_targets}
The app is a plain use ExRatatui.App module, built and tried in a terminal on the host first. On the panel it runs through a surface:
defmodule MyDevice.Surface do
  use RasterExRatatui.Framebuffer.Surface, app: MyDevice.Dashboard
end
The surface only belongs on the device, so the application starts it when the target config has an entry for it. It goes last among the children: its start waits for the display driver, up to thirty seconds.
def start(_type, _args) do
  children =
    case Application.fetch_env(:my_device, MyDevice.Surface) do
      {:ok, opts} -> [{MyDevice.Surface, Keyword.put_new(opts, :name, MyDevice.Surface)}]
      :error -> []
    end

  Supervisor.start_link(children, strategy: :one_for_one, name: MyDevice.Supervisor)
end
And in config/target.exs:
config :my_device, MyDevice.Surface, rotate: 90, touch: true

# IEx on the serial port instead of the panel; the surface detaches the kernel's console itself.
config :nerves, :erlinit, ctty: "ttyS0"
Nothing there describes the panel: its size and depth are read from sysfs at boot, the pixel format and font scale follow from them. The option table is in RasterExRatatui.Framebuffer.Surface.
Build and burn
export MIX_TARGET=rpi4
mix deps.get
mix firmware
mix burn               # the first time; later: mix upload nerves.local

Two things get in the way:
	The Elixir must be built for the system's OTP. elixir --version says "compiled with Erlang/OTP N", and N must be the OTP major of the Nerves system (28 for nerves_system_rpi4 2.0.x). A version manager's plain elixir 1.x is often an older-OTP build; with mise, mise use erlang@28 elixir@1.19.4-otp-28 in the project, then mix local.hex, mix local.rebar, and mix archive.install hex nerves_bootstrap for that install.
	EX_RATATUI_BUILD set in the shell builds the NIF from source for the host; unset it for firmware builds.

A panel on its side, and touch
/dev/fb0 always has the panel's native orientation. rotate: 90 (or 270, whichever puts the text the right way up) turns the app; touch follows the rotation by itself. If taps land mirrored or on the wrong axis, invert_x: true, invert_y: true, or swap_xy: true in the same config fix it.
First checks over SSH
RasterExRatatui.Framebuffer.info("fb0")
#=> {:ok, %{width: 720, height: 1280, bits_per_pixel: 16, stride: 1440}}

# Paint it red (16 bits per pixel; at 32 use <<0, 0, 255, 255>>)
File.write!("/dev/fb0", :binary.copy(<<0x00, 0xF8>>, 720 * 1280))

InputEvent.enumerate()
RingLogger.next()
RasterExRatatui.Telemetry.probe(MyDevice.Surface, 10)
The surface logs the geometry, format, and scale it chose, and each input device it reads. The probe says whether the panel keeps up: raster plus push bounds the frame rate, and a mailbox that grows means the surface is falling behind.
When it does not work
	The panel stays dark, SSH works, and the log shows {:framebuffer, {:enoent, ...}}. No framebuffer appeared within framebuffer_timeout:. The Raspberry Pi Touch Display 2 does not come up on the 2.1.x Pi systems: their kernel lacks CONFIG_BACKLIGHT_PWM, which its overlay needs since Linux 6.18. Stay on ~> 2.0.0 for it; HDMI is not affected.
	A cursor or boot text over the app. The console unbind failed or the framebuffer console is not vtcon1: cat /sys/class/vtconsole/*/name tells which one is the "frame buffer device", and console: takes its name.
	No keys. InputEvent.enumerate/0 should list a device whose :ev_key report includes :key_a. Wireless keyboards behind a receiver can show up as several devices; the surface takes the first that matches, and keyboard: "/dev/input/eventN" picks one.
	A 3D object or an image turns slowly. A pixel region costs time per pixel every time it changes, on a rotated panel as on a flat one. A slower animation tick or a smaller region is the fix; Telemetry.probe/3 shows the cost.
	Under-voltage detected in dmesg. A Pi with a display draws more than a laptop's USB port gives; use a wall supply.

When the defaults do not fit
Each of init/1, push/2, handle_info/2, and terminate/2 can be overridden and call the default (Linux Framebuffers). A panel that is not a framebuffer gets its own surface (Building a Surface), and a device that already has a process in charge of its display runs a RasterExRatatui.Session from it.


  

    Building a Surface

A surface is the piece that puts an ExRatatui app on one particular display. It knows three things about the panel: how big it is, how its pixels are packed, and how bytes reach it. Everything between the app and those bytes (starting the app, folding cell diffs, rasterising glyphs and pixel regions, forwarding input) is done by RasterExRatatui.Surface.
This guide builds a surface from scratch, then shows the same machinery driven from a process the consumer already owns (RasterExRatatui.Session), with a 1-bit e-ink name badge as the worked example.
The data flow
ExRatatui app ─ render ──> ExRatatui.Server ─ cell writer ──> %CellSession.Diff{ops, regions}
                                                                      │
                      Surface process: Raster.apply/2 <───────────────┘
                                                                      │
                                          [%Patch{}] ──> push/2 ──> the panel
panel input ──> consumer code ──> Surface.send_event/2 ──> {:ex_ratatui_event, event}
The app does not know it is on a panel. It renders widgets exactly as it would in a terminal; a Viewport3D that uses the Kitty protocol in a terminal arrives here as an RGB bitmap and is painted at the panel's native resolution.
A minimal surface
A surface module uses RasterExRatatui.Surface and implements RasterExRatatui.Surface.push/2. Options that are known up front go in the use call:
defmodule Kiosk.Surface do
  use RasterExRatatui.Surface,
    app: Kiosk.Dashboard,
    format: RasterExRatatui.PixelFormat.RGB565,
    scale: 2

  @impl true
  def init(opts) do
    {:ok, lcd} = Kiosk.LCD.open(Keyword.fetch!(opts, :spi_bus))
    {:ok, [size: Kiosk.LCD.size(lcd)], lcd}
  end

  @impl true
  def push(patches, lcd) do
    for patch <- patches do
      :ok = Kiosk.LCD.write_window(lcd, patch.x, patch.y, patch.width, patch.height, patch.data)
    end

    lcd
  end
end
And in the application's supervision tree:
children = [{Kiosk.Surface, spi_bus: "spidev0.0"}]
RasterExRatatui.Surface.init/1 receives every option (from use and from the child spec) and returns the ones it could only learn at runtime, here the panel size read from the driver. Unknown options, such as :spi_bus, pass through untouched. The state it returns is threaded through push/2.
The app, for its part, learns about the panel from its own options: the surface adds surface: to app_opts, a map with the panel :size in pixels, the effective :cell_size, the :grid_size in cells, the :format, the :scale, and the :rotate angle. An app that lays itself out differently on a small panel, or that needs the pixel size of a cell to size a pixel region, reads it in mount/1 (or the reducer's init/1).
Choosing font, scale, and format
The grid is the panel size divided by the effective cell, which is the font's cell times :scale. For a few panel sizes:
	Panel size	Font × scale	Cell	Grid
	400×300 (a small e-ink panel)	6×8 × 1	6×8	66×37
	480×320	6×8 × 1	6×8	80×40
	720×1280	6×8 × 3	18×24	40×53
	1920×1080	6×8 × 3	18×24	106×45

RasterExRatatui.Raster.grid_size/1 and RasterExRatatui.Raster.font_size/1 report both; the surface creates the ExRatatui.CellSession with them, so pixel-mode widgets render bitmaps sized for the panel. See Fonts for bringing a different font and Pixel Formats for the formats and palettes.
Patches or frames
By default push/2 receives a list of RasterExRatatui.Patch rectangles: one per run of changed cells on a row, one per pixel region that is new or changed, and the whole panel on the first render and after a resize. Writing them in order keeps the panel identical to RasterExRatatui.Raster.frame/1. Most displays can write a window (SPI LCD controllers have a "set address window" command; a framebuffer is a file with offsets), and patches keep the per-frame cost proportional to what changed.
Some panels only take whole frames: an e-ink controller that refreshes the entire panel, or a driver that expects a PNG. Set push_mode: :frame and push/2 receives {:frame, binary} instead.
Slow panels
An e-ink refresh can take a second. min_interval: 1_000 makes the surface push at most once per second: renders that arrive sooner wait, then go through the raster together and out in one push when the interval has passed. The app is never slowed down; it keeps rendering at its own pace.
Without min_interval the surface still never falls behind a slow device or a slow raster. Whenever it gets to work, every render waiting in its mailbox is folded into the raster as one batch (RasterExRatatui.Raster.apply/2 takes a list) and pushed at once, so a cell or region that changed five times is drawn in its final state only. A panel that takes 200 ms per write, or a pixel region that takes 200 ms to rasterise, shows fewer, later frames instead of an ever-growing queue, and a key press never waits behind stale animation frames. The [:raster_ex_ratatui, :frame, :raster] telemetry event reports how many diffs each batch folded; a steady count above 1 means the app renders faster than the surface can show, which is fine, and where a slower tick or a smaller region pays off.
Input
The surface does not read devices. Whatever does (an evdev keyboard, GPIO buttons, a touch controller) turns its events into ExRatatui.Event structs and sends them with RasterExRatatui.Surface.send_event/2:
RasterExRatatui.Surface.send_event(Kiosk.Surface, %ExRatatui.Event.Key{code: "down", kind: "press"})
When the reader delivers its messages to the surface process itself (a process started in init/1), RasterExRatatui.Surface.handle_info/2 translates them and returns {:events, events, state}. For evdev devices, RasterExRatatui.Input.Devices does all of it: it finds the keyboard and the touch panel, reads them, and returns {:events, events, state}-ready events through RasterExRatatui.Input.Evdev and RasterExRatatui.Input.Touch; Linux Framebuffers shows it wired into a surface.
Key codes must match what a terminal would send (lowercase strings, kind: "press"), because apps pattern-match on them.
Crashes and restarts
The surface process links to the app server, and on_app_exit: says what happens when the app exits. With the default, :stop, the surface exits with the same reason and its supervisor decides: the generated child spec is restart: :transient, as for ExRatatui.App, so a crash restarts the pair (a fresh app, a repainted panel) and an app that quits with {:stop, state} stays stopped. With on_app_exit: :restart the surface stays up, keeps its raster, opens a fresh cell session, and starts the app again at once; the new app's first render repaints the panel. That is the setting for a kiosk or any panel that has nothing else to show, where a q in the app should bring it straight back. A crash loop does not spin there: more than :max_restarts crashes (default 3) within :max_seconds (default 5) stop the surface with the app's reason, and its supervisor takes it from there; quits on purpose are never counted. Either way the exit is reported as [:raster_ex_ratatui, :app, :exit] with the reason and the action taken. If the surface stops, it stops the app first, waiting up to :shutdown_timeout (4 seconds by default) for the app's own terminate/2 before killing it; the generated child spec gives the supervisor a second more, so the surface's RasterExRatatui.Surface.terminate/2 always runs. There is no crash screen by default; a consumer that wants one (a static frame, say) can trap the exit in its own process and draw it.
Processes started in init/1 with start_link are linked to the surface, and since the surface traps exits their {:EXIT, pid, reason} messages arrive in handle_info/2; handle them there.
Resizing
RasterExRatatui.Surface.resize/2 changes the panel size (a display that comes back at another resolution). The raster and the session are rebuilt, the app receives an ExRatatui.Event.Resize, and the next render repaints the whole panel.
Rotation
A panel keeps its native scan order however it is mounted: the Raspberry Pi Touch Display 2 is a 720×1280 portrait framebuffer even on a landscape stand. rotate: 90 (or 180, 270, clockwise) turns the app's image on its way to the panel:
use RasterExRatatui.Surface,
  app: Kiosk.Dashboard,
  format: RasterExRatatui.PixelFormat.RGB565,
  size: {720, 1280},
  scale: 2,
  rotate: 90
:size stays the physical panel, and so do the patches, the frame, and push/2: the panel driver never knows. The grid is that of the turned image (1280×720 here, 106×45 cells at scale 2 instead of 60×80), the app receives it as its width and height and as grid_size in surface:, and RasterExRatatui.Raster.logical_size/1 reports it. Glyphs are rotated once as they enter the raster's cache, a run of cells becomes a vertical strip, and a pixel region's bitmap is sampled, turned and packed in one native pass, so a rotated frame costs about what a flat one does. Dithering and checkerboards stay anchored to the panel's own pixels. The Linux Framebuffers guide has the console side of a rotated panel.
Testing a surface
Everything runs on the host: a surface whose push/2 sends patches to the test process drives the real app, and RasterExRatatui.Surface.raster/1 returns the raster, so RasterExRatatui.Raster.frame/1 shows exactly what the panel would.
test "the dashboard shows the title" do
  {:ok, surface} = Kiosk.TestSurface.start_link(test_pid: self(), size: {240, 160})
  assert_receive {:pushed, _patches}

  frame = surface |> RasterExRatatui.Surface.raster() |> RasterExRatatui.Raster.frame()
  # assert on pixels, or compare against a stored frame
end
To look at it, RasterExRatatui.Raster.to_png/1 turns the raster into a PNG of the physical panel: File.write!("panel.png", RasterExRatatui.Raster.to_png(raster)) from a test or IEx, and any image viewer shows what the device would.
Own process: Session
Some devices already have a process in charge of the panel: a screen manager that navigates between apps, a driver loop that owns the bus. A second process whose push/2 would only message the first is in the way there, and so is a surface that exits when its app does. RasterExRatatui.Session is the surface without the process: the app server, the cell session, and the raster, started from the caller and driven by the caller's mailbox.
defmodule Kiosk.Screen do
  use GenServer

  alias RasterExRatatui.{Raster, Session}

  def init(app) do
    Process.flag(:trap_exit, true)
    raster = Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono)
    {:ok, session} = Session.start(raster, app: app, keep_frame: true)
    {:ok, session}
  end

  def handle_info(msg, session) do
    case Session.handle(session, msg) do
      {:render, _patches, session} ->
        Kiosk.Panel.show(Session.frame(session))
        {:noreply, session}

      {:exit, reason, session} ->
        Kiosk.Panel.show(crash_frame(reason))
        {:noreply, session}

      :unknown ->
        {:noreply, session}
    end
  end

  def terminate(_reason, session), do: Session.stop(session)
end
Session.start/2 links the app server to the caller, which therefore traps exits; the app's exit then arrives as a message that handle/2 turns into {:exit, reason, session}, and the caller decides what the panel shows. Every render of the app arrives as a {RasterExRatatui.Session, ref, diff} message; handle/2 folds it, and every render of the session still waiting behind it, into the raster in one go and returns the patches, so a slow panel shows fewer, later frames and never queues up. With keep_frame: true the session also keeps a full frame current for panels that only take whole frames; Session.frame/1 returns it. Session.await/2 waits for the first render before the panel shows anything, Session.send_event/2 forwards input, Session.resize/2 changes the panel size, and Session.stop/1 stops the app and closes the cell session. A consumer that wants the app back after it exits starts a new session on the same raster: the new app's first render repaints everything. The app receives the same surface: option a surface gives it.
handle/2 splits in two for a consumer that gathers renders and rasterises on its own schedule: Session.drain/2 classifies the message and gathers the waiting renders, Session.render/2 folds a list of them.
Worked example: an e-ink name badge
The Goatmire name badge, a 400×300 1-bit e-ink panel on Nerves (walked through in the e_ink example), already owns a screen process that navigates between apps, dedupes refreshes, and shows a crash frame, so it runs its ExRatatui apps from that process rather than under a surface. Its screen is the shape above: a 400×300 Mono session with keep_frame: true, the frame handed to the display as a dithered image after each {:render, …}, a crash frame drawn through the same raster on {:exit, …} instead of a dead screen, two GPIO buttons turned into %ExRatatui.Event.Key{} events with Session.send_event/2, and Session.await/2 for the first frame so the panel never shows an empty screen.


  

    Fonts

A panel has no font engine, so every cell symbol is painted from a bitmap. A font in this library is a module implementing RasterExRatatui.Font: a fixed cell size and one bitmap per codepoint.
The glyph layout
RasterExRatatui.Font.glyph/1 returns a bitstring of exactly width * height bits, row-major from the top-left pixel, most significant bit leftmost. A set bit is foreground, a clear bit is background.
iex> alias RasterExRatatui.Font.{Art, Default6x8}
iex> Default6x8.glyph(?A) |> Art.render({6, 8}) |> IO.puts()
.###..
#...#.
#...#.
#####.
#...#.
#...#.
#...#.
......
RasterExRatatui.Font.glyph/1 never fails. A codepoint the font does not cover returns a placeholder, so unsupported characters are visible in a rendering rather than silently blank; RasterExRatatui.Font.has_glyph?/1 tells a real glyph from the placeholder.
The built-in font
RasterExRatatui.Font.Default6x8 was drawn for a 400×300 1-bit e-ink panel. Text glyphs (all of printable ASCII, plus ° · • … ← ↑ → ↓ ✓ ✗ ▲ ▶ ▼ ◀ ○ ●) are 5×7 with a blank column and row for spacing; box drawing (─ │ ┌ ┐ └ ┘ ├ ┤ ┬ ┴ ┼ and the rounded, heavy, and double corners and lines of every Block border type) and blocks (█ ▀ ▄ ░ ▒ ▓) fill the whole cell so they join. Braille, eighth blocks, and quadrants are generated, so Canvas, Sparkline, BarChart, Gauge, and BigText (up to its :quadrant size) render faithfully. Anything else (accented letters, CJK, emoji, box-drawing tees for heavy and double lines, BigText's sextant and octant sizes) shows the hatched placeholder.
Scale
:scale magnifies every glyph pixel into a square, so the 6×8 font at scale: 3 paints 18×24 cells. The glyphs stay pixel-exact and blocky, which reads well from a distance; the cell grid shrinks accordingly (106×45 on a 1080p monitor).
The session is created with the effective cell (RasterExRatatui.Raster.font_size/1), so pixel regions from Viewport3D and Image are rendered at the panel's resolution, not magnified.
Bringing a font
A font with a bigger cell needs its own glyph data. RasterExRatatui.Font.Art parses ASCII art at compile time, and RasterExRatatui.Font.Generated derives the geometric blocks for any cell size:
defmodule MyApp.Font8x16 do
  @behaviour RasterExRatatui.Font

  alias RasterExRatatui.Font.{Art, Generated}

  @size {8, 16}

  @art %{
    ?A => """
    ........
    ...##...
    ..####..
    .##..##.
    ##....##
    ##....##
    ##....##
    ########
    ##....##
    ##....##
    ##....##
    ##....##
    ##....##
    ........
    """
  }

  # Drawn at 8×14; pad two blank rows at the bottom for line spacing.
  @hand_drawn Map.new(@art, fn {cp, art} -> {cp, Art.parse(art, @size, pad: {0, 2})} end)

  @glyphs [Generated.braille(@size), Generated.eighths(@size), Generated.quadrants(@size)]
          |> Enum.reduce(&Map.merge(&2, &1))
          |> Map.merge(@hand_drawn)

  @missing Generated.hatched(@size)

  @impl true
  def cell_size, do: @size

  @impl true
  def glyph(codepoint), do: Map.get(@glyphs, codepoint, @missing)

  @impl true
  def has_glyph?(codepoint), do: Map.has_key?(@glyphs, codepoint)
end
Public-domain and OFL bitmap fonts with good coverage exist (Unifont, Spleen, Terminus, the IBM VGA fonts); converting one to a module like this is a script away. The map lookup is the whole runtime cost, since the raster caches the packed pixels of every {glyph, colours} it has painted.
Limits
	One codepoint per cell. A cell carrying a grapheme cluster (e plus a combining accent) is painted with its first codepoint.
	Wide characters (CJK, most emoji) occupy two terminal cells, but ratatui puts the symbol in the first cell only; a bitmap font paints it inside that one cell.
	There is no bold or italic face. The colour formats brighten bold text instead (see Pixel Formats).



  

    Pixel Formats

A RasterExRatatui.PixelFormat is the colour policy of a panel. The raster never builds pixels itself: it asks the format what a cell's foreground and background look like and how to pack a region's RGB pixel, and tiles those bytes.
Built-in formats
	Format	Bytes	Layout	Typical panel
	RasterExRatatui.PixelFormat.Mono	1	gray8: 0 ink, 255 paper	e-ink, 1-bit OLED
	RasterExRatatui.PixelFormat.RGB565	2	little-endian rrrrrggg gggbbbbb	SPI LCDs, 16-bit framebuffers
	RasterExRatatui.PixelFormat.XRGB8888	4	little-endian: blue, green, red, 255	32-bit framebuffers

Pass the module as :format and its options as :format_opts:
Raster.new(size: {480, 320}, format: RGB565, format_opts: [reset_bg: {16, 16, 24}])
Colour panels and the palette
RGB565 and XRGB8888 resolve every colour through a RasterExRatatui.Palette, the panel's stand-in for a terminal theme:
	Named colours (:red, :light_blue, …) and indexed 0..15 come from the theme, xterm's colours by default. theme: %{red: {255, 85, 85}} overrides only what it names.
	Indexed 16..255 is xterm's 6×6×6 colour cube and grayscale ramp.
	{:rgb, r, g, b} is used as is.
	:reset is :reset_fg as a foreground (default a light gray) and :reset_bg as a background (default black). :reset_bg also paints the margins and skipped cells.
	:bold brightens a dark named foreground (:red → :light_red), as most terminals do, unless bold_bright: false; a bitmap font has no bold face otherwise. :reversed swaps the two sides. Other modifiers do not change colour.

