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Implemented by AI under the supervision of Tallak Tveide.
Yet another EtherCAT: an independent EtherCAT MainDevice in pure Elixir, for EtherCAT I/O such as
a Beckhoff EK1100 coupler with its terminals.
It was written from the EtherCAT specification, ETG.1000 (parts 4 and 6 most of all; IEC 61158
has the same protocol as Type 12), not from another stack's code. The library keeps no clock of its own: process data goes out when the
application asks, so that a PLC exchanges its I/O inside its own scan.
Status: scan, SII, the AL state machine, CoE SDO transfers, cyclic process data in one
logical image, and cable redundancy on a ring, over raw Ethernet on Linux and macOS. Tested against a simulated segment,
Wireshark's EtherCAT dissector, and a rack of ten Beckhoff terminals behind an EK1100 (EL1809,
EL1088, EL2809, EL3124, EL2535 and EL7037), all of which it takes to Operational. What's left is
under What's missing.
A segment
{:ok, main} = EtherCAT.MainDevice.start_link(interface: "eth1")

{:ok, subdevices} = EtherCAT.MainDevice.scan(main)
# [%EtherCAT.SubDevice{position: 0, station: 0x1000, name: "EK1100", vendor_id: 2, ...}, ...]

{:ok, image} = EtherCAT.MainDevice.map(main)
:ok = EtherCAT.MainDevice.request_state(main, :operational)

outputs = EtherCAT.ProcessImage.outputs(image)
outputs = EtherCAT.ProcessImage.put(image, outputs, 0x1002, {0x7000, 0x01}, true)
{:ok, inputs} = EtherCAT.MainDevice.exchange(main, outputs)
true = EtherCAT.ProcessImage.get(image, inputs, 0x1001, {0x6000, 0x01})
scan/2 counts the SubDevices, gives each a configured station address, 0x1000 and up by
position, and reads its DL information, AL state and SII. It changes no AL state.
map/2 takes the segment to Init, then to Pre-Operational with the mailboxes set up, and reads the
PDOs each SubDevice has assigned: from CoE (objects 0x1C12 and 0x1C13 and the mappings they name)
where it has a mailbox, and from its SII where it hasn't. It maps their sync managers into one
EtherCAT.ProcessImage with the FMMUs: every SubDevice's outputs, then every SubDevice's inputs.
A part of a byte or more takes whole bytes, and smaller ones share bytes, bit by bit, where the
SubDevice's FMMUs can map single bits. stations: maps some SubDevices and leaves the rest out. A SubDevice with several sync managers for
its outputs or inputs, as the EL2809 has two for its sixteen outputs, has them one after the other in
its part, with an FMMU for each run of them that lies together in its memory.
request_state/3 takes SubDevices to a state through the states between. On the way to
Operational it sends outputs, as SubDevices want them before they go there, and from then on they
must keep coming within the sync manager watchdog. sync_manager_watchdog: sets that time, in
nanoseconds, on the way to Safe-Operational.
exchange/3 sends the outputs in one LRW for the image, or in as many as it takes, with a read of
the AL status of every SubDevice in the same frame, and gives {:ok, inputs} only when:
	every working counter is what the image expects, two for each SubDevice whose outputs a datagram
writes and one for each whose inputs it reads, and
	the AL states are those request_state/3 left.

Otherwise it gives {:error, {:working_counter, expected, got}},
{:error, {:state, [{station, state, al_status_code}]}} for the SubDevices out of their state, or
{:error, :timeout}. send_exchange/3 sends without waiting, the result coming as
{EtherCAT.MainDevice, ref, result}.
An exchange waits 20 ms for its frame, or the timeout: it's given. Keep that well within the
watchdog: while an exchange waits for a frame that was lost, no outputs reach the SubDevices.
Values
An entry of the image is found by its SubDevice's station address and the object it maps,
{index, subindex}. Its value is what its data type makes it, the CoE type its SubDevice's SII
gives: a boolean for one bit, a signed or unsigned integer, a float for REAL32 and REAL64, a binary
for strings. An entry of no known type is an unsigned integer of its bits.
Datagrams
transact/3 sends any datagrams, each a tuple named for its command, and gives a result for each:
[{:ok, <<0x08, 0>>, 1}, {:ok, <<_::binary-2>>, 9}] =
  EtherCAT.MainDevice.transact(main, [{:fprd, 0x1003, 0x0130, 2}, {:brd, 0x0000, 2}])
	Request	Command
	{:aprd, position, register, length}, {:apwr, position, register, data}, {:aprw, ...}	by position
	{:fprd, station, register, length}, {:fpwr, station, register, data}, {:fprw, ...}	by station address
	{:brd, register, length}, {:bwr, register, data}, {:brw, ...}	to every SubDevice
	{:lrd, address, length}, {:lwr, address, data}, {:lrw, address, data}	in logical memory
	{:armw, position, register, length}, {:frmw, station, register, length}	read at one, write at the rest

Datagrams go in one frame when they fit and in as few as they fit otherwise, all at once, and up to
eight frames are on the way at once. Each frame has an index of its own, and its answer is the
frame that comes back with the same index and the same datagrams. EtherCAT.Register has the
addresses of the registers by their names in the spec.
CoE
{:ok, <<vendor_id::little-32>>} = EtherCAT.CoE.upload(main, 0x1003, 0x1018, 0x01)
:ok = EtherCAT.CoE.download(main, 0x1003, 0x8000, 0x06, <<1>>)
{:error, {:abort, 0x06020000}} = EtherCAT.CoE.upload(main, 0x1003, 0x9999, 0x00)
SDO transfers go expedited for up to four bytes, normal for more, and in segments when they don't
fit the mailbox. One transfer goes on at a time with each SubDevice; others wait their turn. Emergency
messages that come in the meantime are kept, and EtherCAT.CoE.emergencies/2 gives the latest.
A ring
{:ok, main} = EtherCAT.MainDevice.start_link(interface: "eth1", redundant: "eth2")
With redundant: the segment is a ring: a cable runs from the free port at its far end back to a
second Ethernet port, and every frame goes out of both. A SubDevice processes a frame only on its way
out from the primary port. While the ring is whole, the copy from the primary port goes round
through every SubDevice and comes in at the secondary port, and the copy from the secondary port
goes round the other way untouched. Where a cable is broken, the SubDevices on either side turn the
copies back: the one from the primary port has passed the SubDevices before the break, the one from
the secondary port those after it, and the MainDevice puts the two together, adding up their working
counters. An exchange gives the same inputs either way, so one cable can be pulled anywhere, at a
port of the MainDevice too, and the process data goes on.
The copy out of the secondary port carries the frame's index plus 128, so the MainDevice knows which
port each copy that comes back left by. A frame is done as soon as the primary port's copy comes in
at the secondary port. Otherwise the first copy to come waits a grace for the other, which travels
the same ring: grace:, 2 ms unless start_link/1 is given another. When the other doesn't come,
as with the cable to one of the ports out, the frame is done with the one, and the frames after it
with the first copy from that side, until the other side answers again. An exchange waits the grace
at most, not its timeout, so a pulled cable leaves the sync manager watchdogs fed.
A cable put back at one of the MainDevice's ports needs more care. The SubDevice at the other end
of it sees the link at once, while the NIC may take some milliseconds more before it passes frames.
A port that opened with its link would send frames into a NIC that takes none yet, and with no
frames coming from that NIC either, every frame would lose both its copies until it does. So
scan/2 sets the two ports at the ends of a ring to Auto close: when its cable comes back, the
port stays closed, turning frames back as while the cable was out, until a frame from the NIC comes
in at it and opens it. Every other port is set to Auto, opening with its link. The primary port's
cable is at port 0 of the first SubDevice. The secondary port's is wherever the far end of the
ring is, which the scan works out from the links of every SubDevice: a frame passes a SubDevice's
ports in a fixed order, so taking the SubDevices in order, each hangs on the next free port with a
link, and on a whole ring a single one is left over, by which the frame leaves for the secondary
port. On the desk rack that is the coupler's port 2, its X2, not a port of the last terminal.
ring/1 says whether the ring is :intact or :broken, as the last copy to come back showed, and
whether each port is up. links/1 gives the ports of every SubDevice, with their links and whether
their loops are closed, which shows where a break is. On a broken ring, scan/2 addresses the
SubDevices on each side from their own end. A port whose transport fails is opened again a second
later, while the MainDevice goes on with the other.
	On a whole ring, an exchange waits for the copy that comes in at the secondary port, so that
port's NIC sets how long it takes. A NIC that is slow to receive, as USB adapters often are, is
best at the primary port. With an RTL8153 at USB 2 speed at the secondary port on Linux, which
holds received frames back about 250 µs, an exchange of the desk rack took 0.5 ms; the other way
round it would be about 0.2 ms.
	A frame whose copies come back more than the grace apart is done without the later one, and
the exchange fails. On the desk rack, scanning in a node just started, the copies came more
than 1 ms apart in 5 scans of 30, and never 2 ms in 60. On a busy machine, where the MainDevice
may be late to read them, give it a longer grace, well under the exchange's timeout.
	The frame that opens a port that its cable came back to is dropped, as the EK1100 does. At the
secondary port that costs nothing, as the copy from the primary port carries the exchange; at the
primary port it costs the exchange, as the other copy then goes round untouched.
	The secondary port's end is found only on a whole ring. Scanned with that cable out, the
MainDevice finds it the first time it sees the ring whole; until then that port is at Auto, and
putting its cable back loses frames until the NIC there is up.
	Two cables at once cost an exchange or two: going from one side answering alone straight to a
break in the middle, or from the cable at one port out straight to the other's.

