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Abstract: This standard provides multi-source and “plug and play” environment for the millions of 
metering devices in the field now and the future using the ANSI Type 2 optical port interface. It 
solves the problems associated with single source systems and with multi-source systems based 
upon proprietary communications protocols. Electric, water, and gas utilities and corresponding 
vendors can realize cost savings which ultimately shall benefit the client consumers of the 
utilities. 
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Introduction 

This introduction is not part of IEEE Std 1701-2011, IEEE Standard for Optical Port Communication Protocol to 
Complement the Utility Industry End Device Data Tables. 

This standard provides an open-platform communications protocol for two-way communication with an 
End Device (e.g., a meter) through an ANSI Type 2 Optical Port. The protocol is written to conform to the 
OSI seven-layer stack. Long-time readers of ANSI C12.18-1996 will discover many editing changes in this 
version of the document. The Working Group chose to improve the clarity of the text as an aid to the reader 
while retaining the normative elements originally expressed in ANSI C12.18-1996. 

The 2006 version to the ANSI publication of ANSI C12.18 was considered in the context of the so-called 
“protocol suite” of the standards: ANSI C12.18 / MC1218 / IEEE Std 1701, ANSI C12.19 / MC1219 / 
IEEE Std 1377, ANSI C12.21 / MC1221 / IEEE Std 1702, and ANSI C12.22 / MC1222 / IEEE Std 1703. 
Changes made were included only after assuring that existing devices implementing ANSI C12.18-1996 
would continue to remain compatible with this version of the document. 

This document has corrected an error in the original ANSI C12.18-1996 standard: the impossibility of 
using index-count access methods for table access. Other concepts addressed include compliance, 
backward and forward compatibility, the use of reserved fields, the Identification Service, packet size, and 
the toggle bit. Finally, some alignment with the ANSI/MC12.22-2008 standard was performed to meet the 
goal of producing a coherent suite of protocol standards. 

Otherwise, this document is identical to the published ANSI/MC12.18-2006 standards. 

Notice to users 

The body of this standard was developed jointly with ANSI C12.18 and MC1218. The joint agreement calls 
for the standards and regulatory organizations IEEE, ANSI, and MC to maintain the body of this standard 
in step as they publish versions and revisions of the standard. A number of editorial errors and error of 
omission where discovered since the publication of ANSI C12.18-2006, just before the acceptance of IEEE 
Std 1701. These errors are listed in Annex E. All reported errors were identified in the body of this standard 
and highlighted to indicate that the text was in error and was corrected. Errors of omission were corrected 
in the body of this document and similarly highlighted. 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
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document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE standards should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA web site at http://standards.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL 
for errata periodically. 

Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken with respect to the existence 
or validity of any patent rights in connection therewith. The IEEE is not responsible for identifying 
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity 
or scope of Patents Claims or determining whether any licensing terms or conditions provided in 
connection with submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable 
or non-discriminatory. Users of this standard are expressly advised that determination of the validity of any 
patent rights, and the risk of infringement of such rights, is entirely their own responsibility. Further 
information may be obtained from the IEEE Standards Association. 
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IEEE Standard for Optical Port 
Communication Protocol to 
Complement the Utility Industry  
End Device Data Tables 

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or 
environmental protection. Implementers of the standard are responsible for determining appropriate 
safety, security, environmental, and health practices or regulatory requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This document is identified by three numbers, MC1218, ANSI C12.18-2006, and IEEE Std 1701-2011. The 
standard details the criteria required for communications with a Utility End Device by another device via 
an optical port. The other device could be a hand held reader, a laptop or portable computer, a master 
station system, or some other electronic communications device. It shall provide the optical port lower 
layers communication protocol for the Utility metering Industry including specifically Water, Gas, and 
Electric. 

The standard provides details for a complete implementation of an OSI 7-layer model in accordance with 
ISO/IEC 7498-1.  