A light theme is just a palette:
format_opts: [reset_fg: {40, 40, 40}, reset_bg: {250, 250, 245}, theme: %{white: {40, 40, 40}}]
1-bit panels
Mono collapses every colour to one of three tones: ink, paper, or gray. Gray is a pixel checkerboard, aligned to the panel so neighbouring cells continue the pattern.
	Colour	as fg	as bg
	:black	ink	ink
	:reset, other named, indexed	ink on a paper bg, paper on an ink bg	paper
	{:rgb, r, g, b}	by luma: ink / gray / paper	same

The rules keep terminal apps legible without a single colour: text is ink on paper, borders drawn over a bg: :black fill become paper on ink, :reversed always paints a paper glyph on an ink cell (the way to invert a whole screen), and Canvas shapes in :black are solid. RGB colours are treated as intent: at or below :ink_max luma (default 76) is ink, at or above :paper_min (default 178) is paper, and the band between is gray, so a half-block 3D render reads as three tones.
Pixel regions go through a Bayer 4×4 ordered dither on luma. The tile repeats across the panel, so the texture is stable between frames and does not crawl under partial refresh the way error diffusion does. Scenes meant for a 1-bit panel look best with a single light and matte materials that land faces clearly in the ink, gray, and paper bands.
Writing a format
A format implements five callbacks. RasterExRatatui.PixelFormat.init/1 runs once and returns a config the others receive, so per-pixel work never parses options:
defmodule MyPanel.Gray4 do
  @moduledoc "4-bit grayscale, one byte per pixel (0..15), for a gray e-ink controller."
  @behaviour RasterExRatatui.PixelFormat

  alias RasterExRatatui.Palette

  @impl true
  def init(opts), do: Palette.new(opts)

  @impl true
  def bytes_per_pixel(_palette), do: 1

  @impl true
  def cell_paints(cell, palette) do
    {{fr, fg, fb}, {br, bg, bb}} = Palette.cell_colors(cell, palette)
    {level(fr, fg, fb), level(br, bg, bb)}
  end

  @impl true
  def rgb_pixel(r, g, b, _x, _y, _palette), do: level(r, g, b)

  @impl true
  def blank(%Palette{reset_bg: {r, g, b}}), do: level(r, g, b)

  defp level(r, g, b), do: <<div(299 * r + 587 * g + 114 * b, 1000) |> div(17)>>
end
Three callbacks are optional. RasterExRatatui.PixelFormat.native_format/1 and RasterExRatatui.PixelFormat.rgb_row/4 speed up pixel regions (below). RasterExRatatui.PixelFormat.unpack_row/2 turns packed pixels back into RGB8, which RasterExRatatui.Raster.to_png/1 needs to snapshot the panel; for the format above it is for <<v <- row>>, into: <<>>, do: <<v * 17, v * 17, v * 17>>.
RasterExRatatui.PixelFormat.cell_paints/2 may return {:checker, even, odd} instead of bytes for a side of the cell, to simulate a tone the panel cannot show; the raster resolves it by the parity of each pixel's panel position. RasterExRatatui.PixelFormat.rgb_pixel/6 receives the position for the same reason (ordered dithering) and can ignore it otherwise.
Region pixels are the expensive path, so the built-in formats never pack them in Elixir: each returns a RasterExRatatui.PixelFormat.native_format/1 (:rgb565, :xrgb8888, :mono_bayer4), and the raster samples, clips, rotates and packs every region in one native pass with ExRatatui.Pixels.pack_rgb8/5, about a nanosecond or two a pixel on a laptop. A custom format whose bytes are exactly one of those can return it too. Any other format still gets the sampling, clipping and rotation natively and then packs the RGB8 itself: by default the raster calls rgb_pixel/6 once per panel pixel, and the call is most of the cost, so such a format should implement RasterExRatatui.PixelFormat.rgb_row/4, which packs a whole row in one pass (a binary comprehension for a format that ignores the position, a small recursive loop when it dithers). The two must produce the same bytes; RasterExRatatui.PixelFormat.rgb_row/5 is the fallback and a handy way to compare them in a test. ex_ratatui caps region bitmaps at 1280 px on the long side and the raster scales them nearest-neighbour onto larger rects, so the cost is bounded by the rect on the panel, not the scene.


  

    Linux Framebuffers

A Linux framebuffer exposes a display as a file: /dev/fb0 holds the pixels and /sys/class/graphics/fb0 describes them, so no driver code is needed on the Elixir side. RasterExRatatui.Framebuffer.Surface is a complete surface for one, keyboard included; RasterExRatatui.Framebuffer and RasterExRatatui.Input.Devices are the pieces it is made of. This guide covers the device side of both.
Status
Both helpers are tested against a fake sysfs, a regular file standing in for /dev/fb0, and synthetic key events, and run on hardware in the rpi_framebuffer example: a Raspberry Pi 4 with the official Touch Display 2 (vc4drmfb, 720×1280, 16 bits per pixel, stride 1440) on a Nerves 2.0.x system. The device notes below come from that run.
Check the device first
Before writing a surface, confirm the framebuffer exists and read its geometry, from an IEx session on the device:
File.ls!("/dev") |> Enum.filter(&String.starts_with?(&1, "fb"))
{:ok, info} = RasterExRatatui.Framebuffer.info("fb0")
#=> {:ok, %{width: ..., height: ..., bits_per_pixel: ..., stride: ...}}
Then paint it red to prove the path end to end. At 32 bits per pixel:
File.write!("/dev/fb0", :binary.copy(<<0, 0, 255, 255>>, info.width * info.height))
and at 16 (<<0, 248>> is red in little-endian RGB565):
File.write!("/dev/fb0", :binary.copy(<<0, 248>>, info.width * info.height))
A write longer than the device fails with :enospc after painting what fits, which is what painting 32-bit pixels on a 16-bit framebuffer looks like.
The depth is whatever the kernel chose, so read bits_per_pixel instead of assuming it. The KMS fbdev emulation on a Raspberry Pi gives the DSI Touch Display 2 16 bits per pixel. RasterExRatatui.Framebuffer.format_for/1 maps 16 to RGB565 and 32 to XRGB8888, and returns {:error, :unsupported} for anything else.
The surface
defmodule MyDevice.Surface do
  use RasterExRatatui.Framebuffer.Surface, app: MyDevice.Dashboard
end
RasterExRatatui.Framebuffer.Surface is the whole thing: it waits for /dev/fb0 (the display drivers are kernel modules that load during boot; on the Pi 4 the DSI panel probed about ten seconds after the application started), reads the geometry, picks RGB565 or XRGB8888 from the depth and a font scale that keeps about a hundred columns on the long side, detaches the framebuffer console, reads the keyboard through RasterExRatatui.Input.Devices, and starts the app again when it quits. Its moduledoc has the option table: framebuffer:, scale:, rotate:, console:, keyboard:, and the rest.
Under the hood
The use gives the module init/1, push/2, handle_info/2, and terminate/2 delegating to RasterExRatatui.Framebuffer.Surface's functions of the same name, and every one is overridable: an override calls the default and adds to it. The state is a map with :fb, the open RasterExRatatui.Framebuffer, and :devices, the RasterExRatatui.Input.Devices.
@impl true
def init(opts) do
  {:ok, config, state} = RasterExRatatui.Framebuffer.Surface.init(opts)
  {:ok, config, Map.put(state, :backlight, MyDevice.Backlight.on!())}
end
Underneath, Framebuffer.open/2 reads virtual_size, bits_per_pixel, and stride from sysfs and opens the device; Framebuffer.write/2 places every patch row at y * stride + x * bytes_per_pixel, so line padding (a stride longer than the visible line) is handled, and a full frame is written the same way. A surface for a panel that is not a framebuffer uses those pieces from a RasterExRatatui.Surface of its own.
A panel on its side
A framebuffer has the panel's native orientation whatever the stand does: the Touch Display 2 is 720×1280 portrait on a landscape stand. The kernel can turn its own console (video=DSI-1:720x1280@60,rotate=90 on the command line, or fbcon's rotate_all), but that never changes what a write to /dev/fb0 means; the device stays portrait. Turning the app is the raster's job: rotate: 90 (or 270, whichever way the stand holds it) on the surface gives the app a 1280×720 image and writes the panel in its native order, so nothing about the framebuffer side changes. See "Rotation" in Building a Surface.
Keep the console off the display
The kernel's framebuffer console draws on the same device, so boot messages, a login prompt, or a blinking cursor can appear on top of the app.
	Unbind fbcon. RasterExRatatui.Framebuffer.unbind_console/2 writes 0 to /sys/class/vtconsole/<console>/bind, which stops the console drawing on the framebuffer. The framebuffer console is usually "vtcon1"; /sys/class/vtconsole/*/name tells them apart. It is best effort: on a kernel without that console it returns an error that can be ignored.
	Move the system console elsewhere. On Nerves, erlinit's ctty option (config :nerves, :erlinit, ctty: "ttyS0") puts IEx on a serial port instead of the display; it stays reachable over SSH.

The keyboard
RasterExRatatui.Input.Devices owns the keyboard: it finds the first /dev/input/eventN that reports letter keys (or reads the path it is given), starts an input_event reader on it with grab: true so keystrokes do not also reach the kernel console, translates what the reader delivers through RasterExRatatui.Input.Evdev into the same %ExRatatui.Event.Key{} structs a terminal would send (shift, ctrl, alt, super, and caps lock tracked; other layouts a layout: map away), and keeps looking, every two seconds, whenever there is no keyboard: at boot before one is plugged in, and again after one is unplugged, starting from a fresh translator so modifiers held on the old keyboard do not stick. The framebuffer surface embeds it; a surface of its own does the same in three lines: Devices.new/1 + Devices.start/1 in init/1, every message through Devices.handle_info/2, Devices.stop/1 in terminate/2 so no reader outlives the surface holding the grab.
input_event is a C port that only builds on Linux, so it is the consumer's dependency, not this library's: add {:input_event, "~> 1.4"} to the project. Without it Devices.start/1 returns {:error, :input_event_missing} and the framebuffer surface logs a warning once and runs without input, so the project still compiles and tests on a host. One thing to know about input_event: InputEvent.enumerate/0 starts and stops a short-lived reader per device from the calling process, so a surface, which traps exits, sees their :normal exits in handle_info/2; Devices.handle_info/2 answers :unknown to those and the surface ignores them.
Touch
touch: true on the framebuffer surface reads the first touch panel RasterExRatatui.Input.Devices finds (a device reporting the multitouch abs_mt_position_x axis, or abs_x with btn_touch), grabbed like the keyboard. RasterExRatatui.Input.Touch turns the first finger into the ExRatatui.Event.Mouse events a terminal would send: "down" and "up" on the cell under it, "drag" when it moves into another cell, nothing while it is in the margins; a second finger is ignored. The controller's axes are read from the device and scaled to the panel's pixels, and the cell comes from RasterExRatatui.Raster.cell_at/2, so a rotated panel maps right without anything else. A controller whose axes do not follow the panel's orientation gets swap_xy:, invert_x:, or invert_y:.
Performance
The surface pushes patches, so the steady-state cost follows what changed rather than the size of the panel. Pixel regions are the exception, since their cost grows with the panel pixels they cover (see Pixel Formats): an animated Viewport3D is cheaper in a moderate rect or rendered less often. Only regions that changed are rasterised, so a still Image beside the animation costs nothing after its first frame. On the Pi 4, a 696×480 Viewport3D region turning five times a second costs about 43 ms to rasterise and 13 ms to write at RGB565, and the surface's mailbox stays empty; RasterExRatatui.Telemetry.probe/3 prints those numbers for any surface.
Panels without a framebuffer
The helpers assume only /dev/fbN and sysfs. A panel the kernel does not expose as a framebuffer (an SPI controller driven from Elixir, an e-ink driver) implements push/2 with its own write instead; see Building a Surface.


  

    Telemetry

raster_ex_ratatui emits :telemetry events at the boundaries a surface controls. They sit one layer above the events ex_ratatui emits for the app and its runtime; together they show where a frame's time goes, from render/2 to the panel.
Event tree at a glance
[:raster_ex_ratatui, :surface, :start]   single  — raster built, app server started
[:raster_ex_ratatui, :surface, :stop]    single  — surface terminating
[:raster_ex_ratatui, :app, :exit]        single  — the app server exited; the surface stops or restarts it
[:raster_ex_ratatui, :frame, :raster]    span    — Raster.apply/2 on one diff
[:raster_ex_ratatui, :frame, :push]      span    — the consumer's push/2
[:raster_ex_ratatui, :input, :forward]   single  — an event forwarded to the app
Every event carries :surface (the surface module), :mod (the app), and :pid (the surface process, to tell several surfaces apart). Span events emit :start / :stop / :exception suffixes. The :frame, :raster stop event carries :cells, :regions, and :patches counts in its metadata; :app, :exit carries the app's exit :reason and the :action taken (:stop or :restart, the surface's on_app_exit: option). See RasterExRatatui.Telemetry for the full metadata reference.
Quick start: log every event
RasterExRatatui.Telemetry.attach_default_logger(level: :info)
Detach with RasterExRatatui.Telemetry.detach_default_logger/0.
Is the panel keeping up?
RasterExRatatui.Telemetry.probe/3 watches one surface for a few seconds and prints the answer, from an IEx session on the device:
iex> RasterExRatatui.Telemetry.probe(MyDevice.Surface, 10)
raster: n=56 in 10s  median=42.6ms  p90=65.0ms  max=70.8ms
push:   n=56 in 10s  median=12.8ms  p90=15.2ms  max=27.2ms
surface mailbox: 0 -> 0
raster is what turning renders into pixels costs and push what the device write costs; together they bound the frame rate. A raster count well below the app's render rate means renders were folded together (a Viewport3D that turns faster than the panel can show), and a mailbox that grows during the probe means the surface is falling behind. The numbers above are a Raspberry Pi 4 driving a 720×1280 panel at RGB565 with a 696×480 pixel region turning five times a second.
Wiring Telemetry.Metrics
defmodule MyDevice.Telemetry do
  import Telemetry.Metrics

  def metrics do
    [
      # Rasterisation cost per diff; spikes mean big regions or full repaints.
      summary("raster_ex_ratatui.frame.raster.stop.duration", unit: {:native, :millisecond}),

      # How much of the panel each diff touches.
      summary("raster_ex_ratatui.frame.raster.stop.patches"),

      # The device write, usually the slowest step on SPI panels.
      summary("raster_ex_ratatui.frame.push.stop.duration", unit: {:native, :millisecond}),

      counter("raster_ex_ratatui.input.forward"),
      counter("raster_ex_ratatui.surface.start")
    ]
  end
end
Pairing with ex_ratatui's events
	Concern	Owned by
	mount/1, handle_event/2, render/2, the cell diff	[:ex_ratatui, ...]
	Rasterising the diff, writing the panel, forwarding device input	[:raster_ex_ratatui, ...]

[:ex_ratatui, :render, :frame, :stop] plus [:raster_ex_ratatui, :frame, :raster, :stop] plus [:raster_ex_ratatui, :frame, :push, :stop] is the complete path of one frame.
Custom handlers
Attach a captured module function, not an anonymous one (:telemetry logs a performance warning otherwise):
:telemetry.attach(
  "my-device-push-tracker",
  [:raster_ex_ratatui, :frame, :push, :stop],
  &MyDevice.PushTracker.handle_event/4,
  nil
)
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A complete surface for a Linux framebuffer and its evdev keyboard, in one use.
defmodule MyDevice.Surface do
  use RasterExRatatui.Framebuffer.Surface, app: MyDevice.Dashboard, rotate: 90
end

# in the application's supervision tree
children = [MyDevice.Surface]
That is the whole consumer for a Raspberry Pi with a display: at start the surface waits for /dev/fb0 to appear, reads its size and depth from sysfs, picks the pixel format (RGB565 at 16 bits per pixel, XRGB8888 at 32) and a font scale that keeps about a hundred columns on the long side, detaches the kernel console from the framebuffer, starts the app, and reads the first USB keyboard it finds (and the touch panel, with touch: true), looking again whenever there is none. Pixels go out with RasterExRatatui.Framebuffer.write/2; keys and taps come in through RasterExRatatui.Input.Devices. When the app exits, a new one starts on the same surface (on_app_exit: :restart), because a panel has nothing else to show.
Options
Given to use or to the child spec ({MyDevice.Surface, rotate: 90}), and read from the application's config the usual way. All of RasterExRatatui.Surface's options apply too; these are the ones this module adds or defaults.
	Option	Default	What it does
	:app	required	the ExRatatui.App to run
	:framebuffer	"fb0"	the framebuffer to draw on
	:framebuffer_timeout	30_000	how long to wait for it to appear, in milliseconds (display drivers load during boot)
	:scale	:auto	integer font scale, or :auto for RasterExRatatui.Framebuffer.auto_scale/2
	:columns	100	the columns :auto keeps on the long side
	:rotate	0	90, 180, or 270 for a panel mounted on its side (see RasterExRatatui.Raster)
	:console	"vtcon1"	the framebuffer console to detach, or false to leave it
	:keyboard	true	read the first keyboard found, a "/dev/input/eventN" path, or false
	:touch	false	the touch panel, the same way: taps and drags reach the app as ExRatatui.Event.Mouse events on the cell under the finger, rotation included
	:swap_xy, :invert_x, :invert_y	false	for a touch controller that does not follow the panel's orientation (RasterExRatatui.Input.Touch)
	:on_app_exit	:restart	:stop to let the supervisor decide instead; with :restart, :max_restarts crashes (default 3) within :max_seconds (default 5) still stop the surface
	:font, :format_opts, :app_opts, :min_interval, :push_mode, :shutdown_timeout, :name		as in RasterExRatatui.Surface
	:retry_ms, :layout, :emit_release, :input		as in RasterExRatatui.Input.Devices
	:root	"/"	where /sys and /dev are (tests point it at a fake tree)

Starting blocks until the framebuffer is there, up to :framebuffer_timeout, so the surface belongs last in its supervisor: children after it would wait that long on a slow or missing display.
The keyboard needs input_event in the consumer's deps, a C port for Linux. Without it the surface logs a warning once and runs without input, so the same project still compiles and runs its tests on a host.
Under the hood, and overriding
use gives the module init/1, push/2, handle_info/2, and terminate/2, each delegating to the function of the same name here, and all overridable. Override one and call the default from it to add to what it does; the state is a map with :fb (the open RasterExRatatui.Framebuffer) and :devices (the RasterExRatatui.Input.Devices, or nil), and anything else added to it travels along.
defmodule MyDevice.Surface do
  use RasterExRatatui.Framebuffer.Surface, app: MyDevice.Dashboard

  @impl true
  def init(opts) do
    {:ok, config, state} = RasterExRatatui.Framebuffer.Surface.init(opts)
    {:ok, config, Map.put(state, :backlight, MyDevice.Backlight.on!())}
  end

  @impl true
  def handle_info({:button, :back}, state),
    do: {:events, [%ExRatatui.Event.Key{code: "esc", kind: "press"}], state}

  def handle_info(msg, state), do: RasterExRatatui.Framebuffer.Surface.handle_info(msg, state)
end
A panel that is not a framebuffer, or a keyboard that is not evdev, starts from RasterExRatatui.Surface instead; Building a Surface is the guide.
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        The surface's state: the open framebuffer and the input devices, plus whatever an override adds.
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        handle_info(msg, state)

      


        The default RasterExRatatui.Surface.handle_info/2: RasterExRatatui.Input.Devices.handle_info/2, with anything it does not know ignored.



    


    
      
        init(opts)

      


        The default RasterExRatatui.Surface.init/1: waits for the framebuffer, picks the format and scale, detaches the console, starts the input devices.



    


    
      
        push(pixels, state)

      


        The default RasterExRatatui.Surface.push/2: RasterExRatatui.Framebuffer.write/2.



    


    
      
        terminate(reason, state)

      


        The default RasterExRatatui.Surface.terminate/2: stops the input readers and closes the framebuffer.
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          @type state() :: %{
  :fb => RasterExRatatui.Framebuffer.t(),
  :devices => RasterExRatatui.Input.Devices.t() | nil,
  optional(atom()) => term()
}


      


The surface's state: the open framebuffer and the input devices, plus whatever an override adds.
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          @spec handle_info(term(), state()) ::
  {:noreply, state()} | {:events, [ExRatatui.Event.t()], state()}


      


The default RasterExRatatui.Surface.handle_info/2: RasterExRatatui.Input.Devices.handle_info/2, with anything it does not know ignored.

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

      

          @spec init(keyword()) :: {:ok, keyword(), state()} | {:stop, {:framebuffer, term()}}


      


The default RasterExRatatui.Surface.init/1: waits for the framebuffer, picks the format and scale, detaches the console, starts the input devices.
Returns {:ok, [size:, format:, scale:, rotate:, on_app_exit:], %{fb:, devices:}}, or {:stop, {:framebuffer, reason}} when the framebuffer never appears or has a depth the library cannot pack (that one fails at once).

  



  
    
      
    
    
      push(pixels, state)



        
          
        

    

  


  

      

          @spec push([RasterExRatatui.Patch.t()] | {:frame, binary()}, state()) :: state()


      


The default RasterExRatatui.Surface.push/2: RasterExRatatui.Framebuffer.write/2.

