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Foreword

ISO (the

International Organization for Standardization) and IEC (the International

0:2010(E)

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
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hmittees collaborate in fields of mutual interest. Other international organizations, government
ernmental, in liaison with ISO and IEC, also take part in the work. In the field of information_tech
IEC have established a joint technical committee, ISO/IEC JTC 1.

E Standards documents are developed within the IEEE Societies and the Stamdards C
mmittees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its
ugh a consensus development process, approved by the American National Standards Insti
gs together volunteers representing varied viewpoints and interests to achieyé.the final product.
not necessarily members of the Institute and serve without compensatiofy: While the IEEE adm
cess and establishes rules to promote fairness in the consensus development process, the |IEH
ependently evaluate, test, or verify the accuracy of any of the information contained in its standa
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by fthe joint technical committee are circulated to national badies’ for voting. Publication as an I
Standard requires approval by at least 75 % of the national bedies casting a vote.
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main task of ISO/IEC JTC 1 is to prepare International Standards. Draft International Standar

ntion is called to the possibility that implementatiomof/this standard may require the use of suk
ered by patent rights. By publication of this standard, no position is taken with respect to the €|
dity of any patent rights in connection therewith. ISO/IEEE is not responsible for identifyin
ents or patent claims for which a license may:be required, for conducting inquiries into the legd
pe of patents or patent claims or determining whether any licensing terms or conditions |
nection with submission of a Letter of Assurance or a Patent Statement and Licensing Declarat
, Or in any licensing agreements are;reasonable or non-discriminatory. Users of this standard ar
ised that determination of the validity of any patent rights, and the risk of infringement of suq
rely their own responsibility. Further information may be obtained from ISO or the IEEE
ociation.

/IEC/IEEE 21450 was. prépared by the Technical Committee on Sensor Technology of
rumentation and Measurement Society of the IEEE (as IEEE Std 1451.0™-2007). It was adopt
hnical Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 31, Automatic iq
data capture techniques, in parallel with its approval by the ISO/IEC national bodies, under the
cedure” defined in the Partner Standards Development Organization cooperation agreement bg
IEEE. IEEEHS responsible for the maintenance of this document with participation and input frg
onal 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
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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 accur
of any of the information contained in its standards.

acy

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property’er-o
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly erindire
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 expre
disclaims any express or implied warranty, including any implied warranty of merchantability (©r fitness for a sped
purpose, or that the use of the material contained herein is free from patent infringement. IEEE "Standards docum
are supplied “AS IS.”

The existence of an IEEE Standard does not imply that there are no other ways t6 produce, test, measure, purch
market, or provide other goods and services related to the scope of the IEEE Standard. Furthermore, the viewp
expressed at the time a standard is approved and issued is subject to change brouglit about through developments in

state of the art and comments received from users of the standard. Every JEEE Standard is subjected to review at 1¢

every five years for revision or reaffirmation. When a document isiore than five years old and has not b
reaffirmed, it is reasonable to conclude that its contents, although still 6f some value, do not wholly reflect the pre
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 {s not suggesting or rendering professional or o
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any o
person or entity to another. Any person utilizing this, ahdrany other IEEE Standards document, should rely upon
advice of a competent professional in determining thesexercise of reasonable care in any given circumstances.

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

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

Secretary, IEEE-SA Standards Board
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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 cfamily] 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 providds a
size-constrained TEDS and an analog interface.

The relationships between this standard and the other members of the family areShown in the followjing
diagram. Three of these standards were complete before this standard was startéd’and do not comply with
this standard but will in the future as they are revised. They are\MEEE Std 1451.1™-1999,
IEEE Std 1451.2™-1997, and IEEE Std 1451.3™-2003. IEEE Std 1451 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 IHEE
1451 transducer will be as defined in this standard as will be th€Zeommands and TEDS. IEEE 1451.5™-
2007, which uses any of several different wireless communications media, and I[EEE P1451.6™ have bgen
written around the functions, commands, and TEDS as described in this standard. IEEE Std 1451.4 used 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 thevfamily but does not comply with the functidns,
commands, and TEDS defined in this standard. Item$.shown with a gray background are items that are pot
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

X © IEEE 2007 — All rights reserved
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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 arc made Tor a high level ol addressing that 1s independent of the physjcal
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 transduders
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 trahsducer moduleq 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‘afe defined in the standard. Fpur
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 thse
areas may compromise the “plug-and-play” potential of eontrollers 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 'inferpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/intgrp/
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.

© IEEE 2007 — All rights reserved
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EEE Standard for a Smart Transducer
nterface for Sensors and Actuators—
ommon Functions, Communication

rotocols, and Transducer Electronic
ata Sheet (TEDS) Formats

. Overview

his standard introduces the concept of a tranisducer interface module (TIM) and a network capabl
plication processor (NCAP) connected by asmedia specified by another member of the IEEE 1451 famil
f standards. A TIM is a module that contains the interface, signal conditioning, analog-to-digital and/q
igital-to-analog conversion and, in many' cases, the transducer. A TIM may range in complexity from
ingle sensor or actuator to units ceftaining many transducers (sensors and actuators). An NCAP is th
ardware and software that provides the gateway function between the TIMs and the user network or hog
rocessor. Another member of\the standards family provides the communications interface between a
CAP or host processor and\onie or more TIMs. Three types of transducers are recognized by this standard.
hey are sensors, event sensors, and actuators.

= =+ 0 9 = X O

transducer is denoted “smart” in this context because of three features:
— Itris 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.

=

his—stamdard defines T IVIS that cam be piugged 1Mmto @ SySICIT and cam pe used without maving 1o ad
pecial drivers, profiles, or make any other changes to the system. This process is referred to as a “jplug
nd-play” operation. The primary features that enable a plug-and-play operation are the TEDS. ‘and th|
ommand set. A TIM may be added to or removed from an active IEEE 1451 physical layer with no mor
han a momentary impact on the data being transferred over the bus. “Hot swap” is the term used-to refer t
his feature.

[ o U @ W < B 2]
o O O

This standard is organized as follows:
Clause 1: “Overview” provides the scope of this standard.

Clause 2: “Normative references” lists references to other standards and documents that are useful 1
applying this standard.

=]

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

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

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

Clause 6: “Message structures” specifies thé.message structures that are used to encapsulate th|
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.
Clause 9: “Introduction to the<JEEE 1451.0 API” gives the common features of the two APIs.

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 tp
communicate (t0ythe TIMs using the communications features of a physical interface defined by
another member of the IEEE 1451 family of standards.

Clause~22 “HTTP protocol” is used to transfer or convey information on the World Wide Web. It is
intendéd to provide a simpler protocol than is currently supplied by IEEE Std 1451.1-1999.

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

Allllc)& B. “Guidauuc [19] Tldllbdubcl SCI VibUb Illtclfdbc” giVUb C)&dlllplcb Uf I.IIU usc Uf illib illtclfdb
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
APL

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.
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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.

A ) P13 i 1 1 41 P il nbYR | TEDQ2 M 1 £ 1ol L 4 P s nbPS |
ZXITITUAT T, TAAITIPTC U CAtIOT diTa TTUOC T gTveS di CAAITTPTO UT d~ PUSSTUTC DO atTUTT arra Tty

TEDS.

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

—

Annex K: “Examples of Physical Units” gives a series of examples of implementationsiof Physicd
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 logi
allowed in this standard.

«©

Annex N: “Notation summary for IDL” is intended to give guidanee¢’on the use of IDL notation iph
this standard.

[

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

1.1 Scope

This project develops a set of common functienality for the family of IEEE 1451 smart transducer interfac
standards. This functionality is independent of the physical communications media. It includes the basi
functions required to control and manage smart transducers, common communications protocols, an
media-independent TEDS formats. Itdefines a set of implementation-independent APIs. This project dog
1ot specify signal conditioning.and” conversion, physical media, or how the TEDS data are used i
qpplications.

= 0 O

1.2 Purpose

There are cureently three approved and three proposed smart transducer interface standards in th
IEEE 1451 family of standards. They all share certain characteristics, but no common set of functiong,
dommunications protocols, and TEDS formats provides interoperability among these standards. Thi
q
!

[¢]

- @A

tandard\will provide that commonality and will simplify the creation of future standards for differer
hysical layers that are interoperable within the family.

1.3 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.
¢) 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.

{OTE—Several features are highly desirable and are supported by this standard, but they are not practical to'mak
ito hard requirements. It is desirable that the sense element for a sensor be an integral part of the TIM, but forsensin
lements like structural strain gages and thermocouples, this is not practical, so it has not been made~inte” a har
bquirement. In addition, it is very desirable that the TEDS be located within the TIM, but there are systeins where th
nVironmclent and/or the physical size make this impractical so the standard allows the TEDS to be located remote frox
he TIM..

[ Wt
=6 =0T o

T

An NCAP implementation shall be deemed in conformance with this standard ‘ptevided 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 prétocols and physical media defined by
another member of the IEEE 1451 family of stapdatds.

1.3.1 Conformance keywords

w

Yeveral keywords are used to differentiate\among various levels of requirements and optionality, &
fpllows.

1.3.1.1 Shall

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

1.3.1.2 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.

1.3.1.3 Recommended

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

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

4 © IEEE 2007 — All rights reserved


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

1.3.1.4 Should

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

1.3.1.5 Should not

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

1.3.1.6 May

May” is a keyword that indicates flexibility of choice with no implied preferenee:

2. Normative references

jery

The following referenced documents are indispensable for the application of this document. For date
references, only the edition cited applies. For undated references, the latest edition of the reference
document (including any amendments or corrigenda) appli¢s,

jery

ANSI X3.4-1986 (Reaff 1992), Coded Character Sets—7-bit American National Standard Code Fqr
Ihformation Interchange.’

Hxtensible Markup Language (XML) 1.0 (Sec¢ond Edition), W3C Recommendation, 6 October 2000.°
HITTP URL syntax (RFC 2616), HyperText Transfer Protocol (W3C).*

IEEE Std 754™-1985 (Reaff 1990);1EEE Standard for Binary Floating-Point Arithmetic.>" ¢

FEE Std 802.3™-2002, IEEE-Standard for Information technology—Telecommunications and informatiop
xchange between systems—Local and metropolitan area networks—Specific requirements Part 3: Carrig

ense Multiple AcCess with Collision Detection (CSMA/CD) access method and physical layd
pecifications.

=

Lo O =
=

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 1451.2m-1997, IEEE Standard for a Smart Transducer Interface for Sensors and Actuators—{-
ransducer 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/).

* 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.

* 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.

* IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ
08854, USA (http://standards.ieee.org/).

® 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 1451.4m-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 1588m™-2002, IEEE Standard for a Precision Clock Synchronization Protocol for Networkef
Measurement and Control Systems.

IS0 639: 1988-04-01 (E/F), Codes for the Representation of Names of Languages.’
ISO 19136, Geographic information—Geography Markup Language (GML).

ISO/IEC 14750: 1999-03-15, Information technology—Open Distributed Processing~—~Interface Definitiop
Ilanguage.®

3. Definitions, acronyms, and abbreviations

3.1 Definitions

Ror the purposes of this standard, the following terms-and definitions apply. The Authoritative Dictiona
f IEEE Standards Terms [B2]° should be referenced-for terms not defined in this clause.

3.1.1 actuator: A transducer that accepts a datd.sample or samples and converts them into an action. Thi
gction 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, 9
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 g
data or time of occurfence of events when transmitting information from one device to another.

3.1.5 calibratign® The process used to determine the information that resides in the Calibration TEDS tp
support corréetion.

3.1.6 (ControlGroup: Manufacturer specifications that define the inherent relationships between the
TrafisducerChannels of a multichannel TIM. This ControlGrouping information is not normally used by th
IM “itself This information is used to identify TransducerChannels that are used to control som
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, Genéve 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/).

8lSO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genéve 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/).

? The numbers in brackets correspond to those in the bibliography in Annex A.
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3.1.7 correction: The evaluation of a multinomial function using information from the Calibration TEDS
together with data from one or more transducers.

3.1.8 data model: The numeric format in which the TIM shall output or accept data.

3.1.9 data set: The collection of samples acquired by a sensor (or applied by an actuator) in response to a
trigger command.

3.1.10 data sheet: A set of information on a device that defines the parameters of operation and conditionis
df usage (usually produced by the device's manufacturer).

3.1.11 digital interface: A communications media and a protocol for transferring information by binarly
theans only.

3.1.12 electronic data sheet: A data sheet stored in some form of electrically readable memory (as
dpposed to a piece of paper).

.1.13 embedded transducer: A device that behaves as a transducer froni the point of view of the NCAP
ven though nothing outside of the TIM is sensed or changed. Embedded\transducers are useful for settin
r reading operating parameters of other transducers.

o0 (e
U]

3.1.14 enumeration: The assignment of a numeric value to, a(Specific meaning within the context of

specific data field. Binary numbers are usually expressed in-d€cimal terms for human convenience. Not a

fossible numeric values need to have a specific meaning./Values without meaning are declared to b
ynused or reserved for future use. Enumeration is.the* process of declaring the encoding of huma
ipterpretable information in a manner convenient for digital electronic machine storage and interchangg.
A
1]
b
3

= M = &

\ny subclause that defines a TEDS data field to, be enumerated shall contain a table that defines th
heaning of the data field for each numeric value‘possible. The meanings encoded in each data field sha
e specific and unique to that data field andonly to that data field. The value becomes meaningless if nd
ssociated with the data field and its defining table.

= — O

=

3.1.15 event sensor: A sensor that detects a change of state in the physical world. The fact that a change g
state has occurred and/or instant in‘time of the change of state, not the state value, is the “measurement.”

3.1.16 hot swap: The act of’connecting or disconnecting a TIM from a transducer interface mediurn
without first turning off the power that is supplied to the TIM over the medum.

3.1.17 least significant bit (Isb): The bit in the binary notation of a number that is the coefficient of the
Ipwest exponent possible.

3.1.18 message: Information that is to be passed between devices as a single logical entity. A message majy
dccupy one or more packets.

3.1.19 meta-: A Greek prpﬁy mPaning that which pprminq to the whole or averall entity or that which is i
common or shared with all member entities comprising the whole.

3.1.20 meta-TEDS: The collection of those TEDS data fields that pertain to the whole or overall entity or
those that are in common or shared with all member entities (TransducerChannels) comprising the whole
product.

3.1.21 multinomial: A linear sum of terms involving powers of more than one variable.

" .
i

N, N, N, ) )

. . . i iy m

” A(’lﬂlz"" ’m))C1)Cz"' )
=0i,=0 ,

in=0

i=0i
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3.1.22 network-capable application processor (NCAP): A device between the transducer modules and
the network. The NCAP performs network communications, TIM communications, and data conversion or
other processing functions.

3.1.23 not-a-number (NaN): As defined in IEEE Std 754-1985,'" a bit pattern of a single-precision or
double-precision real number data type that is a result of an invalid floating point operation. For single-
precision real numbers, the bit pattern shall have an exponent of 255 (decimal) and a nonzero mantissa.
The sign is not considered in determining whether a value is not a number.

3.1.24 octet: A group of 8 bits. (In the United States, an octet is usually referred to as a byte.)

3.1.25 packet: A block of information that is to be passed by the physical layer between devices in a single
transmission.

.1.26 sample latched: The term is used in a sensor to signal that the sample has been‘acquired. This may
e when a sample and hold circuit switches to the hold mode or other similar operation. For an actuator,
ignals that the sample has been moved to the output logic.

LD (ad
—

3.1.27 sensor: A transducer that converts a physical, biological, or chemical parameter into an electricgl
signal.

3.12.28 setup time: The time between the initial request for a function to be performed and when the task
i actually initiated.

3.1.29 signal conditioning: The transducer signal processing that involves operations such as
agmplification, compensation, filtering, and normalization.

™

3.1.30 smart transducer: A transducer that prevides functions beyond those necessary for generating
dorrect representation of a sensed or conttolled quantity. This functionality typically simplifies th
integration of the transducer into applicatiéns in a networked environment.

[¢]

.1.31 synchronization signal: For\the purposes of this standard, a signal transmitted by the NCAP tp
rovide clock or time synchronization signals to a TIM or group of TIMs. Synchronization signals are nd
vailable with all physical layer standards. Low-cost and performance TIMs may not implement a receivg
pr the synchronization signal:

-

—h Q0 M
=

3.1.32 transducer: A device that converts energy from one domain into another. The device may be eithd
g sensor or an actuator.

=

(]

3.1.33 transducer interface module (TIM): A module that contains the TEDS, logic to implement th
transducer.interface, the transducer(s) or connection to the transducer(s), and any signal conversion 9
signal-conditioning.

=

3.134 TransducerChannel: A transducer and all of the Qignnl r‘nndiﬁnning and conversion components

associated with that transducer.

3.1.35 TransducerChannel number: A 16 bit number assigned to an individual TransducerChannel
within a TIM by the manufacturer.

3.1.36 TransducerChannel proxy: A device that is created to allow a collection of TransducerChannels to
be treated as a single entity. A TransducerChannel proxy is similar to a normal TransducerChannel except

| . .
% Information on references can be found in Clause 2.
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that it does not require a TransducerChannel TEDS, it cannot have a Calibration TEDS, Transfer Function
TEDS, or Frequency Response TEDS. It may support other TEDS. A TransducerChannel proxy may
respond to commands.

3.1.37 Transducer Electronic Data Sheet (TEDS): An electronic data sheet describing a TIM or a
TransducerChannel. The structures of multiple TEDS are described in this standard.

3.1.38 transfer: The act or process of moving information from one digital device to another.

3.1.39 transfer function: The function that defines the response of a TransducerChannel in both amplitude
and frequency.

lad

.1.40 trigger: A signal or message that is used to start an action.

.1.41 VectorGroup: Manufacturer specifications that define the inherent relationships between th
ransducerChannels of a multichannel TIM. This VectorGrouping information iSsiot normally used by th|
IM itself. This information is normally used by NCAP applications to properly compose human readabl,
isplays or in formulating other computations. For example, VectorGroupings may be used to indicat
Vhich TransducerChannels represent each of the three vector axes of a three-axis vector measurement.

< O e e (4
o ¢ & O

lad

.1.42 virtual TEDS: A TEDS that is stored permanently in a locatiofrother than the TIM.

3.2 Acronyms and abbreviations

AD anno domini

CRS Coordinate Reference System

DTD document type declaration, ref. Extensible Markup Language (XML)

HTTP Hypertext Transfer Protocol

MJD modified Julian date

NaN not a gumber

NCAP network-capable application processor

OoOMG Object Management Group, a consortium committed to developing technically

excellent, commercially viable, and vendor-independent specifications for th
software industry

(€]

PHY physical layer

SI International System of Units, reference The International System of Units (SI) [B9]
TAI International Atomic Time

TIM transducer interface module

TEDS transducer electronic data sheet

TSI Transducer Service Interface

USASCII U.S. American standard code for information interchange (ANSI X3.4-1986)

UTC universal coordinated time
UuID universal unique identifier
Xder transducer

XML eXtensible Markup Language

© IEEE 2007 — All rights reserved 9
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4. Data types

All data types used throughout the remainder of this standard are defined in subordinate subclauses.

4.1 Unsigned octet integer

Jymbol: Ulnt8

Size: 1 octet

IDL: typedef octet UInts8;

This data type represents positive integers from 0 to 255.

4.2 Unsigned 16 bit integer

Jymbol: Ulnt16

Size: 2 octets

IDL: typedef unsigned short UIntlé;

A Ulnt16 may take any value between 0 and 65 535,

4.3 Signed 32 bit integer

Jymbol: Int32

Size: 4 octets

IDL: typedef long Int32;

This data type istused to represent a signed integer from —2 147 483 648 to 2 147 483 647.

4.4 Unsigned 32 bit integer

Symbotr UImt32

Size: 4 octets

IDL: typedef unsigned long UInt32;

This data type is used to represent positive integers from 0 to 4 294 967 295.

10 © IEEE 2007 — Al rights reserved
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4.5 Single-precision real

Symbol: Float32

Size: 4 octets

IDL: typedef float Float32;

T11

A single-precision real number is a 32 bit binary sequence that encodes real numbers as specified inJIEE
qtd 754-1985.

4.5.1 Floating-point NaN in TEDS

—

According to IEEE Std 754-1985, a single precision number with an exponent’of 255 and a fractions
ortion (mantissa) that is nonzero is NaN regardless of the sign bit. The recommended value for use in
EDS field for NaN is 0Ox7FFFFFFF (hex).

—
™

4.6 Double-precision real

§ymbol: Float64

Size: 8 octets

IDL: typedef double Floaté64;

TI1

A double-precision real number is a 64 bit-binary sequence that encodes real numbers as specified in IEE
Jtd 754-1985.

4.7 String

Jymbol: _String
Size: variable

IDL: typédef string String; // Leading ' ' to escape reserved IDL
Reyword

The use’ of text strings, as type string as a basic type that is defined in IEEE Std 1451.2-1997, has beeh
rgplaced with the use of OMG standards for IDL.

The XML used in 8.9 is the text-based TEDS. The controlling document for XML is the W3C
Recommendation Extensible Markup Language (XML) 1.0 (Second Edition). All text strings in the TEDS
shall conform to this recommendation or to a future update to it.

4.8 Boolean

Symbol: Boolean

Size: 1 octet

© IEEE 2007 — Al rights reserved 11
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IDL: typedef boolean Boolean; // Leading ' ' to escape reserved IDL
keyword

The type Boolean is a basic type that is defined in the OMG standards for IDL.

For the purposes of this standard, a bit or octet with a nonzero value is considered True. A zero value
EPICSeNTs UIE False State of e variabie.

4.9 IEEE1451Dot0::Args:: TimeRepresentation

This abstract class defines the time representation. It is subclassed into Timelnstance and*TimeDuratior}.
The definition of the two arguments is given in Table 1.

IDL: struct TimeRepresentation {
UInt32 secs;
UInt32 nsecs;

NOTE—This format is corrected for the flaw in negative time representationdiscovered in IEEE Std 1588-2002.

Table 1—TimeRepresentation data structure

Parameter Type Description

secs Ulnt32 | Seconds—This unsigned 32 bit‘aumber represents the number of seconds from the
beginning of the epoch (normally. 0 hours on 1 January 1970).

nsecs Ulnt32 | Sign, Nanoseconds—This unsigned 32 bit integer comprises two smaller fields. The

most significant bit will be'interpreted as the sign bit of the entire time value. The least
significant 31 bits represent the number of nanoseconds to be added to the value
identified by the Seconds ficld before the sign is applied. The value specified in the
Nanoseconds fieldsis constrained to the domain 0 to 999 999 999, inclusive.

his standard uses the time representation specified in IEEE Std 1588-2002. One consequence of thil
hoice is that time is measured inFAI seconds instead of UTC. TAI is the international standard for tim
ased on the SI second as realized on the rotating geoid. TAI is implemented by a suite of atomic clock
nd forms the timekeeping basis for other time scales in common use. Of these scales, UTC is the tim
cale of most engineering.and commercial interest. The UTC representation is specified by ISO 8601 [B35
s YYYY-MM-DD forthe date and hh:mm:ss for the time in each day.

