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    mavlink2

MAVLink v2 for Elixir: a
frame codec, message signing, dialects generated from MAVLink XML, a link
process over a serial port or any other byte transport, a router, and the
command, parameter and mission protocols.
	Frames: payload truncation and zero-extension, resynchronisation after a
bad frame, partial frames buffered until complete, 32-bit system ids and
header targets (SYSID32, TARGET32).
	Dialects: use MAVLink2.Dialect.XML turns a MAVLink XML file and its
includes into a struct per message, encode/1, decode/2 and enum lookups.
	Signing: sign and verify, per-stream replay protection, timestamps that
never repeat when the clock steps back.
	Link: a GenServer that owns a transport, numbers outgoing frames, delivers
decoded frames to subscribers and counts errors, sequence gaps per sender
and rejected signatures.
	Router: forwards frames between links by MAVLink's routing rules,
unchanged, signatures intact.
	Services: commands with acks and retries, parameters read, set and
listed, missions uploaded, downloaded and cleared.
	Checked against pymavlink: crc_extra, payload length, wire order and field
types for every message in common.xml, packed payloads, and signed frames
byte for byte; and against the C library: frames with extended headers,
signed and unsigned.

MAVLink v1 frames are refused.
What MAVLink is
MAVLink (Micro Air Vehicle Link) is a lightweight
message protocol for drones, robots and the systems around them: autopilots,
companion computers, ground stations, gimbals, cameras and microcontrollers.
It is the protocol the PX4 and ArduPilot autopilots, and the QGroundControl
and Mission Planner ground stations, speak.
	Messages are defined in XML: each has an id and a fixed list of typed
fields, sent in small binary frames with a checksum. A set of definitions
is a dialect; common.xml holds the messages most systems share, and a
project can add its own.
	Systems and components each have an id, carried in every frame, so
many of them can share links and messages can be routed between them.
	Microservices are protocols built from messages: commands with acks,
parameters, missions, and more.
	MAVLink 2, the version this library implements, added extension
fields, 24-bit message ids, payload truncation and message signing.

The MAVLink developer guide documents the
frame format, the
message definitions and the
microservices.
When to use MAVLink
Use cases
	Use case	What MAVLink gives it
	A companion computer (a Nerves board, a Raspberry Pi) talking to a PX4 or ArduPilot flight controller over UART	The autopilot already speaks it: telemetry, commands, parameters and missions with no firmware changes
	A ground station or fleet service talking to vehicles	The same messages QGroundControl and Mission Planner use, so both can be on the link alongside it
	A host processor talking to a microcontroller on the same board (motor control, power, sensors, access control) over UART or USB	A custom dialect in XML, with C headers for the firmware generated by MAVLink's tools and an Elixir module for the host generated by this library, both from one file; no extra hardware beyond the port
	Several components sharing links (a telemetry radio, a companion, a gimbal, a camera)	System and component ids on every frame, and routing rules, so MAVLink2.Router can forward between them
	A link that must refuse forged or replayed commands	Message signing with a shared key and per-stream timestamps

Compared with building your own
A protocol over a byte stream needs all of these, and MAVLink has them:
	Need	MAVLink
	Finding frame boundaries in a stream, and recovering after noise	A start byte, a length, and a checksum to resynchronise on
	Catching corruption	CRC-16 over every frame
	Catching two ends built from different message definitions	crc_extra, a per-message byte from the definition folded into the checksum, so a mismatched peer's frames fail the check
	Detecting lost frames	A sequence number per sender
	Adding fields without breaking old peers	Extension fields, and zero-extension of short payloads
	Authenticating frames	Signing, with replay protection
	Tools to inspect and test it	pymavlink, MAVProxy, a generated Wireshark dissector, and autopilot simulators

Compared with other protocols
	Alternative	Difference
	Protobuf, CBOR or JSON over serial	These encode a message but do not frame it on a byte stream, check it, number it or sign it. MAVLink's overhead is 12 bytes a frame (25 signed), and trailing zeros are dropped from the payload
	MQTT, ROS 2 or DDS	These need an IP network, and MQTT also needs a broker. MAVLink runs point to point on a 57600-baud radio
	CAN, DroneCAN or Cyphal	A multi-drop bus with priority arbitration, and framing, CRC, acknowledgement and retransmission in the controller. Each classic CAN frame costs about 67 bits for at most 8 data bytes, and DroneCAN and Cyphal use one of those for a tail byte: a 28-byte message is 5 frames, about 655 bits, against 400 bits for MAVLink on a UART at 8N1. MAVLink needs only a UART or USB port, and leaves checking to software and retries to the services (MAVLink2.Command, Param, Mission)

When something else fits better
	Payloads over 255 bytes: a large payload has to be split, or sent through MAVLink's FTP service.
	Video and bulk data: these usually go on their own stream (RTP, for example).
	Rich request/response APIs with nested or variable-length types: gRPC or HTTP suit these better on an IP network.

Using it, or having an agent use it
usage-rules.md is a short set of rules for writing code
against this library, for people and coding agents alike; tools such as
usage_rules gather it from your
dependencies. The library checks how it is called:
	A mistake in a call raises ArgumentError naming what is wrong and what
would be right, with the closest names for a misspelt option or enum
entry (:baud suggests :speed; :mav_cmd_arm suggests
:mav_cmd_component_arm_disarm).
	Errors from the other end of a link, timeouts and refusals, are returned
as {:error, reason}.

Installation
def deps do
  [
    {:mavlink2, "~> 0.1"},
    # only for MAVLink2.Transport.UART
    {:circuits_uart, "~> 1.5"}
  ]
end
Requires Elixir 1.18 or later.
Usage
A dialect
Put a MAVLink XML file and the files it includes in your project, for example
common.xml, standard.xml and minimal.xml from
mavlink/mavlink:
defmodule MyApp.MAVLink do
  use MAVLink2.Dialect.XML, file: "priv/mavlink/common.xml"
end
The path is relative to the project root. The module recompiles when any of
the XML files changes. Each message becomes a struct (HEARTBEAT is
MyApp.MAVLink.Heartbeat) with the XML's field names; enums and entries are
lowercase atoms.
A link
alias MyApp.MAVLink, as: D

{:ok, link} =
  MAVLink2.Link.start_link(
    dialect: D,
    device: "/dev/ttyUSB0",
    speed: 57_600,
    sysid: 255,
    compid: 190
  )

:ok = MAVLink2.Link.subscribe(link, self(), decode: true, only: [D.Heartbeat])

:ok =
  MAVLink2.Link.send(link, %D.Heartbeat{
    type: D.enum_value(:mav_type, :mav_type_gcs),
    autopilot: D.enum_value(:mav_autopilot, :mav_autopilot_invalid)
  })

receive do
  {MAVLink2.Link, ^link, frame, %D.Heartbeat{} = heartbeat} ->
    {frame.sysid, frame.compid, heartbeat}
end

MAVLink2.Link.stats(link)
#=> %{rx: 1, tx: 1, errors: 0, dropped: 0, unknown: 0, unsigned: 0, bad_signature: 0, replay: 0}
Link options:
	Option	
	:dialect	the dialect module (required)
	:transport	a MAVLink2.Transport; default MAVLink2.Transport.UART. Remaining options go to its open/1
	:device, :speed, :flow_control	MAVLink2.Transport.UART options; :speed defaults to 115200. A USB CDC ACM port (/dev/ttyACM0) is a serial device too
	:sysid, :compid	this end's ids; default 1, 1. :sysid may be up to 32 bits; 0 is refused
	:unknown	:keep delivers frames whose id the dialect lacks, unchecked, with known: false; default :skip
	:sendable	message ids the peer accepts; others return {:error, {:not_sendable, id}}
	:signing	a MAVLink2.Signing; see below
	:name	registered name