  



  
    
      
    
    
      terminate(reason, state)



        
          
        

    

  


  

      

          @spec terminate(term(), state()) :: :ok | {:error, term()}


      


The default RasterExRatatui.Surface.terminate/2: stops the input readers and closes the framebuffer.

  


        

      


  

    
RasterExRatatui.Surface behaviour
    



      
The contract a pixel display implements to run an ExRatatui app.
A surface is a module that knows one panel: how big it is, how its pixels are packed, and how to get bytes onto it. Everything between the app and those bytes (starting the app, folding cell diffs, rasterising glyphs and pixel regions, forwarding input) is done by the surface process that use RasterExRatatui.Surface gives the module.
defmodule MyDevice.Surface do
  use RasterExRatatui.Surface,
    app: MyDevice.Dashboard,
    format: RasterExRatatui.PixelFormat.RGB565,
    scale: 2

  @impl true
  def init(opts) do
    lcd = MyDevice.LCD.open!()
    {:ok, [size: MyDevice.LCD.size(lcd)], lcd}
  end

  @impl true
  def push(patches, lcd) do
    Enum.each(patches, &MyDevice.LCD.write(lcd, &1.x, &1.y, &1.width, &1.height, &1.data))
    lcd
  end
end

# in the application's supervision tree
children = [MyDevice.Surface]
Lifecycle
	start_link/1 merges its options over the use options and calls init/1 with the result.
	init/1 returns the consumer's state and a keyword list of options it could only know at runtime (typically :size, read from the device); those win over everything else.
	The process builds a RasterExRatatui.Raster and starts a RasterExRatatui.Session on it, which creates an ExRatatui.CellSession of the raster's grid with the raster's font_size: and starts the app server on it, linked.
	Every render of the app arrives as a cell diff; the raster turns it into patches and push/2 writes them.
	When the app server exits, :on_app_exit decides. With :stop, the default, the surface exits with the same reason; the generated child spec is restart: :transient, like ExRatatui.App's, so a crash restarts the pair and an app that quits with {:stop, state} stays stopped. With :restart, the surface keeps its raster, opens a fresh cell session, and starts the app again; the new app's first render repaints the panel. A crash loop (more than :max_restarts crashes within :max_seconds) stops the surface after all, and its supervisor takes over. When the surface stops, it stops the app server first.

Options
Accepted by use, by start_link/1, and in the keyword list init/1 returns (later wins, in that order):
	:app (required) — the ExRatatui.App module to run
	:app_opts — keyword list passed to the app's mount/1 (or reducer init/1), default []. The surface adds surface: to it, a map describing the panel the app is on: :size (the physical panel in pixels), :cell_size (the effective cell in pixels), :grid_size (cells), :format, :scale, and :rotate
	:size (required) — the physical panel size in pixels, {width, height}
	:format (required) — a RasterExRatatui.PixelFormat module
	:rotate — 0 (default), 90, 180, or 270: how far clockwise the app's image is turned on the panel, for a panel mounted on its side. The grid follows the turned image; patches and frames stay in the panel's own coordinates, so push/2 does not change
	:font, :scale, :format_opts — see RasterExRatatui.Raster.new/1
	:push_mode — :patches (default) calls push/2 with the changed rectangles; :frame calls it with {:frame, binary}, the whole panel, for panels that only take full frames
	:min_interval — minimum milliseconds between two pushes (default 0). Renders arriving sooner wait, and are rasterised together and pushed once when the interval has passed, which keeps slow panels (e-ink, SPI at low baud) from refreshing more often than they should
	:on_app_exit — what to do when the app server exits: :stop (default) stops the surface with the same reason, and its supervisor decides; :restart starts the app again on the same surface at once, for a panel that has nothing else to show. Both emit [:raster_ex_ratatui, :app, :exit] with the reason and the action
	:max_restarts, :max_seconds — with on_app_exit: :restart, an app that crashes more than max_restarts times (default 3) within max_seconds (default 5) stops the surface with its reason instead, so a crash loop reaches the supervisor rather than spinning inside the surface. An app that quits on purpose (a :normal or :shutdown exit) is not counted and always comes back
	:shutdown_timeout — milliseconds to wait for the app server to stop when the surface terminates before killing it (default 4_000). The generated child spec gives the supervisor's :shutdown a second more, so the consumer's terminate/2 always runs; a value returned only from init/1 cannot reach the child spec, so pass it to use or the child spec when raising it
	:name — registers the surface process

Every other option reaches init/1 untouched, so device settings (a device path, a GPIO pin) can travel with the rest.
The surface never falls behind the app. Every render that is waiting when the surface gets to work is folded into the raster as one batch (RasterExRatatui.Raster.apply/2 with a list) and pushed at once, so when the app renders faster than the surface can rasterise or the panel can write, the panel shows fewer, later frames rather than every frame later and later, and input never waits behind stale renders. A min_interval holds the batch back instead.
Input
Input belongs to the consumer: whatever reads the device (an evdev keyboard, GPIO buttons, a touch controller) turns its events into ExRatatui.Event structs and hands them to send_event/2. When the reader delivers messages to the surface process itself, handle_info/2 can translate them and return {:events, events, state}. RasterExRatatui.Input.Evdev translates evdev key events.
Resize
resize/2 changes the panel size (a display that comes back at another resolution): the raster and the session are rebuilt at the new grid, the app receives an ExRatatui.Event.Resize, and the next render repaints the whole panel.

      


      
        Summary


  
    Types
  


    
      
        surface()

      


        A running surface: its pid or registered name.



    





  
    Callbacks
  


    
      
        handle_info(msg, state)

      


        Handles any other message sent to the surface process.



    


    
      
        init(opts)

      


        Prepares the device and returns the consumer's state.



    


    
      
        push(pixels, state)

      


        Writes pixels to the device and returns the new state.



    


    
      
        terminate(reason, state)

      


        Called when the surface stops, after the app server is stopped. The default does nothing.



    





  
    Functions
  


    
      
        raster(surface)

      


        The surface's current RasterExRatatui.Raster, for inspection and tests (RasterExRatatui.Raster.frame/1 renders what the panel shows).



    


    
      
        resize(surface, size)

      


        Changes the panel size. The grid, the session, and the app are resized, and the next render repaints the panel.



    


    
      
        send_event(surface, event)

      


        Forwards an ExRatatui.Event (a %Key{}, a %Mouse{}, …) to the app.



    


    
      
        server(surface)

      


        The pid of the app server the surface runs.



    


    
      
        start_link(module, opts)

      


        Starts the surface process for module, a module implementing this behaviour, with opts (see the moduledoc). Modules that use RasterExRatatui.Surface get a start_link/1 that calls this with their use options merged in.



    





      


      
        Types


        


  
    
      
    
    
      surface()



        
          
        

    

  


  

      

          @type surface() :: GenServer.server()


      


A running surface: its pid or registered name.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      handle_info(msg, state)



        
          
        

    

  


  

      

          @callback handle_info(msg :: term(), state :: term()) ::
  {:noreply, term()} | {:events, [ExRatatui.Event.t()], term()}


      


Handles any other message sent to the surface process.
Return {:events, events, state} to forward ExRatatui.Event structs to the app, or {:noreply, state}. The default ignores the message.

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

      

          @callback init(opts :: keyword()) ::
  {:ok, keyword(), state :: term()} | {:stop, reason :: term()}


      


Prepares the device and returns the consumer's state.
opts is every option given to use and start_link/1, merged. The returned keyword list is merged over them, so options only known once the device is open (:size, :format) are returned here. Returning {:stop, reason} aborts the start; any other return raises ArgumentError.
The default implementation returns {:ok, [], opts}: no extra options, and the options themselves as state.

  



  
    
      
    
    
      push(pixels, state)



        
          
        

    

  


  

      

          @callback push(
  pixels :: [RasterExRatatui.Patch.t()] | {:frame, binary()},
  state :: term()
) :: term()


      


Writes pixels to the device and returns the new state.
Receives the list of RasterExRatatui.Patch rectangles to write in order (push_mode: :patches), or {:frame, binary} with the whole panel, row-major, width * height packed pixels (push_mode: :frame). Called from the surface process; a slow push delays the next one but never the app.

  



  
    
      
    
    
      terminate(reason, state)



        
          
        

    

  


  

      

          @callback terminate(reason :: term(), state :: term()) :: term()


      


Called when the surface stops, after the app server is stopped. The default does nothing.

  


        

      

      
        Functions


        


  
    
      
    
    
      raster(surface)



        
          
        

    

  


  

      

          @spec raster(surface()) :: RasterExRatatui.Raster.t()


      


The surface's current RasterExRatatui.Raster, for inspection and tests (RasterExRatatui.Raster.frame/1 renders what the panel shows).

  



  
    
      
    
    
      resize(surface, size)



        
          
        

    

  


  

      

          @spec resize(surface(), RasterExRatatui.Raster.size()) ::
  RasterExRatatui.Raster.size()


      


Changes the panel size. The grid, the session, and the app are resized, and the next render repaints the panel.
Returns the new grid size, {cols, rows}.

  



  
    
      
    
    
      send_event(surface, event)



        
          
        

    

  


  

      

          @spec send_event(surface(), ExRatatui.Event.t()) :: :ok


      


Forwards an ExRatatui.Event (a %Key{}, a %Mouse{}, …) to the app.
Returns immediately; the event reaches the app's handle_event/2 (or update/2) like input from a terminal.

  



  
    
      
    
    
      server(surface)



        
          
        

    

  


  

      

          @spec server(surface()) :: pid()


      


The pid of the app server the surface runs.

  



  
    
      
    
    
      start_link(module, opts)



        
          
        

    

  


  

      

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


      


Starts the surface process for module, a module implementing this behaviour, with opts (see the moduledoc). Modules that use RasterExRatatui.Surface get a start_link/1 that calls this with their use options merged in.

  


        

      


  

    
RasterExRatatui 
    



      
Render ExRatatui apps on pixel displays such as e-ink panels, with helpers for Linux framebuffers.
A terminal turns cells into pixels by itself. A bare panel does not, so something has to paint every cell's glyph in its colours, and blit the bitmaps that pixel-mode widgets (ExRatatui.Widgets.Viewport3D, ExRatatui.Widgets.Image) hand to an ExRatatui.CellSession created with a :font_size. This package is that something, in three layers:
┌──────────────────────────────────────────────────────────────┐
│ Surface      use RasterExRatatui.Surface                     │
│              a process that owns a Session and calls push/2  │
├──────────────────────────────────────────────────────────────┤
│ Session      app server + cell session + raster, no process  │
│              handle/2 folds renders into patches             │
├──────────────────────────────────────────────────────────────┤
│ Raster       Grid (cells + regions) → [Patch] | full frame   │
│              Font × Palette × PixelFormat × scale            │
├──────────────────────────────────────────────────────────────┤
│ Device       Framebuffer (fbdev) · Input.Evdev (keyboards)   │
│              or the consumer's own driver (SPI, e-ink, …)    │
└──────────────────────────────────────────────────────────────┘
Where to start
	RasterExRatatui.Surface — the contract a device implements: panel geometry in init/1, pixels out in push/2, input in through send_event/2. Most consumers only write this module.
	RasterExRatatui.Session — the same app-on-a-raster without the process, for consumers that already own one: start it there, fold its messages with handle/2, write the patches.
	RasterExRatatui.Raster — the pure rasteriser underneath: payloads in, patches or a frame out.
	RasterExRatatui.Font, RasterExRatatui.PixelFormat — the two behaviours that make the output fit a panel: glyph bitmaps and pixel packing.
	RasterExRatatui.Framebuffer, RasterExRatatui.Input.Evdev — optional helpers for Linux framebuffers and evdev keyboards.
	RasterExRatatui.Telemetry — the events the surface emits.


      




  

    
RasterExRatatui.Grid 
    



      
The current frame of an ExRatatui.CellSession, as a cell map plus the list of pixel regions on screen.
A CellSession hands out a %Snapshot{} (every cell) or a %Diff{} (only the cells that changed since the last one). The grid folds either into a map keyed by {col, row} and reports what changed, which is what lets RasterExRatatui.Raster rasterise only those cells.
Regions are never merged: every payload carries the complete list of regions on screen (see ExRatatui.CellSession.Region), so the payload's list replaces the grid's outright.
Examples
iex> alias ExRatatui.CellSession.{Cell, Diff}
iex> alias RasterExRatatui.Grid
iex> full = %Diff{width: 2, height: 1, ops: [%Cell{col: 0, symbol: "a"}, %Cell{col: 1, symbol: "b"}]}
iex> {grid, :all, false} = Grid.apply_diff(Grid.new(), full)
iex> {grid, [{1, 0}], false} = Grid.apply_diff(grid, %Diff{width: 2, height: 1, ops: [%Cell{col: 1, symbol: "c"}]})
iex> Grid.cell(grid, 1, 0).symbol
"c"

      


      
        Summary


  
    Types
  


    
      
        changed()

      


        What changed: every cell, or the positions of the cells that did.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        apply(grid, snapshot)

      


        Folds a snapshot or a diff into the grid; see put_snapshot/2 and apply_diff/2.



    


    
      
        apply_diff(grid, diff)

      


        Merges a diff's cells into the grid and replaces its regions.



    


    
      
        cell(grid, col, row)

      


        The cell at {col, row}, or nil when no payload has set it.



    


    
      
        new()

      


        An empty grid, 0×0 with no regions.



    


    
      
        put_snapshot(grid, snapshot)

      


        Replaces the grid with a snapshot's cells and regions. Everything counts as changed.



    





      


      
        Types


        


  
    
      
    
    
      changed()



        
          
        

    

  


  

      

          @type changed() :: :all | [{non_neg_integer(), non_neg_integer()}]


      


What changed: every cell, or the positions of the cells that did.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Grid{
  cells: %{
    required({non_neg_integer(), non_neg_integer()}) =>
      ExRatatui.CellSession.Cell.t()
  },
  height: non_neg_integer(),
  regions: [ExRatatui.CellSession.Region.t()],
  width: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      apply(grid, snapshot)



        
          
        

    

  


  

      

          @spec apply(t(), ExRatatui.CellSession.Snapshot.t() | ExRatatui.CellSession.Diff.t()) ::
  {t(), changed(), regions_changed? :: boolean()}


      


Folds a snapshot or a diff into the grid; see put_snapshot/2 and apply_diff/2.
Examples
iex> alias ExRatatui.CellSession.Snapshot
iex> {_grid, changed, _} = RasterExRatatui.Grid.apply(RasterExRatatui.Grid.new(), %Snapshot{width: 1, height: 1})
iex> changed
:all

  



  
    
      
    
    
      apply_diff(grid, diff)



        
          
        

    

  


  

      

          @spec apply_diff(t(), ExRatatui.CellSession.Diff.t()) :: {t(), changed(), boolean()}


      


Merges a diff's cells into the grid and replaces its regions.
Returns {grid, changed, regions_changed?}. changed is :all for a full payload (every cell present, which a CellSession sends first, after a resize, and after a close) or when the diff's dimensions differ from the grid's; the cell map then starts over from the diff alone. Otherwise it lists the {col, row} of every op.
Examples
iex> alias ExRatatui.CellSession.{Cell, Diff, Region}
iex> alias RasterExRatatui.Grid
iex> {grid, :all, false} = Grid.apply_diff(Grid.new(), %Diff{width: 1, height: 1, ops: [%Cell{}]})
iex> region = %Region{width: 1, height: 1, pixel_width: 1, pixel_height: 1, data: <<0, 0, 0>>}
iex> {_grid, [], true} = Grid.apply_diff(grid, %Diff{width: 1, height: 1, regions: [region]})

  



  
    
      
    
    
      cell(grid, col, row)



        
          
        

    

  


  

      

          @spec cell(t(), non_neg_integer(), non_neg_integer()) ::
  ExRatatui.CellSession.Cell.t() | nil


      


The cell at {col, row}, or nil when no payload has set it.
Examples
iex> RasterExRatatui.Grid.cell(RasterExRatatui.Grid.new(), 0, 0)
nil

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


An empty grid, 0×0 with no regions.
Examples
iex> RasterExRatatui.Grid.new()
%RasterExRatatui.Grid{width: 0, height: 0, cells: %{}, regions: []}

  



  
    
      
    
    
      put_snapshot(grid, snapshot)



        
          
        

    

  


  

      

          @spec put_snapshot(t(), ExRatatui.CellSession.Snapshot.t()) :: {t(), :all, boolean()}


      


Replaces the grid with a snapshot's cells and regions. Everything counts as changed.
Returns {grid, :all, regions_changed?}.
Examples
iex> alias ExRatatui.CellSession.{Cell, Snapshot}
iex> snapshot = %Snapshot{width: 1, height: 1, cells: [%Cell{symbol: "x"}]}
iex> {grid, :all, false} = RasterExRatatui.Grid.put_snapshot(RasterExRatatui.Grid.new(), snapshot)
iex> RasterExRatatui.Grid.cell(grid, 0, 0).symbol
"x"

  


        

      


  

    
RasterExRatatui.Palette 
    



      
Turns ExRatatui colour terms into RGB triples for colour panels.
A cell's fg and bg are ExRatatui.Style.color/0 terms: :reset, one of the 16 named ANSI colours, {:indexed, 0..255}, or {:rgb, r, g, b}. A terminal resolves the first three through its theme; a panel has no theme, so a palette carries one.
	Named colours and indexed 0..15 come from the theme (xterm's defaults unless overridden).
	Indexed 16..231 is the 6×6×6 colour cube and 232..255 the grayscale ramp, as in xterm.
	{:rgb, r, g, b} is used as is.
	:reset is the theme's default foreground or background, depending on which side of the cell it colours.

Examples
iex> alias RasterExRatatui.Palette
iex> palette = Palette.new(reset_bg: {16, 16, 32}, theme: %{red: {255, 85, 85}})
iex> Palette.rgb(:red, :fg, palette)
{255, 85, 85}
iex> Palette.rgb(:reset, :bg, palette)
{16, 16, 32}
iex> Palette.rgb({:indexed, 196}, :fg, palette)
{255, 0, 0}

      


      
        Summary


  
    Types
  


    
      
        rgb()

      


        An RGB triple, each channel 0..255.



    


    
      
        role()

      


        Which side of the cell a colour paints, which decides what :reset means.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        bright(name)

      


        The bright variant of a dark named colour (:red → :light_red, :black → :dark_gray, :gray → :white, indexed 0..7 → 8..15). Every other colour is returned unchanged.



    


    
      
        cell_colors(cell, palette)

      


        A cell's {foreground, background} RGB, after its modifiers.



    


    
      
        new(opts \\ [])

      


        Builds a palette.



    


    
      
        rgb(color, role, palette \\ new())

      


        Resolves color to RGB. role only matters for :reset.



    





      


      
        Types


        


  
    
      
    
    
      rgb()



        
          
        

    

  


  

      

          @type rgb() :: {0..255, 0..255, 0..255}


      


An RGB triple, each channel 0..255.

  



  
    
      
    
    
      role()



        
          
        

    

  


  

      

          @type role() :: :fg | :bg


      


Which side of the cell a colour paints, which decides what :reset means.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Palette{
  bold_bright: boolean(),
  reset_bg: rgb(),
  reset_fg: rgb(),
  theme: %{required(atom()) => rgb()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      bright(name)



        
          
        

    

  


  

      

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


      


The bright variant of a dark named colour (:red → :light_red, :black → :dark_gray, :gray → :white, indexed 0..7 → 8..15). Every other colour is returned unchanged.
Examples
iex> RasterExRatatui.Palette.bright(:blue)
:light_blue

iex> RasterExRatatui.Palette.bright({:indexed, 3})
{:indexed, 11}

iex> RasterExRatatui.Palette.bright(:reset)
:reset

  



  
    
      
    
    
      cell_colors(cell, palette)



        
          
        

    

  


  

      

          @spec cell_colors(ExRatatui.CellSession.Cell.t(), t()) :: {rgb(), rgb()}


      


A cell's {foreground, background} RGB, after its modifiers.
:bold brightens a dark named foreground when the palette's bold_bright is on; :reversed then swaps the two sides. Other modifiers do not change colour.
Examples
iex> alias ExRatatui.CellSession.Cell
iex> alias RasterExRatatui.Palette
iex> Palette.cell_colors(%Cell{fg: :red, bg: :reset, modifiers: [:bold]}, Palette.new())
{{255, 0, 0}, {0, 0, 0}}
iex> Palette.cell_colors(%Cell{fg: :reset, bg: :blue, modifiers: [:reversed]}, Palette.new())
{{0, 0, 238}, {229, 229, 229}}

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Builds a palette.
Options
	:theme — a map of named colours to RGB, merged over xterm's defaults, so a partial map overrides only what it names.
	:reset_fg — the default foreground (default {229, 229, 229}, xterm's :gray).
	:reset_bg — the default background, also used for margins and skipped cells (default {0, 0, 0}).
	:bold_bright — paint bold text with the bright variant of a dark named colour, as most terminals do (default true). A bitmap font has no bold face, so this is the only visible trace of :bold.