F SRR N < i e will @ M- |
— 0 v O w»n

The duration of'a,second in UTC time is identical to the duration of a second of TAIL. UTC time differ
from the TAdtime by a constant offset. This offset is modified on occasion by adding or subtracting leap
seconds.

2]

oW

Starting’ on 0 hours of 1 January 1972 (MJD 41 317.0), the world’s standard time systems began th
implementation of leap seconds to allow only integral second correction between UTC Seconds and TA].
Time in both UTC and TAI is expressed in days, hours, minutes, and seconds. Leap second corrections,
which are applied to UTC but not to TAI, are made preferably following second 23:59:59 of the last day of
June or December. The first such correction, a single positive leap second correction, was made following
23:59:59 on 30 June 1972, and UTC was 11 seconds behind TAI following that instant.

4.9.1 IEEE1451Dot0::Args::TimeDuration

This subclass of time representation is used to specify a time interval rather than a time value. The
definition of the two arguments is the same as shown in 4.9.

IDL: struct TimeDuration
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UInt32 secs;
UInt32 nsecs;

Vi
4.9.2 IEEE1451Dot0::Args::Timelnstance

Tme values are represented Dy this struct in the IEEE 1451.U layer. This struct i1s appropriate when wryin
tp represent a time value and not time duration. A time value that occurs before the epoch is specified.by
flegative “nsecs” field.

ju=}

™

IDL: struct TimeInstance
YInt32 secs;
UInt32 nsecs;

I

[¢]

The Timelnstance is based on an epoch that is defined as starting at midnight*1 January 1970. Th
definition of the two arguments is the same as shown in 4.9.

4.10 Data types for associated applications

The data types in this clause are not used in this standard buf are provided to allow the applications usin|
this standard to pass data in these formats.

Ju=}

4.10.1 Eight bit signed integer

Jymbol: Int8

Size: 1 octet

IDL: typedef char Int8;
This datatype represents integets from —128 to 127.

4.10.2 Sixteen bit signed integer

Jymbol: Intl6

Size: 2 octets

IDL:” typedef short Intle;

This data type represents integers from —32 768 to 32 767.

4.11 Physical Units

Symbol: UNITS

Size: 11 octets

IDL: struct Units ({

© IEEE 2007 — Al rights reserved 13
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14

UInt8 interpretation;
UInt8 radians;

UInt8 steradians;
UInt8 meters;

UInt8 kilograms;
UInt8 seconds;

UInt8 amperes;

UInt8 kelvins;

UInt8 moles;
UInt8 candelas
UInt8 Units Extension TEDS Access Code

7

hformation, see Hamilton [B1].

hysical Units are a binary sequence of 10 octets that encode Physical Units as described inTable 2 and
able 3. Each field shall be interpreted as an unsigned integer. A unit shall be represented as a product df
he SI base units, plus radians and steradians, each raised to a rational power. This structure encodes only
he exponents; the product is implicit. For examples of Physical Units, see‘Annex J. For furthdr

Table 2—Physical Units data type structure

ach being specified by subfields-2 through 10.

KHield | Description Data type Number of octets
1 Physical Units interpretation—see Table 3 YUlnt8 |

2 (2 * <exponent of radians>) + 128 Ulnt8 1

3 (2 * <exponent of steradians>) + 128 Ulnt8 1

4 (2 * <exponent of meters>) + 128 Ulnt8 1

3 (2 * <exponent of kilograms>) + 128 Ulnt8 |

q (2 * <exponent of seconds>) + 128 Ulnt8 1

7 (2 * <exponent of amperes>) + 128 Ulnt8 1

§ (2 * <exponent of kelvins>) + 128 Ulnt8 1

9 (2 * <exponent of moles>) + 128 Ulnt8 1

10 (2 * <exponent of candelas>) + 128 Ulnt8 1

The U/U forms (enumerations one.‘and three) are for expressing “dimensionless” units such as straih

Ineters per meter) and concentration (moles per mole). The numerator and denominator units are identical,

oolean data (values in {0, 1} or {False, True}) shall be represented as digital data (enumeration 4).
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Table 3—Physical Units interpretation
Value Manifest constant Definition
0 PUI_SI_UNITS Unit is described by the product of SI base units, plus radians
and steradians, raised to the powers recorded in fields 2
through 10. Units for some quantities, such as the number of
people through a turnstile, cannot be represented using these
units. Enumeration zero, with fields 2—-10 set to 128, is the
qpprnpriqu enumeration for these cases when a r}“nnﬁfy 1S
being defined.
1 PUI_RATIO_SI_UNITS Unit is U/U, where U is described by the product of SL-base
units, plus radians and steradians, raised to the Powers
recorded in fields 2 through 10.
2 PUI_LOG10_SI UNITS Unit is log10(U), where U is described by the product of SI
base units, plus radians and steradians, raised, te the powers
recorded in fields 2 through 10.
3 PUI_LOG10_RATIO_SI_UNITS Unit is log10(U/U), where U is described by the product of SI
base units, plus radians and steradiaris{ raised to the powers
recorded in fields 2 through 10.
4 PUI_DIGITAL DATA The associated quantity is digital\ data (for example, a bit
vector) and has no unit. Fields’ 2=10 shall be set to 128. The
“digital data” type applies\te data that do not represent a
quantity, such as the current'positions of a bank of switches.
5 PUI_ARBITRARY The associated physieal-quantity is represented by values on
an arbitrary scale-(for example, hardness). Fields 2—10 are
reserved and shall be set to 128.
q-255 — Reserved.

4.12 Universal unique identification

Jymbol: UUID

Jize: 10 octets

IDL: typedef UUID Short:i{5];

The UUID is an identification field associated with the TIM whose value is unique on the planet. Th

WUID field shall be 10%ectets long and consists of four subfields (from most to least significant ordef:
Ipcation, manufactur€r’s; year, and time) defined in Table 4.

(]

=

There shall be.ne’requirement that the interpretation of the UUID reflect the actual place or time 9
thanufacture{of 'the TIM. The use of time and location in the algorithm shall be used only to ensur
yniqueness. Thus, a manufacturer shall be allowed to use the fields defined by the algorithm as desired,
B
d

o

—

rovided that when interpreted according to Table 4, there shall be no other possible manufacturer ths
ould elaim use of the same UUID for a TIM.

4.13 Arbitrary octet array

Symbol: OctetArray

Size: varies
This data type comprises an arbitrary number of octets, treated as an aggregate entity that may or may not

be interpreted as a number. An OctetArray can be a structure comrpising one or more primitive data types,
arrays of primitive data types, or smaller OctetArrays.
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4.14 String array

Symbol: StringArray

Size: varies

This data type comprises an arbitrary number of string data types (see 4.7), treated as an aggregate entity

4.15 Boolean array

Jymbol: BooleanArray

Size: varies

(L]

This data type comprises an arbitrary number of boolean data types (see'\4.7), treated as an aggregat
dntity.

4.16 Array of 8 bit signed integers

Jymbol: Int8Array;

Size: varies

-

This data type comprises an arbitrary numbet<of octets, treated as an aggregate entity made up of 8 b
signed integers (Int8).

4.17 Array of 16 bit signed integers

Jymbol: Intl6Array;
Size: varies

This data type.comprises an arbitrary number of 16 bit signed integers (Int16), treated as an aggregat
gntity.

[¢]

4.18(Array of 32 bit signed integers

Symbol: Int32Array;
Size: varies

This data type comprises an arbitrary number of 32 bit signed integers (Int16), treated as an aggregate
entity.
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Table 4—Universal unique identification datatype structure

Field

Description

Number of
bits

Location field: The value of this field shall be chosen by the TIM manufacturer to identify
a particular location on the earth, the “location,”” over which the manufacturer has physical
control. This value may represent the actual location of a TIM manufacturer. A
manufacturer may use different values of this field in his operation as long as all values

meet-the reguirements of this subclause
T

)

The representation of the location field shall be 42 bits. The msb shall indicate North
(asserted) or South (not asserted) latitude. The next 20 most significant bits of this field
represent the magnitude of the “location” latitude as an integer number of arc seconds. The
next most significant bit shall indicate East (asserted) or West (not asserted) longitude. The
remaining 20 bits shall represent the magnitude of the “location” longitude as an integen
number of arc seconds.

Latitude magnitude values greater than 90 degrees are reserved. Longitude dmagnitude
values of greater than 180 degrees are reserved.

NOTE—One arc second at the equator is about 30 m. Thus, the range r€presented by each
20-bit field is 0 to 1 048 575 arcseconds or 0 to 291 degrees, which is sufficient to
represent latitude and longitude on the earth’s surface.

Manufacturer’s field: The value of this field may be chosen by thé TIM manufacturer for
any purpose provided there is no interference in the use of the<location field. Location field
interference occurs when there is more than one manufacturer that could claim physical
control over the location defined by the location field., If such interference exists, all
manufacturers affected shall negotiate the use of the"manufacturer’s field values to resolve
any interference. That is, the combination of the lecation field and the manufacturer’s
fields shall unambiguously define a specific TIM manufacturer. This negotiation shall be
reopened every time there is a change in the interference.

Year field: The value of this field shall bethe’value of the current year.

The representation of the year field shall'be a 12 bit integer value. The range of this field
shall be the years 0 to 4095 A.D. The beginning of the year shall be deemed to start on
January 1, 00:00:00, TAI

12

Time field: This value shall besxchosen by the TIM manufacturer such that in combination
with the location, manufactuser’s, and year fields, the resulting UUID is unique for all
TIMs made under the manufacturer’s control. The choice of values for the time field shall
be further restricted such that the values when interpreted as the time since the beginning
of the year do not represent times prior to the manufacturer obtaining physical control over
the “location” nor values in the future.

The representation of the time field shall be a 22 bit integer. The range shall be 0 to
4194 303--When it is necessary to interpret this field as time since the beginning of the
year,sthe representation shall be an integer number of 10 s intervals. In this case, time
valdes greater than one year are reserved. The beginning of the year shall be deemed to
start on January 1, 00:00:00, TAIL

NOTE—There are approximately 31 536 000 s per year.

22

4.19 Array of 8 bit unsigned integers

Symbol: Ulnt8Array;

Size: varies

This data type comprises an arbitrary number of octets, treated as an aggregate entity made up of 8 bit

unsigned integers (Int8).

© IEEE 2007 — All rights reserved
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4.20 Array of 16 bit unsigned integers

Symbol: Ulntl6Array;

Size: varies

This data type comprises an arbitrary number of 16 bit unsigned integers (Intl16), treated as an aggregat
gntity.

[¢]

4.21 Array of 32 bit unsigned integers

Jymbol: Ulnt32Array;
Size: varies

This data type comprises an arbitrary number of 32 bit signed integers, (Int16), treated as an aggregate
dntity.

4.22 Array of single-precision real numbers

Jymbol: Float32Array;
Jize: varies

This data type comprises an arbitrary number of single-precision real numbers as specified in IEEE Std
54-1985, treated as an aggregate entity-

4.23 Array of double-precision real numbers

Jymbol: Float64Array;
Jize: varies

This data type comprises an arbitrary number of double-precision real numbers as specified in IEEE Std
54-1985ytreated as an aggregate entity.

N7 f TimeDuration d

Symbol: TimeDurationArray;
Size: varies

This data type comprises an arbitrary number of TimeDuration data types as specified in 4.9.1, treated as
an aggregate entity.
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4.25 Array of Timelnstance data types

Symbol: TimelnstanceArray;

Size: varies

]
b

e = —

e

his data type comprises an arbitrary number of Timelnstance data types as specified in 4.9.2, treated aSa
ggregate entity.

). Smart transducer functional specification

his clause of the standard provides a description of the functions expected to besin‘an IEEE 1451 smaj
Fansducer. The details of these functions are provided in Clause 6 through Claus€A )

.1 IEEE 1451 family reference model

he reference model shown in Figure 1 and Figure 2 shows. the relationships among the variouy
FEE 1451 standards family members. They are to be used tg,help define what is in each of the standard
h the family. It is not intended to imply a required implementation of devices that comply with th
tandard. Subclauses 5.1.1 through 5.1.15 give a further ‘description of the elements shown in Figure 1 an
igure 2.

.1.1 User’s network

he user’s network is outside the scope-of the IEEE 1451 family of standards. It may be anything that th|
ser desires. The only requirementythat this places on the NCAP is that the NCAP have the appropriaf
etwork interface hardware and\software. Different NCAPs are required for networks using differer
hysical communications media.ef protocols.

.1.2 Network access.module

he network decess module is the part of the NCAP that provides the interface to the user’
ommunications network. This communications network is not defined as part of any of the IEEE 145
hmily of standards. Since the communications network is not defined, the functions of this module are ng
ully defined by any IEEE 1451 standard. IEEE Std 1451.1-1999 provides a logical model for this modulg
ut the uise of IEEE Std 1451.1-1999 is not required for an NCAP to be in compliance with this standard g
thetvmembers of the IEEE 1451 family based on this standard.

= OO v «n

= O O

— — A

=

5.1.3 Transducer Services Interface

This software interface is defined in this standard in terms of an application program interface or API. See
Clause 10 for the details of this interface.

© IEEE 2007 — All rights reserved
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5.1.4 NCAP IEEE 1451.0 services

The block defines the functions and services provided to the NCAP communications module and to the
NCAP applications. The functions provided by this module are defined in this standard. These functions
include the command set and the TEDS. Features are included in the standard to support capabilities such
as triggering and synchronous sampling of sensors, but the detailed implementation is left up to the other
standards in the family.

Figure 1—Reference model
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Figure 2—Alternative view. of the reference model

8.1.5 Module Communications Interface

The Module Communications Interface is(defined in this standard in terms of an API that is used to pas
ipformation across the interface between the NCAP IEEE 1451.0 services and the NCAP IEEE 14513
Communication Module. The physical aspects of this interface are not described in the standard. That is
Ieft up to the manufacturers. See Clause 11 for details of this interface.

[ 2

85.1.6 NCAP IEEE 1451.0/X%Communication Module

ther members of jthe IEEE 1451 family of standards cover the NCAP communications modulg.
IEEE Std 1451.2-1997, IEEE Std 1451.3-2003, and IEEE 1451.5™-2007 [B4] should all be examples d
these standatds-"This module provides the low levels of the communications protocol stack and any othe
services that'the NCAP requires to function in the system.

=

8.1{7 Physical interface (PHY)

The physical interface between the NCAP and the TIM is left up to the other members of the standards
family to define. It is not described in this standard. Functions needed across this interface such as
synchronization, if applicable, are described but not their implementation.

5.1.8 TIM IEEE 1451.X Communication Module

The TIM IEEE P1451.0/X Communication Module is logically the complement of the NCAP
IEEE 1451.0/X Communication Module but not identical since there are services required in the TIM that
are different than the services required in the NCAP. As with the NCAP IEEE 1451.0/X Communication
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Module, this module is not defined in this standard but is defined by other members of the family of
standards.

5.1.9 TIM IEEE 1451.0 services

This standard describes the services that are performed in this function. Most services performed by the
NCAP services have counterparts within this block.

8.1.10 Transducer measurement API

This interface is left up to the manufacturer and is outside of the scope of this standard.

8.1.11 Signal conditioner and data conversion functions

w)

The details of the signal conditioning and data conversion functions ate outside of the scope of thi
standard.

8.1.12 Transducer analog interface
his interface is the physical interface between the signdDcenditioning and data conversion functions anfl

]
ip outside of the scope for all members of the IEEE\1451 family of standards except IEEE Std 1451.4
2004.

8.1.13 Transducer

The transducer is considered outside of the scope by all members of the IEEE 1451 family of standards.

8.1.14 TEDS

The basic TEDS are-defined in this standard along with the access methods for them. However, some
information that relates to the physical interface is defined in other standards in the IEEE 1451 family.
These TEDS are.defined in the other standards. See Clause 8 for detailed descriptions of the TEDS.

85.1.15 The use of IEEE Std 1451.4-2004 with this reference model

The<dEEE 1451.0 layer is defined for the transfer of digital information between modules in a system. Thie
IEEE 14510 TEDS arc used to describe the entire 11M, including the transducer, signal conditioner, and
data converters. The analog information that is being described as transported using these interfaces is not
covered by any of this family of standards. However, IEEE Std 1451.4-2004 adds a TEDS in parallel with
the analog output from a transducer. These TEDS give the characteristics of the analog information that
may be obtained using an IEEE 1451.4 sensor. The use of IEEE 1451.4 transducers is not required by any
other member of the IEEE 1451 family of standards. However, it is allowed as shown in this reference
model. To use an IEEE 1451.4 device with an IEEE 1451.0-compatible device requires the appropriate
signal conditioner for the transducer and an IEEE 1451.4 TEDS Translator. The TEDS Translator is
required to combine the contents of the IEEE 1451.4 TEDS with the characteristics of the signal
conditioner to allow the IEEE 1451.0 TEDS to describe the overall TIM. Both sets of TEDS are described
in the standards for the family members, but the details of how to combine the TEDS are not covered in
any of the standards.
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IEEE 1451.4 transducers are commonly used with interfaces that do not comply with the other members of

the IEEE 1451 family of standards. In these cases this reference model does not apply.

5.2 Plug-and-play capability

A 11MI(S) and NCAF that ar¢ bullt 10 this Standard shall b€ able 10 bC connected using a compatbl

here shall be no need for different drivers, profiles, or other system software changes to provideibasi
peration of the transducer. Applications that use, produce, or display the data associated with a.transducg
re not included in this statement. Features that go beyond the requirements of this standard are alloweg
ut they impact the plug-and-play capability of the TIM or NCAP.

o il o> T o WS L o

8.3 Addresses

Two levels of addressing are used in this standard. One level of addressing/is associated with the physicd
layer implementation. The details of this address are covered in the members of the IEEE 1451 family thg
define the communications media. The Module Communications API-links this address to the “destld
with the discoverDestination call described in 11.3.13. This leyelvof addressing allows messages (se
(lause 6) to be sent between a TIM and an NCAP or between TIMs. For more details about this address
see the standard for the physical layer communications.

he second level of addressing is the TransducerChannel number for a given TransducerChannel withi
he TIM. These 16 bit numbers are used in command messages as described in 6.1.2 as the Destinatio
ransducerChannel number or in reply messages (see 6.1.4) as a source TransducerChannel number. Thi
bvel is used to specify to the TIM how the message should be directed or to tell the NCAP where it cam
rom within the TIM. Rules are associated with the interpretation of a TransducerChannel number that ar
iven in Table 5. Each row in the table.défines a name for a class of addresses and that name is use
hroughout the standard.

R U 1 T e = Wl S K o S S |

—

Vot all commands may be honoréd by all address classes. The address class that honors a particulg
dommand is defined in Clause % along with the definition of the commands.

Table 5—Rules for TransducerChannel humber usage

hysical communications media and shall be able to operate without any changes to the system softwarg.

= O

— —

[¢]
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Address class Value Description

Global OxFFFF Global addressing is a special GroupAddress that pertains to all
TransducerChannels on the TIM.

AddressGroup 0x8000<A<0xFFFE There are two types of AddressGroups as defined in Table 6. The

Bit Mapped AddressGroups are used when a few AddressGroups
are needed and it is desirable to send a command to multiple
AddressGroups at the same time. Binary AddressGroup are used

when a large number of different AddressGroups are required.

Add 20003 £ 41 1l odd
YGaTreSS-uXSvooiS-a o conar-aaaress:

TransducerChannel 1<A<Ox7FFF An address with the most significant bit set to zero. The
remaining 15 bits identify the TransducerChannel for which the
message is intended.

TIM 0 An address within the message of zero indicates that the message
is intended for the TIM and not an individual
TransducerChannel.
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Table 6—AddressGroups
Address class Value Description
Bit Mapped 0x8000<A<0xBFFF The most significant bit is set to one, the next most significant bit
is zero, and at least one other bit is set to a one. The pattern in
the two most significant bit is set to indicate that this is a group
address. The other bit or bits identify the group(s).
Binary 0xC000<A<O0xFFFE The two most significant bits are set to one, and the remaining 14

bits-form-a-binarpatternidentifianaa-sinale-address-aroun.
TP Y £ P-

8.3.1 Global addresses

=]

(Commands addressed to the Global address shall be received and honored by all TransducerChannels o
the addressed TIM(s). If the received command is not implemented by a TIM or TransducerChannel, the
dommand shall be ignored and no error shall be generated.

8.3.2 AddressGroup addresses

(Commands issued to an AddressGroup shall be honored by all TramsducerChannels that have beep
ipitialized as members of that AddressGroup. See the AddressGroup definition command in 7.1.2.3 fqr
How to assign or clear an AddressGroup assignment. If the recéived command is not implemented by p
TIM or TransducerChannel, the command shall be ignored and thé command rejected bit shall be set in the
TIM or TransducerChannel.

The use of AddressGroups across multiple TIMs requires that a method of addressing multiple TIMs b
gstablished before TransducerChannels can be assigned to AddressGroups. See 10.1.3 and 10.2.4 for th|
details of the method required to make these assighments.

[CHLYL

§.3.2.1 Bit-mapped AddressGroup addresses

Hach AddressGroup is represented by having the most significant bit in the AddressGroup assignment sg
tp one, the next most significant_bit set to zero, and one other bit set in the TransducerChannel numbg
field of the address class. The one, zero pattern in the two most significant bits of the TransducerChanng
rlumber field indicates that the address is a bit-mapped group address. Using bitwise OR logic, onl
dommand may be isSued to multiple AddressGroups simultaneously. This allows for 14 differen
AddressGroups.

— D r— = =+

8.3.2.2 Binary;:AddressGroup addresses

—

Hach (AddressGroup is represented by having the two most significant bits in the AddressGroup assignmer
set.to-one. The remaining 14 bits in the TransducerChannel number field of the address class identify th|
YddressGroup. 1 mis attows for 16 383 different AddressGroups.

[¢]

5.3.3 TransducerChannel number

Command and reply messages that have a number between one and Ox7FFF, inclusive, in the
TransducerChannel number field are addressed to a TransducerChannel. They shall be received and
honored by the TransducerChannel to which they are addressed. If the received command is not
implemented by the TransducerChannel, the command shall be ignored and an error shall be generated as
specified for the individual command.
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5.3.4 TIM addresses

Command and reply messages that have zero in the TransducerChannel number field are addressed to a
TIM. They shall be received and honored by the TIM to which it is addressed by the “destld.” They are
intended for the interface module and not for any particular TransducerChannel within the TIM. If the
received command is not implemented by a TIM, the command shall be ignored and an error shall be
denerated as specified for the individual command.