If the transport does not open, the link logs a warning and start_link/1
returns :ignore.
Signing
key = :crypto.strong_rand_bytes(32)  # shared with the peer
signing = MAVLink2.Signing.new(key, link_id: 1)

MAVLink2.Link.start_link(dialect: D, device: "/dev/ttyUSB0", signing: signing)
With :signing, every frame sent is signed and a frame received is delivered
only if it verifies. Rejected frames are counted as :unsigned,
:bad_signature or :replay. accept_unsigned: [msgid] lets the listed
message ids through unsigned, and accept_unsigned: :all every one, for a
link that is secure by itself (USB, a board-level UART). A subscriber that
calls Link.subscribe(link, self(), rejected: true) also gets each refused
frame, as {MAVLink2.Link, link, {:rejected, reason, frame}}, to show as
untrusted.
A frame from a stream not seen before is refused when its timestamp is more
than a minute behind the clock, and this end's own frames reflected back are
refused as replays. A board that boots without real time can save
signing.timestamp and start from it with Signing.new(key, timestamp: saved).
A target over 255
A system id over 255 goes in the header: Frame.encode/2 sets SYSID32 for
a sysid over 255 and TARGET32 for a target_sysid. Link.send/2 does
this for a message whose target_system is over 255, putting 255 in the
payload as MAVLink requires:
MAVLink2.Link.send(link, %D.CommandLong{target_system: 100_000, target_component: 1, command: 400})
The services below do the same for any target.
Routing
MAVLink2.Router.start_link(links: [:telemetry, :companion, :gimbal], sysid: 1)
The router learns which link each {sysid, compid} is on from what it
receives, sends broadcasts to every other link, sends a frame for another
system to the links where that system has been seen, and never back where it
came from. Within its own system (:sysid), a frame for a component goes
only where that component has been seen. It forwards with
MAVLink2.Link.forward/2, which writes a frame's original bytes, so
signatures survive.
	Links with unknown: :keep let it pass on messages outside its dialect.
	Frames a link's signing refuses are forwarded too, but teach it no routes.
	SETUP_SIGNING is never forwarded.
	A SYSTEM_TIME showing a reboot clears that system's routes.

Commands, parameters and missions
Each call runs in its own task subscribed to the link, sends again when the
target is quiet, and needs a dialect with common.xml's messages. target
is {sysid, compid}.
{:ok, :mav_result_accepted, _ack} =
  MAVLink2.Command.long(link, {1, 1}, :mav_cmd_component_arm_disarm, [1.0])

{:ok, %{value: 1}} = MAVLink2.Param.read(link, {1, 1}, "SYSID_THISMAV")
{:ok, _} = MAVLink2.Param.set(link, {1, 1}, "RTL_ALT", 3000, :mav_param_type_int32)
{:ok, params} = MAVLink2.Param.list(link, {1, 1})

{:ok, opaque_id} =
  MAVLink2.Mission.upload(link, {1, 1}, [
    [command: :mav_cmd_nav_takeoff, frame: :mav_frame_global_relative_alt, z: 20.0]
  ])

{:ok, items, opaque_id} = MAVLink2.Mission.download(link, {1, 1})
	Module	Options
	MAVLink2.Command	:timeout, :retries, :progress_timeout, :on_progress for MAV_RESULT_IN_PROGRESS acks; cancel/3 sends COMMAND_CANCEL
	MAVLink2.Param	:timeout, :retries, :encoding (:cast for ArduPilot, :bytewise for PX4); list/3 to compid 0 lists every component
	MAVLink2.Mission	:timeout, :item_timeout, :retries, :mission_type (mission, fence or rally)

Without a link
MAVLink2.Frame encodes and decodes frames directly:
{msgid, payload} = D.encode(heartbeat)
{:ok, bytes} = MAVLink2.Frame.encode(%MAVLink2.Frame{msgid: msgid, payload: payload}, D)

{frames, errors, rest} = MAVLink2.Frame.drain(bytes, D)
drain/2 returns every complete frame in a buffer, the errors it skipped
over, and the bytes left for the next read.
Specification
The library follows the MAVLink developer guide:
	Part	Guide
	Frames, checksum, crc_extra, payload truncation	Serialization
	Signing	Message signing
	MAVLink2.Router	Routing
	MAVLink2.Command, Param, Mission	Command, parameter and mission protocols

Where it goes beyond the guide:
	SYSID32 and TARGET32 (incompat flags 0x02, 0x04) follow the C
library (c_library_v2), which has them before the guide does.
	Signing is stricter: a timestamp equal to the stream's last is a replay,
as in the C library; the window for new streams counts from the clock even
before this end has sent; and this end's own frames reflected back are
refused.
	Recovery after noise resumes after the start byte of a frame that fails
its checksum or has an unknown id; the guide leaves recovery to the
implementation.
	A system broadcast within the router's own system (target component 0)
goes to the links where that system has been seen.
	MAVLink v1 is not implemented.

Modules
	Module	
	MAVLink2.Frame	v2 encode and decode for a dialect; drain/2 over a byte stream
	MAVLink2.Dialect	the behaviour a dialect implements: crc_extra/1, payload_length/1, optionally target_offsets/1
	MAVLink2.Dialect.XML	generates a dialect from MAVLink XML at compile time
	MAVLink2.XML	reads MAVLink XML with its includes: wire order, lengths, crc_extra
	MAVLink2.Codec	payloads from a wire layout; NaN and the infinities as atoms
	MAVLink2.Signing	sign, verify, per-stream replay protection
	MAVLink2.CRC	CRC-16/MCRF4XX with crc_extra
	MAVLink2.Link	a link process over one transport
	MAVLink2.Router	forwards frames between links
	MAVLink2.Command	COMMAND_LONG and COMMAND_INT, with acks
	MAVLink2.Param	the parameter protocol
	MAVLink2.Mission	the mission protocol
	MAVLink2.Transport	the transport behaviour: open/1, write/2, close/1
	MAVLink2.Transport.UART	a serial port through Circuits.UART
	MAVLink2.Transport.Loopback	in memory, for tests; echo: true sends writes back, peer: joins two links

A custom transport implements MAVLink2.Transport and sends received bytes to
the link as {:mavlink_data, binary}.
Tests
mix test

The fixtures are pymavlink 2.4.50's XML definitions and its output on them;
see test/fixtures/README.md. The extended-header frames in
test/mavlink2/extended_header_test.exs are the C library's.
License
MIT; see LICENSE. The files in test/fixtures keep their own licenses, listed
in test/fixtures/README.md.


  

    mavlink2 usage rules

Rules for writing code that uses mavlink2, for people and for coding
agents. The API checks its arguments: a mistake raises ArgumentError
saying what is wrong and what would be right, so read the message. Errors
from the other end of a link are returned as {:error, reason}.
Set up
	Define one dialect module per set of messages, from MAVLink XML, and pass
that module everywhere a :dialect is asked for:
defmodule MyApp.MAVLink do
  use MAVLink2.Dialect.XML, file: "priv/mavlink/common.xml"
end
Put the XML and every file it includes (standard.xml, minimal.xml)
side by side. Never write crc_extra values or payload layouts by hand.

	A serial or USB link needs {:circuits_uart, "~> 1.5"} in your deps and a
:device such as "/dev/ttyACM0" (USB CDC) or "/dev/ttyAMA0" (a board
UART). Its rate option is :speed, not :baud.

	Give this end real ids: :sysid 1 to 2^32-1 and :compid 1 to 255. 0 is
the broadcast id and is refused. A ground station is conventionally
sysid: 255, compid: 190; an autopilot is sysid: 1, compid: 1.

	Start links (and a router) under your supervision tree, with :name, and
refer to them by name.


Send
	Send message structs with MAVLink2.Link.send/2:
MAVLink2.Link.send(:fc, %MyApp.MAVLink.Heartbeat{type: 6, autopilot: 8})
Use send_message/4 only for a payload you already have as bytes.