Raises ArgumentError for a theme key that is not a named colour.
Examples
iex> RasterExRatatui.Palette.new().reset_bg
{0, 0, 0}

  



    

  
    
      
    
    
      rgb(color, role, palette \\ new())



        
          
        

    

  


  

      

          @spec rgb(ExRatatui.Style.color(), role(), t()) :: rgb()


      


Resolves color to RGB. role only matters for :reset.
Examples
iex> alias RasterExRatatui.Palette
iex> Palette.rgb({:rgb, 1, 2, 3}, :fg)
{1, 2, 3}
iex> Palette.rgb(:reset, :fg)
{229, 229, 229}
iex> Palette.rgb({:indexed, 9}, :fg)
{255, 0, 0}
iex> Palette.rgb({:indexed, 16 + 36 * 5 + 6 * 2 + 1}, :bg)
{255, 135, 95}
iex> Palette.rgb({:indexed, 244}, :bg)
{128, 128, 128}

  


        

      


  

    
RasterExRatatui.Patch 
    



      
A rectangle of packed pixels to write to a panel.
RasterExRatatui.Raster.apply/2 answers a cell diff with a list of patches: one per run of changed cells on a row, one per pixel region that is new or changed, and the margins on a full repaint. A panel driver writes each patch at (x, y), in list order (a region patch may overlap cells painted by an earlier patch).
Fields
	:x, :y — top-left corner, in panel pixels
	:width, :height — size, in pixels
	:data — width * height pixels, row-major from the top-left, each packed by the raster's RasterExRatatui.PixelFormat. There is no stride padding: row r starts at byte r * width * bytes_per_pixel.


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        blit(frame, frame_width, bytes_per_pixel, patch)

      


        Writes patch into frame, a row-major buffer frame_width pixels wide with bytes_per_pixel bytes per pixel, and returns the new buffer.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Patch{
  data: binary(),
  height: non_neg_integer(),
  width: non_neg_integer(),
  x: non_neg_integer(),
  y: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      blit(frame, frame_width, bytes_per_pixel, patch)



        
          
        

    

  


  

      

          @spec blit(binary(), pos_integer(), pos_integer(), t()) :: binary()


      


Writes patch into frame, a row-major buffer frame_width pixels wide with bytes_per_pixel bytes per pixel, and returns the new buffer.
For consumers that keep a full frame and apply patches to it (a panel that only accepts whole frames, a PNG snapshot), and for tests. The patch must lie inside the frame.
Examples
iex> frame = :binary.copy(<<0>>, 4 * 3)
iex> patch = %RasterExRatatui.Patch{x: 1, y: 1, width: 2, height: 2, data: <<1, 2, 3, 4>>}
iex> RasterExRatatui.Patch.blit(frame, 4, 1, patch)
<<0, 0, 0, 0, 0, 1, 2, 0, 0, 3, 4, 0>>

  


        

      


  

    
RasterExRatatui.Raster 
    



      
Turns ExRatatui.CellSession payloads into packed pixels for a panel.
A raster is a pure value: the panel geometry, a font, a pixel format, an integer scale, and the RasterExRatatui.Grid of the current frame. Feed it every snapshot or diff the session produces and it answers with the RasterExRatatui.Patch rectangles that changed, packed and ready to write.
raster = Raster.new(size: {400, 300}, font: Default6x8, format: Mono)
{cols, rows} = Raster.grid_size(raster)
session = CellSession.new(cols, rows, font_size: Raster.font_size(raster))

:ok = CellSession.draw(session, widgets)
{raster, patches} = Raster.apply(raster, CellSession.take_cells_diff(session))
Geometry
The effective cell is the font's cell times scale:; it is what the session must be created with as font_size:, so pixel-mode widgets render bitmaps at the panel's resolution. The grid is the panel size divided by the effective cell, rounded down; the leftover right and bottom strips (margin/1) are painted with the format's blank pixel.
Patches
apply/2 rasterises only what changed:
	changed cells, one patch per contiguous run on a row
	when the region list changed, one patch per region that is new or whose bitmap or rect changed (the bitmap scaled nearest-neighbour onto its cell rect, clipped to the grid, in one native pass by ExRatatui.Pixels.pack_rgb8/5), plus the cells a region that went away no longer covers. A region that is the same as in the previous payload costs nothing, so a still image next to an animated one is rasterised once. Overlapping regions stay correct: an unchanged region that touches a repainted area is repainted too, in list order
	on a full payload (the first diff, a snapshot, a resize), every run of cells on every row, every region, and the margins

Cells under a pixel region are never rasterised, on full payloads or diffs: they arrive blank and the region paints over them.
apply/2 also takes a list of payloads and rasterises them as one: the grid is folded through all of them first, so a cell or region that changed several times is drawn once, in its final state. A consumer that falls behind its app (a slow panel, a big pixel region) folds everything queued into one call instead of drawing frames nobody will see; the surface process does exactly that.
Patches must be written in list order. frame/1 renders the whole panel as one buffer for panels that only take full frames (render_frame/1 does the same and keeps the glyph cache it fills); writing apply/2's patches over the previous frame/1 gives the next one.
Rotation
A panel mounted on its side keeps its native scan order: /dev/fb0 on a portrait display is portrait however the stand holds it. rotate: 90 | 180 | 270 turns the app's image clockwise on the way to the panel. :size stays the physical panel; the grid is computed from the logical size, which is the physical size with width and height swapped for 90 and 270 (logical_size/1); and every patch, frame/1, and margin/1 come out in physical coordinates, so whatever writes the panel does not know the difference.
rotate: 90 on a 720×1280 panel      logical (x, y) → physical
                                      90:  (W - 1 - y, x)
  logical 1280×720  ─┐               180:  (W - 1 - x, H - 1 - y)
  ┌───────────────┐  │ clockwise     270:  (y, H - 1 - x)
  │ A B C         │  │               W, H: the physical size
  └───────────────┘  ▼
                  ┌─────┐
                  │ A   │  physical 720×1280
                  │ B   │  (the app's top edge is on the right)
                  │ C   │
                  └─────┘
Glyphs are rotated once as they enter the cache; a run of cells becomes a vertical strip; a pixel region's bitmap is sampled, turned and packed in the same native pass as a flat one, so both cost the same. Dithering and checkerboards stay anchored to the panel's own pixel grid, which is what a 1-bit panel wants.

      


      
        Summary


  
    Types
  


    
      
        payload()

      


        What apply/2 folds in: a cell diff or a snapshot from an ExRatatui.CellSession.



    


    
      
        rotation()

      


        Clockwise rotation of the app's image on the panel, in degrees.



    


    
      
        size()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        apply(raster, payloads)

      


        Folds a snapshot or diff, or a list of them in order, into the raster and returns the patches that repaint what changed.



    


    
      
        bytes_per_pixel(raster)

      


        Bytes per packed pixel, from the format.



    


    
      
        cell_at(raster, arg)

      


        The cell under a physical pixel, {col, row}, or :outside for a pixel in the margins or off the panel.



    


    
      
        font_size(raster)

      


        Effective cell size in pixels (the font's cell times the scale): the font_size: for ExRatatui.CellSession.new/3.



    


    
      
        frame(raster)

      


        Renders the whole panel as one row-major buffer of width * height packed pixels: cells, then regions, then margins.



    


    
      
        grid(raster)

      


        The raster's current grid.



    


    
      
        grid_size(raster)

      


        Grid size in cells, {cols, rows}: the size to create the ExRatatui.CellSession with.



    


    
      
        logical_size(raster)

      


        The size of the app's image in pixels, {width, height}: the physical size, with width and height swapped when the raster rotates by 90 or 270.



    


    
      
        margin(raster)

      


        The unused strips on the right and at the bottom of the app's image, in pixels, {right, bottom}. On a rotated raster they are on the right and at the bottom as the app sees them; on the panel they are wherever the rotation puts them.



    


    
      
        new(opts)

      


        Builds a raster for a panel.



    


    
      
        render_frame(raster)

      


        Like frame/1, but also returns the raster with every glyph it rendered added to its cache. Use it when rendering frames repeatedly (a panel that only takes full frames) and keep the returned raster.



    


    
      
        resize(raster, size)

      


        Rebuilds the geometry for a new physical panel size, keeping font, format, scale, rotation, and the glyph cache, and clears the grid.



    


    
      
        rotate(raster)

      


        How far clockwise the app's image is turned on the panel: 0, 90, 180, or 270.



    


    
      
        size(raster)

      


        The physical panel size in pixels, {width, height}: what patches and frame/1 are laid out for.



    


    
      
        to_png(raster)

      


        Renders the whole panel as a PNG image: 8-bit RGB, the panel's physical size, what frame/1 holds turned back into colours by the format's RasterExRatatui.PixelFormat.unpack_row/2.



    





      


      
        Types


        


  
    
      
    
    
      payload()



        
          
        

    

  


  

      

          @type payload() :: ExRatatui.CellSession.Snapshot.t() | ExRatatui.CellSession.Diff.t()


      


What apply/2 folds in: a cell diff or a snapshot from an ExRatatui.CellSession.

  



  
    
      
    
    
      rotation()



        
          
        

    

  


  

      

          @type rotation() :: 0 | 90 | 180 | 270


      


Clockwise rotation of the app's image on the panel, in degrees.

  



  
    
      
    
    
      size()



        
          
        

    

  


  

      

          @type size() :: {pos_integer(), pos_integer()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Raster{
  blank: binary(),
  bytes_per_pixel: pos_integer(),
  cache: map(),
  cell_size: size(),
  config: RasterExRatatui.PixelFormat.config(),
  font: RasterExRatatui.Font.t(),
  format: RasterExRatatui.PixelFormat.t(),
  grid: RasterExRatatui.Grid.t(),
  grid_size: size(),
  logical_size: size(),
  native_format: ExRatatui.Pixels.format() | nil,
  rotate: rotation(),
  scale: pos_integer(),
  size: size()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      apply(raster, payloads)



        
          
        

    

  


  

      

          @spec apply(t(), payload() | [payload()]) :: {t(), [RasterExRatatui.Patch.t()]}


      


Folds a snapshot or diff, or a list of them in order, into the raster and returns the patches that repaint what changed.
See the moduledoc for which patches are produced. A list produces the patches of its last state only, never of the states in between; an empty list produces none.
Examples
iex> alias ExRatatui.CellSession.{Cell, Diff}
iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> raster = Raster.new(size: {12, 8}, format: PixelFormat.Mono)
iex> full = %Diff{width: 2, height: 1, ops: [%Cell{col: 0, symbol: "A"}, %Cell{col: 1}]}
iex> {raster, [row]} = Raster.apply(raster, full)
iex> {row.x, row.y, row.width, row.height, byte_size(row.data)}
{0, 0, 12, 8, 96}
iex> {_raster, [cell]} = Raster.apply(raster, %Diff{width: 2, height: 1, ops: [%Cell{col: 1, symbol: "B"}]})
iex> {cell.x, cell.width}
{6, 6}
iex> twice = [%Diff{width: 2, height: 1, ops: [%Cell{col: 0, symbol: "C"}]}, %Diff{width: 2, height: 1, ops: [%Cell{col: 0, symbol: "D"}]}]
iex> {_raster, [once]} = Raster.apply(raster, twice)
iex> {once.x, once.width}
{0, 6}

  



  
    
      
    
    
      bytes_per_pixel(raster)



        
          
        

    

  


  

      

          @spec bytes_per_pixel(t()) :: pos_integer()


      


Bytes per packed pixel, from the format.
Examples
iex> RasterExRatatui.Raster.new(size: {64, 64}, format: RasterExRatatui.PixelFormat.RGB565) |> RasterExRatatui.Raster.bytes_per_pixel()
2

  



  
    
      
    
    
      cell_at(raster, arg)



        
          
        

    

  


  

      

          @spec cell_at(t(), {integer(), integer()}) ::
  {non_neg_integer(), non_neg_integer()} | :outside


      


The cell under a physical pixel, {col, row}, or :outside for a pixel in the margins or off the panel.
The inverse of the rotation mapping in the moduledoc: what a touch controller, which reports the panel's own coordinates, needs to find the cell the app sees under a finger.
Examples
A 12×16 panel with the 6×8 font: two columns and two rows flat, two columns and one row turned.
iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> flat = Raster.new(size: {12, 16}, format: PixelFormat.Mono)
iex> {Raster.cell_at(flat, {7, 9}), Raster.cell_at(flat, {12, 0}), Raster.cell_at(flat, {-1, 0})}
{{1, 1}, :outside, :outside}

iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> at = fn angle, point -> Raster.cell_at(Raster.new(size: {12, 16}, format: PixelFormat.Mono, rotate: angle), point) end
iex> {at.(90, {5, 10}), at.(180, {7, 9}), at.(270, {5, 10})}
{{1, 0}, {0, 0}, {0, 0}}
Turned by 90, the app's 4-pixel right margin is at the bottom of the panel and its bottom margin on the panel's left:
iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> turned = Raster.new(size: {12, 16}, format: PixelFormat.Mono, rotate: 90)
iex> {Raster.cell_at(turned, {4, 11}), Raster.cell_at(turned, {4, 12}), Raster.cell_at(turned, {3, 11})}
{{1, 0}, :outside, :outside}

  



  
    
      
    
    
      font_size(raster)



        
          
        

    

  


  

      

          @spec font_size(t()) :: size()


      


Effective cell size in pixels (the font's cell times the scale): the font_size: for ExRatatui.CellSession.new/3.
Examples
iex> RasterExRatatui.Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono, scale: 2) |> RasterExRatatui.Raster.font_size()
{12, 16}

  



  
    
      
    
    
      frame(raster)



        
          
        

    

  


  

      

          @spec frame(t()) :: binary()


      


Renders the whole panel as one row-major buffer of width * height packed pixels: cells, then regions, then margins.
Examples
iex> alias ExRatatui.CellSession.{Cell, Snapshot}
iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> raster = Raster.new(size: {8, 9}, format: PixelFormat.Mono)
iex> {raster, _patches} = Raster.apply(raster, %Snapshot{width: 1, height: 1, cells: [%Cell{symbol: "█"}]})
iex> frame = Raster.frame(raster)
iex> {byte_size(frame), :binary.at(frame, 0), :binary.at(frame, 6), :binary.at(frame, 8 * 8)}
{72, 0, 255, 255}

  



  
    
      
    
    
      grid(raster)



        
          
        

    

  


  

      

          @spec grid(t()) :: RasterExRatatui.Grid.t()


      


The raster's current grid.

  



  
    
      
    
    
      grid_size(raster)



        
          
        

    

  


  

      

          @spec grid_size(t()) :: size()


      


Grid size in cells, {cols, rows}: the size to create the ExRatatui.CellSession with.
Examples
iex> RasterExRatatui.Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono) |> RasterExRatatui.Raster.grid_size()
{66, 37}

  



  
    
      
    
    
      logical_size(raster)



        
          
        

    

  


  

      

          @spec logical_size(t()) :: size()


      


The size of the app's image in pixels, {width, height}: the physical size, with width and height swapped when the raster rotates by 90 or 270.
Examples
iex> RasterExRatatui.Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono, rotate: 270) |> RasterExRatatui.Raster.logical_size()
{300, 400}

  



  
    
      
    
    
      margin(raster)



        
          
        

    

  


  

      

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


      


The unused strips on the right and at the bottom of the app's image, in pixels, {right, bottom}. On a rotated raster they are on the right and at the bottom as the app sees them; on the panel they are wherever the rotation puts them.
Examples
iex> RasterExRatatui.Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono) |> RasterExRatatui.Raster.margin()
{4, 4}

iex> RasterExRatatui.Raster.new(size: {300, 400}, format: RasterExRatatui.PixelFormat.Mono, rotate: 90) |> RasterExRatatui.Raster.margin()
{4, 4}

  



  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

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


      


Builds a raster for a panel.
Options
	:size (required) — the physical panel size in pixels, {width, height}
	:format (required) — a RasterExRatatui.PixelFormat module
	:font — a RasterExRatatui.Font module (default RasterExRatatui.Font.Default6x8)
	:scale — integer magnification of the font's cell (default 1)
	:rotate — 0, 90, 180, or 270: how far clockwise the app's image is turned on the panel (default 0, see the moduledoc)
	:format_opts — passed to the format's RasterExRatatui.PixelFormat.init/1 (default [])

Raises ArgumentError when :size or :format is missing, when :size is not a pair of positive integers, when :scale is not a positive integer, when :rotate is not one of the four angles, or when not even one cell fits on the panel.
Examples
iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> raster = Raster.new(size: {1920, 1080}, format: PixelFormat.XRGB8888, scale: 3)
iex> {Raster.grid_size(raster), Raster.font_size(raster), Raster.margin(raster)}
{{106, 45}, {18, 24}, {12, 0}}
A portrait panel on a landscape stand: the grid is that of the turned image.
iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> raster = Raster.new(size: {720, 1280}, format: PixelFormat.RGB565, scale: 2, rotate: 90)
iex> {Raster.size(raster), Raster.logical_size(raster), Raster.grid_size(raster)}
{{720, 1280}, {1280, 720}, {106, 45}}

  



  
    
      
    
    
      render_frame(raster)



        
          
        

    

  


  

      

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


      


Like frame/1, but also returns the raster with every glyph it rendered added to its cache. Use it when rendering frames repeatedly (a panel that only takes full frames) and keep the returned raster.
Examples
iex> alias ExRatatui.CellSession.{Cell, Snapshot}
iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> raster = Raster.new(size: {12, 8}, format: PixelFormat.Mono)
iex> {raster, _patches} = Raster.apply(raster, %Snapshot{width: 2, height: 1, cells: [%Cell{symbol: "A"}]})
iex> {rendered, frame} = Raster.render_frame(%{raster | cache: %{}})
iex> {frame == Raster.frame(raster), map_size(rendered.cache) > 0}
{true, true}

  



  
    
      
    
    
      resize(raster, size)



        
          
        

    

  


  

      

          @spec resize(t(), size()) :: t()


      


Rebuilds the geometry for a new physical panel size, keeping font, format, scale, rotation, and the glyph cache, and clears the grid.
After a resize the ExRatatui.CellSession must be resized to the new grid_size/1; its next diff is a full payload, so apply/2 repaints the whole panel.
Examples
iex> alias RasterExRatatui.Raster
iex> raster = Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono)
iex> raster |> Raster.resize({120, 80}) |> Raster.grid_size()
{20, 10}

iex> alias RasterExRatatui.Raster
iex> raster = Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono, rotate: 90)
iex> raster |> Raster.resize({80, 120}) |> Raster.grid_size()
{20, 10}

  



  
    
      
    
    
      rotate(raster)



        
          
        

    

  


  

      

          @spec rotate(t()) :: rotation()


      


How far clockwise the app's image is turned on the panel: 0, 90, 180, or 270.
Examples
iex> RasterExRatatui.Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono) |> RasterExRatatui.Raster.rotate()
0

  



  
    
      
    
    
      size(raster)



        
          
        

    

  


  

      

          @spec size(t()) :: size()


      


The physical panel size in pixels, {width, height}: what patches and frame/1 are laid out for.
Examples
iex> RasterExRatatui.Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono) |> RasterExRatatui.Raster.size()
{400, 300}

  



  
    
      
    
    
      to_png(raster)



        
          
        

    

  


  

      

          @spec to_png(t()) :: binary()


      


Renders the whole panel as a PNG image: 8-bit RGB, the panel's physical size, what frame/1 holds turned back into colours by the format's RasterExRatatui.PixelFormat.unpack_row/2.
For tests and debugging: a snapshot of what the panel would show, written with File.write!/2 and opened in any image viewer. Pure Elixir, no dependency.
Raises ArgumentError when the format does not implement RasterExRatatui.PixelFormat.unpack_row/2.
Examples
iex> alias RasterExRatatui.{Raster, PixelFormat}
iex> png = Raster.to_png(Raster.new(size: {12, 8}, format: PixelFormat.RGB565))
iex> <<137, "PNG", 13, 10, 26, 10, 13::32, "IHDR", width::32, height::32, 8, 2, _::binary>> = png
iex> {width, height}
{12, 8}

  


        

      


  

    
RasterExRatatui.Session 
    



      
An ExRatatui app running on a raster, driven from the caller's own process.
A session is what RasterExRatatui.Surface wraps: the ExRatatui.CellSession, the app server, the writer that delivers its renders, and the RasterExRatatui.Raster that turns them into pixels. It has no process of its own. A consumer that already owns a process in charge of a panel (a screen manager, a device loop) starts a session in it, folds the session's messages with handle/2, and writes the pixels it gets back however the panel wants.
defmodule Badge.Screen do
  use GenServer

  alias RasterExRatatui.{Raster, Session}

  def init(app) do
    Process.flag(:trap_exit, true)
    raster = Raster.new(size: {400, 300}, format: RasterExRatatui.PixelFormat.Mono)
    {:ok, session} = Session.start(raster, app: app, keep_frame: true)
    {:ok, session}
  end

  def handle_info(msg, session) do
    case Session.handle(session, msg) do
      {:render, _patches, session} ->
        Badge.Display.show(Session.frame(session))
        {:noreply, session}

      {:exit, reason, session} ->
        Badge.Display.show(crash_frame(reason))
        {:noreply, session}

      :unknown ->
        {:noreply, session}
    end
  end

  def terminate(_reason, session), do: Session.stop(session)
end
Lifecycle
	start/2 creates the cell session for the raster's grid, starts the app server linked to the caller, and returns the session. The caller must trap exits: the app's exit then arrives as an {:EXIT, pid, reason} message that handle/2 turns into {:exit, reason, session} instead of taking the caller down.
	Every render of the app arrives in the caller's mailbox as {RasterExRatatui.Session, ref, diff}. handle/2 takes that message, every other render of the same session already waiting behind it, folds them into the raster as one, and returns the patches. Renders are never queued up: a slow panel shows fewer, later frames, never every frame later and later.
	await/2 waits for the first render (or the app's exit) with a timeout, for consumers that want the first frame before they show anything.
	stop/1 stops the app server, waiting up to shutdown_timeout: for its terminate/2 before killing it, and closes the cell session.