5.4 Common characteristics
Jubclauses 5.4.1 through 5.4.4 define the operating characteristics that are' common to all
TransducerChannel types.
8.4.1 Operating states
A high-level state transition diagram for a TransducerChannel is proyided as Figure 3. There are two basi

4

dperating states for a TransducerChannel after it comes out of initialization. The TransducerChannel enter|
the “Transducer Idle” state when it comes out of initialization. A TransducerChannel accepts mos
d
S
t

v O

ommands when it is in the Transducer Idle state. A TransddeerChannel enters the Transducer Operatin|
tate upon receipt of a TransducerChannel Operate (see 71.4:1) command and remains in this state unt
he TransducerChannel Idle (see 7.1.4.2) command is received.

— U =

[¢]

As shown in Figure 4, a TIM has three states. A TIM\is placed in the TIM Initialization state by a reset (se
.1.7.1) command or by a power-up event. Ongeif"completes the initialization process, it transitions to thl
TIM Active state. A TIM may be placed in the’TIM Sleep state by the TIM Sleep (see 7.1.6.2) command.
The only command that a TIM shall accept when in the TIM Sleep state is the Wake-up (see 7.1.5.1)
dommand that returns it to the TIM Active'state.

w

Hor more details about what commands may be accepted by a TransducerChannel in each state, see the
detailed description of each command in Clause 7.

Trigger

Transducer
Operating

TIM Sleep
Enable TransducerChannel Halt State Reset
Command Command Command

Transducer
Idle

Initialization Complete

Reset or Power On or
TIM Initialization State

Transducer
Initialization

Figure 3—TransducerChannel operating states
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Sleep
Command

Timeout

/ CubtUlll
Initialization Complete TIM Sleep
Wake-Up
Command

TIM Initialization |«— Reset or Power On

Figure 4—TIM operating states
8.4.2 Enabling and disabling triggers
A TransducerChannel may have its ability to be triggered enabledvor disabled by means of commands.

Wnless otherwise noted, all operations described in this document ate for TransducerChannels with triggets
gnabled.

8.4.3 Diagnostics
ne prime reason for using Smart Transducers«s to be able to have devices that can perform self-check d

diagnostics. The standard provides a mechahnism to engage diagnostics, but no requirements are impose
dn the scope of the diagnostic logic.

)

jeny

§.4.4 Structures used to store and transmit data

Three structures are used to store and transmit data in this standard. They are the data set, the message, an|
the packet. The following subclauses describe each of these structures. The applications above the protocd
stack deal with data ‘sefs. The upper layers of the protocol stack deal with messages. If a data set contain
1]
1]

W 1 — &

hore octets than can’be sent with a single message, it shall be broken up by the application into multipl
hessages.

§8.4.4.1 Data sets

Vs 11 Tlallbdu\,cl Clldllllc}b UPCI CltU Wltll “data Dctb.” T}ll U ﬁcldb Wit}lill t}lC Tl allbdubcl C‘lldllllc‘l TEDS dcﬁll
a data set. The Maximum data repetitions field (see 8.5.2.28) defines the maximum number of individual
data samples in a data set. The actual number of samples may be made lower than the number in the
Maximum data repetitions field by the optional Set TransducerChannel data repetition count (see 7.1.2.1)
command. When reset or powered up, the unit uses the default value. If the data repetition count is
programmable, the default value shall be zero. If the data repetition count is not programmable, the default
value shall be the same as the number in the Maximum data repetitions field of the TEDS. The second field
is the Series increment field (see 8.5.2.30). This field is used to determine the interval between samples,
and it may be overridden by a manufacturer-defined command or an embedded actuator. The third field is
the Series units field (see 8.5.2.31). This field defines the units for the Series increment field. The
implication of the Series units field is that the units of the Series increment field do not need to be time and
that if this is the case, the time interval between samples may not be uniform.
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Example: The Series units are Kelvins, and the Series increment is 0.5. This combination would cause a
sensor to acquire data every 0.5 degrees. The samples would be at uniform temperature intervals instead of
at uniform time intervals.

5.4.4.2 Messages and packets

Messages may contain up to 65 535 octets plus the octets in headers. However, the data link and physicg
layers of the protocol stack transmit packets. The maximum packet length is defined in the standar
defining the physical and data link layers. If a message is too long to fit within a single packet;)it-is thi
1
t

= O L —

psponsibility of the data link layer in the protocol stack to break messages down into multiple packets fdg
Fansmission.

8.5 Transducer Electronic Data Sheets

EDS are blocks of information in one of the formats defined in one of the\subclauses in Clause 8. The
re intended to be stored in nonvolatile memory within a TIM. However,\there are applications where thi
5 not practical, so the standard allows them to be stored in other places in the users system. When stored i
ome location other than the TIM, they are referred to as “virtudl” TEDS. The manufacturer of th
ransducerChannel is expected to provide the virtual TEDS butinot to store them in the TIM. It is th|
psponsibility of the user’s system to provide a link between/the-only information that is guaranteed to b
vailable from the TIM, that is the UUID, and the file thaf contains the virtual TEDS in the system. Th
NCAP or host processor provides this service if it is uséd: A TIM may provide a mixture of TEDS store
h the TIM and virtual TEDS. The response to the Query TEDS command (see 7.1.1.1) contains flags tha
ndicate whether the TEDS is supported and whether it is virtual. A virtual TEDS is considere
supported” if the manufacturer provided a filedon some suitable media containing the information
poardless of whether the user loaded it into the'system.

P T M S T/ S — TR |
=+ 0O 0O 0 0 5 <X

—

\s a general rule a TEDS is not changed-once the manufacturer or the user establishes the contents of
EDS. However, it is possible to design TransducerChannels that can change the contents of a TED
uring operation. This change can be caused by the use of an embedded actuator to change what woul
ormally be a constant in the TEDS or by logic within the TIM or TransducerChannel that makes a chang
vithin the device requiring & change to the contents of a TEDS. To be able to handle this case, the TED
ttributes contain a bit, the, “Adaptive” bit, that identifies whether the TEDS can be changed by logi
hternal to the TIM or FransducerChannel. A status bit is set if the contents of a TEDS are changed withot
priting the TEDS.

oD P R S = W HL
0 UTo T UTTD

Hour TEDS ar&required for all TIMs, and others are optional. The required TEDS are as follows:
Meta-TEDS

TransducerChannel TEDS

User’s Transducer Name TEDS

PHY TEDS

See Clause 8 for the detailed specifications for all TEDS defined by this standard.

5.5.1 Required TEDS

A high-level description of the required TEDS along with the purpose of these TEDS is given in 5.5.1.1
through 5.5.1.4.
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5.5.1.1 Meta-TEDS

The meta-TEDS give some worst-case timing parameters that are available to be used by the NCAP to set
time-out values in the communications software to determine when the TIM is not responding. The
remainder of this TEDS describes the relationships between the TransducerChannels that exist within the
TIM. See 8.4 for the specifications for this TEDS.

§.5.1.2 TransducerChannel TEDS

—

The TransducerChannel TEDS gives detailed information about a specific transducer. Nf-gives wha
ghysical parameter is being measured or controlled, the range over which the TransducerChannel operates
t
8

he characteristics of the digital I/0, the operational mode(s) of the unit, and the timing/information. S}
.5 for the specifications for this TEDS.

(€]

8.5.1.3 User’s Transducer Name TEDS

The User’s Transducer Name TEDS is intended to be used to provide.a-place for the user of the transducd
tp store the name by which the system will know the transducer. The structure of this TEDS i
recommended in the standard, but since the contents are usef)defined, it cannot be required. All th
1]
t

09 O 0 =

hanufacturer of the TIM needs to do is to provide the nonvelatile memory that the user may write usin,
he standard TEDS access methods. See 5.5.1.3 for furtherydetails of this TEDS.

NOTE—The User’s Transducer Name TEDS is intendedt0,support “Object Tags,” as defined in IEEE Std 1451.1
1{999 or other similar uses.

8.5.1.4 PHY TEDS
The PHY TEDS is dependent on the’ physical communications media used to connect the TIM to the
NCAP and is not defined in the standard although the method of accessing it is defined.
8.5.2 Optional TEDS

A high-level desctiption of the optional TEDS along with the purpose of these TEDS is given in 5.5.2.]
through 5.5.2.10:

§.5.2.1 Calibration TEDS

herCalibration TEDS pros ides the calibration constants necessary to convert the (\nfpnf of 3 sensor int

engineering units or to convert an engineering units value into the form required by an actuator. Two
methods are supported. One is the common linear method that uses the general form of y = mx + b. The
other method is a completely general form that can do almost anything. See 8.5.2.55 for the specifications
for this TEDS.

5.5.2.2 Frequency Response TEDS

The Frequency Response TEDS uses a table to provide the frequency response of the TransducerChannel.
See 8.7 for the specifications for this TEDS.
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5.5.2.3 Transfer Function TEDS

The Transfer Function TEDS describes a way to link a series of individual transfer functions together to
describe the frequency response of a TransducerChannel in an algorithmic form. See 8.8 for the
specifications for this TEDS.

§.5.2.4 Text-based TEDS

Text-based TEDS are a family of TEDS that provide text-based information about (ayTIM o
TransducerChannel. These TEDS can be in one or more languages. They consist of apdirectory tha
f]
3

- =

hcilitates access to a particular language sub-block within the TEDS followed by the blecks of TEDS thg
re defined using XML. See 8.9 for the specifications for this TEDS.

—

8.5.2.5 Commands TEDS

—

he commands TEDS is a Text-based TEDS that provides a way for thestmanufacturer to specify additiond
ommands beyond those included in the standard. These commands-are intended primarily to allow th
ommands necessary to set up a specific transducer and signal cenditioner. Annex D contains an exampl
chema for this TEDS, and Annex H gives an example of this TEDS.

w

L0 O el
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§.5.2.6 Identification TEDS

IEEE Std 1451.2-1997 identified a Meta-Identification TEDS, a Channel Identification TEDS, and
(alibration Identification TEDS. These TEDS were intended to provide textual information about th
§TIM, the TransducerChannel, and the calibration. In this standard, these TEDS have all been lumped int
the category of Text-based TEDS and arenét individually defined. The Schema in Annex D and example
inh Annex E, Annex F, and Annex G may'be used to duplicate the intent of these TEDS as defined in IEE]
Jtd 1451.2-1997. Provisions are made-in this standard to access TEDS with these names.

o™ o O S

8.5.2.7 Geographic location"TEDS

The Geographic locdtion TEDS is a Text-based TEDS that contain static geographic location informatior}.
I} is expected to_be written by the user to indicate the location at which the TIM is installed. The contents
df this TEDS shall conform to the definition of a Text-based TEDS as specified in 8.9. The data block sha
b
q

™ —

e in the Geography Markup Language (GML) developed by the Open Geospatial Consortium (OGC) an
pecifiedin ISO/DIS 19136.

=]

The Geographic Location TEDS specifies the location of the sensor. The sensor location shall be defined i
cordance with the Gpngrqphy Mm‘l(np L anguage (Gl\/ﬂ ) schema for a pni‘nt' “gml’pni‘nt”

Gml:point is an instance of gml:PointType that is included in the GML Schema: geometryBasicOd1d.xsd
The GML schema geometryBasicOd1d.xsd is identified by this URI:
urn:opengis:specification:gml:schema-xsd:geometryBasicOd1d:v3.1.0

Use of gml:point in this specification shall be restricted in the following ways:
gml:point shall use the DirectPositionType, i.e., gml:pos

gml:point shall not use gml:coordinates or gml:coord
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gml:pos shall include the attribute gml:SRSReferenceGroup

Note that values of gml:pos are constrained by the Coordinate Reference System (CRS)
identified in SRSReferenceGroup

gml:SRSReferenceGroup shall include srsName

gml:SRSReferenceGroup may include srsDimension

gml:SRSReferenceGroup may include gml:SRSInformationGroup

Ip this specification, srsName shall be given a namespace Uniform Resource Name (URN). An exampl]
fpr the World Geodetic System 1984 (WGS 84) CRS is as follows:

urn:ogc:deficrs:OGC:1.3:CRS84

[¢]

The WGS 84 CRS contains geographic latitude, and then longitude; that is, the/X\dxis corresponds f|
lptitude, and the Y axis corresponds to longitude.

o

It is expected that the manufacturer will provide space for this TEDS and¢the-user will provide the actus
information that goes into it. The amount of memory required is a fungtion of the actual GML locatio
type. This standard does not specify the amount of memory to allet\te this TEDS, but a typical singl
1
g

= = —

hinguage block for this TEDS is expected to occupy 60 to 80 octets, of memory if using a single octet fg
ach character.

Hor the GeoLocTEDS, a simple approach is to specifysuse of “GML Point.” This point specifies th
Ipcation of the sensor once it has been installed. In the\GML Point, a Coordinate Reference System (CRS
rleeds to be identified. Without a CRS, the location of'the point may be inaccurate with the possibility of
1
1

VI & ~ O

00 m difference between two geographic CRS prigins. It is recommended that the writer of this TED
estricts the specification to be an identifier of the*\CRS as specified on GML Point.

8.5.2.8 Units extension TEDS

There are cases, especially in chemical sensors, where it is not possible to completly express the Physicg
Wnits in SI units. For example, a-Sensor sensing the percentage of a certain chemical in a sample would us
q ratio of units, enumeration¥ in the units type field, and the units would Moles. However, this does nd
iflentify Moles of what chemical. To solve this issue, this Text-based TEDS is provided to give a place |
include text that wouldhextend the SI units.

O = O —

8.5.2.9 End User Application Specific TEDS

The End\User Application Specific TEDS is much like the User’s Transducer Name TEDS in that it is
Block ‘of memory that the users may use to store anything that they desire in any format that they want t
usexSee 8.10 for the specifications for this TEDS.

o &

5.5.2.10 Manufacturer defined TEDS

Provisions are included in the standard to allow a manufacturer to define TEDS that are not included in the
standard. The use and structure of manufacturer defined TEDS are left entirely up to the manufacturer. The
manufacturer is not required to make these TEDS accessible by the user. See 8.11.2.3 for the specifications
for this TEDS.
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5.6 TransducerChannel type descriptions

This subclause specifies the general behavior of three TransducerChannel types. Attributes in the
TransducerChannel TEDS describe the capabilities of the various TransducerChannels to the system. The
detailed timing and control of these TransducerChannel types are specified in later subclauses of this
standard. The TransducerChannel types are as follows:

— Sensor
— Event sensor

— Actuator

The term “TransducerChannel” as used in this subclause refers to the physical, transducer and all
dlectronics in the path that connects the transducer to the communications functions?

§5.6.1 Sensor

A sensor shall measure some physical parameter and return digital datarépresenting that parameter. On th
receipt of a trigger, if triggering is enabled, the sensor shall start the€ collection and storing of a data sg
within the TIM. The timing of the individual samples in the data(set shall be controlled by the TIM and is
function of the operating mode of the sensor. A sensor, in theé4ransducer operating state, shall respond to
Read TransducerChannel data-set segment command (seg</1/3.1) by returning the appropriate data set. If
rlew data set is not available, the TransducerChannel shall respond with the same data that were returne
dn the previous Read TransducerChannel data-set segment command.

e & & &« O

§.6.2 Event sensor

An event sensor differs from a sengor™in that it does not determine the magnitude of some physicdl
fghenomena but determines when a‘change of state has occurred. This change of state may be an analo
signal crossing some threshold or'it'is a set of discrete bits that match or fail to match a given bit patterr).
]
7
g

U]

hus, the output of an event-sensor indicates the state of its input. The two allowable states are one anfl
ero. Two pieces of information may be determined from the output of an event sensor. One piece is the
urrent state of the input,;and the other is the time that a change in state occurred.

The TEDS definition for an event sensor is the same as for any other transducer.

8.6.2.1 Event-sensor output

—

The data model of an event sensor output is defined in the TransducerChannel TEDS in the same way th3

the nnflr)nf of any other sensoris defined. Howzes er, the maonitude of the r\nhpnf shall be either zero or one
(=

5.6.2.2 Event time

The event sensor only reports the fact that an event has occurred. Other elements in the system are needed
to determine when the event occurred. There are multiple ways that this process may be accomplished, and
just which method is chosen depends on the requirements of the application. If polling is used to determine
when the event occurred, the time of the event can only be known to within the polling interval. In the
streaming data transmission mode, the NCAP can determine when the event occurred by the time of arrival
of the message. The physical layer is a major factor in determining how much lag there is between the
event and the NCAP recognition of the event. On the other end of the spectrum, the time of occurrence of
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the event may be determined to within a microsecond or less by the use of an embedded time interval
sensor or a Timelnstance sensor in the TIM with the event sensor. See M.2 and M.3 for a discussion of

time interval and Timelnstance sensors.

5.6.2.3 Analog event sensors

Analog event sensors have an input signal that is in an analog form. An event is determined when the inpy
dgrosses a threshold. For an analog event sensor, upper and lower thresholds are defined. The. lowd
threshold differs from the upper by a quantity called hysteresis. The hysteresis value shall be)zero g
dreater. During steady-state operation, a rising transition (i.e., the condition of the input thaf causes th
dutput state to transition from zero to one) shall be when the output state is zero and the analoginput valyl
fasses through the upper threshold. A falling transition (i.e., the condition of the input\that causes th
dutput state to transition from one to zero) shall be when the output state is one and the amalog input valyl
fasses through the lower threshold. Figure 5 shows this behavior graphically. Changés’ of the output stat
shall only be reported after the device has been armed by receiving a trigger. The-upper threshold and th|
H
g
t

he recommended method of making them programmable is to use embedded actuators to set the uppg
hreshold and hysteresis.

Ipitialization of an event sensor will depend on the design.\However, the following process i
recommended. For Event Sensors that report only falling transitiens, the output should be initialized to th
dne state if the analog input value is greater than or equal to the upper threshold. If the input is less than th
ypper threshold, the output should be initialized to the zerd.state. For Event Sensors that report only risin
transitions, the output state should be initialized to the zero state if the analog input is less than or equal ¢
the lower threshold. If the input is greater than the lower threshold, it should be initialized to the one statg
Hor Event Sensors that can report both transitions, pick one of these methods and recognize that if the inpy
ip within the hysteresis band, the first transition may be missed. More elaborate schemes such a
dontrolling the analog input value during initialization are required to avoid this problem.

ysteresis may be fixed at the time of manufacturing the event sensor, or they-may be made programmablg.

T Ug O O «n = W & W O O O = = =+
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Figure 5—Analog event sensor behavior
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5.6.2.4 Digital event sensors

Digital event sensors have one or more discrete input signals. An event is determined when the input
matches a defined pattern for a manufacturer-defined fixed period of time. A rising transition shall be when
the inputs match a specific digital pattern without change for a fixed period of time. The period of time
should be determined by the manufacturer to match the characteristics of the event but may be controlled
By manufacturer unique commands or an embedded actuator. A falling transition shall be when the inputs
dease to match the pattern for some fixed time.

\ digital event sensor may have several associated embedded TransducerChannels. It mag~include
ensor(s) to return the digital input on command and actuators to set up a complex event sensor) Embedde
ctuators may be used to define patterns, masks, time delays, and combinations of several discrete input
hat are combined into one event. The TransducerChannel TEDS for these embedded TransducerChannel
hall be appropriate to their function. The function of each embedded TransducerChannel is defined b
ontrolGroups in the Meta-TEDS that are defined in 8.4.2.8.

a7 T e U = B¢ 2 W
< « v LD

8.6.2.5 Transitions reported

An event sensor may be designed to signal an event on falling transitions or rising transitions, or both. Th
HBdge-to-Report command (see 7.1.2.9) allows the system to sefect which transitions to report as eventg.
The edge-to-report capabilities of the event sensor along with the default condition are defined in th
TransducerChannel TEDS (see 8.5). If the event sensor js in/the transducer operating state when an ever
d
1]
g

[¢)]

S
t
ccurs, an event sensor shall set the data/event bit in«the. status register and shall issue a service requegt
hessage if the status-event protocol is enabled (see\7.1.1.11). If status-event protocol is disabled, thg
ata/event bit in the status register shall be set, but-no'message shall be transmitted.

-

Whether an event has occurred since the last\status read may be determined by examining the data/ever
status bit as described in 5.13.6.

§.6.2.6 Event sensor status
A\n event sensor shall set the/TransducerChannel data/event status bit whenever an event is detected i

4

dither the transducer operating or the transducer idle states. If the event sensor is in the transduce
dperating state but has'net been triggered, it shall set the TransducerChannel missed data or event status b
g
§

W =+ = =

oincident with any ¢vent that occurs. The TransducerChannel missed data or event status bit shall not b|
et if the event.sensor is in the transducer idle state.

onsistency checks may be made by the TIM if the bit pattern is changeable for a digital event sensor, g
ither the upper threshold or hysteresis is changeable for an analog event sensor. Inconsistent values ar
ignaled by setting the hardware error status bit (see 5.13.7). If inconsistent values are checked, the chec
hallvbe made immediately following a change in any of these parameters. The check shall consist O
verifying the following relationships:

LN~
= I R

For analog values:
Maximum sensed input > upper threshold > (upper threshold - hysteresis) > minimum sensed input value
For digital patterns: The pattern is a legal input.

NOTE—Consistency checking by the TIM shall only use data in the data model specified by the TransducerChannel
TEDS of the embedded TransducerChannels.
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5.6.2.7 Continuous sampling event sensors

Like sensors and actuators, event sensors may be operated in the continuous sampling mode (see 5.10.1.6).
In the continuous sampling mode, an event sensor in the transducer operating state shall detect and place in
a buffer the fact that an event occurred without subsequent triggers.

8.6.2.8 Event sensors in the streaming data transmission mode

Llike sensors and actuators, event sensors may be operated in the streaming data transmission,mode. In th
Jtreaming when a buffer is full mode (see 5.10.2.2), an event sensor in the transducer operating state sha
transmit a message each time an event occurs. In the Streaming at a fixed interval data transmission mod
(pee 5.10.2.3), the event sensor shall store in a buffer the fact that an event or events has oc¢curred and sha
transmit the buffer at the appropriate time.

— 0 —

§8.6.2.9 Time between events

—

The minimum time between events that an event sensor can detect’is~limited by the design of the evern
sensor. The minimum time between events that can be detected by the¢ event sensor shall be specified in th|
TransducerChannel TEDS field, TransducerChannel sampling period (8.5.2.36).

[¢]

§.6.3 Actuator

An actuator shall cause a physical or embedded output action to occur. The actuator output state changes t
rhatch the appropriate data set when a triggering\event occurs. If there is more than one data point in a dat
set, the interval between issuing the individuahdata points shall be under the control of the TIM.

| e

An actuator may be built that does not reéquire a data set be written to it before it performs an action. This
ype of device always uses a default.data set or no data at all and performs a predefined action upon th|
receipt of a trigger.

