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Foreword 

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical 
Commission) form the specialized system for worldwide standardization. National bodies that are members of 
ISO or IEC participate in the development of International Standards through technical committees established 
by the respective organization to deal with particular fields of technical activity. ISO and IEC technical 
committees collaborate in fields of mutual interest. Other international organizations, governmental and non-
governmental, in liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO 
and IEC have established a joint technical committee, ISO/IEC JTC 1. 

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards 
through a consensus development process, approved by the American National Standards Institute, which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers 
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the 
process and establishes rules to promote fairness in the consensus development process, the IEEE does not 
independently evaluate, test, or verify the accuracy of any of the information contained in its standards. 

The main task of ISO/IEC JTC 1 is to prepare International Standards. Draft International Standards adopted 
by the joint technical committee are circulated to national bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the national bodies casting a vote. 

Attention is called to the possibility that implementation of this standard may require the 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. ISO/IEEE is not responsible for identifying essential 
patents or patent claims for which a license may be required, for conducting inquiries into the legal validity or 
scope of patents or patent claims or determining whether any licensing terms or conditions provided in 
connection with submission of a Letter of Assurance or a Patent Statement and Licensing Declaration Form, 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 ISO or the IEEE Standards 
Association. 

ISO/IEC/IEEE 21450 was prepared by the Technical Committee on Sensor Technology of the IEEE 
Instrumentation and Measurement Society of the IEEE (as IEEE Std 1451.0™-2007). It was adopted by Joint 
Technical Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 31, Automatic identification 
and data capture techniques, in parallel with its approval by the ISO/IEC national bodies, under the “fast-track 
procedure” defined in the Partner Standards Development Organization cooperation agreement between ISO 
and IEEE. IEEE is responsible for the maintenance of this document with participation and input from ISO/IEC 
national bodies. 
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Abstract: This standard provides a common basis for members of the IEEE 1451 family of 
standards to be interoperable. It defines the functions that are to be performed by a transducer 
interface module (TIM) and the common characteristics for all devices that implement the TIM.  It 
specifies the formats for Transducer Electronic Data Sheets (TEDS). It defines a set of 
commands to facilitate the setup and control of the TIM as well as reading and writing the data 
used by the system. Application programming interfaces (APIs) are defined to facilitate 
communications with the TIM and with applications. 

Keywords: actuator, application programming interface, communication protocol, network-
capable application processor, sensor, smart transducer, transducer electronic data sheet, 
transducer interface module 
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the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus 
development process, approved by the American National Standards Institute, which brings together volunteers 
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of 
the Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote 
fairness in the consensus development process, the IEEE does not independently evaluate, test, or verify the accuracy 
of any of the information contained in its standards. 

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other 
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly 
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document. 

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly 
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific 
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents 
are supplied “AS IS.” 

The existence of an IEEE Standard does not imply that there are no other ways to produce, test, measure, purchase, 
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewpoint 
expressed at the time a standard is approved and issued is subject to change brought about through developments in the 
state of the art and comments received from users of the standard. Every IEEE Standard is subjected to review at least 
every five years for revision or reaffirmation. When a document is more than five years old and has not been 
reaffirmed, it is reasonable to conclude that its contents, although still of some value, do not wholly reflect the present 
state of the art. Users are cautioned to check to determine that they have the latest edition of any IEEE Standard. 

In publishing and making this document available, the IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other 
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon the 
advice of a competent professional in determining the exercise of reasonable care in any given circumstances. 

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to 
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate 
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is 
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason, 
IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an instant 
response to interpretation requests except in those cases where the matter has previously received formal consideration. 
At lectures, symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that his or her views should be considered the personal views of that individual rather than the formal 
position, explanation, or interpretation of the IEEE.  

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation 
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with 
appropriate supporting comments. Comments on standards and requests for interpretations should be addressed to: 

Secretary, IEEE-SA Standards Board 
445 Hoes Lane 
Piscataway, NJ 08854 
USA 

Authorization to photocopy portions of any individual standard for internal or personal use is granted by the Institute 
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center. 
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood 
Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for 
educational classroom use can also be obtained through the Copyright Clearance Center. 
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Introduction 

This introduction is not part of IEEE Std 1451.0-2007, IEEE Standard for a Smart Transducer Interface for Sensors and 
Actuators—Common Functions, Communication Protocols, and Transducer Electronic Data Sheet (TEDS) Formats. 

