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    Bluez

BlueZ-over-D-Bus client library for Elixir: BLE scanning (passive and
active), active GATT connections, pairing, and bluez-alsa A2DP audio — the
pieces an ESPHome-style Bluetooth
proxy or any
BLE-consuming Elixir application needs on embedded Linux.
Built for Nerves devices (read-only rootfs,
MuonTrap-supervised daemons) but has no
Nerves dependency: it runs on any Linux host where your application may own
the system D-Bus instance.
Status
Early extraction from
universal_proxy, where this
code shipped and was hardware-validated as an ESPHome Bluetooth proxy on
Raspberry Pis (passive/active scanning into Home Assistant, GATT
connect/read/write/notify/pair against real peripherals, BT-headphone
audio). Still being iterated on; not a final API.
Documentation
Start here once you're ready to go beyond the quickstart below:
	Architecture guide — the supervision tree and
its restart semantics, the two rebus connections, scan-mode transitions,
advert reconstruction, the GATT connection lifecycle, adapter selection,
and the benign failure loops.
	Host integration guide — the integration
cookbook: every Bluez.start_link/1 option, the full GATT event
contract with a translator example, audio PCM discovery, and the
runtime radio-switching pattern.
	Nerves system guide — the customized Nerves
system this library requires: buildroot packages, the kernel fragment
(and its silent-olddefconfig gotcha), radio firmware blobs, and the
app-side rootfs overlay.

The core modules carry the reference detail:
	Bluez — the supervisor and every start option
	Bluez.Client — scanning, mode switching, adapter enumeration
	Bluez.Gatt — the GATT request API and event contract
	Bluez.Agent — pairing authorization
	Bluez.BlueAlsa — A2DP playback PCM discovery

Features
	One supervisor that brings up dbus-daemon, bluetoothd -E, and
(optionally) bluealsad, with crash-isolation and restart ordering
(:rest_for_one) already worked out — an audio fault never restarts
scanning, a bus restart rebuilds everything above it.
	Passive and active BLE scanning, runtime-switchable. Passive mode
uses BlueZ's AdvertisementMonitor1 (no scan requests — peripherals
don't burn battery answering); active mode collects SCAN_RSP data.
	Advertisement reconstruction — BlueZ only exposes parsed properties;
they're re-serialized into AD byte structures, emit-gated (first
sighting / payload change / RSSI heartbeat) and LRU-capped, then fanned
out through your on_advertisement: fun.
	Handle-keyed GATT client — connect / service discovery / read /
write / notify / pair / unpair / clear-cache, with a documented,
host-agnostic event contract delivered through your on_gatt_event:
fun. Generation-stamped so late replies can't corrupt replaced
connections.
	Pairing agent that authorizes exactly the pairings your code
initiated.
	bluez-alsa integration (optional) — enumerates ready-to-open A2DP
playback PCMs and signals your app when the set changes.
	No host coupling — configuration flows exclusively through
start_link/1 opts (funs, a PubSub, child specs); no
Application.get_env, no callbacks into named host modules.

Installation
def deps do
  [
    {:bluez, "~> 0.1"}
  ]
end
A note on the D-Bus layer: exporting objects (which BlueZ's passive
scanning requires) needs a service-side API that isn't in any released
D-Bus client, so this library ships a vendored, namespaced copy of
rebus as Bluez.Rebus.* (MIT, with
the service-side additions proposed upstream in
ausimian/rebus#9 — see
lib/bluez/rebus/VENDORED.md). The namespacing means this can never
collide with a rebus dependency of your own.
Usage
children = [
  {Bluez,
   client: [on_advertisement: &MyApp.Scanner.on_advertisement/1],
   gatt: [on_gatt_event: &MyApp.BLEProxy.gatt_event/2],
   desired_adapter: nil,     # nil = auto (lowest-index adapter)
   audio: true}              # bluealsad + Bluez.BlueAlsa
]
Adverts then arrive at your scanner fun as maps
(%{address:, rss:, address_type:, raw_data:}), and GATT requests are
cast-style with results delivered as events:
Bluez.Gatt.connect(0xAABBCCDDEEFF, [], self())
receive do
  {:gatt_connection, addr, {:ok, mtu}} -> Bluez.Gatt.get_services(addr)
  {:gatt_connection, _addr, {:error, code}} -> {:error, code}
end
See the host integration guide for the full
option surface and event contract.
Runtime requirements
	BlueZ ≥ 5.66, started by this supervisor with -E (experimental — needed
for passive scanning and the GATT MTU property).
	dbus (this supervisor owns the system bus — don't run it next to a
distro dbus/bluetoothd).
	Optional: bluez-alsa v4 for audio: true.
	Writable /run/dbus and /data/bluetooth; on a read-only rootfs point
/var/lib/bluetooth at /data/bluetooth with an overlay symlink.

On Nerves none of this is in the official systems — see the
Nerves system guide for the full customization
list (buildroot packages, kernel fragment, firmware blobs, overlay).
License
Apache-2.0 — see the LICENSE file in the repository.


  

    Architecture

Bluez brings up the Linux BlueZ stack under one Elixir supervisor and
puts a set of pure-Elixir D-Bus clients (the vendored Bluez.Rebus) on
top of it. Your
application plugs in through injected funs and child specs — the library
never calls back into named modules of yours, so it carries no compile-time
dependency on the host.
Supervision tree
Bluez is a :rest_for_one supervisor. Order is load-bearing — each
child depends on everything above it, and a restart at level N rebuilds
levels N+1..end while leaving 1..N-1 untouched:
flowchart TB
    sup[["Bluez (Supervisor, :rest_for_one)"]]
    sup --> dbus["1 · dbus-daemon --system<br/>(MuonTrap.Daemon)"]
    dbus --> gate["2 · Bluez.BusReady<br/>(socket gate)"]
    gate --> btd["3 · bluetoothd -n -E<br/>(MuonTrap.Daemon)"]
    btd --> client["4 · Bluez.Client<br/>(scanner)"]
    client --> agent["5 · Bluez.Agent<br/>(pairing)"]
    agent --> gatt["6 · Gatt Task.Supervisor + Bluez.Gatt"]
    gatt --> alsa["7 · bluealsad + Bluez.BlueAlsa<br/>(audio: true only)"]
    alsa --> extra["8 · extra_children:<br/>(host consumers)"]

    style alsa stroke-dasharray: 5 5
    style extra stroke-dasharray: 5 5
	dbus-daemon --system (MuonTrap.Daemon) — owns the system bus.
This library expects to own the bus: don't run it next to a distro
dbus.
	Bluez.BusReady — a gate that blocks in init/1 until the bus
socket exists, so bluetoothd never races the bus. It stays alive
afterwards so a dbus-daemon restart re-runs the gate (and everything
below it).
	bluetoothd -n -E (MuonTrap.Daemon) — claims org.bluez and
drives the adapter through the kernel mgmt socket. -E (experimental)
is required for AdvertisementMonitorManager1 passive scanning and
the GATT MTU characteristic property.
	Bluez.Client — the passive/active scanner (see below).
	Bluez.Agent — the default NoInputNoOutput pairing agent. Before
Bluez.Gatt because Gatt depends on it (weakly — its casts no-op when
the Agent is down), never the other way around.
	Bluez.Gatt's Task.Supervisor + Bluez.Gatt — active
connections and the GATT client.
	bluealsad + Bluez.BlueAlsa — only with audio: true (the
default). Placed after the scanning/GATT clients so an audio-daemon
fault never restarts the scanning stack; the children that follow it
do restart with it, which is intended — they're the same audio path.
	extra_children: — host-supplied child specs, appended last.
They restart with the audio path; a fault there never disturbs
anything above. Ordering within the slot is the caller's contract.

The supervisor carries an explicit max_restarts: 10, max_seconds: 60
budget, sized so the benign failure loops (see below) never escalate
while a genuinely hot crash loop still reaches the host's supervisor
within a minute.
Two rebus connections, two failure domains
Bluez.Client and Bluez.Gatt each own a private rebus connection.
Concurrent method calls on one connection don't serialize (replies are
correlated by serial), but every call still blocks its calling
process — so both GenServers push every BlueZ call into a Task
(Device1.Connect alone can take ~25 s), and keeping the connections
separate means a malformed frame or wedged call in the GATT domain can
never take the advert pipeline down with it. Each process monitors its
connection and stops when it dies; :rest_for_one rebuilds it with a
fresh connection.
Scanning (Bluez.Client)
Two runtime-switchable modes, matching what ESPHome-style hosts expose:
	:passive (default) — registers an AdvertisementMonitor1 object
we export on the bus (the client is also a D-Bus service; this is
what the vendored Bluez.Rebus service-side API exists for). BlueZ
never sends scan requests, so
peripherals don't burn battery answering us. The monitor's
or_patterns match the common Flags values — the documented
"match all devices" recipe.
	:active — SetDiscoveryFilter (LE, no duplicates) +
StartDiscovery. Collects SCAN_RSP data (device names), at the cost
of radio traffic.

stateDiagram-v2
    direction LR
    [*] --> passive : setup engages configured mode
    passive --> active : set_mode(:active)
    active --> passive : set_mode(:passive)
    passive --> off : suspend_scan()
    active --> off : suspend_scan()
    off --> passive : resume_scan()*
    off --> active : resume_scan()*
*resume_scan/0 re-engages whatever mode the host last configured —
suspension never overwrites it.
Mode transitions run in a Task (BlueZ calls back into our exported
objects before RegisterMonitor returns, so the GenServer must stay
free), are serialized with a one-slot pending queue (latest target
wins), engage the new mode before disengaging the old one (both can
legally coexist — a failed engage leaves the previous mode scanning
rather than going dark), and are watchdogged: a transition stuck past
its budget stops the Client for a fresh connection. The configured mode
persists in :persistent_term so a crash-restart re-engages what the
host last chose.
Device data arrives the same way in both modes
(InterfacesAdded/PropertiesChanged on Device1 objects), so
everything downstream is mode-agnostic.
Advert reconstruction
D-Bus does not expose raw over-the-air advertising bytes — only parsed
properties (ManufacturerData, ServiceData, ServiceUUIDs, Name,
TxPower, RSSI). Bluez.Variant unwraps the wire shapes,
Bluez.Advert re-serializes them into an AD byte structure (lossy:
element order and Flags are not recoverable, but faithful for the
manufacturer/service-data elements consumers key on), and
Bluez.DeviceCache emit-gates the stream: forward on first sighting,
on payload change, or on a heartbeat interval (RSSI freshness), with an
LRU cap so MAC-randomizing devices can't grow the cache without bound.
Whatever survives the gate is handed to your on_advertisement: fun.
GATT (Bluez.Gatt)
Connection lifecycle:
flowchart LR
    connect["connect cast"] --> dev1["Device1.Connect (Task)"]
    dev1 --> resolved{"ServicesResolved?"}
    resolved -- true --> gmo["GetManagedObjects"]
    resolved -- false --> wait["wait for signal<br/>(resolve timeout)"]
    wait --> gmo
    gmo --> tree["GattTree.build"]
    tree --> host(["{:gatt_connection, addr, {:ok, mtu}} → host"])
The success event is deferred until BlueZ resolves services because
every subsequent request is handle-keyed, and the handle ↔ object-path
map (Bluez.GattTree) only exists once the GATT objects are visible.
Handles follow the bleak convention (characteristics report the value
handle, declaration + 1), so they line up with the GATT databases HA
caches from its other BlueZ/ESP32 sources.
Every entry is stamped with a monotonically increasing generation;
results from Tasks whose generation no longer matches the live entry are
stale and dropped, so a replaced or torn-down connection can never be
corrupted by a late reply. Pair/remove results carry the subscriber pid
in the Task message itself because BlueZ can drop the link (and the
entry, via the signal path) before the method returns —
hardware-observed; the op reply must not depend on the entry existing.
See the host integration guide for the full
event contract.
Pairing (Bluez.Agent)
The default org.bluez agent (NoInputNoOutput). Bluez.Gatt's pair
Task brackets Device1.Pair() with expect_pairing/1/pairing_done/1,
so the agent authorizes exactly the pairings this stack initiated —
everything else is rejected. The expectation is TTL-backed: a Task that
dies before clearing it can't leave a device authorized forever.
Audio (Bluez.BlueAlsa)
bluealsad -p a2dp-source exposes, for every connected A2DP sink, an
ALSA PCM (bluealsa:DEV=MAC,PROFILE=a2dp) that your audio pipeline can
open directly. Bluez.BlueAlsa is a bus client (not a bluealsad client
— it tolerates the daemon being down) that enumerates ready-to-open
playback PCMs via the v4 ObjectManager API and broadcasts
{:bluealsa_pcms_changed} on your PubSub when the set changes.
Adapter selection
The kernel exposes no Bluetooth MAC in sysfs, so MAC → hciX resolution
can only happen once bluetoothd answers. The contract has two halves:
	The host publishes the desired radio MAC (or nil = auto) under
Bluez.DevicePath.desired_adapter_key/0 before the supervisor
(re)starts — either directly (a host that switches radios at runtime
republishes before each restart) or via the desired_adapter: opt,
which writes the term before the children start.
	Bluez.Client matches that MAC against bluetoothd's Adapter1
objects during setup and publishes the resolved object path
(adapter_path_key/0), falling back to the lowest-index adapter when
the MAC is absent. A crash-restart re-resolves against the same term.