	Field names are the XML's, as written (target_system, param1).
Integer fields must fit their type; strings fit their char[n] length.

	Enum values in structs are integers. Get them by name:
MyApp.MAVLink.enum_value(:mav_type, :mav_type_gcs). Names are the XML's,
lowercased. List an enum with MyApp.MAVLink.enum(:mav_cmd).

	A message to a system id over 255: set target_system to the id and use
Link.send/2, which puts it in the header. Do not do this by hand.


Receive
	Subscribe the process that will handle frames, and say what it wants:
:ok = MAVLink2.Link.subscribe(:fc, self(), decode: true, only: [MyApp.MAVLink.Heartbeat])

receive do
  {MAVLink2.Link, :fc, frame, %MyApp.MAVLink.Heartbeat{} = hb} -> {frame.sysid, hb}
end
Without decode: true the message is {MAVLink2.Link, link, %MAVLink2.Frame{}}
(three elements) and the payload is bytes: decode it with
MyApp.MAVLink.decode(frame.msgid, frame.payload).

	The sender is frame.sysid and frame.compid, not a payload field.

	A subscriber with no only: gets every frame on the link: handle or drop
every message in a GenServer's handle_info/2, or its mailbox grows.


Commands, parameters, missions
	target is {sysid, compid}. compid 0 means any component of the
system.

	Commands take MAV_CMD entry atoms or integers:
{:ok, :mav_result_accepted, _ack} =
  MAVLink2.Command.long(:fc, {1, 1}, :mav_cmd_component_arm_disarm, [1.0])
Any result but :mav_result_accepted means the target did not do it; it
is not an error tuple. Positions go in Command.int/5, latitude and
longitude as integers in degrees × 10^7 in :x and :y.

	These calls block the calling process until the target answers or the
retries run out ({:error, :timeout}): seconds, with the default
retries. A GenServer that calls one handles nothing else meanwhile;
start a Task for it when that matters. The call does its own
subscribing, so the caller need not be subscribed.

	Parameters: pass encoding: :bytewise for PX4 and leave the default
(:cast) for ArduPilot. Names are at most 16 ASCII bytes.
Param.set/6 returns what the target now holds; compare it with what you
set.

	Missions: items are keyword lists of MISSION_ITEM_INT fields. Use the
plain global frames (:mav_frame_global_relative_alt), not the
superseded _int ones. upload/4 returns {:ok, opaque_id} and
download/3 {:ok, items, opaque_id}.


Signing
	The key is 32 bytes shared with the peer:
MAVLink2.Signing.new(:crypto.hash(:sha256, passphrase), link_id: 1).
Give each link its own link_id.
	With :signing, unsigned frames are refused unless their ids are in
accept_unsigned: (or it is :all, for a link that is secure by itself).
	A board without a real-time clock should save signing.timestamp and
start from it with timestamp:; otherwise old captured frames are
accepted after a reboot until its clock is set.
	Never forward or log SETUP_SIGNING; the router does not forward it.

Routing
	MAVLink2.Router.start_link(links: [:radio, :usb], sysid: 1) forwards
frames unchanged between links. Your application still subscribes to the
links itself.

Tests
	Use MAVLink2.Transport.Loopback: echo: true sends what a link writes
back to it, and peer: name joins two links, so one can play the vehicle:
start_link(name: :gcs, transport: MAVLink2.Transport.Loopback, peer: :vehicle, ...)
and the same for :vehicle with peer: :gcs.



  

    Changelog

0.1.0 (2026-11-06)
First release.
	Talk MAVLink 2 with autopilots, ground stations and your own
microcontrollers, over a serial port or USB.
	Generate a dialect from MAVLink XML: a struct for every message, with
encoding, decoding and enum lookups.
	Send message structs and receive decoded messages with MAVLink2.Link.
	Sign messages, and reject unsigned, forged and replayed ones.
	Forward messages between links with MAVLink2.Router.
	Send commands, read and set parameters, and upload, download and clear
missions, with retries.
	Mistakes in calling the library raise errors that say how to fix them.

Requires Elixir 1.18 or later.


  

    LICENSE


MIT License

Copyright (c) 2026 Isaiah DeRose-Wilson

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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MAVLink v2 for Elixir. See the README for an overview, and the modules
for each part:
		
	Frames	MAVLink2.Frame, MAVLink2.Signing
	Dialects	MAVLink2.Dialect.XML
	Links	MAVLink2.Link, MAVLink2.Router
	Services	MAVLink2.Command, MAVLink2.Param, MAVLink2.Mission
	Transports	MAVLink2.Transport.UART, MAVLink2.Transport.Loopback
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        target()

      


        A system and component to talk to: a sysid of up to 32 bits and a compid,
where compid 0 is any component of the system.
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          @type target() :: {sysid :: pos_integer(), compid :: 0..255}


      


A system and component to talk to: a sysid of up to 32 bits and a compid,
where compid 0 is any component of the system.

  


        

      


  

    
MAVLink2.CRC 
    



      
MAVLink's checksum: CRC-16/MCRF4XX, also called the X.25 CRC, as
MAVLink's crc_accumulate computes it (seed 0xFFFF).
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    Functions
  


    
      
        accumulate(crc, byte)

      


        Fold one byte into crc.



    


    
      
        accumulate_bytes(crc, bin)

      


        Fold every byte of bin into crc.



    


    
      
        checksum(bin, crc_extra)

      


        The frame checksum over bin, finished with crc_extra.



    


    
      
        seed()

      


        The initial accumulator value, 0xFFFF.



    





      


      
        Functions
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          @spec accumulate(0..65535, 0..255) :: 0..65535


      


Fold one byte into crc.
Separate from accumulate_bytes/2 because a frame's checksum runs over
the header and payload and then over the message's crc_extra, which is
not contiguous with either.

  



  
    
      
    
    
      accumulate_bytes(crc, bin)



        
          
        

    

  


  

      

          @spec accumulate_bytes(0..65535, binary()) :: 0..65535


      


Fold every byte of bin into crc.

  



  
    
      
    
    
      checksum(bin, crc_extra)



        
          
        

    

  


  

      

          @spec checksum(binary(), 0..255) :: 0..65535


      


The frame checksum over bin, finished with crc_extra.
crc_extra is the per-message byte from the dialect: two peers with
different definitions of a message fail the checksum instead of misreading
its fields.
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          @spec seed() :: 0..65535


      


The initial accumulator value, 0xFFFF.
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MAVLink v2 frame encoding and decoding, for a MAVLink2.Dialect.
Wire layout:
STX             0xFD  (v2); 0xFE (v1) is refused on receive
len             payload length after truncation
incompat_flags
compat_flags
seq
sysid           1 byte, or 4 (little endian) with SYSID32
compid
msgid           24-bit, little endian
target_sysid    4 bytes, little endian, with TARGET32 only
payload
checksum        16-bit LE, over everything after STX plus crc_extra
signature       13 bytes, with SIGNED only
Incompat flags
	Bit		
	0x01	SIGNED	a signature follows the checksum; see MAVLink2.Signing
	0x02	SYSID32	sysid is 4 bytes. encode/2 sets it when sysid is over 255
	0x04	TARGET32	the header carries target_sysid, which takes precedence over a payload target_system. encode/2 sets it when target_sysid is not nil

A frame with any other bit is refused.
A message to a system id over 255 carries target_sysid and 255 in its
payload target_system.
Payload truncation
v2 drops trailing zero bytes from the payload on the wire, keeping at
least one, and the receiver zero-extends it back to the message's length.
A receiver that does not zero-extend misreads every short frame.
Decoded frames
raw is the frame's wire bytes, for forwarding it unchanged (a
re-encoded frame would lose its signature). known is false only for a
frame decoded with unknown: :keep whose id the dialect lacks: its
checksum was not checked and its payload is as received.
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        t()

      


    





  
    Functions
  


    
      
        decode(bin, dialect, opts \\ [])

      


        Decode the first complete frame in bin.



