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ex_dlt645 是一个纯 Elixir/OTP 实现的中国国家标准 DL/T 645-2007（及 1997）多功能电能表通信规约库。
本项目全面遵循 DL/T 645-2007 协议规范，并深度融合现代工业协议架构设计理念：传输层行为抽象解耦、纯函数式流式编解码、硬件无关的纯内存虚拟总线以及双模式（主动/被动）Master/Slave。

核心特性 (Features)
	完全对齐 DL/T 645-2007 标准规范：	表 A.1 电能量：组合有功、正向/反向有功、组合无功1/2、四象限无功、视在电能、分相（A/B/C）电能、总及1~63费率、1~12结算日。
	表 A.2 最大需量及发生时间：需量数值（XX.XXXX kW）及发生时间戳（YYMMDDhhmm）解析。
	表 A.3 变量数据：电压（XXX.X V）、电流（XXX.XXX A）、有功/无功/视在功率（XX.XXXX kW/kvar/kVA）、功率因数（X.XXX）、相角（XXX.X°）、频率（XX.XX Hz）、表内温度（XXX.X ℃）、电池电压及内部电池工作时间等。
	表 A.4 事件记录：失压、欠压、过压、断相、全失压、失流、过流、断流、潮流反向、过载、掉电、校时记录等。
	表 A.5 参变量：日期星期（YYMMDDWW）、时间（hhmmss）、通信地址、表号、资产管理编码、电表常数、运行状态字等。
	表 A.6 冻结量与表 A.7 负荷记录。


	纯函数式编解码核心 (ExDlt645.Codec)：	纯函数处理字节级封包与解析，自动处理 +0x33 模 256 编解码与 CS 累加和校验。
	解耦于 OTP 进程状态，零副作用，执行速度极快。


	健壮的流式分帧器 (ExDlt645.Framer)：	严格实现 Circuits.UART.Framing 行为规范。
	自动剥离前导唤醒符（0xFE），动态匹配双 0x68 起始符与数据域长度 L。
	滑动窗口逐字节重同步：遇到串扰、总线噪声或坏包时自动逐字节滑动查找下一有效帧，绝不卡死。


	无硬件纯内存虚拟仿真总线 (ExDlt645.VirtualBus)：	无需物理串口设备、无需外部操作系统虚拟伪终端（socat / pty），在纯内存中完美仿真多点挂载的 RS-485 串行总线。
	100% 闭环支持 GitHub Actions、Docker、CI/CD 自动化集成测试与 Phoenix LiveView 仿真面板。


	可插拔传输层规范 (ExDlt645.Transport)：	Transport.UART：对接真实物理串口硬件（Circuits.UART）。
	Transport.Virtual：挂接纯内存虚拟总线。
	Transport.Tcp：原生支持通过 IP / 4G DTU 透传网关采集远程电表。


	双工作模式 Master 采集器 (ExDlt645.Master)：	被动模式（Passive）：同步阻塞调用并等待电表响应。
	主动模式（Active）：异步请求投递，通过消息事件将响应结果流式推送给调用进程。
	半双工并发保护：严格保证同一时刻仅有一个请求处于传输态，具备 :busy 保护。


	电表从站仿真器 (ExDlt645.Slave)：	内置虚拟电表 GenServer，支持注册各数据项初始数值，自动响应主站读/写/地址读取/校时/冻结等规约指令。


	全链路遥测打点 (ExDlt645.Telemetry)：	原生支持 :telemetry，自动记录每笔请求的耗时（RTT）、规约功能码与异常状态。




安装 (Installation)
在 mix.exs 的 deps 中添加 ex_dlt645：
def deps do
  [
    {:ex_dlt645, "~> 0.1.0"}
  ]
end

快速上手 (Quick Start)
1. 纯内存硬件无关仿真测试 (Hardware-free Loopback)
直接在内存总线上启动一个虚拟电表，并由 Master 发起读写指令：
# 1. 启动一个虚拟电表从站 (地址: 123456789012)
{:ok, slave} = ExDlt645.Slave.start_link(
  address: "123456789012",
  tty: "virtual",
  data: %{
    # 正向有功总电能: 1234.56 kWh
    0x00010000 => 1234.56,
    # A相电压: 220.0 V
    0x02010100 => 220.0,
    # A相电流: 1.500 A
    0x02020100 => 1.500
  }
)

# 2. 启动主站采集器 (连接到 virtual 内存总线)
{:ok, master} = ExDlt645.Master.start_link(tty: "virtual")

# 3. 读取正向有功总电能 (0x00010000)
{:ok, 1234.56} = ExDlt645.read_data(master, "123456789012", 0x00010000)

# 4. 读取 A 相电压 (0x02010100)
{:ok, 220.0} = ExDlt645.read_data(master, "123456789012", 0x02010100)

# 5. 广播读取电表通信地址 (0x13 功能码)
{:ok, "123456789012"} = ExDlt645.read_address(master)

2. 连接物理 RS-485 硬件串口
alias ExDlt645.Master

# 启动真实串口主站 (波特率 2400bps, 偶校验 Even, 数据位 8, 停止位 1)
{:ok, master} = Master.start_link(
  tty: "/dev/ttyUSB0",
  uart_opts: [speed: 2400, data_bits: 8, parity: :even, stop_bits: 1],
  timeout: 3_000
)

# 读取电能表正向有功电能 (默认返回表盘二次侧读数: 1234.56 kWh)
{:ok, energy} = ExDlt645.read_data(master, "001234567890", 0x00010000)
IO.puts("电能表当前读数: #{energy} kWh")

# 互感器倍率支持 (若电表接有 CT/PT，传入综合倍率 20，直接返回一次侧实际用电量)
{:ok, actual_energy} = ExDlt645.read_data(master, "001234567890", 0x00010000, multiplier: 20)
# => 24691.2 kWh

# 亦可单独指定电流互感器变比 (ct: 20) 或电压互感器变比 (pt: 100)
{:ok, actual_current} = ExDlt645.read_data(master, "001234567890", 0x02020100, ct: 20)
# => 30.0 A

3. 主动模式 (Active Mode 异步流式推送)
{:ok, master} = ExDlt645.Master.start_link(
  tty: "virtual",
  active: true
)

# 发起读取请求 (立即返回 :ok，不阻塞当前进程)
:ok = ExDlt645.read_data(master, "123456789012", 0x02010100)

# 响应结果自动投递到调用进程的消息邮箱
receive do
  {:ex_dlt645, %{func: 0x11, di: 0x02010100}, {:ok, frame}} ->
    IO.puts("异步收到电压读数: #{frame.data_parsed} V")

  {:ex_dlt645, meta, {:error, reason}} ->
    IO.puts("请求异常: #{inspect(reason)}")
end

4. 规约字典查询与纯函数编解码
# 查询数据标识元数据
{:ok, info} = ExDlt645.lookup_di(0x02010100)
# => %ExDlt645.DataId.Info{
#      di: 33620224,
#      name: "A相电压",
#      category: :variable,
#      format: :xxx_x,
#      unit: "V",
#      length: 2
#    }