Known caveat: the setup retry loop waits for any adapter, not the
desired one — if the desired radio enumerates late (observed with
UART-attached radios racing rootfs mount on a Raspberry Pi 3), the
Client falls back until the host restarts the subtree.
Benign failure loops
On a board with no working controller (no onboard radio, no USB dongle
yet), Bluez.Client gives up after its setup retries ({:stop, :no_adapter}) and the subtree restarts, ~every 10 s. That loop is
benign by configuration: it fits inside the restart budget forever,
the app stays healthy, and a dongle hot-plugged later is picked up by
the next cycle. Same for :dbus_connect_failed while the bus is coming
up.
Read-only rootfs (Nerves)
bluetoothd persists adapter identity and link keys under
/var/lib/bluetooth; on a read-only rootfs, point that at
/data/bluetooth with an overlay symlink (see the
Nerves system guide for the full system
customization list). Bluez.prepare_runtime/0
(called from init/1) creates /run/dbus + /data/bluetooth, removes
a stale bus socket left by a previous incarnation (socket existence must
imply a listener — hardware-found), and writes a machine-id.
The catch :exit idiom
The synchronous read APIs (Bluez.Client.adapters_info/0,
Bluez.BlueAlsa.pcms/0, Bluez.Gatt.connections_free/0) are designed
for hosts to wrap in catch :exit so callers degrade gracefully while
the stack is down. Know what that swallows: both the not-running exit
AND a call timeout collapse into the same "subsystem off" default, so a
wedged server renders as a disabled subsystem rather than raising. Catch
only :exit, {:timeout, _} separately where that distinction matters.


  

    Host integration

Everything the library needs from your application flows through
Bluez.start_link/1 opts — injected funs, a PubSub, and child specs.
This guide is the integration cookbook: the option surface, the GATT
event contract your translator must cover, and the runtime patterns
(radio switching, scan suspension) a full-featured host ends up using.
The running example is an ESPHome-style Bluetooth proxy (the application
this library was extracted from), but nothing here is specific to it.
Wiring it up
Build the child spec in one place so every app-side callback is visible
together:
defmodule MyApp.Bluetooth do
  def bluez_spec do
    {Bluez,
     client: [
       # Called once per emitted advertisement (see "Advertisements").
       on_advertisement: &MyApp.Scanner.on_advertisement/1,
       # Optional: {:bluetooth_adapters_changed} broadcasts on adapter
       # claim/hotplug. nil (default) = no broadcasts.
       pubsub: MyApp.PubSub
     ],
     gatt: [
       # Called for every GATT event (see "The GATT event contract").
       on_gatt_event: &MyApp.BLEProxy.gatt_event/2,
       # Called whenever a connection slot is taken or freed.
       on_connections_changed: &MyApp.Stats.connections_changed/0
     ],
     audio: true,
     blue_alsa: [pubsub: MyApp.PubSub],
     desired_adapter: nil,
     extra_children: [
       # Your own BlueZ consumers. They restart with the audio path and
       # can rely on everything above them being up.
       MyApp.HeadphoneManager
     ]}
  end
end
Start it under your supervision tree (directly, or under a
DynamicSupervisor if you stop/start it at runtime — see "Switching
radios").
Advertisements
on_advertisement: receives one map per emitted advert:
%{
  address: 0xAABBCCDDEEFF,   # 48-bit MAC, MSB-first integer
  rss: 0xC4,                 # raw unsigned RSSI byte (two's complement)
  address_type: 0 | 1,       # public | random
  raw_data: <<...>>          # reconstructed AD byte structure
}
The fun runs in the Client's GenServer loop — treat it like a
handle_info body. Fan out with non-blocking sends (a Registry.dispatch/3
over subscriber pids works well); never make blocking calls from it.
Emission is already gated (first sighting / payload change / RSSI
heartbeat — see Bluez.DeviceCache), so forward every invocation.
Scanner mode is runtime-switchable with Bluez.Client.set_mode/1
(:passive/:active), persists across Client crashes, and can be
suspended/resumed wholesale (suspend_scan/0 / resume_scan/0) when
your app needs the radio for something else — suspension preserves the
configured mode.
The GATT event contract
Bluez.Gatt's API is cast-style: requests return :ok immediately and
results are delivered to the subscriber pid captured at
Bluez.Gatt.connect/3, through your on_gatt_event: fun
(fn subscriber, event; default send(subscriber, event)).
The complete event set — your translator should cover every tag and
crash on anything else (an unknown tag is a library contract violation;
don't silently drop it):
	Event	When
	{:gatt_connection, address, {:ok, mtu}}	Connect succeeded and services are resolved; handle-keyed requests are valid from here
	{:gatt_connection, address, {:error, code}}	Connect failed, the device dropped the link, or post-unpair/clear_cache teardown
	{:gatt_service, address, %Bluez.Gatt.Service{}}	One per service, after get_services/1
	{:gatt_services_done, address}	Service stream terminator
	{:gatt_read, address, handle, {:ok, binary} | {:error, code}}	Characteristic/descriptor read result (also carries a failed get_services/1 as handle 0)
	{:gatt_write, address, handle, {:ok, :done} | {:error, code}}	Characteristic/descriptor write result
	{:gatt_notify, address, handle, {:ok, :done} | {:error, code}}	Start/StopNotify call result
	{:gatt_notify_data, address, handle, binary}	A notification/indication value
	{:gatt_pair, address, success?, code}	pair/1 result
	{:gatt_unpair, address, success?, code}	unpair/1 result
	{:gatt_clear_cache, address, success?, code}	clear_cache/1 result

Error codes follow the ESPHome BLE convention: -1 generic, -2 not
connected.
The fun runs in the Gatt server's loop; keep it to a translate-and-send.
A minimal pass-through host needs no translator at all (the default
sends the events verbatim). A host with its own wire shapes translates
exhaustively:
defmodule MyApp.BLEProxy do
  def gatt_event(subscriber, event) do
    send(subscriber, translate(event))
    :ok
  end

  # One clause per tag — exhaustive, deliberately no catch-all.
  defp translate({:gatt_connection, addr, result}),
    do: {:my_ble_connection, addr, result}

  defp translate({:gatt_service, addr, service}),
    do: {:my_ble_service, addr, reshape_service(service)}

  # ... one clause for each remaining tag ...
end
%Bluez.Gatt.Service{} carries uuid, handle, and nested
%Bluez.Gatt.Characteristic{} (with a Core-spec properties bitmask
and %Bluez.Gatt.Descriptor{} children). UUIDs are 16-bit integers for
Bluetooth-SIG base UUIDs, else 16-byte binaries.
Ownership expectations
The library trusts the host to gate GATT requests on connection
ownership: connect/3 at most once per address per ownership cycle, and
requests only for addresses the caller owns. Requests for unknown
addresses are logged and dropped (there is no subscriber to answer);
stale entries are torn down defensively.
Audio PCMs
With audio: true, Bluez.BlueAlsa.pcms/0 lists the ready-to-open A2DP
playback PCMs:
[%{mac: "AA:BB:CC:DD:EE:FF",
   pcm_path: "/org/bluealsa/hci0/dev_.../a2dpsrc/sink",
   alsa_string: "bluealsa:DEV=AA:BB:CC:DD:EE:FF,PROFILE=a2dp",
   alias: "WH-1000XM4"}]
Re-enumerate when {:bluealsa_pcms_changed} arrives on the blue_alsa: [pubsub: ...] topic (Bluez.BlueAlsa.pcms_topic/0) — that broadcast is
the authoritative trigger: a headset can (re)connect via bluetoothd
auto-reconnect without any action of yours, and even an explicit
Device1.Connect returns before the PCM exists.
Note this is the control plane only: your audio pipeline opens the
alsa_string itself. Pairing/connecting headsets is also yours —
typically a consumer in extra_children: driving Device1 calls over
its own bus connection.
Switching radios
To let users re-point the stack at a different controller at runtime,
run {Bluez, opts} under a DynamicSupervisor and own the cycle in a
manager process:
	publish the new MAC: :persistent_term.put(Bluez.DevicePath.desired_adapter_key(), mac)
	terminate the Bluez child, wait ~1.5 s (the old bluetoothd
releases its L2CAP listening sockets a beat after exiting —
hardware-found; an immediate restart fails adapter registration with
"Address already in use")
	start it again — Bluez.Client resolves the new MAC during setup

Active connections drop by design; the scanner re-engages the configured
mode on the new radio. For a fixed single-radio device, skip all of this
and pass desired_adapter: (or nothing — auto).
Status surfaces
For dashboards, the synchronous reads compose into a status page:
	Bluez.Client.adapters_info/0 — live Adapter1 identity for every
adapter the daemon exposes
	Bluez.Client.devices_seen/1 — distinct advertisers in a window
	Bluez.Client.configured_mode/0 — the persisted scan mode
	Bluez.Gatt.connections_free/0 — {free, total} connection slots
	Bluez.BlueAlsa.pcms/0 — connected audio sinks

All are safe to call while the stack is down if you wrap them in
catch :exit (they exit when the process isn't running — see the
idiom note in the Bluez moduledoc).


  

    Nerves system requirements

The official Nerves systems ship neither BlueZ nor dbus, so this
library needs a customized system. This guide lists exactly what that
system must add — every item below was hardware-found bringing the stack
up on Raspberry Pis (a known-good reference implementation for eight
targets lives at
bbangert/nerves_systems_universal_proxy).
Buildroot packages (nerves_defconfig)
BR2_PACKAGE_DBUS=y
BR2_PACKAGE_BLUEZ5_UTILS=y
BLUEZ5_UTILS installs bluetoothd at
/usr/libexec/bluetooth/bluetoothd — the library's default
bluetoothd_path:. BlueZ must be ≥ 5.66 for the
AdvertisementMonitorManager1 passive-scanning API (the library always
starts the daemon with -E).
For audio: true, additionally:
BR2_PACKAGE_BLUEZ_ALSA=y
bluez-alsa's PCM is a userspace ALSA plugin — no kernel audio config
is needed (unlike, say, snd-usb-audio). Buildroot ships bluez-alsa 4.x,
whose daemon is named bluealsad; the library probes both the v4 and v3
binary names. The stock package builds SBC only — fine for A2DP; codec
extras (AAC etc.) have licensing implications and are your call.
Radio firmware blobs
	Raspberry Pi onboard radios: BR2_PACKAGE_RPI_DISTRO_BLUEZ_FIRMWARE=y
(a nerves_system_br package) installs the Pi .hcd set with the
per-board symlinks (e.g.
BCM4345C0.raspberrypi,3-model-b-plus.hcd → BCM4345C0.hcd), so the
kernel's btbcm picks the right patchram file from the device tree
compatible string. (Trivia that bites raw-HCI stacks: LMP subversion
0x6119 is BCM4345C0 — Pi 3 B+/3 A+ — while 0x6606 is C5, Pi
400/CM4. The kernel path gets this right by itself.)
	Realtek USB dongles (RTL8761B/BU — most cheap "BT 5.0" dongles):
BR2_PACKAGE_LINUX_FIRMWARE=y + BR2_PACKAGE_LINUX_FIRMWARE_RTL_87XX_BT=y
for the rtl_bt/ blobs.

Kernel fragment
For a UART-attached radio (Pi onboard chips) the kernel must auto-attach
hci0 via serdev:
CONFIG_BT=y
CONFIG_BT_BREDR=y
CONFIG_BT_LE=y
CONFIG_BT_HCIUART=y
CONFIG_BT_HCIUART_SERDEV=y
CONFIG_BT_HCIUART_BCM=y
# THE GOTCHA — see below:
CONFIG_SERIAL_DEV_BUS=y
CONFIG_SERIAL_DEV_CTRL_TTYPORT=y
The gotcha: CONFIG_BT_HCIUART_SERDEV only depends on
SERIAL_DEV_BUS — it does not select it. If SERIAL_DEV_BUS is in
neither your fragment nor the base defconfig, make olddefconfig
silently drops BT_HCIUART_SERDEV back to n: the firmware boots,
bluetoothd runs, the .hcd files are present, the device tree is
correct — and /sys/class/bluetooth/ stays empty with zero BT lines in
dmesg. When writing kernel fragments, list every depends on
prerequisite explicitly; olddefconfig only auto-resolves selected
symbols.
For USB dongles (also the only path on boards without an onboard radio):
CONFIG_BT_HCIBTUSB=y
CONFIG_BT_HCIBTUSB_BCM=y
CONFIG_BT_HCIBTUSB_RTL=y
CONFIG_BT_HCIBTUSB_MTK=y
btusb probes on USB enumeration — no attach step, independent of the
serdev path above. With both configured, onboard and USB radios coexist
and desired_adapter: picks which one this library drives.
Device tree (Raspberry Pi)
The Pi systems must keep the Bluetooth child node under the mini-UART
(the miniuart-bt arrangement the upstream Nerves Pi systems already
use — BT on /dev/ttyS0, leaving the PL011 for the console). The serdev
kernel path binds that node and auto-attaches the chip; nothing in
userspace touches the UART.
Known boot-timing caveat on the Pi 3 B+: the serdev probe can race
rootfs availability, so the onboard radio occasionally enumerates
seconds late. See the adapter-selection notes in the
architecture guide for how that interacts with
desired_adapter:.
App-side rootfs overlay
These live in the application's rootfs_overlay (not the system),
since they're policy, not plumbing:
	/var/lib/bluetooth → /data/bluetooth symlink. bluetoothd
persists adapter identity and link keys under /var/lib/bluetooth,
which is read-only squashfs on Nerves. Bluez.prepare_runtime/0
creates /data/bluetooth (mode 0700) at start; the symlink makes
the daemon land there.
rootfs_overlay/var/lib/bluetooth -> /data/bluetooth

	/etc/bluetooth/main.conf (optional but recommended for passive
scanning): BlueZ's default AdvMonitor scan duty cycle is aggressive
(~50%), and every received advert becomes a PropertiesChanged signal
your BEAM must D-Bus-decode — at ~50% duty this can dominate CPU on a
small device. A ~10% duty cycle cuts the advert rate ~5× with no
practical loss for sensor scanning:
[LE]
ScanIntervalAdvMonitor=480   # 300 ms
ScanWindowAdvMonitor=48      # 30 ms
(bluetoothd 5.79 logs a cosmetic "Unknown key" warning for these — a
key-validation whitelist typo upstream; the values are applied, and
the warning disappears on later BlueZ versions.)


