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    ExIEC60870

A pure Elixir implementation of IEC 60870-5-101 and IEC 60870-5-104 (Master & Slave, Balanced & Unbalanced, full Information Objects, and bidirectional File Transfer Service), modeled directly after lib60870-C.
Features
	Pure Elixir & OTP: No C NIF/Port compilation dependencies, cross-platform, safe, fault-tolerant.
	Shared Application Layer (APL):	ASDU encoder & decoder supporting discrete (SQ=0) and compact sequences (SQ=1).
	Full set of Information Objects: Monitoring (1..41, 70), Control (45..51, 58..64), System (100..107), Parameter (110..113), and File Transfer (120..127 & 210).
	CPTime timestamps (CP16Time2a, CP24Time2a, CP32Time2a, CP56Time2a) with millisecond-level conversion.
	Comprehensive quality descriptors and qualifiers (Qualifiers, BCR).


	IEC 60870-5-104 (TCP / TLS):	APCI framing (I-Frame, S-Frame, U-Frame) with streaming deframer.
	Master connection (IEC60870.CS104.Connection) with $k/w$ sliding window, $T0 \sim T3$ timers.
	Slave server (IEC60870.CS104.Slave) with 3 redundancy modes and priority queues.


	IEC 60870-5-101 (FT 1.2 Serial / Virtual Bus):	FT 1.2 framing (variable, fixed, and single-byte ACK 0xE5).
	Balanced and Unbalanced Primary/Secondary link-layer state machines (FCB/FCV, ACD/DFC).
	Master (IEC60870.CS101.Master) & Slave (IEC60870.CS101.Slave) GenServers.
	Modular transport: in-memory VirtualBus and optional hardware serial port Circuits.UART.


	Bidirectional File Transfer:	IEC60870.FileService.Server & IEC60870.FileService.Client supporting directory query, file upload, download, and log query (F_SC_NB_1).


	Telemetry & Observability:	Out-of-the-box telemetry events via IEC60870.Telemetry (raw_message, asdu, connection_event, link_state, file_service).



Installation
Add ex_iec60870 to your mix.exs:
def deps do
  [
    {:ex_iec60870, "~> 0.1.0"}
  ]
end
Examples
Just like lib60870-C, runnable standalone examples covering all modes are located in the examples/ directory:
	Directory	Script	Description
	examples/cs104_server	server_example.exs	Standard CS104 Server with General Interrogation, Time Sync, Control & Spontaneous events
	examples/cs104_client	client_example.exs	Standard CS104 Client connecting, sending STARTDT, Interrogation, Clock Sync, Single Command
	examples/cs104_redundancy_server	redundancy_server_example.exs	Multi-Redundancy Groups Server with independent queues and client IP matching
	examples/cs104_server_files	server_files_example.exs	CS104 Server with File Transfer Service attached
	examples/cs101_slave	slave_example.exs	CS101 Unbalanced Slave responding to polling and commands
	examples/cs101_master_unbalanced	master_example.exs	CS101 Unbalanced Master polling multiple slaves over shared bus
	examples/cs101_master_balanced	master_example.exs	CS101 Balanced point-to-point full duplex peer communication
	examples/cs101_slave_files	slave_files_example.exs	CS101 Slave with File Service (disturbance records / files)
	examples/tls_server	tls_server_example.exs	Secure TLS IEC 60870-5-104 Server
	examples/tls_client	tls_client_example.exs	Secure TLS IEC 60870-5-104 Client

Run any example with:
mix run examples/cs104_server/server_example.exs
# or
mix run examples/cs101_master_balanced/master_example.exs

Quick Start
1. CS104 Master (Client)
alias IEC60870.CS104.Connection

{:ok, conn} = Connection.start_link(
  host: "127.0.0.1",
  port: 2404,
  owner: self()
)

# Connect and activate data transfer
Connection.connect(conn)
Connection.send_start_dt(conn)

# Send General Interrogation (C_IC_NA_1, QOI = 20)
Connection.send_interrogation_command(conn, :activation, 1, 20)

receive do
  {:iec60870_cs104, ^conn, {:asdu, asdu}} ->
    IO.inspect(asdu, label: "Received ASDU")
end
2. CS104 Slave (Server)
alias IEC60870.CS104.{Slave, MasterConnection}
alias IEC60870.{ASDU, IO.Monitoring}

{:ok, slave} = Slave.start_link(
  port: 2404,
  interrogation_handler: fn conn, asdu, _qoi ->
    # Acknowledge activation
    MasterConnection.send_act_con(conn, asdu, false)

    # Send interrogated data
    io = Monitoring.single_point(100, true, 0x00)
    resp = ASDU.new(:m_sp_na_1, cot: :interrogated_by_station, ca: asdu.ca, information_objects: [io])
    MasterConnection.send_asdu(conn, resp)

    # Terminate activation
    MasterConnection.send_act_term(conn, asdu)
    true
  end
)

# Enqueue spontaneous telemetry to connected active clients
spont_io = Monitoring.measured_value_scaled(101, 1250, 0x00)
spont_asdu = ASDU.new(:m_me_nb_1, cot: :spontaneous, ca: 1, information_objects: [spont_io])
Slave.enqueue_user_data(slave, spont_asdu)
3. CS101 Balanced Master & Slave (Serial / Virtual Bus)
alias IEC60870.CS101.{Master, Slave}
alias IEC60870.CS101.Transport.VirtualBus

# In-memory virtual bus for testing or IPC
{:ok, bus} = VirtualBus.start_link()

# Balanced Slave (DIR = false)
{:ok, _slave} = Slave.start_link(
  transport: {VirtualBus, bus},
  mode: :balanced,
  link_address: 1,
  dir: false
)

# Balanced Master (DIR = true)
{:ok, master} = Master.start_link(
  transport: {VirtualBus, bus},
  mode: :balanced,
  own_address: 1,
  slave_address: 1,
  dir: true,
  owner: self()
)

# Send interrogation
Master.send_interrogation_command(master, :activation, 1, 20)
4. File Transfer Service
alias IEC60870.FileService.{Server, Client, TransparentFile}

# Server side: host files
file = TransparentFile.new(101, "config.xml", "<config/>")
{:ok, file_server} = Server.start_link(files: [file])

# Client side: query directory and retrieve file
{:ok, file_client} = Client.start_link(connection: conn, ca: 1)
{:ok, entries} = Client.request_directory(file_client, 1, 0)
{:ok, binary_data} = Client.get_file(file_client, 1, 0, 101)
5. Telemetry & Observability
ex_iec60870 emits structured telemetry events using :telemetry:
:telemetry.attach_many(
  "iec60870-logger",
  [
    [:iec60870, :cs104, :raw_message],
    [:iec60870, :cs104, :connection_event],
    [:iec60870, :cs104, :asdu],
    [:iec60870, :cs101, :link_state],
    [:iec60870, :file_service, :transfer]
  ],
  fn event, measurements, metadata, _config ->
    IO.puts("Telemetry Event #{inspect(event)}: #{inspect(measurements)} #{inspect(metadata)}")
  end,
  nil
)
Testing & Documentation
Run the test suite:
mix test --warnings-as-errors

Generate HTML and offline markdown documentation:
mix docs

The generated documentation is located in doc/index.html.


  

    
IEC60870 
    



      
Pure Elixir implementation of IEC 60870-5-101 and IEC 60870-5-104 (Master & Slave, Balanced & Unbalanced,
full Information Objects, and bidirectional File Transfer Service), modeled after lib60870-C.
Core Modules
	Shared Application Layer:	IEC60870.ASDU: ASDU header & payload encoding/decoding (including SQ=0 discrete and SQ=1 compact sequences)
	IEC60870.InformationObject: Unified Information Object wrapper and codec dispatcher
	IEC60870.IO.Monitoring: Monitoring direction Information Objects (TypeIDs 1..41, 70)
	IEC60870.IO.Control: Control direction Information Objects (TypeIDs 45..51, 58..64)
	IEC60870.IO.System: System Information Objects (TypeIDs 100..107)
	IEC60870.IO.Parameter: Parameter Information Objects (TypeIDs 110..113)
	IEC60870.IO.File: File Transfer Information Objects (TypeIDs 120..127 & domestic extension 210)
	IEC60870.Types.CPTime: CP16Time2a, CP24Time2a, CP32Time2a, CP56Time2a
	IEC60870.Types.BCR: 5-byte BinaryCounterReading
	IEC60870.Types.Qualifiers: Qualifier bitfields and normalized/scaled value helpers


	IEC 60870-5-104 (TCP / TLS):	IEC60870.CS104.Frame: APCI I-Frame, S-Frame, U-Frame codec and stream deframer
	IEC60870.CS104.Connection: 104 Client / Master GenServer
	IEC60870.CS104.Slave: 104 Server / Slave GenServer with 3 redundancy modes and priority queues
	IEC60870.CS104.MasterConnection: Peer connection response API for Slave callbacks


	IEC 60870-5-101 (Serial FT 1.2 / Virtual Bus):	IEC60870.CS101.Frame: FT 1.2 variable, fixed, and single-byte ACK 0xE5 codec and stream deframer
	IEC60870.CS101.LinkLayer: Balanced & Unbalanced Primary/Secondary link state machines
	IEC60870.CS101.Master: 101 Master GenServer (Balanced & Unbalanced multi-slave)
	IEC60870.CS101.Slave: 101 Slave GenServer (Balanced & Unbalanced Class 1 / Class 2 queues)
	IEC60870.CS101.Transport.VirtualBus & IEC60870.CS101.Transport.UART: Serial / virtual transports


	File Transfer Service:	IEC60870.FileService.Server: Slave file server (directory listing, file upload to Master, file download from Master)
	IEC60870.FileService.Client: Master file client (request_directory/4, get_file/5, send_file/3)
	IEC60870.FileService.TransparentFile & IEC60870.FileService.Receiver


	Observability & Metrics:	IEC60870.Telemetry: Telemetry event dispatcher (raw_message, asdu, connection_event, link_state, file_service)
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IEC60870.ASDU 
    



      
Application Service Data Unit (ASDU) shared by IEC 60870-5-101 and IEC 60870-5-104.
Matches cs101_asdu.c in lib60870-C.
Supports:
	Discrete IOA encoding (is_sequence: false, SQ = 0)
	Compact sequential IOA encoding (is_sequence: true, SQ = 1)
	Configurable COT (1 or 2 bytes), CA (1 or 2 bytes), IOA (1, 2, or 3 bytes)
	Strict VSQ and single-object type validation matching lib60870-C
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    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add_object(asdu, io, params \\ %AppLayerParameters{})

      


        Adds an Information Object to the ASDU, validating type consistency, single-object constraints,
sequence address continuity (SQ=1), and maximum ASDU byte size.
Matches CS101_ASDU_addInformationObject in cs101_asdu.c.



    


    
      
        decode(bin, params \\ %AppLayerParameters{})

      


        Decodes an ASDU binary buffer into %IEC60870.ASDU{} according to AppLayerParameters.
Performs strict header and VSQ bounds checks matching CS101_ASDU_createFromBufferEx.



    


    
      
        encode(asdu, params \\ %AppLayerParameters{})

      


        Encodes an %IEC60870.ASDU{} into binary according to AppLayerParameters.



    


    
      
        encode!(asdu, params \\ %AppLayerParameters{})

      


        Encodes an ASDU and raises on error.



    


    
      
        new(type_id, opts)

      


        Creates a new ASDU.
Supports both ASDU.new(type_id, kw_opts) and ASDU.new(cot, ca, kw_opts).



    


    
      
        new(cot, ca, opts)
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          @type t() :: %IEC60870.ASDU{
  ca: non_neg_integer(),
  cot: IEC60870.Types.COT.name() | IEC60870.Types.COT.code(),
  is_negative: boolean(),
  is_sequence: boolean(),
  is_test: boolean(),
  oa: non_neg_integer(),
  objects: [IEC60870.InformationObject.t()],
  raw_payload: nil | binary(),
  type_id: nil | IEC60870.Types.TypeID.name() | IEC60870.Types.TypeID.code()
}
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      add_object(asdu, io, params \\ %AppLayerParameters{})



        
          
        

    

  


  

      

          @spec add_object(t(), IEC60870.InformationObject.t(), IEC60870.AppLayerParameters.t()) ::
  {:ok, t()} | {:error, atom()}


      


Adds an Information Object to the ASDU, validating type consistency, single-object constraints,
sequence address continuity (SQ=1), and maximum ASDU byte size.
Matches CS101_ASDU_addInformationObject in cs101_asdu.c.

  



    

  
    
      
    
    
      decode(bin, params \\ %AppLayerParameters{})



        
          
        

    

  


  

      

          @spec decode(binary(), IEC60870.AppLayerParameters.t()) ::
  {:ok, t()} | {:error, term()}


      


Decodes an ASDU binary buffer into %IEC60870.ASDU{} according to AppLayerParameters.
Performs strict header and VSQ bounds checks matching CS101_ASDU_createFromBufferEx.
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          @spec encode(t(), IEC60870.AppLayerParameters.t()) ::
  {:ok, binary()} | {:error, term()}


      


Encodes an %IEC60870.ASDU{} into binary according to AppLayerParameters.
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          @spec encode!(t(), IEC60870.AppLayerParameters.t()) :: binary()


      


Encodes an ASDU and raises on error.
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Creates a new ASDU.
Supports both ASDU.new(type_id, kw_opts) and ASDU.new(cot, ca, kw_opts).

  



  
    
      
    
    
      new(cot, ca, opts)



        
          
        

    

  


  

      

          @spec new(IEC60870.Types.COT.t(), non_neg_integer(), keyword()) :: t()


      



  


        

      


  

    
IEC60870.AppLayerParameters 
    



      
Application layer parameters shared by IEC 60870-5-101 and IEC 60870-5-104.
Corresponds to sCS101_AppLayerParameters in lib60870-C.
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    Functions
  


    
      
        decode_ioa(arg1, arg2)

      


        Decodes an Information Object Address (IOA) according to size_of_ioa (little-endian).



    


    
      
        default_cs101(opts \\ [])

      


        Default parameters for IEC 60870-5-101 (COT=1 or 2, CA=1 or 2, IOA=2 or 3, maxASDU=253).
Match lib60870-C defaults (COT=2, CA=2, IOA=3, maxASDU=249) unless overridden.



    


    
      
        default_cs104(opts \\ [])

      


        Default parameters for IEC 60870-5-104 (COT=2, CA=2, IOA=3, maxASDU=249).



    


    
      
        encode_ioa(app_layer_parameters, ioa)

      


        Encodes an Information Object Address (IOA) according to size_of_ioa (little-endian).



    


    
      
        header_length(app_layer_parameters)

      


        Returns the byte length of the ASDU header (TypeID + VSQ + COT(+OA) + CA).
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          @type t() :: %IEC60870.AppLayerParameters{
  max_size_of_asdu: pos_integer(),
  originator_address: 0..255,
  size_of_ca: 1 | 2,
  size_of_cot: 1 | 2,
  size_of_ioa: 1 | 2 | 3,
  size_of_type_id: 1,
  size_of_vsq: 1
}
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          @spec decode_ioa(t(), binary()) ::
  {:ok, non_neg_integer(), binary()} | {:error, :insufficient_data}


      


Decodes an Information Object Address (IOA) according to size_of_ioa (little-endian).

  



    

  
    
      
    
    
      default_cs101(opts \\ [])



        
          
        

    

  


  

      

          @spec default_cs101(keyword()) :: t()


      


Default parameters for IEC 60870-5-101 (COT=1 or 2, CA=1 or 2, IOA=2 or 3, maxASDU=253).
Match lib60870-C defaults (COT=2, CA=2, IOA=3, maxASDU=249) unless overridden.

  



    

  
    
      
    
    
      default_cs104(opts \\ [])



        
          
        

    

  


  

      

          @spec default_cs104(keyword()) :: t()


      


Default parameters for IEC 60870-5-104 (COT=2, CA=2, IOA=3, maxASDU=249).

  



  
    
      
    
    
      encode_ioa(app_layer_parameters, ioa)



        
          
        

    

  


  

      

          @spec encode_ioa(t(), non_neg_integer()) :: binary()


      


Encodes an Information Object Address (IOA) according to size_of_ioa (little-endian).

  



  
    
      
    
    
      header_length(app_layer_parameters)



        
          
        

    

  


  

      

          @spec header_length(t()) :: pos_integer()


      


Returns the byte length of the ASDU header (TypeID + VSQ + COT(+OA) + CA).

  


        

      


  

    
IEC60870.InformationObject 
    



      
Unified dispatcher and helper functions for all IEC 60870-5-101/104 Information Objects.
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    Types
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    Functions
  


    
      
        decode_payload(type, ioa, bin)

      


        Decodes an Information Object payload for a known type_atom and ioa.



    


    
      
        encode(io, params, include_ioa? \\ true)

      


        Encodes an Information Object into binary.
If include_ioa? is true, prepends the encoded IOA (1..3 bytes per params).
For sequence elements (SQ=1, element index > 0), include_ioa? is false.



    


    
      
        encode_payload(io)

      


    


    
      
        ioa(map)

      


        Returns the Information Object Address (ioa) of any Information Object struct.