    


    
      
        drain(bin, dialect, opts \\ [])

      


        Every complete frame in bin, as {frames, errors, rest}. Errors are
collected, so a noisy line degrades instead of failing. Takes decode/3's
options.



    


    
      
        encode(f, dialect)

      


        Encode a frame to wire bytes. raw and known are ignored.



    


    
      
        iflag_signed()

      


    


    
      
        stx_v1()

      


    


    
      
        stx_v2()
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      t()



        
          
        

    

  


  

      

          @type t() :: %MAVLink2.Frame{
  compat_flags: 0..255,
  compid: 0..255,
  incompat_flags: 0..255,
  known: boolean(),
  msgid: non_neg_integer(),
  payload: binary(),
  raw: nil | binary(),
  seq: 0..255,
  signature:
    nil
    | {link_id :: 0..255, timestamp :: non_neg_integer(), <<_::48>>, binary()},
  sysid: 0..4_294_967_295,
  target_sysid: nil | 0..4_294_967_295
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      decode(bin, dialect, opts \\ [])



        
          
        

    

  


  

      

          @spec decode(binary(), module(), keyword()) ::
  {:ok, t(), binary()} | {:incomplete, binary()} | {:error, term(), binary()}


      


Decode the first complete frame in bin.
	{:ok, frame, rest}
	{:incomplete, bin}: more bytes needed; keep bin
	{:error, reason, rest}: resynchronise from rest

Option unknown: is :skip (the default) or :keep, for an id the
dialect lacks.
Errors:
		Resumes
	:no_stx	at the next STX, so a run of junk is one error
	:mavlink_v1_unsupported	after the v1 STX
	{:unsupported_incompat_flags, flags}	after the STX, as soon as the flags byte has arrived: an unknown flag may change the layout
	{:unknown_msgid, id}	with unknown: :skip, after the STX as soon as the header has arrived: without the message's crc_extra the frame cannot be checked, so its length byte cannot be trusted
	:bad_checksum	after the STX, since the length byte itself may be the corruption

With unknown: :keep, a frame with an unknown id is returned with
known: false once all of it has arrived, and decoding resumes after it.
Noise that starts with an STX then costs up to a frame's length of the
bytes after it, as in the C library and pymavlink.

  



    

  
    
      
    
    
      drain(bin, dialect, opts \\ [])



        
          
        

    

  


  

      

          @spec drain(binary(), module(), keyword()) :: {[t()], [term()], binary()}


      


Every complete frame in bin, as {frames, errors, rest}. Errors are
collected, so a noisy line degrades instead of failing. Takes decode/3's
options.

  



  
    
      
    
    
      encode(f, dialect)



        
          
        

    

  


  

      

          @spec encode(t(), module()) :: {:ok, binary()} | {:error, term()}


      


Encode a frame to wire bytes. raw and known are ignored.
Errors:
		
	{:unknown_msgid, id}	the dialect does not have id: a guessed crc_extra makes a frame the peer drops without a word
	{:out_of_range, field}	seq, compid or a flags byte outside 0..255, sysid or target_sysid outside 32 bits, or msgid outside 24 bits
	{:unsupported_incompat_flags, flags}	a bit in incompat_flags other than the three above
	:payload_too_long	the payload, after truncation, is longer than the message


  



  
    
      
    
    
      iflag_signed()



        
          
        

    

  


  

      

          @spec iflag_signed() :: 1


      



  



  
    
      
    
    
      stx_v1()



        
          
        

    

  


  

      

          @spec stx_v1() :: 254


      



  



  
    
      
    
    
      stx_v2()



        
          
        

    

  


  

      

          @spec stx_v2() :: 253


      



  


        

      


  

    
MAVLink2.Signing 
    



      
MAVLink v2 message signing: a 32-byte secret shared by both ends, a link
id, and a timestamp that only moves forward.
A signed frame has incompat_flags bit 0 set and 13 bytes after its
checksum: the link id, a 48-bit timestamp (little endian, 10 µs units
since 2015-01-01 00:00:00 UTC) and the first 6 bytes of
SHA-256(secret ++ frame from STX through checksum ++ link id ++ timestamp)
Receiving, a frame is accepted only if its signature matches and its
timestamp is later than the last one accepted from the same stream
(link id, system, component). A stream not seen before is accepted if its
timestamp is no more than one minute behind this end's timestamp, which
is at least the clock. The signature is checked before any stream state
changes, so a forged frame moves nothing.
Sending, each frame takes a timestamp later than the previous one and no
earlier than the clock, so a clock that steps back cannot repeat one.
This end's timestamp also follows the latest accepted from a peer.
Each frame this end signs also records its own stream, so its frames
reflected back to it are refused as replays.
The replay window is only as good as the clock: a board that boots with
no real time accepts stale frames until its timestamp catches up. Such a
board can persist timestamp and pass it back to new/2.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        encode(s, frame, dialect, now)

      


        Encodes frame signed: the signed bit set before the checksum, then the
signature with the next timestamp at or after now.



    


    
      
        iflag_signed()

      


    


    
      
        new(key, opts \\ [])

      


        Signing state for key. Options



    


    
      
        sign(s, wire, now)

      


        Signs wire, an encoded frame whose incompat_flags already carry the
signed bit, with the next timestamp at or after now (a timestamp/1).



    


    
      
        timestamp(unix_us)

      


        A timestamp for unix_us, Unix time in microseconds.



    


    
      
        verify(s, frame, now)

      


        Checks a decoded frame at now, this end's clock as a timestamp/1.
{:ok, state} for a signed frame that verifies and is not a replay, or
an unsigned one of an accept_unsigned id; otherwise
{:error, :unsigned | :bad_signature | :replay}.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %MAVLink2.Signing{
  accept_unsigned: [non_neg_integer()] | :all,
  key: <<_::256>>,
  link_id: 0..255,
  streams: %{required({0..255, 0..4_294_967_295, 0..255}) => non_neg_integer()},
  timestamp: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      encode(s, frame, dialect, now)



        
          
        

    

  


  

      

          @spec encode(t(), MAVLink2.Frame.t(), module(), non_neg_integer()) ::
  {:ok, binary(), t()} | {:error, term()}


      


Encodes frame signed: the signed bit set before the checksum, then the
signature with the next timestamp at or after now.

  



  
    
      
    
    
      iflag_signed()



        
          
        

    

  


  

      

          @spec iflag_signed() :: 1


      



  



    

  
    
      
    
    
      new(key, opts \\ [])



        
          
        

    

  


  

      

          @spec new(<<_::256>>, keyword()) :: t()


      


Signing state for key. Options:
		
	:link_id	default 0
	:accept_unsigned	message ids delivered even when unsigned, or :all (for a link that is secure by itself, such as USB); default none
	:timestamp	the earliest timestamp, for a board that persists it; default 0


  



  
    
      
    
    
      sign(s, wire, now)



        
          
        

    

  


  

      

          @spec sign(t(), binary(), non_neg_integer()) :: {binary(), t()}


      


Signs wire, an encoded frame whose incompat_flags already carry the
signed bit, with the next timestamp at or after now (a timestamp/1).

  



  
    
      
    
    
      timestamp(unix_us)



        
          
        

    

  


  

      

          @spec timestamp(integer()) :: non_neg_integer()


      


A timestamp for unix_us, Unix time in microseconds.