What the library handles itself
No system/overlay work is needed for: /run/dbus + the bus socket +
machine-id (created/cleaned by Bluez.prepare_runtime/0), daemon
supervision (MuonTrap, no init scripts — do not enable the
buildroot dbus/bluetoothd init scripts), or agent/monitor registration.
Checklist
A new target is ready when, on hardware:
	ls /sys/class/bluetooth shows hci0 shortly after boot (serdev or
btusb did its job).
	Bluez starts and Bluez.Client.adapters_info/0 lists the adapter
with its MAC.
	Passive scanning delivers adverts to your on_advertisement: fun.
	With audio: true: bluealsad stays up (check the logs) and
Bluez.BlueAlsa.pcms/0 answers [] (not an exit) with no headset
connected.



  

    
Bluez 
    



      
Brings up the Linux BlueZ stack — dbus-daemon, bluetoothd, and
(optionally) bluez-alsa — under one supervisor, with Elixir clients for
BLE scanning (Bluez.Client), active GATT connections (Bluez.Gatt),
pairing (Bluez.Agent), and A2DP audio PCM discovery (Bluez.BlueAlsa).
Built for Nerves devices (read-only rootfs, MuonTrap-supervised
daemons) but has no Nerves dependency; any Linux host where the calling
application may own the system D-Bus instance works.
Children, started :rest_for_one:
	dbus-daemon --system (MuonTrap.Daemon) — owns the system bus at
/run/dbus/system_bus_socket.
	Bluez.BusReady — a one-line gate that blocks until the bus socket
exists, so bluetoothd never races the bus. :rest_for_one re-runs
it (and bluetoothd) if dbus-daemon restarts.
	bluetoothd (MuonTrap.Daemon) — claims org.bluez, drives the
adapter via the kernel mgmt socket. Run with -E (experimental) —
required for AdvertisementMonitorManager1 passive scanning and the
GATT MTU property.
	Bluez.Client — persistent rebus client owning the discovery
session; adverts fan out through its on_advertisement: fun.
	Bluez.Agent — default NoInputNoOutput pairing agent.
	Bluez.Gatt (+ its Task.Supervisor) — active connections + GATT
client; results flow through its on_gatt_event: fun.
	With audio: true (the default): bluealsad (MuonTrap.Daemon,
A2DP source) and Bluez.BlueAlsa (org.bluealsa client). Placed
after the scanning/GATT clients so an audio-daemon fault never
restarts the scanning stack — the children that follow do restart
with it under :rest_for_one, which is intended (same audio path).
	extra_children: — host-supplied child specs, appended last.

Options
All are optional; pass them to start_link/1 (usually via a child spec
{Bluez, opts}):
	client: — keyword opts for Bluez.Client (on_advertisement:,
pubsub:).
	gatt: — keyword opts for Bluez.Gatt (on_gatt_event:,
on_connections_changed:).
	audio: — boolean (default true): start the bluealsad daemon +
Bluez.BlueAlsa client. Requires bluez-alsa (v4 recommended) on the
device.
	blue_alsa: — keyword opts for Bluez.BlueAlsa (pubsub:).
	extra_children: — host child specs appended at the end of the tree.
Under :rest_for_one they restart with the audio path, and a fault
there never disturbs the scanning/GATT stack above them. Ordering
within the slot is the caller's contract.
	desired_adapter: — MAC string ("AA:BB:CC:DD:EE:FF") of the radio
to drive, or nil (auto: lowest-index adapter). Written to
:persistent_term before the children start. Hosts that switch
radios at runtime may instead publish the term themselves under
Bluez.DevicePath.desired_adapter_key/0 BEFORE (re)starting this
supervisor — the opt and the pre-published term coexist (the opt,
when present, wins by writing last).
	dbus_daemon_path: — dbus-daemon binary (default
/usr/bin/dbus-daemon).
	bluetoothd_path: — bluetoothd binary (default
/usr/libexec/bluetooth/bluetoothd).
	bluealsad_paths: — candidate bluez-alsa daemon binaries, first
existing wins (default ["/usr/bin/bluealsad", "/usr/bin/bluealsa"]
— the daemon was renamed in bluez-alsa v4).

Runtime requirements
	BlueZ ≥ 5.66 (bluetoothd -E), dbus, and — for audio: true —
bluez-alsa v4.
	Writable /run/dbus and /data/bluetooth (prepare_runtime/0
creates both and a machine-id before the daemons launch; on a
read-only rootfs, point /var/lib/bluetooth at /data/bluetooth
via an overlay symlink so bluetoothd can persist adapter state).
	This supervisor OWNS the system bus: don't run it next to a distro
dbus/bluetoothd.

Public-API catch :exit idiom
The synchronous read APIs (Bluez.Client.adapters_info/0,
Bluez.BlueAlsa.pcms/0, Bluez.Gatt.connections_free/0, …) are meant
to be wrapped by hosts in catch :exit so callers work while the stack
is down. Be aware what that swallows: it converts BOTH the
process-not-running exit AND a call timeout into the same "subsystem
off" default — a wedged server renders as a disabled subsystem rather
than raising. Accept that tradeoff knowingly, or catch only
:exit, {:timeout, _} separately where the distinction matters.
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        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        children(opts)

      


        The child list init/1 supervises, exposed for child-order tests. See
the moduledoc for the supported opts.



    


    
      
        prepare_runtime()

      


        Create the writable dirs the daemons need before they launch. Idempotent;
safe to call on every (re)start of this supervisor (init/1 does).



    


    
      
        socket_path()

      


        System-bus socket path the rebus clients connect to.



    


    
      
        start_link(opts \\ [])
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Returns a specification to start this module under a supervisor.
See Supervisor.
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          @spec children(keyword()) :: [Supervisor.child_spec() | {module(), term()} | module()]


      


The child list init/1 supervises, exposed for child-order tests. See
the moduledoc for the supported opts.

  



  
    
      
    
    
      prepare_runtime()



        
          
        

    

  


  

      

          @spec prepare_runtime() :: :ok


      


Create the writable dirs the daemons need before they launch. Idempotent;
safe to call on every (re)start of this supervisor (init/1 does).
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          @spec socket_path() :: String.t()


      


System-bus socket path the rebus clients connect to.
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Bluez.BusReady 
    



      
A supervised gate that blocks in init/1 until the D-Bus system-bus socket
exists, so the next :rest_for_one sibling (bluetoothd) never starts
before dbus-daemon is listening. Stays alive afterwards as an idle
GenServer so :rest_for_one re-runs it whenever dbus-daemon restarts.
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        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])
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Returns a specification to start this module under a supervisor.
See Supervisor.
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Bluez.Rebus 
    



      
An Elixir implementation of the D-Bus message protocol.
Bluez.Rebus provides a clean, Elixir-native interface for communicating over D-Bus,
the inter-process communication (IPC) and remote procedure call (RPC) mechanism
that is standard on Linux desktop systems.
Overview
D-Bus is a message bus system that allows multiple processes to communicate with
each other in a structured way. Bluez.Rebus implements the D-Bus wire protocol and provides
an easy-to-use API for:
	Connecting to D-Bus message buses (system and session buses)
	Sending method calls and receiving replies
	Emitting and receiving signals
	Publishing and consuming D-Bus services

Quick Start
# Connect to the session bus
{:ok, conn} = Bluez.Rebus.connect(:session)

# Add a signal handler to receive all signals
ref = Bluez.Rebus.add_signal_handler(conn)

# Later, remove the signal handler
Bluez.Rebus.remove_signal_handler(conn, ref)
Connection Types
Bluez.Rebus supports connecting to different types of D-Bus endpoints:
	:system - Connects to the system bus using the address specified in
 application config (see below) or the /run/dbus/system_bus_socket by default.
	:session - Connects to the session bus using the address specified in
 the DBUS_SESSION_BUS_ADDRESS environment variable.
	%{family: :local, path: path} - Unix domain socket connection to a local D-Bus daemon
	%{family: :inet, addr: {ip, port}} - TCP/IP connection to a remote D-Bus daemon

Configuration
You can configure the system bus address in your application's config:
config :rebus, :system_bus_address, "unix:path=/run/dbus/system_bus_socket"
Architecture
When you connect to a D-Bus bus using connect/2, Bluez.Rebus creates a supervised
connection process that handles the low-level protocol details. The connection
manages authentication, message serialization/deserialization, and maintains
the persistent connection to the bus.
Error Handling
All functions return standard Elixir {:ok, result} or {:error, reason} tuples.
Connection failures, authentication errors, and protocol violations are properly
propagated as error tuples.
Examples
# Connect to session bus with default options
{:ok, conn} = Bluez.Rebus.connect(:session)

# Connect to a Unix domain socket
{:ok, conn} = Bluez.Rebus.connect(%{family: :local, path: "/tmp/dbus-socket"})
For more advanced usage, see the documentation for Bluez.Rebus.Message and other
modules in this package.
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    Functions
  


    
      
        add_signal_handler(conn)

      


        Adds a signal handler to receive D-Bus signals on the connection.



    


    
      
        connect(address, opts \\ [])

      


        Establishes a connection to a D-Bus message bus.



    


    
      
        connect!(address, opts \\ [])

      


        Same as connect/2, but raises an exception on failure.



    


    
      
        delete_signal_handler(conn, ref)

      


        Removes a previously registered signal handler from the connection.



    


    
      
        emit_signal(conn, opts)

      


        Emit a D-Bus :signal on conn.



    


    
      
        reply(conn, request, body \\ [], signature \\ nil)

      


        Reply to an inbound method call request with a :method_return. body is
the reply arguments (default none); pass signature when the body is
non-empty (e.g. "a{sv}").



    


    
      
        reply_error(conn, request, error_name, message)

      


        Reply to an inbound method call request with a D-Bus error
(e.g. "org.freedesktop.DBus.Error.UnknownMethod").