# 打包读数据报文 (自动加 0x33 与 CS 累加和)
packet = ExDlt645.pack_read_request("123456789012", 0x00010000, preamble_count: 4)

# 解析收到的二进制帧
{:ok, frame} = ExDlt645.parse_frame(packet)

规约查询与报文诊断接口 (Query & Diagnostics)
ex_dlt645 内置了规约元数据查询、点位关键字搜索与报文深度解析能力。
1. Elixir 代码接口
# 1. 规约信息查询
{:ok, info} = ExDlt645.info(0x02010100)
# => %ExDlt645.DataId.Info{
#      di: 33620224,
#      name: "A相电压",
#      category: :variable,
#      format: :xxx_x,
#      unit: "V",
#      length: 2,
#      rdwr: :ro
#    }

# 格式化终端输出
ExDlt645.show_info(0x02010100)

# 2. 规约点位关键词搜索
results = ExDlt645.search("电压")
# => [
#      %{di: 0x02010100, di_hex: "0x02010100", name: "A相电压", unit: "V", format: :xxx_x},
#      %{di: 0x02010200, di_hex: "0x02010200", name: "B相电压", unit: "V", format: :xxx_x},
#      ...
#    ]

# 3. 原始报文深度解析
# 支持十六进制字符串、空格分隔文本或原生 binary
hex_str = "FE FE 68 12 90 78 56 34 12 68 11 04 33 34 34 35 6B 16"
{:ok, frame} = ExDlt645.inspect_frame(hex_str)

2. 命令行 Mix Task (mix dlt645)
在终端中可直接使用 mix dlt645 进行点位查询与报文测试：
# 查询数据标识信息 (-i / --info)
mix dlt645 -i 00010000
mix dlt645 -i 02010100

# 按关键词模糊搜索点位 (-s / --search)
mix dlt645 -s "电压"
mix dlt645 -s "有功"

# 自动生成指定点位的测试读报文 (-p / --pack)
mix dlt645 -p 02010100

# 深度拆解并分析十六进制报文 (-u / --unpack)
mix dlt645 -u "FE FE 68 12 90 78 56 34 12 68 11 04 33 34 34 35 6B 16"


运行测试套件 (Running Tests)
所有单元测试与集成测试均可在无硬件环境下直接运行：
mix test


许可证 (License)
MIT License.


  

    Changelog

All notable changes to ex_dlt645 will be documented in this file.
The format is based on Keep a Changelog,
and this project adheres to Semantic Versioning.
[0.1.0] - 2026-11-13
Features
	Standard Protocol Support:	Full implementation of DL/T 645-2007 (and 1997) multi-function electricity meter communications protocol.
	Comprehensive Data Identifier coverage across Tables A.1 to A.7 (Energy, Demand, Variables, Events, Parameters, Freeze, Load).


	Pure Functional Codec (ExDlt645.Codec):	Stateless binary pattern matching for packet framing and deframing.
	Automatic +0x33 modulo-256 transformation and checksum (CS) verification.


	Data Identifier Dictionary & Scalers (ExDlt645.DataId):	Extensive registry covering thousands of standard DIs with automated decimal formatting (XXXXXX.XX, XXX.X, XXX.XXX, XX.XXXX, X.XXX, XX.XX).
	Unit annotations and read/write attribute validation.


	Hardware-Free In-Memory Virtual Serial Bus (ExDlt645.VirtualBus):	In-memory multi-drop serial bus with process monitoring and lock-free broadcast.
	Allows 100% closed-loop testing, CI/CD execution, and Phoenix LiveView UI simulation without real RS-485 hardware.


	Pluggable Transports (ExDlt645.Transport):	ExDlt645.Transport.UART: Hardware serial port communication backed by Circuits.UART.
	ExDlt645.Transport.Virtual: Memory bus adapter for tests and local simulation.
	ExDlt645.Transport.Tcp: Direct socket connection for Ethernet and 4G DTU transparent serial gateways.


	Streaming Framer (ExDlt645.Framer):	Implements Circuits.UART.Framing behaviour.
	Automatic 0xFE preamble stripping, dynamic frame length derivation, and sliding-window byte-by-byte resynchronization.


	Dual Operating Modes for Master (ExDlt645.Master):	Passive (synchronous call) and Active (asynchronous streaming notification) modes.
	Half-duplex serialization with :busy protection.
	Built-in support for transformer scaling factors (:multiplier, :ct, :pt).


	Slave Simulator (ExDlt645.Slave):	In-memory virtual electricity meter simulator responding to read, write, address discovery, broadcast time calibration, and freeze commands.


	Diagnostics & Command Line Interface (ExDlt645.Query & mix dlt645):	Point inspection (info, show_info), fuzzy keyword search (search), and raw frame deep diagnostics (inspect_frame).
	Mix task mix dlt645 for CLI workflows (-i, -s, -p, -u).


	Telemetry (ExDlt645.Telemetry):	Measurement of request round-trip time (RTT), function codes, and error tracking.





  

    LICENSE


MIT License

Copyright (c) 2026 Ultraluv

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

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

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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A complete, idiomatic Elixir/OTP communication library for the DL/T 645-2007
(and 1997) electricity meter protocol.
Architecture & Key Features
	Pure Functional Codec (ExDlt645.Codec): Stateless packet encoding, decoding,
+0x33 modulo 256 transformation, and checksum verification with binary pattern matching.
	Data Identifier Catalog (ExDlt645.DataId): Complete coverage of DL/T 645-2007
tables (A.1 Energy, A.2 Demand, A.3 Variables, A.4 Events, A.5 Parameters, A.6 Freeze, A.7 Load).
	BCD Number & Datetime Engine (ExDlt645.BCD): Fast little-endian BCD conversions for
numeric readings, meter addresses, timestamps, and wildcard matching.
	Streaming Framer (ExDlt645.Framer): Circuits.UART.Framing behaviour implementation
featuring preamble stripping, frame length deduction, and sliding-window byte-by-byte resynchronization.
	Pluggable Transport Layer (ExDlt645.Transport):	Hardware UART (ExDlt645.Transport.UART) powered by Circuits.UART.
	In-Memory Virtual Bus (ExDlt645.Transport.Virtual & ExDlt645.VirtualBus) for hardware-free CI/CD and simulation.
	Raw TCP Client (ExDlt645.Transport.Tcp) for Ethernet/4G DTU serial servers.


	Master Collector (ExDlt645.Master): Half-duplex serialized request execution,
busy guard, active (asynchronous event streaming) and passive (synchronous call) modes.
	Slave Meter Simulator (ExDlt645.Slave): In-memory virtual meter grid component for
automated testing and interactive protocol playgrounds.
	Telemetry (ExDlt645.Telemetry): Start/stop measurements with RTT for all requests.

Quick Start
1. In-Memory Virtual Loopback Testing (Hardware-free)
# Start a virtual electric meter slave
{:ok, _slave} = ExDlt645.Slave.start_link(address: "123456789012", tty: "virtual")

# Start a master collector on the same virtual bus
{:ok, master} = ExDlt645.Master.start_link(tty: "virtual")

# Read Total Forward Active Energy (DI: 0x00010000)
{:ok, energy} = ExDlt645.read_data(master, "123456789012", 0x00010000)
# => {:ok, 1234.56}

# Read Phase A Voltage (DI: 0x02010100)
{:ok, voltage} = ExDlt645.read_data(master, "123456789012", 0x02010100)
# => {:ok, 220.0}

# Broadcast read meter address
{:ok, addr} = ExDlt645.read_address(master)
# => {:ok, "123456789012"}
2. Physical RS-485 Serial Port
{:ok, master} = ExDlt645.Master.start_link(
  tty: "/dev/ttyUSB0",
  uart_opts: [speed: 2400, parity: :even]
)

{:ok, energy} = ExDlt645.read_data(master, "001234567890", 0x00010000)

      


      
        Summary


  
    Functions
  


    
      
        checksum(binary)

      


        See ExDlt645.Codec.checksum/1.