  



  
    
      
    
    
      verify(s, frame, now)



        
          
        

    

  


  

      

          @spec verify(t(), MAVLink2.Frame.t(), non_neg_integer()) ::
  {:ok, t()} | {:error, :unsigned | :bad_signature | :replay}


      


Checks a decoded frame at now, this end's clock as a timestamp/1.
{:ok, state} for a signed frame that verifies and is not a replay, or
an unsigned one of an accept_unsigned id; otherwise
{:error, :unsigned | :bad_signature | :replay}.

  


        

      


  

    
MAVLink2.Codec 
    



      
Message payloads from a wire layout (MAVLink2.XML): fields little
endian, in wire order.
	Field	Elixir value
	integer, scalar char	integer
	float, double	float, or :nan, :infinity, :neg_infinity
	char[n]	binary, up to the first NUL; zero-padded or cut to n when encoded
	other arrays	list of n values, zero-filled when shorter

decode/2 zero-extends a short payload first, as a v2 receiver must.
encode/2 raises ArgumentError for an integer outside its type's range.

      


      
        Summary


  
    Types
  


    
      
        layout()

      


    





  
    Functions
  


    
      
        decode(layout, payload)

      


        The field values in payload, as a keyword list in wire order.



    


    
      
        encode(layout, values)

      


        The payload for values, a map or struct holding every field in layout.



    


    
      
        zero(type, n)

      


        A field's zero value.



    





      


      
        Types


        


  
    
      
    
    
      layout()



        
          
        

    

  


  

      

          @type layout() :: [{atom(), MAVLink2.XML.base_type(), pos_integer() | nil}]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(layout, payload)



        
          
        

    

  


  

      

          @spec decode(layout(), binary()) :: keyword()


      


The field values in payload, as a keyword list in wire order.

  



  
    
      
    
    
      encode(layout, values)



        
          
        

    

  


  

      

          @spec encode(layout(), map()) :: binary()


      


The payload for values, a map or struct holding every field in layout.

  



  
    
      
    
    
      zero(type, n)



        
          
        

    

  


  

      

          @spec zero(MAVLink2.XML.base_type(), pos_integer() | nil) :: term()


      


A field's zero value.

  


        

      


  

    
MAVLink2.Dialect behaviour
    



      
A MAVLink dialect: for each message id, the crc_extra byte the checksum
ends with and the payload length the receiver zero-extends to.
MAVLink2.Frame and MAVLink2.Link take the dialect as a module. Both
return nil for an id the dialect does not have.
target_offsets/1 is optional: for a message with target_system or
target_component fields, their byte offsets in the payload, nil for a
field the message lacks. MAVLink2.Router uses it; without it, every
message without a header target is a broadcast.

      


      
        Summary


  
    Callbacks
  


    
      
        crc_extra(msgid)

      


    


    
      
        payload_length(msgid)

      


    


    
      
        target_offsets(msgid)

      


    





      


      
        Callbacks


        


  
    
      
    
    
      crc_extra(msgid)



        
          
        

    

  


  

      

          @callback crc_extra(msgid :: non_neg_integer()) :: 0..255 | nil


      



  



  
    
      
    
    
      payload_length(msgid)



        
          
        

    

  


  

      

          @callback payload_length(msgid :: non_neg_integer()) :: pos_integer() | nil


      



  



  
    
      
    
    
      target_offsets(msgid)


        (optional)


        
          
        

    

  


  

      

          @callback target_offsets(msgid :: non_neg_integer()) ::
  {system :: non_neg_integer() | nil, component :: non_neg_integer() | nil}


      



  


        

      


  

    
MAVLink2.Dialect.XML 
    



      
A MAVLink2.Dialect generated at compile time from a MAVLink XML file
and its includes:
defmodule MyDialect do
  use MAVLink2.Dialect.XML, file: "priv/my_dialect.xml"
end
:file is relative to the project root, or absolute. The module
recompiles when any of the XML files changes.
Generated in the dialect module:
	Function	
	crc_extra/1, payload_length/1, target_offsets/1	the MAVLink2.Dialect callbacks; target_offsets/1 is {nil, nil} for an unknown id
	msgids/0, message/1	every message id; the struct module for an id, or nil
	encode/1	a message struct to {msgid, payload} (untruncated; MAVLink2.Frame truncates); ArgumentError for an integer outside its field's type
	decode/2	{msgid, payload} to {:ok, struct}, or {:error, {:unknown_msgid, id}}
	enum/1, enum_value/2, enum_entry/2	an enum as %{entry => value}, an entry's value, a value's entry

And a module per message, named from the message (COMMAND_LONG is
MyDialect.CommandLong): a struct with the XML's field names as written, each
starting at its zero value (MAVLink2.Codec), and msgid/0,
crc_extra/0, layout/0, target_offsets/0. A uint8_t_mavlink_version field starts at
the XML's <version>. Enum and entry names are lowercase atoms
(:mav_cmd, :mav_cmd_component_arm_disarm).

      




  

    
MAVLink2.XML 
    



      
Reads a MAVLink message definition file, following its <include>s, into
messages and enums with their wire layout.
A message's wire layout is its base fields stable-sorted by type size,
largest first, then its extension fields in the order written. Its
crc_extra is the MAVLink CRC over "NAME " and, for each base field in
wire order, "type name " and an array's length as one byte, folded to
a byte as low ^^^ high.

      


      
        Summary


  
    Types
  


    
      
        base_type()

      


    


    
      
        field()

      


    


    
      
        message()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        read!(path)

      


        Reads path and every file it includes.



    


    
      
        size(type)

      


    





      


      
        Types


        


  
    
      
    
    
      base_type()



        
          
        

    

  


  

      

          @type base_type() ::
  :int8
  | :uint8
  | :char
  | :int16
  | :uint16
  | :int32
  | :uint32
  | :int64
  | :uint64
  | :float
  | :double


      



  



  
    
      
    
    
      field()



        
          
        

    

  


  

      

          @type field() :: %{
  name: String.t(),
  type: base_type(),
  array: pos_integer() | nil,
  enum: String.t() | nil,
  extension: boolean(),
  mavlink_version: boolean()
}


      



  



  
    
      
    
    
      message()



        
          
        

    

  


  

      

          @type message() :: %{
  id: non_neg_integer(),
  name: String.t(),
  fields: [field()],
  wire: [field()],
  length: pos_integer(),
  min_length: pos_integer(),
  crc_extra: 0..255
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  version: non_neg_integer() | nil,
  files: [Path.t()],
  messages: [message()],
  enums: %{required(String.t()) => %{required(String.t()) => integer()}}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      read!(path)



        
          
        

    

  


  

      

          @spec read!(Path.t()) :: t()


      


Reads path and every file it includes.

  



  
    
      
    
    
      size(type)



        
          
        

    

  


  

      

          @spec size(base_type()) :: pos_integer()


      



  


        

      


  

    
MAVLink2.Link 
    



      
A MAVLink link over one transport: it owns the transport, reassembles
frames from the byte stream, numbers what it sends and delivers each
decoded frame to its subscribers as {MAVLink2.Link, link, frame}, where
link is the link's name or pid.
It knows framing and sequence numbers, not what a message means.
	A partial frame stays buffered until the rest arrives.
	Decode errors are counted in stats/1, not raised: a noisy line
degrades.
	Outgoing frames are numbered per link; a gap in a sender's numbers
(per system and component id) is counted as :dropped.