When the app exits, its server closes the cell session on the way out; a consumer that wants the app back starts a new session on the same raster (start(raster(session), opts)) and the new app's first render repaints everything.
Options
start/2 takes:
	:app (required) — the ExRatatui.App module to run
	:app_opts — keyword list passed to the app's mount/1 (or reducer init/1), default []. The session adds surface: to it, a map describing the panel: :size (the physical panel in pixels), :cell_size (the effective cell in pixels), :grid_size (cells), :format, :scale, and :rotate (see RasterExRatatui.Raster's rotation section)
	:keep_frame — keep a full frame of the panel up to date (default false). frame/1 then returns it at no cost, and render/2 applies each patch to it, for panels that only take whole frames
	:shutdown_timeout — milliseconds stop/1 waits for the app server before killing it (default 4_000)

The pieces stay reachable: raster/1 is the current raster (RasterExRatatui.Raster.frame/1 renders what the panel shows), server/1 the app server's pid, and drain/2 and render/2 are the two halves of handle/2, for a consumer that gathers renders and rasterises them on its own schedule.

      


      
        Summary


  
    Types
  


    
      
        payload()

      


        A payload the session folds: a cell diff from the app, or a snapshot.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        await(session, timeout \\ 5000)

      


        Waits up to timeout milliseconds for the next render of the session's app, or its exit, and handles it.



    


    
      
        drain(session, arg2)

      


        The first half of handle/2: classifies a message without rasterising anything.



    


    
      
        frame(session)

      


        The whole panel as one row-major buffer of packed pixels: the kept frame with keep_frame: true, rendered from the raster otherwise.



    


    
      
        grid_size(session)

      


        The grid the app renders to, {cols, rows}.



    


    
      
        handle(session, msg)

      


        Handles a message from the caller's mailbox.



    


    
      
        raster(session)

      


        The session's current RasterExRatatui.Raster.



    


    
      
        render(session, payloads)

      


        The second half of handle/2: folds payloads (diffs or snapshots, in order) into the raster and returns the patches that repaint what changed.



    


    
      
        resize(session, size)

      


        Changes the panel size, in pixels. The raster and the cell session are rebuilt at the new grid, the app receives an ExRatatui.Event.Resize, and its next render repaints the whole panel.



    


    
      
        send_event(session, event)

      


        Forwards an ExRatatui.Event (a %Key{}, a %Mouse{}, …) to the app, like input from a terminal. Dropped once the app has exited.



    


    
      
        server(session)

      


        The app server's pid, or nil once it has exited.



    


    
      
        start(raster, opts)

      


        Starts an app on raster from the calling process (see the moduledoc for the options).



    


    
      
        stop(session)

      


        Stops the app server, waiting up to the session's shutdown_timeout: for its terminate/2 before killing it, and closes the cell session. Leaves no {:EXIT, …} from the app in the caller's mailbox, even when the app died on its own just before. Safe after {:exit, _, _}, when only the cell session is left to close.



    





      


      
        Types


        


  
    
      
    
    
      payload()



        
          
        

    

  


  

      

          @type payload() :: RasterExRatatui.Raster.payload()


      


A payload the session folds: a cell diff from the app, or a snapshot.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Session{
  app: module(),
  cell_session: ExRatatui.CellSession.t(),
  frame: binary() | nil,
  raster: RasterExRatatui.Raster.t(),
  ref: reference(),
  server: pid() | nil,
  shutdown_timeout: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      await(session, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec await(t(), timeout()) ::
  {:render, [RasterExRatatui.Patch.t()], t()}
  | {:exit, term(), t()}
  | {:timeout, t()}


      


Waits up to timeout milliseconds for the next render of the session's app, or its exit, and handles it.
Returns what handle/2 would, or {:timeout, session}. Other messages stay in the mailbox. Typical right after start/2, for the first frame.

  



  
    
      
    
    
      drain(session, arg2)



        
          
        

    

  


  

      

          @spec drain(t(), term()) ::
  {:diffs, [ExRatatui.CellSession.Diff.t()], t()}
  | {:exit, term(), t()}
  | :unknown


      


The first half of handle/2: classifies a message without rasterising anything.
Returns {:diffs, diffs, session} for a render, with every render of the session still waiting in the mailbox gathered behind it, oldest first (renders from before a resize/2 are dropped, since the next one repaints the new grid in full); {:exit, reason, session} for the app server's exit; :unknown otherwise. render/2 takes the diffs whenever the consumer is ready to draw.

  



  
    
      
    
    
      frame(session)



        
          
        

    

  


  

      

          @spec frame(t()) :: binary()


      


The whole panel as one row-major buffer of packed pixels: the kept frame with keep_frame: true, rendered from the raster otherwise.

  



  
    
      
    
    
      grid_size(session)



        
          
        

    

  


  

      

          @spec grid_size(t()) :: RasterExRatatui.Raster.size()


      


The grid the app renders to, {cols, rows}.

  



  
    
      
    
    
      handle(session, msg)



        
          
        

    

  


  

      

          @spec handle(t(), term()) ::
  {:render, [RasterExRatatui.Patch.t()], t()} | {:exit, term(), t()} | :unknown


      


Handles a message from the caller's mailbox.
Returns:
	{:render, patches, session} for a render of this session's app: the RasterExRatatui.Patch list that repaints what changed (empty when nothing did), after folding every render of the session still waiting in the mailbox into the same call. With keep_frame: true, frame/1 is up to date as well
	{:exit, reason, session} when the app server exited; the session no longer has a server, and its cell session is closed
	:unknown for any other message

Examples
def handle_info(msg, %{session: session} = state) do
  case RasterExRatatui.Session.handle(session, msg) do
    {:render, patches, session} -> {:noreply, %{state | session: write(patches, session)}}
    {:exit, reason, session} -> {:stop, reason, %{state | session: session}}
    :unknown -> {:noreply, state}
  end
end

  



  
    
      
    
    
      raster(session)



        
          
        

    

  


  

      

          @spec raster(t()) :: RasterExRatatui.Raster.t()


      


The session's current RasterExRatatui.Raster.

  



  
    
      
    
    
      render(session, payloads)



        
          
        

    

  


  

      

          @spec render(t(), [payload()]) :: {[RasterExRatatui.Patch.t()], t()}


      


The second half of handle/2: folds payloads (diffs or snapshots, in order) into the raster and returns the patches that repaint what changed.
With keep_frame: true, the patches are also applied to the kept frame.

  



  
    
      
    
    
      resize(session, size)



        
          
        

    

  


  

      

          @spec resize(t(), RasterExRatatui.Raster.size()) :: t()


      


Changes the panel size, in pixels. The raster and the cell session are rebuilt at the new grid, the app receives an ExRatatui.Event.Resize, and its next render repaints the whole panel.

  



  
    
      
    
    
      send_event(session, event)



        
          
        

    

  


  

      

          @spec send_event(t(), ExRatatui.Event.t()) :: :ok


      


Forwards an ExRatatui.Event (a %Key{}, a %Mouse{}, …) to the app, like input from a terminal. Dropped once the app has exited.

  



  
    
      
    
    
      server(session)



        
          
        

    

  


  

      

          @spec server(t()) :: pid() | nil


      


The app server's pid, or nil once it has exited.

  



  
    
      
    
    
      start(raster, opts)



        
          
        

    

  


  

      

          @spec start(RasterExRatatui.Raster.t(), keyword()) :: {:ok, t()} | {:error, term()}


      


Starts an app on raster from the calling process (see the moduledoc for the options).
Returns {:ok, session}, or {:error, reason} when the app fails to mount, in which case nothing is left running. Raises ArgumentError without an :app.
The app server is linked to the caller, which must trap exits before calling this.

  



  
    
      
    
    
      stop(session)



        
          
        

    

  


  

      

          @spec stop(t()) :: :ok


      


Stops the app server, waiting up to the session's shutdown_timeout: for its terminate/2 before killing it, and closes the cell session. Leaves no {:EXIT, …} from the app in the caller's mailbox, even when the app died on its own just before. Safe after {:exit, _, _}, when only the cell session is left to close.

  


        

      


  

    
RasterExRatatui.Font behaviour
    



      
Behaviour for a monospace bitmap font: a fixed cell size and one bitmap per codepoint.
A panel has no font engine, so every cell symbol is painted from a bitmap. The font decides the size of a cell in pixels (before the raster's integer scale:), which in turn decides how many cells fit on the panel.
Glyph layout
glyph/1 returns a bitstring of exactly width * height bits, row-major from the top-left pixel: the first width bits are the top row, and within a row the most significant bit is the leftmost pixel. A set bit is foreground ("ink"), a clear bit is background.
iex> alias RasterExRatatui.Font
iex> {w, h} = Font.Default6x8.cell_size()
iex> bits = Font.Default6x8.glyph(?T)
iex> bit_size(bits) == w * h
true
iex> Font.Art.render(bits, {w, h}) |> String.split("\n", trim: true) |> Enum.take(2)
["#####.", "..#..."]
Text glyphs usually leave a column and a row blank as inter-cell spacing; box-drawing, block, and braille glyphs fill the whole cell so they join across cell boundaries.
glyph/1 never fails: a codepoint the font does not cover returns a visible placeholder (RasterExRatatui.Font.Generated.hatched/1 is a good one), so unsupported characters show up in renderings instead of silently vanishing. has_glyph?/1 tells the two apart.
Implementing a font
RasterExRatatui.Font.Art parses ASCII art into glyph bitstrings at compile time and RasterExRatatui.Font.Generated derives braille, eighth blocks, and quadrants for any cell size, so a new font is mostly glyph data:
defmodule MyFont do
  @behaviour RasterExRatatui.Font

  alias RasterExRatatui.Font.{Art, Generated}

  @size {8, 12}
  @glyphs Map.merge(Generated.braille(@size), %{?A => Art.parse(@a_art, @size)})
  @missing Generated.hatched(@size)

  @impl true
  def cell_size, do: @size

  @impl true
  def glyph(codepoint), do: Map.get(@glyphs, codepoint, @missing)

  @impl true
  def has_glyph?(codepoint), do: Map.has_key?(@glyphs, codepoint)
end

      


      
        Summary


  
    Types
  


    
      
        glyph()

      


        A glyph bitmap: width * height bits, row-major, most significant bit leftmost.



    


    
      
        t()

      


        A module implementing this behaviour.



    





  
    Callbacks
  


    
      
        cell_size()

      


        Cell size in pixels, as {width, height}.



    


    
      
        glyph(codepoint)

      


        The bitmap for codepoint, or a placeholder when the font does not cover it.



    


    
      
        has_glyph?(codepoint)

      


        Whether the font has a real glyph (not the placeholder) for codepoint.



    





  
    Functions
  


    
      
        codepoint(arg1)

      


        The codepoint a cell symbol is painted with: its first codepoint, or a space for an empty symbol.



    





      


      
        Types


        


  
    
      
    
    
      glyph()



        
          
        

    

  


  

      

          @type glyph() :: bitstring()


      


A glyph bitmap: width * height bits, row-major, most significant bit leftmost.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: module()


      


A module implementing this behaviour.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      cell_size()



        
          
        

    

  


  

      

          @callback cell_size() :: {pos_integer(), pos_integer()}


      


Cell size in pixels, as {width, height}.

  



  
    
      
    
    
      glyph(codepoint)



        
          
        

    

  


  

      

          @callback glyph(codepoint :: non_neg_integer()) :: glyph()


      


The bitmap for codepoint, or a placeholder when the font does not cover it.

  



  
    
      
    
    
      has_glyph?(codepoint)


        (optional)


        
          
        

    

  


  

      

          @callback has_glyph?(codepoint :: non_neg_integer()) :: boolean()


      


Whether the font has a real glyph (not the placeholder) for codepoint.

  


        

      

      
        Functions


        


  
    
      
    
    
      codepoint(arg1)



        
          
        

    

  


  

      

          @spec codepoint(String.t()) :: non_neg_integer()


      


The codepoint a cell symbol is painted with: its first codepoint, or a space for an empty symbol.
Cells carry grapheme clusters ("é" may arrive as e plus a combining accent); a bitmap font paints the base character.
Examples
iex> RasterExRatatui.Font.codepoint("A")
?A

iex> RasterExRatatui.Font.codepoint("e\u0301")
?e

iex> RasterExRatatui.Font.codepoint("")
?\s

  


        

      


  

    
RasterExRatatui.Font.Art 
    



      
ASCII art to glyph bitmaps and back, for hand-drawn fonts.
Glyphs are drawn with # for ink and . for background, one line per pixel row. parse/3 turns the art into the bitstring layout RasterExRatatui.Font expects; call it from module attributes so the work happens at compile time.
A glyph may be drawn smaller than the cell and padded with background on the right and at the bottom, which is how text glyphs get their inter-cell and inter-line spacing without drawing it every time.

      


      
        Summary


  
    Functions
  


    
      
        parse(art, arg, opts \\ [])

      


        Parses art into a {width, height} glyph bitstring.



    


    
      
        render(bits, arg)

      


        Renders a {width, height} glyph bitstring back to ASCII art, one line per row. Handy when debugging a font or a failing glyph assertion.



    





      


      
        Functions


        


    

  
    
      
    
    
      parse(art, arg, opts \\ [])



        
          
        

    

  


  

      

          @spec parse(String.t(), {pos_integer(), pos_integer()}, keyword()) :: bitstring()


      


Parses art into a {width, height} glyph bitstring.
Options
	:pad — {right, bottom} background columns and rows added around the art (default {0, 0}). The art must then be exactly width - right columns by height - bottom rows.

Raises ArgumentError when the art does not have that shape or uses a character other than # and ..
Examples
iex> RasterExRatatui.Font.Art.parse("#.\n.#\n", {2, 2})
<<0b1001::4>>

iex> RasterExRatatui.Font.Art.parse("#\n", {2, 2}, pad: {1, 1})
<<0b1000::4>>

  



  
    
      
    
    
      render(bits, arg)



        
          
        

    

  


  

      

          @spec render(bitstring(), {pos_integer(), pos_integer()}) :: String.t()


      


Renders a {width, height} glyph bitstring back to ASCII art, one line per row. Handy when debugging a font or a failing glyph assertion.
Examples
iex> RasterExRatatui.Font.Art.render(<<0b1001::4>>, {2, 2})
"#.\n.#\n"

  


        

      


  

    
RasterExRatatui.Font.Default6x8 
    



      
The built-in 6×8 monospace bitmap font, drawn for a 400×300 1-bit e-ink panel and readable on any panel with an integer scale:.
Each cell is 6×8 pixels: text glyphs are drawn 5×7 with one blank column on the right (inter-cell spacing) and one blank row at the bottom (inter-line spacing); box-drawing and block glyphs fill all 48 pixels so they join across cells.
Coverage
Hand-drawn:
	All of printable ASCII (U+0020–U+007E)
	Light box drawing ─ │ ┌ ┐ └ ┘ ├ ┤ ┬ ┴ ┼, and the corners and lines of every Block border type: rounded ╭ ╮ ╰ ╯, heavy ━ ┃ ┏ ┓ ┗ ┛, double ═ ║ ╔ ╗ ╚ ╝
	Block elements: █ ▀ ▄ ░ ▒ ▓
	Symbols: ° · • … ← ↑ → ↓ ✓ ✗ ▲ ▶ ▼ ◀ ○ ●

Generated from their Unicode geometry by RasterExRatatui.Font.Generated:
	The braille block U+2800–U+28FF (the Canvas widget's default marker); each dot is a solid 3×2 block, so neighbouring dots merge into lines
	Eighth blocks ▁ ▂ ▃ ▅ ▆ ▇, ▏ ▎ ▍ ▌ ▋ ▊ ▉, ▐ ▔ ▕
	Quadrants ▖ ▗ ▘ ▙ ▚ ▛ ▜ ▝ ▞ ▟ (BigText's :quadrant size)

Hand-drawn glyphs win where both exist. Any other codepoint renders as a hatched box (RasterExRatatui.Font.Generated.hatched/1), so it is obvious in a rendering rather than silently blank.
Examples
iex> alias RasterExRatatui.Font.{Art, Default6x8}
iex> Default6x8.glyph(?A) |> Art.render(Default6x8.cell_size())
".###..\n#...#.\n#...#.\n#####.\n#...#.\n#...#.\n#...#.\n......\n"

      


      
        Summary


  
    Functions
  


    
      
        cell_size()

      


        Cell size in pixels: {6, 8}.



    


    
      
        codepoints()

      


        Every codepoint with a glyph, sorted ascending. For tests and tooling.



    


    
      
        glyph(codepoint)

      


        The 48-bit bitmap for codepoint, or the hatched placeholder.



    


    
      
        has_glyph?(codepoint)

      


        Whether codepoint has a hand-drawn or generated glyph.



    





      


      
        Functions


        


  
    
      
    
    
      cell_size()



        
          
        

    

  


  

      

          @spec cell_size() :: {6, 8}


      


Cell size in pixels: {6, 8}.
Examples
iex> RasterExRatatui.Font.Default6x8.cell_size()
{6, 8}

  



  
    
      
    
    
      codepoints()



        
          
        

    

  


  

      

          @spec codepoints() :: [non_neg_integer()]


      


Every codepoint with a glyph, sorted ascending. For tests and tooling.
Examples
iex> ?A in RasterExRatatui.Font.Default6x8.codepoints()
true

  



  
    
      
    
    
      glyph(codepoint)



        
          
        

    

  


  

      

          @spec glyph(non_neg_integer()) :: <<_::48>>


      


The 48-bit bitmap for codepoint, or the hatched placeholder.
Examples
iex> RasterExRatatui.Font.Default6x8.glyph(?\s)
<<0::48>>

iex> RasterExRatatui.Font.Default6x8.glyph(0x1F600) == RasterExRatatui.Font.Generated.hatched({6, 8})
true

  



  
    
      
    
    
      has_glyph?(codepoint)



        
          
        

    

  


  

      

          @spec has_glyph?(non_neg_integer()) :: boolean()


      


Whether codepoint has a hand-drawn or generated glyph.
Examples
iex> RasterExRatatui.Font.Default6x8.has_glyph?(0x2588)
true

iex> RasterExRatatui.Font.Default6x8.has_glyph?(0x1F600)
false

  


        

      


  

    
RasterExRatatui.Font.Generated 
    



      
Glyphs derived from their Unicode geometry instead of drawn by hand, for any cell size.
Braille patterns, eighth blocks, and quadrants are exact subdivisions of the cell, so a font gets them for free: each function returns a %{codepoint => glyph} map for a {width, height} cell, ready to merge under the hand-drawn glyphs (hand-drawn wins on conflict when merged second).
Widgets lean on these: Canvas draws with braille by default, Sparkline and BarChart with eighth blocks, BigText with quadrants.

      


      
        Summary


  
    Types
  


    
      
        size()

      


    





  
    Functions
  


    
      
        braille(size)

      


        The braille block U+2800..U+28FF.



    


    
      
        eighths(size)

      


        Eighth blocks: lower ▁..▇ (U+2581..U+2587), left ▏..▉ (U+2589..U+258F), the right half ▐, the upper eighth ▔, and the right eighth ▕.



    


    
      
        hatched(size)

      


        A hatched checkerboard with a blank bottom row: the conventional "no glyph for this codepoint" placeholder, visibly different from a space.



    


    
      
        quadrants(size)

      


        The quadrant blocks ▖ ▗ ▘ ▙ ▚ ▛ ▜ ▝ ▞ ▟ (U+2596..U+259F), splitting the cell at half its width and height.



    


    
      
        rasterise(arg, ink?)

      


        Builds a {width, height} glyph from a per-pixel predicate ink?.(x, y).



    





      


      
        Types


        


  
    
      
    
    
      size()



        
          
        

    

  


  

      

          @type size() :: {pos_integer(), pos_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      braille(size)



        
          
        

    

  


  

      

          @spec braille(size()) :: %{required(non_neg_integer()) => bitstring()}


      


The braille block U+2800..U+28FF.
The cell splits into two dot columns and four dot rows; each lit dot fills its whole sub-rectangle, so neighbouring dots merge into continuous lines rather than a dotted texture. Bit n of the codepoint offset lights dot n + 1: dots 1-2-3 run down the left column, 4-5-6 down the right, 7 and 8 are the bottom row.
Examples
iex> glyphs = RasterExRatatui.Font.Generated.braille({2, 4})
iex> map_size(glyphs)
256
iex> RasterExRatatui.Font.Art.render(glyphs[0x2801], {2, 4})
"#.\n..\n..\n..\n"
iex> RasterExRatatui.Font.Art.render(glyphs[0x2880], {2, 4})
"..\n..\n..\n.#\n"

  



  
    
      
    
    
      eighths(size)



        
          
        

    

  


  

      

          @spec eighths(size()) :: %{required(non_neg_integer()) => bitstring()}


      


Eighth blocks: lower ▁..▇ (U+2581..U+2587), left ▏..▉ (U+2589..U+258F), the right half ▐, the upper eighth ▔, and the right eighth ▕.
Fractions round to whole pixel rows or columns of the cell; the thin edges are at least one pixel.
Examples
iex> glyphs = RasterExRatatui.Font.Generated.eighths({4, 8})
iex> RasterExRatatui.Font.Art.render(glyphs[0x2583], {4, 8}) |> String.split("\n", trim: true) |> Enum.drop(4)
["....", "####", "####", "####"]
iex> RasterExRatatui.Font.Art.render(glyphs[0x258C], {4, 8}) |> String.split("\n", trim: true) |> hd()
"##.."