 
This standard is intended to provide a basis for all future members of the IEEE 1451 family of standards 
that use digital interfaces. It should also be adopted by the existing members of the IEEE 1451 family of 
standards as they are revised in the future in order to provide the highest degree of compatibility among the 
members of the family. This standard does not apply to IEEE Std 1451.4TM-2004, which only provides a 
size-constrained TEDS and an analog interface.  

The relationships between this standard and the other members of the family are shown in the following 
diagram. Three of these standards were complete before this standard was started and do not comply with 
this standard but will in the future as they are revised. They are IEEE Std 1451.1TM-1999,  
IEEE Std 1451.2 -1997, and IEEE Std 1451.3TM TM-2003. IEEE Std 1451.1 is an application that, in the 
future, will fit between the user’s network and this standard. IEEE Std 1451.2 and IEEE Std 1451.3 will 
also be modified to interface with this standard. When these changes are made, the functions of an IEEE 
1451 transducer will be as defined in this standard as will be the commands and TEDS. IEEE 1451.5TM-
2007, which uses any of several different wireless communications media, and IEEE P1451.6TM have been 
written around the functions, commands, and TEDS as described in this standard. IEEE Std 1451.4 uses an 
analog signal interface and a TEDS that is not the same as that used by other members of the family. It may 
be used as the input to any of the other standards in the family but does not comply with the functions, 
commands, and TEDS defined in this standard. Items shown with a gray background are items that are not 
covered by any of the IEEE 1451 family of standards but that may be used.  

 

The underlying purpose of this family of standards is to allow manufacturers to build elements of a system 
that are interoperable. To accomplish this goal, the IEEE 1451 family of standards divides the parts of a 
system into two general categories of devices. One is the network capable application processor (NCAP) 
that functions as a gateway between the users’ network and the transducer interface modules (TIMs). The 
NCAP is a processor-based device that has two interfaces. The physical interface to the users’ network is 
not specified in any of this family of standards. IEEE Std 1451.1 provides a logical object model for this 
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interface. Other applications may also be used at the manufacturer’s discretion. The communications 
interface between the NCAP and the TIMs is defined in the remaining members of the family of standards. 
Different manufacturers may build the NCAPs and TIMs, and if both comply with this standard, they 
should be interoperable. 

This standard provides a description of the functions that are to be performed by a transducer interface 
module or TIM. Provisions are made for a high level of addressing that is independent of the physical 
medium-level and low-level protocols that are used to implement the communications. It defines the 
common characteristics for all devices that implement the transducer modules. The timing of the acquiring 
or processing of the data samples is described. Methods of grouping the outputs from multiple transducers 
within one TIM are defined. Common status words are also defined. 

A standard set of commands are defined to facilitate the setup and control of the transducer modules as 
well as to read and write the data used by the system. Commands are also provided for reading and writing 
the TEDS that supply the system with the operating characteristics that are needed to use the transducer 
modules. A method of adding manufacturer unique commands is included. 

In addition, this standard provides formats for the TEDS. Several TEDS are defined in the standard. Four 
of these TEDS are required, and the remaining TEDS are optional. Some TEDS are provided to allow the 
user to define information and to store it in the TEDS.  

This standard provides areas that are “open to manufacturers.” It should be noted that any use of these 
areas may compromise the “plug-and-play” potential of controllers and TIMs. 

Notice to users 

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 are reasonable or non-
discriminatory. Further information may be obtained from the IEEE Standards Association. 
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IEEE Standard for a Smart Transducer 
Interface for Sensors and Actuators—
Common Functions, Communication 
Protocols, and Transducer Electronic 
Data Sheet (TEDS) Formats 

1. Overview 

This standard introduces the concept of a transducer interface module (TIM) and a network capable 
application processor (NCAP) connected by a media specified by another member of the IEEE 1451 family 
of standards. A TIM is a module that contains the interface, signal conditioning, analog-to-digital and/or 
digital-to-analog conversion and, in many cases, the transducer. A TIM may range in complexity from a 
single sensor or actuator to units containing many transducers (sensors and actuators). An NCAP is the 
hardware and software that provides the gateway function between the TIMs and the user network or host 
processor. Another member of the standards family provides the communications interface between an 
NCAP or host processor and one or more TIMs. Three types of transducers are recognized by this standard. 
They are sensors, event sensors, and actuators. 