    


    
      
        type_id(arg1)

      


        Infers the TypeID atom for any Information Object struct based on its type and timestamp.
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          @type t() :: struct()
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          @spec decode_payload(IEC60870.Types.TypeID.t(), non_neg_integer(), binary()) ::
  {:ok, t(), binary()} | {:error, term()}


      


Decodes an Information Object payload for a known type_atom and ioa.
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          @spec encode(t(), IEC60870.AppLayerParameters.t(), boolean()) :: binary()


      


Encodes an Information Object into binary.
If include_ioa? is true, prepends the encoded IOA (1..3 bytes per params).
For sequence elements (SQ=1, element index > 0), include_ioa? is false.
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          @spec encode_payload(t()) :: binary()
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          @spec ioa(t()) :: non_neg_integer()


      


Returns the Information Object Address (ioa) of any Information Object struct.
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          @spec type_id(t()) :: IEC60870.Types.TypeID.name() | IEC60870.Types.TypeID.code()


      


Infers the TypeID atom for any Information Object struct based on its type and timestamp.
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Fallback representation for custom or security ASDU payloads.
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          @type t() :: %IEC60870.InformationObject.RawObject{
  ioa: non_neg_integer(),
  payload: binary(),
  type: IEC60870.Types.TypeID.t()
}
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Telemetry integration for IEC 60870 protocol events and metrics.
Emits events using :telemetry if :telemetry application is loaded and available.
If :telemetry is not present in the runtime, invocations degrade gracefully into no-ops.
Supported Events
Raw Message Events:
	[:iec60870, :cs104, :raw_message]
	[:iec60870, :cs101, :raw_message]	Measurements: %{byte_size: non_neg_integer()}
	Metadata: %{pid: pid(), direction: :sent | :received, bytes: binary()}




ASDU Events:
	[:iec60870, :cs104, :asdu]
	[:iec60870, :cs101, :asdu]	Measurements: %{count: 1, num_elements: non_neg_integer()}
	Metadata: %{pid: pid(), direction: :sent | :received, type_id: atom() | non_neg_integer(), cot: atom() | non_neg_integer(), ca: non_neg_integer(), asdu: struct()}




Connection & Link Events:
	[:iec60870, :cs104, :connection_event]	Measurements: %{system_time: integer()}
	Metadata: %{pid: pid(), peer: tuple() | nil, event: atom()}



	[:iec60870, :cs101, :link_state]	Measurements: %{system_time: integer()}
	Metadata: %{pid: pid(), address: integer(), link_state: atom()}



File Transfer Events:
	[:iec60870, :file_service, :transfer]	Measurements: %{system_time: integer()}
	Metadata: %{role: :client | :server, action: atom(), filename: String.t() | nil, status: :started | :progress | :completed | :failed | :aborted}





      


      
        Summary


  
    Functions
  


    
      
        execute(event_name, measurements \\ %{}, metadata \\ %{})

      


        Executes a telemetry event safely.



    





      


      
        Functions


        


    

    

  
    
      
    
    
      execute(event_name, measurements \\ %{}, metadata \\ %{})



        
          
        

    

  


  

      

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


      


Executes a telemetry event safely.

  


        

      


  

    
IEC60870.IO.Monitoring 
    



      
Monitoring direction Information Objects (TypeIDs 1..21, 30..41, 70).
Matches cs101_information_objects.c in lib60870-C.

      


      
        Summary


  
    Functions
  


    
      
        bitstring32(ioa, value, quality \\ 0)

      


        Constructs a 32-bit bitstring object without timestamp (M_BO_NA_1).



    


    
      
        bitstring32_cp24time2a(ioa, value, quality, ts)

      


        Constructs a 32-bit bitstring object with CP24Time2a timestamp (M_BO_TA_1).



    


    
      
        bitstring32_cp56time2a(ioa, value, quality, ts)

      


        Constructs a 32-bit bitstring object with CP56Time2a timestamp (M_BO_TB_1).



    


    
      
        decode_payload(arg1, ioa, bin)

      


    


    
      
        double_point(ioa, value, quality \\ 0)

      


        Constructs a double point information object without timestamp (M_DP_NA_1).



    


    
      
        double_point_cp24time2a(ioa, value, quality, ts)

      


        Constructs a double point information object with CP24Time2a timestamp (M_DP_TA_1).



    


    
      
        double_point_cp56time2a(ioa, value, quality, ts)

      


        Constructs a double point information object with CP56Time2a timestamp (M_DP_TB_1).



    


    
      
        encode_payload(arg1)

      


    


    
      
        end_of_initialization(ioa \\ 0, coi \\ 0)

      


        Constructs an end-of-initialization indicator object (M_EI_NA_1, TypeID 70).



    


    
      
        event_of_protection_equipment_cp24time2a(ioa, es, qdp, et, ts)

      


    


    
      
        event_of_protection_equipment_cp56time2a(ioa, es, qdp, et, ts)

      


    


    
      
        integrated_totals(ioa, bcr)

      


        Constructs a counter totals object without timestamp (M_IT_NA_1).



    


    
      
        integrated_totals_cp24time2a(ioa, bcr, ts)

      


        Constructs a counter totals object with CP24Time2a timestamp (M_IT_TA_1).



    


    
      
        integrated_totals_cp56time2a(ioa, bcr, ts)

      


        Constructs a counter totals object with CP56Time2a timestamp (M_IT_TB_1).



    


    
      
        measured_value_normalized(ioa, value, quality \\ 0)

      


        Constructs a normalized measured value without timestamp (M_ME_NA_1).



    


    
      
        measured_value_normalized_cp24time2a(ioa, value, quality, ts)

      


        Constructs a normalized measured value with CP24Time2a timestamp (M_ME_TA_1).



    


    
      
        measured_value_normalized_cp56time2a(ioa, value, quality, ts)

      


        Constructs a normalized measured value with CP56Time2a timestamp (M_ME_TD_1).



    


    
      
        measured_value_normalized_without_quality(ioa, value)

      


        Constructs a normalized measured value without quality (M_ME_ND_1).



    


    
      
        measured_value_scaled(ioa, value, quality \\ 0)

      


        Constructs a scaled measured value without timestamp (M_ME_NB_1).



    


    
      
        measured_value_scaled_cp24time2a(ioa, value, quality, ts)

      


        Constructs a scaled measured value with CP24Time2a timestamp (M_ME_TB_1).



    


    
      
        measured_value_scaled_cp56time2a(ioa, value, quality, ts)

      


        Constructs a scaled measured value with CP56Time2a timestamp (M_ME_TE_1).



    


    
      
        measured_value_short(ioa, value, quality \\ 0)

      


        Constructs a short float measured value without timestamp (M_ME_NC_1).



    


    
      
        measured_value_short_cp24time2a(ioa, value, quality, ts)

      


        Constructs a short float measured value with CP24Time2a timestamp (M_ME_TC_1).



    


    
      
        measured_value_short_cp56time2a(ioa, value, quality, ts)

      


        Constructs a short float measured value with CP56Time2a timestamp (M_ME_TF_1).



    


    
      
        packed_output_circuit_info_cp24time2a(ioa, oci, qdp, ot, ts)

      


    


    
      
        packed_output_circuit_info_cp56time2a(ioa, oci, qdp, ot, ts)

      


    


    
      
        packed_single_point_with_scd(ioa, stn, cdn, quality \\ 0)

      


    


    
      
        packed_start_events_of_protection_equipment_cp24time2a(ioa, ev, qdp, et, ts)

      


    


    
      
        packed_start_events_of_protection_equipment_cp56time2a(ioa, ev, qdp, et, ts)

      


    


    
      
        single_point(ioa, value, quality \\ 0)

      


        Constructs a single point information object without timestamp (M_SP_NA_1).



    


    
      
        single_point_cp24time2a(ioa, value, quality, ts)

      


        Constructs a single point information object with CP24Time2a timestamp (M_SP_TA_1).



    


    
      
        single_point_cp56time2a(ioa, value, quality, ts)

      


        Constructs a single point information object with CP56Time2a timestamp (M_SP_TB_1).



    


    
      
        step_position(ioa, value, transient \\ false, quality \\ 0)

      


        Constructs a step position information object without timestamp (M_ST_NA_1).



    


    
      
        step_position_cp24time2a(ioa, value, transient, quality, ts)

      


        Constructs a step position information object with CP24Time2a timestamp (M_ST_TA_1).



    


    
      
        step_position_cp56time2a(ioa, value, transient, quality, ts)

      


        Constructs a step position information object with CP56Time2a timestamp (M_ST_TB_1).



    





      


      
        Functions


        


    

  
    
      
    
    
      bitstring32(ioa, value, quality \\ 0)



        
          
        

    

  


  

Constructs a 32-bit bitstring object without timestamp (M_BO_NA_1).

  



  
    
      
    
    
      bitstring32_cp24time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a 32-bit bitstring object with CP24Time2a timestamp (M_BO_TA_1).

  



  
    
      
    
    
      bitstring32_cp56time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a 32-bit bitstring object with CP56Time2a timestamp (M_BO_TB_1).

  



  
    
      
    
    
      decode_payload(arg1, ioa, bin)



        
          
        

    

  


  


  



    

  
    
      
    
    
      double_point(ioa, value, quality \\ 0)



        
          
        

    

  


  

Constructs a double point information object without timestamp (M_DP_NA_1).

  



  
    
      
    
    
      double_point_cp24time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a double point information object with CP24Time2a timestamp (M_DP_TA_1).

  



  
    
      
    
    
      double_point_cp56time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a double point information object with CP56Time2a timestamp (M_DP_TB_1).

  



  
    
      
    
    
      encode_payload(arg1)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      end_of_initialization(ioa \\ 0, coi \\ 0)



        
          
        

    

  


  

Constructs an end-of-initialization indicator object (M_EI_NA_1, TypeID 70).

  



  
    
      
    
    
      event_of_protection_equipment_cp24time2a(ioa, es, qdp, et, ts)



        
          
        

    

  


  


  



  
    
      
    
    
      event_of_protection_equipment_cp56time2a(ioa, es, qdp, et, ts)



        
          
        

    

  


  


  



  
    
      
    
    
      integrated_totals(ioa, bcr)



        
          
        

    

  


  

Constructs a counter totals object without timestamp (M_IT_NA_1).

  



  
    
      
    
    
      integrated_totals_cp24time2a(ioa, bcr, ts)



        
          
        

    

  


  

Constructs a counter totals object with CP24Time2a timestamp (M_IT_TA_1).

  



  
    
      
    
    
      integrated_totals_cp56time2a(ioa, bcr, ts)



        
          
        

    

  


  

Constructs a counter totals object with CP56Time2a timestamp (M_IT_TB_1).

  



    

  
    
      
    
    
      measured_value_normalized(ioa, value, quality \\ 0)



        
          
        

    

  


  

Constructs a normalized measured value without timestamp (M_ME_NA_1).

  



  
    
      
    
    
      measured_value_normalized_cp24time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a normalized measured value with CP24Time2a timestamp (M_ME_TA_1).

  



  
    
      
    
    
      measured_value_normalized_cp56time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a normalized measured value with CP56Time2a timestamp (M_ME_TD_1).

  



  
    
      
    
    
      measured_value_normalized_without_quality(ioa, value)



        
          
        

    

  


  

Constructs a normalized measured value without quality (M_ME_ND_1).

  



    

  
    
      
    
    
      measured_value_scaled(ioa, value, quality \\ 0)



        
          
        

    

  


  

Constructs a scaled measured value without timestamp (M_ME_NB_1).

  



  
    
      
    
    
      measured_value_scaled_cp24time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a scaled measured value with CP24Time2a timestamp (M_ME_TB_1).

  



  
    
      
    
    
      measured_value_scaled_cp56time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a scaled measured value with CP56Time2a timestamp (M_ME_TE_1).

  



    

  
    
      
    
    
      measured_value_short(ioa, value, quality \\ 0)



        
          
        

    

  


  

Constructs a short float measured value without timestamp (M_ME_NC_1).

  



  
    
      
    
    
      measured_value_short_cp24time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a short float measured value with CP24Time2a timestamp (M_ME_TC_1).

  



  
    
      
    
    
      measured_value_short_cp56time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a short float measured value with CP56Time2a timestamp (M_ME_TF_1).

  



  
    
      
    
    
      packed_output_circuit_info_cp24time2a(ioa, oci, qdp, ot, ts)



        
          
        

    

  


  


  



  
    
      
    
    
      packed_output_circuit_info_cp56time2a(ioa, oci, qdp, ot, ts)



        
          
        

    

  


  


  



    

  
    
      
    
    
      packed_single_point_with_scd(ioa, stn, cdn, quality \\ 0)



        
          
        

    

  


  


  



  
    
      
    
    
      packed_start_events_of_protection_equipment_cp24time2a(ioa, ev, qdp, et, ts)



        
          
        

    

  


  


  



  
    
      
    
    
      packed_start_events_of_protection_equipment_cp56time2a(ioa, ev, qdp, et, ts)



        
          
        

    

  


  


  



    

  
    
      
    
    
      single_point(ioa, value, quality \\ 0)



        
          
        

    

  


  

Constructs a single point information object without timestamp (M_SP_NA_1).

  



  
    
      
    
    
      single_point_cp24time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a single point information object with CP24Time2a timestamp (M_SP_TA_1).

  



  
    
      
    
    
      single_point_cp56time2a(ioa, value, quality, ts)



        
          
        

    

  


  

Constructs a single point information object with CP56Time2a timestamp (M_SP_TB_1).

  



    

    

  
    
      
    
    
      step_position(ioa, value, transient \\ false, quality \\ 0)



        
          
        

    

  


  

Constructs a step position information object without timestamp (M_ST_NA_1).

  



  
    
      
    
    
      step_position_cp24time2a(ioa, value, transient, quality, ts)



        
          
        

    

  


  

Constructs a step position information object with CP24Time2a timestamp (M_ST_TA_1).

  



  
    
      
    
    
      step_position_cp56time2a(ioa, value, transient, quality, ts)



        
          
        

    

  


  

Constructs a step position information object with CP56Time2a timestamp (M_ST_TB_1).

  


        

      


  

    
IEC60870.IO.Monitoring.BitString32 
    



      
32-bit bitstring value with quality and optional timestamp (M_BO_NA_1, M_BO_TA_1, M_BO_TB_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, quality \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.BitString32{
  ioa: non_neg_integer(),
  quality: byte(),
  timestamp:
    nil
    | IEC60870.Types.CPTime.CP24Time2a.t()
    | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(ioa, value, quality \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.DoublePointInformation 
    



      
Double point information with quality (:off, :on, etc.) and optional timestamp (M_DP_NA_1, M_DP_TA_1, M_DP_TB_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, quality \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.DoublePointInformation{
  ioa: non_neg_integer(),
  quality: byte(),
  timestamp:
    nil
    | IEC60870.Types.CPTime.CP24Time2a.t()
    | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: :intermediate | :off | :on | :indeterminate
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(ioa, value, quality \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.EndOfInitialization 
    



      
End of initialization indicator with cause of initialization (M_EI_NA_1, TypeID 70).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(coi, ioa \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.EndOfInitialization{
  coi: byte(),
  ioa: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(coi, ioa \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.EventOfProtectionEquipment 
    



      
Event of protection equipment with relative elapsed time (M_EP_TA_1, M_EP_TD_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, event_state, qdp, elapsed_time, timestamp)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.EventOfProtectionEquipment{
  elapsed_time: IEC60870.Types.CPTime.CP16Time2a.t(),
  event_state: :indeterminate_0 | :off | :on | :indeterminate_3,
  ioa: non_neg_integer(),
  qdp: byte(),
  timestamp:
    IEC60870.Types.CPTime.CP24Time2a.t() | IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, event_state, qdp, elapsed_time, timestamp)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.IntegratedTotals 
    



      
Integrated totals / counter value (BinaryCounterReading BCR) (M_IT_NA_1, M_IT_TA_1, M_IT_TB_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, bcr, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.IntegratedTotals{
  bcr: IEC60870.Types.BCR.t(),
  ioa: non_neg_integer(),
  timestamp:
    nil
    | IEC60870.Types.CPTime.CP24Time2a.t()
    | IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(ioa, bcr, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.IntegratedTotalsForSecurityStatistics 
    



      
Security statistics totals with sequence number (S_IT_TC_1, TypeID 41).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, aid, bcr, timestamp)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.IntegratedTotalsForSecurityStatistics{
  aid: non_neg_integer(),
  bcr: IEC60870.Types.BCR.t(),
  ioa: non_neg_integer(),
  timestamp: IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, aid, bcr, timestamp)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.MeasuredValueNormalized 
    



      
Normalized measured value (-1.0..+1.0 / -32768..32767) (M_ME_NA_1, M_ME_TA_1, M_ME_TD_1, M_ME_ND_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, quality \\ 0, timestamp \\ nil)

      


    


    
      
        new_without_quality(ioa, value)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.MeasuredValueNormalized{
  ioa: non_neg_integer(),
  quality: nil | byte(),
  timestamp:
    nil
    | IEC60870.Types.CPTime.CP24Time2a.t()
    | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: float(),
  without_quality: boolean()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(ioa, value, quality \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  



  
    
      
    
    
      new_without_quality(ioa, value)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.MeasuredValueScaled 
    



      
16-bit scaled integer measured value (-32768..32767) (M_ME_NB_1, M_ME_TB_1, M_ME_TE_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, quality \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.MeasuredValueScaled{
  ioa: non_neg_integer(),
  quality: byte(),
  timestamp:
    nil
    | IEC60870.Types.CPTime.CP24Time2a.t()
    | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: -32768..32767
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(ioa, value, quality \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.MeasuredValueShort 
    



      
IEEE 754 32-bit single precision floating point measured value (M_ME_NC_1, M_ME_TC_1, M_ME_TF_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, quality \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.MeasuredValueShort{
  ioa: non_neg_integer(),
  quality: byte(),
  timestamp:
    nil
    | IEC60870.Types.CPTime.CP24Time2a.t()
    | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: float()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(ioa, value, quality \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.PackedOutputCircuitInfo 
    



      
Packed output circuit information of protection equipment (M_EP_TC_1, M_EP_TF_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, oci, qdp, operating_time, timestamp)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.PackedOutputCircuitInfo{
  ioa: non_neg_integer(),
  oci: byte(),
  operating_time: IEC60870.Types.CPTime.CP16Time2a.t(),
  qdp: byte(),
  timestamp:
    IEC60870.Types.CPTime.CP24Time2a.t() | IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, oci, qdp, operating_time, timestamp)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.PackedSinglePointWithSCD 
    



      
Packed single-point information with status change detection (M_PS_NA_1, TypeID 20).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, stn, cdn, quality \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.PackedSinglePointWithSCD{
  cdn: non_neg_integer(),
  ioa: non_neg_integer(),
  quality: byte(),
  stn: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(ioa, stn, cdn, quality \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.PackedStartEventsOfProtectionEquipment 
    



      
Packed start events of protection equipment (M_EP_TB_1, M_EP_TE_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, event, qdp, elapsed_time, timestamp)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.PackedStartEventsOfProtectionEquipment{
  elapsed_time: IEC60870.Types.CPTime.CP16Time2a.t(),
  event: byte(),
  ioa: non_neg_integer(),
  qdp: byte(),
  timestamp:
    IEC60870.Types.CPTime.CP24Time2a.t() | IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, event, qdp, elapsed_time, timestamp)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.SinglePointInformation 
    



      
Single point information with quality and optional timestamp (M_SP_NA_1, M_SP_TA_1, M_SP_TB_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, quality \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.SinglePointInformation{
  ioa: non_neg_integer(),
  quality: byte(),
  timestamp:
    nil
    | IEC60870.Types.CPTime.CP24Time2a.t()
    | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: boolean()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(ioa, value, quality \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Monitoring.StepPositionInformation 
    



      
Step position information with transient state and quality (M_ST_NA_1, M_ST_TA_1, M_ST_TB_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, transient \\ false, quality \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Monitoring.StepPositionInformation{
  ioa: non_neg_integer(),
  quality: byte(),
  timestamp:
    nil
    | IEC60870.Types.CPTime.CP24Time2a.t()
    | IEC60870.Types.CPTime.CP56Time2a.t(),
  transient: boolean(),
  value: -64..63
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(ioa, value, transient \\ false, quality \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Control 
    



      
Control direction Process Command Information Objects (TypeIDs 45..51, 58..64).
Matches cs101_information_objects.c in lib60870-C.