    


    
      
        set_method_handler(conn, handler)

      


        Register handler to receive inbound method calls on conn as
{:dbus_call, %Bluez.Rebus.Message{type: :method_call}} messages. The handler
replies with reply/4 or reply_error/4.
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          @type address() :: :system | :session | :socket.sockaddr_in() | :socket.sockaddr_un()
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Adds a signal handler to receive D-Bus signals on the connection.
Signal handlers receive all D-Bus signals that arrive on the connection.
Multiple signal handlers can be registered on the same connection, and each
will receive copies of all signals.
Parameters
	conn - The connection PID returned from connect/2

Return Values
	reference() - A unique reference that identifies this signal handler

Examples
{:ok, conn} = Bluez.Rebus.connect(%{family: :local, path: "/tmp/my-dbus"})
ref = Bluez.Rebus.add_signal_handler(conn)

# The calling process will now receive messages like:
# {^ref, %Bluez.Rebus.Message{type: :signal, ...}}
Signal Message Format
When a D-Bus signal is received, registered signal handlers will receive
a message in the format:
{^ref, %Bluez.Rebus.Message{
  type: :signal,
  header_fields: %{
    path: "/path/to/object",
    interface: "com.example.Interface",
    member: "SignalName",
    sender: "com.example.Service"
  },
  body: [signal_args...],
  signature: "signal_signature"
}}
Notes
Signal handlers should be prepared to handle a potentially high volume of
messages depending on the activity on the D-Bus. Consider using selective
receive or GenServer message handling for robust signal processing.
Remember to call remove_signal_handler/2 when you no longer need to
receive signals to avoid message queue buildup.
Signal handlers are automatically cleaned up when the connection is closed
or when the handler exits.
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          @spec connect(
  address(),
  keyword()
) :: DynamicSupervisor.on_start_child()


      


Establishes a connection to a D-Bus message bus.
Creates a supervised connection process that handles D-Bus protocol communication.
The connection automatically handles authentication and maintains the persistent
connection to the specified D-Bus endpoint.
Parameters
	address - The D-Bus endpoint to connect to:
	:system - Connects to the system bus using the address specified in
 application config (see below) or the /run/dbus/system_bus_socket by default.
	:session - Connects to the session bus using the address specified in
 the DBUS_SESSION_BUS_ADDRESS environment variable.
	%{family: :local, path: path} - Unix domain socket connection to a local D-Bus daemon
	%{family: :inet, addr: {ip, port}} - TCP/IP connection to a remote D-Bus daemon


	opts - Optional keyword list of connection options:
	:timeout - Connection timeout in milliseconds (default: 5000)
	:name - Optional name for the connection process
	Additional options are passed to the underlying connection process



Return Values
	{:ok, pid} - Returns the PID of the connection process
	{:error, reason} - Connection failed due to the specified reason

Examples
# Connect to a custom Unix socket
{:ok, conn} = Bluez.Rebus.connect(%{family: :local, path: "/tmp/my-dbus"})

# Connect to a TCP endpoint
address = %{family: :inet, addr: {127, 0, 0, 1}, port: 12345}
{:ok, conn} = Bluez.Rebus.connect(address)
Notes
The returned PID is for the connection process, which is the main interface for
sending and receiving D-Bus messages.
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          @spec connect!(
  address(),
  keyword()
) :: pid()


      


Same as connect/2, but raises an exception on failure.
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Removes a previously registered signal handler from the connection.
Stops the specified signal handler from receiving future D-Bus signals.
The handler is identified by the reference returned from add_signal_handler/1.
Parameters
	conn - The connection PID returned from connect/2
	ref - The reference returned from add_signal_handler/1

Return Values
	:ok - The signal handler was successfully removed

Examples
{:ok, conn} = Bluez.Rebus.connect(%{family: :local, path: "/tmp/my-dbus"})
ref = Bluez.Rebus.add_signal_handler(conn)

# ... handle signals ...

# Remove the handler when done
:ok = Bluez.Rebus.delete_signal_handler(conn, ref)
Notes
After deleting a signal handler, the calling process will no longer receive
signal messages for that handler. Other signal handlers on the same connection
(if any) will continue to receive signals normally.
It's safe to call this function multiple times with the same reference -
subsequent calls will simply return :ok without error.
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          @spec emit_signal(
  pid(),
  keyword()
) :: :ok | {:error, term()}


      


Emit a D-Bus :signal on conn.
opts are forwarded to Bluez.Rebus.Message.new!/2 and must include :path,
:interface, and :member. Pass :body and :signature when the signal
carries arguments, and an optional :destination to direct it at one peer.
Unlike reply/4, a signal is fire-and-forget: the transport skips the
pending-reply table, so there is nothing to await — this returns :ok as
soon as the frame is written. Used to push GATT notifications, e.g. a
org.freedesktop.DBus.Properties.PropertiesChanged on an exported
characteristic object.
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          @spec reply(pid(), Bluez.Rebus.Message.t(), [term()], String.t() | nil) ::
  :ok | {:error, term()}


      


Reply to an inbound method call request with a :method_return. body is
the reply arguments (default none); pass signature when the body is
non-empty (e.g. "a{sv}").

  



  
    
      
    
    
      reply_error(conn, request, error_name, message)



        
          
        

    

  


  

      

          @spec reply_error(pid(), Bluez.Rebus.Message.t(), String.t(), String.t()) ::
  :ok | {:error, term()}


      


Reply to an inbound method call request with a D-Bus error
(e.g. "org.freedesktop.DBus.Error.UnknownMethod").

  



  
    
      
    
    
      set_method_handler(conn, handler)



        
          
        

    

  


  

Register handler to receive inbound method calls on conn as
{:dbus_call, %Bluez.Rebus.Message{type: :method_call}} messages. The handler
replies with reply/4 or reply_error/4.
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D-Bus message decoder that unmarshals data according to D-Bus wire format.
Implements the D-Bus unmarshaling format with proper alignment and byte ordering.
All structs and arrays are represented as Elixir lists for consistency.
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        decode(signature, data, endianness \\ :little)

      


        Decodes binary data based on the provided D-Bus signature.



    


    
      
        decode_at_position(signature, data, endianness, starting_position)

      


        Decode data with a specific starting position for alignment calculations.
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          @type decoding_state() :: %{
  endianness: endianness(),
  position: non_neg_integer(),
  data: binary()
}
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          @type endianness() :: :little | :big
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          @spec decode(binary(), binary(), endianness()) :: [any()]


      


Decodes binary data based on the provided D-Bus signature.
This function takes a D-Bus type signature string and binary data,
then unmarshals it from the D-Bus wire format back into Elixir data structures.
Both structs and arrays are represented as Elixir lists.
Parameters
	signature - A D-Bus type signature string (e.g., "i", "s", "a(is)", etc.)
	data - Binary data in D-Bus wire format
	endianness - Byte order for decoding (:little or :big). Defaults to :little

Returns
Returns the decoded Elixir data structure. Multiple values are returned as a list.
Examples
# Decode a simple integer
iex> Bluez.Rebus.Decoder.decode("i", <<42, 0, 0, 0>>)
[42]

# Decode a string
iex> Bluez.Rebus.Decoder.decode("s", <<5, 0, 0, 0, "hello", 0>>)
["hello"]

# Decode an array of integers
iex> Bluez.Rebus.Decoder.decode("ai", <<12, 0, 0, 0, 1, 0, 0, 0, 2, 0, 0, 0, 3, 0, 0, 0>>)
[[1, 2, 3]]

# Decode a struct (returned as list)
iex> Bluez.Rebus.Decoder.decode("(si)", <<5, 0, 0, 0, "hello", 0, 0, 0, 42, 0, 0, 0>>)
[["hello", 42]]
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          @spec decode_at_position(binary(), binary(), endianness(), non_neg_integer()) ::
  list()


      


Decode data with a specific starting position for alignment calculations.
This is useful when the data being decoded was encoded at a specific position
in a larger message, and alignment must be calculated relative to that position.

  


        

      


  

    
Bluez.Rebus.Encoder 
    



      
D-Bus message encoder that marshals data according to D-Bus wire format.
Implements the D-Bus marshaling format with proper alignment and byte ordering.
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    Functions
  


    
      
        encode(signature, data, endianness \\ :little)

      


        Encodes data according to a D-Bus type signature into the wire format.



    


    
      
        encode_at_position(signature, data, endianness, starting_position)

      


        Encode data with a specific starting position for alignment calculations.
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          @type encoding_state() :: %{
  endianness: endianness(),
  position: non_neg_integer(),
  buffer: iodata()
}
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          @type endianness() :: :little | :big
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          @spec encode(binary(), [any()], endianness()) :: iodata()


      


Encodes data according to a D-Bus type signature into the wire format.
This function takes a D-Bus type signature string and corresponding data,
then marshals it into the binary format specified by the D-Bus protocol.
The output follows D-Bus alignment rules and byte ordering.
Parameters
	signature - A D-Bus type signature string (e.g., "i", "s", "a(is)", etc.)
	data - A list of values to encode that match the signature types
	endianness - Byte order for encoding (:little or :big). Defaults to :little

Returns
Returns an iodata structure containing the encoded binary data that can be
converted to binary using IO.iodata_to_binary/1.
Examples
# Encode a simple integer
iex> Bluez.Rebus.Encoder.encode("i", [42])
[[[], <<42, 0, 0, 0>>]]

# Encode a string
iex> Bluez.Rebus.Encoder.encode("s", ["hello"])
[[[], <<5, 0, 0, 0>>, "hello", <<0>>]]

# Encode an array of integers
iex> Bluez.Rebus.Encoder.encode("ai", [[1, 2, 3]])
[[[], <<12, 0, 0, 0>>, <<1, 0, 0, 0>>, <<2, 0, 0, 0>>, <<3, 0, 0, 0>>]]

# Encode a struct with mixed types
iex> Bluez.Rebus.Encoder.encode("(si)", [["hello", 42]])
[[[], <<5, 0, 0, 0>>, "hello", [<<0>>, <<0, 0, 0>>], <<42, 0, 0, 0>>]]
D-Bus Type Signatures
Common D-Bus type codes:
	"y" - byte (0-255)
	"b" - boolean (0 or 1)
	"n" - signed 16-bit integer
	"q" - unsigned 16-bit integer
	"i" - signed 32-bit integer
	"u" - unsigned 32-bit integer
	"x" - signed 64-bit integer
	"t" - unsigned 64-bit integer
	"d" - IEEE 754 double
	"s" - UTF-8 string
	"o" - object path
	"g" - signature
	"a" - array (followed by element type)
	"(" and ")" - struct boundaries
	"v" - variant
	"{" and "}" - dictionary entry

Alignment Rules
The encoder automatically handles D-Bus alignment requirements:
	1-byte alignment: byte, boolean
	2-byte alignment: int16, uint16
	4-byte alignment: int32, uint32, string length, array length
	8-byte alignment: int64, uint64, double, struct start
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          @spec encode_at_position(binary(), [any()], endianness(), non_neg_integer()) ::
  iodata()


      


Encode data with a specific starting position for alignment calculations.
This is useful when the encoded data will be inserted at a specific position
in a larger message, and alignment must be calculated relative to that position.
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D-Bus message protocol implementation.
This module implements the D-Bus message format as specified in the D-Bus specification.
A message consists of a header and a body, where the header contains metadata about
the message and the body contains the actual data being transmitted.
Message Structure
A D-Bus message has the following structure:
	Header: Fixed signature "yyyyuua(yv)" containing endianness, type, flags, version,
body length, serial, and header fields
	Body: Variable content based on the message signature

Message Types
	:method_call - Method call message
	:method_return - Method reply with returned data
	:error - Error reply
	:signal - Signal emission

Header Fields
	:path - Object path (required for METHOD_CALL and SIGNAL)
	:interface - Interface name (optional for METHOD_CALL, required for SIGNAL)
	:member - Method or signal name (required for METHOD_CALL and SIGNAL)
	:error_name - Error name (required for ERROR)
	:reply_serial - Serial of message being replied to (required for ERROR and METHOD_RETURN)
	:destination - Target connection name (optional)
	:sender - Sending connection name (optional, usually set by message bus)
	:signature - Signature of message body (optional, defaults to empty, automatically added to header_fields when body is present)
	:unix_fds - Number of Unix file descriptors (optional)

Note: The signature is stored in header_fields[:signature] and can be accessed using Bluez.Rebus.Message.signature/1.
Message Flags
	:no_reply_expected - Don't expect a reply
	:no_auto_start - Don't auto-start destination service
	:allow_interactive_authorization - Allow interactive authorization

Examples
# Create a method call message
iex> Bluez.Rebus.Message.new(:method_call,
...>   path: "/com/example/Object",
...>   interface: "com.example.Interface",
...>   member: "Method",
...>   destination: "com.example.Service",
...>   body: [42, "hello"],
...>   signature: "is"
...> )

# Create a signal message
iex> Bluez.Rebus.Message.new(:signal,
...>   path: "/com/example/Object",
...>   interface: "com.example.Interface",
...>   member: "SignalName",
...>   body: ["value"],
...>   signature: "s"
...> )

# Create an error reply
iex> Bluez.Rebus.Message.new(:error,
...>   error_name: "com.example.Error.Failed",
...>   reply_serial: 123,
...>   body: ["Error message"],
...>   signature: "s"
...> )
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        decode(binary)

      


        Decodes a binary message.



    


    
      
        encode(message, endianness \\ :little)

      


        Encodes a message to iodata format.



    


    
      
        new(type, opts \\ [])

      


        Creates a new D-Bus message.



    


    
      
        new!(type, opts \\ [])

      


        Creates a new D-Bus message, raising on error.



    


    
      
        parse(binary)

      


        Parses a complete D-Bus message from a binary if sufficient data is available.



    


    
      
        signature(message)

      


        Gets the signature from the message header fields.



    


    
      
        type_code(type)

      


        Gets the message type as an integer code.



    


    
      
        type_from_code(code)

      


        Gets the message type from an integer code.



    


    
      
        validate(message)

      


        Validates that a message is well-formed according to D-Bus rules.
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          @type flag() :: :no_reply_expected | :no_auto_start | :allow_interactive_authorization


      


Message flags

  



  
    
      
    
    
      header_field()



        
          
        

    

  


  

      

          @type header_field() ::
  :path
  | :interface
  | :member
  | :error_name
  | :reply_serial
  | :destination
  | :sender
  | :signature
  | :unix_fds


      


Header field keys

  



  
    
      
    
    
      message_type()



        
          
        

    

  


  

      

          @type message_type() :: :method_call | :method_return | :error | :signal


      


Message type

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Bluez.Rebus.Message{
  body: [term()],
  body_length: non_neg_integer(),
  flags: [flag()],
  header_fields: %{optional(header_field()) => term()},
  serial: non_neg_integer(),
  type: message_type(),
  version: non_neg_integer()
}


      


D-Bus message structure

  


        

      

      
        Functions


        


  
    
      
    
    
      decode(binary)



        
          
        

    

  


  

      

          @spec decode(binary()) :: {:ok, t()} | {:error, any()}


      


Decodes a binary message.
Parses a D-Bus message from binary format according to the wire format specification.
Parameters
	binary - The binary data to decode

Examples
iex> message = Bluez.Rebus.Message.new!(:signal, path: "/", interface: "test", member: "Test")
iex> {:ok, encoded} = Bluez.Rebus.Message.encode(message)
iex> {:ok, decoded} = Bluez.Rebus.Message.decode(encoded)
iex> decoded.type
:signal
Returns
{:ok, message} on success, {:error, reason} on failure.