A transducer is denoted “smart” in this context because of three features: 

— It is described by a machine-readable Transducer Electronic Data Sheet (TEDS). 

— The control and data associated with the transducer are digital. 

— Triggering, status, and control are provided to support the proper functioning of the transducer. 

An NCAP or a host processor controls a TIM by means of a digital interface medium. The NCAP mediates 
between the TIM and a higher level digital network and may provide local intelligence. 

This standard defines an application program interface (API) for applications that provide communications 
between the users’ network and the IEEE 1451.0 layer. An API is also provided between the IEEE 1451.0 
layer and the underlying physical communications layers usually referred to in this standard as             
IEEE 1451.X. These API definitions are provided for systems that have visible interfaces. For TIMs and 
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NCAPs with a single set of hardware and software without regard to distinguishing separate interfaces 
between IEEE 1451.0 functionality and IEEE 1451.X functionality, the API is optional as long as the 
messages at visible interfaces conform to the rest of the standard. The definition of these APIs is to 
facilitate modular design to the extent that multiple suppliers can provide different functionality and yet 
have the various parts integrate seamlessly. 

This standard defines TIMs that can be plugged into a system and can be used without having to add 
special drivers, profiles, or make any other changes to the system. This process is referred to as a “plug-
and-play” operation. The primary features that enable a plug-and-play operation are the TEDS and the 
command set. A TIM may be added to or removed from an active IEEE 1451 physical layer with no more 
than a momentary impact on the data being transferred over the bus. “Hot swap” is the term used to refer to 
this feature.  

This standard is organized as follows: 

1: “Overview” provides the scope of this standard. Clause 

2Clause : “Normative references” lists references to other standards and documents that are useful in 
applying this standard. 

Clause 3: “Definitions, acronyms, and abbreviations” provides definitions that are either not found 
in other standards or have been modified for use with this standard. 

Clause 4: “Data types” defines the data types used in the standard. 

5Clause : “Smart transducer functional specification” specifies the functions required of a TIM and 
of each TransducerChannel it comprises. 

6Clause : “Message structures” specifies the message structures that are used to encapsulate the 
information being passed between an NCAP and TIMs. 

Clause 7: “Commands” provides the command syntax and the expected replies. 

Clause 8: “TEDS specification” specifies the transducer electronic data sheet structure and content. 

9: “Introduction to the IEEE 1451.0 API” gives the common features of the two APIs. Clause 

Clause 10: “Transducer services API” gives the API that an application would use to utilize this 
standard. 

Clause 11: “Module communications API” gives the API that this standard would use to 
communicate to the TIMs using the communications features of a physical interface defined by 
another member of the IEEE 1451 family of standards. 

Clause 12: “HTTP protocol” is used to transfer or convey information on the World Wide Web. It is 
intended to provide a simpler protocol than is currently supplied by IEEE Std 1451.1-1999. 

Annex: A: “Bibliography” provides references for additional information about topics referred to in 
this document. 

Annex B: “Guidance to Transducer Services Interface” gives examples of the use of this interface 
for measurement and control applications that interact with the IEEE 1451.0 layer using the 
Transducer Services interface. 

Annex C: “Guidance to Module Communication Interface” gives additional guidance for the logical 
communication between the NCAP and TIMs or between TIMs using the Module Communication 
API. 

Annex D: “XML Schema for Text-based TEDS” gives the basic schemas for the Text-based TEDS 
defined in this standard. 

Annex E: “Example Meta-Identification TEDS” gives an example of a possible Meta-Identification 
TEDS. 

2 
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Protocols, and Transducer Electronic Data Sheet (TEDS) Formats 

1.1

1.2

1.3

Annex F: “Example TransducerChannel Identification TEDS” gives an example of a possible 
TransducerChannel Identification TEDS. 

Annex G: “Example Calibration Identification TEDS” gives an example of a possible Calibration 
Identification TEDS. 

Annex H: “Example Commands TEDS” gives an example of a possible Commands TEDS. 

Annex I: “Example Location and Title TEDS” gives an example of a possible Location and Title 
TEDS. 