      


      
        Summary


  
    Functions
  


    
      
        bitstring32_command(ioa, value)

      


        Constructs a 32-bit bitstring command (C_BO_NA_1).



    


    
      
        bitstring32_command_cp56time2a(ioa, value, ts)

      


        Constructs a 32-bit bitstring command with CP56Time2a (C_BO_TA_1).



    


    
      
        decode_payload(arg1, ioa, arg3)

      


    


    
      
        double_command(ioa, state, select \\ false, qu \\ 0)

      


        Constructs a double command (C_DC_NA_1).



    


    
      
        double_command_cp56time2a(ioa, state, select, qu, ts)

      


        Constructs a double command with CP56Time2a (C_DC_TA_1).



    


    
      
        encode_payload(arg1)

      


    


    
      
        regulating_step_command(ioa, state, select \\ false, qu \\ 0)

      


        Constructs a regulating step command (C_RC_NA_1).



    


    
      
        regulating_step_command_cp56time2a(ioa, state, select, qu, ts)

      


        Constructs a regulating step command with CP56Time2a (C_RC_TA_1).



    


    
      
        setpoint_command_normalized(ioa, value, select \\ false, ql \\ 0)

      


    


    
      
        setpoint_command_normalized_cp56time2a(ioa, value, select, ql, ts)

      


    


    
      
        setpoint_command_scaled(ioa, value, select \\ false, ql \\ 0)

      


    


    
      
        setpoint_command_scaled_cp56time2a(ioa, value, select, ql, ts)

      


    


    
      
        setpoint_command_short(ioa, value, select \\ false, ql \\ 0)

      


    


    
      
        setpoint_command_short_cp56time2a(ioa, value, select, ql, ts)

      


    


    
      
        single_command(ioa, state, select \\ false, qu \\ 0)

      


        Constructs a single command (C_SC_NA_1).



    


    
      
        single_command_cp56time2a(ioa, state, select, qu, ts)

      


        Constructs a single command with CP56Time2a (C_SC_TA_1).



    





      


      
        Functions


        


  
    
      
    
    
      bitstring32_command(ioa, value)



        
          
        

    

  


  

Constructs a 32-bit bitstring command (C_BO_NA_1).

  



  
    
      
    
    
      bitstring32_command_cp56time2a(ioa, value, ts)



        
          
        

    

  


  

Constructs a 32-bit bitstring command with CP56Time2a (C_BO_TA_1).

  



  
    
      
    
    
      decode_payload(arg1, ioa, arg3)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      double_command(ioa, state, select \\ false, qu \\ 0)



        
          
        

    

  


  

Constructs a double command (C_DC_NA_1).

  



  
    
      
    
    
      double_command_cp56time2a(ioa, state, select, qu, ts)



        
          
        

    

  


  

Constructs a double command with CP56Time2a (C_DC_TA_1).

  



  
    
      
    
    
      encode_payload(arg1)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      regulating_step_command(ioa, state, select \\ false, qu \\ 0)



        
          
        

    

  


  

Constructs a regulating step command (C_RC_NA_1).

  



  
    
      
    
    
      regulating_step_command_cp56time2a(ioa, state, select, qu, ts)



        
          
        

    

  


  

Constructs a regulating step command with CP56Time2a (C_RC_TA_1).

  



    

    

  
    
      
    
    
      setpoint_command_normalized(ioa, value, select \\ false, ql \\ 0)



        
          
        

    

  


  


  



  
    
      
    
    
      setpoint_command_normalized_cp56time2a(ioa, value, select, ql, ts)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      setpoint_command_scaled(ioa, value, select \\ false, ql \\ 0)



        
          
        

    

  


  


  



  
    
      
    
    
      setpoint_command_scaled_cp56time2a(ioa, value, select, ql, ts)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      setpoint_command_short(ioa, value, select \\ false, ql \\ 0)



        
          
        

    

  


  


  



  
    
      
    
    
      setpoint_command_short_cp56time2a(ioa, value, select, ql, ts)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      single_command(ioa, state, select \\ false, qu \\ 0)



        
          
        

    

  


  

Constructs a single command (C_SC_NA_1).

  



  
    
      
    
    
      single_command_cp56time2a(ioa, state, select, qu, ts)



        
          
        

    

  


  

Constructs a single command with CP56Time2a (C_SC_TA_1).

  


        

      


  

    
IEC60870.IO.Control.Bitstring32Command 
    



      
32-bit bitstring command (C_BO_NA_1, C_BO_TA_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Control.Bitstring32Command{
  ioa: non_neg_integer(),
  timestamp: nil | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(ioa, value, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Control.DoubleCommand 
    



      
Double command (C_DC_NA_1, C_DC_TA_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, state, select \\ false, qu \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Control.DoubleCommand{
  ioa: non_neg_integer(),
  qu: 0..31,
  select: boolean(),
  state: 0..3,
  timestamp: nil | IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(ioa, state, select \\ false, qu \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Control.SetpointCommandNormalized 
    



      
Normalized setpoint command (C_SE_NA_1, C_SE_TA_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, select \\ false, ql \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Control.SetpointCommandNormalized{
  ioa: non_neg_integer(),
  ql: 0..127,
  select: boolean(),
  timestamp: nil | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: float()
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(ioa, value, select \\ false, ql \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Control.SetpointCommandScaled 
    



      
Scaled setpoint command (C_SE_NB_1, C_SE_TB_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, select \\ false, ql \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Control.SetpointCommandScaled{
  ioa: non_neg_integer(),
  ql: 0..127,
  select: boolean(),
  timestamp: nil | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: -32768..32767
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(ioa, value, select \\ false, ql \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Control.SetpointCommandShort 
    



      
Short floating point setpoint command (C_SE_NC_1, C_SE_TC_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, select \\ false, ql \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Control.SetpointCommandShort{
  ioa: non_neg_integer(),
  ql: 0..127,
  select: boolean(),
  timestamp: nil | IEC60870.Types.CPTime.CP56Time2a.t(),
  value: float()
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(ioa, value, select \\ false, ql \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Control.SingleCommand 
    



      
Single command (C_SC_NA_1, C_SC_TA_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, state, select \\ false, qu \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Control.SingleCommand{
  ioa: non_neg_integer(),
  qu: 0..31,
  select: boolean(),
  state: boolean(),
  timestamp: nil | IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(ioa, state, select \\ false, qu \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Control.StepCommand 
    



      
Regulating step command (C_RC_NA_1, C_RC_TA_1).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, state, select \\ false, qu \\ 0, timestamp \\ nil)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Control.StepCommand{
  ioa: non_neg_integer(),
  qu: 0..31,
  select: boolean(),
  state: :invalid_0 | :lower | :higher | :invalid_3,
  timestamp: nil | IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      new(ioa, state, select \\ false, qu \\ 0, timestamp \\ nil)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System 
    



      
System Command Information Objects in Control Direction (TypeIDs 100..107).
Matches cs101_information_objects.c in lib60870-C.

      


      
        Summary


  
    Functions
  


    
      
        clock_sync_command(ioa \\ 0, ts)

      


    


    
      
        counter_interrogation_command(ioa \\ 0, qcc \\ 5)

      


    


    
      
        decode_payload(arg1, ioa, rest)

      


    


    
      
        delay_acquisition_command(ioa \\ 0, delay)

      


    


    
      
        encode_payload(arg1)

      


    


    
      
        interrogation_command(ioa \\ 0, qoi \\ 20)

      


    


    
      
        read_command(ioa)

      


    


    
      
        reset_process_command(ioa \\ 0, qrp \\ 1)

      


    


    
      
        test_command(ioa \\ 0)

      


    


    
      
        test_command_with_cp56time2a(ioa \\ 0, tsc, ts)

      


    





      


      
        Functions


        


    

  
    
      
    
    
      clock_sync_command(ioa \\ 0, ts)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      counter_interrogation_command(ioa \\ 0, qcc \\ 5)



        
          
        

    

  


  


  



  
    
      
    
    
      decode_payload(arg1, ioa, rest)



        
          
        

    

  


  


  



    

  
    
      
    
    
      delay_acquisition_command(ioa \\ 0, delay)



        
          
        

    

  


  


  



  
    
      
    
    
      encode_payload(arg1)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      interrogation_command(ioa \\ 0, qoi \\ 20)



        
          
        

    

  


  


  



  
    
      
    
    
      read_command(ioa)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      reset_process_command(ioa \\ 0, qrp \\ 1)



        
          
        

    

  


  


  



    

  
    
      
    
    
      test_command(ioa \\ 0)



        
          
        

    

  


  


  



    

  
    
      
    
    
      test_command_with_cp56time2a(ioa \\ 0, tsc, ts)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System.ClockSynchronizationCommand 
    



      
Clock synchronization command with CP56Time2a (C_CS_NA_1, TypeID 103).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(timestamp, ioa \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.System.ClockSynchronizationCommand{
  ioa: non_neg_integer(),
  timestamp: IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(timestamp, ioa \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System.CounterInterrogationCommand 
    



      
Counter interrogation command (C_CI_NA_1, TypeID 101).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(qcc \\ 5, ioa \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.System.CounterInterrogationCommand{
  ioa: non_neg_integer(),
  qcc: byte()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(qcc \\ 5, ioa \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System.DelayAcquisitionCommand 
    



      
Delay acquisition command (C_CD_NA_1, TypeID 106).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(delay, ioa \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.System.DelayAcquisitionCommand{
  delay: IEC60870.Types.CPTime.CP16Time2a.t(),
  ioa: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(delay, ioa \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System.InterrogationCommand 
    



      
General interrogation command (C_IC_NA_1, TypeID 100).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(qoi \\ 20, ioa \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.System.InterrogationCommand{
  ioa: non_neg_integer(),
  qoi: byte()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(qoi \\ 20, ioa \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System.ReadCommand 
    



      
Read command (C_RD_NA_1, TypeID 102).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.System.ReadCommand{ioa: non_neg_integer()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System.ResetProcessCommand 
    



      
Reset process command (C_RP_NA_1, TypeID 105).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(qrp \\ 1, ioa \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.System.ResetProcessCommand{
  ioa: non_neg_integer(),
  qrp: byte()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(qrp \\ 1, ioa \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System.TestCommand 
    



      
Test command (C_TS_NA_1, TypeID 104).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.System.TestCommand{
  byte1: byte(),
  byte2: byte(),
  ioa: non_neg_integer(),
  valid: boolean()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(ioa \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.System.TestCommandWithCP56Time2a 
    



      
Test command with CP56Time2a timestamp (C_TS_TA_1, TypeID 107).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(tsc, timestamp, ioa \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.System.TestCommandWithCP56Time2a{
  ioa: non_neg_integer(),
  timestamp: IEC60870.Types.CPTime.CP56Time2a.t(),
  tsc: non_neg_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(tsc, timestamp, ioa \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Parameter 
    



      
Parameter Information Objects in Control Direction (TypeIDs 110..113).
Matches cs101_information_objects.c in lib60870-C.

      


      
        Summary


  
    Functions
  


    
      
        decode_payload(arg1, ioa, arg3)

      


    


    
      
        encode_payload(arg1)

      


    


    
      
        parameter_activation(ioa, qpa)

      


        Constructs a parameter activation command (P_AC_NA_1, TypeID 113).



    


    
      
        parameter_float_value(ioa, value, qpm \\ 0)

      


        Constructs a short float parameter (P_ME_NC_1, TypeID 112).



    


    
      
        parameter_normalized_value(ioa, value, qpm \\ 0)

      


        Constructs a normalized value parameter (P_ME_NA_1, TypeID 110).



    


    
      
        parameter_scaled_value(ioa, value, qpm \\ 0)

      


        Constructs a scaled value parameter (P_ME_NB_1, TypeID 111).



    





      


      
        Functions


        


  
    
      
    
    
      decode_payload(arg1, ioa, arg3)



        
          
        

    

  


  


  



  
    
      
    
    
      encode_payload(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      parameter_activation(ioa, qpa)



        
          
        

    

  


  

Constructs a parameter activation command (P_AC_NA_1, TypeID 113).

  



    

  
    
      
    
    
      parameter_float_value(ioa, value, qpm \\ 0)



        
          
        

    

  


  

Constructs a short float parameter (P_ME_NC_1, TypeID 112).

  



    

  
    
      
    
    
      parameter_normalized_value(ioa, value, qpm \\ 0)



        
          
        

    

  


  

Constructs a normalized value parameter (P_ME_NA_1, TypeID 110).

  



    

  
    
      
    
    
      parameter_scaled_value(ioa, value, qpm \\ 0)



        
          
        

    

  


  

Constructs a scaled value parameter (P_ME_NB_1, TypeID 111).

  


        

      


  

    
IEC60870.IO.Parameter.ParameterActivation 
    



      
Parameter activation command (P_AC_NA_1, TypeID 113).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, qpa)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Parameter.ParameterActivation{
  ioa: non_neg_integer(),
  qpa: byte()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, qpa)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Parameter.ParameterFloatValue 
    



      
Short float parameter (P_ME_NC_1, TypeID 112).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, qpm \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Parameter.ParameterFloatValue{
  ioa: non_neg_integer(),
  qpm: byte(),
  value: float()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(ioa, value, qpm \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Parameter.ParameterNormalizedValue 
    



      
Normalized value parameter (P_ME_NA_1, TypeID 110).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, qpm \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Parameter.ParameterNormalizedValue{
  ioa: non_neg_integer(),
  qpm: byte(),
  value: float()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(ioa, value, qpm \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.Parameter.ParameterScaledValue 
    



      
Scaled value parameter (P_ME_NB_1, TypeID 111).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, value, qpm \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.Parameter.ParameterScaledValue{
  ioa: non_neg_integer(),
  qpm: byte(),
  value: -32768..32767
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(ioa, value, qpm \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File 
    



      
File Transfer Information Objects (TypeIDs 120..127 and extended TypeID 210).
Matches cs101_information_objects.c in lib60870-C.

      


      
        Summary


  
    Functions
  


    
      
        decode_payload(arg1, ioa, payload)

      


    


    
      
        encode_payload(arg1)

      


    


    
      
        file_ack(ioa, nof, nos, afq)

      


        Constructs a file transfer acknowledgement (F_AF_NA_1, TypeID 124).



    


    
      
        file_call_or_select(ioa, nof, nos, scq)

      


        Constructs a call directory, select/call file or section object (F_SC_NA_1, TypeID 122).



    


    
      
        file_directory(ioa, nof, length_of_file, sof, creation_time)

      


        Constructs a directory entry response object (F_DR_TA_1, TypeID 126).



    


    
      
        file_last_segment_or_section(ioa, nof, nos, lsq, chs)

      


        Constructs a last segment/section confirmation (F_LS_NA_1, TypeID 123).



    


    
      
        file_ready(ioa, nof, length_of_file, positive \\ true, frq_qualifier \\ 0)

      


        Constructs a file ready object (F_FR_NA_1, TypeID 120 / 210).



    


    
      
        file_segment(ioa, nof, nos, data)

      


        Constructs a file segment data object (F_SG_NA_1, TypeID 125).



    


    
      
        private_file_transfer(ioa, payload)

      


    


    
      
        query_log(ioa, nof, start_time, stop_time)

      


        Constructs a log query object (F_SC_NB_1, TypeID 127).



    


    
      
        section_ready(ioa, nof, nos, length_of_section, not_ready \\ false, srq_qualifier \\ 0)

      


        Constructs a section ready object (F_SR_NA_1, TypeID 121).



    





      


      
        Functions


        


  
    
      
    
    
      decode_payload(arg1, ioa, payload)



        
          
        

    

  


  


  



  
    
      
    
    
      encode_payload(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      file_ack(ioa, nof, nos, afq)



        
          
        

    

  


  

Constructs a file transfer acknowledgement (F_AF_NA_1, TypeID 124).

  



  
    
      
    
    
      file_call_or_select(ioa, nof, nos, scq)



        
          
        

    

  


  

Constructs a call directory, select/call file or section object (F_SC_NA_1, TypeID 122).

  



  
    
      
    
    
      file_directory(ioa, nof, length_of_file, sof, creation_time)



        
          
        

    

  


  

Constructs a directory entry response object (F_DR_TA_1, TypeID 126).

  



  
    
      
    
    
      file_last_segment_or_section(ioa, nof, nos, lsq, chs)



        
          
        

    

  


  

Constructs a last segment/section confirmation (F_LS_NA_1, TypeID 123).

  



    

    

  
    
      
    
    
      file_ready(ioa, nof, length_of_file, positive \\ true, frq_qualifier \\ 0)



        
          
        

    

  


  

Constructs a file ready object (F_FR_NA_1, TypeID 120 / 210).