  



  
    
      
    
    
      hatched(size)



        
          
        

    

  


  

      

          @spec hatched(size()) :: bitstring()


      


A hatched checkerboard with a blank bottom row: the conventional "no glyph for this codepoint" placeholder, visibly different from a space.
Examples
iex> RasterExRatatui.Font.Art.render(RasterExRatatui.Font.Generated.hatched({4, 3}), {4, 3})
"#.#.\n.#.#\n....\n"

  



  
    
      
    
    
      quadrants(size)



        
          
        

    

  


  

      

          @spec quadrants(size()) :: %{required(non_neg_integer()) => bitstring()}


      


The quadrant blocks ▖ ▗ ▘ ▙ ▚ ▛ ▜ ▝ ▞ ▟ (U+2596..U+259F), splitting the cell at half its width and height.
Examples
iex> glyphs = RasterExRatatui.Font.Generated.quadrants({2, 2})
iex> RasterExRatatui.Font.Art.render(glyphs[0x259A], {2, 2})
"#.\n.#\n"

  



  
    
      
    
    
      rasterise(arg, ink?)



        
          
        

    

  


  

      

          @spec rasterise(size(), (non_neg_integer(), non_neg_integer() -> boolean())) ::
  bitstring()


      


Builds a {width, height} glyph from a per-pixel predicate ink?.(x, y).
Examples
iex> RasterExRatatui.Font.Generated.rasterise({3, 1}, fn x, _y -> x != 1 end)
<<0b101::3>>

  


        

      


  

    
RasterExRatatui.PixelFormat behaviour
    



      
Behaviour for packing pixels the way a panel expects them.
RasterExRatatui.Raster never builds pixels itself: it asks the format what a cell's foreground and background look like, and what an RGB pixel from a region looks like at a given position, and tiles those bytes. A format is therefore the whole colour policy of a panel, from "RGB565, little-endian" to "1-bit e-ink with tone rules and a dither".
Built in:
	RasterExRatatui.PixelFormat.Mono — one gray byte per pixel for 1-bit panels (0 ink, 255 paper)
	RasterExRatatui.PixelFormat.RGB565 — 16-bit little-endian
	RasterExRatatui.PixelFormat.XRGB8888 — 32-bit little-endian, a common Linux framebuffer depth

Callbacks
init/1 turns the raster's format_opts: into a config term, once; every other callback receives that config, so per-pixel work does not re-read keyword lists.
cell_paints/2 returns a paint/0 for each side of a cell. Most formats return solid pixel bytes. A format that simulates a tone it cannot show (a gray on a 1-bit panel) returns {:checker, even, odd}: the pixel at panel position (x, y) takes even when x + y is even, odd otherwise, so the pattern stays aligned across cells.
rgb_pixel/6 packs one region pixel. The position is there for ordered dithering; formats that do not dither ignore it.
unpack_row/2 is optional and turns packed pixels back into RGB8, so RasterExRatatui.Raster.to_png/1 can show what the panel shows.
native_format/1 is optional and names the ExRatatui.Pixels.format/0 whose bytes match the format's rgb_pixel/6, or nil. When a format has one, the raster packs its regions natively with ExRatatui.Pixels.pack_rgb8/5: resample, clip, rotate and pack in a single pass, which is how the three built-in formats run.
rgb_row/4 is optional and packs a whole row of region pixels in one call. For a format without a native format, the raster still resamples, clips and rotates natively and then packs row by row, preferring rgb_row/4 when the format exports it, because one function call per pixel is most of a region's cost. A format that does not define it gets rgb_row/5, the per-pixel fallback.
Examples
iex> alias RasterExRatatui.PixelFormat.XRGB8888
iex> config = XRGB8888.init([])
iex> XRGB8888.bytes_per_pixel(config)
4
iex> XRGB8888.rgb_pixel(255, 128, 0, 0, 0, config)
<<0, 128, 255, 255>>

      


      
        Summary


  
    Types
  


    
      
        config()

      


        The config term returned by init/1.



    


    
      
        paint()

      


        Packed bytes for one pixel, or a two-pixel checkerboard.



    


    
      
        t()

      


        A module implementing this behaviour.



    





  
    Callbacks
  


    
      
        blank(config)

      


        The packed pixel for areas no cell or region covers (margins, skipped cells).



    


    
      
        bytes_per_pixel(config)

      


        Bytes per packed pixel.



    


    
      
        cell_paints(t, config)

      


        {foreground, background} paints for a cell, after its colours and modifiers.



    


    
      
        init(opts)

      


        Validates opts and precomputes whatever the other callbacks need.



    


    
      
        native_format(config)

      


        The ExRatatui.Pixels format these bytes match, or nil.



    


    
      
        rgb_pixel(r, g, b, x, y, config)

      


        One packed pixel for an RGB colour at panel position (x, y).



    


    
      
        rgb_row(row, x, y, config)

      


        Packs a row of region pixels: row holds n RGB8 pixels (3 * n bytes) that land at panel positions (x, y) to (x + n - 1, y). Returns n packed pixels.



    


    
      
        unpack_row(row, config)

      


        Unpacks a row of packed pixels back to RGB8, 3 bytes per pixel: what the panel shows, as colours.



    





  
    Functions
  


    
      
        native_format(format, config)

      


        The format's native_format/1, or nil when it does not define one.



    


    
      
        resolve(paint, x, y)

      


        Resolves a paint to the pixel bytes at panel position (x, y).



    


    
      
        rgb_row(format, row, x, y, config)

      


        Packs a row of region pixels with format, through its rgb_row/4 when it has one and pixel by pixel through rgb_pixel/6 otherwise.



    





      


      
        Types


        


  
    
      
    
    
      config()



        
          
        

    

  


  

      

          @type config() :: term()


      


The config term returned by init/1.

  



  
    
      
    
    
      paint()



        
          
        

    

  


  

      

          @type paint() :: binary() | {:checker, even :: binary(), odd :: binary()}


      


Packed bytes for one pixel, or a two-pixel checkerboard.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: module()


      


A module implementing this behaviour.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      blank(config)



        
          
        

    

  


  

      

          @callback blank(config()) :: binary()


      


The packed pixel for areas no cell or region covers (margins, skipped cells).

  



  
    
      
    
    
      bytes_per_pixel(config)



        
          
        

    

  


  

      

          @callback bytes_per_pixel(config()) :: pos_integer()


      


Bytes per packed pixel.

  



  
    
      
    
    
      cell_paints(t, config)



        
          
        

    

  


  

      

          @callback cell_paints(ExRatatui.CellSession.Cell.t(), config()) :: {paint(), paint()}


      


{foreground, background} paints for a cell, after its colours and modifiers.

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

      

          @callback init(opts :: keyword()) :: config()


      


Validates opts and precomputes whatever the other callbacks need.

  



  
    
      
    
    
      native_format(config)


        (optional)


        
          
        

    

  


  

      

          @callback native_format(config()) :: ExRatatui.Pixels.format() | nil


      


The ExRatatui.Pixels format these bytes match, or nil.
Optional. A format that returns one must pack every region pixel exactly as ExRatatui.Pixels.pack_rgb8/5 does for it, at the same panel positions; its rgb_pixel/6 is then only a reference, never called for regions.

  



  
    
      
    
    
      rgb_pixel(r, g, b, x, y, config)



        
          
        

    

  


  

      

          @callback rgb_pixel(
  r :: 0..255,
  g :: 0..255,
  b :: 0..255,
  x :: non_neg_integer(),
  y :: non_neg_integer(),
  config()
) :: binary()


      


One packed pixel for an RGB colour at panel position (x, y).

  



  
    
      
    
    
      rgb_row(row, x, y, config)


        (optional)


        
          
        

    

  


  

      

          @callback rgb_row(
  row :: binary(),
  x :: non_neg_integer(),
  y :: non_neg_integer(),
  config()
) :: binary()


      


Packs a row of region pixels: row holds n RGB8 pixels (3 * n bytes) that land at panel positions (x, y) to (x + n - 1, y). Returns n packed pixels.
Optional. Must produce the same bytes as n calls to rgb_pixel/6.

  



  
    
      
    
    
      unpack_row(row, config)


        (optional)


        
          
        

    

  


  

      

          @callback unpack_row(row :: binary(), config()) :: binary()


      


Unpacks a row of packed pixels back to RGB8, 3 bytes per pixel: what the panel shows, as colours.
Optional. RasterExRatatui.Raster.to_png/1 needs it; nothing on the drawing path calls it.

  


        

      

      
        Functions


        


  
    
      
    
    
      native_format(format, config)



        
          
        

    

  


  

      

          @spec native_format(t(), config()) :: ExRatatui.Pixels.format() | nil


      


The format's native_format/1, or nil when it does not define one.
Examples
iex> alias RasterExRatatui.PixelFormat
iex> PixelFormat.native_format(PixelFormat.RGB565, PixelFormat.RGB565.init([]))
:rgb565

  



  
    
      
    
    
      resolve(paint, x, y)



        
          
        

    

  


  

      

          @spec resolve(paint(), non_neg_integer(), non_neg_integer()) :: binary()


      


Resolves a paint to the pixel bytes at panel position (x, y).
Examples
iex> RasterExRatatui.PixelFormat.resolve(<<7>>, 3, 4)
<<7>>

iex> RasterExRatatui.PixelFormat.resolve({:checker, <<0>>, <<255>>}, 1, 1)
<<0>>

iex> RasterExRatatui.PixelFormat.resolve({:checker, <<0>>, <<255>>}, 1, 2)
<<255>>

  



  
    
      
    
    
      rgb_row(format, row, x, y, config)



        
          
        

    

  


  

      

          @spec rgb_row(t(), binary(), non_neg_integer(), non_neg_integer(), config()) ::
  binary()


      


Packs a row of region pixels with format, through its rgb_row/4 when it has one and pixel by pixel through rgb_pixel/6 otherwise.
Examples
iex> alias RasterExRatatui.PixelFormat
iex> PixelFormat.rgb_row(PixelFormat.RGB565, <<255, 0, 0, 0, 0, 255>>, 0, 0, PixelFormat.RGB565.init([]))
<<0, 248, 31, 0>>

  


        

      


  

    
RasterExRatatui.PixelFormat.Mono 
    



      
One gray byte per pixel for 1-bit panels: 0 is ink, 255 is paper.
A 1-bit panel cannot show colour, so every colour collapses to a tone: ink, paper, or gray (a pixel checkerboard). The bytes are gray8 so they can be thresholded, PNG-encoded, or bit-packed by the driver; every pixel is exactly 0 or 255.
Cells
The glyph's set bits take the foreground tone and the rest of the cell the background tone, which keeps half-block cells honest: ▀ with a dark fg and a light bg inks only its top half, which is what Canvas's :half_block marker emits.
	Colour	as fg	as bg
	:black	ink	ink
	:reset, other named, indexed	ink on a paper bg, paper on an ink bg	paper
	{:rgb, r, g, b}	by luma: ink / gray / paper	same

:reversed short-circuits all of that and always paints a paper glyph on an ink cell: screens stack it with a bg: :black fill to invert a whole frame. Named colours keep terminal legibility: a red or white label is ink on paper and paper on an ink fill, and bg: :white (which Canvas emits for shape cells) is plain paper. RGB colours are treated as intent: dark is ink, light is paper, and the band between :ink_max and :paper_min (Rec. 601 luma) is gray, so lit and shadowed faces read as three tones. Other modifiers are ignored.
Regions
Region pixels go through a Bayer 4×4 ordered dither on luma. The tile repeats across the panel, so the texture is stable between frames and under partial refresh, without the crawling noise error diffusion shows.
Options
	:ink_max — RGB colours with luma at or below this are ink (default 76, 30%)
	:paper_min — RGB colours with luma at or above this are paper (default 178, 70%)

Examples
iex> alias ExRatatui.CellSession.Cell
iex> alias RasterExRatatui.PixelFormat.Mono
iex> config = Mono.init([])
iex> Mono.cell_paints(%Cell{fg: :red, bg: :reset}, config)
{<<0>>, <<255>>}
iex> Mono.cell_paints(%Cell{fg: :red, bg: :black}, config)
{<<255>>, <<0>>}
iex> Mono.cell_paints(%Cell{fg: {:rgb, 128, 128, 128}, bg: :reset}, config)
{{:checker, <<0>>, <<255>>}, <<255>>}

      


      
        Summary


  
    Functions
  


    
      
        blank(config)

      


        Paper.



    


    
      
        bytes_per_pixel(config)

      


        One byte per pixel.



    


    
      
        cell_paints(cell, config)

      


        Foreground and background tones for a cell; see the moduledoc table.



    


    
      
        init(opts)

      


        Reads :ink_max and :paper_min.



    


    
      
        native_format(config)

      


        :mono_bayer4: regions are dithered natively by ExRatatui.Pixels.pack_rgb8/5, with the same luma, matrix and panel anchoring as rgb_pixel/6. Cells keep the tone rules.



    


    
      
        rgb_pixel(r, g, b, x, y, config)

      


        Dithers an RGB pixel to ink or paper against the Bayer 4×4 threshold at (x, y).



    


    
      
        rgb_row(row, x, y, config)

      


        Dithers a row of RGB pixels against the Bayer row for y, walking the tile from x.



    


    
      
        unpack_row(row, config)

      


        Each gray byte as an RGB8 pixel of that level.



    





      


      
        Functions


        


  
    
      
    
    
      blank(config)



        
          
        

    

  


  

      

          @spec blank(term()) :: binary()


      


Paper.
Examples
iex> RasterExRatatui.PixelFormat.Mono.blank(%{})
<<255>>

  



  
    
      
    
    
      bytes_per_pixel(config)



        
          
        

    

  


  

      

          @spec bytes_per_pixel(term()) :: 1


      


One byte per pixel.
Examples
iex> RasterExRatatui.PixelFormat.Mono.bytes_per_pixel(%{})
1

  



  
    
      
    
    
      cell_paints(cell, config)



        
          
        

    

  


  

      

          @spec cell_paints(ExRatatui.CellSession.Cell.t(), map()) ::
  {RasterExRatatui.PixelFormat.paint(), RasterExRatatui.PixelFormat.paint()}


      


Foreground and background tones for a cell; see the moduledoc table.
Examples
iex> alias ExRatatui.CellSession.Cell
iex> RasterExRatatui.PixelFormat.Mono.cell_paints(%Cell{bg: :blue, modifiers: [:reversed]}, RasterExRatatui.PixelFormat.Mono.init([]))
{<<255>>, <<0>>}

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

      

          @spec init(keyword()) :: %{ink_max: 0..255, paper_min: 0..255}


      


Reads :ink_max and :paper_min.
Examples
iex> RasterExRatatui.PixelFormat.Mono.init(ink_max: 50)
%{ink_max: 50, paper_min: 178}

  



  
    
      
    
    
      native_format(config)



        
          
        

    

  


  

      

          @spec native_format(term()) :: :mono_bayer4


      


:mono_bayer4: regions are dithered natively by ExRatatui.Pixels.pack_rgb8/5, with the same luma, matrix and panel anchoring as rgb_pixel/6. Cells keep the tone rules.
Examples
iex> RasterExRatatui.PixelFormat.Mono.native_format(%{})
:mono_bayer4

  



  
    
      
    
    
      rgb_pixel(r, g, b, x, y, config)



        
          
        

    

  


  

      

          @spec rgb_pixel(0..255, 0..255, 0..255, non_neg_integer(), non_neg_integer(), term()) ::
  binary()


      


Dithers an RGB pixel to ink or paper against the Bayer 4×4 threshold at (x, y).
Examples
iex> alias RasterExRatatui.PixelFormat.Mono
iex> Mono.rgb_pixel(255, 255, 255, 0, 0, %{})
<<255>>
iex> Mono.rgb_pixel(0, 0, 0, 3, 3, %{})
<<0>>
iex> for x <- 0..3, y <- 0..3, into: <<>>, do: Mono.rgb_pixel(128, 128, 128, x, y, %{})
<<255, 0, 255, 0, 0, 255, 0, 255, 255, 0, 255, 0, 0, 255, 0, 255>>

  



  
    
      
    
    
      rgb_row(row, x, y, config)



        
          
        

    

  


  

      

          @spec rgb_row(binary(), non_neg_integer(), non_neg_integer(), term()) :: binary()


      


Dithers a row of RGB pixels against the Bayer row for y, walking the tile from x.
Examples
iex> alias RasterExRatatui.PixelFormat.Mono
iex> Mono.rgb_row(:binary.copy(<<128, 128, 128>>, 4), 0, 1, %{})
<<0, 255, 0, 255>>
iex> Mono.rgb_row(:binary.copy(<<128, 128, 128>>, 4), 1, 1, %{})
<<255, 0, 255, 0>>

  



  
    
      
    
    
      unpack_row(row, config)



        
          
        

    

  


  

      

          @spec unpack_row(binary(), term()) :: binary()


      


Each gray byte as an RGB8 pixel of that level.
Examples
iex> RasterExRatatui.PixelFormat.Mono.unpack_row(<<0, 255>>, %{})
<<0, 0, 0, 255, 255, 255>>

  


        

      


  

    
RasterExRatatui.PixelFormat.RGB565 
    



      
16-bit RGB565, little-endian: red in the top 5 bits, green in the middle 6, blue in the low 5, low byte first. The usual depth of SPI LCDs and of Linux framebuffers configured with framebuffer_depth=16.
Cell colours resolve through a RasterExRatatui.Palette (named and indexed colours via its theme, :reset via its default foreground and background, :bold and :reversed applied); region pixels are packed as they come. Margins and skipped cells take the palette's default background.
Options
Every RasterExRatatui.Palette.new/1 option: :theme, :reset_fg, :reset_bg, :bold_bright.
Examples
iex> alias ExRatatui.CellSession.Cell
iex> alias RasterExRatatui.PixelFormat.RGB565
iex> config = RGB565.init([])
iex> RGB565.cell_paints(%Cell{fg: {:rgb, 255, 0, 0}, bg: {:rgb, 0, 255, 0}}, config)
{<<0, 248>>, <<224, 7>>}

      


      
        Summary


  
    Functions
  


    
      
        blank(palette)

      


        The palette's default background.



    


    
      
        bytes_per_pixel(palette)

      


        2 bytes per pixel.



    


    
      
        cell_paints(cell, palette)

      


        The cell's foreground and background, resolved through the palette and packed.



    


    
      
        init(opts)

      


        Builds the palette from opts.



    


    
      
        native_format(palette)

      


        :rgb565: regions are packed natively by ExRatatui.Pixels.pack_rgb8/5, which writes the same bytes as rgb_pixel/6.



    


    
      
        rgb_pixel(r, g, b, x, y, palette)

      


        Packs an RGB pixel; the position is ignored.



    


    
      
        rgb_row(row, x, y, palette)

      


        Packs a row of RGB pixels in one pass; the position is ignored.



    


    
      
        unpack_row(row, palette)

      


        Each 16-bit pixel as RGB8, the low bits filled from the high ones so full red is 255, not 248.