The ring was tested in the simulator, broken in every place, before a scan and while exchanging; and
on the desk rack on Linux, with the coupler's ports closed from software, through DL control's
temporary loop setting, while exchanging every millisecond: no exchange failed. And with the cables
at the coupler's X1 and X2 pulled and put back by hand, twice each, while exchanging every 2 ms: of
23,459 exchanges, the two whose frames opened X1 again failed, each within 3 ms, and every other
went through, the slowest in 4.8 ms. The terminals stayed Operational throughout.
Transports
	Transport	For
	EtherCAT.Transport.Packet	raw Ethernet on Linux, through a packet socket from OTP's :socket; needs CAP_NET_RAW
	EtherCAT.Transport.BPF	raw Ethernet on macOS, through a BPF device; needs read and write access to /dev/bpf*
	EtherCAT.Transport.UDP	EtherCAT frames in UDP datagrams to port 0x88A4, as ETG.1000.4 allows

interface: picks the raw one for the operating system. On Linux nothing but Erlang runs. On macOS
the BPF device needs ioctl calls the BEAM can't make, so a small C program,
priv/bpf/ethercat_bpf.c, does them as an Erlang port: an OS process of its own, so that a crash
there closes the port and leaves the BEAM running. It is built with cc when yaethercat is compiled
on macOS, and nowhere else.
To give a BEAM CAP_NET_RAW without root:
beam=$(erl -noshell -eval 'io:format("~s", [filename:join([code:root_dir(), "erts-" ++ erlang:system_info(version), "bin", "beam.smp"])]), halt().')
sudo setcap cap_net_raw+ep "$beam"
Hostile networks
EtherCAT has no authentication: anything on the segment can send answers the MainDevice can't
tell from those of its SubDevices, so the segment has to be trusted, on an Ethernet port of its
own. What the MainDevice does is go on, in bounded time and memory, whatever comes back.
The MainDevice never logs, and a call never exits the caller: with the MainDevice gone or its
transport down, the result says so. Frames that aren't answers to its own, with another index or
other datagrams, are passed over, as are a flood of them; an answer that comes after its timeout
answers nothing. Every decoder takes random bytes without crashing. On a ring, a copy that comes
twice counts once.
A SubDevice can't hold a call past its time or fill the MainDevice's memory: an upload bigger
than max_size: (1 MiB) is refused before it's read, its segments have to carry it, and its
answer has to come within the timeout, however many emergencies come first. A scan reads 128 KiB
of an SII at most, whatever size it says it is, and takes no more SubDevices than there are
station addresses. A map takes PDO assignments and mappings of the wrong size as errors.
Mix tasks
mix ethercat.scan --interface eth1 scans a segment and prints each SubDevice: where it is, its
identity and AL state, its ESC, mailbox and sync managers, and the PDOs its SII lists. With --map
it maps them too, which takes them to Pre-Operational, and prints where each entry is in the image.
What's missing
	Distributed clocks: the clocks are not set, so SubDevices that need SYNC0 don't run.
	Hot connect, and recovery inside the library: when a SubDevice falls out of its state,
exchanges say so, and the application scans and maps again.
	Configuring PDOs: their assignment and mapping are read from the SubDevices and taken as they
are. Changing them takes CoE downloads of your own, after map/2 has taken the segment to
Pre-Operational, and a map of your own after that.
	Mailbox protocols other than CoE: FoE, EoE, SoE, AoE and VoE. In CoE, SDO Information.
Complete access is sent when asked, and hasn't been tried on a SubDevice.
	The mailbox repeat request: an answer lost on its way back is lost, and the transfer times
out; and the counter of the SubDevice's messages isn't checked for lost ones.
	One process image per segment, exchanged as a whole; station aliases are read and not used.
	Network variables and mailbox gateway frames (frame types 4 and 5) are refused.
	The protocol enhancements of ETG.1020.
	Tested against a simulated segment and a rack of Beckhoff terminals, not against the ETG's
conformance test tool. On macOS, through BPF and a USB Ethernet adapter, an exchange of that
rack's image (34 bytes of outputs and 49 of inputs) takes about 0.25 ms, 0.3 ms at the 99th
percentile; on Linux, through a packet socket and an onboard port, about 0.2 ms.
	A ring's grace is set, 2 ms unless told otherwise, not learned from how far apart the
copies of frames come back.

Tests
test/support/simulator.ex is a segment of simulated SubDevices behind UDP, written from the spec
apart from the MainDevice: each datagram passes them in order; they read and write their memory,
map logical memory through their FMMUs, keep sync managers as mailboxes and buffers, read their SII
from an EEPROM, run the AL state machine with its checks, and answer CoE SDO requests from an object
dictionary. Its SubDevices are made after a desk rack: a coupler, digital inputs and outputs, analog
inputs with CoE, and a drive that refuses Safe-Operational. test/fixtures/desk holds a real
rack as recorded from it, each SubDevice's DL information, SII and the CoE objects a map reads, and
test/ethercat/recorded_test.exs runs it in the simulator, to map the same image as the rack does.
test/ethercat/tshark_test.exs writes hundreds of random frames to a pcap and has
Wireshark's EtherCAT dissector, a decoder written independently of this
one, read them back field by field. It runs where tshark is found: TSHARK, the PATH, or
Wireshark's app on macOS.
The property tests fuzz with StreamData: frames
decode to what they were encoded from, random and mutated bytes go into every decoder, and a
running MainDevice gets mutated answers, junk, floods and late answers. Nothing may crash.
far_end/1 is checked against a model of how a frame passes random trees of SubDevices. On a ring,
cables break and mend while copies are lost, repeated, held back, slowed or changed at either end,
among frames that aren't answers: every exchange ends in its time, the ring goes on once it's
mended, and an exchange that gives inputs gives those the SubDevices have, unless an answer was
changed on the way. Scans, maps and the way to Operational go through wrong SIIs, objects that
say other than they are, and changed answers. For more cases:
FUZZ_RUNS=10000 mix test test/ethercat/property_test.exs test/ethercat/hardening_test.exs \
  test/ethercat/ring_hardening_test.exs test/ethercat/hostile_test.exs
test/ethercat/packet_test.exs runs the simulated segment behind a packet socket on one end of a
veth pair and a MainDevice on the other, on Linux, where ETHERCAT_VETH names the pair and the BEAM
has CAP_NET_RAW; CI makes both.
The hardware tests run against a real segment, on the interface ETHERCAT_INTERFACE names, with
nothing wired to it, as they switch its outputs. With ETHERCAT_REDUNDANT naming the interface at
the far end of a ring, they run on the ring, and those of test/ethercat/hardware_ring_test.exs
check that its ends are at Auto close, and close the port at each end from software for a second
while exchanging:
ETHERCAT_INTERFACE=eth1 ETHERCAT_REDUNDANT=eth2 mix test --only hardware
The real-time tests time what the MainDevice does on a ring, at its own grace of 2 ms: that no
exchange waits for a copy that won't come. The rest of the ring's tests give the copies 50 ms, so
that a busy machine running them doesn't part them. The real-time ones want a machine with nothing
else to do, and run when asked for:
mix test --only realtime
CI also runs Credo and
Dialyzer.
Roadmap
		Feature	Spec
	✅	Frames and datagrams, all fourteen commands, in Ethernet and UDP	ETG.1000.4, 5
	✅	Raw Ethernet on Linux and macOS	
	✅	Scan, station addresses, SII	ETG.1000.4, 6; ETG.1000.6, 5.4
	✅	AL state machine, AL status codes	ETG.1000.6, 5.3, 6.4.1
	✅	Mailbox, CoE SDO upload and download, emergencies	ETG.1000.4, 5.6; ETG.1000.6, 5.6
	✅	PDOs from CoE or SII, FMMUs, one process image, cyclic exchange	ETG.1000.4, 6.6, 6.7; ETG.1000.6, 5.6.7
		Distributed clocks, SYNC0	ETG.1000.4, 6.8
		Hot connect, recovery in the library	ETG.1000.4, 6.1; ETG.1000.6, 5.4
	✅	Cable redundancy	ETG.1000.4, 6.1.3
		FoE, SDO Information, complete access	ETG.1000.6, 5.6.3, 5.8

License
Copyright 2026 Tallak Tveide. Licensed under the Apache License, Version 2.0; see
LICENSE and NOTICE.
The specification isn't in this repository, nor is its text: the code and the docs say what the
protocol does in their own words, and cite its clauses by number. What they take from it is what
any implementation has to match: frame layouts, commands, register addresses, object indexes and
codes.
yaethercat isn't made, endorsed or certified by Beckhoff Automation or the EtherCAT Technology
Group, and it hasn't been through the ETG's conformance test.
The Apache License gives rights to this code only, not under Beckhoff's patents or trademarks.
Before you build a product on yaethercat, ask Beckhoff or the ETG what license, if any, an
EtherCAT MainDevice needs.
test/fixtures/desk holds what was read from a rack of Beckhoff terminals, each one's SII and some
of its CoE objects, to test against. It isn't in the Hex package.
EtherCAT® is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH,
Germany.


  

    Changelog

0.1.0 (2026-10-23)
The first release: an EtherCAT MainDevice that scans a segment, reads the SubDevices' SII, takes
them through the AL state machine, transfers CoE SDOs through their mailboxes, maps their PDOs into
one process image with FMMUs, and exchanges it when the application asks, over raw Ethernet on Linux
and macOS or over UDP. On a ring back to a second port, it goes on through a broken cable. Nothing
logs.


  

    LICENSE



                                 Apache License
                           Version 2.0, January 2004
                        http://www.apache.org/licenses/

   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION

   1. Definitions.

      "License" shall mean the terms and conditions for use, reproduction,
      and distribution as defined by Sections 1 through 9 of this document.

      "Licensor" shall mean the copyright owner or entity authorized by
      the copyright owner that is granting the License.

      "Legal Entity" shall mean the union of the acting entity and all
      other entities that control, are controlled by, or are under common
      control with that entity. For the purposes of this definition,
      "control" means (i) the power, direct or indirect, to cause the
      direction or management of such entity, whether by contract or
      otherwise, or (ii) ownership of fifty percent (50%) or more of the
      outstanding shares, or (iii) beneficial ownership of such entity.

      "You" (or "Your") shall mean an individual or Legal Entity
      exercising permissions granted by this License.

      "Source" form shall mean the preferred form for making modifications,
      including but not limited to software source code, documentation
      source, and configuration files.

      "Object" form shall mean any form resulting from mechanical
      transformation or translation of a Source form, including but
      not limited to compiled object code, generated documentation,
      and conversions to other media types.

      "Work" shall mean the work of authorship, whether in Source or
      Object form, made available under the License, as indicated by a
      copyright notice that is included in or attached to the work
      (an example is provided in the Appendix below).

      "Derivative Works" shall mean any work, whether in Source or Object
      form, that is based on (or derived from) the Work and for which the
      editorial revisions, annotations, elaborations, or other modifications
      represent, as a whole, an original work of authorship. For the purposes
      of this License, Derivative Works shall not include works that remain
      separable from, or merely link (or bind by name) to the interfaces of,
      the Work and Derivative Works thereof.

      "Contribution" shall mean any work of authorship, including
      the original version of the Work and any modifications or additions
      to that Work or Derivative Works thereof, that is intentionally
      submitted to Licensor for inclusion in the Work by the copyright owner
      or by an individual or Legal Entity authorized to submit on behalf of
      the copyright owner. For the purposes of this definition, "submitted"
      means any form of electronic, verbal, or written communication sent
      to the Licensor or its representatives, including but not limited to
      communication on electronic mailing lists, source code control systems,
      and issue tracking systems that are managed by, or on behalf of, the
      Licensor for the purpose of discussing and improving the Work, but
      excluding communication that is conspicuously marked or otherwise
      designated in writing by the copyright owner as "Not a Contribution."

      "Contributor" shall mean Licensor and any individual or Legal Entity
      on behalf of whom a Contribution has been received by Licensor and
      subsequently incorporated within the Work.

   2. Grant of Copyright License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      copyright license to reproduce, prepare Derivative Works of,
      publicly display, publicly perform, sublicense, and distribute the
      Work and such Derivative Works in Source or Object form.