The protocol specified in this document was designed to transport data in Table format. The Table 
definitions are in ANSI C12.19 (MC1219, IEEE Std 1377) Utility Industry End Device Data Tables. 
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1.2 Purpose 

The Utility Industry has need for a standard that provides an operable "plug and play" environment for field 
metering devices. The purpose of this standard is to define the means to transport the Utility Industry End 
Device Data Tables via an optical port such that multi-source environment and End Device 
interchangeability is possible. 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of 
the referenced document (including any amendments or corrigenda) applies. 

ANSI C12.19, Utility Industry End Device Data Tables. 

ANSI C12.21, Protocol Specification for Telephone Modem Communication. 

ISO/IEC 646 (1991), Information Technology—ISO 7-Bit Coded Character Set for Information 
Interchange. 

ISO/IEC 7498-1 (1994), Information Technology—Open Systems Interconnection—Basic Reference 
Model: The Basic Model. 

ISO/IEC 8825-1 (2002), Information Technology—ASN.1 Encoding Rules: Specification Of Basic 
Encoding Rules (BER), Canonical Encoding Rules (CER) And Distinguished Encoding Rules (DER). 

ISO/IEC 13239 (2002), Information Technology—Telecommunications and Information Exchange 
Between Systems—High-Level Data Link Control (HDLC) Procedures. 

3. Definitions and syntax 

3.1 Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary: Glossary of Terms & Definitions should be referenced for terms not defined in this clause.1  

3.1.1. C12.18 Client: An electronic communication apparatus that attaches to the ANSI Type 2 Optical 
Port of a C12.18 Device and implements communication according to the protocol specification of this 
standard. 

3.1.2. C12.18 Device: An electronic communication apparatus that implements an ANSI Type 2 Optical 
Port for communication according to the protocol specification of this standard. 

3.1.3. point-to-point communications: Point-to-point communications is defined as communication 
between two devices through a single optical interface. 

                                                 
1 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/. 

2 
Copyright © 2011 IEEE. All rights reserved. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 23:29:15 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1701-2011

http://shop.ieee.org/
http://www.avadocuments.com/doc/ieee-1701-2011
http://www.avadocuments.com/doc/ieee-1701-2011


IEEE Std 1701-2011 
IEEE Standard for Optical Port Communication Protocol to Complement the Utility Industry End Device Data Tables 

3.1.4. Table: Functionally related data elements, grouped together into a single data structure for transport 
as defined by ANSI C12.19. 

3.2 Document syntax 

Describing data definitions is usually accomplished within the confines of a given language and the 
grammar rules of that language. Since the data definitions embodied within this standard are meant to be 
independent of specific language and, hopefully, capable of being implemented within the confines of any 
language, a method for describing the data definitions must be developed. A modified form of the Backus-
Naur Form (BNF) will serve as the basis for building the descriptions used to construct the data definitions. 

The modified form of BNF has the following definitions: 

Symbol Meaning 

< > A string contained inside angle brackets is called a non-terminal. That is, while it may be 
viewed as a single unit, it can and should be redefined as consisting of one (1) or more 
simpler elements. 

::= This symbol is read as “is defined as.” The non-terminal that occurs on the left hand side 
(LHS) of this symbol consists of the elements (non-terminals, terminals, or a combination 
of the two) found on the right hand side (RHS). A line containing an LHS, ::=, and an 
RHS is known as a production rule. 

| The vertical bar is an “OR” symbol. The OR symbol always occurs on the right hand side 
of a production where the left hand side can be defined in more than one way. The OR 
bar separates valid alternative right hand sides. 

[ ] A symbol enclosed in square brackets is optional. The production is valid whether or not 
it is included. 

* The superscript asterisk is known as the Kleene star. A symbol followed by the Kleene 
star may occur zero (0) or more times without violating the grammar. 

+ The superscript plus sign is known as the Kleene cross. A symbol followed by the Kleene 
cross must occur one (1) or more times. 

+n A symbol followed by the Kleene cross and any number “n” represents “n” occurrences 
of the symbol. 

{ } The curly braces are used to enclose comments within the descriptions. Comments have 
no impact on the productions. 

4. Protocol details 

Following the guidelines established by the OSI seven-layer model, the protocol described in this standard 
provides the following three functions: 

a) Establishment and modification of the communication channel 

b) Transport of information to and from the C12.18 Device 

c) Orderly closure of the communication channel when communications are complete 
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Three layers are used to provide these communication capabilities. These are the Physical, Data Link, and 
Application layers. 