—t
()

8.7 Embedded TransducerChannels

mbedded TransducerChannels are TransducerChannels whose functionality is completely containefl
ithin a TIM,2)An embedded TransducerChannel does not sense or control any function outside of the TIM.
or example) embedded actuators may be used to set the threshold and hysteresis of an event sensor. A
mbedded*digital event sensor may be set up to detect and report any change in the status within a TIM.
mbedded TransducerChannels appear to the system as normal TransducerChannels. They respond tp
ommiands, have TEDS, and are counted when determining the number of TransducerChannels in a TIM.

=]

O oo o

NOTE—The advantage of using “embedded” TransducerChannels over control commands is that “embedded”
TransducerChannels are supported by TEDS, which gives the overall system a standard way to obtain the details of
operation of the TIM. They should be used when it is difficult to specify the resolution of a control command in a
standard way.

5.8 TransducerChannel groups

Two types of TransducerChannel groups are defined in this standard. They are ControlGroups and
VectorGroups. They are similar in implementation but are used for two different functions.
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5.8.1 ControlGroups

ControlGroups are used to define collections of TransducerChannels when one TransducerChannel is the
primary channel, and the remaining TransducerChannels in the group provide either additional information
about the primary TransducerChannel or are used to control some aspect of the primary
TransducerChannel. For example, a ControlGroup may be used to define up to three additional
TransducerChannels associated with an analog event sensor. One is a sensor that is used to measure~the
gnalog input to the event sensor. The second is an actuator that is used to set the threshold for the 'event
sensor. The third is an actuator that may be used to set the hysteresis for the event sensor.

8.8.2 VectorGroups

—

YectorGroups are used to define relationships between TransducerChannels withifi, a§ingle multichanng
TIM that imply a display or mathematical relationship between the TransducerCHantels. For example, the
thay be used to identify the relationships between the components of~a\ three-axis accelerometerf.
]
i

<

o

(ectorGroups are used by the software in the NCAP or host processgr to group the outputs of th
ihdividual TransducerChannels into vectors for display or computational purposes.

NOTE—VectorGroups are in some ways similar to TransducerChannel prexics. TransducerChannel proxies are use]
tp identify TransducerChannels that are grouped together for reasons such as efficient transmission of the data and/d
Imultaneous triggering. Proxies may or may not represent a vector for display or computational purposes. However,
i

i recommended that all vectors be implemented as proxies, espécially in spatial vector applications (like velocity
celeration), where the measurements of the three compenénts at different points in time could lead f
rhisinterpretation.

O = = = &

5.9 TransducerChannel proxy

A TransducerChannel proxy is an artificial construct used to combine the outputs of multiple sensors or th
ipput to multiple actuators into a sihgle structure. A TransducerChannel proxy has a TransducerChanng
rlumber and may be read or written; but it does not have the other characteristics of a TransducerChanne].
This means that a proxy dees.iiot have a TransducerChannel TEDS, a Calibration TEDS, a Transfg
H
q

— CD

—

unction TEDS, or a Frequency Response TEDS. The TransducerChannel proxies that exist in a TIM arg
efined in the Meta-TEDS (See 8.4.2.14).

—

Llike any other transducer, a TransducerChannel proxy is permanently assigned a TransducerChanng
rfumber by the ‘manufacturer. Thus, a proxy may be addressed in a manner consistent with all othe
TransducerCharnels implemented on the TIM.

—

A proxy_shall not represent a collection of incompatible transducer types. In other words, a prox
représents a group of sensors or a group of actuators but shall not represent a group containing bot
transducer types.

=R

Reading or writing the data from the individual members of a proxy may be allowed or disallowed at the
manufacturer’s discretion. If the manufacturer chooses to disallow reading or writing the individual
members of a proxy, then the receipt of one of those commands shall set the appropriate
TransducerChannel command rejected bit (see 5.13.4) in the status word.

Two methods may be used to combine the data-sets for the proxy. They are the “block™ and “interleave”
methods. These two methods are shown graphically in Figure 6. The block method allows the data sets to
be of different lengths. With the interleave method, all data sets shall have the same size.
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Block method of Interleave method of
combining data sets combining data sets
data set from transducer 1 Optional data sample from transducer X

1st data sample from transducer 1
rstdata sample from transaucer 2

data set from transducer 2 1t data sample from transducer N
2" data sample from transducen 1
2" data sample from transducer 2

data set from transducer 3 2d data sample from4ransducer N

Lastdata sample from transducer 1
[ast data sample from transducer 2

data set from transducer N

Last data sample from transducer N

Figure 6—Methods of combining data sets

5.10 Attributes and operating-modes

)

ubclauses 5.10.1 through 5(10:7.3 define the operating modes that are described by the attributes found ih
the TransducerChannel TEDS. Each attribute indicates whether a TransducerChannel supports th
gssociated operating mede. Some of these modes of operation are mutually exclusive, and others may b
gnabled at the same time.

W O

8.10.1 Sampling modes

A senSorror actuator may be operated in one of five sampling modes. The sampling modes have different
relationships between the trigger and the sampling of the data by a sensor or the application of a sample tp

defined by the attributes given in the TransducerChannel TEDS. For the possible values of these attributes,
see 8.5.2.44.

The trigger-initiated and free-running sampling modes are mutually exclusive. The TransducerChannel
shall be operated in one of these two modes. The other three modes are variations on these two basic
operating modes.
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5.10.1.1 Trigger-initiated

In the trigger-initiated sampling mode, a sensor shall begin acquiring a data set immediately upon receipt
of a trigger. An actuator shall start outputting a data set immediately upon receipt of a trigger. Sample
processing continues until all samples in the data set are processed at a rate determined by the TIM and
then stops.

8.10.1.2 Free-running without pre-trigger

Ip the free-running sampling mode, a sensor is measuring some physical parameter autonemously anf
dontinuously when in the transducer operating state. The data being acquired and converted are discardef
yntil a trigger is received. Once a trigger has been received, the next sample converted is stored in the
TransducerChannel or TIM as the first word in the data set. Consecutive samples are stored until the entire
data set is completed. At this point, the TransducerChannel returns to discarding,Samples until the next
trigger is received. The sampling operation of a TransducerChannel when in-the*transducer idle state is gt
the discretion of the manufacturer.

An actuator operating in the free-running sampling mode shall applythe-data set received before the trigge
ip accordance with its End-of-data-set Operating mode.

=

8.10.1.3 Free-running with pre-trigger

h the free-running sampling mode, a sensor is measuring some physical parameter autonomously an
ontinuously when in the transducer operating state, The data being acquired and converted is stored until
Figger is received or the pre-trigger count (sée*7.1.2.2 and 8.5.2.32) is reached. After the number o
amples that have been stored reaches the prestrigger count, the next sample acquired shall cause the oldes
ample to be discarded and the new sample shall be stored. Once a trigger has been received, the ney
ample converted is stored in the TIM as the next word in the data set. Consecutive samples are stored i
he TIM until the entire data set is ¢ompleted. The data set shall be complete when the number of sample
qual to the data set size minus the pre-trigger count has been acquired after the trigger is received. Th
chavior after the data set js“¢omplete is described in 5.10.1.4 or 5.10.1.5. The response to additiong
riggers before the operation ‘started by the first trigger is complete is described in 5.11.5.

— ) N P = = = & L

= T O = N N N = O

An actuator may not®e,operated in the free running with pre-trigger mode.

8.10.1.4 Free-running with pre-trigger without buffers enabled

Whenrthe data set is complete the TransducerChannel returns to discarding samples until the next trigger i
received or the data set is read. After the data set is read, the TransducerChannel shall start storing sample
gain’ while waiting for another trigger. In this mode, the data set may only be read once. Subsequent rea
before the next trigger will return 0 octets. The sampling operation of a TransducerChannel when in the
transducer idle state is at the discretion of the manufacturer.

wv w»n

5.10.1.5 Free-running with pre-trigger and buffers enabled

When the data set is complete, the TransducerChannel shall switch to the next empty buffer and start
acquiring data samples for the next data set. If no empty buffers are available, it shall discard any samples
acquired until a buffer becomes available. A buffer shall be considered available after it has been read. The
sampling operation of a TransducerChannel when in the transducer idle state is at the discretion of the
manufacturer.

© IEEE 2007 — Al rights reserved 37


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

38

5.10.1.6 Continuous sampling mode

In the continuous sampling mode, a sensor shall begin to acquire samples and store them in one of its
buffers when it receives an initial trigger. The operation shall be similar to the free-running without pre-
trigger mode described in 5.10.1.2 except that the TransducerChannel does not stop when a data set is
acquired but switches to the next available buffer and continues to acquire data. Operating in this mode
requires that the sensor have multiple buffers available for storing the data samples. Once all buffers-ar
full, the data in the oldest buffer shall be discarded regardless of whether it has been transmitted. o, th|
NCAP and that buffer shall be used to store the data being acquired. If the streaming at a fixed)intervs
transmission mode described in 5.10.2.3 is being used, the sensor shall switch to an empty buffer at th
§
g
g
F

tart of a new transmission interval, regardless of whether the current buffer is full. However, 1f)the numbg
f samples acquired within a transmission interval is greater than the Max Data Repétitions from th|
ransducerChannel TEDS (see 8.5.2.28), then the data set shall be truncated at the Max|Data Repetition|
nd the TransducerChannel Missed data or event (see 5.13.5) bit shall be set.

v O = O — O

After an initial trigger, an event sensor operated in the continuous sampling mode shall detect a change i
state at its input, store that state change for transmission, and continue to lgok-for additional changes in if
input state. This requires that the event sensor have multiple buffers ‘and” use them like a sensor use
Huffers. If the streaming at a fixed interval transmission mode is being used, the TransducerChannel sha
§
b

— — 1 R =

witch to an empty buffer at the start of a new transmission interval, regardless of whether the currer
uffer is full.

In the continuous sampling mode, an actuator shall apply dll data in its current buffer when the first trigggd
ip received at a rate controlled by the TransducerChannel Once all data in that buffer has been applied,
shall switch to the oldest filled buffer and continuejapplying the data. If another filled buffer is nd
gvailable, the actuator shall take the action describedvin 5.10.4 and controlled by the setting of the End-of
data-set operations attribute as described in 8.5:2:48. If this action is to “recirculate,” the unit shall not loo
fl
S
t
i

= =+ =

pr a new filled buffer until it completes reapplying the current buffer. If that action is to “hold,” the un
hall switch to the new buffer as soon as it>has been received and stored in memory. If an attempt is mad
b write data to this TransducerChannel\and no empty buffers are available, the incoming data shall b
ipnored and the TransducerChannel Missed data or event bit shall be set.

W O =+ A~ 1

8.10.1.7 Immediate operation

A sensor in this sampling mode will immediately acquire a data set and transmit it as a response to a Reafl
TransducerChannel™ data-set segment command. The receipt of the Read TransducerChannel data-sg
segment command Will function as a trigger.

—

An actuafor)“in this sampling mode will immediately apply the data-set received from a write
TransducerChannel data-set segment command. The receipt of the write TransducerChannel data-sg
segment’ command will function as a trigger.

—

5.10.2 Data transmission mode

Three data transmission modes are defined in this standard as shown in Table 7.
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Table 7—Data transmission mode

Enumeration | Argument name Data transmission | Description
mode
XmitMode.reserved[0] Reserved
1 XmitMode.OnCommand Only when A TIM shall transmit a data set only in
commanded response to a Read TransducerChannel data-set

segment command (see 7.1.3.1).
2 XenidvodeBufferkal——— i

—Sﬁeaméﬂg—ﬂaeﬁ—a—Wll
buffer is full without waiting for the NCAP to issue a(Read

TransducerChannel data-set segment gommapd

(see 7.1.3.1).
3 XmitMode.Interval Streaming at a fixed | Data buffers are transmitted at a(fixed intervpl.
interval The TransducerChannel shallVstop using the

current buffer regardless ofthow much data 4
in it, shall begin storing data in another buff]
and shall transmit ,the buffer it was usi
without waiting for\a’ Read TransducerChant
data-set segment.command (see 7.1.3.1).

re
br,
ng
el

44127 XmitMode.reserved[N] Reserved
4<N<127

128-255 XmitMode.open[N] Open to
128<N<255 manufacturers

8.10.2.1 Only when commanded mode

When in the Only when commanded mode, a Transducer€hannel shall only transmit a data set in respons
tp a Read TransducerChannel data-set segment command (see 7.1.3.1).

8.10.2.2 Streaming when a buffer is full mode

Vhen in the Streaming when a buffer is full mode, a sensor or event sensor shall transmit a data set as so0o
s a complete data set has been acquited. An actuator does not stream data, so it may not be operated in thij
hode. The equivalent operating-#node for an actuator is the Continuous sampling mode described i
.10.1.6.

n = Q0

5.10.2.3 Streaming at'a fixed interval mode

When in the Streaming at a fixed interval mode, a TransducerChannel shall transmit a data set or partis
data set at_regular, fixed intervals. When operated in this mode, the TransducerChannel data repetition
shall notbetised to determine the number of samples in a data set. The number of samples in a data sg
shall pe determined from the sampling rate and the periodic transmission interval. However, if the numbg
df samples acquired within a transmission interval is greater than the Maximum data repetitions from th

=B E=]

D = =~ N =

ransducerChannel TEDS (see 8 52 28) then the data set shall be fruncated at the Maximum dafi

repetitions and the TransducerChannel hardware error bit (see 5.13.7) shall be set.

The method of defining the sample interval is defined in the appropriate transmission media standard and i
not covered in this standard.

5.10.3 Buffered operation mode

S

A sensor or actuator may be capable of being operated in buffered or non-buffered modes. In the buffered
mode, one buffer is available to be read from a sensor or applied to an actuator output, whereas other

buffers are available to be filled. A characteristic of a TransducerChannel operating in the buffered mode i
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that the data available to be read or applied are always the data that were available in a buffer before the
previous trigger. In the non-buffered mode, only a single buffer is available to store a data set. The
buffering capabilities of a given TransducerChannel are described by the Buffered attribute in the
TransducerChannel TEDS. See 8.5.2.47 for the details of this attribute.

A sensor that is in the transducer idle state and before it is placed into the transducer operating state for the
first time after initialization shall return 0 data octets to any Read TransducerChannel data-set segment
dommand (see 7.1.3.1). If a buffered sensor has buffers that are full or partially full when it is returned. tp
the transducer idle state, it shall return the contents of the oldest buffer on receipt of a 'Reafd
TransducerChannel data-set segment command. Upon the receipt of subsequent Read TransducerChanngl
data-set segment commands, the contents of the remaining buffers shall be returned. After theceontents qf
g J
1 J
t

ach buffer that had unread data in it when the TransducerChannel idle command (segV7:1.4.2) wa
pceived have been read, the TransducerChannel or TransducerChannel proxy and shall return O data octef
b subsequent Read TransducerChannel data-set segment commands.

All buffers shall be cleared when the TransducerChannel transitions from the “idle to the transducdr
dperating state.

8.10.4 End-of-data-set operation mode

—

This mode only applies to actuators. The End-of-data-set operation attribute in the TransducerChanng
TEDS (8.5.2.48) defines the possible operations that an actudtor may perform when it reaches the end of
data set. Two possible operating modes are described in 5.10.4.1 and 5.10.4.2.

™

(OTE—These operation modes describe ways to allow actuators to smoothly transition from one data set to anothef.
\lthough this smooth transition is desirable in most cases, there are instances when a rapid transition to anothd
ondition is required, i.e., emergency shutdown. For-thése cases, a second actuator TransducerChannel in the sam
IM may be used that executes the transition to the néw condition. The mechanism for switching control of the outpy
Fom one actuator to the other is internal to the TIM and not covered in the standard.

[CHY

e O N 7
—

3.10.4.1 Hold

An actuator operating in the(hold mode shall use all samples in a data set and then shall continue to use the
lhst sample in the data set until a new trigger is received.

(=]

NOTE—The hold mode is suited to an actuator containing a valve or other mechanical positioner. This type seems {
allso fit bistable-output/logic-type output devices but is also frequently associated with the trigger-initiated sampling
thode.

§5.10.4.2 Recirculate

An-actuatoroperating in-the recireulate mode-shall- apply all samplesina dataset to-the output—thenshall
return to the beginning of the data set, and shall repeat the application of that data set until another trigger
is received or the TransducerChannel is disabled. When returning to the beginning of a data set or to a new
data set, the appropriate sample interval shall be maintained. When another trigger is received, the
TransducerChannel shall switch to the new data set when it reaches the end of the current data set.

5.10.5 Streaming operation

Streaming operation is achieved by combining the continuous sampling mode (see 5.10.1.6) with either the
streaming when a buffer is full mode (see 5.10.2.2) or the streaming at a fixed interval mode (see 5.10.2.3).
A sensor or event sensor in streaming operation shall acquire data and transmit it without further

40 © IEEE 2007 — Al rights reserved


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

commands from the NCAP. A streaming actuator shall apply the data received without a trigger command
being received for each data set.

5.10.6 Edge-to-report operating mode

This operating mode applies to event sensors only.

An event sensor may be capable of operating in one of three modes. In the falling transitions mode; ‘the
report all falling transitions. In the rising transition mode, it reports all rising transitions. See 5.6)2:3 an
3.6.2.4 for the definition of falling and rising transitions. In the all-transitions mode, it reports both risin
gnd falling transitions. The Edge-to-report attribute field in the TransducerChannel TEBRS defines th
dapabilities of the event sensor with regard to this operating mode. When defaults are included, there ar
six possible values to this attribute. See 8.5.2.50 for details.

[CERCERER =

8.10.7 Actuator-halt mode

™

This attribute applies to actuators only. This mode defines what an actuator does when
TransducerChannel idle command is received. The Actuator-halt attribute in the TransducerChannel TED
(pee 8.5.2.51) defines the possible operations.

I

8.10.7.1 Halt immediate

The actuator shall hold the current state of its output until it is returned to the transducer operating state g
fut into the sleep state.

=

§.10.7.2 Halt at the end of the data set

The actuator shall finish applying the-current data set and then hold the last output value of its output untjl
if is returned to the transducer operating state or put into the sleep state.

8.10.7.3 Ramp to a predefined state

The actuator shall us¢ a manufacturer-defined process to ramp the output to a predefined state.

5.11 Triggering

A tmgger is a signal applied to a TransducerChannel or to a set of TransducerChannels to cause them tb
take a particular action. The state diagram in Figure 7 shows the triggering states for a sensor, and Figure 8
shows the triggering states of an actuator.

5.11.1 Sensor triggering

Movement from state to state is dependent on the commands received as defined in Clause 7, the state of
the TransducerChannel (see Figure 3), the state of the TIM (see Figure 4), events occurring, and data set
full/empty status.
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If the TIM is taken out of the Active state, the sensor shall immediately return to the Sensor Trigger
Initialize State. If the TransducerChannel is taken out of the Operating State, then the sensor shall
immediately return to the Sensor Trigger Initialize State. If a Reset Command is received, then the sensor
shall immediately return to the Sensor Trigger Initialize State.

5.11.2 Actuator triggering

jery

Movement from state to state of the actuator triggering is dependent on the commands received as define
ip Clause 7, the state of the TransducerChannel (see Figure 3), the state of the TIM (see Figure 4), event
dccurring, and the data set full/empty status.

2

If the TIM is taken out of the Active state and the actuator is in the Transverse Data-set, state, then th
dctuator shall return to the Actuator Trigger Initialize State by way of the Actuator Halt State. If th
Transducer is not in the Operating State and the actuator is in the Transverse Data‘set state, then th
dctuator shall return to the Actuator Trigger Initialize State by way of the Actuator’Halt State. If a Resg
(ommand is received and the actuator is in the Transverse Data-set state, then\the actuator shall return t|
the Actuator Trigger Initialize State by way of the Actuator Halt State. The-Actuator Halt State uses th
Actuator Halt Operating Mode (see 5.10.7) to process the data set.

D O ~+ OO O O

[¢]

If a Trigger is received while the actuator channel is in the Transyerse’Data-set state (see Figure 8) and th
Hnd of Data-set Operation mode (see 5.10.4) is set to recirculatecaiid a new data set has been received, the
the TransducerChannel shall switch to the new data set whendtreaches the end of the current data set.

=]

The Actuator Halt Mode state shall use the argument from the Actuator Halt Operating Mode command tp
gxit the data set cleanly.

Jeveral methods are recognized by this standard to initiate a trigger. They are explicit triggers commandefl
By the NCAP, an access of the TIM by the NCAP and events within a TIM that may be used as triggers
3
]

nd a trigger command that may be initiated by a NCAP-enabled TIM when an event occurs within th
IM.

[¢]
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POWER ON

IEEE1451.0
Sensor Triggering
State Diagram

EXIT or
T-Ch Trigger Disabled

T-Ch Trigger

o°“e

Sampling
into Data-Set %

Sensor
Sampling

Wait for

*TRIGGER if one of the following occur
1. received the Trigger command
2. events within a TIM

*EXIT if one of following occur
1. receive [Reset] or [Device Clear] or [Abort Trigger] or [Write T-Ch Trigger State] = disabléed
2. TIM no longer in TIM Active state
3. Transducer no longer in Transducer Operating State [name ] means a command

*DONE if NOT in Continuous Sampling Mode and one of the below occur: Name State means a state
1. Sensor Channel done with repetitive count (fills data set and buffers if appropriate)
2. Event Sensor- got the enabled event (rising, falling, both).

Figure 7—Sensor trigger states

POWER ON IEEE1451.0
Actuator Triggering

State Diagram

Actuator
Wait for
Write

Old data-set
output

Actuator

Eree.

Running

*TRIGGER if one of the
1. Received the Trigger command
2. Events within a TIM

*EXIT if one of following occur

1. Receive [Reset] or [Device Clear] or [Abort Trigger] or [Write T-Ch Trigger State] = disabled

2. TIM no longer in TIM Active state

3. Transducer no longer in Transducer Operating State

[name ] indicates a command

* DONE if the Channel actuator has transversed to the end of
all data-sets (all buffers) and the End of Data-set Operation is
set to HOLD.

Name State indicates a state

Figure 8—Actuator trigger states
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5.11.2.1 Trigger commands

Trigger commands are sent from the NCAP to one or more TransducerChannels on a transducer common
medium. A frigger command is defined in 7.1.3.3. A trigger command may be addressed to any of the
following:

—  TransducerChannel

—  TransducerChannel Proxy
— TIM

—  AddressGroup

—  Global address

A trigger command addressed to a specific TransducerChannel applies to one FranSducerChannel on ong
TIM.