Annex J: “Example Units Extension TEDS” gives an example of a possible Units Extension TEDS. 

Annex K: “Examples of Physical Units” gives a series of examples of implementations of Physical 
Units using the representation specified in this standard. 

Annex L: “TEDS read and write protocols” describes processes that may be used to write or read the 
TEDS. 

Annex M: “Trigger logic configurations” shows some possible configurations of the trigger logic 
allowed in this standard. 

Annex N: “Notation summary for IDL” is intended to give guidance on the use of IDL notation in 
this standard. 

Annex O: “TEDS implementation of a simple sensor” is an example of a simple sensor implemented 
using the structures defined in this standard. 

 Scope 

This project develops a set of common functionality for the family of IEEE 1451 smart transducer interface 
standards. This functionality is independent of the physical communications media. It includes the basic 
functions required to control and manage smart transducers, common communications protocols, and 
media-independent TEDS formats. It defines a set of implementation-independent APIs. This project does 
not specify signal conditioning and conversion, physical media, or how the TEDS data are used in 
applications. 

 Purpose 

There are currently three approved and three proposed smart transducer interface standards in the  
IEEE 1451 family of standards. They all share certain characteristics, but no common set of functions, 
communications protocols, and TEDS formats provides interoperability among these standards. This 
standard will provide that commonality and will simplify the creation of future standards for different 
physical layers that are interoperable within the family. 

 Conformance 

The philosophy underlying the conformance requirements of this subclause is to provide the structure 
necessary to raise the level of interoperability of transducers and systems built to this standard, while 
leaving open opportunity for continued technical improvement and differentiation. 

TIM implementation shall be deemed in conformance with this standard provided the following 
requirements are met: 

a)  The TIM supports the required functional specifications identified in Clause 5. 
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b)  The TIM supports the message structures specified in Clause 6. 

c)  The TIM supports the required commands specified in Clause 7. 

d)  The TIM supports required TEDS that have the format and content specified in Clause 8. 

e)  The TIM supports one of the communications protocols and physical media defined by another 
member of the IEEE 1451 family of standards. 

NOTE—Several features are highly desirable and are supported by this standard, but they are not practical to make 
into hard requirements. It is desirable that the sense element for a sensor be an integral part of the TIM, but for sensing 
elements like structural strain gages and thermocouples, this is not practical, so it has not been made into a hard 
requirement. In addition, it is very desirable that the TEDS be located within the TIM, but there are systems where the 
environment and/or the physical size make this impractical so the standard allows the TEDS to be located remote from 
the TIM..1

An NCAP implementation shall be deemed in conformance with this standard provided the following 
requirements are met: 

— The NCAP supports the required functional specifications identified in Clause 5. 

— The NCAP supports the message structures specified in Clause 6. 

— The NCAP supports the required commands specified in Clause 7. 

— The NCAP supports one of the communications protocols and physical media defined by 
another member of the IEEE 1451 family of standards. 

 Conformance keywords 

Several keywords are used to differentiate among various levels of requirements and optionality, as 
follows. 

 Shall 

The keyword “shall” indicates a mandatory requirement. Designers are required to implement all such 
mandatory requirements to ensure interoperability with other products that conform to this standard. 

 Shall not 

The keyword “shall not” indicates a mandatory exclusion. Designers are required NOT to implement all 
such exclusions to ensure interoperability with other products that conform to this standard. 

 Recommended 

“Recommended” is a keyword indicating flexibility of choice with a strong preference alternative. The 
word “should” has the same meaning. 

 

1 Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard. 
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2.

                                                            

 Should 

“Should” is a keyword indicating flexibility of choice with a strong preference alternative. The phrase it is 
recommended has the same meaning. 

 Should not 

“Should not” is a keyword indicating flexibility of choice with a strong preference that a given alternative 
not be implemented.  

 May 

“May” is a keyword that indicates flexibility of choice with no implied preference. 

 Normative references 

The following referenced documents are indispensable for the application of this document. 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 X3.4-1986 (Reaff 1992), Coded Character Sets—7-bit American National Standard Code For 
Information Interchange.2

3Extensible Markup Language (XML) 1.0 (Second Edition), W3C Recommendation, 6 October 2000.