Options:
		
	:dialect	a MAVLink2.Dialect (required)
	:transport	a MAVLink2.Transport (default MAVLink2.Transport.UART); the rest of the options go to its open/1
	:sendable	the message ids the peer accepts; others are refused with {:error, {:not_sendable, id}}. Default: any id the dialect has
	:sysid, :compid	this end's ids (default 1, 1): sysid from 1 to 32 bits, compid 1 to 255. 0 is the broadcast id and never a sender's, so the link refuses it, here and in send_message/4
	:unknown	:skip (default) or :keep: deliver frames whose id the dialect lacks, unchecked, with known: false (see MAVLink2.Frame.decode/3). Each is counted in :unknown as well as :rx
	:signing	a MAVLink2.Signing: every frame sent is signed, and a frame received is delivered only if it verifies (counted as :unsigned, :bad_signature or :replay otherwise, and delivered tagged to subscribers that ask; see subscribe/3). Without it, frames are sent unsigned and every frame received is delivered, signed or not
	:clock	Unix time in microseconds for signing timestamps (default System.os_time(:microsecond))
	:name	registered name

A transport that does not open logs a warning and the link returns
:ignore, so a board without the peer still starts.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        forward(link, frame)

      


        Writes a decoded frame's raw bytes unchanged: its sequence number,
source and signature are the original sender's. For routing; :sendable
does not apply. A link with :signing does not sign what it forwards.



    


    
      
        info(link)

      


        This end's :sysid, :compid and :dialect.



    


    
      
        send(link, message, opts \\ [])

      


        Encodes message, a struct of the link's dialect, and sends it.
target_system over 255 goes in the header (TARGET32) with 255 in the
payload, as MAVLink requires. Options are send_message/4's other than
:target_sysid. Raises ArgumentError for a struct that is not of the
link's dialect, or a field value that does not fit its type.



    


    
      
        send_message(link, msgid, payload, opts \\ [])

      


        Sends message msgid with payload. sysid: and compid: override the
link's; target_sysid: puts a target system in the header, for a target
over 255 (with 255 in the payload's target_system); force: true sends
an id outside :sendable, for probing.



    


    
      
        start_link(opts)

      


        Starts a link. Raises ArgumentError for an unknown option or a bad value;
see the module doc for the options.



    


    
      
        stats(link)

      


        Counts: :rx, :tx, :errors, :dropped, :unknown, :unsigned, :bad_signature, :replay.



    


    
      
        subscribe(link, pid \\ self(), opts \\ [])

      


        Delivers every frame the link receives to pid as
{MAVLink2.Link, link, frame}, frame a MAVLink2.Frame. Subscribing
again replaces the options. The subscription ends when pid exits.



    


    
      
        unsubscribe(link, pid \\ self())

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      forward(link, frame)



        
          
        

    

  


  

      

          @spec forward(GenServer.server(), MAVLink2.Frame.t()) :: :ok | {:error, term()}


      


Writes a decoded frame's raw bytes unchanged: its sequence number,
source and signature are the original sender's. For routing; :sendable
does not apply. A link with :signing does not sign what it forwards.

  



  
    
      
    
    
      info(link)



        
          
        

    

  


  

      

          @spec info(GenServer.server()) :: %{
  sysid: non_neg_integer(),
  compid: 0..255,
  dialect: module()
}


      


This end's :sysid, :compid and :dialect.

  



    

  
    
      
    
    
      send(link, message, opts \\ [])



        
          
        

    

  


  

      

          @spec send(GenServer.server(), struct(), keyword()) :: :ok | {:error, term()}


      


Encodes message, a struct of the link's dialect, and sends it.
target_system over 255 goes in the header (TARGET32) with 255 in the
payload, as MAVLink requires. Options are send_message/4's other than
:target_sysid. Raises ArgumentError for a struct that is not of the
link's dialect, or a field value that does not fit its type.
MAVLink2.Link.send(link, %MyDialect.Heartbeat{type: 6, autopilot: 8})

  



    

  
    
      
    
    
      send_message(link, msgid, payload, opts \\ [])



        
          
        

    

  


  

      

          @spec send_message(GenServer.server(), non_neg_integer(), binary(), keyword()) ::
  :ok | {:error, term()}


      


Sends message msgid with payload. sysid: and compid: override the
link's; target_sysid: puts a target system in the header, for a target
over 255 (with 255 in the payload's target_system); force: true sends
an id outside :sendable, for probing.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Starts a link. Raises ArgumentError for an unknown option or a bad value;
see the module doc for the options.
MAVLink2.Link.start_link(dialect: MyDialect, device: "/dev/ttyACM0", speed: 115_200)

  



  
    
      
    
    
      stats(link)



        
          
        

    

  


  

      

          @spec stats(GenServer.server()) :: %{required(atom()) => non_neg_integer()}


      


Counts: :rx, :tx, :errors, :dropped, :unknown, :unsigned, :bad_signature, :replay.

  



    

    

  
    
      
    
    
      subscribe(link, pid \\ self(), opts \\ [])



        
          
        

    

  


  

      

          @spec subscribe(GenServer.server(), pid(), keyword()) :: :ok


      


Delivers every frame the link receives to pid as
{MAVLink2.Link, link, frame}, frame a MAVLink2.Frame. Subscribing
again replaces the options. The subscription ends when pid exits.
Options:
		
	decode: true	deliver {MAVLink2.Link, link, frame, message} instead, message the decoded struct (a dialect from MAVLink2.Dialect.XML). Frames the dialect cannot decode are not delivered
	only: [...]	deliver only these messages: message structs' modules (MyDialect.Heartbeat) or ids
	rejected: true	also deliver frames the link's :signing refuses, as {MAVLink2.Link, link, {:rejected, reason, frame}}, reason one of :unsigned, :bad_signature, :replay, so that one cannot be mistaken for a verified frame. Its timestamp moves nothing. A router forwards these; an application can show them as untrusted

:ok = MAVLink2.Link.subscribe(link, self(), decode: true, only: [MyDialect.Heartbeat])

receive do
  {MAVLink2.Link, ^link, frame, %MyDialect.Heartbeat{} = heartbeat} -> {frame.sysid, heartbeat}
end

  



    

  
    
      
    
    
      unsubscribe(link, pid \\ self())



        
          
        

    

  


  

      

          @spec unsubscribe(GenServer.server(), pid()) :: :ok


      



  


        

      


  

    
MAVLink2.Router 
    



      
Forwards frames between MAVLink2.Links, by MAVLink's
routing rules:
	Each frame received teaches the router that its sender, {sysid, compid}, is reachable through the link it arrived on.
	A broadcast goes out on every other link: a frame with no target, or a
target system of 0. A frame whose id the dialect lacks (a link with
unknown: :keep) is a broadcast.
	A frame for another system goes out on the other links where that
system has been seen, any component of it.
	A frame for the router's own system (:sysid) and a component other
than 0 goes out on the other links where that component has been seen;
for component 0, where any component of the system has been seen.
	A target not seen on any other link goes nowhere, and nothing goes back
out on the link it came in on.
	SETUP_SIGNING is never forwarded: it carries a signing key.
	A frame a link's signing refuses is forwarded by the same rules, but
teaches the router nothing, so a forged sender cannot take a route.
	A SYSTEM_TIME whose time_boot_ms goes back means its sender has
rebooted: that system's routes are forgotten.

The target is the header's target_sysid when present, else the
payload's target_system and target_component, found through the
dialect's target_offsets/1 (MAVLink2.Dialect).
Frames go out with MAVLink2.Link.forward/2, unchanged. The router is a
subscriber like any other: an application on the same links sees every
frame too, and decides for itself what is addressed to it.
Options:
		
	:links	the links to route between, as pids or registered names (required)
	:sysid	the system the router is part of, if any
	:name	registered name

The router stops when one of its links does, so a supervisor restarting
both resubscribes it.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        routes(router)

      


        Where each sender has been seen: %{{sysid, compid} => [link]}.



    


    
      
        start_link(opts)

      


    


    
      
        target(frame, dialect)

      


        The target of frame: :broadcast, or {system, component}, where
component 0 is any component of the system.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      routes(router)



        
          
        

    

  


  

      

          @spec routes(GenServer.server()) :: %{
  required({non_neg_integer(), 0..255}) => [GenServer.server()]
}


      


Where each sender has been seen: %{{sysid, compid} => [link]}.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      target(frame, dialect)



        
          
        

    

  


  

      

          @spec target(MAVLink2.Frame.t(), module()) :: :broadcast | {pos_integer(), 0..255}


      


The target of frame: :broadcast, or {system, component}, where
component 0 is any component of the system.