—

A TransducerChannel proxy is an addressable resource within a single\FIM (see 5.9) that is capable g
representing” one or more TransducerChannels within that TIM~A-Arigger command addressed to
TransducerChannel proxy triggers each TransducerChannel represented by that TransducerChannel proxy

™

A trigger command addressed to a TIM triggers all trigger enabled TransducerChannels that are
implemented on that TIM.

he system user may define AddressGroups (see 5.3)."When the system is set up, each TransducerChanng
b be included in an AddressGroup is programmed' to respond to the AddressGroup identifier for ths
AddressGroup. A trigger command issued:{to that AddressGroup triggers all members of thg
\ddressGroup. If the trigger is issued to miultiple TIMs using the techniques described in 10.2.3 an
0.2.4, it will trigger all TransducerChannéls on all TIMs to which the command is sent.

_ NN =
o e =

A global trigger applies to all trigger-enabled TransducerChannels in a TIM. The system issues a globs
thigger by issuing a trigger command to the global address. If the trigger is issued to multiple TIMs usin
the techniques described in 10:2.3 and 10.2.4, it will trigger all TransducerChannels on all TIMs to whic
t
V

= = U9 —

he command is sent. Regardless of the address mode, a TransducerChannel shall only honor the trigge
hen triggering is enabléd for that TransducerChannel.

8.11.2.2 Events used as triggers

HEvents mady be used as triggers for other TransducerChannels within the same TIM directly. Events of thi
rjature-ar€ not Trigger commands, but they serve the same function. An event used as a trigger may b
f]
1

= O «»

prmally implemented as an Event Sensor. An event may cause an event sensor to transmit a triggg
hessage to other TIMs on the same communications media.

NOTE—For event sensors used as triggers in systems where it is important for the system to be able to determine the
time of the event, it is necessary to augment the event sensor with a time interval sensor or Timelnstance sensor to be
able to determine the time of the event accurately.

5.11.3 Nominal trigger logic

A functional block diagram of the logic within a TIM that is related to triggering is shown in Figure 9.
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Figure 9—Simple TransducerChannel functional blocks

T

The Data Transport Logic responds to trigger commands. Upon, receipt of a trigger command, provide
that the TransducerChannel trigger is enabled, the Data Transport-logic issues a StartSamp signal.

The StartSamp signal shall cause a traditional sensor to aequire a new data set. For the simplest sensor
this may mean a digital latch is updated or an analog<to-digital converter begins a conversion. More
q

q

omplex sensors may take multiple samples per trigger,’spaced apart incrementally in time or some othdr
imension.

The StartSamp signal shall cause an event sensot to begin monitoring the event of interest. The occurrence
df the event shall cause the Sample Controblogic to generate the Last Sample Latched signal.

The StartSamp signal shall cause an ‘actuator TransducerChannel to apply a data set to its output. For th
simplest actuators, this may meah-a digital latch is updated or a digital-to-analog converter begins
g
t

- &

onversion. More complex actuators may apply multiple samples per trigger, spaced apart incrementally i
me or some other dimension.

The Sample Control dogic is responsible for orchestrating the sequence of operations needed to acquire g
qpply a data set. (The”Transducer Logic block represents all signal conditioning, data conversion, anfl
Huffering logic. The Initiate Operation signal is used to initiate the process of data conversion on a singl
sample, and the’Sample Latched signal indicates that a sample has been acquired or output.

=

[¢]

Hor TransducerChannels implemented under the Nominal Triggering model, the determination of the tim
qt which the sample was latched becomes the sole responsibility of the NCAP or host processor based o
infermation provided by the TIM. There are two variations. The method used for determining 7y shall b
specified in the Source for the time of sample field in the TransducerChannel TEDS (see 8.5.2.40).

W = O

This time calculation gives the time of the last sample in the data set. The following calculation describes
how to calculate the time of any other sample in the data set.

Ty = In-(N -0 fori=1to N (1)
where

N is the number of samples in the data set

T; is the time of sample i
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Tx  is the time of the last sample in the data set
tsi is the sample interval

When the enumerated value of Source for the time of sample indicates that the delay between application
of trigger and the subsequent latching of the sample is constant and the TIM lacks embedded hardware
resources to support time tagging, the time of sample shall be computed from the time at which the trigger
command was issued by adding an adjustment equal to the Incoming propagation delay through the data
transport logic field of the TransducerChannel TEDS. This method neglects the effects of propagatioh
delays over the transport media.

(alculation:
Tl = Ttm + tpdi (2)

Wwhere

Tin  is the time of day at which the trigger command was sent by the NCAP

tai  is the value of the Incoming propagation delay through the data transport logic field found i
the TransducerChannel TEDS

T is the time of day when the first sample in the data set was-latched

=]

This time calculation gives the time of the first sample in the data sef. The following calculation describes
How to calculate the time of any other sample in the data set:

T =T, +i*tg fori=1toN 3)
Where

N is the number of samples in the data. set

T; is the time of sample i

is the time of the first sample in‘the data set
is the sample interval

o =
=1

Hor other possible configurations.of the trigger logic, see Annex L.

8.11.4 Trigger logic based on event recognition

—

The functional blpek-diagram in Figure 10 depicts a TransducerChannel that is triggered by an ever
sensor. An event ‘sensor may have additional embedded actuators to implement features such as p
frogrammable analog threshold and hysteresis or a programmable digital pattern.
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Figure 10—Event sensor output used as a trigger

[¢]

he event sensor has a special hardware relationship to one or more TransducerChannels. This shall b
entified as a ChannelGroup in the Meta~PEDS. A trigger command issued to the event sensor causes th
vent sensor to begin monitoring. The, occurrence of the event may also be used to trigger the associated
ransducerChannel(s).

[ Y o> N L. |
[¢]

The TransducerChannel may ;not honor a trigger command addressed to the TransducerChannels sp
donfigured.

8.11.5 Over-triggering a TransducerChannel

—

Ifrespective~0f the time needed to read the TransducerChannel data, the NCAP is expected to wait for &
lpast the\duration of the TransducerChannel sampling period between successive triggers. Th
TransducerChannel sampling period is in the TransducerChannel TEDS (see 8.5.2.36).

[¢]

tre—termm—“‘over=triggermgTeferstoTssumg—asceomdtrigger before—the—framsducerChammet—samptimg
period has expired. If this happens, the TransducerChannel may not have completely processed the
previous trigger. Table 8 lists the response to over-triggering based on the operating mode of the
TransducerChannel as described in 5.10.

Table 8—Response to over-triggering

Operating mode Response to the trigger

Streaming Buffered

Yes Don’t care Ignore all except the first trigger

No Yes Treat as a pre-trigger

No No Ignore triggers until previous operation complete
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When in the non-streaming buffered mode, the unit treats a trigger received before all samples in a data set
have been latched as a pre-trigger. In other words, it accepts the trigger as a command to start on another
buffer when it completes the current buffer in such a way that all samples are acquired or applied while
maintaining a uniform sample interval. If more than one extra trigger is received while processing a buffer,
they are ignored. If this occurs, the time of a sample cannot be derived from the time that a trigger was
sent. In all cases where a trigger command is ignored, the Command Rejected Bit (see 5.13.4) in the
appropriate status register shall be set.

$.12 Synchronization

A fundamental requirement for the large-scale acquisition of data from distributed multipeint‘sensor array
ip the inclusion of an intrinsic capability for the system to provide time-synchronous)triggering of th
Various data converters. The individual sampling of the spatially distributed, €ensors needs to b
doordinated within rather precise time intervals to assure that the array-wide data{points are acquired 3
g
!
S

= O O @

ssentially the same instant, and thus, they represent an accurate temporal “suapshot” of the measure
arameters. Several features are built into this standard that are intended to aid 'in accomplishing this end.
ubclauses 5.12.1 and 5.12.2 describe these features.

8.12.1 Methods of obtaining synchronicity

The basic tool that is used to obtain synchronization is the)trigger. Since triggers may be addressed t|
groups of TransducerChannels, the members of the groap are sampled synchronously within the limits 9
t
3

ZEa=—e)

he propagation time and the variation of the delay between the receipt of the trigger by the TIM and it
pplication in the TransducerChannel.

8.12.1.1 Using triggers

The AddressGroup and global triggers) as described in 5.3, are the simplest way of achieving synchronou
sampling of the data. If the synchrenous sampling is to be achieved across multiple TIMs, then a method g
dddressing multiple TIMs as described in 10.2.3 and 10.2.4 is required. The timing accuracy that can b
gchieved using this method, is ‘a function of the underlying communications media and protocol. Thi
hethod works well with TransducerChannels that acquire or process a single sample for each trigger but i
lpss effective with TrafisducerChannels that have data sets that contain more than one sample. It also ha
ljmitations when used-aver long cables or with extremely tight synchronization requirements.

v A » O -+ A

8.12.1.2 Using-a delayed trigger

The problem of different delays associated with different lengths of cable between the NCAP and the TIMs
and different delays within the TIM may be addressed by adding the delayed trigger capability within the
TMs. This process is described in more detail in Annex L. 1o make this feature of the 11Ms userul, this
requires that the NCAP have a method of determining the delay associated with each TIM. For this method
to be useful, the standard for the physical transmission media should provide a method for determining the
transmission delay.

5.12.1.3 Using a synchronization signal

The synchronization signal provides a synchronous clock that is the same frequency for all TIMs on the
common medium. The use of the synchronization signal makes the use of AddressGroup or global triggers
with TransducerChannels that have a data set size greater than one more useful. However, it does not
directly address the different delays associated with long cables.
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5.12.2 Synchronization signal

In some standards in the family, the NCAP may generate a synchronization clock and transmit it on the
transducer interface media. The TIMs may receive this clock, buffer it, and use it to generate the
appropriate clocks within the TIM. The details of how this clock is transmitted by the NCAP to the TIMs
are given in the appropriate standard in the IEEE 1451 family of standards.

5.13 Status

As shown in Figure 11 there are two types of status registers. Both are 32 bits wide. Onejregister is callefl
the Condition register. It may be read using the Read Status-Condition Register command (see 7.1.1.9). It
dontains the current state of the attributes being reported. The second register is the.évent register, and it is
tfue if the condition register has been true since the last time the status-event registefwas cleared. It may be
read using the Read Status-Event Register command (see 7.1.1.8). Some bits\in\the status-event registqr
represent actual events, such as command errors. In this case, the condition register should always be zerp
fpr that bit, as the model would show that the condition occurred and was immediately cleared.

Bit Bit Bit Bit Bit

31 30 29 8 ——-Condition Register-—- Bit 0

Bit | Bit | Bit | Bit . Bit .
31 30 29 8 - ——-Event Register—<=9 1 Bit 0
| | | | | Read Status-Event Register
n or
2]
Clear Status-Event Register
Bit| | Bit| | Bit| | Bit . Bit
31 30 29 8 - ———MaskRegister — - — - 1

------------------ T
““““““““““““ Service Request

Figurn 11_Qfatus_me_ssag_e_ge_ne|:aﬁnn Ingir

Both Status registers shall be implemented for the TIM and for each implemented TransducerChannel in a
TIM. The returned status-event for the TIM represents the state of the TIM as a whole. In many cases, a bit
in the TIM status-event represents the logical OR of corresponding bits in all implemented
TransducerChannels.

Each bit in the status-event register represents the presence or absence of a particular event occurrence. A
one in the appropriate bit position shall represent the presence of a condition or that an event has occurred
since status was last read or cleared.
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Each status-event register is used in conjunction with an associated service request mask (see 5.14.1) to
control which status bits will be used to generate a service request.

Status bits defined by this standard are tabulated in Table 9. Some status bits are reserved for future
versions of this standard. Some bits are optional, and the TIM manufacturer may choose not to implement
them. Bits designated as “open to manufacturers” may be used to report conditions not represented by bits
that are already defined. New bit definitions in the TIM status-event registers shall reflect conditions within
the TIM as a whole. Status bits labeled “reserved,” and unimplemented “optional” and “open-tp
rhanufacturers” status bits, shall be reported as zero when read.

Table 9—Status bits

Bit TIM status bits TransducerChannel status bits Reéquired/
optional
0 Service request Service request Required
1 TEDS changed TEDS changed Optional
2 Invalid command Reserved Required
3 Command rejected Command rejected Required
4 Missed data or event Missed data or event See 5.13.4
5 Data/event Data/event See 5.13.5
6 Hardware error Hardware error See 5.13.6
7 Not operational Not operational Required
8 Protocol error Reserved Required
9 Data available/data processed Data available/data processed Optional
10 Busy Busy. Optional
11 Failed calibration Failed calibration Optional
12 Failed self-test Failed self-test Optional
13 Data over range or under range Data over range or under range Optional
14 Corrections disabled Corrections disabled Optional
15 Consumables exhausted Consumables exhausted Optional
16 Reserved Not-the-first-read-of-this-data-set Required
17-23 Reserved Reserved —
24-31 Open to manufacturers Open to manufacturers —

Bits in any status-event registey may be cleared in one of several ways as shown in the following list:

Summary bits shall*be cleared immediately when the underlying status-event register has been read.
Any bit in the TIM status-event register that is defined as the OR of the corresponding bit in th
TransducerChannel status-event registers shall be cleared in this manner.

[¢]

Otherbits shall be cleared when the condition they report goes away and a status-event register reafl
is performed or receipt of the clear status command. They shall not be cleared on receipt of a devic|
clear protocol.

[¢]

Status bits may also be changed by a change in operating states. The operating states are describef

M~ I |
o1

During power-on or reset initialization, data transport may be held off longer than the hold-off times
specified in the TEDS. The TIM shall assure that reads of status registers return an accurate representation
of the TIM’s state. The TIM shall hold off a read of any status register for which this is not the case.

The status registers shall be accessed by the read status-event register command and the read status-
condition register command defined in 7.1.1.8 and 7.1.1.9. The returned status shall be 4 octets wide. In
Table 9, the column “TIM Status-Event Bits” defines the information that is returned if the TIM is
addressed. If a TransducerChannel is addressed, then the bits are as defined under the column titled
“TransducerChannel Status-Event Bits.”
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The status-event register may also be sent via a TIM initiated message (see 6.4) if the mask has been set for
the status-event register bit that has been asserted and the Status-event protocol has been enabled using the
write status-event protocol state command (see 7.1.1.11). When this protocol is enabled, a stream shall be
initiated that will send the 32 bit status register any time the service request bit is asserted. If a channel is
requesting service, the channel register shall be sent, and if the TIM itself is requesting service, the TIM
status register shall be sent. The status information sent via the Status-event Protocol shall be identical to
the information returned from a read status-event register command.

8.13.1 Service request bit

—

The TransducerChannel service request bit of any TransducerChannel shall be setOwhen ths
TransducerChannel is requesting service and shall be cleared when read, when a status protocol message i
q
1]

-

ent, or when a clear status-event register command (see 7.1.1.10) is sent to that channel./Service Reques
hasks are used to define conditions for which a TransducerChannel requests service:,

Bee 5.14.1 for a description of the service request mask.

—

The TIM service request bit shall be set whenever the TIM is requesting sérvice, as defined by the TIN
thasks. It shall be cleared when read, when a status protocol message ‘is/sent, or when a Clear Transduce
Status-Event Register command is sent. It shall not be cleared when'a-device clear protocol is received.

=

A TransducerChannel service request bit shall be implemented for each TransducerChannel in a TIM. A
TIM service request bit shall be implemented for each TIM?

The service request bit will be cleared by a change of operating state if the status bit that caused it to be sqgt
ip cleared.

The service request bit shall be evaluated at\power on and shall be asserted if any enabled status bit is
gsserted. It shall specifically be asserted if the power on status bit is enabled.

8.13.2 TEDS changed bit

The TIM Teds changed bit shall be set whenever the TIM changes the contents of an adaptive TEDS. Th
TransducerChannel Teds\changed bit shall be set whenever the TransducerChannel changes the contents g
an adaptive TEDS. It'shall be cleared when read.

=~

This bit is not affected by a change of transducer operating state.

§.13.3 Invalid command bit

her TIM invalid command bit shall be set whenever the TIM detects an nnimplpmpn‘rpd command or

read or write to an unimplemented function. It shall be cleared when read.

This bit is not affected by a change of transducer operating state.

5.13.4 Command rejected bit

The Command rejected bit shall be set whenever the TIM detects a valid command that cannot be executed
because of the current mode of operation of the TIM or TransducerChannel. It shall also be set if an
argument to the command is not acceptable for any reason. It shall be cleared when read.
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The Command rejected status bit is mandatory and shall be implemented for the TIM and all
TransducerChannels.

This bit is not affected by a change of operating state.

5.13.5 Missed data or event bit

The TransducerChannel missed data or event bit shall be set coincident with a data sample time of an ‘évern
sensor or sensor with the sampling mode set to free-running if the TransducerChannel is in the transducg
dperating state but is not currently triggered. The exception to the above is that this bit shall'net be sg
b
g

D = = =

efore the first trigger on any such TransducerChannel after the bit has been cleared. This_bit shall b
leared when read.

The TIM missed data or event bit shall be set when any TransducerChannel missed«lata’or event bit is set.
This status bit shall be implemented for any event sensor or any sensor ¢apable of operating with th

sampling mode set to free-running. It shall also be implemented in any TIV} that contains such a sensor g
gvent sensor.

= O

The TransducerChannel missed data or event bit shall be cleared. when the TransducerChannel transitions
from the halted to the transducer operating state. The operating states are described in 5.4.1.

—

NOTE—While the TransducerChannel is not acquiring or copstming data in the transducer idle state, the bit sha
rpmain set until it is read or otherwise cleared if it was.set,when the TransducerChannel transitioned from th
transducer operating state to the transducer idle state.

(€]

8.13.6 Data/event bit

—

The TransducerChannel data/event bit shall be set at the data sample time for a sensor in the transducg
dperating state when the sampling méde is set to free-running or when an event sensor detects an event.
q
g

—

hall be cleared when read. The/TIM data/event bit shall be set when any of the TransducerChanng
ata/event bits are set.

This status bit shall be Wmplemented for any event sensor or any sensor capable of operating with th
sampling mode set to-the' free-running state. It shall also be implemented in any TIM that contains such
sensor or event sensor:

&

The Transducer€hannel data or event bit shall be cleared when the TransducerChannel transitions from thi
tfansducer(idle to the transducer operating state. The operating states are described in 5.4.1.

—

NOPE—While the TransducerChannel is not acquiring or consuming data in the transducer idle state, the bit sha
remain’ set until it is read or otherwise cleared if it was set when the TransducerChannel transitioned from th
transducer operating state 1o e ransducer idie state.

(@]

5.13.7 Hardware error bit

The TransducerChannel hardware error bit shall be set when the condition it reports becomes valid. It shall
be cleared when read provided the condition it reports is no longer valid. An event sensor shall set this bit
if consistency checks are made and fail. The TIM hardware error bit shall be set when any of the
TransducerChannel hardware error bits are set. The TIM manufacturer may determine any additional
criteria for hardware errors.
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The TIM hardware error bit in the returned TIM status and the TransducerChannel hardware error bit shall
be implemented for any TIM that contains an event sensor if consistency checks are made (see 5.6.1).

This bit is not affected by a change of operating state.

5.13.8 Not operational bit

=2

The TransducerChannel not operational bit shall be set when the TransducerChannel fails to comply ‘wit|
the manufacturers specifications. This bit shall be set during warm-up or any other condition syhen the
TransducerChannel does not comply with specifications or is not operational.

The TIM not operational bit shall be the OR of all TransducerChannel not operational bitsxIt shall also b
set if the TIM is not operational due to any other condition. The TIM not operational bit’shall be cleare
when the condition causing it to be set is removed.

™

This bit is not affected by a change of operating state.

8.13.9 Protocol error bit

A message has been received from the transducer interface media with protocol errors.
This bit is not affected by a change of operating state.

8.13.10 Data available/data processed bit

The TransducerChannel data available/dataprocessed bit shall be set whenever the TransducerChannel ha
data available to be read for a sensor orlias completed processing the data in an actuator. The TIM dat
qvailable/data processed bit shall be set when any TransducerChannel in the TIM has data available to b
read for a sensor or has completed processing the data in an actuator. They shall remain set as long as th
dondition persists. For a sensor,this means that it shall remain set until the data have been read. For a
dctuator, it shall remain set untilnew data have been written to the device or the status is read.

— O O © @

—

The TransducerChannel \data availabel/data processed bit shall be cleared when the TransducerChanng
transitions from the halted to the transducer operating state. The operating states are described in 5.4.1.

—

NOTE—While the, TransducerChannel is not acquiring data in the transducer idle state, the bit shall remain set until
i read or othérwise cleared if it was set when the TransducerChannel transitioned from the transducer operating staf
tp the transduger idle state.

[¢]

3.13.11 Busy bit

The TransducerChannel busy bit shall be set whenever a TransducerChannel cannot support read or write
access of TransducerChannel data over the data transport. Commands that may cause the
TransducerChannel to become busy include the Run self-test command (see 7.1.1.5), Calibrate
TransducerChannel command (see 7.1.2.10), Reset command (see 7.1.7.1), Zero TransducerChannel
command (see 7.1.2.11), or any other command that interferes with normal operations. This bit shall be set
only while the condition that it reports persists. The TIM busy bit shall be the OR of all TransducerChannel
busy bits in a TIM.

This bit is not affected by a change of operating state.
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5.13.12 Failed calibration bit

The TransducerChannel failed calibration bit shall be set when a “calibration” check (see 7.1.2.10) fails to
produce the expected results. It shall be cleared when it is read. The TIM failed calibration bit shall be the
OR of all TransducerChannel failed calibration bits in a TIM.

This bit is not affected by a change of operating state.

8.13.13 Failed self-test bit

The TransducerChannel failed self-test bit and the TIM failed self-test bit shall be set when a run self-teg
dommands fails to provide the expected results (see 7.1.1.5). It shall be cleared whentead” The TIM faile
self-test bit shall be the OR of all TransducerChannel self-test bits in a TIM.

—_ =

This bit is not affected by a change of operating state.

8.13.14 Data over-range or under-range bit

—

The TransducerChannel data over-range or under-range bit shall be set when the TransducerChanng
detects an over-range or under-range condition. The TIM data over-range or under-range bit shall be the
R of all TransducerChannel data over-range or under-range’bits in a TIM. This status bit shall be cleare
when read.

™

An overrange condition exists when the output of the TransducerChannel represents a value greater than g
thore positive than the value given in the. Design operational upper range limit field of th
TransducerChannel TEDS (see 8.5.2.19).%An underrange condition exists when the output of th
1
g

- 0 O =

ransducerChannel represents a value less than or more negative than the value given in the Desig
perational lower range limit field of the TransducerChannel TEDS (see 8.5.2.7).

—

The TransducerChannel data over-range or under-range bit shall be cleared when the TransducerChanng
transitions from the halted torthe'transducer operating state. The operating states are described in 5.4.1.