   3. Grant of Patent License. Subject to the terms and conditions of
      this License, each Contributor hereby grants to You a perpetual,
      worldwide, non-exclusive, no-charge, royalty-free, irrevocable
      (except as stated in this section) patent license to make, have made,
      use, offer to sell, sell, import, and otherwise transfer the Work,
      where such license applies only to those patent claims licensable
      by such Contributor that are necessarily infringed by their
      Contribution(s) alone or by combination of their Contribution(s)
      with the Work to which such Contribution(s) was submitted. If You
      institute patent litigation against any entity (including a
      cross-claim or counterclaim in a lawsuit) alleging that the Work
      or a Contribution incorporated within the Work constitutes direct
      or contributory patent infringement, then any patent licenses
      granted to You under this License for that Work shall terminate
      as of the date such litigation is filed.

   4. Redistribution. You may reproduce and distribute copies of the
      Work or Derivative Works thereof in any medium, with or without
      modifications, and in Source or Object form, provided that You
      meet the following conditions:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

      (b) You must cause any modified files to carry prominent notices
          stating that You changed the files; and

      (c) You must retain, in the Source form of any Derivative Works
          that You distribute, all copyright, patent, trademark, and
          attribution notices from the Source form of the Work,
          excluding those notices that do not pertain to any part of
          the Derivative Works; and

      (d) If the Work includes a "NOTICE" text file as part of its
          distribution, then any Derivative Works that You distribute must
          include a readable copy of the attribution notices contained
          within such NOTICE file, excluding those notices that do not
          pertain to any part of the Derivative Works, in at least one
          of the following places: within a NOTICE text file distributed
          as part of the Derivative Works; within the Source form or
          documentation, if provided along with the Derivative Works; or,
          within a display generated by the Derivative Works, if and
          wherever such third-party notices normally appear. The contents
          of the NOTICE file are for informational purposes only and
          do not modify the License. You may add Your own attribution
          notices within Derivative Works that You distribute, alongside
          or as an addendum to the NOTICE text from the Work, provided
          that such additional attribution notices cannot be construed
          as modifying the License.

      You may add Your own copyright statement to Your modifications and
      may provide additional or different license terms and conditions
      for use, reproduction, or distribution of Your modifications, or
      for any such Derivative Works as a whole, provided Your use,
      reproduction, and distribution of the Work otherwise complies with
      the conditions stated in this License.

   5. Submission of Contributions. Unless You explicitly state otherwise,
      any Contribution intentionally submitted for inclusion in the Work
      by You to the Licensor shall be under the terms and conditions of
      this License, without any additional terms or conditions.
      Notwithstanding the above, nothing herein shall supersede or modify
      the terms of any separate license agreement you may have executed
      with Licensor regarding such Contributions.

   6. Trademarks. This License does not grant permission to use the trade
      names, trademarks, service marks, or product names of the Licensor,
      except as required for reasonable and customary use in describing the
      origin of the Work and reproducing the content of the NOTICE file.

   7. Disclaimer of Warranty. Unless required by applicable law or
      agreed to in writing, Licensor provides the Work (and each
      Contributor provides its Contributions) on an "AS IS" BASIS,
      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
      implied, including, without limitation, any warranties or conditions
      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
      PARTICULAR PURPOSE. You are solely responsible for determining the
      appropriateness of using or redistributing the Work and assume any
      risks associated with Your exercise of permissions under this License.

   8. Limitation of Liability. In no event and under no legal theory,
      whether in tort (including negligence), contract, or otherwise,
      unless required by applicable law (such as deliberate and grossly
      negligent acts) or agreed to in writing, shall any Contributor be
      liable to You for damages, including any direct, indirect, special,
      incidental, or consequential damages of any character arising as a
      result of this License or out of the use or inability to use the
      Work (including but not limited to damages for loss of goodwill,
      work stoppage, computer failure or malfunction, or any and all
      other commercial damages or losses), even if such Contributor
      has been advised of the possibility of such damages.

   9. Accepting Warranty or Additional Liability. While redistributing
      the Work or Derivative Works thereof, You may choose to offer,
      and charge a fee for, acceptance of support, warranty, indemnity,
      or other liability obligations and/or rights consistent with this
      License. However, in accepting such obligations, You may act only
      on Your own behalf and on Your sole responsibility, not on behalf
      of any other Contributor, and only if You agree to indemnify,
      defend, and hold each Contributor harmless for any liability
      incurred by, or claims asserted against, such Contributor by reason
      of your accepting any such warranty or additional liability.

   END OF TERMS AND CONDITIONS

   APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "[]"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

   Copyright [yyyy] [name of copyright owner]

   Licensed under the Apache License, Version 2.0 (the "License");
   you may not use this file except in compliance with the License.
   You may obtain a copy of the License at

       http://www.apache.org/licenses/LICENSE-2.0

   Unless required by applicable law or agreed to in writing, software
   distributed under the License is distributed on an "AS IS" BASIS,
   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
   See the License for the specific language governing permissions and
   limitations under the License.
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EtherCAT.MainDevice 
    



      
The MainDevice of one EtherCAT segment: the process that owns its transport, sends frames, and
matches the frames that come back to what was sent.
{:ok, main} = EtherCAT.MainDevice.start_link(interface: "eth1")
{:ok, subdevices} = EtherCAT.MainDevice.scan(main)
{:ok, image} = EtherCAT.MainDevice.map(main)
:ok = EtherCAT.MainDevice.request_state(main, :operational)

outputs = EtherCAT.ProcessImage.put(image, EtherCAT.ProcessImage.outputs(image), 0x1008, {0x7000, 0x01}, true)
{:ok, inputs} = EtherCAT.MainDevice.exchange(main, outputs)
start_link/1 takes one of:
	interface:, an Ethernet interface, through EtherCAT.Transport.Packet on Linux or
EtherCAT.Transport.BPF on macOS
	udp: {host, port}, through EtherCAT.Transport.UDP
	transport: {module, options}, through a transport of your own

and name: to register it, and redundant: for a ring: a second interface, as "eth2". On a
ring, grace: (2 ms) is how long the other copy of a frame is waited for after the first; see A
ring.
Frames
transact/3 sends any datagrams, as EtherCAT.Datagram describes them, and gives what came back.
Each frame carries an index of its own, 0 to 127, in every datagram, and its answer is the frame
that comes back with that index and the same datagrams, in their commands, lengths and addresses.
Several frames can be on the way at once. A frame that doesn't come back within the timeout is
lost.
The segment
scan/2 counts the SubDevices, gives each a station address, 0x1000 and up by position, and
reads what they are from their registers and SII. It changes no AL state.
map/2 takes the segment to Init and up to Pre-Operational, setting up the mailboxes, reads the
PDOs each SubDevice has assigned, from CoE where it has it and from its SII where it doesn't, and
maps their sync managers into one EtherCAT.ProcessImage with the FMMUs. It leaves the segment in
Pre-Operational.
request_state/3 takes SubDevices to a state, through the ones between. On the way to
Operational it exchanges process data, since a SubDevice wants outputs before it goes there; from
then on the outputs must keep coming within the sync manager watchdog, or the SubDevices drop
them.
Process data
exchange/3 sends the outputs and gives back the inputs, in one LRW for the image (or as many as
it takes), with a read of every SubDevice's AL status in the same frame. It gives {:ok, inputs}
only when every working counter is what the image expects and the AL states are those
request_state/3 left; otherwise {:error, {:working_counter, expected, got}}, or
{:error, {:state, [{station, state, al_status_code}]}} for the SubDevices not in the state they
were in, or {:error, :timeout}.
A ring
With redundant:, a cable runs from the far end of the segment back to a second port, and every
frame goes out of both, its copy out of the secondary port with the index plus 128. SubDevices
process a frame only on its way out from the primary port: while the ring is whole, that port's
copy goes round through all of them to the secondary port, and is the answer. Where a cable is
broken, each copy comes back turned at the break, from the SubDevices on its side, and the answer
is the two put together. After the first copy of a frame, the other gets a grace, grace:; one
that doesn't come, as with a cable to a port out, leaves the frame done with the first. ring/1
says which it is, and links/1 where.
The grace has to cover how far apart the two copies of a frame come back: a fraction of a
millisecond on a quiet machine, longer where the MainDevice may be late to read them, as in a
node still starting. A frame
whose second copy comes after the grace is done without it, and fails. It also has to stay well
under the timeout, as an exchange whose copy was lost waits the grace.
scan/2 sets the loop control of the two ports at the ends of a ring, where its cables to the
MainDevice are, to Auto close, and of every other port to Auto. When a cable to the MainDevice
comes back, the port at its end then stays closed, turning frames back, until a frame from the
MainDevice's port comes in at it: none go into a NIC still bringing its link up. The far end is
found from the links of every SubDevice on a whole ring, by the scan, or for a ring scanned while
broken, the first time the MainDevice sees it whole.
The MainDevice keeps no time of its own: frames go when asked. It never logs, and a call never
exits the caller: when the MainDevice is gone or its transport is down, the result says so.

      


      
        Summary


  
    Types
  


    
      
        exchange_error()

      


        Why an exchange gave no inputs.



    


    
      
        result()

      


        The result of one datagram: what it read, or what was sent for one that only writes, and its
working counter; or why there is none.



    


    
      
        t()

      


        A MainDevice, its pid or registered name.



    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        exchange(main, outputs, opts \\ [])

      


        Sends the outputs, a binary the size of the image's, and gives back the inputs. See the module
docs.



    


    
      
        image(main)

      


        The process image of the last map, or nil.



    


    
      
        links(main)

      


        The ports of each SubDevice of the last scan, from its DL status: whether each has a link, and
whether its loop is closed, turning frames back. Where a ring is broken, the SubDevices on either
side of the break have a closed loop on the port towards it.



    


    
      
        map(main, opts \\ [])

      


        Maps the process data of the SubDevices into an image. See the module docs.



    


    
      
        request_state(main, state, opts \\ [])

      


        Takes SubDevices to a state, through the states between, and waits until they are there: :ok, or
{:error, [{station, reason}]} for those that aren't.



    


    
      
        ring(main)

      


        The ring of a MainDevice with two ports: whether it's whole, as the last copy of a frame to come
back showed, and each port's state.



    


    
      
        scan(main, opts \\ [])

      


        Finds the SubDevices, gives them their station addresses, and reads what they are. See the module
docs.



    


    
      
        send_exchange(main, outputs, opts \\ [])

      


        As exchange/3, without waiting: the result comes to the caller as
{EtherCAT.MainDevice, ref, result}. Outputs of the wrong size give
{:error, {:outputs_size, size}} there.



    


    
      
        send_transact(main, requests, opts \\ [])

      


        As transact/3, without waiting: the results come to the caller as
{EtherCAT.MainDevice, ref, results}.



    


    
      
        start_link(opts)

      


        Starts a MainDevice, linked to the caller. See the module docs for the options.