4HTTP URL syntax (RFC 2616), HyperText Transfer Protocol (W3C).

5, 6IEEE Std 754™-1985 (Reaff 1990), IEEE Standard for Binary Floating-Point Arithmetic.

IEEE Std 802.3™-2002, IEEE Standard for Information technology—Telecommunications and information 
exchange between systems—Local and metropolitan area networks—Specific requirements Part 3: Carrier 
Sense Multiple Access with Collision Detection (CSMA/CD) access method and physical layer 
specifications. 

IEEE Std 1451.1™-1999, IEEE Standard for a Smart Transducer Interface for Sensors and Actuators—
Network Capable Application Processor (NCAP) Information Model. 

IEEE Std 1451.2™-1997, IEEE Standard for a Smart Transducer Interface for Sensors and Actuators—
Transducer to Microprocessor Communication Protocols and Transducer Electronic Data Sheet (TEDS) 
Formats. 

 
2 ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, 
New York, NY 10036, USA (http://www.ansi.org/). 
3 Documents on the eXtensible Markup language can be downloaded from http://www.w3.org/TR/2000/REC-xml-20001006 or 
ordered from the World Wide Web Consortium, c/o MIT, 32 Vassar Street, Room 32-G515, Cambridge, MA 02139 USA. 
4 Documents describing the HTTP 1.1 Protocol can be downloaded from http://www.w3.org/Protocols/ or ordered from the World 
Wide Web Consortium, c/o MIT, 32 Vassar Street, Room 32-G515, Cambridge, MA 02139 USA. 
5 IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ 
08854, USA (http://standards.ieee.org/). 
6 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
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IEEE Std 1451.3™-2003, IEEE Standard for a Smart Transducer Interface for Sensors and Actuators—
Digital Communication and Transducer Electronic Data Sheet (TEDS) Formats for Distributed Multidrop 
Systems. 

IEEE Std 1451.4™-2004, IEEE Standard for a Smart Transducer Interface for Sensors and Actuators—
Mixed-Mode Communication Protocols and Transducer Electronic Data Sheet (TEDS) Formats. 

IEEE Std 1588™-2002, IEEE Standard for a Precision Clock Synchronization Protocol for Networked 
Measurement and Control Systems. 

ISO 639: 1988-04-01 (E/F), Codes for the Representation of Names of Languages.7 

ISO 19136, Geographic information—Geography Markup Language (GML). 

ISO/IEC 14750: 1999-03-15, Information technology—Open Distributed Processing—Interface Definition 
Language.8 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

For the purposes of this standard, the following terms and definitions apply. The Authoritative Dictionary 
of IEEE Standards Terms [B2]9 should be referenced for terms not defined in this clause. 

3.1.1 actuator: A transducer that accepts a data sample or samples and converts them into an action. The 
action may be completely contained within the TIM or may change something outside of the TIM. 

3.1.2 address: A character or group of characters that identifies a register, a particular part of storage, or 
some other data source or destination.  

3.1.3 AddressGroup: A collection of TransducerChannels that respond to a single address. 

3.1.4 buffer: An intermediate data storage location used to compensate for the difference in rate of flow of 
data or time of occurrence of events when transmitting information from one device to another. 

3.1.5 calibration: The process used to determine the information that resides in the Calibration TEDS to 
support correction. 

3.1.6 ControlGroup: Manufacturer specifications that define the inherent relationships between the 
TransducerChannels of a multichannel TIM. This ControlGrouping information is not normally used by the 
TIM itself. This information is used to identify TransducerChannels that are used to control some 
characteristic of another TransducerChannel. For example, a ControlGroup could be used to identify an 
actuator that is used to set the threshold of an analog event sensor. 

                                                             
7 ISO publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genève 20, 
Switzerland/ Suisse (http://www.iso.ch/). ISO publications are also available in the United States from the Sales Department, 
American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http://www.ansi.org/). 
8ISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genève 20, 
Switzerland/Suisse (http://www.iso.ch/). ISO/IEC publications are also available in the United States from Global Engineering 
Documents, 15 Inverness Way East, Englewood, CO 80112, USA (http://global.ihs.com/). Electronic copies are available in the 
United States from the American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA (http:// 
www.ansi.org/). 
9 The numbers in brackets correspond to those in the bibliography in Annex A. 
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