    


    
      
        custom_request(master, raw_packet, opts \\ [])

      


        See ExDlt645.Master.custom_request/3.



    


    
      
        decode_address(bytes)

      


        See ExDlt645.BCD.decode_address/1.



    


    
      
        decode_value(di, payload)

      


        See ExDlt645.DataId.decode_value/2.



    


    
      
        encode_address(addr_str)

      


        See ExDlt645.BCD.encode_address/1.



    


    
      
        encode_value(di, value)

      


        See ExDlt645.DataId.encode_value/2.



    


    
      
        freeze(master, address, freeze_time, opts \\ [])

      


        See ExDlt645.Master.freeze/4.



    


    
      
        info(di)

      


        See ExDlt645.Query.info/1.



    


    
      
        inspect_frame(input)

      


        See ExDlt645.Query.inspect_frame/1.



    


    
      
        lookup_di(di)

      


        See ExDlt645.DataId.lookup/1.



    


    
      
        pack_read_request(address, di, opts \\ [])

      


        See ExDlt645.Codec.pack_read_request/3.



    


    
      
        pack_read_response(address, di, value_bytes, opts \\ [])

      


        See ExDlt645.Codec.pack_read_response/4.



    


    
      
        parse_frame(binary)

      


        See ExDlt645.Codec.parse_frame/1.



    


    
      
        read_address(master, opts \\ [])

      


        See ExDlt645.Master.read_address/2.



    


    
      
        read_data(master, address, di, opts \\ [])

      


        See ExDlt645.Master.read_data/4.



    


    
      
        search(keyword)

      


        See ExDlt645.Query.search/1.



    


    
      
        show_info(di)

      


        See ExDlt645.Query.show_info/1.



    


    
      
        sync_time(master, datetime, opts \\ [])

      


        See ExDlt645.Master.sync_time/3.



    


    
      
        write_address(master, old_address, new_address, opts \\ [])

      


        See ExDlt645.Master.write_address/4.



    


    
      
        write_data(master, address, di, data_payload, opts \\ [])

      


        See ExDlt645.Master.write_data/5.



    





      


      
        Functions


        


  
    
      
    
    
      checksum(binary)



        
          
        

    

  


  

See ExDlt645.Codec.checksum/1.
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See ExDlt645.Master.custom_request/3.
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See ExDlt645.BCD.decode_address/1.
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See ExDlt645.DataId.decode_value/2.
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See ExDlt645.BCD.encode_address/1.
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See ExDlt645.DataId.encode_value/2.
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See ExDlt645.Master.freeze/4.
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See ExDlt645.Query.info/1.

  



  
    
      
    
    
      inspect_frame(input)



        
          
        

    

  


  

See ExDlt645.Query.inspect_frame/1.
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See ExDlt645.DataId.lookup/1.
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See ExDlt645.Codec.pack_read_request/3.
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See ExDlt645.Codec.pack_read_response/4.
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See ExDlt645.Codec.parse_frame/1.
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See ExDlt645.Master.read_address/2.
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See ExDlt645.Master.read_data/4.
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See ExDlt645.Query.search/1.
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See ExDlt645.Query.show_info/1.
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See ExDlt645.Master.sync_time/3.
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See ExDlt645.Master.write_address/4.
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See ExDlt645.Master.write_data/5.
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Binary Coded Decimal (BCD) encoding and decoding helpers for DL/T 645 protocols.
In DL/T 645, meter addresses, numeric values (energy, voltage, current, etc.),
and timestamps are represented in BCD format, typically transmitted with the
least significant byte first (little-endian byte order).

      


      
        Summary


  
    Functions
  


    
      
        address_match?(meter_addr, target_addr)

      


        Checks if a slave address matches a target address.
Supports broadcast address AAAAAAAAAAAA, 999999999999, and per-nibble wildcard A.



    


    
      
        bcd_to_int(byte)

      


        Converts a single BCD byte (0x00..0x99) to an integer (0..99).



    


    
      
        decode_address(bytes)

      


        Decodes 6 BCD bytes (little-endian) into a 12-character address string.



    


    
      
        decode_datetime(arg1)

      


        Decodes a 6-byte BCD timestamp YYMMDDhhmmss (transmitted order: ss, mm, hh, DD, MM, YY).
Returns {:ok, %NaiveDateTime{}} or {:error, reason}.



    


    
      
        decode_datetime_min(arg1)

      


        Decodes a 5-byte BCD date-minute YYMMDDhhmm (transmitted order: mm, hh, DD, MM, YY).
Returns {:ok, %NaiveDateTime{}} with seconds set to 0.



    


    
      
        decode_float(bytes, decimals, endianness \\ :little)

      


        Decodes a BCD binary into a float or integer representing a fixed-point decimal.
For example, with decimals: 2 and bytes <<0x45, 0x23, 0x01, 0x00>> (little-endian), returns 123.45.



    


    
      
        decode_integer(bytes, endianness \\ :little)

      


        Decodes a BCD binary into an integer.
By default, endianness: :little (least significant byte first).



    


    
      
        decode_time(arg1)

      


        Decodes a 3-byte BCD time hhmmss (transmitted order: ss, mm, hh).
Returns {:ok, %Time{}}.



    


    
      
        encode_address(addr_str)

      


        Encodes a 12-digit meter address string into 6 BCD bytes (little-endian, low byte first).



    


    
      
        encode_datetime(map)

      


        Encodes a NaiveDateTime or DateTime struct into 6-byte BCD YYMMDDhhmmss (ss, mm, hh, DD, MM, YY).



    


    
      
        encode_datetime_min(map)

      


        Encodes a NaiveDateTime or DateTime struct into 5-byte BCD YYMMDDhhmm (mm, hh, DD, MM, YY).



    


    
      
        encode_float(num, byte_count, decimals, endianness \\ :little)

      


        Encodes a float or numeric value into a fixed-point BCD binary.



    


    
      
        encode_integer(val, byte_count, endianness \\ :little)

      


        Encodes an integer into BCD binary with the specified byte size and endianness.



    


    
      
        encode_time(time)

      


        Encodes a Time into 3-byte BCD hhmmss (ss, mm, hh).



    


    
      
        int_to_bcd(num)

      


        Converts an integer (0..99) to a single BCD byte.



    





      


      
        Functions


        


  
    
      
    
    
      address_match?(meter_addr, target_addr)



        
          
        

    

  


  

      

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


      


Checks if a slave address matches a target address.
Supports broadcast address AAAAAAAAAAAA, 999999999999, and per-nibble wildcard A.

  



  
    
      
    
    
      bcd_to_int(byte)



        
          
        

    

  


  

      

          @spec bcd_to_int(byte()) :: 0..99


      


Converts a single BCD byte (0x00..0x99) to an integer (0..99).