  



    

  
    
      
    
    
      encode(message, endianness \\ :little)



        
          
        

    

  


  

      

          @spec encode(t(), :little | :big) :: {:ok, iodata()} | {:error, String.t()}


      


Encodes a message to iodata format.
Returns the message encoded according to the D-Bus wire format specification.
The endianness can be specified as :little or :big (default: :little).
Parameters
	message - The message to encode
	endianness - Byte order (:little or :big, default: :little)

Examples
iex> message = Bluez.Rebus.Message.new!(:signal, path: "/", interface: "test", member: "Test")
iex> {:ok, iodata} = Bluez.Rebus.Message.encode(message)
iex> is_binary(IO.iodata_to_binary(iodata))
true
Returns
{:ok, iodata} on success, {:error, reason} on failure.
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          @spec new(
  message_type(),
  keyword()
) :: {:ok, t()} | {:error, String.t()}


      


Creates a new D-Bus message.
Parameters
	type - The message type (:method_call, :method_return, :error, :signal)
	opts - Keyword list of options:	:flags - List of message flags (default: [])
	:version - Protocol version (default: 1)
	:body - Message body as list of values (default: [])
	:signature - Message body signature (default: auto-generated from body)
	Header fields like :path, :interface, :member, etc.



Note
The serial number is always initialized to 0. The transport layer that dispatches
the message will assign the actual serial number.
Examples
iex> Bluez.Rebus.Message.new(:method_call,
...>   path: "/com/example/Object",
...>   member: "TestMethod"
...> )
%Bluez.Rebus.Message{type: :method_call, ...}
Errors
Returns {:error, reason} if:
	Invalid message type
	Missing required header fields
	Invalid header field types
	Invalid signature


  



    

  
    
      
    
    
      new!(type, opts \\ [])



        
          
        

    

  


  

      

          @spec new!(
  message_type(),
  keyword()
) :: t()


      


Creates a new D-Bus message, raising on error.
Same as new/2 but raises ArgumentError instead of returning {:error, reason}.
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          @spec parse(binary()) :: {:ok, t(), binary()} | {:error, any()} | nil


      


Parses a complete D-Bus message from a binary if sufficient data is available.
This function checks if the provided binary contains enough data to parse a complete
D-Bus message (both header and body). If it does, it extracts exactly the right
amount of data and passes it to decode/1. If the binary is too small, returns nil.
This is useful for streaming scenarios where you receive partial data and need to
determine when you have a complete message.
Parameters
	binary - The binary data that may contain a D-Bus message

Returns
	{:ok, message, remaining_data} - If a complete message was successfully parsed
	{:error, reason} - If the binary contains sufficient data but parsing failed
	nil - If the binary does not contain sufficient data for a complete message

Examples
# Insufficient data
iex> Bluez.Rebus.Message.parse(<<1, 2, 3>>)
nil

# Complete message data
iex> {:ok, message} = Bluez.Rebus.Message.new(:signal, path: "/", interface: "test", member: "Test")
iex> {:ok, encoded} = Bluez.Rebus.Message.encode(message)
iex> binary = IO.iodata_to_binary(encoded)
iex> Bluez.Rebus.Message.parse(binary)
{:ok, %Bluez.Rebus.Message{type: :signal, ...}, <<>>}

# Message with extra data
iex> extra_data = <<1, 2, 3, 4>>
iex> binary_with_extra = binary <> extra_data
iex> Bluez.Rebus.Message.parse(binary_with_extra)
{:ok, %Bluez.Rebus.Message{type: :signal, ...}, <<1, 2, 3, 4>>}
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          @spec signature(t()) :: String.t()


      


Gets the signature from the message header fields.
Returns the signature string if present, or an empty string if not.
Examples
iex> message = Bluez.Rebus.Message.new!(:signal, path: "/", interface: "test", member: "Test", body: [42], signature: "i")
iex> Bluez.Rebus.Message.signature(message)
"i"

iex> message = Bluez.Rebus.Message.new!(:signal, path: "/", interface: "test", member: "Test")
iex> Bluez.Rebus.Message.signature(message)
""

  



  
    
      
    
    
      type_code(type)



        
          
        

    

  


  

      

          @spec type_code(message_type()) :: non_neg_integer()


      


Gets the message type as an integer code.

  



  
    
      
    
    
      type_from_code(code)



        
          
        

    

  


  

      

          @spec type_from_code(non_neg_integer()) ::
  {:ok, message_type()} | {:error, :invalid_message_type}


      


Gets the message type from an integer code.
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          @spec validate(t()) :: :ok | {:error, String.t()}


      


Validates that a message is well-formed according to D-Bus rules.
Checks that:
	Message type is valid
	Required header fields are present for the message type
	Header field types are correct
	Message signature is valid

Examples
iex> message = Bluez.Rebus.Message.new!(:method_call, path: "/test", member: "Test")
iex> Bluez.Rebus.Message.validate(message)
:ok

iex> invalid = %Bluez.Rebus.Message{type: :method_call, header_fields: %{}}
iex> Bluez.Rebus.Message.validate(invalid)
{:error, "Missing required field: path"}

  


        

      


  

    
Bluez.Advert 
    



      
Reconstructs a BLE advertisement (the verbatim-ish AD byte structure plus
the fields an ESPHome-style scanner host needs) from BlueZ's parsed device
properties.
D-Bus / org.bluez does NOT expose the raw over-the-air AD bytes, only
parsed properties (ManufacturerData, ServiceData, ServiceUUIDs,
Name, TxPower, RSSI, Address). We re-serialize those back into AD
elements. This is lossy — it drops AD element order, the Flags (0x01)
element, unknown/proprietary AD types, and the adv/scan-response split —
but it is faithful for the manufacturer- and service-data elements that
Home Assistant's sensor decoders use (BTHome 0xFCD2, Govee, Xiaomi).
This is how HA's own Linux/BlueZ adapters reconstruct adverts
(bluetooth-data-tools).
Inputs
reconstruct/1 takes a props map keyed by BlueZ property name with
values already unwrapped from their D-Bus variants by
Bluez.Client:
%{
  "Address" => "AA:BB:CC:DD:EE:FF",
  "AddressType" => "public" | "random",
  "RSSI" => -60,                       # int16, may be absent
  "ManufacturerData" => %{0x004C => <<...>>},   # company_id => bytes
  "ServiceData" => %{"0000fcd2-..." => <<...>>},# uuid string => bytes
  "ServiceUUIDs" => ["0000fcd2-0000-1000-8000-00805f9b34fb", ...],
  "Name" => "Govee_...",
  "TxPower" => -4
}
Output
{:ok, advert} where advert is the map shape
Bluez.Client's on_advertisement: fun consumes, or :skip when there
is no Address (can't address the advert) — RSSI/data may legitimately be
absent on a given update.
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        address_to_integer(mac)

      


        Parse "AA:BB:CC:DD:EE:FF" into the MSB-first integer Home Assistant
expects (0xAABBCCDDEEFF). Matches what blue_heron forwarded (validated on
rpi3 against HA — no byte swap).



    


    
      
        reconstruct(props)

      


        Build the on_advertisement/1 map from unwrapped BlueZ props, or :skip.
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          @type advert() :: %{
  address: non_neg_integer(),
  rss: integer(),
  address_type: 0 | 1,
  raw_data: binary()
}
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          @spec address_to_integer(String.t()) :: non_neg_integer()


      


Parse "AA:BB:CC:DD:EE:FF" into the MSB-first integer Home Assistant
expects (0xAABBCCDDEEFF). Matches what blue_heron forwarded (validated on
rpi3 against HA — no byte swap).

  



  
    
      
    
    
      reconstruct(props)



        
          
        

    

  


  

      

          @spec reconstruct(map()) :: {:ok, advert()} | :skip


      


Build the on_advertisement/1 map from unwrapped BlueZ props, or :skip.

  


        

      


  

    
Bluez.Client 
    



      
Persistent rebus D-Bus client + service to org.bluez, driving BLE
scanning and turning device signals into advertisements, fanned out
through the on_advertisement: fun.
Supports both scanner modes Home Assistant can request (set_mode/1,
called via BluetoothScanner.set_scanner_mode/1):
	:passive (default) — a BlueZ AdvertisementMonitor. We never send
scan requests, so scannable peripherals don't burn battery answering
us. Requires exporting a D-Bus object BlueZ calls back into, so this
process is both a client and a service (via the forked rebus's
set_method_handler/2).
	:active — Adapter1.StartDiscovery with an LE filter. BlueZ sends
scan requests, so SCAN_RSP data (e.g. device names) is collected —
parity with ESP32 proxies' active mode.

Device data arrives the same way in both modes
(InterfacesAdded/PropertiesChanged on Device1 objects), so the
advert pipeline downstream is mode-agnostic.
Flow:
	Bluez.Rebus.connect(:system), set_method_handler(self()), monitor the
connection, and install bus match rules for org.bluez device signals.
	Power the adapter on, then engage configured_mode/0: either
AdvertisementMonitorManager1.RegisterMonitor our root object (BlueZ
enumerates the monitor via ObjectManager.GetManagedObjects and calls
Activate/DeviceFound on it; the monitor's or_patterns (FLAGS
\x02/\x06/\x1a) match effectively all advertisers — the habluetooth
"match all" recipe), or SetDiscoveryFilter + StartDiscovery.
	Matched devices surface as InterfacesAdded/PropertiesChanged signals;
props are unwrapped (Bluez.Variant) and fed to
Bluez.DeviceCache, which reconstructs + emit-gates and
returns the adverts to fan out via BluetoothScanner.on_advertisement/1.

Mode transitions:
	Run in a Task — BlueZ calls GetManagedObjects back on us before
RegisterMonitor returns, so the GenServer must stay free to answer —
and are serialized: at most one in flight, identified by a generation
ref so a stale Task result can't corrupt state. A set_mode/1 arriving
mid-transition parks in a one-slot pending queue keyed by target mode:
callers asking for the same target coalesce (all get :ok when it
lands); a different target displaces them with {:error, :superseded}
(latest target wins).
	Transitions engage the new mode BEFORE disengaging the old one
(monitor and discovery can legally coexist in BlueZ): a failed engage
leaves the previous mode still scanning rather than going dark.
Disengage is best-effort, and self-healing lives in engage's
idempotency: whatever drifted, re-engaging treats
AlreadyExists/InProgress as success, so the next transition always
converges on the target mode.
	The configured mode persists in :persistent_term across Client
restarts: a bluetoothd/connection crash re-engages what HA chose
rather than silently reverting to passive.

Resilience:
	The rebus connection is monitored; if it dies (e.g. a malformed bus
frame :stops it) the Client stops and the supervisor restarts it,
re-establishing the connection.
	Setup retries via send_after (not Process.sleep) so the GenServer
stays responsive while waiting for bluetoothd to claim org.bluez.
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    Functions
  


    
      
        adapters_info()

      


        org.bluez.Adapter1 properties for every adapter object the daemon
exposes: [%{path:, address:, name:, powered:}] — e.g. for a host's
radio list. Returns [] when this Client isn't running (BT subtree
down, host tests) or the daemon can't answer.



    


    
      
        adapters_topic()

      


        PubSub topic carrying {:bluetooth_adapters_changed} on adapter add/remove.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        configured_mode()

      


        The HA-configured scanner mode (:passive default). Pure
:persistent_term read — safe on any target, with or without the Client
running (host tests, early boot).



    


    
      
        devices_seen(window_ms)

      


        Distinct devices the advert cache has seen in the last window_ms
(Bluez.DeviceCache.seen_within/3). 0 when this Client
isn't running — e.g. for a host's stats ticker.



    


    
      
        resume_scan()

      


        Re-engage the HA-configured scanner mode after suspend_scan/0.



    


    
      
        set_mode(mode)

      


        Switch the scanner between :passive (AdvertisementMonitor) and :active
(StartDiscovery) at runtime. Returns once the BlueZ transition completes.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        suspend_scan()

      


        Suspend scanning entirely (disengage the monitor/discovery), preserving the
HA-configured mode so resume_scan/0 restores it. Used by Improv Wi-Fi
provisioning: it only runs on a no-connectivity boot, when there is no HA
client to consume proxied advertisements anyway — so scanning is pointless
(and may degrade the active BLE peripheral connection on a single radio).
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      adapters_info()



        
          
        

    

  


  

      

          @spec adapters_info() :: [
  %{
    path: String.t(),
    address: String.t() | nil,
    name: String.t() | nil,
    powered: boolean()
  }
]


      


org.bluez.Adapter1 properties for every adapter object the daemon
exposes: [%{path:, address:, name:, powered:}] — e.g. for a host's
radio list. Returns [] when this Client isn't running (BT subtree
down, host tests) or the daemon can't answer.

