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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 21451-2 was prepared by the Technical Committee on Sensor Technology of the IEEE
Instrumentation and Measurement Society of the IEEE (as IEEE Std 1451.2-1997). 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 Coordinat-
ing Committees of the IEEE Standards Board. Members of the committees serve voluntarily and
without compensation. They are not necessarily members of the Institute. The standards developed
within IEEE represent a consensus of the broad expertise on the subject within the Institute as well
as those activities outside of IEEE that have expressed an interest in participating in the develop-
ment of the standard.

Use of an IEEE Standard is wholly voluntary. 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 sub-
jected 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.

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.

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 rep-
resent a consensus of all 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.

Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

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;
(978) 750-8400. Permission to photocopy portions of any individual standard for educational class-
room use can also be obtained through the Copyright Clearance Center.
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Introduction

[This introduction is not part of IEEE Std 1451.2-1997, IEEE Standard for a Smart Transducer Interface for Sensors and
Actuators — Transducer to Microprocessor Communications Protocols and Transducer Electronic Data Sheet (TEDS)
Formats.]

The main objectives of this standard are to:

— Enable plug and play at the transducer (sensor or actuator) level by providing a common communica-
tion interface for transducers.

— Enable and simplify the creation of networked smart transducers.

— Facilitate the support of multiple networks.

The existing fragmented sensor market is seeking ways to build low-cost, networked smart sensors. Many
sensor network or fieldbus implementations are currently available, each with its own strengths and weak-
nesses for a specific application class. Interfacing transducers to all these control networks and supporting
the wide variety of protocols represents a significant and costly effort to transducer manufacturers. A univer-
sally-accepted transducer interface standard would not only allow for the development of smart sensors and
actuators, it could also lead to lower development costs. Therefore, the objective of this project is not to pro-
pose another control network, but to develop a smart transducer interface standard that will isolate the choice
of transducers from the choice of networks. This would relieve the burden from the manufacturer of support-
ing a cross product of sensors versus networks, and would help to preserve the user’s investment if it
becomes necessary to migrate to a different network standard.

There is currently no defined common digital communication interface standard between transducers and
network capable application processors (NCAPs). Each transducer manufacturer builds its own interface.
Consequently, transducer manufacturers cannot afford to support all of the control networks for which their
products may be suited. It was concluded at a series of five transducer interface workshops held between
1994 and 1995 that a common transducer communication interface standard be proposed. This common
interface would allow the transducer manufacturers to more easily support multiple control networks.

This standard will simplify the development of networked transducers by defining hardware and software
blocks that do not depend on specific control networks. This project has developed a standard hardware
interface to connect a smart transducer interface module (STIM) to an NCAP. While the project does not
include specifications for signal conditioning or data conversion, it does provide a mechanism for specifying
the combination of transducer, signal conditioning, and signal conversion to the rest of the system. This
mechanism is the transducer electronic data sheet (TEDS). The working group has defined a TEDS which
supports a wide variety of transducers as well as a digital interface to access the TEDS, read sensors, and set
actuators. This allows transducer manufacturers competitive differentiation in areas of quality, feature set
and cost, and at the same time affords the opportunity to design to a common interface which can be used in
a wide variety of applications.

The TEDS, which provides for self-identifying transducers, is at the core of this effort. The TEDS contains
fields that fully describe the type, operation, and attributes of one or more transducers. By requiring that the
TEDS be physically associated with the transducer, the resulting hardware partition encapsulates the mea-
surement aspects in a STIM on one side of the digital interface, and the application related aspects on the
NCAP on the other side. In addition to control networks, STIMs can be used with microprocessors in a vari-
ety of applications such as portable instruments and data acquisition cards.

Data output by the STIM may be in integer, single precision real, or double precision real formats. The data
is passed to the NCAP and from the NCAP to the rest of the system. Further processing of this data may take
place both in the NCAP and in other processors in the larger system. Throughout this standard it is assumed,
but not required, that all processing will be performed on data in a single- or double-precision real format.

© IEEE 1998 — All rights reserved
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All fields in the TEDS are specified based on the assumption that, unless specifically stated to the contrary,
all data will be converted to single- or double-precision real before any processing is performed.

This standard provides areas that are “open to industry.” It should be noted that any use of these areas com-
promises the “plug and play” potential of NCAPs and STIMs.

The IEEE 1451.2 transducer to microprocessor interface is compatible with the P1451. 1! information model
standard. The two parts form a standard interface for networked smart sensors and actuators.

X © IEEE 1998 — All rights reserved
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IEEE Standard for a Smart Transducer
Interface for Sensors and Actuators—
Transducer to Microprocessor
Communication Protocols and
Transducer Electronic Data Sheet
(TEDS) Formats

1. Overview

This standard introduces the concept of a Smart Transducer Interface Module (STIM). A STIM can range in
complexity from a single sensor or actuator to many channels of transducers (sensors or actuators). Seven
types of transducer channels are recognized by this standard and provision has been made for other types to
be added. The transducer channel types are specified in 4.2.

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

— Itis described by a machine-readable, Transducer Electronic Data Sheet (TEDS).
— The control and data associated with the channel are digital.
— Triggering, status, and control are provided to support the proper functioning of the channel.

A STIM is controlled by a Network Capable Application Processor (NCAP) module by means of a dedicated
digital interface. This interface is not a network. The NCAP mediates between the STIM and a digital net-
work, and may provide local intelligence.

This standard is divided into six clauses. Clause 1 provides the scope, the purpose, and the conformance
requirements of this standard. Clause 2 lists references to other standards and documents 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, as well as a list of acronyms and abbreviations. Clause 4 specifies
the functions required of a STIM and of each channel it comprises. Clause 5 specifies the TEDS structure.
Clause 6 specifies the physical transducer interface between the STIM and the NCAP.

© IEEE 1998 — All rights reserved 1
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1.1 Scope

This standard defines a digital interface for connecting transducers to microprocessors. It describes a TEDS
and its data formats. It defines an electrical interface, read and write logic functions to access the TEDS, and
a wide variety of transducers. This standard does not specify signal conditioning, signal conversion, or how
the TEDS data is used in applications.

1.2 Purpose

There is currently no defined independent digital communication interface standard between transducers and
microprocessors. Each vendor builds its own interface. Without an independent, openly defined interface,
transducer interfacing and integration are time-consuming and duplicated efforts by vendors are economi-
cally unproductive. This interface provides a minimum implementation subset that allows self-identification
and configuration of sensors and actuators, and also allows extensibility by vendors to provide growth and
product differentiation.

1.3 Conformance
The philosophy underlying the conformance requirements of this subclause is to provide the structure neces-
sary to raise the level of interoperability of transducers and systems built to this standard, while leaving open

opportunity for continued technical improvement and differentiation.

A STIM implementation shall be deemed in conformance with this standard provided that the following
three requirements are met:

— The STIM supports the required functional performance specified in Clause 4.
— The STIM contains a TEDS that has the format specified in Clause 5.

— The STIM physical interface implements the lines, protocol and timing as defined in Clause 6.

An NCAP implementation shall be deemed in conformance with this standard provided that the following
requirement is met:

— An interface that implements the lines, protocols, and timing as defined in Clause 6 is used to access
a STIM.

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

The word shall is used to indicate a mandatory requirement. Designers are required to implement all such
mandatory requirements to ensure interoperability with other IEEE 1451.2 conformant products.

The word recommended is used to indicate flexibility of choice with a strong preference alternative. The
word should has the same meaning.

The word may is used to indicate a course of action permissible within the limits of the standard, but with no
implied preference.

2 © IEEE 1998 — All rights reserved
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