  



  
    
      
    
    
      decode_address(bytes)



        
          
        

    

  


  

      

          @spec decode_address(binary()) :: String.t()


      


Decodes 6 BCD bytes (little-endian) into a 12-character address string.
Examples
iex> ExDlt645.BCD.decode_address(<<0x12, 0x90, 0x78, 0x56, 0x34, 0x12>>)
"123456789012"

  



  
    
      
    
    
      decode_datetime(arg1)



        
          
        

    

  


  

      

          @spec decode_datetime(binary()) :: {:ok, NaiveDateTime.t()} | {:error, term()}


      


Decodes a 6-byte BCD timestamp YYMMDDhhmmss (transmitted order: ss, mm, hh, DD, MM, YY).
Returns {:ok, %NaiveDateTime{}} or {:error, reason}.

  



  
    
      
    
    
      decode_datetime_min(arg1)



        
          
        

    

  


  

      

          @spec decode_datetime_min(binary()) :: {:ok, NaiveDateTime.t()} | {:error, term()}


      


Decodes a 5-byte BCD date-minute YYMMDDhhmm (transmitted order: mm, hh, DD, MM, YY).
Returns {:ok, %NaiveDateTime{}} with seconds set to 0.

  



    

  
    
      
    
    
      decode_float(bytes, decimals, endianness \\ :little)



        
          
        

    

  


  

      

          @spec decode_float(binary(), non_neg_integer(), :little | :big) :: float()


      


Decodes a BCD binary into a float or integer representing a fixed-point decimal.
For example, with decimals: 2 and bytes <<0x45, 0x23, 0x01, 0x00>> (little-endian), returns 123.45.

  



    

  
    
      
    
    
      decode_integer(bytes, endianness \\ :little)



        
          
        

    

  


  

      

          @spec decode_integer(binary(), :little | :big) :: integer()


      


Decodes a BCD binary into an integer.
By default, endianness: :little (least significant byte first).

  



  
    
      
    
    
      decode_time(arg1)



        
          
        

    

  


  

      

          @spec decode_time(binary()) :: {:ok, Time.t()} | {:error, term()}


      


Decodes a 3-byte BCD time hhmmss (transmitted order: ss, mm, hh).
Returns {:ok, %Time{}}.

  



  
    
      
    
    
      encode_address(addr_str)



        
          
        

    

  


  

      

          @spec encode_address(String.t()) :: binary()


      


Encodes a 12-digit meter address string into 6 BCD bytes (little-endian, low byte first).
Examples
iex> ExDlt645.BCD.encode_address("123456789012")
<<0x12, 0x90, 0x78, 0x56, 0x34, 0x12>>

iex> ExDlt645.BCD.encode_address("AAAAAAAAAAAA")
<<0xAA, 0xAA, 0xAA, 0xAA, 0xAA, 0xAA>>

  



  
    
      
    
    
      encode_datetime(map)



        
          
        

    

  


  

      

          @spec encode_datetime(NaiveDateTime.t() | DateTime.t()) :: binary()


      


Encodes a NaiveDateTime or DateTime struct into 6-byte BCD YYMMDDhhmmss (ss, mm, hh, DD, MM, YY).

  



  
    
      
    
    
      encode_datetime_min(map)



        
          
        

    

  


  

      

          @spec encode_datetime_min(NaiveDateTime.t() | DateTime.t()) :: binary()


      


Encodes a NaiveDateTime or DateTime struct into 5-byte BCD YYMMDDhhmm (mm, hh, DD, MM, YY).

  



    

  
    
      
    
    
      encode_float(num, byte_count, decimals, endianness \\ :little)



        
          
        

    

  


  

      

          @spec encode_float(number(), non_neg_integer(), non_neg_integer(), :little | :big) ::
  binary()


      


Encodes a float or numeric value into a fixed-point BCD binary.

  



    

  
    
      
    
    
      encode_integer(val, byte_count, endianness \\ :little)



        
          
        

    

  


  

      

          @spec encode_integer(integer(), non_neg_integer(), :little | :big) :: binary()


      


Encodes an integer into BCD binary with the specified byte size and endianness.

  



  
    
      
    
    
      encode_time(time)



        
          
        

    

  


  

      

          @spec encode_time(Time.t()) :: binary()


      


Encodes a Time into 3-byte BCD hhmmss (ss, mm, hh).

  



  
    
      
    
    
      int_to_bcd(num)



        
          
        

    

  


  

      

          @spec int_to_bcd(0..99) :: byte()


      


Converts an integer (0..99) to a single BCD byte.

  


        

      


  

    
ExDlt645.Codec 
    



      
Pure functional packet encoder and decoder for DL/T 645-2007 frames.

      


      
        Summary


  
    Functions
  


    
      
        add_33(binary)

      


        Adds 0x33 to each byte modulo 256.



    


    
      
        checksum(binary)

      


        Calculates the modulo 256 checksum over the given binary.



    


    
      
        error_reason(code)

      


        Translates a 1-byte error code to a readable reason.



    


    
      
        func_name(func)

      


        Returns the symbolic name of a DL/T 645 function code.



    


    
      
        pack_error_response(address, func, error_code, opts \\ [])

      


        Packs an abnormal/error response frame.
Bit 6 of control code is set (0xC0 | func), and payload contains the 1-byte error code.



    


    
      
        pack_frame(address, ctrl, payload, opts \\ [])

      


        Generic frame packer.



    


    
      
        pack_freeze_request(address, freeze_time_bytes, opts \\ [])

      


        Packs a freeze command frame (0x16).



    


    
      
        pack_read_address_request(opts \\ [])

      


        Packs a read address request frame (0x13).
Uses broadcast address AAAAAAAAAAAA by default.



    


    
      
        pack_read_address_response(address, opts \\ [])

      


        Packs a normal response frame for read address (0x93).



    


    
      
        pack_read_request(address, di, opts \\ [])

      


        Packs a read data request frame (0x11).



    


    
      
        pack_read_response(address, di, value_bytes, opts \\ [])

      


        Packs a normal response frame for read data (0x91).



    


    
      
        pack_sync_time_request(datetime, opts \\ [])

      


        Packs a broadcast time calibration frame (0x08).
Address is typically 999999999999.



    


    
      
        pack_write_address_request(old_address, new_address, opts \\ [])

      


        Packs a write address request frame (0x15).



    


    
      
        pack_write_request(address, di, data_payload, password \\ <<0, 0, 0, 0>>, operator_code \\ <<0, 0, 0, 0>>, opts \\ [])

      


        Packs a write data request frame (0x14).



    


    
      
        parse_frame(binary)

      


        Parses a complete DL/T 645-2007 frame binary.
Returns {:ok, %ExDlt645.Frame{}} or {:error, reason}.



    


    
      
        sub_33(binary)

      


        Subtracts 0x33 from each byte modulo 256.



    





      


      
        Functions


        


  
    
      
    
    
      add_33(binary)



        
          
        

    

  


  

      

          @spec add_33(binary()) :: binary()


      


Adds 0x33 to each byte modulo 256.

  



  
    
      
    
    
      checksum(binary)



        
          
        

    

  


  

      

          @spec checksum(binary()) :: byte()


      


Calculates the modulo 256 checksum over the given binary.