—

NOTE—While the TransdueerChannel is not acquiring or consuming data in the transducer idle state, the bit sha
rpmain set until it is fead or otherwise cleared if it was set when the TransducerChannel transitioned from th
transducer operating(state to the transducer idle state.

(€]

8.13.15 Corrections disabled bit

The’Corrections disabled bit shall be set in any TIM or TransducerChannel that is capable of correcting the
data when that capability is disabled. It shall be implemented for any TransducerChannel or TIM with thils
capability. This bit shall be set to zero for any TransducerChannel or TIM not implementing this capability.

This bit is not affected by a change of operating state.

5.13.16 Consumables exhausted bit

The TransducerChannel consumables exhausted bit shall be set when the TransducerChannel can no longer
obtain any consumables that it requires to continue operation. The TIM consumables exhausted bit shall be

the OR of all TransducerChannel consumables exhausted bits in a TIM. This status bit shall only be set
while the condition persists.
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This bit is not affected by a change of operating state.

5.13.17 Not-the-first-read-of-this-data-set bit

The Not-the-first-read-of-this-data-set bit of any TransducerChannel shall be set when a data set is read

n

nore than once. This bit shall be cleared when read.

]

his bit is not affected by a change of operating state.

.14 Service request logic

ervice requests are sent from a TIM to the NCAP when some condition exists §yithin the TIM th3
bquires attention. They are roughly analogous to interrupts in computers. However, unlike compute
hterrupts, service requests have no independent mechanism for communicating ‘with the NCAP that th
ondition exists unless the Status-event protocol is enabled (see 7.1.1.11). Phe.TIM service request bit maj
e read using the Read Status-Event Register command (see 7.1.1.8). This\né€ans that the NCAP is not abl|
b respond within some minimum time to a service request. It may also\b¢ sent back to the NCAP when th|
ervice request bit is asserted via a status protocol message.

.14.1 Service request masks

he TIM shall contain a service request mask  register for the TIM and for each implemente
ransducerChannel in a TIM. These registers are 4 octets wide. Writing a one to any bit position in th|
ervice request mask register allows the servieesrequest bit to be set when the corresponding bit in th
tatus register is set. See Figure 11 for details:

he service request mask register bit pesitions correspond one-to-one with the bit positions in the statug
vent register, as defined in Table 9.(The value placed into the bit 0 position of the service request mas
pgister is not used as this corresponds to the service request bit. Since the service request bit directl
enerates the service request, it:cahnot be masked. The default power up value for the service request mas
boisters is all zeros (i.e., nostatus bits can generate a service request). The value of this register shall ng
¢ affected by receipt ofigither a Device Clear protocol or a Reset command.

.14.2 Service requests

he service request signal is used in conjunction with the status registers and the service request mas
poisters—to indicate exceptional conditions in the TIM. The NCAP typically reads the status of a

U R e S |

ransducerChannels to determine which TransducerChannels are requesting service, and for what reason.

O O <X O = =

W O

— N

—_—

he NCAP is not required to respond to a service request immediately.

If automatic status reporting has been configured, the TIM or any channel requesting service shall cause
the status-event register to be returned via a status-event protocol message.

Figure 12 shows the logic used to generate the TIM service request.
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TransducerChannel 1 service request
TransducerChannel 2 service request
[
|
|

TranceducerChannaln-1 csandcereaueast
HeRSaHeeFoRaRRe-i——5ehHece+reqgu t

TransducerChannel n service request

TIM Service Request

Figure 12—TIM service request generation

$.15 Hot-swap capability

I} shall be possible to disconnect a TIM from the interface media or to connect a TIM to the interface medi
without powering down the system and without damage-to either the TIM being inserted or anything els
donnected to the media. Transient impact upon transmissions in progress when a TIM is added or removefl
from the media is allowed, but no permanent damage-is-allowed.

[CHIR Y

=3

The ability of the NCAP to detect an added ortemoved TIM is supported by this standard but is depender
dn the capabilities of the underlying physical layers ability to detect such changes and to call th
gppropriate methods in the module commuinications API (see 11.5 and 11.6).

w

6. Message structures

This clause defines the structure of the messages sent across the Module Communications Interface.

.1 Data transmission order and bit significance

he order:of transmission of the header and data described in this document is resolved to the octet level.

henever a diagram shows a group of octets, the order of transmission of those octets is the normal ordd
in'which they are read in English. For example, in Table 10, the octets are transmitted in the order they ar
numbered.

=

[¢]

NOTE—This transmission order applies to the Module Communications Interface and is conceptual only. The data
transmission order and bit significance may be different at the physical layer.

Table 10—Transmission order of octets
1-Octet 1-Octet 1-Octet 1-Octet
71 6] 5[ 4] 3] 2] 1] o[ 7] 6] 5] 4] 3] 2[ 1] 0] 7] 6] 5[ 4] 3] 2] 1] 0] 7] 6] 5] 4] 3[ 2] 1] 0
First octet transmitted 2 3 4
5 6 7 8

9 J—
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Whenever an octet represents a numeric quantity, the left-most bit shown in Table 11 is the high-order or
most significant bit. That is, the bit labeled 7 is the most significant bit. For example, the numeric value in
Table 11 represents the value 170 (decimal) or 0OxAA (Hexadecimal).

Table 11—Example of bit significance

Bits
716 151413121110
Value = 170 (decimal) 1{oj1(0]|1|0]1]0O0

6.2 Command message structure

The message format of a command message is provided in Table 12.

Table 12—Command message structure

1-Octet

7 [ 6 [ 5 [ 4 [ 3 [ 2 [1 [0
Destination TransducerChannel Number (most significant-ectet)
Destination TransducerChannel Number (least significant'octet)
Command class

Command function

Length (most significant octet)

Length (least significant octet)

Command-dependent octets

6.2.1 Destination TransducerChannelnumber

This field gives the 16 bit TransducerChannel number for the destination of the message.

6.2.2 Command class

The command class-1s-defined in 7.1. Table 15 is the master index of command classes.

6.2.3 Command function

domimand class, as described throughout Clause 7.

6.2.4 Length

Length is the number of command-dependent octets in this message. If the length of a received message
does not match the length field of the received message, the message shall be discarded and the protocol
error bit in the status register (see 5.13.9) shall be set.

© IEEE 2007 — All rights reserved
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6.2.5 Command-dependent octets

This field contains the information that is to be defined for the command. See the command definitions in
Clause 7 for the details of what should be in this field.

6-3 Reply messages

Reply messages are used to reply to a received command. The message format of a reply-message i
frovided in Table 13.

2]

Table 13—Reply message structure

1-Octet
7 Je6e 5 T4 3 J2 J1 Jo
Success/Fail Flag

Length (most significant octet)
Length (least significant octet)
Reply-dependent octets

6.3.1 Success/Fail flag

If this octet is nonzero, it indicates that the cgmmand was successfully completed. If it is zero, th
dommand failed and the system should check the.status to determine why.

[¢]

§.3.2 Length

Ilength is the number of reply-dependent octets in this message. If the length of a received message dog
rlot match the length field of the received message, the message shall be discarded and the protocol errg
Hit in the status register (see 5-13.9) shall be set.

-

6.3.3 Reply-dependent octets

This field contains the information that is to be defined for the command. See the command definitions ip
(lause 7 forthe details of what should be in this field.

6.4.TIM initiated message structure

The message format of a message that is initiated by a TIM is provided in Table 14. Examples of these
messages are streaming data and status messages.
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Table 14—TIM initiated message structure

1-Octet

7 [ 6 [5 [ 4 [3 [ 2 [1 [0
Source TransducerChannel Number (most significant octet)

Source TransducerChannel Number (least significant octet)

Command class

Command function

@

@

@

]

@

]

[

((

1. Commands

LCllgl.ll UTIUSU biéllirlballl. OULCL)
Length (least significant octet)
Command-dependent octets

.4.1 Source TransducerChannel number

his field gives the 16 bit TransducerChannel number for the source of the message.

.4.2 Command class

his field is the same as 6.2.2.

.4.3 Command function

his field is the same as 6.2.3.

.4.4 Length

his field is the same as 6.2.4.

.4.5 Command-dependént octets

his field is the same-as 6.2.5.

[ominands are divided into two categories, standard and manufacturer-defined. Regardless of the category

>

t
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command. The least significant octet, called the function, shall identify the specific command within the

class. For example, if the most significant octet defines the Transducer idle state commands class, the least

S

ignificant octet then specifies the command within that class as listed in Table 25.

Table 15 lists the various command classes.

© IEEE 2007 — All rights reserved
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Table 15—Standard command classes

cmdClassld Attribute name Category

0 Reserved Reserved

1 CommonCmd Commands common to the TIM and TransducerChannel

2 Xdcrldle Transducer idle state

3 XdcrOperate Transducer operating state

4 XdcrEither Transducer either idle or operating state

3 TIMsleep Sleep state

6 TIMActive Tim active state commands

7 AnyState Any state

§—127 ReservedClass Reserved

28—255 ClassN Open for manufacturers — N = class number

A TIM may generate a reply to a command under either of two circumstances. The first circumstance is
when the command itself requires a reply. An example of this situation is a Query ’EDS command. The
second circumstance is when the Status-event protocol is enabled. In this case, thePransducerChannel qr
TIM will transmit whenever there is a non-masked change in the status register:

The information described as being passed is passed using the Command.meéssage structure, as described i
q.2. The following paragraphs describe what should be in the command-dependent octets in Table 12. If
reply to a command is being transmitted or received, the reply message)structure (see 6.3) is used.

[ =]

Ih the tables in this clause, some enumerations are “reserved’ for future versions of this standard. Som
gnumerations are optional, and the TIM manufacturer may ghoose not to implement them. Enumeration
designated as “open to manufacturers” may be used to desigifate conditions not described by the standard.

72BN €]

1.1 Standard commands

The control function allows commands t0<be sent to the TIM as a whole, or to each TransducerChanngl
thereof, that affect their state or operation. The list of standard command classes is given in Table 15.

The TIM shall respond to all ugimplemented commands by setting the TIM invalid command bit in the
status register. See 5.13.2 fora,complete description of this bit.

71.1.1 Commands common to the TIM and TransducerChannel

his class of conimands may be addressed to either the TIM or the TransducerChannel. The address,
escribed in5.3, is used to designate whether it is to be executed by the TIM or the TransducerChanng
bgic. Table/ 16 lists the commands in this class. Commands in this class shall not be addressed to a
AddreSsGroup, a TransducerChannel proxy, or globally. If one of these commands is addressed to a
\ddressGroup, a TransducerChannel proxy or globally the command shall be ignored and the comman|

cjected-bitmthe TIM status-conditionregister shall beset:

= P = A

fon T N N e o WS |
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Table 16—Common commands

| State Reply | Required/

cmdFunctionld Command TransducerChannel TIM expected optional
0 Reserved — — — —

1 Query TEDS Any Active Yes Required
2 Read TEDS segment Any Active | Yes Required
3 Write TEDS segment Any Active No Required
4 Upu‘,atc TEDS Ally AbliVC ‘lycb chuil UL‘I
5 Run self-test Idle Active No Required
6 Write service request mask Any Active | No Required
7 Read service request mask Any Active Yes Required
8 Read status-event register Any Active Yes Required
9 Read status-condition register Any Active Yes Required
10 Clear status-event register Any Active | No Required
11 Write status-event protocol Idle Active No Required

state

12 Read status-event protocol state | Any Active Yes Required
13-127 Reserved — — — —

128-255 Open for manufacturers — — — —

71.1.1.1 Query TEDS command

Argument attribute name: TEDSAccessCode data type Ulnt8

This command is used by the NCAP to solicit information required to read or write the TEDS. There is
single argument to this command and that is the, TEDS Access Code that identifies the TEDS to b
gccessed. Table 17 lists the TEDS Access Codes for the TEDS defined by this standard.

[CHRY

The reply to a Query TEDS Command shall contain the information listed in Table 18. The TIM i
required to provide a reply to all Query TEDS commands, regardless of whether the TEDS access cod
selects an implemented TEDS. The attributes field in the reply (see Table 19) shall indicate whether th|
TEDS is supported, whether it may. be changed, whether the current contents are valid, and whether th
]
]

= 0 O O @A

EDS is embedded in the TIM\lor located remotely (virtual). The TEDS status field is described i
able 20.

When the Unsupported STEDS attribute is set, the TIM shall return a zero for the “TEDSSize” and the
‘MaxTEDSSize” attributes.

Vhen the Virtual TEDS attribute is set, the Read-only attribute shall also be set and the TIM shall return
ero for the YTEDSSize,” “TEDSCkSum,” and “MaxTEDSSize” attributes. It becomes the responsibility g
he NCAR or the host processor to determine the sizes and attributes that are returned to the callin
pplication. If the file cannot be located, the Unsupported attribute shall be set and the TIM shall return
ero for/the “TEDSSize,” “TEDSCkSum,” and “MaxTEDSSize” attributes. If the file is found, the Invali
nd ‘Unsupported attributes shall be cleared and the Read-Only attribute, the “TEDSSize” attribute, th
T'EDSCkSum™ attribute, and the "MaxTEDSSi1ze™ attribute shall be determined trom the file attributes o
the remote file in which the TEDS resides.

e N Q0 =+ N
O 9 09 =+ &

=
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Table 177—TEDS access codes

TEDS access code TEDS name attribute TEDS Required/
optional

0 — Reserved —
1 MetaTEDS Meta-TEDS1 Required
2 MetaldTEDS Meta-identification TEDS2 Optional

ChanTEDS TransducerChannel TEDS1 an‘nirpﬂ
4 ChanldTEDS TransducerChannel Identification TEDS2 Optional
3 CalTEDS Calibration TEDS1 Optional
6 CalldTEDS Calibration identification TEDS2 Optional
7 EUASTEDS End users’ application-specific TEDS3 Required
8 FreqRespTEDS Frequency response TEDS1 Optional
9 TransferTEDS Transfer function TEDS1 Optional
10 CommandTEDS Commands TEDS2 Optional
{1 TitleTEDS Location and title TEDS2 Optional
2 XdcrName User’s transducer name TEDS3 Required
13 PHYTEDS PHY TEDSI1 Required
114 GeoLocTEDS Geographic location TEDS2 Optional
15 UnitsExtention Units extention TEDS2 Optional
6-127 — Reserved —
28-255 — Manufacturertdefined TEDS Optional
NOTES
II—A binary TEDS.
2A—A text-based TEDS.
3—User-defined information content.

Table 18—Query-TEDS response in the data field
Hield Data type Field attribute\name Function
1 Ulnt8 TEDSAttrib TEDS attributes (see Table 19)
2 Ulnt8 TEDSStatus TEDS status
3 Ulnt32 TEDSSize Current size of the TEDS
4 Ulntl6 TEDSCkSum TEDS checksum
3 Ulnt32 MaxTEDSSize Maximum TEDS size
Table 19—TEDS attributes
Bit Data\type Field attribute name Definition
(Isb) Boolean TEDSAttrib.ReadOnly Read-only—Set to true if TEDS may be read but no
written.

I Boolean TEDSAttrib.NotAvail Unsupported—Set to true if TEDS is not supported by
this TransducerChannel.

D Boolean TEDSAttrib.Invalid Invalid—Set to true if the current TEDS image is invalid.

3 Boolean TEDSAttrib. Virtual Virtual TEDS—This bit is set to true if this is a virtual
TEDS. (A virtual TEDS is any TEDS that is not stored in
the TIM. The responsibility for accessing a virtual TEDS
is vested in the NCAP or host processor.)

4 Boolean TEDSAttrib. TextTEDS Text TEDS—Set to true if the TEDS is text based.

5 Boolean TEDSAttrib.Adaptive Adaptive—Set to true if the contents of the TEDS can be
changed by the TIM or TransducerChannel without the
NCAP issuing a WriteTEDS segment command.

6 Boolean TEDSAttrib.MfgrDefine MfgrDefine—Set to True if the contents of this TEDS are
defined by the manufacturer and will only conform to the
structures defined in the standard if the TextTEDS
attribute is also set.

7 (msb) Boolean TEDSAttrib.Reserved[7] Reserved

© IEEE 2007 — All rights reserved



https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

Table 20—TEDS status

Bit Data type Field attribute name Definition
0 (Isb) Boolean TEDSStatus.TooLarge Too Large—The last TEDS image received was too
large to fit in the memory allocated to this TEDS.
1 Boolean TEDSStatus Reserved[1] Reserved
2 Boolean TEDSStatus Reserved[2] Reserved
3 Boolean TEDSStatus Reserved[3] Reserved
Bootean FEBSStatus Opent4d Opemrto-manufacturers
3 Boolean TEDSStatus Open[5] Open to manufacturers
6 Boolean TEDSStatus Open[6] Open to manufacturers
7 (msb) Boolean TEDSStatus Open[7] Open to manufacturers

1.1.1.2 Read TEDS segment command

=3

This command is used to read a TEDS into the NCAP. The arguments for this comimand are as shown i
Table 21. Since the maximum size for an octet array is less than the maximumsize’for a TEDS, the TED
segment offset is used to identify where in the TEDS the read access should sfart:

I

—

NOTE—Most TEDS will be small enough to fit within a single segment. In these cases, the contents of the segmer]
dffset field should be zero. However, TEDS are allowed to be larger than/the-maximum size of an octet array. Th
tfansmission of these large TEDS requires the segmentation of the TEDS fortransmission.

(]

Table 21—Data field for a read TEDS segment command

Hield Data type Field attribute name Function
1 Uint8 TEDSAccessCode TEDS access code, as defined in Table 17.
2 Ulnt32 TEDSOffset TEDS .Segment offset (0 to [current size — 1])—This is the

address relative to the beginning of the TEDS at which the
bloc¢k of data shall be read.

The reply to a Read TEDS Segment uses the"Reply message (see 6.3). The reply-dependent octets returne
within the message shall be as shown in.Table 22. The first field contains the offset into the TEDS at whic
the block of data was taken and willin most cases match the TEDS Segment Offset in the Read TED
Jegment command. The remaining_octets contain the data read from the TEDS. The reply shall contain a

=TT

dnes in the TEDS segment offset-and 0 data octets if the TEDS is “virtual,” is not supported, or is invalid.
The number of octets returnedis a function of the design and is determined from the message header (s¢
q
t

w

.3). If the TEDSOffset ds greater than the length of the TEDS, the TEDSOffset in the reply shall be equd
b the TEDS length and'the reply will contain 0 octets.

—

Table 22—Data field for a TEDS segment command reply

Hield Data-type Field attribute name | Function
1 Ulnt32 TEDSOffset TEDS Segment offset (0 to [current size — 1])
2 QctetArray RawTEDSBlock TEDS data octets

71.1:4.3 Write TEDS segment command

This command is used to write a part of the TEDS. The arguments for a Write TEDS segment command

are described in Table 23. Since the maximum size for an octet array is less than the maximum size for a

TEDS, the TEDS segment offset is used to identify where in the TEDS the data in field 3 should be
written. If the TEDSOffset is greater than the maximum length of the TEDS, the data shall be discarded
and the command rejected bit in the status word (see 5.13.4) shall be set.

NOTE—Most TEDS will be small enough to fit within a single segment. In these cases, the contents of the segment

offset field should be zero. However, TEDS are allowed to be larger than the maximum size of an octet array. The
transmission of these large TEDS requires the segmentation of the TEDS for transmission.

© IEEE 2007 — All rights reserved
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Table 23—Data field for a write TEDS command

Field Data type Field attribute name | Function

1 Ulnt8 TEDSAccessCode TEDS access code, as defined in Table 17.

2 Ulnt32 TEDSOffset TEDS Segment offset (0 to [current size — 1])
3 OctetArray RawTEDSBIlock TEDS Contents

The Write TEDS Segment command uses the Command message structure (see 6.2). If the maximum
EDS size 1s exceeded, the additional data shall not be written nto memory and the current size ol thg
TEDS shall be set to zero.

A Write TEDS Segment command shall create a new TEDS if one does not already exist with~that acces
dode. If the TIM is not designed to allow the TEDS to be created, the Write TEDS Segment command sha
rfot write any data into TEDS memory because the TEDS is unsupported.

—

When the TIM begins to overwrite an existing TEDS, the TEDS being overwrittén’ shall be marked a
Ipvalid. It shall remain marked as Invalid until the Update TEDS command is/teceived, as described i
11.1.4.

- A

The Write TEDS Segment command does not generate a reply.

1.1.1.4 Update TEDS command

Argument attribute name: TEDSAccessCode data type Ulnt§

This command is used to cause a TEDS that was, previously written into a TransducerChannel to b
verified and copied into non-volatile memory (if this was not done as the TEDS was received). After th
]
1]

[CHLYL

EDS is verified, the TEDS may then be markedas Valid. If the verification fails, the TEDS shall remaip
harked as invalid.

There is one argument to this command;-and it contains the TEDS access code, as defined in Table 17.

I

The reply to an Update TEDS comimand shall contain the information listed in the reply to a Query TED
dommand as described in 7. LI

1.1.1.5 Run self-test command

Argument attribute-name: Test2Run data type Ulnt8

This command is used to cause the addressed device to run a self-test. There is one argument to thi
dommand-and that is an 8 bit enumeration specifying the diagnostic to run as shown in Table 24. Th
rmanufacturer may identify additional tests that are available for a particular device. If an enumeration i
requested that is not implemented, the invalid command status bit (see 5.13.2) shall be set in th
appropriate status register.

O »n O «»n

Table 24—Enumerations for the run diagnostic command

Enumeration | Argument attribute name Diagnostic

0 Test2Run.ConfidenceTest Short confidence test
1 Test2Run. TestAll Test all

2-255 Test2Run.RunTest[N] 2<N<255 Manufacturer-defined

If a manufacturer implements additional tests, they shall be listed in the Commands TEDS for the
TransducerChannel or TIM.
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This command shall only be executed when the TransducerChannel is in the idle state. If this command is
received when the TransducerChannel is in any other state, the command rejected bit (see 5.13.4) shall be
set.

If the manufacturer wishes to write a single diagnostic program that tests the TIM and the
TransducerChannels, then the command should be addressed to the TIM and all TransducerChannels shall
be in the idle state, else the command shall be rejected and the command rejected status bit set.

1.1.1.6 Write service request mask

Argument attribute name: SRMask data type Ulnt32

This command is used to write the service request mask for the addressed TransducerChannel or TIM. The
rhask is a 32 bit word that is used as described in 5.14.1.

1.1.1.7 Read service request mask

Reply argument attribute name: SRMask data type Ulnt32

his command is used to read the service request mask from the addressed TransducerChannel or TIM.
he command has no arguments. However, it does generate a reply that has a single argument. Thi
rgument gives the currently active service request,mask as defined in 5.14.1 for the addresse
ransducerChannel.

wn

U [« I - |
=

71.1.1.8 Read status-event register

Reply argument attribute name: SERegister-data type Ulnt32

This command is used to read the statis from the addressed TransducerChannel or TIM. The command ha
o arguments. However, it does ,génerate a reply that has a single argument. This argument gives th
durrent contents of the Status=Event register as defined in 5.13 for the addressed TransducerChannel.