    


    
      
        stop(main)

      


        Stops a MainDevice, closing its transport.



    


    
      
        subdevices(main)

      


        The SubDevices of the last scan, in order.



    


    
      
        transact(main, requests, opts \\ [])

      


        Sends datagrams, as EtherCAT.Datagram describes them, and waits for them to come back: a result
for each, in their order. They go in one frame when they fit, and in as few as they fit otherwise,
all at once.



    





      


      
        Types


        


  
    
      
    
    
      exchange_error()



        
          
        

    

  


  

      

          @type exchange_error() ::
  {:working_counter, non_neg_integer(), non_neg_integer()}
  | {:state, [{0..65535, EtherCAT.AL.state() | byte(), 0..65535}]}
  | :timeout
  | :closed
  | :not_mapped
  | term()


      


Why an exchange gave no inputs.

  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          @type result() :: {:ok, binary(), 0..65535} | {:error, :timeout | :closed | term()}


      


The result of one datagram: what it read, or what was sent for one that only writes, and its
working counter; or why there is none.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

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


      


A MainDevice, its pid or registered name.

  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      exchange(main, outputs, opts \\ [])



        
          
        

    

  


  

      

          @spec exchange(t(), binary(), keyword()) ::
  {:ok, binary()} | {:error, exchange_error()}


      


Sends the outputs, a binary the size of the image's, and gives back the inputs. See the module
docs.
Options:
	timeout: (20 ms), how long to wait for the frame. Keep it well within the SubDevices'
sync manager watchdog: while an exchange waits for a frame that was lost, no outputs reach
them, and when the watchdog runs out they drop to Safe-Operational.

Outputs of the wrong size raise in the caller.

  



  
    
      
    
    
      image(main)



        
          
        

    

  


  

      

          @spec image(t()) :: EtherCAT.ProcessImage.t() | nil


      


The process image of the last map, or nil.

  



  
    
      
    
    
      links(main)



        
          
        

    

  


  

      

          @spec links(t()) :: [
  {0..65535,
   %{required(0..3) => %{link: boolean(), loop: boolean()}} | :no_answer}
]


      


The ports of each SubDevice of the last scan, from its DL status: whether each has a link, and
whether its loop is closed, turning frames back. Where a ring is broken, the SubDevices on either
side of the break have a closed loop on the port towards it.
[{0x1000, %{0 => %{link: true, loop: false}, 1 => %{link: true, loop: false}, ...}}, ...]

  



    

  
    
      
    
    
      map(main, opts \\ [])



        
          
        

    

  


  

      

          @spec map(t(), keyword()) :: {:ok, EtherCAT.ProcessImage.t()} | {:error, term()}


      


Maps the process data of the SubDevices into an image. See the module docs.
Options:
	stations: (all), the SubDevices to map, by station address; the others are taken to
Pre-Operational with them, and left out of the image
	timeout: (5 seconds) for each change of state


  



    

  
    
      
    
    
      request_state(main, state, opts \\ [])



        
          
        

    

  


  

      

          @spec request_state(t(), EtherCAT.AL.state(), keyword()) ::
  :ok | {:error, [{0..65535, term()}]}


      


Takes SubDevices to a state, through the states between, and waits until they are there: :ok, or
{:error, [{station, reason}]} for those that aren't.
Options:
	stations: (all), the SubDevices, by station address
	timeout: (5 seconds), how long each change may take
	sync_manager_watchdog:, in nanoseconds: set on the way to Safe-Operational, for how long the
SubDevices keep their outputs without new ones; 0 turns it off; without it, they keep what
they have, 100 ms by default
	outputs:, the outputs sent on the way to Operational, all zeros by default


  



  
    
      
    
    
      ring(main)



        
          
        

    

  


  

      

          @spec ring(t()) :: %{state: :intact | :broken | :unknown | :single, ports: map()}


      


The ring of a MainDevice with two ports: whether it's whole, as the last copy of a frame to come
back showed, and each port's state.
%{state: :intact, ports: %{primary: :up, secondary: :up}}
The state is :intact, :broken, :unknown before a frame has shown it, or :single for a
MainDevice with one port.

  



    

  
    
      
    
    
      scan(main, opts \\ [])



        
          
        

    

  


  

      

          @spec scan(t(), keyword()) :: {:ok, [EtherCAT.SubDevice.t()]} | {:error, term()}


      


Finds the SubDevices, gives them their station addresses, and reads what they are. See the module
docs.
Options:
	timeout: (100 ms), how long to wait for each frame


  



    

  
    
      
    
    
      send_exchange(main, outputs, opts \\ [])



        
          
        

    

  


  

      

          @spec send_exchange(t(), binary(), keyword()) :: reference()


      


As exchange/3, without waiting: the result comes to the caller as
{EtherCAT.MainDevice, ref, result}. Outputs of the wrong size give
{:error, {:outputs_size, size}} there.

  



    

  
    
      
    
    
      send_transact(main, requests, opts \\ [])



        
          
        

    

  


  

      

          @spec send_transact(t(), [EtherCAT.Datagram.request()], keyword()) :: reference()


      


As transact/3, without waiting: the results come to the caller as
{EtherCAT.MainDevice, ref, results}.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

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


      


Starts a MainDevice, linked to the caller. See the module docs for the options.

  



  
    
      
    
    
      stop(main)



        
          
        

    

  


  

      

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


      


Stops a MainDevice, closing its transport.

  



  
    
      
    
    
      subdevices(main)



        
          
        

    

  


  

      

          @spec subdevices(t()) :: [EtherCAT.SubDevice.t()]


      


The SubDevices of the last scan, in order.

  



    

  
    
      
    
    
      transact(main, requests, opts \\ [])



        
          
        

    

  


  

      

          @spec transact(t(), [EtherCAT.Datagram.request()], keyword()) :: [result()]


      


Sends datagrams, as EtherCAT.Datagram describes them, and waits for them to come back: a result
for each, in their order. They go in one frame when they fit, and in as few as they fit otherwise,
all at once.
Options:
	timeout: (100 ms), how long to wait for each frame

A request that isn't a datagram raises in the caller, and nothing is sent.

  


        

      


  

    
EtherCAT.ProcessImage 
    



      
The process data of a segment as one image in logical memory: the outputs of every SubDevice, then
their inputs, each SubDevice's part mapped to its sync manager by an FMMU.
EtherCAT.MainDevice.map/2 makes it, and EtherCAT.MainDevice.exchange/3 sends the outputs and
gives back the inputs, both as binaries of the sizes the image says. In them, an entry of a
SubDevice's PDOs is found by its station address and the object it maps:
outputs = EtherCAT.ProcessImage.outputs(image)
outputs = EtherCAT.ProcessImage.put(image, outputs, 0x1008, {0x7000, 0x01}, true)
{:ok, inputs} = EtherCAT.MainDevice.exchange(main, outputs)
true = EtherCAT.ProcessImage.get(image, inputs, 0x1004, {0x6000, 0x01})
A value is what the entry's data type makes it, the type its SubDevice's SII gives: a boolean for
one bit; a signed or unsigned integer; a float for REAL32 and REAL64; a binary for strings. An entry
of no known type is an unsigned integer of its bits.
A SubDevice's part takes whole bytes when it's a byte or more, and is packed in with others, bit by
bit, when it's less and its controller's FMMUs map single bits.

      


      
        Summary


  
    Types
  


    
      
        entry()

      


        Where an entry is, in the outputs or the inputs, from bit 0.



    


    
      
        t()

      


        The image: the bytes of its outputs and inputs, its logical address, its entries by station and
object, and each SubDevice's part, as bits from where in the outputs and the inputs.



    





  
    Functions
  


    
      
        entries(process_image, station)

      


        The entries of a SubDevice, by object, in the order they are in.



    


    
      
        get(image, data, station, object)

      


        The value of an input entry in inputs, or of an output entry in outputs, as exchange gives
and takes them. Raises ArgumentError for an entry the image doesn't have.



    


    
      
        outputs(process_image)

      


        Outputs of all zeros, the size of the image's.



    


    
      
        put(image, outputs, station, object, value)

      


        outputs with an output entry set to value, which must fit the entry's data type. Raises
ArgumentError for an entry the image doesn't have, an input entry, or a value that doesn't fit.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{
  direction: :outputs | :inputs,
  offset: non_neg_integer(),
  bits: pos_integer(),
  data_type: 0..65535,
  name: String.t() | nil,
  pdo: 0..65535
}


      


Where an entry is, in the outputs or the inputs, from bit 0.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %EtherCAT.ProcessImage{
  address: 0..4_294_967_295,
  entries: %{required({0..65535, {0..65535, byte()}}) => entry()},
  inputs_size: non_neg_integer(),
  outputs_size: non_neg_integer(),
  subdevices: %{
    required(0..65535) => %{
      outputs: {non_neg_integer(), non_neg_integer()},
      inputs: {non_neg_integer(), non_neg_integer()}
    }
  }
}


      


The image: the bytes of its outputs and inputs, its logical address, its entries by station and
object, and each SubDevice's part, as bits from where in the outputs and the inputs.

  


        

      

      
        Functions


        


  
    
      
    
    
      entries(process_image, station)



        
          
        

    

  


  

      

          @spec entries(t(), 0..65535) :: [{{0..65535, byte()}, entry()}]


      


The entries of a SubDevice, by object, in the order they are in.

  



  
    
      
    
    
      get(image, data, station, object)



        
          
        

    

  


  

      

          @spec get(t(), binary(), 0..65535, {0..65535, byte()}) :: term()


      


The value of an input entry in inputs, or of an output entry in outputs, as exchange gives
and takes them. Raises ArgumentError for an entry the image doesn't have.

  



  
    
      
    
    
      outputs(process_image)



        
          
        

    

  


  

      

          @spec outputs(t()) :: binary()


      


Outputs of all zeros, the size of the image's.

  



  
    
      
    
    
      put(image, outputs, station, object, value)



        
          
        

    

  


  

      

          @spec put(t(), binary(), 0..65535, {0..65535, byte()}, term()) :: binary()


      


outputs with an output entry set to value, which must fit the entry's data type. Raises
ArgumentError for an entry the image doesn't have, an input entry, or a value that doesn't fit.

  


        

      


  

    
EtherCAT.SubDevice 
    



      
A SubDevice as a scan found it: where it is, who it is, what its controller (ESC) can do, and its
SII.
	position, from 0 for the first after the MainDevice
	station, the configured station address the scan gave it, 0x1000 and up by position
	alias, the configured station alias from its SII, 0 for none
	vendor_id, product_code, revision, serial, from its SII as from CoE object 0x1018
	order, the order number its SII gives, as "EL1809" or "EL2535-0002"
	name, the device name its SII gives, as "EL1809 16K. Dig. Eingang 24V, 3ms"
	state, its AL state when it was scanned
	esc, its controller: type, revision, build, fmmus, sync_managers, ram in KiB,
bit_operations (whether its FMMUs map single bits), dc (whether it has distributed clocks)
	sii, the whole EtherCAT.SII


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        coe?(sub_device)

      


        Whether the SubDevice speaks CoE.