  



  
    
      
    
    
      file_segment(ioa, nof, nos, data)



        
          
        

    

  


  

Constructs a file segment data object (F_SG_NA_1, TypeID 125).

  



  
    
      
    
    
      private_file_transfer(ioa, payload)



        
          
        

    

  


  


  



  
    
      
    
    
      query_log(ioa, nof, start_time, stop_time)



        
          
        

    

  


  

Constructs a log query object (F_SC_NB_1, TypeID 127).

  



    

    

  
    
      
    
    
      section_ready(ioa, nof, nos, length_of_section, not_ready \\ false, srq_qualifier \\ 0)



        
          
        

    

  


  

Constructs a section ready object (F_SR_NA_1, TypeID 121).

  


        

      


  

    
IEC60870.IO.File.ExtendedFilePacket 
    



      
Extended file packet for domestic 210 file transfer.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, payload)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.ExtendedFilePacket{
  ioa: non_neg_integer(),
  payload: binary()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, payload)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File.FileACK 
    



      
File transfer acknowledgement (F_AF_NA_1, TypeID 124).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, nof, nos, afq)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.FileACK{
  afq: byte(),
  ioa: non_neg_integer(),
  nof: non_neg_integer(),
  nos: byte()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, nof, nos, afq)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File.FileCallOrSelect 
    



      
Call directory, select file, call file, call section (F_SC_NA_1, TypeID 122).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, nof, nos, scq)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.FileCallOrSelect{
  ioa: non_neg_integer(),
  nof: non_neg_integer(),
  nos: byte(),
  scq: byte()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, nof, nos, scq)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File.FileDirectory 
    



      
Directory information response (F_DR_TA_1, TypeID 126).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        last_file?(file_directory)

      


    


    
      
        new(ioa, nof, length_of_file, sof, creation_time)

      


    


    
      
        status(file_directory)

      


    


    
      
        subdirectory?(file_directory)

      


    


    
      
        transfer_active?(file_directory)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.FileDirectory{
  creation_time: IEC60870.Types.CPTime.CP56Time2a.t(),
  ioa: non_neg_integer(),
  length_of_file: non_neg_integer(),
  nof: non_neg_integer(),
  sof: byte()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      last_file?(file_directory)



        
          
        

    

  


  


  



  
    
      
    
    
      new(ioa, nof, length_of_file, sof, creation_time)



        
          
        

    

  


  


  



  
    
      
    
    
      status(file_directory)



        
          
        

    

  


  


  



  
    
      
    
    
      subdirectory?(file_directory)



        
          
        

    

  


  


  



  
    
      
    
    
      transfer_active?(file_directory)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File.FileLastSegmentOrSection 
    



      
Last section or last segment confirmation (F_LS_NA_1, TypeID 123).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, nof, nos, lsq, chs)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.FileLastSegmentOrSection{
  chs: byte(),
  ioa: non_neg_integer(),
  lsq: byte(),
  nof: non_neg_integer(),
  nos: byte()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, nof, nos, lsq, chs)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File.FileReady 
    



      
File ready message (F_FR_NA_1, TypeID 120, and domestic F_FR_NA_2, TypeID 210).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, nof, length_of_file, positive \\ true, frq_qualifier \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.FileReady{
  frq: byte(),
  ioa: non_neg_integer(),
  length_of_file: non_neg_integer(),
  nof: non_neg_integer(),
  positive: boolean()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(ioa, nof, length_of_file, positive \\ true, frq_qualifier \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File.FileSegment 
    



      
File data segment (F_SG_NA_1, TypeID 125).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        max_data_size(params)

      


        Maximum segment payload size for given AppLayerParameters, matching FileSegment_GetMaxDataSize.



    


    
      
        new(ioa, nof, nos, data)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.FileSegment{
  data: binary(),
  ioa: non_neg_integer(),
  nof: non_neg_integer(),
  nos: byte()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      max_data_size(params)



        
          
        

    

  


  

      

          @spec max_data_size(IEC60870.AppLayerParameters.t()) :: non_neg_integer()


      


Maximum segment payload size for given AppLayerParameters, matching FileSegment_GetMaxDataSize.

  



  
    
      
    
    
      new(ioa, nof, nos, data)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File.QueryLog 
    



      
Query log / directory by time range (F_SC_NB_1, TypeID 127).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, nof, start_time, stop_time)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.QueryLog{
  ioa: non_neg_integer(),
  nof: non_neg_integer(),
  range_start_time: IEC60870.Types.CPTime.CP56Time2a.t(),
  range_stop_time: IEC60870.Types.CPTime.CP56Time2a.t()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(ioa, nof, start_time, stop_time)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.IO.File.SectionReady 
    



      
Section ready message (F_SR_NA_1, TypeID 121).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ioa, nof, nos, length_of_section, not_ready \\ false, srq_qualifier \\ 0)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.IO.File.SectionReady{
  ioa: non_neg_integer(),
  length_of_section: non_neg_integer(),
  nof: non_neg_integer(),
  nos: byte(),
  not_ready: boolean(),
  srq: byte()
}


      



  


        

      

      
        Functions


        


    

    

  
    
      
    
    
      new(ioa, nof, nos, length_of_section, not_ready \\ false, srq_qualifier \\ 0)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.Types.BCR 
    



      
Binary Counter Reading (BinaryCounterReading, 5 bytes) according to IEC 60870-5-101 7.2.6.9.
Matches cs101_bcr.c.
Byte layout:
	Bytes 0..3: 32-bit signed integer counter value (little-endian)
	Byte 4:	bits 0..4: sequence_number (0..31)
	bit 5 (0x20): carry (CY)
	bit 6 (0x40): adjusted (CA)
	bit 7 (0x80): invalid (IV)




      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(arg1)

      


    


    
      
        encode(bcr)

      


    


    
      
        new(value, sequence_number \\ 0, opts \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.Types.BCR{
  adjusted: boolean(),
  carry: boolean(),
  invalid: boolean(),
  sequence_number: 0..31,
  value: integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      encode(bcr)



        
          
        

    

  


  

      

          @spec encode(t()) :: <<_::40>>


      



  



    

    

  
    
      
    
    
      new(value, sequence_number \\ 0, opts \\ [])



        
          
        

    

  


  

      

          @spec new(integer(), non_neg_integer(), keyword()) :: t()


      



  


        

      


  

    
IEC60870.Types.COT 
    



      
Cause of Transmission (CS101_CauseOfTransmission).

      


      
        Summary


  
    Types
  


    
      
        code()

      


    


    
      
        name()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        to_atom(code)

      


        Converts a COT integer code to its descriptive atom representation.



    


    
      
        to_code(code)

      


        Converts a COT atom or code to its 1..63 integer representation.



    


    
      
        to_string(arg1)

      


    





      


      
        Types


        


  
    
      
    
    
      code()



        
          
        

    

  


  

      

          @type code() :: 0..63


      



  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: atom()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: name() | code()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      to_atom(code)



        
          
        

    

  


  

Converts a COT integer code to its descriptive atom representation.

  



  
    
      
    
    
      to_code(code)



        
          
        

    

  


  

Converts a COT atom or code to its 1..63 integer representation.

  



  
    
      
    
    
      to_string(arg1)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.Types.CPTime 
    



      
Binary time types CP16Time2a (2 bytes), CP24Time2a (3 bytes),
CP32Time2a (4 bytes), and CP56Time2a (7 bytes).
Matches cpXXtime2a.c in lib60870-C.

      




  

    
IEC60870.Types.CPTime.CP16Time2a 
    



      
2-byte binary time: elapsed time in milliseconds (0..65535).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(arg1)

      


    


    
      
        encode(ms)

      


    


    
      
        from_ms(ms)

      


    


    
      
        new(ms \\ 0)

      


    


    
      
        to_ms(cp16_time2a)

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.Types.CPTime.CP16Time2a{elapsed_time_ms: 0..65535}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      encode(ms)



        
          
        

    

  


  

      

          @spec encode(t() | non_neg_integer()) :: <<_::16>>


      



  



  
    
      
    
    
      from_ms(ms)



        
          
        

    

  


  

      

          @spec from_ms(non_neg_integer()) :: t()


      



  



    

  
    
      
    
    
      new(ms \\ 0)



        
          
        

    

  


  

      

          @spec new(non_neg_integer()) :: t()


      



  



  
    
      
    
    
      to_ms(cp16_time2a)



        
          
        

    

  


  

      

          @spec to_ms(t()) :: non_neg_integer()


      



  


        

      


  

    
IEC60870.Types.CPTime.CP24Time2a 
    



      
3-byte binary time: millisecond (0..999), second (0..59), minute (0..59),
substituted flag (0x40), invalid flag (0x80).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(arg1)

      


    


    
      
        encode(t)

      


    


    
      
        new(opts \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.Types.CPTime.CP24Time2a{
  invalid: boolean(),
  millisecond: 0..999,
  minute: 0..59,
  second: 0..59,
  substituted: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      encode(t)



        
          
        

    

  


  

      

          @spec encode(t()) :: <<_::24>>


      



  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      



  


        

      


  

    
IEC60870.Types.CPTime.CP32Time2a 
    



      
4-byte binary time: millisecond, second, minute, substituted, invalid, hour (0..23), summer_time.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(arg1)

      


    


    
      
        encode(t)

      


    


    
      
        from_ms(timestamp_ms)

      


    


    
      
        from_ms_timestamp(timestamp_ms)

      


    


    
      
        new(opts \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.Types.CPTime.CP32Time2a{
  hour: 0..23,
  invalid: boolean(),
  millisecond: 0..999,
  minute: 0..59,
  second: 0..59,
  substituted: boolean(),
  summer_time: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      encode(t)



        
          
        

    

  


  

      

          @spec encode(t()) :: <<_::32>>


      



  



  
    
      
    
    
      from_ms(timestamp_ms)



        
          
        

    

  


  

      

          @spec from_ms(non_neg_integer()) :: t()


      



  



  
    
      
    
    
      from_ms_timestamp(timestamp_ms)



        
          
        

    

  


  

      

          @spec from_ms_timestamp(non_neg_integer()) :: t()


      



  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      



  


        

      


  

    
IEC60870.Types.CPTime.CP56Time2a 
    



      
7-byte binary time (CP56Time2a) according to IEC 60870-5-101 7.2.6.18.
Matches CP56Time2a_* functions in cpXXtime2a.c.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        decode(arg1)

      


    


    
      
        encode(t)

      


    


    
      
        from_datetime(dt)

      


    


    
      
        from_ms(timestamp_ms)

      


    


    
      
        from_ms_timestamp(timestamp_ms)

      


    


    
      
        new(opts \\ [])

      


    


    
      
        to_ms(t)

      


    


    
      
        to_ms_timestamp(t)

      


        Converts CP56Time2a to Unix epoch milliseconds (UTC), matching CP56Time2a_toMsTimestamp in cpXXtime2a.c
(where 2-digit year is interpreted as 2000 + year).
Returns 0 if any field is out of valid calendar range.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.Types.CPTime.CP56Time2a{
  day_of_month: 1..31,
  day_of_week: 0..7,
  hour: 0..23,
  invalid: boolean(),
  millisecond: 0..999,
  minute: 0..59,
  month: 1..12,
  second: 0..59,
  substituted: boolean(),
  summer_time: boolean(),
  year: 0..99
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      encode(t)



        
          
        

    

  


  

      

          @spec encode(t()) :: <<_::56>>


      



  



  
    
      
    
    
      from_datetime(dt)



        
          
        

    

  


  

      

          @spec from_datetime(DateTime.t()) :: t()


      



  



  
    
      
    
    
      from_ms(timestamp_ms)



        
          
        

    

  


  

      

          @spec from_ms(non_neg_integer()) :: t()


      



  



  
    
      
    
    
      from_ms_timestamp(timestamp_ms)



        
          
        

    

  


  

      

          @spec from_ms_timestamp(non_neg_integer()) :: t()


      



  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      to_ms(t)



        
          
        

    

  


  

      

          @spec to_ms(t()) :: non_neg_integer()


      



  



  
    
      
    
    
      to_ms_timestamp(t)



        
          
        

    

  


  

      

          @spec to_ms_timestamp(t()) :: non_neg_integer()


      


Converts CP56Time2a to Unix epoch milliseconds (UTC), matching CP56Time2a_toMsTimestamp in cpXXtime2a.c
(where 2-digit year is interpreted as 2000 + year).
Returns 0 if any field is out of valid calendar range.

  


        

      


  

    
IEC60870.Types.Qualifiers 
    



      
Quality descriptors, qualifiers, and value scaling helpers for IEC 60870-5-101/104.
Matches cs101_information_objects.h and cs101_information_objects.c.

      


      
        Summary


  
    Functions
  


    
      
        afq_neg_ack_file()

      


    


    
      
        afq_neg_ack_section()

      


    


    
      
        afq_not_used()

      


    


    
      
        afq_pos_ack_file()

      


    


    
      
        afq_pos_ack_section()

      


    


    
      
        coi_local_manual_reset()

      


    


    
      
        coi_local_switch_on()

      


    


    
      
        coi_remote_reset()

      


    


    
      
        decode_double_point(int)

      


    


    
      
        decode_event_state(int)

      


    


    
      
        decode_qds(q)

      


    


    
      
        decode_scd(arg)

      


    


    
      
        decode_single_event(byte)

      


    


    
      
        decode_step_command(int)

      


    


    
      
        encode_double_point(v)

      


        Encodes double-point value (:indeterminate, :off, :on, :intermediate) to 2-bit integer.



    


    
      
        encode_event_state(v)

      


    


    
      
        encode_qds(q)

      


        Encodes Quality Descriptor for Events of Protection Equipment (QDS).



    


    
      
        encode_quality(q)

      


        Packs a list of quality atoms or an integer bitmask into a uint8 quality byte.
Supported flags: :overflow, :reserved, :elapsed_time_invalid, :blocked, :substituted, :non_topical, :invalid, :good.



    


    
      
        encode_scd(stn, cdn)

      


    


    
      
        encode_single_event(event_state, qdp)

      


    


    
      
        encode_step_command(v)

      


        Encodes regulating step command to byte.



    


    
      
        file_error_checksum_failed()

      


    


    
      
        file_error_default()

      


    


    
      
        file_error_req_memory_not_available()

      


    


    
      
        file_error_unexpected_comm_service()

      


    


    
      
        file_error_unexpected_name_of_file()

      


    


    
      
        file_error_unexpected_name_of_section()

      


    


    
      
        float_to_normalized(value)

      


    


    
      
        has_quality_flag?(q, atom)

      


        Checks whether a specific quality flag is set in a quality byte.



    


    
      
        lsq_file_transfer_with_deact()

      


    


    
      
        lsq_file_transfer_without_deact()

      


    


    
      
        lsq_not_used()

      


    


    
      
        lsq_section_transfer_with_deact()

      


    


    
      
        lsq_section_transfer_without_deact()

      


    


    
      
        nof_default()

      


    


    
      
        nof_disturbance_data()

      


    


    
      
        nof_sequences_of_analogue_values()

      


    


    
      
        nof_sequences_of_events()

      


    


    
      
        nof_transparent_file()

      


    


    
      
        normalized_to_float(value)

      


    


    
      
        normalized_to_scaled(value)

      


    


    
      
        output_ci_cl1()

      


    


    
      
        output_ci_cl2()

      


    


    
      
        output_ci_cl3()

      


    


    
      
        output_ci_gc()

      


    


    
      
        qcc_frz_counter_reset()

      


    


    
      
        qcc_frz_freeze_with_reset()

      


    


    
      
        qcc_frz_freeze_without_reset()

      


    


    
      
        qcc_frz_read()

      


    


    
      
        qcc_rqt_general()

      


    


    
      
        qcc_rqt_group(n)

      


    


    
      
        qoc_long_pulse_duration()

      


    


    
      
        qoc_no_additional_definition()

      


    


    
      
        qoc_persistent_output()

      


    


    
      
        qoc_short_pulse_duration()

      


    


    
      
        qoi_group(n)

      


    


    
      
        qoi_station()

      


    


    
      
        qpa_de_act_object_parameter()

      


    


    
      
        qpa_de_act_object_transmission()

      


    


    
      
        qpa_de_act_prev_loaded_parameter()

      


    


    
      
        qpa_not_used()

      


    


    
      
        qpm_high_limit_for_transmission()

      


    


    
      
        qpm_low_limit_for_transmission()

      


    


    
      
        qpm_not_used()

      


    


    
      
        qpm_smoothing_factor()

      


    


    
      
        qpm_threshold_value()

      


    


    
      
        qrp_general_reset()

      


    


    
      
        qrp_not_used()

      


    


    
      
        qrp_reset_pending_info_with_time_tag()

      


    


    
      
        quality_blocked()

      


    


    
      
        quality_elapsed_time_invalid()

      


    


    
      
        quality_good()

      


    


    
      
        quality_invalid()

      


    


    
      
        quality_non_topical()

      


    


    
      
        quality_overflow()

      


    


    
      
        quality_reserved()

      


    


    
      
        quality_substituted()

      


    


    
      
        scaled_to_normalized(value)

      


    


    
      
        scd_get_cd(cdn, i)

      


        Checks whether bit i (0..15) is set in cdn (StatusAndStatusChangeDetection_getCD).



    


    
      
        scd_get_st(stn, i)

      


        Checks whether bit i (0..15) is set in stn (StatusAndStatusChangeDetection_getST).



