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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 21451-4 was prepared by the Technical Committee on Sensor Technology of the IEEE
Instrumentation and Measurement Society of the IEEE (as IEEE Std 1451.4-2004). 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 1SO
and IEEE. IEEE is responsible for the maintenance of this document with participation and input from ISO/IEC
national bodies.
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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.

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 rea-
son, IEEE and the members of its societies and Standards Coordinating Committees are not able to provide an in-
stant 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

P.O. Box 1331

Piscataway, NJ 08855-1331USA

NOTE—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 shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

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

The main objectives of this standard are to

— Enable plug-and-play at the transducer level by providing a common IEEE 1451.4 Transducer
communication interface compatible with legacy transducers.

— Enable and simplify the creation of smart transducers.

— Facilitate the support of multiple networks.

— Simplify the setup and maintenance of instrumentation systems.

— Provide a bridge between the legacy instrumentation systems and the smart mixed-mode transducers.

— Enable implementation of smart transducers with minimal use of memory.

There was previously no defined common digital communication interface standard between mixed-mode
transducers and network capable application processors (NCAPs). Each transducer manufacturer defined its
own interface. Consequently, transducer manufacturers could not support all of the control networks for
which their products might be suitable. A universally accepted mixed-mode transducer interface standard
will facilitate the development of compliant smart sensors and actuators and could lead to lower
development costs. This common interface allows the transducer manufacturers to support multiple control
networks easily and helps to preserve the user’s investment if it becomes necessary to migrate to a different
network standard. In addition, this standard will make systems much easier to implement and use.

This standard simplifies the development of smart mixed-mode transducers by defining hardware and
software blocks that are independent of specific control networks. The standard describes the following:

— An IEEE 1451.4 Transducer containing a Mixed-Mode Interface (MMI) and a transducer electronic
data sheet (TEDS).

— The MMI, which is a master-slave, multidrop, serial connection. It requires a master device to
initiate each transaction with each slave or node according to a defined digital communication
protocol. The MMI may contain circuitry to detect and report a hotswap of transducers. The MMI
may use either separate digital and analog connections, or two wires for power supply and time-
shared analog signal and digital TEDS data. The MMI is used to access the TEDS.

— The TEDS, which is fixed and dynamic data, contained in one or more memory nodes on the MMI.

— A template, which is a software object describing the data structure of TEDS. It is implemented in
the Template Description Language and resides in the Transducer Block.

— The Template Description Language, which is a scripted and tagged language providing a standard
method to describe the functionality of IEEE 1451.4 Transducer.

— A Transducer Block, which is a software object describing the IEEE 1451.4 Transducer. It resides in
the NCAP, which is the master device (e.g., an instrument or data acquisition system). The
Transducer Block is used to access, decode, and encode TEDS using the TDL.

Furthermore, the Working Group has defined a set of TEDS templates for various transducers to facilitate
the creation of sensor systems containing plug-and-play smart transducers.

The IEEE 1451.4 Transducer provides a self-describing capability, via the TEDS. The TEDS contains fields
that describe the identity, type, operation, and attributes of the transducer. The IEEE 1451.4 Transducer is a
sensor or actuator with one or more addressable devices, referred to as nodes, on a 2-conductor digital bus.
The TEDS is required to be either physically, or virtually, associated with the IEEE 1451.4 Transducer. The
resulting hardware partition encapsulates the measurement aspects inside the IEEE 1451.4 Transducer,
while the application related aspects may reside either in the NCAP or in the TEDS.

© IEEE 2004 — All rights reserved
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The IEEE 1451.4 Transducer is a sensor or actuator with one, or more, addressable devices, which herein
will be referred to as nodes, containing TEDS.

A digital communication protocol is defined for transactions on the bus. The transactions are as follows:
— Read (Read TEDS)
—  Write (Write TEDS)
— Configure (Set Gain, Change Mode, Set Filter)
—  Check status (Read Settings)

The IEEE 1451.4 MMI may be used for control networks and data acquisition in a variety of applications,
such as portable instruments and data acquisition plug-in cards for PCs.