    


    
      
        esc(arg)

      


        What the DL information registers, the ten bytes from 0x0000, say of a SubDevice's controller.



    


    
      
        mailbox?(sub_device)

      


        Whether the SubDevice has a mailbox.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %EtherCAT.SubDevice{
  alias: 0..65535,
  esc: map(),
  name: String.t() | nil,
  order: String.t() | nil,
  position: 0..65535,
  product_code: 0..4_294_967_295,
  revision: 0..4_294_967_295,
  serial: 0..4_294_967_295,
  sii: EtherCAT.SII.t(),
  state: EtherCAT.AL.state() | byte(),
  station: 0..65535,
  vendor_id: 0..4_294_967_295
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      coe?(sub_device)



        
          
        

    

  


  

      

          @spec coe?(t()) :: boolean()


      


Whether the SubDevice speaks CoE.

  



  
    
      
    
    
      esc(arg)



        
          
        

    

  


  

      

          @spec esc(binary()) :: map()


      


What the DL information registers, the ten bytes from 0x0000, say of a SubDevice's controller.
iex> EtherCAT.SubDevice.esc(<<0x11, 0, 3, 0, 8, 8, 8, 0x3B, 0xFC, 0>>)
%{type: 0x11, revision: 0, build: 3, fmmus: 8, sync_managers: 8, ram: 8, bit_operations: true, dc: true, dc_64: true}

  



  
    
      
    
    
      mailbox?(sub_device)



        
          
        

    

  


  

      

          @spec mailbox?(t()) :: boolean()


      


Whether the SubDevice has a mailbox.

  


        

      


  

    
EtherCAT.AL 
    



      
The AL state machine of a SubDevice (ETG.1000.6, 6.4.1), through its AL control and AL status
registers (5.3).
	State	Code	The SubDevice
	:init	1	is set up by the MainDevice, its mailbox sync managers among the rest
	:pre_operational	2	has its mailbox working, and no process data
	:bootstrap	3	takes firmware over FoE, and nothing else
	:safe_operational	4	gives its inputs, and holds its outputs in their safe state
	:operational	8	gives its inputs and drives its outputs

From Init there is a way to Pre-Operational and Bootstrap only, and from Pre-Operational none
straight to Operational; any state can go down to one below it. A change that fails leaves the
SubDevice with its error flag set and an AL status code that says why, until the MainDevice
acknowledges it.

      


      
        Summary


  
    Types
  


    
      
        state()

      


        A state of the AL state machine.



    


    
      
        status()

      


        What a SubDevice's AL status registers say.



    





  
    Functions
  


    
      
        code(state)

      


        The code of a state in AL control and AL status.



    


    
      
        decode_status(arg)

      


        AL status from its six bytes, from 0x0130: the state, the error flag, whether R6 holds a device
identification, and the AL status code, which counts only with the error flag set.



    


    
      
        describe(code)

      


        What an AL status code means, in a few words.



    


    
      
        read_status(main, station)

      


        Reads a SubDevice's AL status, by station address.



    


    
      
        request(main, station, state, opts \\ [])

      


        Asks a SubDevice for a state, by station address, and waits until it is there: :ok, or
{:error, {:al_status, state, code}} with the state it is in and the AL status code it gave for
refusing, or {:error, :timeout}. A refusal is acknowledged, as is an error from before, so that
the SubDevice can be asked again.



    


    
      
        state(code)

      


        The state of a code, or the code itself for one the spec doesn't define.



    


    
      
        states()

      


        Every state, from Init up.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          @type state() ::
  :init | :pre_operational | :bootstrap | :safe_operational | :operational


      


A state of the AL state machine.

  



  
    
      
    
    
      status()



        
          
        

    

  


  

      

          @type status() :: %{
  state: state() | byte(),
  error: boolean(),
  id_loaded: boolean(),
  code: 0..65535
}


      


What a SubDevice's AL status registers say.

  


        

      

      
        Functions


        


  
    
      
    
    
      code(state)



        
          
        

    

  


  

      

          @spec code(state()) :: byte()


      


The code of a state in AL control and AL status.

  



  
    
      
    
    
      decode_status(arg)



        
          
        

    

  


  

      

          @spec decode_status(binary()) :: status()


      


AL status from its six bytes, from 0x0130: the state, the error flag, whether R6 holds a device
identification, and the AL status code, which counts only with the error flag set.
iex> EtherCAT.AL.decode_status(<<0x14, 0, 0, 0, 0x1E, 0>>)
%{state: :safe_operational, error: true, id_loaded: false, code: 0x001E}

  



  
    
      
    
    
      describe(code)



        
          
        

    

  


  

      

          @spec describe(0..65535) :: String.t()


      


What an AL status code means, in a few words.
iex> EtherCAT.AL.describe(0x001E)
"The inputs are set up wrong"
iex> EtherCAT.AL.describe(0x8001)
"Vendor specific (0x8001)"

  



  
    
      
    
    
      read_status(main, station)



        
          
        

    

  


  

      

          @spec read_status(EtherCAT.MainDevice.t(), 0..65535) ::
  {:ok, status()} | {:error, term()}


      


Reads a SubDevice's AL status, by station address.

  



    

  
    
      
    
    
      request(main, station, state, opts \\ [])



        
          
        

    

  


  

      

          @spec request(EtherCAT.MainDevice.t(), 0..65535, state(), keyword()) ::
  :ok | {:error, {:al_status, state() | byte(), 0..65535} | :timeout | term()}


      


Asks a SubDevice for a state, by station address, and waits until it is there: :ok, or
{:error, {:al_status, state, code}} with the state it is in and the AL status code it gave for
refusing, or {:error, :timeout}. A refusal is acknowledged, as is an error from before, so that
the SubDevice can be asked again.
Options:
	timeout: (5 seconds), how long it may take


  



  
    
      
    
    
      state(code)



        
          
        

    

  


  

      

          @spec state(byte()) :: state() | byte()


      


The state of a code, or the code itself for one the spec doesn't define.

  



  
    
      
    
    
      states()



        
          
        

    

  


  

      

          @spec states() :: [state()]


      


Every state, from Init up.

  


        

      


  

    
EtherCAT.CoE 
    



      
CoE, the CAN application protocol over EtherCAT, through a SubDevice's mailbox (ETG.1000.6, 5.6):
SDO uploads and downloads, which read and write the entries of its object dictionary, by index and
subindex.
{:ok, <<vendor_id::little-32>>} = EtherCAT.CoE.upload(main, 0x1001, 0x1018, 0x01)
:ok = EtherCAT.CoE.download(main, 0x1001, 0x8000, 0x06, <<1>>)
Values are the bytes of the entry, little-endian, as the object dictionary has them. Up to four go
in the request itself (expedited); more go in one normal transfer, and in segments after it when
they don't fit the mailbox.
With complete_access: true the whole object is read or written at once, from subindex 0, or 1
to leave out the count there.
A SubDevice that refuses aborts the transfer with a code: {:error, {:abort, code}}, which
describe_abort/1 explains. An upload bigger than max_size: is refused before it's read:
{:error, {:too_big, size}}. Emergency messages that come while waiting for an answer are kept,
and emergencies/2 gives the latest of them.

      


      
        Summary


  
    Types
  


    
      
        error()

      


        Why a transfer failed.



    





  
    Functions
  


    
      
        data_type_name(type)

      


        The name of a CoE data type, by its index in the object dictionary's data type area
(ETG.1000.6, 5.6.7.3).



    


    
      
        decode_emergency(other)

      


        An emergency message's error code, error register and data (ETG.1000.6, 5.6.4).



    


    
      
        describe_abort(code)

      


        What an SDO abort code means, in a few words.



    


    
      
        download(main, station, index, subindex, data, opts \\ [])

      


        Writes an entry of a SubDevice's object dictionary, by station address.



    


    
      
        emergencies(main, station)

      


        The latest emergency messages a SubDevice sent, newest first.



    


    
      
        upload(main, station, index, subindex, opts \\ [])

      


        Reads an entry of a SubDevice's object dictionary, by station address.



    





      


      
        Types


        


  
    
      
    
    
      error()



        
          
        

    

  


  

      

          @type error() ::
  {:abort, 0..4_294_967_295}
  | {:too_big, non_neg_integer()}
  | {:mailbox, atom() | 0..65535}
  | :timeout
  | :no_mailbox
  | {:invalid_response, binary()}
  | term()


      


Why a transfer failed.

  


        

      

      
        Functions


        


  
    
      
    
    
      data_type_name(type)



        
          
        

    

  


  

      

          @spec data_type_name(0..65535) :: String.t()


      


The name of a CoE data type, by its index in the object dictionary's data type area
(ETG.1000.6, 5.6.7.3).
iex> EtherCAT.CoE.data_type_name(0x0003)
"INTEGER16"
iex> EtherCAT.CoE.data_type_name(0x0800)
"0x0800"

  



  
    
      
    
    
      decode_emergency(other)



        
          
        

    

  


  

      

          @spec decode_emergency(binary()) :: %{
  error_code: 0..65535,
  error_register: byte(),
  data: binary()
}


      


An emergency message's error code, error register and data (ETG.1000.6, 5.6.4).
iex> EtherCAT.CoE.decode_emergency(<<0x01, 0xA0, 0x11, 1, 2, 3, 4, 5>>)
%{error_code: 0xA001, error_register: 0x11, data: <<1, 2, 3, 4, 5>>}

  



  
    
      
    
    
      describe_abort(code)



        
          
        

    

  


  

      

          @spec describe_abort(0..4_294_967_295) :: String.t()


      


What an SDO abort code means, in a few words.
iex> EtherCAT.CoE.describe_abort(0x06020000)
"No such object"

  



    

  
    
      
    
    
      download(main, station, index, subindex, data, opts \\ [])



        
          
        

    

  


  

      

          @spec download(
  EtherCAT.MainDevice.t(),
  0..65535,
  0..65535,
  byte(),
  binary(),
  keyword()
) ::
  :ok | {:error, error()}


      


Writes an entry of a SubDevice's object dictionary, by station address.
Options: complete_access: true, and timeout: (1 second) for each answer.

  



  
    
      
    
    
      emergencies(main, station)



        
          
        

    

  


  

      

          @spec emergencies(EtherCAT.MainDevice.t(), 0..65535) :: [map()]


      


The latest emergency messages a SubDevice sent, newest first.

  



    

  
    
      
    
    
      upload(main, station, index, subindex, opts \\ [])



        
          
        

    

  


  

      

          @spec upload(EtherCAT.MainDevice.t(), 0..65535, 0..65535, byte(), keyword()) ::
  {:ok, binary()} | {:error, error()}


      


Reads an entry of a SubDevice's object dictionary, by station address.
Options: complete_access: true, max_size: (1 MiB), the most it takes, and timeout: (1
second) for each answer.