  



  
    
      
    
    
      error_reason(code)



        
          
        

    

  


  

      

          @spec error_reason(byte()) :: atom() | {:unknown_error, byte()}


      


Translates a 1-byte error code to a readable reason.

  



  
    
      
    
    
      func_name(func)



        
          
        

    

  


  

      

          @spec func_name(byte()) :: atom()


      


Returns the symbolic name of a DL/T 645 function code.

  



    

  
    
      
    
    
      pack_error_response(address, func, error_code, opts \\ [])



        
          
        

    

  


  

      

          @spec pack_error_response(String.t(), byte(), byte(), keyword()) :: binary()


      


Packs an abnormal/error response frame.
Bit 6 of control code is set (0xC0 | func), and payload contains the 1-byte error code.

  



    

  
    
      
    
    
      pack_frame(address, ctrl, payload, opts \\ [])



        
          
        

    

  


  

      

          @spec pack_frame(String.t(), byte(), binary(), keyword()) :: binary()


      


Generic frame packer.

  



    

  
    
      
    
    
      pack_freeze_request(address, freeze_time_bytes, opts \\ [])



        
          
        

    

  


  

      

          @spec pack_freeze_request(String.t(), binary(), keyword()) :: binary()


      


Packs a freeze command frame (0x16).

  



    

  
    
      
    
    
      pack_read_address_request(opts \\ [])



        
          
        

    

  


  

      

          @spec pack_read_address_request(keyword()) :: binary()


      


Packs a read address request frame (0x13).
Uses broadcast address AAAAAAAAAAAA by default.

  



    

  
    
      
    
    
      pack_read_address_response(address, opts \\ [])



        
          
        

    

  


  

      

          @spec pack_read_address_response(String.t(), keyword()) :: binary()


      


Packs a normal response frame for read address (0x93).

  



    

  
    
      
    
    
      pack_read_request(address, di, opts \\ [])



        
          
        

    

  


  

      

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


      


Packs a read data request frame (0x11).

  



    

  
    
      
    
    
      pack_read_response(address, di, value_bytes, opts \\ [])



        
          
        

    

  


  

      

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


      


Packs a normal response frame for read data (0x91).

  



    

  
    
      
    
    
      pack_sync_time_request(datetime, opts \\ [])



        
          
        

    

  


  

      

          @spec pack_sync_time_request(NaiveDateTime.t() | DateTime.t(), keyword()) :: binary()


      


Packs a broadcast time calibration frame (0x08).
Address is typically 999999999999.

  



    

  
    
      
    
    
      pack_write_address_request(old_address, new_address, opts \\ [])



        
          
        

    

  


  

      

          @spec pack_write_address_request(String.t(), String.t(), keyword()) :: binary()


      


Packs a write address request frame (0x15).

  



    

    

    

  
    
      
    
    
      pack_write_request(address, di, data_payload, password \\ <<0, 0, 0, 0>>, operator_code \\ <<0, 0, 0, 0>>, opts \\ [])



        
          
        

    

  


  

      

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


      


Packs a write data request frame (0x14).

  



  
    
      
    
    
      parse_frame(binary)



        
          
        

    

  


  

      

          @spec parse_frame(binary()) :: {:ok, ExDlt645.Frame.t()} | {:error, term()}


      


Parses a complete DL/T 645-2007 frame binary.
Returns {:ok, %ExDlt645.Frame{}} or {:error, reason}.

  



  
    
      
    
    
      sub_33(binary)



        
          
        

    

  


  

      

          @spec sub_33(binary()) :: binary()


      


Subtracts 0x33 from each byte modulo 256.

  


        

      


  

    
ExDlt645.DataId 
    



      
DL/T 645-2007 Data Identifier (DI) specifications and value decoders/encoders.
A Data Identifier consists of 4 bytes: DI3, DI2, DI1, DI0.
In wire transmissions, it is transmitted in reverse order (DI0, DI1, DI2, DI3)
with each byte offset by + 0x33.
This module recognizes all categories from Tables A.1 to A.7 of DL/T 645-2007:
	Table A.1 (DI3 = 0x00): Electric Energy (电能量)
	Table A.2 (DI3 = 0x01): Maximum Demand and Occurrence Time (最大需量及发生时间)
	Table A.3 (DI3 = 0x02): Instantaneous Variables (变量: 电压/电流/功率/功率因数/频率/温度等)
	Table A.4 (DI3 = 0x03): Event Records (事件记录)
	Table A.5 (DI3 = 0x04): Parameters (参变量: 时间/日期/地址/常数/状态字等)
	Table A.6 (DI3 = 0x05): Freeze Data (冻结数据)
	Table A.7 (DI3 = 0x06): Load Profiles (负荷记录)


      


      
        Summary


  
    Functions
  


    
      
        decode_by_format(arg1, bytes)

      


        Decodes raw payload bytes by format atom.



    


    
      
        decode_value(di, payload)

      


        Decodes raw response payload bytes (after -0x33 subtraction) according to the DI's format.
Returns {:ok, decoded_value} or {:error, reason}.



    


    
      
        encode_by_format(arg1, arg2, val)

      


        Encodes value into raw payload bytes by format atom.



    


    
      
        encode_value(di, value)

      


        Encodes user value into raw payload bytes (before +0x33 addition) according to the DI's format.



    


    
      
        from_wire_bytes(arg)

      


        Parses wire representation <<di0, di1, di2, di3>> back into a 32-bit Data Identifier integer.



    


    
      
        lookup(di)

      


        Looks up metadata and parser information for the given Data Identifier.



    


    
      
        to_bytes(di)

      


        Converts a 32-bit Data Identifier integer into 4 bytes <<di3, di2, di1, di0>>.



    


    
      
        to_integer(di)

      


        Normalizes a Data Identifier into a 32-bit unsigned integer 0xDI3_DI2_DI1_DI0.
Accepts integers, 4-byte binaries <<di3, di2, di1, di0>>, or hex strings.



    


    
      
        to_wire_bytes(di)

      


        Converts a 32-bit Data Identifier to the wire representation:
low-order byte first <<di0, di1, di2, di3>>.



    





      


      
        Functions


        


  
    
      
    
    
      decode_by_format(arg1, bytes)



        
          
        

    

  


  

Decodes raw payload bytes by format atom.

  



  
    
      
    
    
      decode_value(di, payload)



        
          
        

    

  


  

      

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


      


Decodes raw response payload bytes (after -0x33 subtraction) according to the DI's format.
Returns {:ok, decoded_value} or {:error, reason}.

  



  
    
      
    
    
      encode_by_format(arg1, arg2, val)



        
          
        

    

  


  

Encodes value into raw payload bytes by format atom.

  



  
    
      
    
    
      encode_value(di, value)



        
          
        

    

  


  

      

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


      


Encodes user value into raw payload bytes (before +0x33 addition) according to the DI's format.

  



  
    
      
    
    
      from_wire_bytes(arg)



        
          
        

    

  


  

      

          @spec from_wire_bytes(binary()) :: non_neg_integer()


      


Parses wire representation <<di0, di1, di2, di3>> back into a 32-bit Data Identifier integer.