[CEZ

1.1.1.9 Read status-condition register

Reply argument-attribute name: SCRegister data type Ulnt32
This conimand is used to read the status-condition register from the addressed TransducerChannel or TIM
Thé«command has no arguments. However, it does generate a reply that has a single argument. Thi

4 : 4+l 4 + +. £ala Qeot ral B Tt dafs = 5 12 £ 4+l Jdd
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TransducerChannel.

wn

7.1.1.10 Clear status-event register

This command is used to clear the status-event register for the addressed TransducerChannel or TIM. If the
entire TIM is specified, the command shall clear all status-event registers for the TIM itself, including all
TransducerChannel event registers. It does not clear the corresponding mask or condition registers. This
command has no arguments.
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7.1.1.11 Write status-event protocol state

Argument attribute name: SEProtocol data type Boolean

This command is used to enable or disable the status-event protocol defined in 5.13. When this state is
enabled, a stream shall be initiated that will send the 32 bit status register any time the service request bit is
gsserted. Note that if a channel is requesting service, the channel register shall be sent and if the TIM itself
ip requesting service, the TIM status register shall be sent.

This command has a single argument. If the value is true, the status-event protocol is enabled, Otherwise
the status-event protocol is disabled.

1.1.1.12 Read status-event protocol state

Reply argument attribute name: SEProtocol data type Boolean

his command is used to read the state of the status-event protocol defined in 5.13. The command has np
rguments. However, it does generate a reply that has a single argument. This argument gives the currer]
tate of the status-event protocol. If the value is true, the status-eveft protocol is enabled. Otherwise thg
tatus-event protocol is disabled.

L0 Q0 e
—

1.1.2 Transducer idle state commands

The idle state class of commands, as listed; in Table 25, shall only be executed when th
TransducerChannel is in the idle state. If one of\these commands is received when the TransducerChanng
i
g

— CD

ip in any other state, the command rejectedsbit in the TransducerChannel Status-Condition Register (se
.13) shall be set and the command shall belignored.

W

All commands in this class requiréia destination TransducerChannel number greater than zero. If th
destination TransducerChannel numiber in the octet array (see 5.3) is zero, the command rejected bit in th
TransducerChannel Status-Condition Register (see 5.13) shall be set and the command shall be ignored.

[CERY]

If a Transducer Idle State.command is sent to a TransducerChannel that does not support that feature g
does not support changing that feature, the command shall be ignored and the TransducerChannel invalifd
dommand bit in thé status word (see 5.13.2) shall be set.

=

—

The TIM shall*be in the active state for any of these commands to be received by the transducer channel. 1
dne of these.commands is received when the TIM is not in the active state, the command rejected bit in th
TIM Status-Condition Register (see 5.13) shall be set and the command shall be ignored.

[¢]

ommands listed as “ﬂp‘rinnnl” in _Table 25 become rpqnirpd if the feature that they support ]

programmable.

Some commands in this class that may be issued to a TransducerChannel proxy (i.e., there is a “Yes” under
the column labeled “Proxy” in Table 25). When one of these commands is issued to a proxy, it shall have
the same effect as issuing that same command to each member of the TransducerChannel proxy
individually.
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Table 25—Transducer Idle state commands

Add 1 i
cmdFunctionld 'Command ress crase Reply Requlred/
TransducerChannel | Proxy | Group |expected optional
0 Reserved — — — —
1 Set  TransducerChannel | Yes No No No Optional
data repetition count
2 Set TransducerChannel | Yeg No Nao Nao ﬂr\finﬂn]
pre-trigger count
B AddressGroup definition Yes Yes No No Required
g Sampling mode Yes Yes No No Optiohal
b Data Transmission mode Yes Yes Yes No Optional
Buffered state Yes Yes No No Optional
i End-of-data-set operation | Yes Yes No No Optional
Actuator-halt mode Yes Yes No No Optional
D Edge-to-report Yes Yes No No Optional
0 Calibrate Yes Yes Yés Yes Optional
TransducerChannel
Zero TransducerChannel Yes Yes Yes Yes Optional
2 Write corrections state Yes Ye§ No No See
7.1.2.12
3 Read corrections state Yes Yes No No See
7.1.2.13
4 Write TransducerChannel | Yes No No No Optional
initiate trigger state
5 Write TransducerChannel | Yes No No No Optional
initiate trigger
configuration
| 6-127 Reserved — — — — —
| 28-255 Open for manufacturers — — — — —
NOTE—Optional commands become required'if the features they support are programmable.
71.1.2.1 Set TransducerChannel data repetition count
Argument attribute nameRepCount data type Ulnt16
This command is used to change the number of data samples in a data set to a number between zero and the
rumber found in\the Maximum data repetitions field of the TransducerChannel TEDS (see 8.5.2.28).
The only.argument to this command is a 16 bit integer giving the number of samples in a data set. If the
Value of the argument exceeds the Maximum data repetitions, the data repetition count shall not be changefl
gnd‘the"TransducerChannel command rejected bit shall be set in the status register (see 5.13.4).

7.1.2.2 Set TransducerChannel pre-trigger count

Argument attribute name: PreTrigCount data type Ulnt16

This command is used by TransducerChannels that are capable of being operated in the free-running with
pre-trigger mode (see 5.10.1.3), to change the number of data samples in a data set that can be acquired and
stored before the receipt of a trigger. This number may be any number between zero and the number found
in the Maximum pre-trigger samples field of the TransducerChannel TEDS (see 8.5.2.32).
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The only argument to this command is a 16 bit integer giving the number of samples in a data set that are to
be acquired before the trigger. If the value of the argument exceeds the Maximum pre-trigger samples (see
8.5.2.28), the pre-trigger count shall not be changed and the TransducerChannel command rejected bit
shall be set in the status register (see 5.13.4).

7.1.2.3 AddressGroup definition

Argument attribute name: GroupAdd data type Ulnt16

™

This command assigns a TransducerChannel to an AddressGroup. It has a single argument in the\data fiel
gnd that is the group address. See Table 5 for more details of addresses. The addressed Transdu¢erChanne
V
1

<

hether normal or proxy, is assigned to the group. If the argument to this command is zete, the addresse
ransducerChannel is removed from all AddressGroups to which it has been assigned,

1.1.2.4 Sampling mode

Argument attribute name: SampleMode data type Ulnt8

—

The NCAP uses this command when changing the sampling qnode of a TransducerChannel. Not a
qllowable modes of operation defined by this standard are accépted by a given TransducerChannel. The
dllowable sampling modes for a given TransducerChannel.arfe based on the sampling attributes for th3
TransducerChannel found in the TransducerChannel TEDS (see 8.5.2.44).

—

This command has a single argument. The list of allowable values for this argument is shown in Table 26
If a Sampling mode command is sent to a TransducerChannel that does not support that mode or does ng
§
§

— -

upport changing that mode, the TransducerChannel invalid command bit in the status word (see 5.13.2)
hall be set.

Table 26—Allowable values for the sampling mode argument

Enumeration Argument attribute-name Operating mode

0 SampleMode.Reserved[0] Reserved

1 SampleMode.Triggerlnit Trigger-initiated

2 SampleMode.FreeNoPre Free-running without pre-trigger
3 SampleMode.FreePreTrig Free-running with pre-trigger

4 SampleMode.Continuous Continuous sampling

5 SampleMode.Immediate Immediate operation

6-127 SampleMode.Reserved[N] 6<N<127 Reserved

128-255 SampleMode.Open[N] 128<N<255 Open to manufacturers

1.1.2.5.Data transmission mode

\rgument atiribute name: XmitiMode daia type Ulnts

The command is used to control the data transmission mode of operation as described in 5.10.2. Whether a
given TransducerChannel supports the allowable data transmission modes of operation is described in the
TransducerChannel TEDS in the data transmission attribute (see 8.5.2.49).

This command has a single argument. The list of allowable values for this argument is shown in Table 7. If
a Data transmission mode command is sent to a TransducerChannel that does not support that mode or
does not support changing that mode, the TransducerChannel invalid command bit in the status word (see
5.13.2) shall be set.
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7.1.2.6 Buffered state

Argument attribute name: BufferOnOff data type Boolean

The command is used to turn on or off buffered operation as described in 5.10.3. Whether a given
TransducerChannel supports buffered operation is described in the TransducerChannel TEDS in the
Huffered attribute (see 8.5.2.47).

This command has a single argument. If the value is true, buffering is enabled. Otherwise buffering i
disabled.

2]

1.1.2.7 End-of-Data-Set operation mode

Argument attribute name: EndDataSetMode data type UlInt8

[

he command is used for actuators to describe what action the actuator should take when it reaches the en
f a data set as described in 5.10.4. Whether a given actuator supperts* changing the End-of-Data-Sgq
peration and the allowable modes is described in the TransducerChannel TEDS in the End-of-Data-Sq
peration attribute (see 8.5.2.48).

—

0.0 0O
—

This command has a single argument. The list of allowablevalues for this argument is shown in Table 27.
If an End-of-Data-Set operation mode command is sent t0)a/TransducerChannel that does not support that
hode or does not support changing that mode, the TransducerChannel invalid command bit in the status
word (see 5.13.2) shall be set.
Table 27—Allowable values for the End-of-Data-Set operation mode argument

Enumeration Argument attribute name Operating mode

0 EndDataSetMode.Reservéd]0] Reserved

1 EndDataSetMode.Hold Hold

2 EndDataSetMode.Recirc Recirculate

3-127 EndDataSetModé¢.Reserved[N] 3<N<127 Reserved

128-256 EndDataSetMaode.Open[N] 128<N<255 Open to manufacturers

71.1.2.8 Actuator halt operating mode

Argument attriblite-name: ActuatorHalt data type Ulnt8

The comfand is used to control what the output of an actuator will do when it receives p
TransdiicerChannel Idle command while it is processing a data set. The possibilities for a given actuatg
qre given in the TransducerChannel TEDS in the actuator halt attribute (see 8.5.2.51).

—

This command has a single argument. The list of allowable values for this argument is shown in Table 28.

Table 28—Allowable values for the actuator halt operating mode argument

Enumeration Argument attribute name Operating mode

0 ActuatorHalt.Reserved[0] Reserved

1 ActuatorHalt.Hold Hold

2 ActuatorHalt.Finish Finish data set

3 ActuatorHalt.Ramp Ramp

4-127 ActuatorHalt.Reserved[N] 4<N<127 Reserved

128-256 ActuatorHalt.Open[N] 128<N<255 Open to manufacturers
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7.1.2.9 Edge-to-Report

Argument attribute name: EdgeReported data type Ulnt8

The command is used to describe which edge or edges an event sensor will report. The possibilities for a
given event sensor_are given in the TransducerChannel TEDS in the Edge-to-Report attribute (see
8.5.2.50).

This command has a single argument. The list of allowable values for this argument is shown in Table'29.

Table 29—Allowable values for the Edge-to-Report operation mode argument

HEnumeration Argument attribute name Operating mode
EdgeReported.Reserved[0] Reserved

1 EdgeReported.Rising Report Rising Edges

2 EdgeReported.Falling Report Falling Edges

3 EdgeReported.BothEdges Report both Edges

4-127 EdgeReported.Reserved[N] 4<N<127 Reserved

28-256 EdgeReported.Open[N] 128<N<255 Open to manufactarers

1.1.2.10 Calibrate TransducerChannel

—

This command is used to cause the TransducerChannel to&un'a procedure to verify that its output is wha
should be expected. The exact definition of what happens{during a Calibrate TransducerChannel commanfl
ip a function of the TransducerChannel design and is not'a subject of this standard.

[¢]

A reply to this command shall always be generated upon completion of the operation. The reply shall b
the same as the reply to a Read Status-Event Register command (see 7.1.1.8).

NOTE—A “shunt Cal” where a resistor of known value is applied across one leg of a Wheatstone bridge is a commop
fprm of what is expected when this command is executed.

1.1.2.11 Zero TransducerChannel

[¢]

This command is used.to* cause the TransducerChannel to run a procedure to zero its input or output. Th
dxact definition of~what happens as a result of a Zero TransducerChannel command is a function of th|
TransducerChannel-design and is not a subject of this standard.

w

A reply tgthis command shall always be generated upon completion of the operation. The reply shall b
the same-asthe reply to a Read Status-Event Register command (see 7.1.1.8).

[¢]

NOFE“A common result of executing this command is to have a sensor output go to zero and to use this value as
TO ITCICTCIICC.

7.1.2.12 Write corrections state

Argument attribute name: CorrectState data type Ulnt8

This command is used with TransducerChannels that are capable of applying the corrections as described
in 8.6.1 within the TIM. This command causes the TransducerChannel to enable the correction process so
that the unit outputs data in the Physical Units specified in the Calibration TEDS. This command is
mandatory for TransducerChannels with a built-in correction capability.
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This command has a single argument. If the value is true, the corrections capability is enabled. Otherwise
the corrections capability is disabled.

The Corrections disabled status bit (see 5.13.15) shall be cleared upon receipt of this command.

7.1.2.13 Read corrections state

word (see 5.13.4).

Reply argument attribute name: CorrectState data type Ulnt8

This command is used with TransducerChannels that are capable of correcting the data withinythe TIM.
This command is mandatory for TransducerChannels with a built-in correction capability.

A reply to this command has a single argument. If the value is true, the corrections capability is enabled.
therwise the corrections capability is disabled.

1.1.2.14 Write TransducerChannel initiate trigger state

Argument attribute name: EventTrig data type Boolean
This command allows an event sensor TransducerChannel to initiate a trigger command when an ever
dccurs. If a sensor or actuator receives this command it shall set the command rejected bit in the statu
This command has a single argument. If the value Gs.frue, the event sensor is enabled to initiate a trigge

when an event occurs. Otherwise the trigger capability is disabled.

1.1.2.15 Write TransducerChannel initiate trigger configuration

Argument attribute name: InitTrig data type Boolean

This command is used to prgvide the information needed by an event sensor to initiate a trigger command.
The arguments for this command are as shown in Table 30.

Table 30—Write TransducerChannel initiate trigger configuration

2

—

Hield Data type

Argument attribute
name

Function

1 Ulntl6 InitTrig.destld The “destld” specifies the desired destination.
2 Ulnt16 InitTrig.channelld The “channelld” specifies the desired TransducerChannel.
3 Struct InitTrig.qosParams The “qosParams” is the desired quality of service parameters. See

9.3.1.3 for details.

7.1.3 Transducer operating state commands

The Transducer operating state class of commands shall only be executed when the TransducerChannel is
in the operational state. If one of these commands is received when the TransducerChannel is in any other
state, the command rejected bit (see 5.13) in the TransducerChannel Status-Condition register shall be set
and the command shall be ignored.

The commands that are allowed in the transducer operating state are listed in Table 31.
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The TIM shall be in the active state for any of these commands to be received by the TransducerChannel.
If one of these commands is received when the TIM is not in the active state, the command rejected bit in
the TIM Status-Condition Register (see 5.13) shall be set and the command shall be ignored.

All commands in this class require a destination TransducerChannel number greater than zero. If
destination TransducerChannel number in the message is zero, the command rejected bit (see 5.13) in the
TIM Status-Condition register shall be set and the command shall be ignored.

Table 31—Transducer operating state commands

fmdFunctionld | Command Address class Reply ‘ Required/
TransducerChannel | Proxy | Group/ | €XPected optional
global
0 Reserved — — — — —
1 Read TransducerChannel | Yes Yes No Yes See
data-set segment NOTE
2 Write TransducerChannel | Yes Yes No No See
data set segment NOTE
3 Trigger command Yes Yes Yes No Required
4 Abort Trigger Yes Yes Yes No Optional
5-127 Reserved — ~ — — —
128 -255 Open for manufacturers — — — — —
NOTE—A Read TransducerChannel data set segment command is required for sensors. A Write
TransducerChannel data set segment command is required for an-actuator.

1.1.3.1 Read TransducerChannel data-set segment

Argument attribute name: DataSetOffset data type Ulnt32

—

This command is used to read a segmenfof a data set. There is a single argument to this command. Tha
grgument specifies the offset into the data set at which reading should start. Since the maximum size for a
g
§

=)

ctet array that may be handled by, a given physical transport layer is less than the maximum size for a dafj
et, the data set offset is used to, identify where in the data set the read access should start.

=)

NOTE—Most data sets will* be small enough to fit within a single segment. However, the standard allows th
rmaximum TransducerChannel data repetitions to be 65 356 and the data model, which defines the number of octets in
data sample, to be 255(which gives the maximum data set size of 16 777 216 octets. In cases where the data set will f}
ithin a single message the contents of the segment offset field should be zero. However, larger data sets that will n
fit within one message require segmentation of the data set for transmission and the segment offset should Y
appropriate forgach segment.

[SEC)

D =+ =

The reply-to a Read TransducerChannel data set segment command uses the Reply message structure (seg
q.3)¢ The reply-dependent octets returned within the datagram reply message shall be as shown in Table
3% As shown in Table 32, the first field contains the offset into the data set at which the block of data wajs
taken and will in most cases match the Data-set Segment Offset in the Read TransducerChannel data set
segment command. The remaining octets contain the data read from the data set. The reply shall contain all
ones in the data set segment offset and 0 data octets if the data set is empty. The number of octets returned
is a function of the design of the TransducerChannel, and the NCAP will determine the number from the
arguments to the API method used to return the message. (see 11.2 or 11.3). If the ReadSensor.Offset is
greater than the number of octets in the data set, the ReadSensor.Offset in the reply shall be equal to the
maximum number of octets in the data set and the reply will contain 0 octets.
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Table 32—Read TransducerChannel data set segment reply arguments

Field Data type | Argument attribute name | Function

1 Ulnt32 ReadSensorOffset Data set offset (0 to [current size — 1])—This is the address
relative to the beginning of the data set at which reading of
the data shall begin.

2 N*UInt8 ReadSensorData The block of data read from the sensor.

Forz TramsducerCimanmet being operated 1T O1e 01 tIE SUTanng data ransmiSsSion Modes (Se¢ 9. 10-2), 1T
dommand rejected bit in the status register shall be set if this command is received and the command.sha
He ignored.

—

If the destination TransducerChannel number in the octet array is zero, the command rejected-bit in the
TIM Status-Condition Register (see 5.13.4) shall be set and the command shall be ignored.

1.1.3.2 Write TransducerChannel data-set segment

Argument attribute name: WriteActuator

This command is used to write a data set into a TransducerChannel overwriting any previous content. Thie
grguments to a write TransducerChannel data set segment command,shall be as described in Table 33.

«

Since the maximum size for an octet array that may be handled by a given physical transport layer is les
than the maximum size for a data set, the data set offset istused to identify where in the data set the writ
dccess should start. If the WriteActuator.Offset is greaterithan the maximum length of the data set, the dat
shall be discarded and the command rejected bit in thestatus word (see 5.13.4) shall be set.

=

NOTE—Most data sets will be small enough to fitwithin a single segment. However, the standard allows th
rhaximum TransducerChannel data repetitions to be 65 356 and the data model, which defines the number of octets in
data sample, to be 255, which gives the maximum data set size of 16 777 216. In cases where the data set will f}
W
V

-~ =+ & O

ithin a single message, the contents of the segment offset field should be zero. However, data sets larger than will f]
ithin one message require the segmentation of the data set for transmission.

Table 33—Write TransducerChannel data set sesgment command data field

Hield Data type Argument attribute name Function

| Ulnt32 WriteActuator.Offset Data set offset (0 to [current size — 1])—This is the
address relative to the beginning of the data set at which
writing of the data shall begin.

2 N*UlInt8 WriteActuator.DataBlock Data block

Hor a TransdticerChannel being operated in the streaming mode, the command rejected bit (see 5.13) in th
status regi§ter'shall be set if this command is received and the command shall be ignored.

(]

If the ‘destination TransducerChannel number in the octet array is zero, the command rejected bit (see 5.13)
ip'the’TIM Status-Condition Register shall be set and the command shall be ignored.

7.1.3.3 Trigger command

This command causes an action as described in trigger commands in 5.11.2.1.
There are no arguments to this command.
It may be addressed to a TransducerChannel, a TransducerChannel proxy, an AddressGroup, or globally. If

it is addressed globally, it shall trigger each trigger-enabled TransducerChannel within the TIM. If the
TransducerChannel is a sensor, the TransducerChannel shall behave according to the Sensor Triggering
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State Diagram (see Figure 7). If the TransducerChannel is an actuator, then the TransducerChannel shall
behave according to the Actuator Trigger State Diagram (see Figure 8).

7.1.3.4 Abort trigger

This command is used to abort a trigger operation. If the TransducerChannel is a sensor, the
TransducerChannel shall behave according to the Sensor Triggering State Diagram (see Figure 7). If-the
TransducerChannel is an actuator, then the TransducerChannel shall behave according to the Actuatqr
Trigger State Diagram (see Figure 8).

There are no arguments to this command.

—

It may be addressed to a TransducerChannel, a TransducerChannel proxy, an AddressGroup, or globally. |
if is addressed globally, it shall abort the trigger on each triggered TransducerChannel within the TIM.

1.1.4 Transducer either idle or operating state commands
The commands in this class may be issued to a TransducerChannel at any time after it leaves the
Transducer Initialization state. The commands that are allowed in ¢hisClass are listed in Table 34.

Table 34—TransducerChannel idle or opérational state commands

Address claSs .
. Reply Required/
cmdFunctionld Command Group/ ted tional
TransducerChannel | Proxy expecte optiona
global
0 Reserved — — — —
1 TransducerChannel Operate | *Yes Yes Yes No Required
2 TransducerChannel Idle Yes Yes Yes No Required
3 Write  TransducerChdnnel | Yes Yes Yes No Optional
trigger state
4 Read TransducerChannel | Yes Yes Yes No Required
trigger state
5 Read TrransducerChannel | Yes No No Yes See
data repetition count NOTE 1
6 Read TransducerChannel | Yes No No Yes See
pre-trigger count NOTE 2
7 Read AddressGroup | Yes Yes No Yes Required
assignment
8 Read Sampling mode Yes Yes No Yes Optional
9 Read data transmission mode | Yes Yes No Yes
10 Read buffered state Yes Yes No Yes Optional
11 Read end-of-data-set | Yes Yes No Yes Optional
operation
12 Read-aetuatorhaltmede Yes Yes Ne Yes Optienat
13 Read edge-to-report mode Yes Yes No Yes Optional
14 Read TransducerChannel | Yes No No Yes Optional
initiate trigger state
15 Read TransducerChannel | Yes No No Yes Optional
initiate trigger configuration
16 Device clear Yes Yes Yes No Optional
17-127 Reserved — — — —
128-255 Open for manufacturers — — — — —
NOTE 1—This function is required if the Set TransducerChannel data repetition count is implemented.
NOTE 2—This function is required if the Set TransducerChannel pre-trigger count is implemented.
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If any optional command in this class is sent to a TransducerChannel that does not support that command,
the command rejected bit (see 5.13.4) in the TransducerChannel Status-Condition register shall be set and
the command shall be ignored.