  


        

      


  

    
EtherCAT.Mailbox 
    



      
The mailbox of a SubDevice: two areas of its memory behind sync managers 0 and 1, one the
MainDevice writes and one it reads, each holding one message at a time (ETG.1000.4, 5.6 and 7.2).
A message is a header of six bytes, then its service data:
	the length of the service data
	a station address, the MainDevice's own (0) in what it sends
	a channel and priority, both 0 here
	the type, as :coe, and a counter from 1 to 7 that tells a new message from a repeated one

A write that the SubDevice doesn't take, because it hasn't read the last one yet, comes back with
a working counter of 0 and is sent again. A read of an empty mailbox likewise; so the MainDevice
reads the status of sync manager 1 until it says the mailbox is full, then the mailbox.
Only one exchange goes on with a SubDevice's mailbox at once: transaction/4 waits its turn for
the mailbox, from the EtherCAT.MainDevice, and runs in the caller.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A SubDevice's mailbox while it's the caller's: its station address, its two areas, an offset and a
size each, and the counter of the next message.



    


    
      
        type()

      


        A mailbox protocol.



    





  
    Functions
  


    
      
        decode(arg1)

      


        A message read from a mailbox, its type, counter and service data, the rest of the mailbox passed
over; or {:error, :invalid_length} for a length that runs past it.



    


    
      
        encode(type, counter, data, size)

      


        A message, its header and service data, padded with zeros to size, the size of the mailbox.



    


    
      
        error(detail)

      


        What an error reply's detail means (ETG.1000.4, Table 30).



    


    
      
        read(main, mailbox, opts \\ [])

      


        Reads the next message from a SubDevice's mailbox, waiting until there is one: {:ok, {type, counter, address, data}, mailbox}, or {:error, :timeout}.



    


    
      
        transaction(main, station, fun, opts \\ [])

      


        Runs fun with a SubDevice's mailbox once it's the caller's, and gives it back after. fun returns
its result with the mailbox as write/5 and read/3 left it, so that the counter goes on from
there. The result is that of fun, or {:error, :no_mailbox} for a SubDevice without one, or one
that wasn't scanned.



    


    
      
        write(main, mailbox, type, data, opts \\ [])

      


        Writes a message to a SubDevice's mailbox, waiting until it takes it: the mailbox with its counter
moved on, or why not.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %{
  station: 0..65535,
  receive: {0..65535, 0..65535},
  send: {0..65535, 0..65535},
  counter: 1..7,
  seen: [{type(), binary()}]
}


      


A SubDevice's mailbox while it's the caller's: its station address, its two areas, an offset and a
size each, and the counter of the next message.

  



  
    
      
    
    
      type()



        
          
        

    

  


  

      

          @type type() :: :error | :aoe | :eoe | :coe | :foe | :soe | :voe | 0..15


      


A mailbox protocol.

  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

          @spec decode(binary()) ::
  {:ok, {type(), 0..7, 0..65535, binary()}} | {:error, :invalid_length}


      


A message read from a mailbox, its type, counter and service data, the rest of the mailbox passed
over; or {:error, :invalid_length} for a length that runs past it.

  



  
    
      
    
    
      encode(type, counter, data, size)



        
          
        

    

  


  

      

          @spec encode(type(), 1..7, binary(), pos_integer()) :: binary()


      


A message, its header and service data, padded with zeros to size, the size of the mailbox.

  



  
    
      
    
    
      error(detail)



        
          
        

    

  


  

      

          @spec error(0..65535) :: atom() | 0..65535


      


What an error reply's detail means (ETG.1000.4, Table 30).

  



    

  
    
      
    
    
      read(main, mailbox, opts \\ [])



        
          
        

    

  


  

      

          @spec read(EtherCAT.MainDevice.t(), t(), keyword()) ::
  {:ok, {type(), 0..7, 0..65535, binary()}, t()} | {:error, term()}


      


Reads the next message from a SubDevice's mailbox, waiting until there is one: {:ok, {type, counter, address, data}, mailbox}, or {:error, :timeout}.

  



    

  
    
      
    
    
      transaction(main, station, fun, opts \\ [])



        
          
        

    

  


  

      

          @spec transaction(
  EtherCAT.MainDevice.t(),
  0..65535,
  (t() -> {result, t()}),
  keyword()
) ::
  result | {:error, term()}
when result: term()


      


Runs fun with a SubDevice's mailbox once it's the caller's, and gives it back after. fun returns
its result with the mailbox as write/5 and read/3 left it, so that the counter goes on from
there. The result is that of fun, or {:error, :no_mailbox} for a SubDevice without one, or one
that wasn't scanned.

  



    

  
    
      
    
    
      write(main, mailbox, type, data, opts \\ [])



        
          
        

    

  


  

      

          @spec write(EtherCAT.MainDevice.t(), t(), type(), binary(), keyword()) ::
  {:ok, t()} | {:error, term()}


      


Writes a message to a SubDevice's mailbox, waiting until it takes it: the mailbox with its counter
moved on, or why not.

  


        

      


  

    
EtherCAT.SII 
    



      
The Slave Information Interface: the EEPROM of a SubDevice, which describes it (ETG.1000.6, 5.4).
Its first 64 words hold the identity, the station alias and the mailboxes; categories follow from
word 0x40, each a type and a length in words, until the type 0xFFFF:
	strings, which the others refer to by number from 1, 0 being none
	general: the device's name and the mailbox protocols it details
	FMMU: what each FMMU is for
	SyncM: each sync manager's area, control byte and type
	TXPDO and RXPDO: the PDOs, their sync manager and their entries

decode/1 takes the EEPROM's bytes and read/3 reads them from a SubDevice through its registers.

      


      
        Summary


  
    Types
  


    
      
        entry()

      


        An entry of a PDO: the object mapped, its name, its CoE data type and its length in bits.



    


    
      
        mailboxes()

      


        Two mailboxes, from the MainDevice (receive) and to it (send): each an offset and a size in bytes.



    


    
      
        pdo()

      


        A PDO: its index, its sync manager, its name and entries.



    


    
      
        sync_manager()

      


        A sync manager as the SII describes it.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(arg1)

      


        The SII from its bytes: the first 128 at least, and as many categories as they hold. A category
cut short ends the decoding there. categories keeps every category as it came, by type.



    


    
      
        read(main, station, address, words, opts \\ [])

      


        Reads words words of a SubDevice's SII from word address, by its station address, through its
SII registers.



    


    
      
        read_all(main, station, opts \\ [])

      


        Reads a SubDevice's whole SII: the first 64 words, and its categories until their end, or until
the size the SII says it is, 64 Ki words at most.



    


    
      
        string(strings, n)

      


        String n of an SII's strings, counting from 1; nil for 0 or one that isn't there.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          @type entry() :: %{
  index: 0..65535,
  subindex: byte(),
  name: String.t() | nil,
  data_type: byte(),
  bits: byte()
}


      


An entry of a PDO: the object mapped, its name, its CoE data type and its length in bits.

  



  
    
      
    
    
      mailboxes()



        
          
        

    

  


  

      

          @type mailboxes() :: %{receive: {0..65535, 0..65535}, send: {0..65535, 0..65535}}


      


Two mailboxes, from the MainDevice (receive) and to it (send): each an offset and a size in bytes.

  



  
    
      
    
    
      pdo()



        
          
        

    

  


  

      

          @type pdo() :: %{
  index: 0..65535,
  sync_manager: byte(),
  synchronization: byte(),
  name: String.t() | nil,
  entries: [entry()]
}


      


A PDO: its index, its sync manager, its name and entries.

  



  
    
      
    
    
      sync_manager()



        
          
        

    

  


  

      

          @type sync_manager() :: %{
  start: 0..65535,
  length: 0..65535,
  control: byte(),
  enable: byte(),
  type: :unused | :mailbox_out | :mailbox_in | :outputs | :inputs | byte()
}


      


A sync manager as the SII describes it.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %EtherCAT.SII{
  alias: 0..65535,
  bootstrap_mailbox: mailboxes() | nil,
  categories: [{0..65535, binary()}],
  fmmus: [:outputs | :inputs | :mailbox_status | :unused],
  general: map() | nil,
  mailbox: mailboxes() | nil,
  mailbox_protocols: [:aoe | :eoe | :coe | :foe | :soe | :voe],
  product_code: 0..4_294_967_295,
  revision: 0..4_294_967_295,
  rx_pdos: [pdo()],
  serial: 0..4_294_967_295,
  size: non_neg_integer(),
  strings: [String.t()],
  sync_managers: [sync_manager()],
  tx_pdos: [pdo()],
  vendor_id: 0..4_294_967_295,
  version: 0..65535
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

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


      


The SII from its bytes: the first 128 at least, and as many categories as they hold. A category
cut short ends the decoding there. categories keeps every category as it came, by type.

  



    

  
    
      
    
    
      read(main, station, address, words, opts \\ [])



        
          
        

    

  


  

      

          @spec read(EtherCAT.MainDevice.t(), 0..65535, 0..65535, pos_integer(), keyword()) ::
  {:ok, binary()} | {:error, term()}


      


Reads words words of a SubDevice's SII from word address, by its station address, through its
SII registers.
The SubDevice reads its EEPROM a few words at a time, 2 or 4 as its control register says, and the
MainDevice waits for each read to finish before it takes the data.

  



    

  
    
      
    
    
      read_all(main, station, opts \\ [])



        
          
        

    

  


  

      

          @spec read_all(EtherCAT.MainDevice.t(), 0..65535, keyword()) ::
  {:ok, binary()} | {:error, term()}


      


Reads a SubDevice's whole SII: the first 64 words, and its categories until their end, or until
the size the SII says it is, 64 Ki words at most.

  



  
    
      
    
    
      string(strings, n)



        
          
        

    

  


  

      

          @spec string([String.t()], byte()) :: String.t() | nil


      


String n of an SII's strings, counting from 1; nil for 0 or one that isn't there.