  



  
    
      
    
    
      adapters_topic()



        
          
        

    

  


  

      

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


      


PubSub topic carrying {:bluetooth_adapters_changed} on adapter add/remove.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      configured_mode()



        
          
        

    

  


  

      

          @spec configured_mode() :: :passive | :active


      


The HA-configured scanner mode (:passive default). Pure
:persistent_term read — safe on any target, with or without the Client
running (host tests, early boot).

  



  
    
      
    
    
      devices_seen(window_ms)



        
          
        

    

  


  

      

          @spec devices_seen(pos_integer()) :: non_neg_integer()


      


Distinct devices the advert cache has seen in the last window_ms
(Bluez.DeviceCache.seen_within/3). 0 when this Client
isn't running — e.g. for a host's stats ticker.

  



  
    
      
    
    
      resume_scan()



        
          
        

    

  


  

      

          @spec resume_scan() :: :ok


      


Re-engage the HA-configured scanner mode after suspend_scan/0.

  



  
    
      
    
    
      set_mode(mode)



        
          
        

    

  


  

      

          @spec set_mode(:passive | :active) :: :ok | {:error, term()}


      


Switch the scanner between :passive (AdvertisementMonitor) and :active
(StartDiscovery) at runtime. Returns once the BlueZ transition completes.
A caller whose transition is already in flight always gets that
transition's own result. Only callers parked behind an in-flight
transition can get {:error, :superseded} — when a newer set_mode/1
asking for a different mode displaces them (same-mode callers coalesce
and succeed together).
Callers must catch :exit for the not-running/timeout cases (see the
moduledoc idiom note in Bluez).

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      suspend_scan()



        
          
        

    

  


  

      

          @spec suspend_scan() :: :ok


      


Suspend scanning entirely (disengage the monitor/discovery), preserving the
HA-configured mode so resume_scan/0 restores it. Used by Improv Wi-Fi
provisioning: it only runs on a no-connectivity boot, when there is no HA
client to consume proxied advertisements anyway — so scanning is pointless
(and may degrade the active BLE peripheral connection on a single radio).
Fire-and-forget cast (the transition runs off-loop); safe to call when the
Client isn't running (no-op).

  


        

      


  

    
Bluez.DeviceCache 
    



      
Pure per-device advertisement cache with emit-gating and a bounded size.
No I/O — Bluez.Client owns the side effects (it emits the
adverts this module returns).
Each device path maps to %{props, last_raw, last_emit, last_seen}. On
upsert/4 the new props are merged, the advert is reconstructed
(Bluez.Advert), and an advert is returned to emit only when:
	it's the first sighting, or
	the reconstructed AD payload changed (sensor data update), or
	the heartbeat interval has elapsed (keeps RSSI/last-seen fresh in HA
without forwarding every PDU).

The map is capped at @max_devices (LRU by last_seen) so a device spraying
randomized MACs — each a new BlueZ object path — can't grow it without bound
(BlueZ's InterfacesRemoved is the only other prune and is outside our
control).
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    Functions
  


    
      
        emit?(raw, last_raw, last_emit, now, heartbeat_ms)

      


        Emit decision (pure). Emit on first sight (last_raw == nil), on a payload
change, or once the heartbeat interval has elapsed.



    


    
      
        new()

      


        An empty cache.



    


    
      
        remove(cache, path)

      


        Drop path's entry (BlueZ emitted InterfacesRemoved for it).



    


    
      
        seen_within(device_cache, now_ms, window_ms)

      


        Distinct devices seen within the last window_ms of monotonic now_ms —
the web tab's "devices (15 min)" stat. A plain scan bounded by the LRU
cap, so it's cheap enough to run per stats tick.



    


    
      
        size(device_cache)

      


        Number of device entries currently cached.



    


    
      
        upsert(cache, path, new_props, now_ms)

      


        Merge new_props for path at monotonic now_ms. Returns
{cache, adverts} where adverts is [] or a single reconstructed advert
the caller should emit.
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          @type t() :: %Bluez.DeviceCache{devices: %{optional(String.t()) => map()}}
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      emit?(raw, last_raw, last_emit, now, heartbeat_ms)



        
          
        

    

  


  

      

          @spec emit?(binary(), binary() | nil, integer() | nil, integer(), integer()) ::
  boolean()


      


Emit decision (pure). Emit on first sight (last_raw == nil), on a payload
change, or once the heartbeat interval has elapsed.

  



  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      


An empty cache.

  



  
    
      
    
    
      remove(cache, path)



        
          
        

    

  


  

      

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


      


Drop path's entry (BlueZ emitted InterfacesRemoved for it).

  



  
    
      
    
    
      seen_within(device_cache, now_ms, window_ms)



        
          
        

    

  


  

      

          @spec seen_within(t(), integer(), pos_integer()) :: non_neg_integer()


      


Distinct devices seen within the last window_ms of monotonic now_ms —
the web tab's "devices (15 min)" stat. A plain scan bounded by the LRU
cap, so it's cheap enough to run per stats tick.
Note the cap also bounds the answer: with > 512 active
devices the count saturates at the cap (eviction forgets the oldest).

  



  
    
      
    
    
      size(device_cache)



        
          
        

    

  


  

      

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


      


Number of device entries currently cached.

  



  
    
      
    
    
      upsert(cache, path, new_props, now_ms)



        
          
        

    

  


  

      

          @spec upsert(t(), String.t(), map(), integer()) :: {t(), [Bluez.Advert.advert()]}


      


Merge new_props for path at monotonic now_ms. Returns
{cache, adverts} where adverts is [] or a single reconstructed advert
the caller should emit.

  


        

      


  

    
Bluez.Gatt 
    



      
Active BLE connections + GATT client over BlueZ D-Bus — the engine an
ESPHome-proxy-style host puts behind its Bluetooth-proxy adapter.
Owns its own rebus connection, separate from Bluez.Client
(the passive scanner): independent match rules, independent failure domain,
and zero changes to the hardware-verified advert path. Concurrent method
calls on one rebus connection don't serialize (replies are correlated by
serial), but every call still blocks its calling process — so all BlueZ
calls here run in Tasks under Bluez.Gatt.Tasks, never in
this GenServer's own loop. Device1.Connect alone can take ~25 s.
Event contract
Results flow asynchronously to the subscriber pid captured at
connect/3, through the on_gatt_event: fun (fn subscriber, event;
default: send(subscriber, event)). Hosts inject a translator to reshape
events for their own wire protocol. The full event set:
	{:gatt_connection, address, {:ok, mtu} | {:error, code}} — connect
result, post-remove teardown, or an unexpected disconnect.

	{:gatt_service, address, %Bluez.Gatt.Service{}} — one
per service, streamed on get_services/1.
	{:gatt_services_done, address} — service stream terminator.
	{:gatt_read, address, handle, {:ok, binary} | {:error, code}} —
characteristic and descriptor reads (a failed get_services/1 on a
not-ready link also answers here with handle 0, the ESPHome
convention).

	{:gatt_write, address, handle, {:ok, :done} | {:error, code}} —
characteristic and descriptor writes.

	{:gatt_notify, address, handle, {:ok, :done} | {:error, code}} —
Start/StopNotify result.

	{:gatt_notify_data, address, handle, binary} — a notification value.
	{:gatt_pair, address, success? :: boolean(), code :: integer()}
	{:gatt_unpair, address, success?, code}
	{:gatt_clear_cache, address, success?, code}

Error codes follow the ESPHome BLE convention this stack was built
against: -1 generic, -2 not connected.
Options
	on_gatt_event: — see above.
	on_connections_changed: — zero-arity fun invoked whenever a
connection slot is taken or freed (default: no-op) — e.g. a stats
ticker.

Connection lifecycle
flowchart LR
    connect["connect cast"] --> dev1["Device1.Connect (Task)"]
    dev1 --> resolved{"ServicesResolved?"}
    resolved -- true --> gmo["GetManagedObjects"]
    resolved -- false --> wait["wait for signal<br/>(resolve timeout)"]
    wait --> gmo
    gmo --> tree["GattTree.build"]
    tree --> host(["{:gatt_connection, addr, {:ok, mtu}} → host"])
The connection reply is deliberately deferred until BlueZ has resolved
services: every subsequent GATT request is handle-keyed, and the
handle ↔ object-path map only exists once the GATT objects are visible.
MTU comes from the experimental MTU characteristic property
(bluetoothd -E), falling back to the BLE minimum (23).
Unexpected disconnects surface as Device1.PropertiesChanged Connected=false; the subscriber is told via the same connection envelope
with an error code. Requested disconnects remove state immediately and
need no follow-up message.
Notifications
StartNotify makes BlueZ emit PropertiesChanged with Value on the
characteristic path — the same signal mechanism as adverts. The
char-path → {address, handle} route is registered before the
StartNotify call returns (and rolled back on error) so no early value
can race past us.
The host owns cross-client address locking; this
module trusts that connect arrives at most once per address per
ownership cycle, but stays defensive (a stale entry is torn down and
replaced).
Pairing and cache clearing (Phase 2)
pair/1 calls Device1.Pair() — IO is negotiated through
Bluez.Agent (the default NoInputNoOutput agent), and the
Pair Task brackets the call with expect_pairing/1/pairing_done/1 so
the agent only authorizes pairings we initiated. unpair/1 and
clear_cache/1 both map to Adapter1.RemoveDevice — BlueZ's only
bond-removal API, and the only D-Bus way to drop a device's cached GATT
database (they differ only in the reply envelope; the bond, if any,
goes too — same observable semantics as ESP32's
esp_ble_remove_bond_device). RemoveDevice destroys the device object —
and the live link with it.
Hardware-observed ordering hazard: BlueZ disconnects the device (and
emits Connected=false) while processing RemoveDevice, before the
method returns — and a failed Pair() can likewise drop the link before
its error reply lands. Either way the signal path tears the entry down
first, so pair/remove Task messages carry the subscriber pid themselves:
the op reply is always delivered, and entry teardown happens via
whichever of the two paths (signal or result) still finds the entry.
All three require a live connection entry: replies route to the
subscriber captured at connect/3, so for an unknown address there
is no one to answer — those requests are logged and dropped (HA only
issues them on connected devices).

      


      
        Summary


  
    Types
  


    
      
        address()

      


        Packed 48-bit MAC, MSB-first.



    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        clear_cache(address)

      


        Drop BlueZ's cached GATT database for the device. Same underlying
operation as unpair/1 (RemoveDevice is the only D-Bus API for it —
the bond, if any, goes too; same observable semantics as ESP32's
esp_ble_remove_bond_device), differing only in the reply envelope:
{:gatt_clear_cache, address, success?, code}.



    


    
      
        connect(address, opts, subscriber)

      


        Open a BLE connection to address and capture subscriber as the pid
all of this connection's events route to (via the on_gatt_event: fun).



    


    
      
        connections_free()

      


        Free / total connection slots (the host's connections_free callback).



    


    
      
        disconnect(address)

      


        Tear down address's connection. Requested disconnects emit no
follow-up event (the entry is dropped before BlueZ reports the link
down); unknown addresses are a no-op.



    


    
      
        get_services(address)

      


        Stream the connected device's GATT database to the subscriber: one
{:gatt_service, address, %Bluez.Gatt.Service{}} per service, then
{:gatt_services_done, address}. On a not-ready link the failure is
reported as {:gatt_read, address, 0, {:error, -2}} (the ESPHome
convention for a failed service listing).



    


    
      
        max_connections()

      


        Total active-connection slots this GATT client offers.



    


    
      
        notify(address, handle, enable?)

      


        Start (enable?: true) or stop notifications/indications on the
characteristic at handle. The call result arrives as
{:gatt_notify, address, handle, {:ok, :done} | {:error, code}};
subsequent values arrive as {:gatt_notify_data, address, handle, binary}. The value route is registered before StartNotify returns so
no early notification can be lost.



    


    
      
        pair(address)

      


        Bond with the connected device (Device1.Pair()), with IO negotiated
through Bluez.Agent — only pairings initiated here are authorized.
Result: {:gatt_pair, address, success? :: boolean(), code}. A failed
pairing can drop the link (hardware-observed), in which case a
{:gatt_connection, address, {:error, _}} teardown event follows.



    


    
      
        read(address, handle)

      


        Read the characteristic at handle (a value handle, as reported in
the service stream). Result: {:gatt_read, address, handle, {:ok, binary} | {:error, code}}. Falls back to a descriptor read when the
handle names a descriptor.



    


    
      
        read_descriptor(address, handle)

      


        Read the descriptor at handle. Same result envelope as read/2
({:gatt_read, ...}); falls back to a characteristic read when the
handle names one.



    


    
      
        start_link(opts \\ [])

      


    


    
      
        task_supervisor()

      


        Name of the Task.Supervisor all BlueZ calls run under.



    


    
      
        unpair(address)

      


        Remove the device's bond via Adapter1.RemoveDevice — BlueZ's only
bond-removal API, which also destroys the device object and any live
link. Result: {:gatt_unpair, address, success?, code}, followed by a
{:gatt_connection, address, {:error, -2}} teardown event when a
connection was up.