    


    
      
        scq_deactivate_file()

      


    


    
      
        scq_deactivate_section()

      


    


    
      
        scq_default()

      


    


    
      
        scq_delete_file()

      


    


    
      
        scq_request_file()

      


    


    
      
        scq_request_section()

      


    


    
      
        scq_select_file()

      


    


    
      
        scq_select_section()

      


    


    
      
        sof_fa()

      


    


    
      
        sof_for()

      


    


    
      
        sof_lfd()

      


    


    
      
        sof_status_mask()

      


    


    
      
        start_event_gs()

      


    


    
      
        start_event_none()

      


    


    
      
        start_event_res1()

      


    


    
      
        start_event_res2()

      


    


    
      
        start_event_sie()

      


    


    
      
        start_event_sl1()

      


    


    
      
        start_event_sl2()

      


    


    
      
        start_event_sl3()

      


    


    
      
        start_event_srd()

      


    





      


      
        Functions


        


  
    
      
    
    
      afq_neg_ack_file()



        
          
        

    

  


  


  



  
    
      
    
    
      afq_neg_ack_section()



        
          
        

    

  


  


  



  
    
      
    
    
      afq_not_used()



        
          
        

    

  


  


  



  
    
      
    
    
      afq_pos_ack_file()



        
          
        

    

  


  


  



  
    
      
    
    
      afq_pos_ack_section()



        
          
        

    

  


  


  



  
    
      
    
    
      coi_local_manual_reset()



        
          
        

    

  


  


  



  
    
      
    
    
      coi_local_switch_on()



        
          
        

    

  


  


  



  
    
      
    
    
      coi_remote_reset()



        
          
        

    

  


  


  



  
    
      
    
    
      decode_double_point(int)



        
          
        

    

  


  

      

          @spec decode_double_point(0..3) :: :intermediate | :off | :on | :indeterminate


      



  



  
    
      
    
    
      decode_event_state(int)



        
          
        

    

  


  

      

          @spec decode_event_state(0..3) :: :indeterminate_0 | :off | :on | :indeterminate_3


      



  



  
    
      
    
    
      decode_qds(q)



        
          
        

    

  


  


  



  
    
      
    
    
      decode_scd(arg)



        
          
        

    

  


  

      

          @spec decode_scd(<<_::32>>) :: {non_neg_integer(), non_neg_integer()}


      



  



  
    
      
    
    
      decode_single_event(byte)



        
          
        

    

  


  

      

          @spec decode_single_event(byte()) :: {atom(), byte()}


      



  



  
    
      
    
    
      decode_step_command(int)



        
          
        

    

  


  

      

          @spec decode_step_command(0..3) :: :invalid_0 | :lower | :higher | :invalid_3


      



  



  
    
      
    
    
      encode_double_point(v)



        
          
        

    

  


  

      

          @spec encode_double_point(atom() | 0..3) :: 0..3


      


Encodes double-point value (:indeterminate, :off, :on, :intermediate) to 2-bit integer.

  



  
    
      
    
    
      encode_event_state(v)



        
          
        

    

  


  

      

          @spec encode_event_state(atom() | 0..3) :: 0..3


      



  



  
    
      
    
    
      encode_qds(q)



        
          
        

    

  


  

Encodes Quality Descriptor for Events of Protection Equipment (QDS).

  



  
    
      
    
    
      encode_quality(q)



        
          
        

    

  


  

      

          @spec encode_quality(non_neg_integer() | [atom()]) :: byte()


      


Packs a list of quality atoms or an integer bitmask into a uint8 quality byte.
Supported flags: :overflow, :reserved, :elapsed_time_invalid, :blocked, :substituted, :non_topical, :invalid, :good.

  



  
    
      
    
    
      encode_scd(stn, cdn)



        
          
        

    

  


  

      

          @spec encode_scd(non_neg_integer(), non_neg_integer()) :: <<_::32>>


      



  



  
    
      
    
    
      encode_single_event(event_state, qdp)



        
          
        

    

  


  

      

          @spec encode_single_event(atom() | 0..3, byte()) :: byte()


      



  



  
    
      
    
    
      encode_step_command(v)



        
          
        

    

  


  

      

          @spec encode_step_command(atom() | 0..3) :: 0..3


      


Encodes regulating step command to byte.

  



  
    
      
    
    
      file_error_checksum_failed()



        
          
        

    

  


  


  



  
    
      
    
    
      file_error_default()



        
          
        

    

  


  


  



  
    
      
    
    
      file_error_req_memory_not_available()



        
          
        

    

  


  


  



  
    
      
    
    
      file_error_unexpected_comm_service()



        
          
        

    

  


  


  



  
    
      
    
    
      file_error_unexpected_name_of_file()



        
          
        

    

  


  


  



  
    
      
    
    
      file_error_unexpected_name_of_section()



        
          
        

    

  


  


  



  
    
      
    
    
      float_to_normalized(value)



        
          
        

    

  


  


  



  
    
      
    
    
      has_quality_flag?(q, atom)



        
          
        

    

  


  

      

          @spec has_quality_flag?(byte(), atom()) :: boolean()


      


Checks whether a specific quality flag is set in a quality byte.

  



  
    
      
    
    
      lsq_file_transfer_with_deact()



        
          
        

    

  


  


  



  
    
      
    
    
      lsq_file_transfer_without_deact()
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      lsq_section_transfer_with_deact()



        
          
        

    

  


  


  



  
    
      
    
    
      lsq_section_transfer_without_deact()



        
          
        

    

  


  


  



  
    
      
    
    
      nof_default()



        
          
        

    

  


  


  



  
    
      
    
    
      nof_disturbance_data()



        
          
        

    

  


  


  



  
    
      
    
    
      nof_sequences_of_analogue_values()



        
          
        

    

  


  


  



  
    
      
    
    
      nof_sequences_of_events()



        
          
        

    

  


  


  



  
    
      
    
    
      nof_transparent_file()



        
          
        

    

  


  


  



  
    
      
    
    
      normalized_to_float(value)



        
          
        

    

  


  


  



  
    
      
    
    
      normalized_to_scaled(value)



        
          
        

    

  


  

      

          @spec normalized_to_scaled(number()) :: -32768..32767


      



  



  
    
      
    
    
      output_ci_cl1()



        
          
        

    

  


  


  



  
    
      
    
    
      output_ci_cl2()
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      qcc_frz_counter_reset()



        
          
        

    

  


  


  



  
    
      
    
    
      qcc_frz_freeze_with_reset()



        
          
        

    

  


  


  



  
    
      
    
    
      qcc_frz_freeze_without_reset()
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      qoc_long_pulse_duration()



        
          
        

    

  


  


  



  
    
      
    
    
      qoc_no_additional_definition()



        
          
        

    

  


  


  



  
    
      
    
    
      qoc_persistent_output()



        
          
        

    

  


  


  



  
    
      
    
    
      qoc_short_pulse_duration()



        
          
        

    

  


  


  



  
    
      
    
    
      qoi_group(n)



        
          
        

    

  


  


  



  
    
      
    
    
      qoi_station()



        
          
        

    

  


  


  



  
    
      
    
    
      qpa_de_act_object_parameter()



        
          
        

    

  


  


  



  
    
      
    
    
      qpa_de_act_object_transmission()



        
          
        

    

  


  


  



  
    
      
    
    
      qpa_de_act_prev_loaded_parameter()
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      qpm_low_limit_for_transmission()
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      qpm_threshold_value()
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      qrp_reset_pending_info_with_time_tag()
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      scaled_to_normalized(value)



        
          
        

    

  


  

      

          @spec scaled_to_normalized(integer()) :: float()


      



  



  
    
      
    
    
      scd_get_cd(cdn, i)



        
          
        

    

  


  

      

          @spec scd_get_cd(non_neg_integer() | {non_neg_integer(), non_neg_integer()}, 0..15) ::
  boolean()


      


Checks whether bit i (0..15) is set in cdn (StatusAndStatusChangeDetection_getCD).

  



  
    
      
    
    
      scd_get_st(stn, i)



        
          
        

    

  


  

      

          @spec scd_get_st(non_neg_integer() | {non_neg_integer(), non_neg_integer()}, 0..15) ::
  boolean()


      


Checks whether bit i (0..15) is set in stn (StatusAndStatusChangeDetection_getST).
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IEC60870.Types.TypeID 
    



      
IEC 60870-5 ASDU Type Identifications (IEC60870_5_TypeID).
Supports bidirectional conversion between integer codes (1..255) and descriptive atoms,
as well as element byte size lookup and single-IO validation.

      


      
        Summary


  
    Types
  


    
      
        code()

      


    


    
      
        name()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        element_data_size(arg1)

      


    


    
      
        sequence_supported?(type)

      


        Returns true if compact sequence encoding (SQ = 1) is supported by CS101_ASDU_getElementEx
in lib60870-C (cs101_asdu.c:1378-1675), which is true for TypeIDs 1..21 and 30..40 / 110..113.
Note: 126 (F_DR_TA_1), 127 (F_SC_NB_1), 41 (S_IT_TC_1), 70 (M_EI_NA_1), and all single_io? types
always encode an IOA per element.



    


    
      
        single_io?(arg1)

      


    


    
      
        to_atom(code)

      


        Converts a TypeID integer code to its descriptive atom representation.



    


    
      
        to_code(code)

      


        Converts a TypeID atom or code to its 1..255 integer representation.



    


    
      
        to_string(other)

      


    





      


      
        Types


        


  
    
      
    
    
      code()



        
          
        

    

  


  

      

          @type code() :: 1..255


      



  



  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: atom()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: name() | code()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      element_data_size(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      sequence_supported?(type)



        
          
        

    

  


  

      

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


      


Returns true if compact sequence encoding (SQ = 1) is supported by CS101_ASDU_getElementEx
in lib60870-C (cs101_asdu.c:1378-1675), which is true for TypeIDs 1..21 and 30..40 / 110..113.
Note: 126 (F_DR_TA_1), 127 (F_SC_NB_1), 41 (S_IT_TC_1), 70 (M_EI_NA_1), and all single_io? types
always encode an IOA per element.

  



  
    
      
    
    
      single_io?(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      to_atom(code)



        
          
        

    

  


  

Converts a TypeID integer code to its descriptive atom representation.

  



  
    
      
    
    
      to_code(code)



        
          
        

    

  


  

Converts a TypeID atom or code to its 1..255 integer representation.

  



  
    
      
    
    
      to_string(other)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.APCIParameters 
    



      
APCI (Application Protocol Control Information) parameters for IEC 60870-5-104.
Corresponds to sCS104_APCIParameters in lib60870-C.
	k: Maximum number of unacknowledged I-format APDUs sent (default: 12)
	w: Latest acknowledge after receiving w I-format APDUs (default: 8)
	t0: Timeout of connection establishment in seconds (default: 10)
	t1: Timeout of send or test APDU in seconds (default: 15)
	t2: Timeout for acknowledges in case of no data messages (t2 < t1, default: 10)
	t3: Timeout for sending test frames in case of a long idle state in seconds (default: 20)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(opts \\ [])

      


        Creates a new APCI parameters struct with optional custom overrides.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.APCIParameters{
  k: pos_integer(),
  t0: pos_integer(),
  t1: pos_integer(),
  t2: pos_integer(),
  t3: pos_integer(),
  w: pos_integer()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Creates a new APCI parameters struct with optional custom overrides.

  


        

      


  

    
IEC60870.CS104.Connection 
    



      
IEC 60870-5-104 Client / Master Connection (GenServer), equivalent to cs104_connection.c.
Manages:
	TCP / TLS socket connection (:gen_tcp / :ssl)
	STARTDT / STOPDT / TESTFR state transitions
	15-bit N(S) and N(R) sequence numbers and k / w sliding window
	T0, T1, T2, T3 timers
	Helper command methods (send_interrogation_command/4, send_clock_sync_command/3, etc.)


      


      
        Summary


  
    Types
  


    
      
        connection_event()

      


    


    
      
        state_name()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(conn)

      


    


    
      
        connect(conn)

      


    


    
      
        connect_async(conn)

      


    


    
      
        get_apci_parameters(conn)

      


    


    
      
        get_app_layer_parameters(conn)

      


    


    
      
        get_state(conn)

      


    


    
      
        is_connected?(conn)

      


    


    
      
        is_transmit_buffer_full?(conn)

      


    


    
      
        send_asdu(conn, asdu)

      


    


    
      
        send_clock_sync_command(conn, ca, new_time)

      


        Sends C_CS_NA_1 (TypeID 103) clock synchronization command.



    


    
      
        send_counter_interrogation_command(conn, cot \\ :activation, ca, qcc \\ 5)

      


        Sends C_CI_NA_1 (TypeID 101) counter interrogation command.



    


    
      
        send_interrogation_command(conn, cot \\ :activation, ca, qoi \\ 20)

      


        Sends C_IC_NA_1 (TypeID 100) interrogation command.



    


    
      
        send_process_command(conn, cot, ca, io)

      


        Sends a process command InformationObject wrapped in an ASDU.



    


    
      
        send_process_command(conn, type_id, cot, ca, io)

      


    


    
      
        send_read_command(conn, ca, ioa)

      


        Sends C_RD_NA_1 (TypeID 102) read command.



    


    
      
        send_start_dt(conn)

      


    


    
      
        send_stop_dt(conn)

      


    


    
      
        send_test_command(conn, ca)

      


        Sends C_TS_NA_1 (TypeID 104) test command.



    


    
      
        send_test_command_with_timestamp(conn, ca, tsc, timestamp)

      


        Sends C_TS_TA_1 (TypeID 107) test command with CP56Time2a timestamp.



    


    
      
        send_test_fr(conn)

      


    


    
      
        set_apci_parameters(conn, params)

      


    


    
      
        set_app_layer_parameters(conn, params)

      


    


    
      
        set_asdu_handler(conn, handler)

      


        Sets or updates the ASDU received handler on the connection. Matches CS104_Connection_setASDUReceivedHandler.



    


    
      
        set_connection_handler(conn, handler)

      


        Sets or updates the connection event handler on the connection. Matches CS104_Connection_setConnectionHandler.



    


    
      
        set_originator_address(conn, oa)

      


    


    
      
        start_link(opts \\ [])

      


        Starts a CS104.Connection process.



    





      


      
        Types


        


  
    
      
    
    
      connection_event()



        
          
        

    

  


  

      

          @type connection_event() ::
  :opened | :closed | :startdt_con_received | :stopdt_con_received | :failed


      



  



  
    
      
    
    
      state_name()



        
          
        

    

  


  

      

          @type state_name() ::
  :idle
  | :inactive
  | :waiting_for_startdt_con
  | :active
  | :waiting_for_stopdt_con


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(conn)



        
          
        

    

  


  

      

          @spec close(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      connect(conn)



        
          
        

    

  


  

      

          @spec connect(GenServer.server()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      connect_async(conn)



        
          
        

    

  


  

      

          @spec connect_async(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      get_apci_parameters(conn)



        
          
        

    

  


  

      

          @spec get_apci_parameters(GenServer.server()) :: IEC60870.APCIParameters.t()


      



  



  
    
      
    
    
      get_app_layer_parameters(conn)



        
          
        

    

  


  

      

          @spec get_app_layer_parameters(GenServer.server()) :: IEC60870.AppLayerParameters.t()


      



  



  
    
      
    
    
      get_state(conn)



        
          
        

    

  


  

      

          @spec get_state(GenServer.server()) :: map()


      



  



  
    
      
    
    
      is_connected?(conn)



        
          
        

    

  


  

      

          @spec is_connected?(GenServer.server()) :: boolean()


      



  



  
    
      
    
    
      is_transmit_buffer_full?(conn)



        
          
        

    

  


  

      

          @spec is_transmit_buffer_full?(GenServer.server()) :: boolean()


      



  



  
    
      
    
    
      send_asdu(conn, asdu)



        
          
        

    

  


  

      

          @spec send_asdu(GenServer.server(), IEC60870.ASDU.t()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      send_clock_sync_command(conn, ca, new_time)



        
          
        

    

  


  

Sends C_CS_NA_1 (TypeID 103) clock synchronization command.

  



    

    

  
    
      
    
    
      send_counter_interrogation_command(conn, cot \\ :activation, ca, qcc \\ 5)



        
          
        

    

  


  

Sends C_CI_NA_1 (TypeID 101) counter interrogation command.

  



    

    

  
    
      
    
    
      send_interrogation_command(conn, cot \\ :activation, ca, qoi \\ 20)



        
          
        

    

  


  

Sends C_IC_NA_1 (TypeID 100) interrogation command.

  



  
    
      
    
    
      send_process_command(conn, cot, ca, io)



        
          
        

    

  


  

Sends a process command InformationObject wrapped in an ASDU.

  



  
    
      
    
    
      send_process_command(conn, type_id, cot, ca, io)



        
          
        

    

  


  


  



  
    
      
    
    
      send_read_command(conn, ca, ioa)



        
          
        

    

  


  

Sends C_RD_NA_1 (TypeID 102) read command.

  



  
    
      
    
    
      send_start_dt(conn)



        
          
        

    

  


  

      

          @spec send_start_dt(GenServer.server()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      send_stop_dt(conn)



        
          
        

    

  


  

      

          @spec send_stop_dt(GenServer.server()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      send_test_command(conn, ca)



        
          
        

    

  


  

Sends C_TS_NA_1 (TypeID 104) test command.

  



  
    
      
    
    
      send_test_command_with_timestamp(conn, ca, tsc, timestamp)



        
          
        

    

  


  

Sends C_TS_TA_1 (TypeID 107) test command with CP56Time2a timestamp.

  



  
    
      
    
    
      send_test_fr(conn)



        
          
        

    

  


  

      

          @spec send_test_fr(GenServer.server()) :: :ok | {:error, term()}


      



  



  
    
      
    
    
      set_apci_parameters(conn, params)



        
          
        

    

  


  

      

          @spec set_apci_parameters(GenServer.server(), IEC60870.APCIParameters.t()) :: :ok


      



  



  
    
      
    
    
      set_app_layer_parameters(conn, params)



        
          
        

    

  


  

      

          @spec set_app_layer_parameters(GenServer.server(), IEC60870.AppLayerParameters.t()) ::
  :ok


      



  



  
    
      
    
    
      set_asdu_handler(conn, handler)



        
          
        

    

  


  

      

          @spec set_asdu_handler(
  GenServer.server(),
  (pid(), IEC60870.ASDU.t() -> any()) | (IEC60870.ASDU.t() -> any()) | nil
) :: :ok


      


Sets or updates the ASDU received handler on the connection. Matches CS104_Connection_setASDUReceivedHandler.

  



  
    
      
    
    
      set_connection_handler(conn, handler)



        
          
        

    

  


  

      

          @spec set_connection_handler(
  GenServer.server(),
  (pid(), atom() -> any()) | (atom() -> any()) | nil
) ::
  :ok


      


Sets or updates the connection event handler on the connection. Matches CS104_Connection_setConnectionHandler.