  


        

      


  

    
EtherCAT.Datagram 
    



      
An EtherCAT PDU, called a datagram here: one command to the SubDevices, with its address, its data
and the working counter they increment (ETG.1000.4, 5.4).
A datagram to send is given as a tuple, named for its command:
	Request	Does
	{:aprd, position, register, length}	reads at the SubDevice at that position from the MainDevice, 0 the first
	{:apwr, position, register, data}	writes there
	{:aprw, position, register, data}	writes there and reads what was there
	{:fprd, station, register, length}	reads at the SubDevice with that configured station address or alias
	{:fpwr, station, register, data}	writes there
	{:fprw, station, register, data}	writes there and reads what was there
	{:brd, register, length}	reads at every SubDevice, the bitwise or of them all
	{:bwr, register, data}	writes at every SubDevice
	{:brw, register, data}	writes at every SubDevice and reads the bitwise or
	{:lrd, address, length}	reads in the logical memory that the FMMUs map
	{:lwr, address, data}	writes there
	{:lrw, address, data}	writes there and reads, each FMMU doing what it is set up for
	{:armw, position, register, length}	reads at one SubDevice and writes what it read at all the others after it
	{:frmw, station, register, length}	likewise, by station address

A register is an address in a SubDevice's own memory, 0 to 65535, its registers and the RAM behind
them alike. Lengths are in bytes, and multi-byte values are little-endian, as everything in
EtherCAT.
Each SubDevice that does what a datagram asks increments its working counter: by one for a read,
by one for a write, and by three for a read and write that does both (two for the write).
iex> datagram = EtherCAT.Datagram.new({:fprd, 0x1001, 0x0130, 2})
iex> datagram.address
{0x1001, 0x0130}
iex> datagram.data
<<0, 0>>

      


      
        Summary


  
    Types
  


    
      
        command()

      


        The name of an EtherCAT command.



    


    
      
        request()

      


        A datagram to send, as in the table above.



    


    
      
        t()

      


        A datagram as it is on the wire. address is {adp, ado} for the physical commands, the position
or station address and the register, as the spec calls them, and a 32-bit logical address for
:lrd, :lwr and :lrw. A position is sent as its negative, which each SubDevice increments on
the way, so adp is that in a datagram that came back.



    





  
    Functions
  


    
      
        auto_increment?(command)

      


        Whether a command addresses a SubDevice by its position.



    


    
      
        decode_all(binary)

      


        The datagrams of a frame, after its header, in order, or why they aren't: :invalid_command for a
command the spec doesn't define, and :invalid_length when they run past the end, or end before
it.



    


    
      
        encode(d, next)

      


        A datagram on the wire, with next set when another follows it in the frame.



    


    
      
        logical?(command)

      


        Whether a command addresses the logical memory, rather than a SubDevice's own.



    


    
      
        new(request)

      


        A request as a datagram to send, with index 0. A read is sent with zeros, which a broadcast read ors
with what it reads. Raises ArgumentError for a request that isn't one, or whose data can't fit an
Ethernet frame.



    


    
      
        size(datagram)

      


        The bytes a datagram takes in a frame: its data and twelve.



    





      


      
        Types


        


  
    
      
    
    
      command()



        
          
        

    

  


  

      

          @type command() ::
  :aprd
  | :apwr
  | :aprw
  | :fprd
  | :fpwr
  | :fprw
  | :brd
  | :bwr
  | :brw
  | :lrd
  | :lwr
  | :lrw
  | :armw
  | :frmw


      


The name of an EtherCAT command.

  



  
    
      
    
    
      request()



        
          
        

    

  


  

      

          @type request() ::
  {:aprd | :fprd | :armw | :frmw, 0..65535, 0..65535, pos_integer()}
  | {:apwr | :aprw | :fpwr | :fprw, 0..65535, 0..65535, binary()}
  | {:brd, 0..65535, pos_integer()}
  | {:bwr | :brw, 0..65535, binary()}
  | {:lrd, 0..4_294_967_295, pos_integer()}
  | {:lwr | :lrw, 0..4_294_967_295, binary()}


      


A datagram to send, as in the table above.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %EtherCAT.Datagram{
  address: {0..65535, 0..65535} | 0..4_294_967_295,
  circulating: boolean(),
  command: command(),
  data: binary(),
  index: 0..255,
  irq: 0..65535,
  wkc: 0..65535
}


      


A datagram as it is on the wire. address is {adp, ado} for the physical commands, the position
or station address and the register, as the spec calls them, and a 32-bit logical address for
:lrd, :lwr and :lrw. A position is sent as its negative, which each SubDevice increments on
the way, so adp is that in a datagram that came back.

  


        

      

      
        Functions


        


  
    
      
    
    
      auto_increment?(command)



        
          
        

    

  


  

      

          @spec auto_increment?(command()) :: boolean()


      


Whether a command addresses a SubDevice by its position.

  



  
    
      
    
    
      decode_all(binary)



        
          
        

    

  


  

      

          @spec decode_all(binary()) ::
  {:ok, [t()]} | {:error, :invalid_command | :invalid_length}


      


The datagrams of a frame, after its header, in order, or why they aren't: :invalid_command for a
command the spec doesn't define, and :invalid_length when they run past the end, or end before
it.
iex> EtherCAT.Datagram.decode_all(<<0x07, 7, 3, 0, 0, 0, 1, 0, 0, 0, 0x11, 3, 0>>)
{:ok, [%EtherCAT.Datagram{command: :brd, index: 7, address: {3, 0}, data: <<0x11>>, wkc: 3}]}

  



  
    
      
    
    
      encode(d, next)



        
          
        

    

  


  

      

          @spec encode(t(), boolean()) :: binary()


      


A datagram on the wire, with next set when another follows it in the frame.
iex> EtherCAT.Datagram.encode(%{EtherCAT.Datagram.new({:brd, 0x0000, 1}) | index: 7}, false)
<<0x07, 7, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0>>

  



  
    
      
    
    
      logical?(command)



        
          
        

    

  


  

      

          @spec logical?(command()) :: boolean()


      


Whether a command addresses the logical memory, rather than a SubDevice's own.

  



  
    
      
    
    
      new(request)



        
          
        

    

  


  

      

          @spec new(request()) :: t()


      


A request as a datagram to send, with index 0. A read is sent with zeros, which a broadcast read ors
with what it reads. Raises ArgumentError for a request that isn't one, or whose data can't fit an
Ethernet frame.

  



  
    
      
    
    
      size(datagram)



        
          
        

    

  


  

      

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


      


The bytes a datagram takes in a frame: its data and twelve.

  


        

      


  

    
EtherCAT.Frame 
    



      
An EtherCAT frame: a header of two bytes, with the length of what follows and its type, then one
or more datagrams (ETG.1000.4, 5.3). It goes in an Ethernet frame of EtherType 0x88A4, or in a UDP
datagram to port 0x88A4 (34980).
iex> frame = EtherCAT.Frame.encode([%{EtherCAT.Datagram.new({:brd, 0x0000, 1}) | index: 7}])
<<13, 0x10, 0x07, 7, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0>>
iex> {:ok, [datagram]} = EtherCAT.Frame.decode(frame)
iex> datagram.command
:brd
Only frames of datagrams are this library's: the spec's network variables (type 4) and mailbox
frames (type 5) are decoded no further than their type.

      


      
        Summary


  
    Types
  


    
      
        type()

      


        The type in a frame's header: 1 for datagrams.



    





  
    Functions
  


    
      
        decode(arg1)

      


        The datagrams of a frame. What follows its length, such as padding, is passed over.



    


    
      
        encode(datagrams)

      


        The frame of some datagrams, next set in all but the last. Raises ArgumentError when they don't
fit in one.



    


    
      
        ethertype()

      


        The EtherType of EtherCAT frames, and the UDP port they go to.



    


    
      
        from_ethernet(arg1)

      


        The EtherCAT frame in an Ethernet frame, with the source address, or :error for an Ethernet frame
of another EtherType. A VLAN tag is passed over.



    


    
      
        max_size()

      


        The bytes of datagrams a frame can take.



    


    
      
        to_ethernet(frame, source)

      


        An EtherCAT frame in an Ethernet frame from source, a MAC address of six bytes, to the broadcast
address, padded to the least Ethernet allows.



    





      


      
        Types


        


  
    
      
    
    
      type()



        
          
        

    

  


  

      

          @type type() :: 0..15


      


The type in a frame's header: 1 for datagrams.

  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

          @spec decode(binary()) ::
  {:ok, [EtherCAT.Datagram.t()]}
  | {:error, {:type, type()} | :invalid_length | :invalid_command}


      


The datagrams of a frame. What follows its length, such as padding, is passed over.
	{:ok, datagrams}
	{:error, {:type, type}} for a frame of another type than datagrams
	{:error, :invalid_length}, {:error, :invalid_command} for one that isn't a frame


  



  
    
      
    
    
      encode(datagrams)



        
          
        

    

  


  

      

          @spec encode([EtherCAT.Datagram.t()]) :: binary()


      


The frame of some datagrams, next set in all but the last. Raises ArgumentError when they don't
fit in one.

  



  
    
      
    
    
      ethertype()



        
          
        

    

  


  

      

          @spec ethertype() :: 34980


      


The EtherType of EtherCAT frames, and the UDP port they go to.

  



  
    
      
    
    
      from_ethernet(arg1)



        
          
        

    

  


  

      

          @spec from_ethernet(binary()) :: {:ok, <<_::48>>, binary()} | :error


      


The EtherCAT frame in an Ethernet frame, with the source address, or :error for an Ethernet frame
of another EtherType. A VLAN tag is passed over.

  



  
    
      
    
    
      max_size()



        
          
        

    

  


  

      

          @spec max_size() :: pos_integer()


      


The bytes of datagrams a frame can take.

  



  
    
      
    
    
      to_ethernet(frame, source)



        
          
        

    

  


  

      

          @spec to_ethernet(binary(), <<_::48>>) :: binary()


      


An EtherCAT frame in an Ethernet frame from source, a MAC address of six bytes, to the broadcast
address, padded to the least Ethernet allows.

  


        

      


  

    
EtherCAT.Register 
    



      
The registers of an EtherCAT SubDevice controller (ESC) that this library uses, by the names
ETG.1000.4 clause 6 gives them, and the layout of the sync manager and FMMU entities.
	Register	Address
	DL information: type, revision, build, FMMUs, sync managers, RAM, ports, features	0x0000 to 0x0009
	Configured station address	0x0010
	Configured station alias	0x0012
	DL control	0x0100
	Loop control, DL control's second byte	0x0101
	DL status	0x0110
	AL control	0x0120
	AL status	0x0130
	AL status code	0x0134
	RX error counters	0x0300
	Lost link counters	0x0310
	Watchdog divider	0x0400
	DLS-user watchdog	0x0410
	Sync manager watchdog	0x0420
	Sync manager watchdog status	0x0440
	SII access, control and status, address, data	0x0500, 0x0502, 0x0504, 0x0508
	FMMU entities, 16 bytes each	0x0600
	Sync manager channels, 8 bytes each	0x0800

The AL registers are the "DLS-user R1" to "R6" of ETG.1000.4, which ETG.1000.6 names.

      


      
        Summary


  
    Functions
  


    
      
        al_control()

      


        AL control, R1: the state requested.



    


    
      
        al_status()

      


        AL status, R3: the state, and whether the last change failed.



    


    
      
        al_status_code()

      


        AL status code, R6: why it failed.



    


    
      
        dl_control()

      


        DL control: forwarding and loop control of each port.



    


    
      
        dl_information()

      


        DL information: the ESC's type, revision, build, FMMUs, sync managers, RAM and features.



    


    
      
        dl_status()

      


        DL status: link, loop and signal of each port.