    


    
      
        write(address, handle, data, response?)

      


        Write data to the characteristic at handle. response? selects
Write-With-Response (true) vs Write-Without-Response. Result:
{:gatt_write, address, handle, {:ok, :done} | {:error, code}}.
Writes larger than the 512-byte ATT attribute limit are refused
up front.



    


    
      
        write_descriptor(address, handle, data)

      


        Write data to the descriptor at handle (always Write-With-Response).
Same result envelope as write/4 ({:gatt_write, ...}).



    





      


      
        Types


        


  
    
      
    
    
      address()



        
          
        

    

  


  

      

          @type address() :: non_neg_integer()


      


Packed 48-bit MAC, MSB-first.

  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      clear_cache(address)



        
          
        

    

  


  

      

          @spec clear_cache(address()) :: :ok


      


Drop BlueZ's cached GATT database for the device. Same underlying
operation as unpair/1 (RemoveDevice is the only D-Bus API for it —
the bond, if any, goes too; same observable semantics as ESP32's
esp_ble_remove_bond_device), differing only in the reply envelope:
{:gatt_clear_cache, address, success?, code}.

  



  
    
      
    
    
      connect(address, opts, subscriber)



        
          
        

    

  


  

      

          @spec connect(address(), keyword(), pid()) :: :ok


      


Open a BLE connection to address and capture subscriber as the pid
all of this connection's events route to (via the on_gatt_event: fun).
Cast-style: returns :ok immediately. The outcome arrives as
{:gatt_connection, address, {:ok, mtu} | {:error, code}} — deferred
until BlueZ has resolved services, so every handle-keyed request below
is valid the moment the success event lands. opts are accepted for
host-side compatibility and currently unused.
Refused (with an error event) when address is not a 48-bit MAC or all
max_connections/0 slots are taken.

  



  
    
      
    
    
      connections_free()



        
          
        

    

  


  

      

          @spec connections_free() :: {non_neg_integer(), non_neg_integer()}


      


Free / total connection slots (the host's connections_free callback).

  



  
    
      
    
    
      disconnect(address)



        
          
        

    

  


  

      

          @spec disconnect(address()) :: :ok


      


Tear down address's connection. Requested disconnects emit no
follow-up event (the entry is dropped before BlueZ reports the link
down); unknown addresses are a no-op.

  



  
    
      
    
    
      get_services(address)



        
          
        

    

  


  

      

          @spec get_services(address()) :: :ok


      


Stream the connected device's GATT database to the subscriber: one
{:gatt_service, address, %Bluez.Gatt.Service{}} per service, then
{:gatt_services_done, address}. On a not-ready link the failure is
reported as {:gatt_read, address, 0, {:error, -2}} (the ESPHome
convention for a failed service listing).

  



  
    
      
    
    
      max_connections()



        
          
        

    

  


  

      

          @spec max_connections() :: pos_integer()


      


Total active-connection slots this GATT client offers.

  



  
    
      
    
    
      notify(address, handle, enable?)



        
          
        

    

  


  

      

          @spec notify(address(), non_neg_integer(), boolean()) :: :ok


      


Start (enable?: true) or stop notifications/indications on the
characteristic at handle. The call result arrives as
{:gatt_notify, address, handle, {:ok, :done} | {:error, code}};
subsequent values arrive as {:gatt_notify_data, address, handle, binary}. The value route is registered before StartNotify returns so
no early notification can be lost.

  



  
    
      
    
    
      pair(address)



        
          
        

    

  


  

      

          @spec pair(address()) :: :ok


      


Bond with the connected device (Device1.Pair()), with IO negotiated
through Bluez.Agent — only pairings initiated here are authorized.
Result: {:gatt_pair, address, success? :: boolean(), code}. A failed
pairing can drop the link (hardware-observed), in which case a
{:gatt_connection, address, {:error, _}} teardown event follows.

  



  
    
      
    
    
      read(address, handle)



        
          
        

    

  


  

      

          @spec read(address(), non_neg_integer()) :: :ok


      


Read the characteristic at handle (a value handle, as reported in
the service stream). Result: {:gatt_read, address, handle, {:ok, binary} | {:error, code}}. Falls back to a descriptor read when the
handle names a descriptor.

  



  
    
      
    
    
      read_descriptor(address, handle)



        
          
        

    

  


  

      

          @spec read_descriptor(address(), non_neg_integer()) :: :ok


      


Read the descriptor at handle. Same result envelope as read/2
({:gatt_read, ...}); falls back to a characteristic read when the
handle names one.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  



  
    
      
    
    
      task_supervisor()



        
          
        

    

  


  

      

          @spec task_supervisor() :: module()


      


Name of the Task.Supervisor all BlueZ calls run under.

  



  
    
      
    
    
      unpair(address)



        
          
        

    

  


  

      

          @spec unpair(address()) :: :ok


      


Remove the device's bond via Adapter1.RemoveDevice — BlueZ's only
bond-removal API, which also destroys the device object and any live
link. Result: {:gatt_unpair, address, success?, code}, followed by a
{:gatt_connection, address, {:error, -2}} teardown event when a
connection was up.

  



  
    
      
    
    
      write(address, handle, data, response?)



        
          
        

    

  


  

      

          @spec write(address(), non_neg_integer(), binary(), boolean()) :: :ok


      


Write data to the characteristic at handle. response? selects
Write-With-Response (true) vs Write-Without-Response. Result:
{:gatt_write, address, handle, {:ok, :done} | {:error, code}}.
Writes larger than the 512-byte ATT attribute limit are refused
up front.

  



  
    
      
    
    
      write_descriptor(address, handle, data)



        
          
        

    

  


  

      

          @spec write_descriptor(address(), non_neg_integer(), binary()) :: :ok


      


Write data to the descriptor at handle (always Write-With-Response).
Same result envelope as write/4 ({:gatt_write, ...}).

  


        

      


  

    
Bluez.Gatt.Characteristic 
    



      
A GATT characteristic within a Bluez.Gatt.Service.
handle is the value handle (declaration + 1 — the bleak convention,
see Bluez.GattTree); properties is the Core-spec
characteristic-properties bitmask built by
Bluez.GattTree.properties_mask/1.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Bluez.Gatt.Characteristic{
  descriptors: [Bluez.Gatt.Descriptor.t()],
  handle: non_neg_integer(),
  properties: non_neg_integer(),
  uuid: Bluez.Gatt.Service.uuid()
}


      



  


        

      


  

    
Bluez.Gatt.Descriptor 
    



      
A GATT descriptor within a Bluez.Gatt.Characteristic.
handle is the descriptor's own attribute handle.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Bluez.Gatt.Descriptor{
  handle: non_neg_integer(),
  uuid: Bluez.Gatt.Service.uuid()
}


      



  


        

      


  

    
Bluez.Gatt.Service 
    



      
A GATT primary/secondary service discovered on a connected device —
the neutral shape Bluez.GattTree builds
and Bluez.Gatt emits in {:gatt_service, address, service}
events. Hosts translate it to their own wire shape in the on_gatt_event:
fun.
uuid is a 16-bit integer for Bluetooth-SIG base UUIDs, else the full
16-byte binary (see Bluez.GattTree.to_uuid/1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        uuid()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Bluez.Gatt.Service{
  characteristics: [Bluez.Gatt.Characteristic.t()],
  handle: non_neg_integer(),
  uuid: uuid()
}


      



  



  
    
      
    
    
      uuid()



        
          
        

    

  


  

      

          @type uuid() :: non_neg_integer() | <<_::128>>


      



  


        

      


  

    
Bluez.GattTree 
    



      
Build a GATT tree from BlueZ's GetManagedObjects reply.
Once a device's ServicesResolved flips true, its GATT database appears
as org.bluez.GattService1 / GattCharacteristic1 / GattDescriptor1
objects under the device path. This module turns those (rebus-decoded)
objects into:
	Bluez.Gatt.Service structs, emitted to the host via
{:gatt_service, address, service} events (the app-side translator
reshapes them for Home Assistant), and
	handle ↔ object-path maps for executing handle-keyed GATT requests.

Pure and host-testable — the D-Bus I/O stays in Bluez.Gatt.
Handle convention (bleak-compatible)
BlueZ encodes the ATT handle of each attribute in the object path's hex
suffix (service000a/char000b/desc000d). For characteristics that is the
declaration handle; clients address the value attribute, which always
sits at declaration + 1. We report path_handle + 1 for characteristics
(exactly what bleak — HA's own BlueZ backend — does), and the path handle
as-is for services and descriptors. HA echoes our reported handles back
in GATT requests, and by_handle is keyed by the same reported handles,
so the mapping is self-consistent — and consistent with HA's cached GATT
databases from bleak/ESP32 proxies, which also carry value handles.
Hierarchy
Children are attached via their parent object-path properties
(Characteristic.Service, Descriptor.Characteristic) rather than path
string prefixes. Objects with malformed paths (no parseable handle) or
dangling parent references are dropped.

      


      
        Summary


  
    Types
  


    
      
        kind()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        build(objects, device_path)

      


        Build the GATT tree for device_path from a GetManagedObjects object
list (rebus-decoded: [{path, [{iface, props_list}]}]).



    


    
      
        properties_mask(flags)

      


        Map a BlueZ Flags string list to the GATT properties bitmask.



    


    
      
        to_uuid(uuid)

      


        Convert a BlueZ UUID string to the Bluez.Gatt.Service.uuid/0
shape: a 16-bit integer when it's a SIG base UUID (smaller on the wire,
matches what ESP32 proxies send), else the full 16-byte binary. Invalid
strings map to the all-zero UUID rather than crashing the tree build.



    





      


      
        Types


        


  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          @type kind() :: :characteristic | :descriptor


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Bluez.GattTree{
  by_handle: %{required(non_neg_integer()) => {kind(), String.t()}},
  handle_by_char_path: %{required(String.t()) => non_neg_integer()},
  mtu: non_neg_integer() | nil,
  services: [Bluez.Gatt.Service.t()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      build(objects, device_path)



        
          
        

    

  


  

      

          @spec build([{String.t(), list()}], String.t()) :: t()


      


Build the GATT tree for device_path from a GetManagedObjects object
list (rebus-decoded: [{path, [{iface, props_list}]}]).
mtu is the ATT MTU reported by any of the device's characteristics
(bluetoothd -E exposes the experimental MTU property), or nil when
none carries one.

  



  
    
      
    
    
      properties_mask(flags)



        
          
        

    

  


  

      

          @spec properties_mask([String.t()] | term()) :: non_neg_integer()


      


Map a BlueZ Flags string list to the GATT properties bitmask.
iex> Bluez.GattTree.properties_mask(["read", "notify"]) == 0x12
true

  



  
    
      
    
    
      to_uuid(uuid)



        
          
        

    

  


  

      

          @spec to_uuid(String.t() | term()) :: Bluez.Gatt.Service.uuid()


      


Convert a BlueZ UUID string to the Bluez.Gatt.Service.uuid/0
shape: a 16-bit integer when it's a SIG base UUID (smaller on the wire,
matches what ESP32 proxies send), else the full 16-byte binary. Invalid
strings map to the all-zero UUID rather than crashing the tree build.

  


        

      


  

    
Bluez.Agent 
    



      
The org.bluez.Agent1 pairing agent backing Bluez.Gatt's pair/1
(Phase 2 of the Bluetooth proxy).
bluetoothd resolves pairing IO through an agent: when Device1.Pair()
is called it uses the agent registered by the calling D-Bus
connection, falling back to the bus-wide default agent. The Pair
call is made on Bluez.Gatt's connection (which registers no agent),
so this process must be the default agent — RegisterAgent alone is
not enough; RequestDefaultAgent is what routes Gatt's pairings here.
Capability is NoInputNoOutput, so bluetoothd negotiates Just Works
with every peripheral — the same IO posture as an ESP32 ESPHome proxy.
Just Works pairing normally completes without any agent callback;
everything below is for the exceptional paths.
Security posture
A default agent answers for all pairing on the adapter, including a
hypothetical inbound attempt (the adapter is never made discoverable,
so none is expected). Authorization-style callbacks
(RequestConfirmation, RequestAuthorization, AuthorizeService)
are therefore confirmed only for device paths with an in-flight
Device1.Pair() we initiated — Bluez.Gatt brackets each Pair call
with expect_pairing/1 / pairing_done/1 — and rejected otherwise.
PIN/passkey callbacks are always rejected: we have no IO to display or
collect one, and under NoInputNoOutput bluetoothd should never send
them.
Like Bluez.Client, this is both a D-Bus client (registration calls)
and a service (bluetoothd calls back into our exported object) on its
own rebus connection — its failure domain is pairing only; scanning
and GATT traffic are untouched. If the Agent is down, Pair() still
proceeds for devices that need no interaction; anything needing the
agent fails cleanly on the BlueZ side.

      


      
        Summary


  
    Functions
  


    
      
        agent_path()

      


        Object path our Agent1 implementation is exported at.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        decide(member, body, expected)

      


        Decide the reply for an inbound org.bluez.Agent1 call. Pure — exposed
for tests.



    


    
      
        expect_pairing(device_path)

      


        Mark device_path as having an in-flight Device1.Pair() we initiated,
so authorization callbacks for it are confirmed.