    





      


      
        Functions


        


  
    
      
    
    
      blank(palette)



        
          
        

    

  


  

      

          @spec blank(RasterExRatatui.Palette.t()) :: binary()


      


The palette's default background.
Examples
iex> RasterExRatatui.PixelFormat.RGB565.blank(RasterExRatatui.Palette.new(reset_bg: {0, 255, 0}))
<<224, 7>>

  



  
    
      
    
    
      bytes_per_pixel(palette)



        
          
        

    

  


  

      

          @spec bytes_per_pixel(RasterExRatatui.Palette.t()) :: 2


      


2 bytes per pixel.
Examples
iex> RasterExRatatui.PixelFormat.RGB565.bytes_per_pixel(RasterExRatatui.Palette.new())
2

  



  
    
      
    
    
      cell_paints(cell, palette)



        
          
        

    

  


  

      

          @spec cell_paints(ExRatatui.CellSession.Cell.t(), RasterExRatatui.Palette.t()) ::
  {binary(), binary()}


      


The cell's foreground and background, resolved through the palette and packed.
Examples
iex> alias ExRatatui.CellSession.Cell
iex> RasterExRatatui.PixelFormat.RGB565.cell_paints(%Cell{fg: :reset, bg: :reset, modifiers: [:reversed]}, RasterExRatatui.Palette.new(reset_fg: {255, 0, 0}, reset_bg: {0, 255, 0}))
{<<224, 7>>, <<0, 248>>}

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

      

          @spec init(keyword()) :: RasterExRatatui.Palette.t()


      


Builds the palette from opts.
Examples
iex> RasterExRatatui.PixelFormat.RGB565.init(reset_bg: {1, 2, 3}).reset_bg
{1, 2, 3}

  



  
    
      
    
    
      native_format(palette)



        
          
        

    

  


  

      

          @spec native_format(RasterExRatatui.Palette.t()) :: :rgb565


      


:rgb565: regions are packed natively by ExRatatui.Pixels.pack_rgb8/5, which writes the same bytes as rgb_pixel/6.
Examples
iex> RasterExRatatui.PixelFormat.RGB565.native_format(RasterExRatatui.Palette.new())
:rgb565

  



  
    
      
    
    
      rgb_pixel(r, g, b, x, y, palette)



        
          
        

    

  


  

      

          @spec rgb_pixel(
  0..255,
  0..255,
  0..255,
  non_neg_integer(),
  non_neg_integer(),
  RasterExRatatui.Palette.t()
) :: binary()


      


Packs an RGB pixel; the position is ignored.
Examples
iex> RasterExRatatui.PixelFormat.RGB565.rgb_pixel(255, 0, 0, 0, 0, RasterExRatatui.Palette.new())
<<0, 248>>

  



  
    
      
    
    
      rgb_row(row, x, y, palette)



        
          
        

    

  


  

      

          @spec rgb_row(
  binary(),
  non_neg_integer(),
  non_neg_integer(),
  RasterExRatatui.Palette.t()
) :: binary()


      


Packs a row of RGB pixels in one pass; the position is ignored.
Examples
iex> RasterExRatatui.PixelFormat.RGB565.rgb_row(<<255, 0, 0, 0, 0, 255>>, 0, 0, RasterExRatatui.Palette.new())
<<0, 248, 31, 0>>

  



  
    
      
    
    
      unpack_row(row, palette)



        
          
        

    

  


  

      

          @spec unpack_row(binary(), term()) :: binary()


      


Each 16-bit pixel as RGB8, the low bits filled from the high ones so full red is 255, not 248.
Examples
iex> RasterExRatatui.PixelFormat.RGB565.unpack_row(<<0, 248, 224, 7, 31, 0>>, RasterExRatatui.Palette.new())
<<255, 0, 0, 0, 255, 0, 0, 0, 255>>

  


        

      


  

    
RasterExRatatui.PixelFormat.XRGB8888 
    



      
32-bit XRGB8888, little-endian: bytes are blue, green, red, then an unused byte written as 255. A common Linux framebuffer depth; RasterExRatatui.Framebuffer.format_for/1 picks it from the device instead of assuming it.
Cell colours resolve through a RasterExRatatui.Palette (named and indexed colours via its theme, :reset via its default foreground and background, :bold and :reversed applied); region pixels are packed as they come. Margins and skipped cells take the palette's default background.
Options
Every RasterExRatatui.Palette.new/1 option: :theme, :reset_fg, :reset_bg, :bold_bright.
Examples
iex> alias ExRatatui.CellSession.Cell
iex> alias RasterExRatatui.PixelFormat.XRGB8888
iex> config = XRGB8888.init([])
iex> XRGB8888.cell_paints(%Cell{fg: {:rgb, 255, 0, 0}, bg: {:rgb, 0, 255, 0}}, config)
{<<0, 0, 255, 255>>, <<0, 255, 0, 255>>}

      


      
        Summary


  
    Functions
  


    
      
        blank(palette)

      


        The palette's default background.



    


    
      
        bytes_per_pixel(palette)

      


        4 bytes per pixel.



    


    
      
        cell_paints(cell, palette)

      


        The cell's foreground and background, resolved through the palette and packed.



    


    
      
        init(opts)

      


        Builds the palette from opts.



    


    
      
        native_format(palette)

      


        :xrgb8888: regions are packed natively by ExRatatui.Pixels.pack_rgb8/5, which writes the same bytes as rgb_pixel/6.



    


    
      
        rgb_pixel(r, g, b, x, y, palette)

      


        Packs an RGB pixel; the position is ignored.



    


    
      
        rgb_row(row, x, y, palette)

      


        Packs a row of RGB pixels in one pass; the position is ignored.



    


    
      
        unpack_row(row, palette)

      


        Each 32-bit pixel as RGB8.



    





      


      
        Functions


        


  
    
      
    
    
      blank(palette)



        
          
        

    

  


  

      

          @spec blank(RasterExRatatui.Palette.t()) :: binary()


      


The palette's default background.
Examples
iex> RasterExRatatui.PixelFormat.XRGB8888.blank(RasterExRatatui.Palette.new(reset_bg: {0, 255, 0}))
<<0, 255, 0, 255>>

  



  
    
      
    
    
      bytes_per_pixel(palette)



        
          
        

    

  


  

      

          @spec bytes_per_pixel(RasterExRatatui.Palette.t()) :: 4


      


4 bytes per pixel.
Examples
iex> RasterExRatatui.PixelFormat.XRGB8888.bytes_per_pixel(RasterExRatatui.Palette.new())
4

  



  
    
      
    
    
      cell_paints(cell, palette)



        
          
        

    

  


  

      

          @spec cell_paints(ExRatatui.CellSession.Cell.t(), RasterExRatatui.Palette.t()) ::
  {binary(), binary()}


      


The cell's foreground and background, resolved through the palette and packed.
Examples
iex> alias ExRatatui.CellSession.Cell
iex> RasterExRatatui.PixelFormat.XRGB8888.cell_paints(%Cell{fg: :reset, bg: :reset, modifiers: [:reversed]}, RasterExRatatui.Palette.new(reset_fg: {255, 0, 0}, reset_bg: {0, 255, 0}))
{<<0, 255, 0, 255>>, <<0, 0, 255, 255>>}

  



  
    
      
    
    
      init(opts)



        
          
        

    

  


  

      

          @spec init(keyword()) :: RasterExRatatui.Palette.t()


      


Builds the palette from opts.
Examples
iex> RasterExRatatui.PixelFormat.XRGB8888.init(reset_bg: {1, 2, 3}).reset_bg
{1, 2, 3}

  



  
    
      
    
    
      native_format(palette)



        
          
        

    

  


  

      

          @spec native_format(RasterExRatatui.Palette.t()) :: :xrgb8888


      


:xrgb8888: regions are packed natively by ExRatatui.Pixels.pack_rgb8/5, which writes the same bytes as rgb_pixel/6.
Examples
iex> RasterExRatatui.PixelFormat.XRGB8888.native_format(RasterExRatatui.Palette.new())
:xrgb8888

  



  
    
      
    
    
      rgb_pixel(r, g, b, x, y, palette)



        
          
        

    

  


  

      

          @spec rgb_pixel(
  0..255,
  0..255,
  0..255,
  non_neg_integer(),
  non_neg_integer(),
  RasterExRatatui.Palette.t()
) :: binary()


      


Packs an RGB pixel; the position is ignored.
Examples
iex> RasterExRatatui.PixelFormat.XRGB8888.rgb_pixel(255, 0, 0, 0, 0, RasterExRatatui.Palette.new())
<<0, 0, 255, 255>>

  



  
    
      
    
    
      rgb_row(row, x, y, palette)



        
          
        

    

  


  

      

          @spec rgb_row(
  binary(),
  non_neg_integer(),
  non_neg_integer(),
  RasterExRatatui.Palette.t()
) :: binary()


      


Packs a row of RGB pixels in one pass; the position is ignored.
Examples
iex> RasterExRatatui.PixelFormat.XRGB8888.rgb_row(<<255, 0, 0, 0, 0, 255>>, 0, 0, RasterExRatatui.Palette.new())
<<0, 0, 255, 255, 255, 0, 0, 255>>

  



  
    
      
    
    
      unpack_row(row, palette)



        
          
        

    

  


  

      

          @spec unpack_row(binary(), term()) :: binary()


      


Each 32-bit pixel as RGB8.
Examples
iex> RasterExRatatui.PixelFormat.XRGB8888.unpack_row(<<0, 128, 255, 255>>, RasterExRatatui.Palette.new())
<<255, 128, 0>>

  


        

      


  

    
RasterExRatatui.Framebuffer 
    



      
Writes packed pixels to a Linux framebuffer device (/dev/fbN).
fbdev needs no driver code on the Elixir side: the kernel exposes the display as a file, /sys/class/graphics/fbN describes its geometry, and writing bytes at the right offset lights the pixels.
{:ok, fb} = Framebuffer.open("fb0")
{:ok, format} = Framebuffer.format_for(fb.info)
raster = Raster.new(size: {fb.info.width, fb.info.height}, format: format, scale: 3)
# … on every push:
:ok = Framebuffer.write(fb, patches)
Stride
A framebuffer line may be longer than width * bytes_per_pixel (the driver pads it to an alignment). Patches carry no padding, so write/2 places every patch row at y * stride + x * bytes_per_pixel, and a full frame is written row by row when the stride differs from the visible line.
Consoles
The kernel's framebuffer console (fbcon) draws on the same device, so text and a blinking cursor can appear over the app. unbind_console/2 detaches it; moving the system console off the display (a serial ctty on Nerves) keeps the boot log away too.
Options
Every function that touches the filesystem accepts :root (default "/"), prepended to /sys/... and /dev/.... It exists for tests and for devices that mount sysfs elsewhere.

      


      
        Summary


  
    Types
  


    
      
        info()

      


        Framebuffer geometry, from sysfs.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        auto_scale(arg, opts \\ [])

      


        The largest integer font scale that keeps at least columns: (default 100) cells of the font (default RasterExRatatui.Font.Default6x8) along the panel's long side, and never less than 1.



    


    
      
        blank(name, blank?, opts \\ [])

      


        Blanks (true) or unblanks (false) the display through /sys/class/graphics/<name>/blank.



    


    
      
        close(framebuffer)

      


        Closes the device.



    


    
      
        format_for(map)

      


        The pixel format for a framebuffer's depth: RGB565 at 16 bits, XRGB8888 at 32.



    


    
      
        info(name, opts \\ [])

      


        Reads the geometry of framebuffer name ("fb0") from /sys/class/graphics/<name>: virtual_size, bits_per_pixel, and stride.



    


    
      
        open(name, opts \\ [])

      


        Reads the geometry of framebuffer name and opens /dev/<name> for writing.



    


    
      
        unbind_console(console, opts \\ [])

      


        Detaches the kernel's framebuffer console so it stops drawing text and a cursor over the display.



    


    
      
        write(framebuffer, pixels)

      


        Writes a list of patches, or a {:frame, binary} covering the whole display, in one :file.pwrite/2 call.



    





      


      
        Types


        


  
    
      
    
    
      info()



        
          
        

    

  


  

      

          @type info() :: %{
  width: pos_integer(),
  height: pos_integer(),
  bits_per_pixel: pos_integer(),
  stride: pos_integer()
}


      


Framebuffer geometry, from sysfs.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Framebuffer{
  device: :file.io_device(),
  info: info(),
  name: String.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      auto_scale(arg, opts \\ [])



        
          
        

    

  


  

      

          @spec auto_scale({pos_integer(), pos_integer()}, keyword()) :: pos_integer()


      


The largest integer font scale that keeps at least columns: (default 100) cells of the font (default RasterExRatatui.Font.Default6x8) along the panel's long side, and never less than 1.
The long side is the same whichever way the panel is rotated, so this holds for the app's logical image too.
Examples
The Touch Display 2, 720×1280, gets 12×16 pixel cells: 60×80 in portrait, 106×45 turned; a 1080p monitor gets 18×24 pixel cells, 106×45.
iex> RasterExRatatui.Framebuffer.auto_scale({720, 1280})
2

iex> RasterExRatatui.Framebuffer.auto_scale({1920, 1080})
3

iex> RasterExRatatui.Framebuffer.auto_scale({3840, 2160}, columns: 200)
3

iex> RasterExRatatui.Framebuffer.auto_scale({480, 320})
1

  



    

  
    
      
    
    
      blank(name, blank?, opts \\ [])



        
          
        

    

  


  

      

          @spec blank(String.t(), boolean(), keyword()) :: :ok | {:error, term()}


      


Blanks (true) or unblanks (false) the display through /sys/class/graphics/<name>/blank.

  



  
    
      
    
    
      close(framebuffer)



        
          
        

    

  


  

      

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


      


Closes the device.

  



  
    
      
    
    
      format_for(map)



        
          
        

    

  


  

      

          @spec format_for(%{bits_per_pixel: pos_integer()}) ::
  {:ok, module()} | {:error, :unsupported}


      


The pixel format for a framebuffer's depth: RGB565 at 16 bits, XRGB8888 at 32.
Examples
iex> RasterExRatatui.Framebuffer.format_for(%{bits_per_pixel: 32})
{:ok, RasterExRatatui.PixelFormat.XRGB8888}

iex> RasterExRatatui.Framebuffer.format_for(%{bits_per_pixel: 16})
{:ok, RasterExRatatui.PixelFormat.RGB565}

iex> RasterExRatatui.Framebuffer.format_for(%{bits_per_pixel: 24})
{:error, :unsupported}

  



    

  
    
      
    
    
      info(name, opts \\ [])



        
          
        

    

  


  

      

          @spec info(String.t(), keyword()) :: {:ok, info()} | {:error, term()}


      


Reads the geometry of framebuffer name ("fb0") from /sys/class/graphics/<name>: virtual_size, bits_per_pixel, and stride.
Returns {:error, reason} when a file is missing or does not hold what fbdev writes there.

  



    

  
    
      
    
    
      open(name, opts \\ [])



        
          
        

    

  


  

      

          @spec open(String.t(), keyword()) :: {:ok, t()} | {:error, term()}


      


Reads the geometry of framebuffer name and opens /dev/<name> for writing.

  



    

  
    
      
    
    
      unbind_console(console, opts \\ [])



        
          
        

    

  


  

      

          @spec unbind_console(String.t(), keyword()) :: :ok | {:error, term()}


      


Detaches the kernel's framebuffer console so it stops drawing text and a cursor over the display.
Writes 0 to /sys/class/vtconsole/<console>/bind. The framebuffer console is usually "vtcon1" ("vtcon0" is the dummy console); /sys/class/vtconsole/*/name tells them apart. Best effort: returns {:error, reason} when the kernel has no such console.

  



  
    
      
    
    
      write(framebuffer, pixels)



        
          
        

    

  


  

      

          @spec write(t(), [RasterExRatatui.Patch.t()] | {:frame, binary()}) ::
  :ok | {:error, term()}


      


Writes a list of patches, or a {:frame, binary} covering the whole display, in one :file.pwrite/2 call.

  


        

      


  

    
RasterExRatatui.Input.Devices 
    



      
Finds and reads the evdev input devices a panel comes with, and finds them again when they go away.
A keyboard on a Nerves device is /dev/input/eventN for some N that changes with what else is plugged in, may not exist at boot, and goes away when unplugged; a touch panel is another such device. This module owns both: which device to read, starting an input_event reader on it with the device grabbed (so keystrokes do not also reach the kernel console), translating what it delivers into ExRatatui.Event structs (RasterExRatatui.Input.Evdev for keys, RasterExRatatui.Input.Touch for fingers), and looking again, every retry_ms:, whenever there is nothing to read. It has no process of its own: the caller keeps the struct, hands it every message it receives, and gets events back, from a surface's RasterExRatatui.Surface.handle_info/2 or from any process that traps exits.
defmodule Kiosk.Surface do
  use RasterExRatatui.Surface, app: Kiosk.Dashboard, format: RasterExRatatui.PixelFormat.RGB565

  alias RasterExRatatui.Input.Devices

  @impl true
  def init(_opts) do
    {:ok, devices} = Devices.start(Devices.new(keyboard: true))
    {:ok, [size: {480, 320}], devices}
  end

  @impl true
  def push(patches, devices), do: write(patches) && devices

  @impl true
  def handle_info(msg, devices) do
    case Devices.handle_info(msg, devices) do
      {:events, keys, devices} -> {:events, keys, devices}
      {:noreply, devices} -> {:noreply, devices}
      :unknown -> {:noreply, devices}
    end
  end

  @impl true
  def terminate(_reason, devices), do: Devices.stop(devices)
end
input_event is the consumer's dependency
The reader is input_event, a C port that only builds on Linux, so this library does not depend on it: the consumer adds {:input_event, "~> 1.4"} to its own deps. start/1 checks that the module is there and returns {:error, :input_event_missing} otherwise, so a host build without it still runs, without input. input: swaps the module for a stub in tests.
Options
new/1 takes:
	:keyboard — true (default) to read the first device that reports letter keys, a "/dev/input/eventN" path to read that one, or false
	:touch — true to read the first touch panel found (touch_path/1), a path, or false (default). Its taps and drags come back as ExRatatui.Event.Mouse events on the cell under the finger, which takes the two options below
	:size — the physical panel in pixels, for the touch axes (required with :touch)
	:cell_at — ({px, py} -> {col, row} | :outside), normally RasterExRatatui.Raster.cell_at/2 of the raster the panel shows (required with :touch)

	:swap_xy, :invert_x, :invert_y — for a touch controller that does not follow the panel's orientation, see RasterExRatatui.Input.Touch
	:retry_ms — how long to wait before looking for a missing device again (default 2_000)
	:input — the module standing in for InputEvent (default InputEvent)
	:layout, :emit_release — passed to RasterExRatatui.Input.Evdev.new/1

Messages
start/1 sends the calling process a first {RasterExRatatui.Input.Devices, :scan}; handle_info/2 handles it and every later one, the {:input_event, path, events} and {:input_event, path, :disconnect} messages of the readers it started, and their {:EXIT, pid, reason} (a reader stops when its device goes away, and the search starts over). Everything else is :unknown, including the :normal exits of the short-lived readers that InputEvent.enumerate/0 starts from the caller while scanning.

      


      
        Summary


  
    Types
  


    
      
        device()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        handle_info(arg1, devices)

      


        Handles a message from the calling process's mailbox.



    


    
      
        keyboard(devices)

      


        The path of the keyboard being read, or nil while there is none.



    


    
      
        keyboard_path(devices)

      


        The path of the first device in an InputEvent.enumerate/0 list that reports letter keys, or nil. Mice, touch panels, and power buttons report :ev_key too, but not :key_a.



    


    
      
        new(opts \\ [])

      


        Builds the state from the options in the moduledoc. Raises ArgumentError on a bad option, or on :touch without :size and :cell_at.



    


    
      
        start(devices)

      


        Starts looking for the devices: the first scan arrives as a message to the calling process, which must trap exits (the readers are linked).



    


    
      
        stop(devices)

      


        Stops the readers that are running and any pending scan. Returns the devices, idle; start/1 starts them again.



    


    
      
        touch(devices)

      


        The path of the touch panel being read, or nil while there is none.



    


    
      
        touch_axes(map)

      


        The ranges of a touch panel's axes, %{x: {min, max}, y: {min, max}}, from a device's report_info (the multitouch axes when present, else the single-touch ones), or nil when the device has no such axes.



    


    
      
        touch_path(devices)

      


        The path of the first device in an InputEvent.enumerate/0 list that is a touch panel: one reporting the multitouch :abs_mt_position_x axis, or else :abs_x together with :btn_touch. nil when there is none.



    





      


      
        Types


        


  
    
      
    
    
      device()



        
          
        

    

  


  

      

          @type device() :: {path :: String.t(), %{report_info: [{atom(), [term()]}]}}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Input.Devices{
  evdev: RasterExRatatui.Input.Evdev.t(),
  evdev_opts: keyword(),
  input: module(),
  keyboard: boolean() | String.t(),
  keyboard_path: String.t() | nil,
  keyboard_reader: pid() | nil,
  retry_ms: non_neg_integer(),
  timer: reference() | nil,
  touch: boolean() | String.t(),
  touch_opts: keyword(),
  touch_path: String.t() | nil,
  touch_reader: pid() | nil,
  touch_state: RasterExRatatui.Input.Touch.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      handle_info(arg1, devices)



        
          
        

    

  


  

      

          @spec handle_info(term(), t()) ::
  {:events, [ExRatatui.Event.t()], t()} | {:noreply, t()} | :unknown


      


Handles a message from the calling process's mailbox.
Returns {:events, events, devices} with the ExRatatui.Event structs a reader's message translated to, {:noreply, devices} for the other messages of this module, or :unknown.

  



  
    
      
    
    
      keyboard(devices)



        
          
        

    

  


  

      

          @spec keyboard(t()) :: String.t() | nil


      


The path of the keyboard being read, or nil while there is none.

  



  
    
      
    
    
      keyboard_path(devices)



        
          
        

    

  


  

      

          @spec keyboard_path([device()]) :: String.t() | nil


      


The path of the first device in an InputEvent.enumerate/0 list that reports letter keys, or nil. Mice, touch panels, and power buttons report :ev_key too, but not :key_a.
Examples
iex> RasterExRatatui.Input.Devices.keyboard_path([
...>   {"/dev/input/event0", %{report_info: [ev_key: [:btn_touch], ev_abs: [abs_x: %{}]]}},
...>   {"/dev/input/event1", %{report_info: [ev_key: [:key_esc, :key_a, :key_b], ev_led: [:led_capsl]]}}
...> ])
"/dev/input/event1"

iex> RasterExRatatui.Input.Devices.keyboard_path([])
nil

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Builds the state from the options in the moduledoc. Raises ArgumentError on a bad option, or on :touch without :size and :cell_at.
Examples
iex> devices = RasterExRatatui.Input.Devices.new(keyboard: "/dev/input/event3", retry_ms: 500)
iex> {devices.keyboard, devices.retry_ms, RasterExRatatui.Input.Devices.keyboard(devices)}
{"/dev/input/event3", 500, nil}

  



  
    
      
    
    
      start(devices)



        
          
        

    

  


  

      

          @spec start(t()) :: {:ok, t()} | {:error, :input_event_missing}


      


Starts looking for the devices: the first scan arrives as a message to the calling process, which must trap exits (the readers are linked).
Returns {:ok, devices}, or {:error, :input_event_missing} when a device is wanted and the input: module is not available.