  


        

      


  

    
MAVLink2.Command 
    



      
MAVLink's command protocol: a COMMAND_LONG or COMMAND_INT to a
target, answered by COMMAND_ACK.
MAVLink2.Command.long(link, {1, 1}, :mav_cmd_component_arm_disarm, [1.0])
#=> {:ok, :mav_result_accepted, %MyDialect.CommandAck{...}}
The link's dialect must have the messages (common.xml does). target
is {sysid, compid}; compid 0 accepts the reply from any component of the
system. command is a MAV_CMD entry atom or its value.
With no ack in :timeout, the command is sent again, up to :retries
more times; a COMMAND_LONG sent again has its confirmation counted up.
An ack of MAV_RESULT_IN_PROGRESS stops the resending: each one goes to
:on_progress, and the wait for the final ack restarts at
:progress_timeout. cancel/3 asks the target to stop a long-running
command.
Options:
		
	:timeout	ms to wait for an ack before sending again (default 1000)
	:retries	times to send again (default 3)
	:progress_timeout	ms to wait after an in-progress ack (default 5000)
	:on_progress	called with each in-progress ack

Returns {:ok, result, ack}, with result the MAV_RESULT entry atom
(:mav_result_accepted, :mav_result_denied, ...) and ack the decoded
COMMAND_ACK, or {:error, :timeout}.

      


      
        Summary


  
    Functions
  


    
      
        cancel(link, target, command)

      


        Sends COMMAND_CANCEL for a long-running command the target is
executing. It is not acked: the long/5 or int/5 call waiting on the
command returns with the target's final ack, :mav_result_cancelled if
it cancelled. A target that cannot cancel carries on, and one with
nothing running ignores it. The dialect must have COMMAND_CANCEL
(current common.xml does).



    


    
      
        int(link, target, command, fields \\ [], opts \\ [])

      


        Sends COMMAND_INT. fields are its fields other than the target and
command: :frame (a MAV_FRAME atom or value), :param1..:param4,
:x, :y (integers, degrees × 10^7 for a global frame), :z,
:current, :autocontinue; each defaults to 0.



    


    
      
        long(link, target, command, params \\ [], opts \\ [])

      


        Sends COMMAND_LONG with up to seven params (the rest 0.0).



    





      


      
        Functions


        


  
    
      
    
    
      cancel(link, target, command)



        
          
        

    

  


  

      

          @spec cancel(GenServer.server(), MAVLink2.target(), atom() | integer()) ::
  :ok | {:error, term()}


      


Sends COMMAND_CANCEL for a long-running command the target is
executing. It is not acked: the long/5 or int/5 call waiting on the
command returns with the target's final ack, :mav_result_cancelled if
it cancelled. A target that cannot cancel carries on, and one with
nothing running ignores it. The dialect must have COMMAND_CANCEL
(current common.xml does).

  



    

    

  
    
      
    
    
      int(link, target, command, fields \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec int(
  GenServer.server(),
  MAVLink2.target(),
  atom() | integer(),
  keyword(),
  keyword()
) ::
  {:ok, atom() | integer(), struct()} | {:error, term()}


      


Sends COMMAND_INT. fields are its fields other than the target and
command: :frame (a MAV_FRAME atom or value), :param1..:param4,
:x, :y (integers, degrees × 10^7 for a global frame), :z,
:current, :autocontinue; each defaults to 0.

  



    

    

  
    
      
    
    
      long(link, target, command, params \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec long(
  GenServer.server(),
  MAVLink2.target(),
  atom() | integer(),
  [number()],
  keyword()
) ::
  {:ok, atom() | integer(), struct()} | {:error, term()}


      


Sends COMMAND_LONG with up to seven params (the rest 0.0).

  


        

      


  

    
MAVLink2.Mission 
    



      
MAVLink's mission protocol: upload, download and clear a mission, geofence
or rally point list.
items = [
  [command: :mav_cmd_nav_takeoff, frame: :mav_frame_global_relative_alt, z: 20.0],
  [command: :mav_cmd_nav_waypoint, frame: :mav_frame_global_relative_alt,
   x: 473_977_420, y: 85_455_940, z: 30.0, autocontinue: 1]
]

MAVLink2.Mission.upload(link, {1, 1}, items)
#=> {:ok, opaque_id}
The link's dialect must have the messages (common.xml does). target
is {sysid, compid}.
An item has MISSION_ITEM_INT's fields other than the target, seq and
mission_type: :frame (a MAV_FRAME atom or value), :command (a
MAV_CMD atom or value), :current, :autocontinue, :param1..:param4,
:x, :y (integers: degrees × 10^7 for a global frame, metres × 10^4
for a local one) and :z; each defaults to 0. The _INT global frames
are superseded by their plain counterparts (:mav_frame_global_relative_alt
for :mav_frame_global_relative_alt_int), which mean the same here.
Uploading sends MISSION_COUNT and then each item the target asks for,
by MISSION_REQUEST_INT or the deprecated MISSION_REQUEST (answered
with MISSION_ITEM_INT either way), until its MISSION_ACK. Downloading
asks for the count and then each item by MISSION_REQUEST_INT, accepts
the deprecated MISSION_ITEM in reply (its float positions scaled to
integers), and acks the whole. When the target goes quiet, the last
message is sent again, up to :retries times in a row; after that the
operation is cancelled with a MISSION_ACK of
MAV_MISSION_OPERATION_CANCELLED and returns {:error, :timeout}.
upload/4 returns {:ok, opaque_id} and download/3 {:ok, items, opaque_id}: the plan's id from the target's MISSION_ACK or
MISSION_COUNT, to compare with MISSION_CURRENT later, or nil for a
dialect or target without it.
Options:
		
	:mission_type	a MAV_MISSION_TYPE atom or value (default :mav_mission_type_mission)
	:timeout	ms to wait for the target before sending again (default 1500)
	:item_timeout	the same, for a plan item (default 250)
	:retries	times in a row to send again (default 5)

A refusal is {:error, {:mission_result, result}}, with result the
MAV_MISSION_RESULT entry atom (:mav_mission_no_space, ...).

      


      
        Summary


  
    Types
  


    
      
        item()

      


    





  
    Functions
  


    
      
        clear(link, target, opts \\ [])

      


        Clears the target's list of that mission type.



    


    
      
        download(link, target, opts \\ [])

      


        Downloads the target's list of that mission type.



    


    
      
        upload(link, target, items, opts \\ [])

      


        Uploads items, replacing the target's list of that mission type.



    





      


      
        Types


        


  
    
      
    
    
      item()



        
          
        

    

  


  

      

          @type item() :: keyword() | map()


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      clear(link, target, opts \\ [])



        
          
        

    

  


  

      

          @spec clear(GenServer.server(), MAVLink2.target(), keyword()) ::
  :ok | {:error, term()}


      


Clears the target's list of that mission type.

  



    

  
    
      
    
    
      download(link, target, opts \\ [])



        
          
        

    

  


  

      

          @spec download(GenServer.server(), MAVLink2.target(), keyword()) ::
  {:ok, [map()], non_neg_integer() | nil} | {:error, term()}


      


Downloads the target's list of that mission type.

  



    

  
    
      
    
    
      upload(link, target, items, opts \\ [])



        
          
        

    

  


  

      

          @spec upload(GenServer.server(), MAVLink2.target(), [item()], keyword()) ::
  {:ok, non_neg_integer() | nil} | {:error, term()}


      


Uploads items, replacing the target's list of that mission type.