    


    
      
        pairing_done(device_path)

      


        Remove device_path from the in-flight pairing set.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      agent_path()



        
          
        

    

  


  

      

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


      


Object path our Agent1 implementation is exported at.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      decide(member, body, expected)



        
          
        

    

  


  

      

          @spec decide(String.t(), list(), %{optional(String.t()) => reference()}) ::
  :ack | {:reject, String.t()} | :unknown


      


Decide the reply for an inbound org.bluez.Agent1 call. Pure — exposed
for tests.
Returns :ack (empty success reply), {:reject, error_name}, or
:unknown (not an Agent1 member we implement). expected is the
in-flight pairing map (device_path => expiry ref).

  



  
    
      
    
    
      expect_pairing(device_path)



        
          
        

    

  


  

      

          @spec expect_pairing(String.t()) :: :ok


      


Mark device_path as having an in-flight Device1.Pair() we initiated,
so authorization callbacks for it are confirmed.
Synchronous on purpose: the caller issues Pair() right after, and a
cast could still be in our mailbox when bluetoothd's authorization
callback arrives — rejecting a pairing we initiated. The return is :ok
even when the Agent isn't running (pairing then degrades to whatever
BlueZ can do agent-less rather than crashing the pair Task) or the path
is refused (the pairing fails closed on the BlueZ side).
Expectations expire after 40000 ms as a backstop for a pair
Task that died without calling pairing_done/1.

  



  
    
      
    
    
      pairing_done(device_path)



        
          
        

    

  


  

      

          @spec pairing_done(String.t()) :: :ok


      


Remove device_path from the in-flight pairing set.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Bluez.BlueAlsa 
    



      
Persistent rebus D-Bus client to org.bluealsa (the bluez-alsa
bluealsad daemon), used to learn which A2DP-playback PCMs are ready to
open right now. This is the control-plane half of the Bluetooth-headphone
audio path; the data plane is sendspin opening the ALSA PCM string directly.
pcms/0 returns, for every connected A2DP headset, what a host needs
to open (or surface) its playback PCM:
%{
  mac: "AA:BB:CC:DD:EE:FF",
  pcm_path: "/org/bluealsa/hci0/dev_.../a2dpsrc/sink",
  alsa_string: "bluealsa:DEV=AA:BB:CC:DD:EE:FF,PROFILE=a2dp",
  alias: "WH-1000XM4"   # org.bluez Device1.Alias, falls back to the MAC
}
Connection, not the daemon
This client connects to the system bus (owned by dbus-daemon, the first
child of Bluez), not to bluealsad. So it comes up whether
or not bluealsad has claimed org.bluealsa yet; the GetManagedObjects
call simply errors (→ []) until the daemon is up, and starts returning PCMs
once a headset connects. It survives a bluealsad restart without reconnecting.
PCM enumeration (bluez-alsa v4 API)
PCMs are discovered via the freedesktop ObjectManager at /org/bluealsa
(each connected A2DP playback PCM is an org.bluealsa.PCM1 object), not
the v3 org.bluealsa.Manager1.GetPCMs method — buildroot ships bluez-alsa
4.x, where that method no longer exists (it returns UnknownMethod, which the
error path would silently swallow into []).
Inert off-target / when not started
The Bluez subtree only runs on the BT targets, so on
host/CI this GenServer isn't started. pcms/0 catches the :exit from
calling a non-existent process and returns [], mirroring the exit-safe
pattern used elsewhere in the Bluez layer — callers stay inert.
Enrichment with the device Alias is a best-effort org.bluez
Properties.Get on the same connection (BlueAlsa already proves D-Bus is
reachable); a failed Alias lookup falls back to the MAC, never raises.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        pcms()

      


        Connected A2DP-playback PCMs as a list of maps (see the moduledoc). [] when
the daemon is down, no headset is connected, or this client isn't running.



    


    
      
        pcms_topic()

      


        PubSub topic broadcast when the BlueALSA PCM set changes.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      pcms()



        
          
        

    

  


  

      

          @spec pcms() :: [
  %{
    mac: String.t(),
    pcm_path: String.t(),
    alsa_string: String.t(),
    alias: String.t()
  }
]


      


Connected A2DP-playback PCMs as a list of maps (see the moduledoc). [] when
the daemon is down, no headset is connected, or this client isn't running.

  



  
    
      
    
    
      pcms_topic()



        
          
        

    

  


  

      

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


      


PubSub topic broadcast when the BlueALSA PCM set changes.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
Bluez.DBus 
    



      
Shared helpers for outbound D-Bus method calls to org.bluez over a
rebus connection, used by Bluez.Client (passive
scanning) and Bluez.Gatt (active connections).
The rebus connection correlates in-flight calls by serial and replies via
GenServer.reply/2, so concurrent calls on one connection don't
serialize — a slow Device1.Connect does not block a ReadValue to
another device. The timeout here is purely the caller's patience
(GenServer.call/3 exit, surfaced as {:error, {:exit, ...}}).
Callers beware: these block the calling process for up to timeout.
Call from a Task (never from a GenServer's own loop) for anything
that can be slow — Connect can take ~25 s, GATT reads up to the ATT
timeout.

      


      
        Summary


  
    Functions
  


    
      
        add_match(conn, rule)

      


        Install a bus-side match rule so the daemon routes matching signals to
this connection (rebus installs none by itself).



    


    
      
        call(conn, path, interface, member, signature, body, timeout \\ 5000)

      


        Synchronous method call to org.bluez → {:ok, reply_body} | {:error, reason}.



    


    
      
        call_to(conn, destination, path, interface, member, signature, body, timeout \\ 5000)

      


        Like call/7 but to an arbitrary bus name. call/7 is this with
destination: "org.bluez"; Bluez.BlueAlsa uses it to reach
org.bluealsa over the same kind of connection. Same error normalization.



    


    
      
        get_managed_objects(conn, timeout \\ 5000)

      


        Fetch org.bluez's full object tree (ObjectManager.GetManagedObjects).



    





      


      
        Functions


        


  
    
      
    
    
      add_match(conn, rule)



        
          
        

    

  


  

      

          @spec add_match(pid(), String.t()) :: term()


      


Install a bus-side match rule so the daemon routes matching signals to
this connection (rebus installs none by itself).

  



    

  
    
      
    
    
      call(conn, path, interface, member, signature, body, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec call(pid(), String.t(), String.t(), String.t(), String.t(), list(), timeout()) ::
  {:ok, list()} | {:error, term()}


      


Synchronous method call to org.bluez → {:ok, reply_body} | {:error, reason}.
Pass signature: "" for argument-less members. Errors are normalized:
a D-Bus error reply yields {:error, error_name}, a raise yields
{:error, exception}, and a GenServer.call timeout / dead connection
yields {:error, {:exit, reason}} (exits are caught, not propagated).

  



    

  
    
      
    
    
      call_to(conn, destination, path, interface, member, signature, body, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec call_to(
  pid(),
  String.t(),
  String.t(),
  String.t(),
  String.t(),
  String.t(),
  list(),
  timeout()
) :: {:ok, list()} | {:error, term()}


      


Like call/7 but to an arbitrary bus name. call/7 is this with
destination: "org.bluez"; Bluez.BlueAlsa uses it to reach
org.bluealsa over the same kind of connection. Same error normalization.

  



    

  
    
      
    
    
      get_managed_objects(conn, timeout \\ 5000)



        
          
        

    

  


  

      

          @spec get_managed_objects(pid(), timeout()) :: {:ok, list()} | {:error, term()}


      


Fetch org.bluez's full object tree (ObjectManager.GetManagedObjects).

  


        

      


  

    
Bluez.DevicePath 
    



      
Convert between wire BLE addresses and BlueZ device object paths.
ESPHome-style hosts identify peripherals by the 48-bit MAC packed MSB-first into a
uint64 (0xAABBCCDDEEFF); BlueZ identifies them by object path
(/org/bluez/hciX/dev_AA_BB_CC_DD_EE_FF). Host-testable; the only
process-external input is the adapter path below.
Adapter path
Which hciX the whole BlueZ subtree drives is resolved in two steps
(the kernel exposes no BT MAC in sysfs, so the MAC → adapter mapping
only exists once bluetoothd answers):
	The host publishes the user-selected radio MAC (or nil = auto)
as :persistent_term (desired_adapter_key/0) before
(re)starting the subtree — directly, or via the desired_adapter:
opt on Bluez.start_link/1.
	Bluez.Client — already waiting for the daemon in
its setup phase — matches that MAC against the Adapter1 objects
and writes the resolved object path (adapter_path_key/0),
falling back to the lowest-index adapter when the MAC is absent.

The path is then consistent for the lifetime of a subtree incarnation
(crash-restarts re-resolve against the same desired MAC). The default —
term never written, e.g. host tests or pre-setup — is /org/bluez/hci0.
Reading the term costs nanoseconds, so callers just call
adapter_path/0 per use rather than caching it.

      


      
        Summary


  
    Functions
  


    
      
        adapter_path()

      


        Object path of the BlueZ adapter all device paths hang off — wherever
the host pointed the subtree, /org/bluez/hci0 by default.



    


    
      
        adapter_path_key()

      


        The :persistent_term key the resolved adapter path is published
under. Written by Bluez.Client at setup (and tests).



    


    
      
        desired_adapter()

      


        The selected radio MAC (nil = auto/first).



    


    
      
        desired_adapter_key()

      


        The :persistent_term key holding the user-selected radio MAC
("AA:BB:CC:DD:EE:FF" | nil = auto). Written by the host before
each subtree start (or via the desired_adapter: opt); read via
desired_adapter/0 during Bluez.Client setup.



    


    
      
        from_address(address)

      


        Build the device object path for a packed MAC address.



    


    
      
        to_address(path)

      


        Parse a device object path back into a packed MAC address.



    


    
      
        valid?(address)

      


        Whether address is a representable 48-bit MAC. The wire type is uint64,
so a hostile client can send values from_address/1 would refuse —
validate before converting.



    





      


      
        Functions


        


  
    
      
    
    
      adapter_path()



        
          
        

    

  


  

      

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


      


Object path of the BlueZ adapter all device paths hang off — wherever
the host pointed the subtree, /org/bluez/hci0 by default.

  



  
    
      
    
    
      adapter_path_key()



        
          
        

    

  


  

      

          @spec adapter_path_key() :: tuple()


      


The :persistent_term key the resolved adapter path is published
under. Written by Bluez.Client at setup (and tests).

  



  
    
      
    
    
      desired_adapter()



        
          
        

    

  


  

      

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


      


The selected radio MAC (nil = auto/first).

  



  
    
      
    
    
      desired_adapter_key()



        
          
        

    

  


  

      

          @spec desired_adapter_key() :: tuple()


      


The :persistent_term key holding the user-selected radio MAC
("AA:BB:CC:DD:EE:FF" | nil = auto). Written by the host before
each subtree start (or via the desired_adapter: opt); read via
desired_adapter/0 during Bluez.Client setup.

  



  
    
      
    
    
      from_address(address)



        
          
        

    

  


  

      

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


      


Build the device object path for a packed MAC address.
iex> Bluez.DevicePath.from_address(0xAABBCCDDEEFF)
"/org/bluez/hci0/dev_AA_BB_CC_DD_EE_FF"

  



  
    
      
    
    
      to_address(path)



        
          
        

    

  


  

      

          @spec to_address(String.t()) :: {:ok, non_neg_integer()} | :error


      


Parse a device object path back into a packed MAC address.
iex> Bluez.DevicePath.to_address("/org/bluez/hci0/dev_AA_BB_CC_DD_EE_FF") == {:ok, 0xAABBCCDDEEFF}
true
Returns :error for anything that isn't a device path under the current
adapter (including child paths like .../dev_X/service000a).

  



  
    
      
    
    
      valid?(address)



        
          
        

    

  


  

      

          @spec valid?(term()) :: boolean()


      


Whether address is a representable 48-bit MAC. The wire type is uint64,
so a hostile client can send values from_address/1 would refuse —
validate before converting.

  


        

      


  

    
Bluez.Variant 
    



      
Unwraps org.bluez D-Bus property maps (as decoded by rebus) into plain
Elixir maps for Bluez.Advert.
rebus decodes an a{sv} dict to a list of {key, {signature, value}} and a
variant to {signature, value}. This module strips those wrappers, with two
special cases that are themselves nested dicts of byte arrays:
	ManufacturerData (a{qv}): [{company_id, {"ay", bytes}}] → %{company_id => binary}
	ServiceData (a{sv}): [{uuid, {"ay", bytes}}] → %{uuid => binary}

Pure and host-testable — this is the main parse seam between raw D-Bus wire
data and advert reconstruction.

      


      
        Summary


  
    Functions
  


    
      
        unwrap_props(props_list)

      


        Unwrap a decoded a{sv} property list into a %{name => value} map.



    





      


      
        Functions


        


  
    
      
    
    
      unwrap_props(props_list)



        
          
        

    

  


  

      

          @spec unwrap_props([{String.t(), term()}]) :: %{optional(String.t()) => term()}


      


Unwrap a decoded a{sv} property list into a %{name => value} map.
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