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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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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 1451.4™-2004, which only prov:des »
size-constrained TEDS and an analog interface.

The relationships between this standard and the other members of the family are shown in >¢ f¢'lov/ing
diagram. Three of these standards were complete before this standard was started and do not co.ply with
this standard but will in the future as they are revised. They are IEEE Std 1451.1™-1999,
IEEE Std 1451.2™-1997, and IEEE Std 1451.3™-2003. IEEE Std 1451.1 is an app..=ation that, in the
future, will fit between the user’s network and this standard. IEEE Std 1451.2 and 1.EE S.d 1451.3 will
also be modified to interface with this standard. When these changes are made, t1.> functious of an IEEE
1451 transducer will be as defined in this standard as will be the commar. s an’ TeDS. IEEE 1451.5™-
2007, which uses any of several different wireless communications media, an [ELE P1451.6™ have been
written around the functions, commands, and TEDS as described in this rtandard. IEEE Std 1451.4 uses an
analog signal interface and a TEDS that is not the same as that used by ot her members of the family. It may
be used as the input to any of the other standards in the family Fuv docs not comply with the functions,
commands, and TEDS defined in this standard. Items shown ‘with > gra ; background are items that are not
covered by any of the IEEE 1451 family of standards but the® ma* be used.

1451.1 Application | Simple URL Aplication | Other Application

IEEE 1451.0 "unaceons, Commands & TEDS

1451.2 14743 1451.5 1451.6 1451.7

Oistr.oed Wireless Intrinsically Safe Future

ulti Four Physical _
Point-to-point Jultidrop e ISO 11898-1 (2003) t.b.d.

14514

Analog/
Mixed
Mode

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

iv
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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 modulc= as
well as to read and write the data used by the system. Commands are also provided for reading and \ vitn.»
the TEDS that supply the system with the operating characteristics that are needed to use t'«e t. nsd..zer
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 arerovid d 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 bc note 1 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 stailar(s can be accessed at the following URL: http://
standards.ieee.org/reading/ieee/updates/errata‘nCex.ntml. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations ca.. 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
~ovuerea by patent rights. By publication of this standard, no position is taken with respect to the existence
or validiy of any patent rights in connection therewith. The IEEE is not responsible for identifying
Hsseitial 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.

v
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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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