  


        

      


  

    
MAVLink2.Param 
    



      
MAVLink's parameter protocol: read, set and list a component's
parameters.
MAVLink2.Param.read(link, {1, 1}, "SYSID_THISMAV")
#=> {:ok, %{name: "SYSID_THISMAV", value: 1, type: :mav_param_type_int32, index: 802, count: 1203}}
The link's dialect must have the messages (common.xml does). target
is {sysid, compid}.
PARAM_VALUE carries every value in a float. Autopilots put integers in
it one of two ways, chosen with :encoding:
		
	:cast (default)	the integer converted to a float, as ArduPilot does
	:bytewise	the integer's bytes in the float's, as PX4 does (MAV_PROTOCOL_CAPABILITY_PARAM_ENCODE_BYTEWISE)

A REAL32 value is a float either way. 64-bit types do not fit and
are returned as the float on the wire.
Options:
		
	:encoding	as above
	:timeout	ms to wait for a reply before asking again (default 1000); for list/3, the quiet time that ends the stream
	:retries	times to ask again (default 3)

A parameter is %{name, value, type, index, count}, type a
MAV_PARAM_TYPE entry atom.

      


      
        Summary


  
    Types
  


    
      
        encoding()

      


    


    
      
        param()

      


    





  
    Functions
  


    
      
        from_wire(float, raw, type, encoding)

      


        A wire float (and its raw 4 bytes) as the parameter's value, for a
MAV_PARAM_TYPE value and an encoding.



    


    
      
        list(link, target, opts \\ [])

      


        Every parameter, in component and index order. With target compid 0
(MAV_COMP_ID_ALL), every component of the system that answers is
included, each parameter with its component.



    


    
      
        read(link, target, name_or_index, opts \\ [])

      


        Reads one parameter, by name or by index. A target that answers with
PARAM_ERROR (a dialect with it, such as current common.xml) ends the
wait with {:error, {:param_error, error}}, error a MAV_PARAM_ERROR
atom such as :mav_param_error_does_not_exist.



    


    
      
        set(link, target, name, value, type, opts \\ [])

      


        Sets a parameter and returns the value the target reports back, which
is what it now holds: compare it with value to see whether the target
took it. type is a MAV_PARAM_TYPE atom or value. PARAM_ERROR ends
the wait as for read/4.



    


    
      
        to_wire(value, type, arg3)

      


        A value as the wire float and, for a bytewise integer, the raw bytes to
put in its place.



    





      


      
        Types


        


  
    
      
    
    
      encoding()



        
          
        

    

  


  

      

          @type encoding() :: :cast | :bytewise


      



  



  
    
      
    
    
      param()



        
          
        

    

  


  

      

          @type param() :: %{
  name: String.t(),
  value: number() | :nan | :infinity | :neg_infinity,
  type: atom() | integer(),
  index: non_neg_integer(),
  count: non_neg_integer(),
  component: 0..255
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      from_wire(float, raw, type, encoding)



        
          
        

    

  


  

      

          @spec from_wire(
  float() | :nan | :infinity | :neg_infinity,
  binary(),
  integer(),
  encoding()
) ::
  number() | :nan | :infinity | :neg_infinity


      


A wire float (and its raw 4 bytes) as the parameter's value, for a
MAV_PARAM_TYPE value and an encoding.

  



    

  
    
      
    
    
      list(link, target, opts \\ [])



        
          
        

    

  


  

      

          @spec list(GenServer.server(), MAVLink2.target(), keyword()) ::
  {:ok, [param()]} | {:error, term()}


      


Every parameter, in component and index order. With target compid 0
(MAV_COMP_ID_ALL), every component of the system that answers is
included, each parameter with its component.
After the stream goes quiet, each missing index is asked for on its own.
{:error, {:missing, [{component, index}]}} when some never arrive. A
PARAM_VALUE whose index is not below its count is not part of the list
(PX4 sends its parameter-set hash at index 32767).

  



    

  
    
      
    
    
      read(link, target, name_or_index, opts \\ [])



        
          
        

    

  


  

      

          @spec read(
  GenServer.server(),
  MAVLink2.target(),
  String.t() | non_neg_integer(),
  keyword()
) ::
  {:ok, param()} | {:error, term()}


      


Reads one parameter, by name or by index. A target that answers with
PARAM_ERROR (a dialect with it, such as current common.xml) ends the
wait with {:error, {:param_error, error}}, error a MAV_PARAM_ERROR
atom such as :mav_param_error_does_not_exist.

  



    

  
    
      
    
    
      set(link, target, name, value, type, opts \\ [])



        
          
        

    

  


  

      

          @spec set(
  GenServer.server(),
  MAVLink2.target(),
  String.t(),
  number(),
  atom() | integer(),
  keyword()
) :: {:ok, param()} | {:error, term()}


      


Sets a parameter and returns the value the target reports back, which
is what it now holds: compare it with value to see whether the target
took it. type is a MAV_PARAM_TYPE atom or value. PARAM_ERROR ends
the wait as for read/4.
The protocol has the target answer with PARAM_VALUE. For one that does
not, as the MAVLink guide notes of ArduPilot, the value is read back by
name once the retries run out.

  



  
    
      
    
    
      to_wire(value, type, arg3)



        
          
        

    

  


  

      

          @spec to_wire(number(), integer(), encoding()) ::
  {float(), [{:param_value, binary()}]}


      


A value as the wire float and, for a bytewise integer, the raw bytes to
put in its place.

  


        

      


  

    
MAVLink2.Transport behaviour
    



      
The byte transport under a MAVLink2.Link: MAVLink2.Transport.UART for
a serial port, MAVLink2.Transport.Loopback for tests.
open/1 gets the link's options with :owner, the link process. Bytes
arrive at the owner as {:mavlink_data, binary}.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Callbacks
  


    
      
        close(t)

      


    


    
      
        open(keyword)

      


    


    
      
        options()

      


        The options open/1 takes, as [{name, type}] for MAVLink2.Link to
check before opening, so a misspelled option is an error rather than
ignored. Optional: without it, the link passes any option through.



    


    
      
        write(t, iodata)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      close(t)



        
          
        

    

  


  

      

          @callback close(t()) :: :ok


      



  



  
    
      
    
    
      open(keyword)



        
          
        

    

  


  

      

          @callback open(keyword()) :: {:ok, t()} | {:error, term()}


      



  



  
    
      
    
    
      options()


        (optional)


        
          
        

    

  


  

      

          @callback options() :: keyword()


      


The options open/1 takes, as [{name, type}] for MAVLink2.Link to
check before opening, so a misspelled option is an error rather than
ignored. Optional: without it, the link passes any option through.

  



  
    
      
    
    
      write(t, iodata)



        
          
        

    

  


  

      

          @callback write(t(), iodata()) :: :ok | {:error, term()}


      



  


        

      


  

    
MAVLink2.Transport.Loopback 
    



      
An in-memory transport for tests. With echo: true everything written
comes back to the owner; with peer: a pid or registered name (another
link), everything written goes to it, or nowhere while it is not running.
inject/2 delivers bytes as though the peer had sent them, and
written/1 returns what was written.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        inject(pid, bytes)

      


        Deliver bytes to the owner as though the peer had sent them.



    


    
      
        written(pid)

      


        Everything written so far, oldest first.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      inject(pid, bytes)



        
          
        

    

  


  

      

          @spec inject(pid(), binary()) :: :ok


      


Deliver bytes to the owner as though the peer had sent them.

  



  
    
      
    
    
      written(pid)



        
          
        

    

  


  

      

          @spec written(pid()) :: binary()


      


Everything written so far, oldest first.

  


        

      


  

    
MAVLink2.Transport.UART 
    



      
A serial port through Circuits.UART, 8N1 and no flow control.
Options: :device (required), :speed (default 115200),
:flow_control (default :none). Circuits.UART's active-mode messages
are what MAVLink2.Link receives.
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