    


    
      
        dls_user_watchdog()

      


        DLS-user watchdog, in units of the divider.



    


    
      
        fmmu(n)

      


        FMMU entity n.



    


    
      
        fmmu_entity(opts)

      


        An FMMU entity: length bytes of logical memory at logical, from bit start_bit of its first
byte to bit end_bit of its last, mapped to the physical memory at physical from bit
physical_bit, for reading, writing or both.



    


    
      
        loop_control()

      


        Loop control, the second byte of DL control: two bits for each port, from port 0 up. 0 is Auto, a
port closed while it has no link and open while it has; 1 Auto close, closed when its link goes
and opened again by a frame that comes in at it; 2 always open; 3 always closed.



    


    
      
        lost_link_counter()

      


        Lost link counters of the four ports.



    


    
      
        rx_error_counter()

      


        RX error counters of the four ports.



    


    
      
        sii_access()

      


        SII access: who owns the SII.



    


    
      
        sii_address()

      


        SII address, in words.



    


    
      
        sii_control()

      


        SII control/status.



    


    
      
        sii_data()

      


        SII data.



    


    
      
        station_address()

      


        Configured station address.



    


    
      
        station_alias()

      


        Configured station alias, loaded from SII word 4.



    


    
      
        sync_manager(n)

      


        Sync manager channel n.



    


    
      
        sync_manager_channel(start, length, control, enable)

      


        A sync manager channel: its area of physical memory, its control byte and whether it's enabled.
The status byte is not written, as it's the SubDevice's.



    


    
      
        sync_manager_control(mode, direction, opts \\ [])

      


        The control byte of a sync manager channel: buffered (three buffers) or mailbox, written or read by
the MainDevice, and whether the sync manager watchdog watches it.



    


    
      
        sync_manager_watchdog()

      


        Sync manager watchdog, in units of the divider; 0 turns it off.



    


    
      
        sync_manager_watchdog_status()

      


        Sync manager watchdog status.



    


    
      
        watchdog_divider()

      


        Watchdog divider, in 40 ns steps: the unit of the watchdogs, 100 µs by default.



    





      


      
        Functions


        


  
    
      
    
    
      al_control()



        
          
        

    

  


  

AL control, R1: the state requested.

  



  
    
      
    
    
      al_status()



        
          
        

    

  


  

AL status, R3: the state, and whether the last change failed.

  



  
    
      
    
    
      al_status_code()



        
          
        

    

  


  

AL status code, R6: why it failed.

  



  
    
      
    
    
      dl_control()



        
          
        

    

  


  

DL control: forwarding and loop control of each port.

  



  
    
      
    
    
      dl_information()



        
          
        

    

  


  

DL information: the ESC's type, revision, build, FMMUs, sync managers, RAM and features.

  



  
    
      
    
    
      dl_status()



        
          
        

    

  


  

DL status: link, loop and signal of each port.

  



  
    
      
    
    
      dls_user_watchdog()



        
          
        

    

  


  

DLS-user watchdog, in units of the divider.

  



  
    
      
    
    
      fmmu(n)



        
          
        

    

  


  

FMMU entity n.

  



  
    
      
    
    
      fmmu_entity(opts)



        
          
        

    

  


  

      

          @spec fmmu_entity(keyword()) :: <<_::128>>


      


An FMMU entity: length bytes of logical memory at logical, from bit start_bit of its first
byte to bit end_bit of its last, mapped to the physical memory at physical from bit
physical_bit, for reading, writing or both.

  



  
    
      
    
    
      loop_control()



        
          
        

    

  


  

Loop control, the second byte of DL control: two bits for each port, from port 0 up. 0 is Auto, a
port closed while it has no link and open while it has; 1 Auto close, closed when its link goes
and opened again by a frame that comes in at it; 2 always open; 3 always closed.

  



  
    
      
    
    
      lost_link_counter()



        
          
        

    

  


  

Lost link counters of the four ports.

  



  
    
      
    
    
      rx_error_counter()



        
          
        

    

  


  

RX error counters of the four ports.

  



  
    
      
    
    
      sii_access()



        
          
        

    

  


  

SII access: who owns the SII.

  



  
    
      
    
    
      sii_address()



        
          
        

    

  


  

SII address, in words.

  



  
    
      
    
    
      sii_control()



        
          
        

    

  


  

SII control/status.

  



  
    
      
    
    
      sii_data()



        
          
        

    

  


  

SII data.

  



  
    
      
    
    
      station_address()



        
          
        

    

  


  

Configured station address.

  



  
    
      
    
    
      station_alias()



        
          
        

    

  


  

Configured station alias, loaded from SII word 4.

  



  
    
      
    
    
      sync_manager(n)



        
          
        

    

  


  

Sync manager channel n.

  



  
    
      
    
    
      sync_manager_channel(start, length, control, enable)



        
          
        

    

  


  

      

          @spec sync_manager_channel(0..65535, 0..65535, byte(), boolean()) :: <<_::64>>


      


A sync manager channel: its area of physical memory, its control byte and whether it's enabled.
The status byte is not written, as it's the SubDevice's.

  



    

  
    
      
    
    
      sync_manager_control(mode, direction, opts \\ [])



        
          
        

    

  


  

      

          @spec sync_manager_control(:buffered | :mailbox, :write | :read, keyword()) :: byte()


      


The control byte of a sync manager channel: buffered (three buffers) or mailbox, written or read by
the MainDevice, and whether the sync manager watchdog watches it.

  



  
    
      
    
    
      sync_manager_watchdog()



        
          
        

    

  


  

Sync manager watchdog, in units of the divider; 0 turns it off.

  



  
    
      
    
    
      sync_manager_watchdog_status()



        
          
        

    

  


  

Sync manager watchdog status.

  



  
    
      
    
    
      watchdog_divider()



        
          
        

    

  


  

Watchdog divider, in 40 ns steps: the unit of the watchdogs, 100 µs by default.

  


        

      


  

    
EtherCAT.Transport behaviour
    



      
How EtherCAT frames get to the SubDevices and back: the behaviour of a transport, which an
EtherCAT.MainDevice opens and owns.
	EtherCAT.Transport.Packet, raw Ethernet on Linux, through OTP's :socket
	EtherCAT.Transport.BPF, raw Ethernet on macOS, through a small program of its own
	EtherCAT.Transport.UDP, EtherCAT frames in UDP datagrams to port 0x88A4, as the spec allows

A transport takes and gives EtherCAT frames, from their header of two bytes on; the Ethernet or
UDP around them is its own business. What it receives comes to the process that opened it as
messages, which that process hands to handle/2.

      


      
        Summary


  
    Types
  


    
      
        t()

      


        A transport's own state.



    





  
    Callbacks
  


    
      
        close(t)

      


        Closes the transport.



    


    
      
        handle(t, term)

      


        Takes a message the process received: the EtherCAT frames it brought, none or more, with the
transport's state; an error when the transport is gone; or :ignore for a message that isn't the
transport's.



    


    
      
        open(keyword)

      


        Opens the transport, in the process that will receive its frames.



    


    
      
        send(t, binary)

      


        Sends an EtherCAT frame.



    





  
    Functions
  


    
      
        raw()

      


        The transport for an interface on this operating system: EtherCAT.Transport.Packet on Linux and
EtherCAT.Transport.BPF on macOS.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: term()


      


A transport's own state.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      close(t)



        
          
        

    

  


  

      

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


      


Closes the transport.

  



  
    
      
    
    
      handle(t, term)



        
          
        

    

  


  

      

          @callback handle(t(), term()) :: {:ok, [binary()], t()} | {:error, term()} | :ignore


      


Takes a message the process received: the EtherCAT frames it brought, none or more, with the
transport's state; an error when the transport is gone; or :ignore for a message that isn't the
transport's.

  



  
    
      
    
    
      open(keyword)



        
          
        

    

  


  

      

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


      


Opens the transport, in the process that will receive its frames.

  



  
    
      
    
    
      send(t, binary)



        
          
        

    

  


  

      

          @callback send(t(), binary()) :: :ok | {:error, term()}


      


Sends an EtherCAT frame.

  


        

      

      
        Functions


        


  
    
      
    
    
      raw()



        
          
        

    

  


  

      

          @spec raw() :: module()


      


The transport for an interface on this operating system: EtherCAT.Transport.Packet on Linux and
EtherCAT.Transport.BPF on macOS.

  


        

      


  

    
EtherCAT.Transport.BPF 
    



      
Raw Ethernet on macOS, through a BPF device (/dev/bpfN).
macOS has no packet sockets, and a BPF device needs ioctl calls that the BEAM can't make. So a
small C program, priv/bpf/ethercat_bpf.c, opens the device and passes frames to and fro as an
Erlang port: a process of its own, so that a crash there closes the port and leaves the BEAM
running. It is built with cc when yaethercat is compiled on macOS, and nowhere else. It receives
frames of EtherType 0x88A4 only, and none this machine sent.
It needs read and write access to /dev/bpf*: root, or membership of the group access_bpf, which
Wireshark's ChmodBPF sets up.
Options of open/1:
	interface:, required, as "en7"


      


      
        Summary


  
    Functions
  


    
      
        program()

      


        The path of the port program, built when yaethercat is compiled on macOS.



    





      


      
        Functions


        


  
    
      
    
    
      program()



        
          
        

    

  


  

      

          @spec program() :: Path.t()


      


The path of the port program, built when yaethercat is compiled on macOS.

  


        

      


  

    
EtherCAT.Transport.Packet 
    



      
Raw Ethernet on Linux, through a packet socket (AF_PACKET) that OTP's :socket opens: frames of
EtherType 0x88A4 only, on one interface, and none this machine sent.
A packet socket needs the capability CAP_NET_RAW: root, or a BEAM given it, as with
sudo setcap cap_net_raw+ep path/to/beam.smp.
Options of open/1:
	interface:, required, as "eth1"


      




  

    
EtherCAT.Transport.UDP 
    



      
EtherCAT frames in UDP datagrams (ETG.1000.4, 5.3.2), sent to port 0x88A4 (34980) of a host unless
another is given, and answered from there.
EtherCAT.MainDevice.start_link(udp: {{10, 0, 0, 9}, 34980})
A segment answers over UDP only behind something that takes the datagrams to it, so this is mostly
for tests and simulators. Options of open/1:
	host:, required, an address as a tuple or a name
	port: (34980)


      




  

    
mix ethercat.scan 
    



      
Scans the EtherCAT segment on an interface and prints its SubDevices: where they are, who they
are, their AL state, their mailbox, sync managers and the PDOs their SII lists.
mix ethercat.scan --interface eth1
mix ethercat.scan --interface eth1 --map
A scan gives the SubDevices their station addresses, and changes nothing else. With --map it
also maps their process data, which takes them to Pre-Operational, and prints where each entry is
in the image.
Options:
	--interface (-i), the Ethernet interface the segment is on
	--udp host:port, a segment behind UDP instead
	--map, to map the process data too
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