  



  
    
      
    
    
      lookup(di)



        
          
        

    

  


  

      

          @spec lookup(non_neg_integer() | binary() | String.t()) ::
  {:ok, ExDlt645.DataId.Info.t()} | {:error, :unknown_di}


      


Looks up metadata and parser information for the given Data Identifier.

  



  
    
      
    
    
      to_bytes(di)



        
          
        

    

  


  

      

          @spec to_bytes(non_neg_integer() | binary() | String.t()) :: binary()


      


Converts a 32-bit Data Identifier integer into 4 bytes <<di3, di2, di1, di0>>.

  



  
    
      
    
    
      to_integer(di)



        
          
        

    

  


  

      

          @spec to_integer(integer() | binary() | String.t()) :: non_neg_integer()


      


Normalizes a Data Identifier into a 32-bit unsigned integer 0xDI3_DI2_DI1_DI0.
Accepts integers, 4-byte binaries <<di3, di2, di1, di0>>, or hex strings.

  



  
    
      
    
    
      to_wire_bytes(di)



        
          
        

    

  


  

      

          @spec to_wire_bytes(non_neg_integer() | binary() | String.t()) :: binary()


      


Converts a 32-bit Data Identifier to the wire representation:
low-order byte first <<di0, di1, di2, di3>>.

  


        

      


  

    
ExDlt645.DataId.Info 
    



      
Metadata for a DL/T 645-2007 Data Identifier.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExDlt645.DataId.Info{
  category: atom(),
  di: non_neg_integer(),
  format: atom(),
  length: non_neg_integer(),
  name: String.t(),
  params: map(),
  rdwr: :ro | :rw | :wo,
  unit: String.t() | nil
}


      



  


        

      


  

    
ExDlt645.Frame 
    



      
Represents a parsed or constructed DL/T 645-2007 frame.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %ExDlt645.Frame{
  address: String.t(),
  ctrl: byte(),
  data: binary(),
  data_parsed: term(),
  di: non_neg_integer() | nil,
  dir: :master_to_slave | :slave_to_master,
  error_code: byte() | nil,
  func: byte(),
  has_next: boolean(),
  is_error: boolean(),
  preamble_count: non_neg_integer(),
  raw_data: binary()
}


      



  


        

      


  

    
ExDlt645.Framer 
    



      
Circuits.UART.Framing implementation for DL/T 645-2007 streams.
Accumulates bytes, identifies 0xFE preambles and 0x68 start delimiters,
verifies the secondary delimiter 0x68, deduces the expected frame length from
the length field L, validates the modulo-256 checksum and 0x16 end delimiter,
and resynchronizes byte-by-byte in the presence of noise.

      




  

    
ExDlt645.Master 
    



      
DL/T 645-2007 Master collector GenServer.
Issues commands to one or more electricity meters over physical serial ports
(Circuits.UART), in-memory virtual buses (ExDlt645.VirtualBus), or TCP sockets.
Serializes requests to ensure half-duplex RS-485 bus safety with :busy protection.
Supports both synchronous (passive) and asynchronous event-driven (active) modes.

      


      
        Summary


  
    Types
  


    
      
        master_ref()

      


    





  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        close(pid)

      


        Closes the transport port.



    


    
      
        custom_request(pid, raw_packet, opts \\ [])

      


        Sends a raw DL/T 645 packet.



    


    
      
        freeze(pid, address, freeze_time_bytes, opts \\ [])

      


        Sends a freeze command (0x16) to meter address.



    


    
      
        open(pid)

      


        Opens the transport port for the configured device.



    


    
      
        read_address(pid, opts \\ [])

      


        Reads meter address using broadcast frame (0x13).
Typically only one meter should be attached to the bus when invoking this.



    


    
      
        read_data(pid, address, di, opts \\ [])

      


        Reads a data item identified by di from meter address.
Returns {:ok, parsed_value} or {:ok, %Frame{}} if raw: true.



    


    
      
        start_link(params, gen_opts \\ [])

      


        Starts the Master GenServer process.



    


    
      
        state(pid)

      


        Returns the current internal state struct of the Master.



    


    
      
        stop(pid)

      


        Stops the Master GenServer process.



    


    
      
        sync_time(pid, datetime, opts \\ [])

      


        Broadcasts time synchronization frame (0x08).



    


    
      
        write_address(pid, old_address, new_address, opts \\ [])

      


        Writes a new address to meter old_address.



    


    
      
        write_data(pid, address, di, data_payload, opts \\ [])

      


        Writes data to meter address.



    





      


      
        Types


        


  
    
      
    
    
      master_ref()



        
          
        

    

  


  

      

          @type master_ref() :: pid() | atom()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      close(pid)



        
          
        

    

  


  

      

          @spec close(master_ref()) :: :ok


      


Closes the transport port.

  



    

  
    
      
    
    
      custom_request(pid, raw_packet, opts \\ [])



        
          
        

    

  


  

      

          @spec custom_request(master_ref(), binary(), keyword()) ::
  {:ok, ExDlt645.Frame.t()} | {:error, term()}


      


Sends a raw DL/T 645 packet.

  



    

  
    
      
    
    
      freeze(pid, address, freeze_time_bytes, opts \\ [])



        
          
        

    

  


  

      

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


      


Sends a freeze command (0x16) to meter address.

  



  
    
      
    
    
      open(pid)



        
          
        

    

  


  

      

          @spec open(master_ref()) :: :ok | {:error, term()}


      


Opens the transport port for the configured device.

  



    

  
    
      
    
    
      read_address(pid, opts \\ [])



        
          
        

    

  


  

      

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


      


Reads meter address using broadcast frame (0x13).
Typically only one meter should be attached to the bus when invoking this.

  



    

  
    
      
    
    
      read_data(pid, address, di, opts \\ [])



        
          
        

    

  


  

      

          @spec read_data(
  master_ref(),
  String.t(),
  non_neg_integer() | binary() | String.t(),
  keyword()
) ::
  {:ok, term()} | {:error, term()}


      


Reads a data item identified by di from meter address.
Returns {:ok, parsed_value} or {:ok, %Frame{}} if raw: true.

  



    

  
    
      
    
    
      start_link(params, gen_opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword(), keyword()) :: {:ok, pid()} | {:error, term()}


      


Starts the Master GenServer process.
Parameters
	:tty - Serial device path (e.g. "/dev/ttyUSB0"), virtual target ("virtual"), or TCP spec ("tcp://192.168.1.100:10001").
	:active - If true, asynchronous notifications are delivered to caller PID (default false).
	:timeout - Request timeout in milliseconds (default 5,000 ms).
	:transport - Optional explicit Transport module (defaults to resolving based on :tty).
	:uart_opts - Options passed to UART or virtual transport (e.g. [speed: 2400, parity: :even]).


  



  
    
      
    
    
      state(pid)



        
          
        

    

  


  

      

          @spec state(master_ref()) :: %ExDlt645.Master{
  active: term(),
  cmd: term(),
  last_cmd: term(),
  parent_pid: term(),
  status: term(),
  timeout: term(),
  transport: term(),
  tty: term(),
  uart_opts: term(),
  uart_pid: term()
}


      


Returns the current internal state struct of the Master.

  



  
    
      
    
    
      stop(pid)



        
          
        

    

  


  

      

          @spec stop(master_ref()) :: :ok


      


Stops the Master GenServer process.