  



  
    
      
    
    
      set_originator_address(conn, oa)



        
          
        

    

  


  

      

          @spec set_originator_address(GenServer.server(), non_neg_integer()) :: :ok


      



  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts a CS104.Connection process.
Options:
	:host - remote IP or hostname (default "127.0.0.1")
	:port - remote TCP port (default 2404, or 19998 if :tls_opts is given)
	:local_ip - optional local bind address
	:local_port - optional local bind port (default 0)
	:tls_opts - optional :ssl options list for TLS connections
	:apci_params - %IEC60870.APCIParameters{}
	:al_params - %IEC60870.AppLayerParameters{}
	:owner - PID to receive {:iec60870_cs104, pid, event} messages
	:connection_handler - fn conn_pid, event -> any() end
	:asdu_handler - fn conn_pid, asdu -> any() end
	:raw_message_handler - fn conn_pid, raw_bytes, sent? -> any() end
	:auto_connect - boolean (default false)
	:name - GenServer registration name


  


        

      


  

    
IEC60870.CS104.Frame 
    



      
IEC 60870-5-104 APCI frame codec and stream deframer (cs104_frame.c).
Supports:
	:i_frame: {:i_frame, send_seq, recv_seq, asdu_binary}
	:s_frame: {:s_frame, recv_seq}
	:u_frame: {:u_frame, :startdt_act | :startdt_con | :stopdt_act | :stopdt_con | :testfr_act | :testfr_con}



      


      
        Summary


  
    Types
  


    
      
        t()

      


    


    
      
        u_type()

      


    





  
    Functions
  


    
      
        check_sequence_number(sent_asdus, send_count, ack_seq_no)

      


        Validates whether ack_seq_no is within the sliding window of unacknowledged sent ASDUs
(each item is %{seq_no: integer(), sent_time: integer()}).
Returns {:ok, remaining_sent_asdus} or {:error, :sequence_number_out_of_range}.
Matches checkSequenceNumber in cs104_connection.c / cs104_slave.c.



    


    
      
        decode(arg1)

      


        Decodes a single complete 104 APCI frame binary (starting with 0x68).



    


    
      
        encode(arg1)

      


        Encodes a 104 APCI frame to wire binary.



    


    
      
        extract_frames(buffer)

      


        Extracts complete APCI frames from a TCP byte stream buffer.
Returns {:ok, frames, remaining_buffer} or {:error, reason}.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  {:i_frame, non_neg_integer(), non_neg_integer(), binary()}
  | {:s_frame, non_neg_integer()}
  | {:u_frame, u_type()}


      



  



  
    
      
    
    
      u_type()



        
          
        

    

  


  

      

          @type u_type() ::
  :startdt_act
  | :startdt_con
  | :stopdt_act
  | :stopdt_con
  | :testfr_act
  | :testfr_con


      



  


        

      

      
        Functions


        


  
    
      
    
    
      check_sequence_number(sent_asdus, send_count, ack_seq_no)



        
          
        

    

  


  

      

          @spec check_sequence_number([map()], non_neg_integer(), non_neg_integer()) ::
  {:ok, [map()], [map()]} | {:error, :sequence_number_out_of_range}


      


Validates whether ack_seq_no is within the sliding window of unacknowledged sent ASDUs
(each item is %{seq_no: integer(), sent_time: integer()}).
Returns {:ok, remaining_sent_asdus} or {:error, :sequence_number_out_of_range}.
Matches checkSequenceNumber in cs104_connection.c / cs104_slave.c.

  



  
    
      
    
    
      decode(arg1)



        
          
        

    

  


  

      

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


      


Decodes a single complete 104 APCI frame binary (starting with 0x68).

  



  
    
      
    
    
      encode(arg1)



        
          
        

    

  


  

      

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


      


Encodes a 104 APCI frame to wire binary.

  



  
    
      
    
    
      extract_frames(buffer)



        
          
        

    

  


  

      

          @spec extract_frames(binary()) :: {:ok, [t()], binary()} | {:error, term()}


      


Extracts complete APCI frames from a TCP byte stream buffer.
Returns {:ok, frames, remaining_buffer} or {:error, reason}.

  


        

      


  

    
IEC60870.CS104.MasterConnection 
    



      
Represents a connected Master (Client) peer on a CS104.Slave server (MasterConnection in cs104_slave.c).
Provides peer response helpers that can be safely called both inside Slave callbacks
(interrogation_handler, asdu_handler, etc.) and from external processes:
	send_asdu/2
	send_act_con/3
	send_act_term/2
	is_active?/1
	get_peer_address/1
	close/1


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        close(conn_pid)

      


        Closes the master connection.



    


    
      
        get_app_layer_parameters(conn_pid)

      


        Returns the IEC60870.AppLayerParameters of this master connection.



    


    
      
        get_peer_address(conn_pid)

      


        Returns {ip_string, port} of the connected peer.



    


    
      
        is_active?(conn_pid)

      


        Checks whether this connection is currently in the active (STARTDT) state.



    


    
      
        is_ready?(conn_pid)

      


        Checks whether this connection is ready to transmit an ASDU (IMasterConnection_isReady).



    


    
      
        send_act_con(conn_pid, asdu, negative \\ false)

      


        Sends an ACTIVATION_CON (or DEACTIVATION_CON if the request was DEACTIVATION) response
mirroring the request ASDU with negative flag set as specified.
Matches IMasterConnection_sendACT_CON in cs104_slave.c.



    


    
      
        send_act_term(conn_pid, asdu)

      


        Sends an ACTIVATION_TERMINATION (:activation_termination) response mirroring the request ASDU.
Matches IMasterConnection_sendACT_TERM in cs104_slave.c.



    


    
      
        send_asdu(conn_pid, asdu)

      


        Sends an ASDU over this specific master connection (or queues it in the high-priority queue).
Safe to call from inside Slave callbacks or external processes.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: pid()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(conn_pid)



        
          
        

    

  


  

      

          @spec close(t()) :: :ok


      


Closes the master connection.

  



  
    
      
    
    
      get_app_layer_parameters(conn_pid)



        
          
        

    

  


  

      

          @spec get_app_layer_parameters(t()) :: IEC60870.AppLayerParameters.t()


      


Returns the IEC60870.AppLayerParameters of this master connection.

  



  
    
      
    
    
      get_peer_address(conn_pid)



        
          
        

    

  


  

      

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


      


Returns {ip_string, port} of the connected peer.

  



  
    
      
    
    
      is_active?(conn_pid)



        
          
        

    

  


  

      

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


      


Checks whether this connection is currently in the active (STARTDT) state.

  



  
    
      
    
    
      is_ready?(conn_pid)



        
          
        

    

  


  

      

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


      


Checks whether this connection is ready to transmit an ASDU (IMasterConnection_isReady).

  



    

  
    
      
    
    
      send_act_con(conn_pid, asdu, negative \\ false)



        
          
        

    

  


  

      

          @spec send_act_con(t(), IEC60870.ASDU.t(), boolean()) :: :ok | {:error, term()}


      


Sends an ACTIVATION_CON (or DEACTIVATION_CON if the request was DEACTIVATION) response
mirroring the request ASDU with negative flag set as specified.
Matches IMasterConnection_sendACT_CON in cs104_slave.c.

  



  
    
      
    
    
      send_act_term(conn_pid, asdu)



        
          
        

    

  


  

      

          @spec send_act_term(t(), IEC60870.ASDU.t()) :: :ok | {:error, term()}


      


Sends an ACTIVATION_TERMINATION (:activation_termination) response mirroring the request ASDU.
Matches IMasterConnection_sendACT_TERM in cs104_slave.c.

  



  
    
      
    
    
      send_asdu(conn_pid, asdu)



        
          
        

    

  


  

      

          @spec send_asdu(t(), IEC60870.ASDU.t()) :: :ok


      


Sends an ASDU over this specific master connection (or queues it in the high-priority queue).
Safe to call from inside Slave callbacks or external processes.

  


        

      


  

    
IEC60870.CS104.RedundancyGroup 
    



      
Configuration for a CS104 redundancy group (CS104_RedundancyGroup in cs104_slave.c).
If allowed_clients is empty ([]), this group acts as a catch-all redundancy group.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add_allowed_client(group, ip_str)

      


    


    
      
        catch_all?(redundancy_group)

      


    


    
      
        matches?(redundancy_group, ip_str)

      


    


    
      
        new(name \\ nil, allowed_clients \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.CS104.RedundancyGroup{
  allowed_clients: [String.t()],
  name: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_allowed_client(group, ip_str)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      catch_all?(redundancy_group)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      matches?(redundancy_group, ip_str)



        
          
        

    

  


  

      

          @spec matches?(t(), String.t()) :: boolean()


      



  



    

    

  
    
      
    
    
      new(name \\ nil, allowed_clients \\ [])



        
          
        

    

  


  

      

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


      



  


        

      


  

    
IEC60870.CS104.Slave 
    



      
IEC 60870-5-104 Slave / Server (cs104_slave.c).
Supports:
	TCP and TLS (:ssl) listening sockets
	Three redundancy modes:	:single_redundancy_group (default: single shared low/high priority queue; only one active connection at a time)
	:connection_is_redundancy_group (each connection has its own independent low/high priority queue)
	:multiple_redundancy_groups (connections are grouped by IP into RedundancyGroups, each with its own queues and single active connection)


	Low-priority event queue (with ring-buffer overflow replacement and unconfirmed requeue on failover)
	High-priority response queue
	Standard application callbacks:	interrogation_handler: fn conn_pid, asdu, qoi -> boolean() end
	counter_interrogation_handler: fn conn_pid, asdu, qcc -> boolean() end
	read_handler: fn conn_pid, asdu, ioa -> boolean() end
	clock_sync_handler: fn conn_pid, asdu, cp56time2a -> boolean() | {:ok, CP56Time2a.t()} end

	reset_process_handler: fn conn_pid, asdu, qrp -> boolean() end
	delay_acquisition_handler: fn conn_pid, asdu, delay_ms -> boolean() end
	asdu_handler: fn conn_pid, asdu -> boolean() end
	connection_request_handler: fn {ip_str, port} -> boolean() end
	connection_event_handler: fn conn_pid, event -> any() end
	is_ca_allowed_handler: fn ca -> boolean() end




      


      
        Summary


  
    Types
  


    
      
        server_mode()

      


    





  
    Functions
  


    
      
        add_redundancy_group(slave, group)

      


        Adds a RedundancyGroup to the Slave (CS104_Slave_addRedundancyGroup).



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        enqueue_asdu(slave, asdu)

      


        Enqueues a spontaneous/periodic ASDU into the low-priority transmission queue(s).
Matches CS104_Slave_enqueueASDU in cs104_slave.c.



    


    
      
        enqueue_user_data(slave, asdu)

      


        Enqueues an ASDU into the transmission queue(s). Convenience alias for enqueue_asdu/2.



    


    
      
        get_apci_parameters(slave)

      


    


    
      
        get_app_layer_parameters(slave)

      


    


    
      
        get_number_of_queue_entries(slave, redundancy_group \\ nil)

      


        Returns the number of entries in the low-priority ASDU queue (CS104_Slave_getNumberOfQueueEntries).
If redundancy_group is nil, returns the count for the default queue (or first redundancy group).



    


    
      
        get_open_connections(slave)

      


        Returns the number of currently open client connections.



    


    
      
        get_port(slave)

      


        Returns the actual local TCP port the server is listening on (useful when started with port: 0).



    


    
      
        is_running?(slave)

      


        Checks whether the Slave server is currently listening for connections (CS104_Slave_isRunning).



    


    
      
        start(slave)

      


    


    
      
        start_link(opts \\ [])

      


        Starts a CS104.Slave server process.
By default starts listening immediately unless auto_start: false is passed.



    


    
      
        stop(slave)

      


    





      


      
        Types


        


  
    
      
    
    
      server_mode()



        
          
        

    

  


  

      

          @type server_mode() ::
  :single_redundancy_group
  | :connection_is_redundancy_group
  | :multiple_redundancy_groups


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_redundancy_group(slave, group)



        
          
        

    

  


  

      

          @spec add_redundancy_group(GenServer.server(), IEC60870.CS104.RedundancyGroup.t()) ::
  :ok


      


Adds a RedundancyGroup to the Slave (CS104_Slave_addRedundancyGroup).

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      enqueue_asdu(slave, asdu)



        
          
        

    

  


  

      

          @spec enqueue_asdu(GenServer.server(), IEC60870.ASDU.t()) :: :ok


      


Enqueues a spontaneous/periodic ASDU into the low-priority transmission queue(s).
Matches CS104_Slave_enqueueASDU in cs104_slave.c.

  



  
    
      
    
    
      enqueue_user_data(slave, asdu)



        
          
        

    

  


  

      

          @spec enqueue_user_data(GenServer.server(), IEC60870.ASDU.t()) :: :ok


      


Enqueues an ASDU into the transmission queue(s). Convenience alias for enqueue_asdu/2.

  



  
    
      
    
    
      get_apci_parameters(slave)



        
          
        

    

  


  

      

          @spec get_apci_parameters(GenServer.server()) :: IEC60870.APCIParameters.t()


      



  



  
    
      
    
    
      get_app_layer_parameters(slave)



        
          
        

    

  


  

      

          @spec get_app_layer_parameters(GenServer.server()) :: IEC60870.AppLayerParameters.t()


      



  



    

  
    
      
    
    
      get_number_of_queue_entries(slave, redundancy_group \\ nil)



        
          
        

    

  


  

      

          @spec get_number_of_queue_entries(
  GenServer.server(),
  IEC60870.CS104.RedundancyGroup.t() | non_neg_integer() | nil
) :: non_neg_integer()


      


Returns the number of entries in the low-priority ASDU queue (CS104_Slave_getNumberOfQueueEntries).
If redundancy_group is nil, returns the count for the default queue (or first redundancy group).

  



  
    
      
    
    
      get_open_connections(slave)



        
          
        

    

  


  

      

          @spec get_open_connections(GenServer.server()) :: non_neg_integer()


      


Returns the number of currently open client connections.

  



  
    
      
    
    
      get_port(slave)



        
          
        

    

  


  

      

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


      


Returns the actual local TCP port the server is listening on (useful when started with port: 0).

  



  
    
      
    
    
      is_running?(slave)



        
          
        

    

  


  

      

          @spec is_running?(GenServer.server()) :: boolean()


      


Checks whether the Slave server is currently listening for connections (CS104_Slave_isRunning).

  



  
    
      
    
    
      start(slave)



        
          
        

    

  


  

      

          @spec start(GenServer.server()) :: :ok | {:error, term()}


      



  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts a CS104.Slave server process.
By default starts listening immediately unless auto_start: false is passed.

  



  
    
      
    
    
      stop(slave)



        
          
        

    

  


  

      

          @spec stop(GenServer.server()) :: :ok


      



  


        

      


  

    
IEC60870.CS101.Frame 
    



      
IEC 60870-5-101 FT 1.2 frame codec and stream deframer (serial_transceiver_ft_1_2.c & link_layer.c).
Supports:
	Single-character ACK (0xE5): :single_char_ack
	Fixed-length frame (0x10, C, Addr..., CS, 0x16):
{:fixed_frame, control_map, address}
	Variable-length frame (0x68, L, L, 0x68, C, Addr..., UserData..., CS, 0x16):
{:variable_frame, control_map, address, user_data}


      


      
        Summary


  
    Types
  


    
      
        control()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        checksum(bin)

      


        Computes 8-bit modulo-256 sum of bytes in bin.



    


    
      
        decode(arg1, addr_len)

      


        Decodes a single complete FT 1.2 frame given address_length (0, 1, or 2).



    


    
      
        decode_address(rest, arg2)

      


        Decodes a link layer address according to address_length (0, 1, or 2).



    


    
      
        decode_control(c)

      


        Decodes an 8-bit control field byte into a map.



    


    
      
        encode(arg1, addr_len)

      


        Encodes an FT 1.2 frame into wire binary given address_length (0, 1, or 2).



    


    
      
        encode_address(addr, int)

      


        Encodes a link layer address according to address_length (0, 1, or 2).



    


    
      
        encode_control(ctrl)

      


        Encodes a control field map into an 8-bit integer.



    


    
      
        extract_frames(buffer, addr_len \\ 1)

      


        Extracts complete FT 1.2 frames from a stream buffer given address_length.
Returns {:ok, frames, remaining_buffer} or {:error, reason, remaining_buffer}.



    


    
      
        fc_ack()

      


    


    
      
        fc_nack()

      


    


    
      
        fc_request_for_access_demand()

      


    


    
      
        fc_request_link_status()

      


    


    
      
        fc_request_user_data_class_1()

      


    


    
      
        fc_request_user_data_class_2()

      


    


    
      
        fc_reset_fcb()

      


    


    
      
        fc_reset_remote_link()

      


    


    
      
        fc_reset_user_process()

      


    


    
      
        fc_resp_nack_no_data()

      


    


    
      
        fc_resp_user_data()

      


    


    
      
        fc_service_not_functioning()

      


    


    
      
        fc_service_not_implemented()

      


    


    
      
        fc_status_of_link_or_access_demand()

      


    


    
      
        fc_test_function_for_link()

      


    


    
      
        fc_user_data_confirmed()

      


    


    
      
        fc_user_data_no_reply()

      


    





      


      
        Types


        


  
    
      
    
    
      control()



        
          
        

    

  


  

      

          @type control() :: %{
  dir: boolean(),
  prm: boolean(),
  fcb_or_acd: boolean(),
  fcv_or_dfc: boolean(),
  fc: 0..15
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  :single_char_ack
  | {:fixed_frame, control(), non_neg_integer()}
  | {:variable_frame, control(), non_neg_integer(), binary()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      checksum(bin)



        
          
        

    

  


  

      

          @spec checksum(binary()) :: non_neg_integer()


      


Computes 8-bit modulo-256 sum of bytes in bin.