  



  
    
      
    
    
      stop(devices)



        
          
        

    

  


  

      

          @spec stop(t()) :: t()


      


Stops the readers that are running and any pending scan. Returns the devices, idle; start/1 starts them again.

  



  
    
      
    
    
      touch(devices)



        
          
        

    

  


  

      

          @spec touch(t()) :: String.t() | nil


      


The path of the touch panel being read, or nil while there is none.

  



  
    
      
    
    
      touch_axes(map)



        
          
        

    

  


  

      

          @spec touch_axes(%{report_info: [{atom(), [term()]}]}) ::
  RasterExRatatui.Input.Touch.axes() | nil


      


The ranges of a touch panel's axes, %{x: {min, max}, y: {min, max}}, from a device's report_info (the multitouch axes when present, else the single-touch ones), or nil when the device has no such axes.
Examples
iex> RasterExRatatui.Input.Devices.touch_axes(%{
...>   report_info: [
...>     ev_key: [:btn_touch],
...>     ev_abs: [
...>       abs_x: %{min: 0, max: 719},
...>       abs_y: %{min: 0, max: 1279},
...>       abs_mt_position_x: %{min: 0, max: 719},
...>       abs_mt_position_y: %{min: 0, max: 1279}
...>     ]
...>   ]
...> })
%{x: {0, 719}, y: {0, 1279}}

iex> RasterExRatatui.Input.Devices.touch_axes(%{report_info: [ev_key: [:key_a]]})
nil

  



  
    
      
    
    
      touch_path(devices)



        
          
        

    

  


  

      

          @spec touch_path([device()]) :: String.t() | nil


      


The path of the first device in an InputEvent.enumerate/0 list that is a touch panel: one reporting the multitouch :abs_mt_position_x axis, or else :abs_x together with :btn_touch. nil when there is none.
Examples
iex> RasterExRatatui.Input.Devices.touch_path([
...>   {"/dev/input/event1", %{report_info: [ev_key: [:key_a]]}},
...>   {"/dev/input/event2", %{report_info: [ev_key: [:btn_left], ev_abs: [abs_x: %{}, abs_y: %{}]]}},
...>   {"/dev/input/event3", %{report_info: [ev_key: [:btn_touch], ev_abs: [abs_x: %{}, abs_y: %{}, abs_mt_position_x: %{}]]}}
...> ])
"/dev/input/event3"

iex> RasterExRatatui.Input.Devices.touch_path([
...>   {"/dev/input/event4", %{report_info: [ev_key: [:btn_touch], ev_abs: [abs_x: %{}, abs_y: %{}]]}}
...> ])
"/dev/input/event4"

iex> RasterExRatatui.Input.Devices.touch_path([])
nil

  


        

      


  

    
RasterExRatatui.Input.Evdev 
    



      
Translates Linux evdev keyboard events into ExRatatui.Event.Key structs.
A terminal hands an app finished key events: "A" with ["shift"], "back_tab", "c" with ["ctrl"]. A USB keyboard read through evdev (with the input_event library, for instance) only reports physical keys going down, repeating, and coming up, so something has to remember which modifiers are held and which character a key makes. This module is that something: pure, no process, no dependency on input_event.
It consumes the {type, code, value} tuples input_event delivers in {:input_event, path, events} messages and keeps only :ev_key ones:
{:ok, _pid} = InputEvent.start_link(path: "/dev/input/event0", grab: true)
keyboard = Evdev.new()

# in the process receiving the messages (a surface's handle_info/2):
def handle_info({:input_event, _path, events}, %{keyboard: keyboard} = state) do
  {keyboard, keys} = Evdev.translate_all(keyboard, events)
  {:events, keys, %{state | keyboard: keyboard}}
end
Keys come out the way crossterm reports them in a terminal, so apps behave the same on both: character keys carry the character they type ("A" when shifted or under caps lock, "!" for shift+1) with "shift", "ctrl", "alt", "super" modifiers in that order; special keys use the codes listed in ExRatatui.Event.Key; shift+tab is "back_tab". Modifier keys alone produce no events.
Layouts
The built-in character table is a US layout. Pass layout: a map of key_code => {unshifted, shifted} to override or add keys (a German layout swaps :key_y and :key_z, for example).
Examples
iex> alias RasterExRatatui.Input.Evdev
iex> {keyboard, []} = Evdev.translate(Evdev.new(), {:ev_key, :key_leftshift, 1})
iex> {_keyboard, [key]} = Evdev.translate(keyboard, {:ev_key, :key_1, 1})
iex> key
%ExRatatui.Event.Key{code: "!", kind: "press", modifiers: ["shift"]}

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(opts \\ [])

      


        A keyboard with no keys held and caps lock off.



    


    
      
        translate(keyboard, arg2)

      


        Translates one evdev event. Events other than :ev_key (:ev_syn, :ev_msc, …) and keys with no mapping produce no keys.



    


    
      
        translate_all(keyboard, events)

      


        Translates a list of evdev events in order, as delivered in one {:input_event, path, events} message.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Input.Evdev{
  caps_lock: boolean(),
  chars: %{required(atom()) => {String.t(), String.t()}},
  emit_release: boolean(),
  held: MapSet.t(atom())
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


A keyboard with no keys held and caps lock off.
Options
	:layout — :us (default) or a map of key_code => {unshifted, shifted} merged over the US table
	:emit_release — also emit kind: "release" events (default false, like a terminal without keyboard enhancement)

Examples
iex> RasterExRatatui.Input.Evdev.new(layout: %{key_z: {"y", "Y"}}).chars.key_z
{"y", "Y"}

  



  
    
      
    
    
      translate(keyboard, arg2)



        
          
        

    

  


  

      

          @spec translate(t(), {atom(), atom(), integer()}) :: {t(), [ExRatatui.Event.Key.t()]}


      


Translates one evdev event. Events other than :ev_key (:ev_syn, :ev_msc, …) and keys with no mapping produce no keys.
Examples
iex> alias RasterExRatatui.Input.Evdev
iex> {_keyboard, keys} = Evdev.translate(Evdev.new(), {:ev_key, :key_enter, 1})
iex> keys
[%ExRatatui.Event.Key{code: "enter", kind: "press", modifiers: []}]

iex> alias RasterExRatatui.Input.Evdev
iex> Evdev.translate(Evdev.new(), {:ev_syn, :syn_report, 0}) |> elem(1)
[]

  



  
    
      
    
    
      translate_all(keyboard, events)



        
          
        

    

  


  

      

          @spec translate_all(t(), [{atom(), atom(), integer()}] | :disconnect) ::
  {t(), [ExRatatui.Event.Key.t()]}


      


Translates a list of evdev events in order, as delivered in one {:input_event, path, events} message.
input_event sends :disconnect in place of the list when the device goes away (unplugged, or grabbed by another reader). That releases every held modifier and produces no keys; the consumer is the one to look for a keyboard again.
Examples
iex> alias RasterExRatatui.Input.Evdev
iex> events = [{:ev_key, :key_leftctrl, 1}, {:ev_msc, :msc_scan, 29}, {:ev_key, :key_c, 1}, {:ev_syn, :syn_report, 0}]
iex> {_keyboard, keys} = Evdev.translate_all(Evdev.new(), events)
iex> keys
[%ExRatatui.Event.Key{code: "c", kind: "press", modifiers: ["ctrl"]}]
iex> {keyboard, []} = Evdev.translate_all(Evdev.new(), [{:ev_key, :key_leftshift, 1}])
iex> {keyboard, []} = Evdev.translate_all(keyboard, :disconnect)
iex> MapSet.size(keyboard.held)
0

  


        

      


  

    
RasterExRatatui.Input.Touch 
    



      
Turns evdev touch events into the ExRatatui.Event.Mouse events an app expects: a tap is a "down" and an "up" on the cell under the finger, a finger moving into another cell is a "drag".
Pure and table-free: keep the struct between calls, since it holds the contact in progress. A panel reports its finger in its own axis units and its own orientation; the translator scales the axes to the panel's pixels, applies swap_xy: and invert_x:/invert_y: when the controller does not follow the panel, and asks cell_at: (normally RasterExRatatui.Raster.cell_at/2 of the surface's raster, which knows the rotation) which cell that pixel is. A finger outside the grid, in the margins, produces nothing until it enters a cell.
Only the first contact counts: multitouch slots other than 0 are ignored, so a second finger never moves the cursor. Both multitouch type B (abs_mt_slot, abs_mt_tracking_id, abs_mt_position_x/y, what the Goodix controller of the Raspberry Pi Touch Display 2 sends) and single-touch panels (abs_x/y with btn_touch) are understood.
Mouse events are emitted at the end of each evdev frame. input_event delivers one frame per message and drops the syn_report that ends it, so translate_all/2 takes the end of its list as the end of a frame; an explicit syn_report ends one too, for sources that keep it.
Options
new/1 takes:
	:size (required) — the physical panel in pixels, {width, height}
	:cell_at (required) — ({px, py} -> {col, row} | :outside)

	:axes — %{x: {min, max}, y: {min, max}} as the controller reports them (RasterExRatatui.Input.Devices.touch_axes/1); default the pixel ranges, {0, width - 1} and {0, height - 1}
	:swap_xy — the controller's x runs along the panel's height (default false)
	:invert_x, :invert_y — an axis runs the other way (default false)

Examples
A 24×16 panel of 6×8 cells; a tap on pixel (13, 9) is cell (2, 1).
iex> alias RasterExRatatui.Input.Touch
iex> touch = Touch.new(size: {24, 16}, cell_at: fn {x, y} -> {div(x, 6), div(y, 8)} end)
iex> # The two messages input_event sends for a tap on a Goodix panel.
iex> {touch, [down]} = Touch.translate_all(touch, [
...>   {:ev_abs, :abs_mt_tracking_id, 33}, {:ev_abs, :abs_mt_position_x, 13},
...>   {:ev_abs, :abs_mt_position_y, 9}, {:ev_abs, :abs_mt_touch_major, 46},
...>   {:ev_key, :btn_touch, 1}, {:ev_abs, :abs_x, 13}, {:ev_abs, :abs_y, 9}
...> ])
iex> {_touch, [up]} = Touch.translate_all(touch, [{:ev_abs, :abs_mt_tracking_id, -1}, {:ev_key, :btn_touch, 0}])
iex> [{down.kind, down.x, down.y}, {up.kind, up.x, up.y}]
[{"down", 2, 1}, {"up", 2, 1}]
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    Functions
  


    
      
        new(opts)

      


        Builds the translator (see the moduledoc for the options). Raises ArgumentError without :size or :cell_at.



    


    
      
        translate(t, arg2)

      


        Folds one evdev event, {type, code, value}, and returns the mouse events it completes: only a syn_report ends a frame here. For input_event's messages, which carry no syn_report, use translate_all/2.



    


    
      
        translate_all(t, events)

      


        Folds one frame of events, as input_event delivers it, or the :disconnect it sends when the panel goes away, which ends a contact in progress with an "up".
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          @type axes() :: %{x: {integer(), integer()}, y: {integer(), integer()}}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %RasterExRatatui.Input.Touch{
  axes: axes(),
  cell: {integer(), integer()} | nil,
  cell_at: ({non_neg_integer(), non_neg_integer()} ->
              {integer(), integer()} | :outside),
  invert_x: boolean(),
  invert_y: boolean(),
  position: {integer() | nil, integer() | nil},
  releasing?: boolean(),
  size: {pos_integer(), pos_integer()},
  slot: integer(),
  swap_xy: boolean(),
  touching?: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(opts)



        
          
        

    

  


  

      

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


      


Builds the translator (see the moduledoc for the options). Raises ArgumentError without :size or :cell_at.

  



  
    
      
    
    
      translate(t, arg2)



        
          
        

    

  


  

      

          @spec translate(t(), {atom(), atom(), integer()}) ::
  {t(), [ExRatatui.Event.Mouse.t()]}


      


Folds one evdev event, {type, code, value}, and returns the mouse events it completes: only a syn_report ends a frame here. For input_event's messages, which carry no syn_report, use translate_all/2.
Examples
iex> alias RasterExRatatui.Input.Touch
iex> touch = Touch.new(size: {24, 16}, cell_at: fn {x, y} -> {div(x, 6), div(y, 8)} end)
iex> {touch, []} = Touch.translate(touch, {:ev_abs, :abs_x, 20})
iex> {touch, []} = Touch.translate(touch, {:ev_abs, :abs_y, 3})
iex> {touch, []} = Touch.translate(touch, {:ev_key, :btn_touch, 1})
iex> {_touch, [down]} = Touch.translate(touch, {:ev_syn, :syn_report, 0})
iex> {down.kind, down.button, down.x, down.y}
{"down", "left", 3, 0}

  



  
    
      
    
    
      translate_all(t, events)



        
          
        

    

  


  

      

          @spec translate_all(t(), [{atom(), atom(), integer()}] | :disconnect) ::
  {t(), [ExRatatui.Event.Mouse.t()]}


      


Folds one frame of events, as input_event delivers it, or the :disconnect it sends when the panel goes away, which ends a contact in progress with an "up".
The end of the list ends the frame. A list that carries its own syn_reports is split at them instead, and nothing more is emitted after the last one.
Examples
A finger landing on one cell and sliding to the next; the second finger (slot 1) changes nothing.
iex> alias RasterExRatatui.Input.Touch
iex> touch = Touch.new(size: {24, 16}, cell_at: fn {x, y} -> {div(x, 6), div(y, 8)} end)
iex> {touch, [down]} = Touch.translate_all(touch, [{:ev_abs, :abs_mt_tracking_id, 1}, {:ev_abs, :abs_mt_position_x, 2}, {:ev_abs, :abs_mt_position_y, 2}])
iex> {touch, []} = Touch.translate_all(touch, [{:ev_abs, :abs_mt_position_x, 4}])
iex> {touch, []} = Touch.translate_all(touch, [{:ev_abs, :abs_mt_slot, 1}, {:ev_abs, :abs_mt_tracking_id, 2}, {:ev_abs, :abs_mt_position_x, 20}, {:ev_abs, :abs_mt_position_y, 12}])
iex> {touch, [drag]} = Touch.translate_all(touch, [{:ev_abs, :abs_mt_slot, 0}, {:ev_abs, :abs_mt_position_x, 9}])
iex> {_touch, [up]} = Touch.translate_all(touch, :disconnect)
iex> [{down.kind, down.x, down.y}, {drag.kind, drag.x, drag.y}, {up.kind, up.x, up.y}]
[{"down", 0, 0}, {"drag", 1, 0}, {"up", 1, 0}]
A finger in the margin is ignored until it enters a cell.
iex> alias RasterExRatatui.Input.Touch
iex> outside = fn {x, y} -> if x < 12, do: {div(x, 6), div(y, 8)}, else: :outside end
iex> touch = Touch.new(size: {24, 16}, cell_at: outside)
iex> {touch, []} = Touch.translate_all(touch, [{:ev_key, :btn_touch, 1}, {:ev_abs, :abs_x, 20}, {:ev_abs, :abs_y, 0}])
iex> {_touch, [down]} = Touch.translate_all(touch, [{:ev_abs, :abs_x, 7}])
iex> {down.kind, down.x, down.y}
{"down", 1, 0}

  


        

      


  

    
RasterExRatatui.Telemetry 
    



      
:telemetry integration for raster_ex_ratatui.
Mirrors the shape of ExRatatui.Telemetry one layer up: events fire at the boundaries this package controls (surface lifecycle, rasterisation, the consumer's push/2, input forwarding) rather than at the runtime layer ex_ratatui already instruments. Both trees fire concurrently while a surface runs; attach handlers to whichever is needed.
Events
All events are prefixed with :raster_ex_ratatui.
Span events (:start / :stop / :exception)
	Event	Description	Metadata
	[:raster_ex_ratatui, :frame, :raster]	RasterExRatatui.Raster.apply/2 on the diffs waiting from the app server.	:surface, :mod, :pid; :stop adds :diffs (how many were folded into this call), :cells, :regions, :patches
	[:raster_ex_ratatui, :frame, :push]	The consumer's RasterExRatatui.Surface.push/2 call.	:surface, :mod, :pid, :push_mode

:surface is the surface module, :mod the app module, and :pid the surface process, which tells apart several surfaces running the same modules.
:start events carry %{monotonic_time: integer, system_time: integer} as measurements. :stop events add :duration (native units). On exception the metadata gains :kind, :reason, and :stacktrace.
Single events
	Event	Description	Measurements	Metadata
	[:raster_ex_ratatui, :surface, :start]	The surface built its raster and started the app server.	%{system_time: integer}	:surface, :mod, :pid, :size, :grid_size
	[:raster_ex_ratatui, :surface, :stop]	The surface is terminating.	%{system_time: integer}	:surface, :mod, :pid, :reason
	[:raster_ex_ratatui, :app, :exit]	The app server exited; :action is what the surface does about it per its on_app_exit: option, :stop or :restart.	%{system_time: integer}	:surface, :mod, :pid, :reason, :action
	[:raster_ex_ratatui, :input, :forward]	An event was forwarded to the app server.	%{system_time: integer}	:surface, :mod, :pid, :event

Attaching a default logger
RasterExRatatui.Telemetry.attach_default_logger(level: :info)
That attaches a handler logging every :stop and single event. Detach with detach_default_logger/0.

      


      
        Summary


  
    Functions
  


    
      
        attach_default_logger(opts \\ [])

      


        Attaches a logger that prints every raster_ex_ratatui telemetry event. Useful during development; detach with detach_default_logger/0.



    


    
      
        detach_default_logger()

      


        Detaches the logger attached with attach_default_logger/1.



    


    
      
        execute(event, measurements, meta)

      


        Emits a single :telemetry event rooted at [:raster_ex_ratatui | event].



    


    
      
        probe(surface, seconds \\ 10, opts \\ [])

      


        Watches one surface for seconds and reports how it keeps up: for the raster and push spans, how many ran, and their median, 90th percentile, and slowest duration in milliseconds, plus the surface's mailbox length before and after. Meant for an IEx session on the device.



    


    
      
        span(event, meta, fun)

      


        Wraps fun in a :telemetry span rooted at [:raster_ex_ratatui | event].



    





      


      
        Functions


        


    

  
    
      
    
    
      attach_default_logger(opts \\ [])



        
          
        

    

  


  

      

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


      


Attaches a logger that prints every raster_ex_ratatui telemetry event. Useful during development; detach with detach_default_logger/0.
Options
	:level — log level (default: :debug).
	:events — list of full event names to attach (default: every :stop, :exception, and single event).


  



  
    
      
    
    
      detach_default_logger()



        
          
        

    

  


  

      

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


      


Detaches the logger attached with attach_default_logger/1.

  



  
    
      
    
    
      execute(event, measurements, meta)



        
          
        

    

  


  

      

          @spec execute([atom(), ...], map(), map()) :: :ok


      


Emits a single :telemetry event rooted at [:raster_ex_ratatui | event].
:system_time is added to the measurements when not already present.
Examples
iex> RasterExRatatui.Telemetry.execute([:input, :forward], %{}, %{mod: MyApp})
:ok

  



    

    

  
    
      
    
    
      probe(surface, seconds \\ 10, opts \\ [])



        
          
        

    

  


  

      

          @spec probe(GenServer.server(), number(), keyword()) :: %{
  raster: map() | nil,
  push: map() | nil,
  mailbox: {non_neg_integer(), non_neg_integer()}
}


      


Watches one surface for seconds and reports how it keeps up: for the raster and push spans, how many ran, and their median, 90th percentile, and slowest duration in milliseconds, plus the surface's mailbox length before and after. Meant for an IEx session on the device.
RasterExRatatui.Telemetry.probe(MyDevice.Surface, 10)
raster: n=56 in 10s  median=42.6ms  p90=65.0ms  max=70.8ms
push:   n=56 in 10s  median=12.8ms  p90=15.2ms  max=27.2ms
surface mailbox: 0 -> 0
Reading it: raster is the cost of turning renders into pixels and push the cost of the device write, so their sum bounds the frame rate; a raster count well below the app's render rate means renders were folded together (see [:raster_ex_ratatui, :frame, :raster]'s :diffs); a mailbox that grows during the probe means the surface is falling behind.
Returns the same figures as a map, %{raster: stats | nil, push: stats | nil, mailbox: {before, after}}, where stats is %{n:, median:, p90:, max:} in milliseconds. Pass print: false to skip the report.

  



  
    
      
    
    
      span(event, meta, fun)



        
          
        

    

  


  

      

          @spec span([atom(), ...], map(), (-> {result, map()})) :: result when result: term()


      


Wraps fun in a :telemetry span rooted at [:raster_ex_ratatui | event].
fun returns {result, stop_meta}; result is returned and stop_meta is merged over meta for the :stop event, which is how counts known only after the work (patches produced, for instance) reach handlers.
Examples
iex> RasterExRatatui.Telemetry.span([:frame, :raster], %{mod: MyApp}, fn -> {:done, %{patches: 3}} end)
:done
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