  



    

  
    
      
    
    
      sync_time(pid, datetime, opts \\ [])



        
          
        

    

  


  

      

          @spec sync_time(master_ref(), NaiveDateTime.t() | DateTime.t(), keyword()) ::
  :ok | {:error, term()}


      


Broadcasts time synchronization frame (0x08).

  



    

  
    
      
    
    
      write_address(pid, old_address, new_address, opts \\ [])



        
          
        

    

  


  

      

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


      


Writes a new address to meter old_address.

  



    

  
    
      
    
    
      write_data(pid, address, di, data_payload, opts \\ [])



        
          
        

    

  


  

      

          @spec write_data(
  master_ref(),
  String.t(),
  non_neg_integer() | binary(),
  binary(),
  keyword()
) ::
  :ok | {:ok, ExDlt645.Frame.t()} | {:error, term()}


      


Writes data to meter address.

  


        

      


  

    
ExDlt645.Query 
    



      
Inspection, diagnostic, and query tools for DL/T 645-2007.
Provides utilities for protocol inspection and diagnosis:
	Query metadata for any Data Identifier (DI)
	Search DIs by keyword (e.g. "电压", "电流", "有功", "需量")
	Detailed inspection and visual formatting of raw hex frames


      


      
        Summary


  
    Functions
  


    
      
        info(di)

      


        Returns metadata info for the given Data Identifier (number, hex string, or binary).



    


    
      
        inspect_frame(input)

      


        Inspects and decodes a raw frame binary or hex string, printing a human-readable
breakdown with parsed frame headers, data identifier info, and payload content.



    


    
      
        search(keyword)

      


        Searches standard DL/T 645 Data Identifiers matching a keyword.



    


    
      
        show_info(di)

      


        Prints formatted metadata for the given Data Identifier to the console.



    





      


      
        Functions


        


  
    
      
    
    
      info(di)



        
          
        

    

  


  

      

          @spec info(non_neg_integer() | binary() | String.t()) ::
  {:ok, ExDlt645.DataId.Info.t()} | {:error, :unknown_di}


      


Returns metadata info for the given Data Identifier (number, hex string, or binary).

  



  
    
      
    
    
      inspect_frame(input)



        
          
        

    

  


  

      

          @spec inspect_frame(binary() | String.t()) ::
  {:ok, ExDlt645.Frame.t()} | {:error, term()}


      


Inspects and decodes a raw frame binary or hex string, printing a human-readable
breakdown with parsed frame headers, data identifier info, and payload content.

  



  
    
      
    
    
      search(keyword)



        
          
        

    

  


  

      

          @spec search(String.t()) :: [map()]


      


Searches standard DL/T 645 Data Identifiers matching a keyword.
Examples
iex> ExDlt645.Query.search("电压")
[
  %{di: 0x02010100, name: "A相电压", unit: "V", format: :xxx_x},
  %{di: 0x02010200, name: "B相电压", unit: "V", format: :xxx_x},
  ...
]

  



  
    
      
    
    
      show_info(di)



        
          
        

    

  


  

      

          @spec show_info(non_neg_integer() | binary() | String.t()) ::
  :ok | {:error, :unknown_di}


      


Prints formatted metadata for the given Data Identifier to the console.

  


        

      


  

    
ExDlt645.Slave 
    



      
DL/T 645-2007 Slave (Electricity Meter Simulator) GenServer.
Simulates an actual electricity meter responding to DL/T 645 master requests
over physical serial ports, in-memory virtual buses, or TCP sockets.
Maintains internal registers/state for energy, voltage, current, power, parameters,
and responds automatically to standard DL/T 645 function codes.

      


      
        Summary


  
    Types
  


    
      
        slave_ref()

      


    





  
    Functions
  


    
      
        address(pid)

      


        Returns the meter's current communication address.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        get_value(pid, di)

      


        Retrieves the value for a given Data Identifier from the meter's internal state.



    


    
      
        set_address(pid, new_address)

      


        Updates the meter's communication address.



    


    
      
        set_value(pid, di, value)

      


        Sets the value for a given Data Identifier in the meter's internal state.



    


    
      
        start_link(params, gen_opts \\ [])

      


        Starts a DL/T 645 Slave GenServer.



    


    
      
        stop(pid)

      


        Stops the Slave GenServer process.



    





      


      
        Types


        


  
    
      
    
    
      slave_ref()



        
          
        

    

  


  

      

          @type slave_ref() :: pid() | atom()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      address(pid)



        
          
        

    

  


  

      

          @spec address(slave_ref()) :: String.t()


      


Returns the meter's current communication address.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      get_value(pid, di)



        
          
        

    

  


  

      

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


      


Retrieves the value for a given Data Identifier from the meter's internal state.

  



  
    
      
    
    
      set_address(pid, new_address)



        
          
        

    

  


  

      

          @spec set_address(slave_ref(), String.t()) :: :ok


      


Updates the meter's communication address.

  



  
    
      
    
    
      set_value(pid, di, value)



        
          
        

    

  


  

      

          @spec set_value(slave_ref(), non_neg_integer() | binary() | String.t(), term()) :: :ok


      


Sets the value for a given Data Identifier in the meter's internal state.

  



    

  
    
      
    
    
      start_link(params, gen_opts \\ [])



        
          
        

    

  


  

      

          @spec start_link(keyword(), keyword()) :: {:ok, pid()} | {:error, term()}


      


Starts a DL/T 645 Slave GenServer.
Parameters
	:address - 12-digit meter address string (e.g. "123456789012").
	:tty - Serial device or virtual bus (e.g. "virtual").
	:transport - Optional explicit Transport module.
	:data - Map of initial data items %{di => value}.


  



  
    
      
    
    
      stop(pid)



        
          
        

    

  


  

      

          @spec stop(slave_ref()) :: :ok


      


Stops the Slave GenServer process.

  


        

      


  

    
ExDlt645.Telemetry 
    



      
Telemetry instrumentation for DL/T 645 requests.
Emits [:ex_dlt645, :request, :start] when a request is dispatched and
[:ex_dlt645, :request, :stop] when a request completes, fails, or times out.

      




  

    
ExDlt645.Transport behaviour
    



      
Behaviour for DL/T 645 communication transport layers.
Decouples ExDlt645.Master and ExDlt645.Slave from hardware serial drivers,
allowing seamless switching between real serial ports (Circuits.UART),
in-memory virtual buses (ExDlt645.Transport.Virtual), and TCP connections
(ExDlt645.Transport.Tcp).

      


      
        Summary


  
    Types
  


    
      
        opts()

      


    


    
      
        transport_ref()

      


    


    
      
        tty()

      


    





  
    Callbacks
  


    
      
        close(transport_ref)

      


        Closes the transport connection.



    


    
      
        configure(transport_ref, opts)

      


        Reconfigures the transport.



    


    
      
        flush(transport_ref, arg2)

      


        Flushes input/output buffers in the transport.



    


    
      
        open(transport_ref, tty, opts)

      


        Opens the transport connection for the given target / tty.



    


    
      
        read(transport_ref, timeout)

      


        Reads data from the transport with a timeout.



    


    
      
        start_link(opts)

      


        Starts the transport process.



    


    
      
        stop(transport_ref)

      


        Stops the transport process.