  



  
    
      
    
    
      decode(arg1, addr_len)



        
          
        

    

  


  

      

          @spec decode(binary(), 0..2) :: {:ok, t()} | {:error, term()}


      


Decodes a single complete FT 1.2 frame given address_length (0, 1, or 2).

  



  
    
      
    
    
      decode_address(rest, arg2)



        
          
        

    

  


  

      

          @spec decode_address(binary(), 0..2) ::
  {:ok, non_neg_integer(), binary()} | {:error, term()}


      


Decodes a link layer address according to address_length (0, 1, or 2).

  



  
    
      
    
    
      decode_control(c)



        
          
        

    

  


  

      

          @spec decode_control(non_neg_integer()) :: control()


      


Decodes an 8-bit control field byte into a map.

  



  
    
      
    
    
      encode(arg1, addr_len)



        
          
        

    

  


  

      

          @spec encode(t(), 0..2) :: {:ok, binary()} | {:error, term()}


      


Encodes an FT 1.2 frame into wire binary given address_length (0, 1, or 2).

  



  
    
      
    
    
      encode_address(addr, int)



        
          
        

    

  


  

      

          @spec encode_address(non_neg_integer(), 0..2) :: binary()


      


Encodes a link layer address according to address_length (0, 1, or 2).

  



  
    
      
    
    
      encode_control(ctrl)



        
          
        

    

  


  

      

          @spec encode_control(map()) :: non_neg_integer()


      


Encodes a control field map into an 8-bit integer.

  



    

  
    
      
    
    
      extract_frames(buffer, addr_len \\ 1)



        
          
        

    

  


  

      

          @spec extract_frames(binary(), 0..2) ::
  {:ok, [t()], binary()} | {:error, term(), binary()}


      


Extracts complete FT 1.2 frames from a stream buffer given address_length.
Returns {:ok, frames, remaining_buffer} or {:error, reason, remaining_buffer}.

  



  
    
      
    
    
      fc_ack()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_nack()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_request_for_access_demand()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_request_link_status()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_request_user_data_class_1()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_request_user_data_class_2()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_reset_fcb()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_reset_remote_link()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_reset_user_process()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_resp_nack_no_data()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_resp_user_data()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_service_not_functioning()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_service_not_implemented()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_status_of_link_or_access_demand()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_test_function_for_link()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_user_data_confirmed()



        
          
        

    

  


  


  



  
    
      
    
    
      fc_user_data_no_reply()



        
          
        

    

  


  


  


        

      


  

    
IEC60870.CS101.LinkLayer 
    



      
IEC 60870-5-101 Link Layer state machines (link_layer.c), supporting:
	SecondaryUnbalanced (Slave in :unbalanced mode)
	PrimaryUnbalanced (Master in :unbalanced mode, supporting multiple slaves)
	Balanced (Full-duplex Primary + Secondary for both Master and Slave in :balanced mode)


      


      
        Summary


  
    Types
  


    
      
        link_state()

      


    





  
    Functions
  


    
      
        broadcast_address(arg1)

      


    


    
      
        is_broadcast?(arg1, arg2)

      


    





      


      
        Types


        


  
    
      
    
    
      link_state()



        
          
        

    

  


  

      

          @type link_state() :: :idle | :error | :busy | :available


      



  


        

      

      
        Functions


        


  
    
      
    
    
      broadcast_address(arg1)



        
          
        

    

  


  


  



  
    
      
    
    
      is_broadcast?(arg1, arg2)



        
          
        

    

  


  


  


        

      


  

    
IEC60870.CS101.Master 
    



      
IEC 60870-5-101 Master (cs101_master.c), supporting both :balanced and :unbalanced link layer modes.
Features:
	Multi-slave polling and addressing in :unbalanced mode (add_slave/2, use_slave_address/2, poll_single_slave/2, request_class_1_data/2, request_class_2_data/2)
	Automatic Class 1 polling when ACD (Access Demand) bit is set by a slave
	Full-duplex peer-to-peer transmission in :balanced mode (DIR = true by default)
	Convenience command functions (send_interrogation_command/4, send_clock_sync_command/3, send_process_command/4, send_asdu/2, etc.)


      


      
        Summary


  
    Types
  


    
      
        mode()

      


    





  
    Functions
  


    
      
        add_slave(master, slave_address)

      


    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_app_layer_parameters(master)

      


    


    
      
        get_link_layer_parameters(master)

      


    


    
      
        is_channel_ready?(master, slave_address)

      


    


    
      
        poll_single_slave(master, slave_address)

      


    


    
      
        request_class_1_data(master, slave_address)

      


    


    
      
        request_class_2_data(master, slave_address)

      


    


    
      
        send_asdu(master, asdu, slave_address \\ nil)

      


    


    
      
        send_clock_sync_command(master, ca, new_time)

      


    


    
      
        send_counter_interrogation_command(master, cot \\ :activation, ca, qcc \\ 5)

      


    


    
      
        send_interrogation_command(master, cot \\ :activation, ca, qoi \\ 20)

      


    


    
      
        send_link_layer_test_function(master)

      


    


    
      
        send_process_command(master, cot, ca, io)

      


    


    
      
        send_read_command(master, ca, ioa)

      


    


    
      
        send_test_command(master, ca)

      


    


    
      
        set_dir(master, dir)

      


        Sets the DIR bit in balanced link layer mode.



    


    
      
        set_idle_timeout(master, timeout_ms)

      


        Sets idle timeout in milliseconds.



    


    
      
        set_own_address(master, address)

      


        Sets own link layer address in balanced mode.



    


    
      
        start(master)

      


    


    
      
        start_link(opts)

      


        Starts a CS101.Master GenServer.



    


    
      
        stop(master)

      


    


    
      
        use_slave_address(master, slave_address)

      


    





      


      
        Types


        


  
    
      
    
    
      mode()



        
          
        

    

  


  

      

          @type mode() :: :balanced | :unbalanced


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_slave(master, slave_address)



        
          
        

    

  


  

      

          @spec add_slave(GenServer.server(), non_neg_integer()) :: :ok


      



  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      get_app_layer_parameters(master)



        
          
        

    

  


  

      

          @spec get_app_layer_parameters(GenServer.server()) :: IEC60870.AppLayerParameters.t()


      



  



  
    
      
    
    
      get_link_layer_parameters(master)



        
          
        

    

  


  

      

          @spec get_link_layer_parameters(GenServer.server()) ::
  IEC60870.LinkLayerParameters.t()


      



  



  
    
      
    
    
      is_channel_ready?(master, slave_address)



        
          
        

    

  


  

      

          @spec is_channel_ready?(GenServer.server(), non_neg_integer()) :: boolean()


      



  



  
    
      
    
    
      poll_single_slave(master, slave_address)



        
          
        

    

  


  

      

          @spec poll_single_slave(GenServer.server(), non_neg_integer()) :: :ok


      



  



  
    
      
    
    
      request_class_1_data(master, slave_address)



        
          
        

    

  


  

      

          @spec request_class_1_data(GenServer.server(), non_neg_integer()) :: :ok


      



  



  
    
      
    
    
      request_class_2_data(master, slave_address)



        
          
        

    

  


  

      

          @spec request_class_2_data(GenServer.server(), non_neg_integer()) :: :ok


      



  



    

  
    
      
    
    
      send_asdu(master, asdu, slave_address \\ nil)



        
          
        

    

  


  

      

          @spec send_asdu(GenServer.server(), IEC60870.ASDU.t(), non_neg_integer() | nil) ::
  :ok | {:error, term()}


      



  



  
    
      
    
    
      send_clock_sync_command(master, ca, new_time)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      send_counter_interrogation_command(master, cot \\ :activation, ca, qcc \\ 5)



        
          
        

    

  


  


  



    

    

  
    
      
    
    
      send_interrogation_command(master, cot \\ :activation, ca, qoi \\ 20)



        
          
        

    

  


  


  



  
    
      
    
    
      send_link_layer_test_function(master)



        
          
        

    

  


  

      

          @spec send_link_layer_test_function(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      send_process_command(master, cot, ca, io)



        
          
        

    

  


  


  



  
    
      
    
    
      send_read_command(master, ca, ioa)



        
          
        

    

  


  


  



  
    
      
    
    
      send_test_command(master, ca)



        
          
        

    

  


  


  



  
    
      
    
    
      set_dir(master, dir)



        
          
        

    

  


  

      

          @spec set_dir(GenServer.server(), boolean()) :: :ok


      


Sets the DIR bit in balanced link layer mode.

  



  
    
      
    
    
      set_idle_timeout(master, timeout_ms)



        
          
        

    

  


  

      

          @spec set_idle_timeout(GenServer.server(), pos_integer()) :: :ok


      


Sets idle timeout in milliseconds.

  



  
    
      
    
    
      set_own_address(master, address)



        
          
        

    

  


  

      

          @spec set_own_address(GenServer.server(), non_neg_integer()) :: :ok


      


Sets own link layer address in balanced mode.

  



  
    
      
    
    
      start(master)



        
          
        

    

  


  

      

          @spec start(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

Starts a CS101.Master GenServer.
Options:
	:transport (required) - {transport_mod, handle} (e.g. VirtualBus.attach(bus))
	:mode - :unbalanced or :balanced (default :unbalanced)
	:ll_params - %IEC60870.LinkLayerParameters{}
	:al_params - %IEC60870.AppLayerParameters{}
	:own_address - own link layer address for balanced mode (default 0)
	:slave_address - default target slave link address (default 1)
	:slaves - list of slave link addresses to register initially in unbalanced mode
	:dir - DIR bit in balanced mode (default true)
	:queue_size - max ASDU queue size in balanced mode (default 100)
	:owner - PID to receive {:iec60870_cs101_master, master_pid, event} messages
	:asdu_handler - fn master_pid, slave_addr, asdu -> any() end
	:link_state_handler - fn master_pid, slave_addr, new_state -> any() end
	:raw_message_handler - fn master_pid, bytes, sent? -> any() end


  



  
    
      
    
    
      stop(master)



        
          
        

    

  


  

      

          @spec stop(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      use_slave_address(master, slave_address)



        
          
        

    

  


  

      

          @spec use_slave_address(GenServer.server(), non_neg_integer()) :: :ok


      



  


        

      


  

    
IEC60870.CS101.Queue 
    



      
FIFO Queue for CS101 ASDUs (cs101_queue.c).
Used for Class 1 / Class 2 queues in CS101.Slave and user data queue in CS101.Master.

      


      
        Summary


  
    Types
  


    
      
        pos_neg_integer()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        dequeue(queue)

      


        Dequeues the oldest ASDU. Returns {:ok, asdu, updated_queue} or :empty.



    


    
      
        empty?(queue)

      


    


    
      
        enqueue(queue, asdu)

      


        Enqueues an ASDU into the ring buffer queue.
Matching CS101_Queue_enqueue in cs101_queue.c, when the queue is full (count >= max_size),
the oldest entry in the queue is removed/overwritten to make room for the newest entry.



    


    
      
        flush(queue)

      


        Flushes all entries from the queue.



    


    
      
        full?(queue)

      


    


    
      
        has_waiting_asdu?(queue)

      


        Checks whether the queue has a waiting ASDU and returns {boolean(), first_asdu_type_id},
matching CS101_Queue_hasWaitingAsdu in cs101_queue.c.



    


    
      
        new(max_size \\ 100)

      


    


    
      
        size(queue)

      


    





      


      
        Types


        


  
    
      
    
    
      pos_neg_integer()



        
          
        

    

  


  

      

          @type pos_neg_integer() :: integer()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.CS101.Queue{
  count: non_neg_integer(),
  max_size: pos_neg_integer() | pos_integer(),
  q: :queue.queue(IEC60870.ASDU.t())
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      dequeue(queue)



        
          
        

    

  


  

      

          @spec dequeue(t()) :: {:ok, IEC60870.ASDU.t(), t()} | :empty


      


Dequeues the oldest ASDU. Returns {:ok, asdu, updated_queue} or :empty.

  



  
    
      
    
    
      empty?(queue)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      enqueue(queue, asdu)



        
          
        

    

  


  

      

          @spec enqueue(t(), IEC60870.ASDU.t()) :: {:ok, t()}


      


Enqueues an ASDU into the ring buffer queue.
Matching CS101_Queue_enqueue in cs101_queue.c, when the queue is full (count >= max_size),
the oldest entry in the queue is removed/overwritten to make room for the newest entry.

  



  
    
      
    
    
      flush(queue)



        
          
        

    

  


  

      

          @spec flush(t()) :: t()


      


Flushes all entries from the queue.

  



  
    
      
    
    
      full?(queue)



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      has_waiting_asdu?(queue)



        
          
        

    

  


  

      

          @spec has_waiting_asdu?(t()) :: {boolean(), term()}


      


Checks whether the queue has a waiting ASDU and returns {boolean(), first_asdu_type_id},
matching CS101_Queue_hasWaitingAsdu in cs101_queue.c.

  



    

  
    
      
    
    
      new(max_size \\ 100)



        
          
        

    

  


  

      

          @spec new(integer()) :: t()


      



  



  
    
      
    
    
      size(queue)



        
          
        

    

  


  

      

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


      



  


        

      


  

    
IEC60870.CS101.Slave 
    



      
IEC 60870-5-101 Slave (cs101_slave.c), supporting both :unbalanced and :balanced link layer modes.
Features:
	Separate Class 1 (high-priority / command confirmations / events) and Class 2 (periodic / background) FIFO queues
	Compatible with IEC60870.CS104.MasterConnection helpers (send_asdu/2, send_act_con/3, send_act_term/2) so application handlers can be shared between 101 and 104 Slaves
	Standard application callbacks (interrogation_handler, counter_interrogation_handler, read_handler, clock_sync_handler, reset_process_handler, delay_acquisition_handler, reset_cu_handler, asdu_handler)


      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        enqueue_user_data_class_1(slave, asdu)

      


        Enqueues an ASDU into the Class 1 (high-priority) queue.
Safe to call from inside Slave callbacks or external processes.



    


    
      
        enqueue_user_data_class_2(slave, asdu)

      


        Enqueues an ASDU into the Class 2 (low-priority) queue.
Safe to call from inside Slave callbacks or external processes.



    


    
      
        flush_queues(slave)

      


    


    
      
        get_app_layer_parameters(slave)

      


    


    
      
        get_link_layer_parameters(slave)

      


    


    
      
        is_class_1_queue_full?(slave)

      


    


    
      
        is_class_2_queue_full?(slave)

      


    


    
      
        send_act_con(slave, asdu, negative \\ false)

      


    


    
      
        send_act_term(slave, asdu)

      


    


    
      
        set_dir(slave, dir)

      


        Sets DIR bit in balanced link layer mode.



    


    
      
        set_idle_timeout(slave, timeout_ms)

      


        Sets idle timeout in milliseconds.



    


    
      
        set_link_layer_address(slave, address)

      


        Sets local link layer address.



    


    
      
        set_link_layer_address_other_station(slave, address)

      


        Sets peer station link address.



    


    
      
        start(slave)

      


    


    
      
        start_link(opts)

      


    


    
      
        stop(slave)

      


    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      enqueue_user_data_class_1(slave, asdu)



        
          
        

    

  


  

      

          @spec enqueue_user_data_class_1(GenServer.server(), IEC60870.ASDU.t()) :: :ok


      


Enqueues an ASDU into the Class 1 (high-priority) queue.
Safe to call from inside Slave callbacks or external processes.

  



  
    
      
    
    
      enqueue_user_data_class_2(slave, asdu)



        
          
        

    

  


  

      

          @spec enqueue_user_data_class_2(GenServer.server(), IEC60870.ASDU.t()) :: :ok


      


Enqueues an ASDU into the Class 2 (low-priority) queue.
Safe to call from inside Slave callbacks or external processes.

  



  
    
      
    
    
      flush_queues(slave)



        
          
        

    

  


  

      

          @spec flush_queues(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      get_app_layer_parameters(slave)



        
          
        

    

  


  

      

          @spec get_app_layer_parameters(GenServer.server()) :: IEC60870.AppLayerParameters.t()


      



  



  
    
      
    
    
      get_link_layer_parameters(slave)



        
          
        

    

  


  

      

          @spec get_link_layer_parameters(GenServer.server()) ::
  IEC60870.LinkLayerParameters.t()


      



  



  
    
      
    
    
      is_class_1_queue_full?(slave)



        
          
        

    

  


  

      

          @spec is_class_1_queue_full?(GenServer.server()) :: boolean()


      



  



  
    
      
    
    
      is_class_2_queue_full?(slave)



        
          
        

    

  


  

      

          @spec is_class_2_queue_full?(GenServer.server()) :: boolean()


      



  



    

  
    
      
    
    
      send_act_con(slave, asdu, negative \\ false)



        
          
        

    

  


  

      

          @spec send_act_con(GenServer.server(), IEC60870.ASDU.t(), boolean()) :: :ok


      



  



  
    
      
    
    
      send_act_term(slave, asdu)



        
          
        

    

  


  

      

          @spec send_act_term(GenServer.server(), IEC60870.ASDU.t()) :: :ok


      



  



  
    
      
    
    
      set_dir(slave, dir)



        
          
        

    

  


  

      

          @spec set_dir(GenServer.server(), boolean()) :: :ok


      


Sets DIR bit in balanced link layer mode.

  



  
    
      
    
    
      set_idle_timeout(slave, timeout_ms)



        
          
        

    

  


  

      

          @spec set_idle_timeout(GenServer.server(), pos_integer()) :: :ok


      


Sets idle timeout in milliseconds.

  



  
    
      
    
    
      set_link_layer_address(slave, address)



        
          
        

    

  


  

      

          @spec set_link_layer_address(GenServer.server(), non_neg_integer()) :: :ok


      


Sets local link layer address.

  



  
    
      
    
    
      set_link_layer_address_other_station(slave, address)



        
          
        

    

  


  

      

          @spec set_link_layer_address_other_station(GenServer.server(), non_neg_integer()) ::
  :ok


      


Sets peer station link address.