The Transducer Block object located in the NCAP describes the behavior of the IEEE 1451.4 Transducer. It
interprets TEDS data according to the data structure defined in templates. Further processing of the data may
take place both in the NCAP and in other processors in larger systems. The NCAP includes an IEEE 1451.1
object model with an IEEE 1451 .4 Transducer Block.

The standard does not constrain competitive differentiation in areas of quality, feature set, and cost, and at
the same time, offers the opportunity to design to a common interface, which can be used in a wide variety
of applications.
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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/iece/interp/
index.html.
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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 shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention. A patent
holder or patent applicant has filed a statement of assurance that it will grant licenses under these rights
without compensation or under reasonable rates and nondiscriminatory, reasonable terms and conditions to
applicants desiring to obtain such licenses. The IEEE makes no representation as to the reasonableness of
rates, terms, and conditions of the license agreements offered by patent holders or patent applicants. Further
information may be obtained from the IEEE Standards Department.
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IEEE Standard for a Smart
Transducer Interface for Sensors and
Actuators—Mixed-Mode
Communication Protocols and

Transducer Electronic Data Sheet
(TEDS) Formats

1. Overview

This standard is divided into nine clauses. Clause 1 provides the scope of this standard. Clause 2 lists
references to other standards that are useful in applying this standard. Clause 3 provides definitions that are
either not found in other standards or have been modified for use with this standard. Clause 4 describes the
IEEE 1451.4™ Interface and the IEEE 1451.4 Transducer and levels of compliance with this standard.
Clause 5 describes the TEDS. Clause 6 describes the usage of the template structure. Clause 7 describes the
syntax and semantics of the language used in the templates. Clause 8 describes the Mixed-Mode Transducer
Interface (MMI) that ensures the robust transfer of an analog transducer signal and the digital TEDS data.
Clause 9 describes the Transducer Block, which is the collective logic required to manage the transducer bus
and all external components.

This standard also contains several annexes. Annex A lists the IEEE templates. Annex B lists the definitions
of properties used in templates. Annex C contains the Template Description Language (TDL) formal
grammar. Annex D gives a template file checksum example. Annex E gives information about the Family
Code in the Unique Registration Number (URN). Annex F gives the Device Configuration File format
needed for a parser to be able to understand Family Codes and act accordingly. Annex G contains an XML
device description schema to be used to add support for new devices. Annex G contains information about
the transparent protocol facilitating the communication with 2-conductor bus devices. Annex H describes
the procedure for adding new IEEE templates and TDL items. Annex I contains information about the early
draft of the standard IEEE P1451 .4, version 0.9. Annex J lists the IEEE 1451.4 Manufacturer IDs. Annex K
gives the IEEE 1451.4 Transducer Block Object Model (TBOM) schema. Annex L defines the Transducer
Block adapter class that shall be used to represent transducers adhering to IEEE 1451.4 within an IEEE
1451.1™ environment.! Annex M is the bibliography.

nformation on references can be found in Clause 2.

© IEEE 2004 — All rights reserved 1
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1.1 Scope

This standard defines the protocol and interface that allows analog transducers to communicate digital
information with an IEEE 1451 object. It also defines the format of the Transducer TEDS. The Transducer
TEDS is based on the IEEE 1451.2™ TEDS. The standard does not specify the transducer design, signal
conditioning, or the specific use of the TEDS.

1.2 Purpose

An independent and openly defined standard for MMI and TEDS serves the following purposes:
— Provide interoperability, which enables plug-and-play capability
—  Simplify the implementation of mixed-mode smart transducer systems

— Accelerate the emergence and acceptance of the MMI and TEDS

1.3 Conformance, shall, should, may, and can
Several keywords are used to differentiate among various levels of requirements, as follows:

The word shall is used to indicate mandatory requirements strictly to be followed in order to conform to the
standard and from which no deviation is permitted (shall equals is required to).

The word should is used to indicate that among several possibilities one is recommended as particularly
suitable, without mentioning or excluding others; or that a certain course of action is preferred but not
necessarily required; or that (in the negative form) a certain course of action is deprecated but not prohibited
(should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able t0).

2. References

This standard shall be used in conjunction with the following standards publications. When the following
standards are superseded by an approved revision, the revision shall apply.

ANSI X3.4-2000, US-ASCII. Coded Character Sets—7-Bit American Standard Code for Information Inter-
change.2

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

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