    


    
      
        write(transport_ref, binary)

      


        Writes raw binary data over the transport.



    





  
    Functions
  


    
      
        resolve_transport(params, tty)

      


        Resolves the transport module based on options and target identifier.



    


    
      
        tcp_target?(arg1, params)

      


        Checks if options or identifier represent a TCP connection.



    


    
      
        virtual_tty?(arg1)

      


        Checks if the identifier represents a virtual in-memory bus.



    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          @type opts() :: keyword()


      



  



  
    
      
    
    
      transport_ref()



        
          
        

    

  


  

      

          @type transport_ref() :: pid() | term()


      



  



  
    
      
    
    
      tty()



        
          
        

    

  


  

      

          @type tty() :: String.t() | atom() | term()


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      close(transport_ref)



        
          
        

    

  


  

      

          @callback close(transport_ref()) :: :ok | {:error, term()}


      


Closes the transport connection.

  



  
    
      
    
    
      configure(transport_ref, opts)



        
          
        

    

  


  

      

          @callback configure(transport_ref(), opts()) :: :ok | {:error, term()}


      


Reconfigures the transport.

  



  
    
      
    
    
      flush(transport_ref, arg2)



        
          
        

    

  


  

      

          @callback flush(transport_ref(), :receive | :transmit | :both) :: :ok | {:error, term()}


      


Flushes input/output buffers in the transport.

  



  
    
      
    
    
      open(transport_ref, tty, opts)



        
          
        

    

  


  

      

          @callback open(transport_ref(), tty(), opts()) :: :ok | {:error, term()}


      


Opens the transport connection for the given target / tty.

  



  
    
      
    
    
      read(transport_ref, timeout)



        
          
        

    

  


  

      

          @callback read(transport_ref(), timeout()) ::
  {:ok, binary()}
  | {:ok, {:partial, binary()}}
  | {:ok, {:error, term(), term()}}
  | {:error, term()}


      


Reads data from the transport with a timeout.

  



  
    
      
    
    
      start_link(opts)



        
          
        

    

  


  

      

          @callback start_link(opts()) :: {:ok, transport_ref()} | {:error, term()}


      


Starts the transport process.

  



  
    
      
    
    
      stop(transport_ref)



        
          
        

    

  


  

      

          @callback stop(transport_ref()) :: :ok


      


Stops the transport process.

  



  
    
      
    
    
      write(transport_ref, binary)



        
          
        

    

  


  

      

          @callback write(transport_ref(), binary()) :: :ok | {:error, term()}


      


Writes raw binary data over the transport.

  


        

      

      
        Functions


        


  
    
      
    
    
      resolve_transport(params, tty)



        
          
        

    

  


  

      

          @spec resolve_transport(keyword(), tty()) :: module()


      


Resolves the transport module based on options and target identifier.

  



  
    
      
    
    
      tcp_target?(arg1, params)



        
          
        

    

  


  

      

          @spec tcp_target?(term(), keyword()) :: boolean()


      


Checks if options or identifier represent a TCP connection.

  



  
    
      
    
    
      virtual_tty?(arg1)



        
          
        

    

  


  

      

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


      


Checks if the identifier represents a virtual in-memory bus.

  


        

      


  

    
ExDlt645.Transport.Tcp 
    



      
TCP socket transport implementation for DL/T 645.
Connects to a remote serial-to-Ethernet gateway (such as DTU or network meter)
over raw TCP socket.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  


        

      


  

    
ExDlt645.Transport.UART 
    



      
Hardware serial transport implementation backed by Circuits.UART.

      




  

    
ExDlt645.Transport.Virtual 
    



      
In-memory virtual serial transport implementation for DL/T 645.
Connects to a ExDlt645.VirtualBus and simulates UART read/write/framing
behaviour in pure Elixir without any hardware dependencies.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  


        

      


  

    
ExDlt645.VirtualBus 
    



      
In-memory virtual serial bus for DL/T 645 communications.
Simulates an RS-485 multi-drop serial bus in memory without requiring
physical serial hardware or operating-system pseudo-terminals (pty).

      


      
        Summary


  
    Functions
  


    
      
        attach(bus \\ ExDlt645.VirtualBus.Default, uart_pid)

      


        Attaches a transport peer to the virtual bus.



    


    
      
        broadcast(bus \\ ExDlt645.VirtualBus.Default, sender_pid, data)

      


        Broadcasts binary data to all peers on the bus except the sender.



    


    
      
        child_spec(init_arg)

      


        Returns a specification to start this module under a supervisor.



    


    
      
        default_name()

      


        Returns the default registered name for the shared virtual bus.



    


    
      
        detach(bus \\ ExDlt645.VirtualBus.Default, uart_pid)

      


        Detaches a transport peer from the virtual bus.



    


    
      
        get_or_start(bus \\ ExDlt645.VirtualBus.Default)

      


        Retrieves the virtual bus process or starts one if not already running.



    


    
      
        peers(bus \\ ExDlt645.VirtualBus.Default)

      


        Returns the list of currently attached peer PIDs on the bus.



    


    
      
        start_link(opts \\ [])

      


        Starts a virtual bus GenServer with the given options.



    





      


      
        Functions


        


    

  
    
      
    
    
      attach(bus \\ ExDlt645.VirtualBus.Default, uart_pid)



        
          
        

    

  


  

Attaches a transport peer to the virtual bus.

  



    

  
    
      
    
    
      broadcast(bus \\ ExDlt645.VirtualBus.Default, sender_pid, data)



        
          
        

    

  


  

Broadcasts binary data to all peers on the bus except the sender.

  



  
    
      
    
    
      child_spec(init_arg)



        
          
        

    

  


  

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

  



  
    
      
    
    
      default_name()



        
          
        

    

  


  

Returns the default registered name for the shared virtual bus.

  



    

  
    
      
    
    
      detach(bus \\ ExDlt645.VirtualBus.Default, uart_pid)



        
          
        

    

  


  

Detaches a transport peer from the virtual bus.

  



    

  
    
      
    
    
      get_or_start(bus \\ ExDlt645.VirtualBus.Default)



        
          
        

    

  


  

Retrieves the virtual bus process or starts one if not already running.

  



    

  
    
      
    
    
      peers(bus \\ ExDlt645.VirtualBus.Default)



        
          
        

    

  


  

Returns the list of currently attached peer PIDs on the bus.

  



    

  
    
      
    
    
      start_link(opts \\ [])



        
          
        

    

  


  

Starts a virtual bus GenServer with the given options.

  


        

      


  

    
mix dlt645 
    



      
Command line analysis and query tool for DL/T 645-2007.
Usage
mix dlt645 [options]
Options
-i, --info <DI>       Get ruler information (e.g. -i 00010000 or -i 02010100)
-s, --search <TEXT>   Search data identifiers by keyword (e.g. -s 电压)
-p, --pack <DI>       Pack a sample read frame for the given DI
-u, --unpack <HEX>    Unpack and deep-inspect a raw DL/T 645 hex frame
-h, --help            Show this help info
Examples
mix dlt645 -i 02010100
mix dlt645 -s "有功"
mix dlt645 -p 00010000
mix dlt645 -u "68 12 90 78 56 34 12 68 11 04 33 33 34 33 5C 16"
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