  



  
    
      
    
    
      start(slave)



        
          
        

    

  


  

      

          @spec start(GenServer.server()) :: :ok


      



  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  


  



  
    
      
    
    
      stop(slave)



        
          
        

    

  


  

      

          @spec stop(GenServer.server()) :: :ok


      



  


        

      


  

    
IEC60870.CS101.Transport behaviour
    



      
Transport abstraction for IEC 60870-5-101 serial / virtual links.
Any transport implementation delivers incoming bytes to the controlling process
as {:cs101_transport_data, handle, binary_data} messages and implements send_data/2.

      


      
        Summary


  
    Callbacks
  


    
      
        close(handle)

      


    


    
      
        send_data(handle, data)

      


    





  
    Functions
  


    
      
        close(arg)

      


    


    
      
        send_data(arg, data)

      


        Sends raw bytes over a {module, handle} transport tuple.



    





      


      
        Callbacks


        


  
    
      
    
    
      close(handle)



        
          
        

    

  


  

      

          @callback close(handle :: term()) :: :ok


      



  



  
    
      
    
    
      send_data(handle, data)



        
          
        

    

  


  

      

          @callback send_data(handle :: term(), data :: binary()) :: :ok | {:error, term()}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      close(arg)



        
          
        

    

  


  

      

          @spec close({module(), term()}) :: :ok


      



  



  
    
      
    
    
      send_data(arg, data)



        
          
        

    

  


  

      

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


      


Sends raw bytes over a {module, handle} transport tuple.

  


        

      


  

    
IEC60870.CS101.Transport.UART 
    



      
Adapter for Circuits.UART hardware serial ports.
When Circuits.UART is installed and started in :active mode, incoming {:circuits_uart, port, data}
messages are supported directly by CS101.Master and CS101.Slave, or via this transport wrapper.

      


      
        Summary


  
    Functions
  


    
      
        open(port_name, opts \\ [])

      


        Opens a Circuits.UART port with FT 1.2 framing defaults (even parity, 8 data bits, 1 stop bit).



    





      


      
        Functions


        


    

  
    
      
    
    
      open(port_name, opts \\ [])



        
          
        

    

  


  

Opens a Circuits.UART port with FT 1.2 framing defaults (even parity, 8 data bits, 1 stop bit).

  


        

      


  

    
IEC60870.CS101.Transport.VirtualBus 
    



      
In-memory virtual serial bus (RS-232 / RS-485 bus simulator) for CS101 Master & Slave.
Supports point-to-point (Balanced/Unbalanced) and multi-drop (Unbalanced Master with multiple Slaves).
When a participant calls send_data/2, the bytes are broadcast to all other attached processes
as {:cs101_transport_data, bus_pid, data}.

      


      
        Summary


  
    Functions
  


    
      
        attach(bus_pid, pid \\ self())

      


        Attaches pid (defaults to self()) to the virtual bus and returns a transport tuple
{IEC60870.CS101.Transport.VirtualBus, bus_pid} ready to pass to CS101.Master or CS101.Slave.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        start_link(opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      attach(bus_pid, pid \\ self())



        
          
        

    

  


  

      

          @spec attach(pid(), pid()) :: {module(), pid()}


      


Attaches pid (defaults to self()) to the virtual bus and returns a transport tuple
{IEC60870.CS101.Transport.VirtualBus, bus_pid} ready to pass to CS101.Master or CS101.Slave.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  


  


        

      


  

    
IEC60870.LinkLayerParameters 
    



      
Serial link layer parameters for IEC 60870-5-101.
Corresponds to sLinkLayerParameters in lib60870-C.
	address_length: Length of link layer address in bytes (1 or 2, default: 1)
	timeout_for_ack: Timeout for link layer ACK in ms (default: 200)
	timeout_repeat: Timeout for repeated message transmission when no ACK received in ms (default: 1000)
	use_single_char_ack: Use single character 0xE5 for ACK (FC=0) or RESP_NO_USER_DATA (FC=9) (default: true)
	timeout_link_state: Interval to repeat request status of link (FC=9) in ms (default: 5000)


      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(opts \\ [])

      


        Creates a new LinkLayerParameters struct with optional custom overrides.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.LinkLayerParameters{
  address_length: 0 | 1 | 2,
  timeout_for_ack: pos_integer(),
  timeout_link_state: pos_integer(),
  timeout_repeat: pos_integer(),
  use_single_char_ack: boolean()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

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


      


Creates a new LinkLayerParameters struct with optional custom overrides.

  


        

      


  

    
IEC60870.FileService.Client 
    



      
IEC 60870-5-101 / 104 File Transfer Client for Master stations.
Supports:
	request_directory/4: Calls directory on Slave and returns {:ok, [directory_entry]}
	get_file/5: Selects and reads (uploads) a file from Slave (F_SC_NA_1 -> F_FR_NA_1 -> F_SR_NA_1 -> F_SG_NA_1 -> F_LS_NA_1 -> F_AF_NA_1)
	send_file/3: Sends (downloads) a %TransparentFile{} from Master to Slave (F_FR_NA_1 -> F_SC_NA_1 -> F_SR_NA_1 -> F_SC_NA_1 -> F_SG_NA_1 -> F_LS_NA_1 -> F_AF_NA_1)

Can work over either IEC60870.CS104.Connection or IEC60870.CS101.Master by passing a send_asdu_fun
(or :master option) and forwarding received ASDUs via handle_asdu/2.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_file(client, ca, ioa, nof, receiver_or_timeout \\ 15000)

      


        Reads (uploads) a file (ca, ioa, nof) from the Slave.
Returns {:ok, binary()} (or {:ok, %Receiver.Memory{}} if passed as receiver) upon completion.



    


    
      
        handle_asdu(client, asdu)

      


        Feeds an incoming ASDU from CS104.Connection or CS101.Master into the FileService Client.
Returns true if handled, false otherwise.



    


    
      
        query_log(client, ca, ioa, nof, start_time, stop_time, timeout \\ 10000)

      


        Queries the file directory filtered by creation time range (F_SC_NB_1 with COT = :request).
Returns {:ok, entries} when the last directory entry (SOF bit 0x20) is received.



    


    
      
        request_directory(client, ca, ioa \\ 0, timeout \\ 10000)

      


        Requests the file directory from the Slave (F_SC_NA_1 with COT = :request).
Returns {:ok, entries} when the last directory entry (SOF bit 0x20) is received.



    


    
      
        send_file(client, ca_or_file, file_or_timeout \\ 15000, timeout \\ 15000)

      


        Writes (downloads) a %TransparentFile{} from the Master to the Slave.
Returns :ok upon receiving positive file ACK (F_AF_NA_1 with afq = 1).



    


    
      
        start_link(opts \\ [])

      


        Starts a FileService.Client GenServer.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



    

  
    
      
    
    
      get_file(client, ca, ioa, nof, receiver_or_timeout \\ 15000)



        
          
        

    

  


  

      

          @spec get_file(
  GenServer.server(),
  non_neg_integer(),
  non_neg_integer(),
  non_neg_integer(),
  term()
) ::
  {:ok, binary() | IEC60870.FileService.Receiver.Memory.t()} | {:error, term()}


      


Reads (uploads) a file (ca, ioa, nof) from the Slave.
Returns {:ok, binary()} (or {:ok, %Receiver.Memory{}} if passed as receiver) upon completion.

  



  
    
      
    
    
      handle_asdu(client, asdu)



        
          
        

    

  


  

      

          @spec handle_asdu(GenServer.server(), IEC60870.ASDU.t()) :: boolean()


      


Feeds an incoming ASDU from CS104.Connection or CS101.Master into the FileService Client.
Returns true if handled, false otherwise.

  



    

  
    
      
    
    
      query_log(client, ca, ioa, nof, start_time, stop_time, timeout \\ 10000)



        
          
        

    

  


  

Queries the file directory filtered by creation time range (F_SC_NB_1 with COT = :request).
Returns {:ok, entries} when the last directory entry (SOF bit 0x20) is received.

  



    

    

  
    
      
    
    
      request_directory(client, ca, ioa \\ 0, timeout \\ 10000)



        
          
        

    

  


  

      

          @spec request_directory(
  GenServer.server(),
  non_neg_integer(),
  non_neg_integer(),
  timeout()
) ::
  {:ok, [map()]} | {:error, term()}


      


Requests the file directory from the Slave (F_SC_NA_1 with COT = :request).
Returns {:ok, entries} when the last directory entry (SOF bit 0x20) is received.

  



    

    

  
    
      
    
    
      send_file(client, ca_or_file, file_or_timeout \\ 15000, timeout \\ 15000)



        
          
        

    

  


  

      

          @spec send_file(
  GenServer.server(),
  non_neg_integer() | IEC60870.FileService.TransparentFile.t(),
  IEC60870.FileService.TransparentFile.t() | timeout(),
  timeout()
) :: :ok | {:error, term()}


      


Writes (downloads) a %TransparentFile{} from the Master to the Slave.
Returns :ok upon receiving positive file ACK (F_AF_NA_1 with afq = 1).

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts a FileService.Client GenServer.
Options:
	:send_asdu_fun (required or :connection / :master) - fn %ASDU{} -> :ok end
	:connection - CS104.Connection pid (automatically builds send_asdu_fun)
	:master - CS101.Master pid (automatically builds send_asdu_fun)
	:oa - Originator Address (default 0)
	:max_segment_size - max segment payload size in bytes when sending files (default 200)


  


        

      


  

    
IEC60870.FileService.Receiver 
    



      
Accumulator for receiving multi-section / multi-segment files during IEC 60870-5-101/104
file transfers (CS101_IFileReceiver in cs101_file_service.h).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new(ca, ioa, nof, expected_length, opts \\ [])

      


    


    
      
        put_segment(rec, nos, offset, data)

      


        Appends a received segment to section nos (1-based section number).



    


    
      
        sections_list(receiver)

      


        Returns the ordered list of section binaries.



    


    
      
        to_binary(receiver)

      


        Reconstructs the complete file binary in section order (1..N).



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.FileService.Receiver{
  ca: non_neg_integer(),
  data: binary(),
  expected_length: non_neg_integer(),
  ioa: non_neg_integer(),
  name: String.t() | nil,
  nof: non_neg_integer(),
  on_finished: (t(), :ok | {:error, term()} -> any()) | nil,
  sections: %{optional(pos_integer()) => binary()}
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      new(ca, ioa, nof, expected_length, opts \\ [])



        
          
        

    

  


  

      

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


      



  



  
    
      
    
    
      put_segment(rec, nos, offset, data)



        
          
        

    

  


  

      

          @spec put_segment(t(), pos_integer(), non_neg_integer(), binary()) :: t()


      


Appends a received segment to section nos (1-based section number).

  



  
    
      
    
    
      sections_list(receiver)



        
          
        

    

  


  

      

          @spec sections_list(t()) :: [binary()]


      


Returns the ordered list of section binaries.

  



  
    
      
    
    
      to_binary(receiver)



        
          
        

    

  


  

      

          @spec to_binary(t()) :: binary()


      


Reconstructs the complete file binary in section order (1..N).

  


        

      


  

    
IEC60870.FileService.Receiver.Memory 
    



      
In-memory file receiver container (CS101_IFileReceiver memory receiver).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        new()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.FileService.Receiver.Memory{
  data: binary(),
  name: String.t() | nil,
  nof: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new()



        
          
        

    

  


  

      

          @spec new() :: t()


      



  


        

      


  

    
IEC60870.FileService.Server 
    



      
IEC 60870-5-101 / 104 File Transfer Server (file_server.c) for Slave stations.
Supports:
	Directory read requests (F_SC_NA_1 / F_SC_NB_1 with COT = :request -> F_DR_TA_1)
	File upload (Master reads file from Slave: F_SC_NA_1 -> F_FR_NA_1 -> F_SR_NA_1 -> F_SG_NA_1 -> F_LS_NA_1 -> F_AF_NA_1)
	File download (Master writes file to Slave: F_FR_NA_1 -> F_SC_NA_1 -> F_SR_NA_1 -> F_SC_NA_1 -> F_SG_NA_1 -> F_LS_NA_1 -> F_AF_NA_1)

Can be attached to a CS104.Slave or CS101.Slave by calling handle_asdu/3 inside the Slave's asdu_handler.

      


      
        Summary


  
    Functions
  


    
      
        add_file(server, file)

      


        Adds or replaces an available %TransparentFile{} on the server.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_received_files(server)

      


        Returns a map of all files received from the Master (%{{ca, ioa, nof} => binary()}).



    


    
      
        handle_asdu(server, conn_pid, asdu)

      


        Processes a received ASDU from CS104.Slave or CS101.Slave.
Returns true if the ASDU is a file service ASDU and was handled, or false otherwise.



    


    
      
        remove_file(server, ca, ioa, nof)

      


        Removes a file by {ca, ioa, nof}.



    


    
      
        start_link(opts \\ [])

      


        Starts a FileService.Server GenServer.



    





      


      
        Functions


        


  
    
      
    
    
      add_file(server, file)



        
          
        

    

  


  

      

          @spec add_file(GenServer.server(), IEC60870.FileService.TransparentFile.t()) :: :ok


      


Adds or replaces an available %TransparentFile{} on the server.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      get_received_files(server)



        
          
        

    

  


  

      

          @spec get_received_files(GenServer.server()) :: map()


      


Returns a map of all files received from the Master (%{{ca, ioa, nof} => binary()}).

  



  
    
      
    
    
      handle_asdu(server, conn_pid, asdu)



        
          
        

    

  


  

      

          @spec handle_asdu(GenServer.server(), pid(), IEC60870.ASDU.t()) :: boolean()


      


Processes a received ASDU from CS104.Slave or CS101.Slave.
Returns true if the ASDU is a file service ASDU and was handled, or false otherwise.

  



  
    
      
    
    
      remove_file(server, ca, ioa, nof)



        
          
        

    

  


  

      

          @spec remove_file(
  GenServer.server(),
  non_neg_integer(),
  non_neg_integer(),
  non_neg_integer()
) :: :ok


      


Removes a file by {ca, ioa, nof}.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts a FileService.Server GenServer.
Options:
	:files - list of %TransparentFile{} initially available for Master to read
	:max_segment_size - max segment payload size in bytes (default 200)
	:timeout_ms - transfer timeout in milliseconds (default 10_000)
	:owner - PID to receive {:iec60870_file_server, server_pid, event} notifications
	:file_ready_handler - fn ca, ioa, nof, lof -> :ok | {:error, :unknown_ca | :unknown_ioa | :not_ready} end

	:file_received_handler - fn %Receiver{} -> any() end


  


        

      


  

    
IEC60870.FileService.TransparentFile 
    



      
Represents a file composed of one or more binary sections for IEC 60870-5-101/104 File Transfer
(CS101_IFileProvider / CS101_TransparentFile in cs101_file_service.h).

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        add_section(file, section_bin)

      


    


    
      
        file_size(transparent_file)

      


    


    
      
        get_segment_data(transparent_file, section_index, offset, size)

      


        Extracts a segment binary from section_index (0-based) starting at offset with size.



    


    
      
        new(nof, data)

      


        Creates a new TransparentFile with (nof, data).



    


    
      
        new(nof, name, data)

      


        Creates a new TransparentFile with (nof, name, data) or (nof, data, opts).



    


    
      
        new(nof, name, data, opts)

      


        Creates a new TransparentFile with (nof, name, data, opts).



    


    
      
        new(ca, ioa, nof, data_or_sections, opts \\ [])

      


        Creates a new TransparentFile from a single binary or a list of section binaries.



    


    
      
        section_size(transparent_file, section_index)

      


        Returns the byte size of section section_index (0-based), or 0 if out of range.



    


    
      
        to_binary(transparent_file)

      


        Concatenates all sections into a single binary.



    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %IEC60870.FileService.TransparentFile{
  ca: non_neg_integer(),
  created_at: IEC60870.Types.CPTime.CP56Time2a.t(),
  data: binary() | nil,
  ioa: non_neg_integer(),
  name: String.t() | nil,
  nof: non_neg_integer(),
  on_complete: (boolean() -> any()) | nil,
  sections: [binary()],
  sof: non_neg_integer()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      add_section(file, section_bin)



        
          
        

    

  


  

      

          @spec add_section(t(), binary()) :: t()


      



  



  
    
      
    
    
      file_size(transparent_file)



        
          
        

    

  


  

      

          @spec file_size(t()) :: non_neg_integer()


      



  



  
    
      
    
    
      get_segment_data(transparent_file, section_index, offset, size)



        
          
        

    

  


  

      

          @spec get_segment_data(t(), non_neg_integer(), non_neg_integer(), non_neg_integer()) ::
  {:ok, binary()} | :error


      


Extracts a segment binary from section_index (0-based) starting at offset with size.

  



  
    
      
    
    
      new(nof, data)



        
          
        

    

  


  

      

          @spec new(non_neg_integer(), binary()) :: t()


      


Creates a new TransparentFile with (nof, data).

  



  
    
      
    
    
      new(nof, name, data)



        
          
        

    

  


  

      

          @spec new(non_neg_integer(), String.t() | binary(), binary() | keyword()) :: t()


      


Creates a new TransparentFile with (nof, name, data) or (nof, data, opts).

  



  
    
      
    
    
      new(nof, name, data, opts)



        
          
        

    

  


  

      

          @spec new(non_neg_integer(), String.t(), binary(), keyword()) :: t()


      


Creates a new TransparentFile with (nof, name, data, opts).

  



  
    
      
    
    
      new(ca, ioa, nof, data_or_sections, opts \\ [])



        
          
        

    

  


  

      

          @spec new(
  non_neg_integer(),
  non_neg_integer(),
  non_neg_integer(),
  binary() | [binary()],
  keyword()
) ::
  t()


      


Creates a new TransparentFile from a single binary or a list of section binaries.

  



  
    
      
    
    
      section_size(transparent_file, section_index)



        
          
        

    

  


  

      

          @spec section_size(t(), non_neg_integer()) :: non_neg_integer()


      


Returns the byte size of section section_index (0-based), or 0 if out of range.

  



  
    
      
    
    
      to_binary(transparent_file)



        
          
        

    

  


  

      

          @spec to_binary(t()) :: binary()


      


Concatenates all sections into a single binary.
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