With the default conditions established by this standard, the communication channel is considered always 
available once the physical connection has been completed. The required Identification Service is used to 
obtain the protocol version and revision in use by the C12.18 Device. Certain communication parameters 
may be modified through the use of the Negotiate Service in the Application Layer. The Negotiate Service 
is optional and, if not implemented in the C12.18 Device or not used during actual communications, the 
communication channel parameters shall remain at the default settings specified by this standard. Device 
implementers are strongly encouraged to implement this service. 

Once the C12.18 Device identification and communication parameters have been established, the 
Application Layer provides Logon, Security, and Logoff services for session activation, access control and 
deactivation, Read and Write services for issuing data transmission requests, a Terminate service for 
shutdown of the communication channel, and a response structure that provides information regarding the 
success or failure of the service requests. 

An example of a typical communications session would consist of the following services with appropriate 
responses, in the order listed: Identification, Negotiate, Logon, Security, Reads or Writes, Logoff and 
Terminate. Note that this brief example does not detail the packet structure or other aspects of the protocol.  
Annex A and Annex B contain examples with more detail. 

4.1 Order of transmission 

Within the syntax definitions, multiple parameters shall be transmitted in the order as shown, from left to 
right. 

Service parameters in all layers within the protocol definition are transmitted most significant byte first.  
The order of transmission of data field parameters within Tables is dictated by the Table structure. 

Bytes are transmitted in frames. Each frame consists of a start bit, followed by <byte>, and ending with a 
stop bit. The start bit is transmitted first. 

Bits within each byte are transmitted least significant bit first. 

 
<byte> ::= {An eight-bit quantity.} 
<msbyte> ::= <byte> {most significant byte} 
<lsbyte> ::= <byte> {least significant byte} 
<word24> ::= <msbyte><byte><lsbyte> 
<word16> ::= <msbyte><lsbyte> 

4.2 Layer of application 

The Application Layer provides the set of services and data structures required to support C12.18 Devices 
for purposes of configuration, programming, and information retrieval. 

4.2.1 Data structure 

This protocol shall transport table structures as defined in ANSI C12.19. 

4 
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4.2.2 Protocol Specifications for Electric Metering 

This standard defines nine (9) Protocol Specifications for Electric Metering (PSEM) services. Each service 
consists of a request and a response. Each of these requests and responses is described in the following 
service sections. 

<requests> ::= <ident> | {Identification Service 
request} 

  <read> | {Read Service request} 
  <write> | {Write Service request} 
  <logon> | {Logon Service request} 
  <security> | {Security Service request} 
  <logoff> | {Logoff Service request} 
  <negotiate> | {Negotiate Service request} 
  <wait> | {Wait Service request} 
  <terminate> {Terminate Service request} 
 
<responses> ::= <ident-r> | {Identification Service 

response} 
  <read-r> | {Read Service response} 
  <write-r> | {Write Service response} 
  <logon-r> | {Logon Service response} 
  <security-r> | {Security Service response} 
  <logoff-r> | {Logoff Service response} 
  <negotiate-r> | {Negotiate Service response} 
  <wait-r> | {Wait Service response} 
  <terminate-r> {Terminate Service response} 

4.2.2.1 Request codes 

PSEM requests always include a one-byte request code. Code numbers are represented in hexadecimal 
format as follows: 

 
00H-1FH Codes shall not be used to avoid confusion with response 

codes 
 
20H-7FH Codes in this range signify request codes 
 
80H-FFH Codes shall be reserved for protocol extensions 

 

4.2.2.2 Response codes 

PSEM responses always include a one-byte response code. These codes are listed below in a suggested 
order of priority. When more than one response code is capable of indicating the error response condition 
of a C12.18 Device or a C12.18 Client, the response code having the highest priority (from left to right) is 
as follows: 

 
<nok> ::=  
<sns>|<isss>|<iar>|<isc>|<onp>|<bsy>|<dlk>|<dnr>|<rno>|<err> 
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