All commands in this class require a destination TransducerChannel number greater than zero. If
destination TransducerChannel number in the message is zero, the command rejected bit in the
TransducerChannel Status-Condition Register (see 5.13.4) shall be set and the command shall be ignored.

The TIM shall be in the active state for any of these commands to be received by the transducer channel.
71.1.4.1 TransducerChannel operate
This command causes a TransducerChannel in the Transducer Idle state to transition int6 the Transducg

perating state. If the TransducerChannel is already in the Transducer Operating’stafe, the command is
ignored. See 5.4.1 for a description of the operating states of a TransducerChannél

—

This command has no arguments.
1.1.4.2 TransducerChannel idle
This command forces the addressed TransducerChannel totransition into the Transducer Idle state. If th|

TransducerChannel is already in the Transducer Idle state, the command is ignored. See 5.4.1 for p
description of the operating states of a TransducerChannel:

[¢]

This command has no arguments.

1.1.4.3 Write TransducerChannel trigger state

Argument attribute name: TrigState data type Boolean
This command is used to enable-or disable TransducerChannel triggering as described in 5.4.2 and 5.11.

This command has assingle argument. If the value is true, triggering is enabled for the addressefl
TransducerChannel. Otherwise triggering is disabled for the addressed TransducerChannel.

jry

f the TransdueerChannel does not support triggering and this command is received, the command rejecte
Hit in the statds=event register shall be set (see 5.13.4) and the command shall be ignored.

1.1.44 Read TransducerChannel trigger state

Reply argument attribute name: TrigState data type Boolean
This command is used to read the triggering state of the TransducerChannel as described in 5.4.2.
The reply to this command has a single argument. If the value is true, triggering is enabled for the

addressed TransducerChannel. Otherwise triggering is disabled for the addressed TransducerChannel. If
the TransducerChannel does not support triggering, the reply to this command shall be False.
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7.1.4.5 Read TransducerChannel data repetition count

Reply argument attribute name: RepCount data type Ulnt16

This command is used to read the actual number of TransducerChannel data repetition counts (see 7.1.2.1)
that are assigned for the addressed TransducerChannel.

The command has no arguments. However, it does generate a reply that has a single Ulnt16 argument. Thi
grgument gives the current assigned value for the TransducerChannel data repetition count.

w

1.1.4.6 Read TransducerChannel pre-trigger count

Reply argument attribute name: PreTrigCount data type Ulnt16

This command is used to read the actual number of TransducerChannel pre-trigger counts that are assignefl
fpr the addressed TransducerChannel (see 7.1.2.2).

The command has no arguments. However, it does generate a reply that-has a single Ulnt16 argument. Thi
grgument gives the current assigned value for the TransducerChannelpre-trigger count.

)

1.1.4.7 Read AddressGroup assignment

Reply argument attribute name: GrpAssignment datatype Ulnt16

This command is used to read the AddressGroup(s) to which the addressed TransducerChannel is assignefl
(pee 11.3.14).

The command has no arguments. However, it does generate a reply that has a single Ulnt16 argument thg
dives the AddressGroup addresses toswhich the TransducerChannel is assigned. A value of zero means thg
this TransducerChannel is not assigned to any AddressGroup.

—

1.1.4.8 Read sampling mode

Reply argument attribute name: SampleMode data type Ulnt8

The Read Sampling Mode command allows the NCAP to determine the actual sampling mode in which the
Transducer€hannel is operating (see 5.10.1 and 8.5.2.44).

Théc€emmand has no arguments. However, it does generate a reply that has a single UlInt8 argument tha
iVCb tllC LullCllt SAlll iill lllUdC fUl tllC Tlaubdu\,61Chauuc1. TIIC llbt Uf aﬂuwa‘ulc Vd}UCD fUl tllib dl EUITICT

& PIs 5

is shown in Table 26.

—

—

7.1.4.9 Read data transmission mode
Reply argument attribute name: XmitMode data type Ulnt8

The Read data transmission mode command allows the NCAP to determine the data transmission mode of
the TransducerChannel (see 5.10.2 and 8.5.2.49).
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The command has no arguments. However, it does generate a reply that has a single UInt8 argument that
gives the current data transmission mode for the TransducerChannel. Table 7 lists the allowable arguments
for the reply to this command.

7.1.4.10 Read buffered state

Reply argument attribute name: BufferOnOff data type Boolean

The command has no arguments. However, it does generate a reply that has a single argument)of typ
Boolean. If that argument is true, buffering is enabled. Otherwise buffering is disabled.

(¢}

1.1.4.11 Read end-of-data-set operation mode

Reply argument attribute name: EndDataSetMode data type Ulnt8

The Read end-of-data-set operation mode command allows the NCAP, €o’ determine the action that aj
actuator TransducerChannel will take upon reaching the end of the current data set if another data set ha
1ot been written while it was applying the current data set.

[Zn=]

The command has no arguments. However, it does generate a reply that has a single argument. Table 2[/
dives the allowable values for the argument.

1.1.4.12 Read actuator halt mode

Reply argument attribute name: ActuatorHalt data'type UInt8

The command has no arguments. However; it does generate a reply that has a single argument. Table 28
dives the allowable values for the argument.

1.1.4.13 Read Edge-to-Report'mode

Reply argument attribute:name: EdgeReported data type Ulnt8

The command has'no arguments. However, it does generate a reply that has a single argument. Table 2P
dives the allowable values for the argument.

1.1.4.14'Read TransducerChannel initiate trigger state

Reply argumemnt attribute rame Event Trigdata type Bootean

This command allows an NCAP to determine whether an event sensor TransducerChannel is set up to
initiate a trigger command when an event occurs. If a sensor or actuator receives this command, it shall set
the Command rejected bit in the status word (see 5.13.4).

This command has no arguments. However, the reply to this command has a single argument. If the value

is true, the event sensor is enabled to initiate a trigger when an event occurs. Otherwise the trigger
capability is disabled.
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7.1.4.15 Read TransducerChannel initiate trigger configuration

Reply argument attribute name: InitTrig data type Boolean

This command is used to read the information needed to allow a TransducerChannelto initiate a trigger
command.

This command has no arguments. However, the reply to this command has the arguments listed 1h
Table 30. See 11.3.2 for the meaning of these arguments.

1.1.4.16 Device clear
This command is used to clear all input buffers and output buffers of the address€d FransducerChannelg.
Hor more information on device clear, see Figure 7 for sensor trigger states.arnid Figure 8 for actuatqr
trigger state diagrams.

This command has no arguments and does not generate a reply.
1.1.5 TIM sleep state commands

The following commands may only be executed when the ‘PIM is in the sleep state. See Table 35 for the
ljst of allowable commands for this class.

=]

A\l commands in this class require a destination TransducerChannel number of zero. If destinatio
ransducerChannel number in the message is nQt zero, the command rejected bit in the TransducerChanngl
tatus-Condition Register (See 5.13.4) shall'be set and the command shall be ignored.

L

Table 35—Sleep state commands

cmdFunctionld | Command ?;l:/lress class Global g(e;)elzte d f;g:::;d/
D Reserved — — — —

| Wakesup Yes No Yes Optional
p—127 Reserved — — — —
128255 Open for manufacturers — — — —

71.1.5.1 Wake-up

Thisicommand forces the addressed TIM to transition into the active state.

This command has no arguments.

A reply to this command shall always be generated upon completion of the operation. The reply shall be
the same as the reply to a Read Status-Event Register command (see 7.1.1.8) addressed to the TIM.

NOTE—If this command is sent to multiple TIMs, the underlying IEEE 1451.X must be able to handle replies from
multiple TIMs without disrupting the operation of the system.

78 © IEEE 2007 — Al rights reserved


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

7.1.6 TIM active state commands

The following commands may only be executed when the TIM is in the active state (see Table 36). If one
of these commands is received when the TIM is not in the active state, the command rejected bit in the
TIM Status-Condition Register (see 5.13) shall be set and the command shall be ignored.

=]

All commands in this class require a destination TransducerChannel number of zero. If destinatio
TransducerChannel number in the message is not zero, the command rejected bit in the TIM Stattis
(ondition Register (see 5.13.4) shall be set and the command shall be ignored.

Table 36—TIM active state commands

cnaruacionta | Commnd o | len oo
0 Reserved — — — —

1 Read TIM version Yes No Yes Required
2 TIM Sleep Yes No No Optional
3 Store operational setup Yes No No Required
4 Recall operational setup Yes No No Required
5 Read IEEE 1451.0 Version Yes No Yes Required
6-127 Reserved 7~ — — —
128-255 Open for manufacturers — — — —

71.1.6.1 Read TIM version

Reply argument attribute name: TIMVersion.data type Ulnt16
This command is used to read the versionsnumber from a TIM.

The command has no arguments-\However, it does generate a reply that has a single argument. The valyl
df this argument is the manufacturer-defined TIM version number. The contents of this number are left ¢
t
g

|2 ¢]

he manufacturer, but they shall be sufficient to allow the user to determine that something within th
evice has been changedieven though the model number has not changed.

[¢]

71.1.6.2 TIM sleep

This command puts the addressed TIM into a low-power state where it only responds to the wake-up
dommand:

This command has no arguments and does not generate a reply.

7.1.6.3 Store state

Argument attribute name: StorState[N] 0<N<255 data type Ulnt8

This command is used to cause a TIM and all TransducerChannels in the TIM to store their state
information and enough additional information that it can be restored to the same setup it had when this
command was received. Two conditions will cause the state to be restored. They are as follows:

— Receipt of the recall state command
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— Return from a power failure
NOTE—This should include the signal conditioning parameters, the operation modes, and so on.
There is a single argument to this command of type Ulnt8. This argument shall be used to identify the state

if multiple states are to be stored. The power-up state shall be state zero. There is no reply to this
command.

1.1.6.4 Recall state

Argument attribute name: StorState[N] 0<N<255 data type Ulnt8

This command is used to return the setup of a TIM and all TransducerChannels in the/TIM to the state the
were in when the Store State command that defined the state specified by the argiument to this comman
Was received.

<<

[¢]

There is a single argument to this command of type Ulnt8. This argument shall’be used to identify the stat
tp be recalled. There is no reply to this command.

71.1.6.5 Read the IEEE 1451.0 version

Reply argument attribute name: StandardVersion data type)UInt8
This command is used to read the version of this stafidard supported by this TIM.

This command has no arguments. The reply to<this command shall have a single octet of the IEEE 1451.p
Version number as shown in Table 37 in the.data field.

Table 37—Enumeration of IEEE 1451.0 version numbers

Standard version IEEE, 1451.0 standard version

( Reserweéd for prototype or other nonstandard IEEE 1451.0 versions
1 This will correspond to the original release of this standard

3127 Reserved for future releases of the standard

28-255 Open to manufacturers

1.1.7 TIM any state commands

.

he follawing commands may be executed when the TIM is in any state. Table 38 gives a list of the
dommands'in this class.

AllNéommands in this class require a destination TransducerChannel number of zero. If destinatio
TransducerChannel number in the message is not zero, the command rejected bit in the TransducerChannel
Status-Condition Register (see 5.13.4) shall be set and the command shall be ignored.

Table 38—TIM any state commands

cmdFunctionld ‘ Command ?;i:/[ress class Global g(el?:z’te d f:g::;;eld/
0 Reserved — — — —

1 Reset Yes No No Optional
2-127 Reserved — — — —
128-255 Open for manufacturers — — — —
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7.1.7.1 Reset

This command is used to reset the TIM and all TransducerChannels associated with that TIM.

After a Reset command is issued to a TIM, the TIM and all TransducerChannels associated with that TIM
shall go into the initialization/boot-up state immediately. If a state or states have been stored using the
Store State (see 7.1.6.3) command, then state 0 will be the state restored during initialization.

This command has no arguments and does not produce a reply.

7.2 Manufacturer-defined commands

A manufacturer may include nonstandard commands that need to be exposed to the user by implementing
(Commands TEDS as described in 5.5.2.5. The user is responsible for the software necessary to use thes
dommands.

[CERY

8. TEDS specification

This clause specifies the contents of all TEDS defined in this'standard.

8.1 General format for TEDS

2]

All TEDS have the general format shown inFable 39. The first field in any TEDS is the TEDS length. It i
4 4 octet unsigned integer. The next block is the information content for the TEDS. Depending on th
TEDS, the information may be binary-information or it may be text-based. The last field in any TEDS is
dhecksum that shall be used to verify\the integrity of the TEDS.

& O

Table 39—Generic format for any TEDS

Field Description Type # octets
— TEDS length Ulnt32 4
1toN Data block Variable Variable
— Checksum Ulnt16 2

§.1.1 TEDS.length

Ibatatype: unsigned integer used for field length (UlInt32, 4 octets)

The TEDS length is the total number of octets in the TEDS data block plus the 2 octets in the checksum.

8.1.2 Data block

Data type: a structure defined by the specific TEDS

This structure contains the information that is stored in a specific TEDS. The fields that comprise this
structure are different for each TEDS type. All TEDS prepared by a transducer manufacturer use a
Type/Length/Value (TLV) data structure. In the case of text-based TEDS, this Type/Length/Value (TLV)
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data structure is used to provide a directory to give access into different sections of the text portion of the
TEDS that uses XML for the information content.

Using the TLV construct as shown in Table 40, each entry is stored as a TLV tuple. The “Type* field is a
1 octet tag that identifies the TLV, similar in function to HTML or XML tags. The “Length” field specifies
the number of octets of the value field, and the “Value” field is the actual data. Each entry may be
composed of one or more TLVs. The structure, or data type, of the value field is defined in the
specification for the TEDS in this standard. See Table 43 for an example.

Table 40—Definition of the Type/Length/Value structure

Hield Description

Type This code identifies the field in the TEDS that is contained within the value field. Except o1 types 2 and
3, the same number in the type field will have a different meaning in each different TEDS:

Hength The number in this field gives the number of octets in the value field. The number 6f|octets in the length
field is controlled by an entry in the TEDS Identification TLV.

VYalue This field contains the TEDS information.

§.1.3 Unused type codes

(L]

Vithin the definition of each TEDS, some type codes are not usedin that TEDS. These type codes ar
I}sted within the definition of each TEDS as either “reserved” or ‘‘épen to manufacturers.”

§.1.3.1 Reserved types

Type codes listed as “reserved” are reserved by the €ommon Functionality and TEDS Working Group fq
future revisions to the standard. They shall not be-ised by manufacturers or other groups.

—

§.1.3.2 Open to manufacturers

Type codes listed as “open to manufacturers” may be used by manufacturers to implement features that ar
rjot defined in the standard. If-axmanufacturer chooses to implement type codes in a transducer module tha
gre not described in the standard, and that device is operated in a system that does not recognize th
1]
b

O = O

hanufacturer specific type fields, then all of the features described in the standard shall function normally,
ut the additional manufacturer’s features will not be supported.

§.1.4 IEEE Std\1451.2-1997 compatibility

The TEDS for IEEE Std 1451.2-1997 do not use TLV tuples. However, the first octet following the length
fleld in_the Meta-TEDS always contains the number two. Since the first octet following the length field ip
Ay IEEE 1451.0 TEDS is always a type code, the type code 2 is reserved and shall not be used. Since the
Meta-TEDS i1s the only TEDS in IEEE Std 1451.2-1997 that contains TEDS version information, it is
necessary when using that standard to read the Meta-TEDS before attempting to read any other TEDS.

8.1.5 IEEE Std 1451.3-2003 compatibility

The TEDS for IEEE Std 1451.3-2003 do not use TLV tuples. However, the first octet following the length
field in the Meta-TEDS always contains the number one. Since the first octet following the length field in
any IEEE 1451.0 TEDS is always a type code, the type code 1 is reserved and shall not be used. Since the
Meta-TEDS is the only TEDS in IEEE Std 1451.3-2003 that contains TEDS version information, it is
necessary when using that standard to read the Meta-TEDS before attempting to read any other TEDS.
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8.1.6 Checksum

Data type: unsigned 16-bit integer (UInt16, 2 octets)

The checksum shall be the one’s complement of the sum (modulo 2'°) of all preceding octets, including the
initial TEDS length field and the entire TEDS data block. The checksum calculation excludes the
dhecksum field.

TotalOctets—2
checksum = 0xFFFF — Z TEDSOctet(i) 4
i=1

he one’s complement of the sum N is (2'°~ 1) — N. The checksum may be calculated by taking the he
alue OxFFFF minus the sum from the first octet to the octet before the eheeKsum as shown i
quation (4). Another way to calculate the ones complement value of a number is by inverting th
umber’s digits.

o T e e B S |
o = X

—

NOTE—Computing the checksum starts with adding the individual octets while.keeping the sum in a 16 bit number.
the 16 bit number overflows, ignore the overflow and keep only the lower 16.bits! Take the logical (one’s) complement
df the resulting 16 bit number.

8.2 Order of octets in numeric fields

Hor numeric values requiring more than 1 octet, thesfirst octet following the tuple length field shall be the
thost significant octet. The last field shall contain.the least significant octet.

8.3 TEDS identification header

Hield Type: 3
Hield Name: TEDSID
IDefault value: Not applicable. This field is required in all TEDS.

The TEDS Identifier consists of the four fields shown in Table 41 and is standard for all TEDS. This field
ip always théfirst one in the TEDS. The Tuple Length for this field is assumed to be one.

The contents are as follows:

IEEE 1451 standards ‘qu”y number (ﬁ for this chnfiarﬂ)

TEDS class
Version number

Tuple length
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Table 41—TEDS identifier structure

Field Contents Function
Type 03 Type field for the TEDS Identifier.
Length 04 This field is always set to 04, indicating that the value field contains 4 octets.
Family 00 This field identifies the member of the IEEE 1451 family of standards that defines
this TEDS.
Class See This field identifies the TEDS being accessed. The value is the TEDS access code
Fable17 forunrd-rTablet+-
Version See This field identifies the TEDS version. The value is the version number identified,in
Table 42 the standard. A value of zero in this field indicates that the TEDS do not confornto
any released standard. Table 42 lists the allowable values for this field.
Tuple Number This field gives the number of octets in the length field of all tuples i the TEDS
Length of octets except this tuple.
NOTE—For most TEDS, the number of octets in the length field 'of the tuples is one,
meaning that there are 255 or less octets in the value field. Howé€yer, some cases may
require more than 8 bits for the number of octets in the value field, so this field
specifies the number of octets in the length field of a tuple<All tuples within a TEDS,
except the TEDS Identifier, shall have the same number of octets in the length field.

Table 42—Enumeration of TEDS versionnumbers

[TEDS version IEEE 1451.0 standard version

Reserved for prototype or other nonstandard TEDS\versions.
I This will correspond to the original release of this standard.
P-255 Reserved for future releases of the standards

8.4 Meta-TEDS

w

The Meta-TEDS is a required TEDS. The function of the Meta-TEDS shall be to make available at th
ipterface all information needed to gain ageess to any TransducerChannel, plus information common to a
TransducerChannels.

—

8.4.1 Access

The Meta-TEDS is accéssed using a Query TEDS command, a Read TEDS segment command, a writ
TEDS segment comntand, or an Update TEDS command. The argument of the command shall specify th
TEDS access code/of the Meta-TEDS, as defined in Table 17.

[CELY]

(o

This TEDS ghould be implemented as a read-only TEDS to prevent it from being changed in the fiel
Hecause changes could cause unpredictable behavior. If it is implemented as a read-only TEDS, the writ
TEDS segment command and Update TEDS command shall not apply.

[¢]

§.4.2’'Data block

Table 43 summarizes the content of the data block. Subordinate subclauses explain each data field in this
data block. The length and checksum fields are not technically part of the TEDS data block but are shown
in Table 43 to more completely describe the TEDS (see 8.1).
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Table 43—Structure of the Meta-TEDS data block

Field Field Description Data type # octets

type name

— Length Ulnt32 4

0-2 — Reserved — —

3 TEDSID TEDS Identification Header Ulnt8 4

UUID UlO0dIly UHiqUC Tdemtifier UUID IV
39 — Reserved — —
Timing-related information

110 OholdOff Operational time-out Float32 4

11 SHoldOff Slow-access time-out Float32 4

12 TestTime Self-Test Time Float32 4

Number of implemented TransducerChannels
13 MaxChan Number of implemented TransducerChannels Ulnt16 2
14 CGroup ControlGroup information sub-block — —
Types 20, and 21 define one ControlGroup.

20 GrpType ControlGroup type Ulnt8 1

) MemList ControlGroup member list array of | NTc
Ulnt16

15 VGroup — —

Types 20 and 21 define one VectorGrotp.

20 GrpType VectorGroup type Ulnt8 1

n MemList VectorGroup member list array of | NTv
Ulnt16

16 GeoLoc Specialized VectorGroup for geographic location — —

Types 24, 20, and 21 define one set of geographic location information.
. %) LocEnum An enumeration defining hew" location information is | Ulnt8 1
provided

20 GrpType VectorGroup type Ulnt8 1

) MemList VectorGroup member list array of | NTv
Ulnt16

{7 Proxies TransducerChannel proxy definition sub-block — —

Types 22, 23y and 21 define one TransducerChannel proxy.

2 ChanNum TransducerChannel number of the TransducerChannel proxy | Ulntl6 1

3 Organiz TransduéerChannel proxy data-set organization Ulnt8 1

) MemlList TransducerChannel proxy member list array of | NTp
Ulnt16

18-19 — Reserved — —

2A5-127 — Reserved — —

28-255 | — Open to manufacturers — —

+ Checksum Ulnt16 2

§.4.2.1 TEDS identification header

he TEDS Identification Header shall be as defined in 8 3

This field is a required field. If this field is omitted or contains illegal values, the NCAP shall report a fatal

TEDS error.

8.4.2.2 Globally unique identifier

Field Type: 4

Field Name: UUID
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Data type: UUID, 10 octets

This field shall be present in the Meta-TEDS of each TIM and shall be unique (as shown in Figure 13). If
this field is omitted, the NCAP shall report a fatal TEDS error.

See 4.12 for a description of the contents of this field.

brite non-volatile memory.

.4.2.3 Worst-case time-out values

wo time-out values are provided in this TEDS. Both values are intended for detecting nonresponsive
IMs. Two time-out values are specified to allow for two classes of response times. The operational time
ut is used for most operations and is the shorter of the two periods. The second time-eut value, sloy
ccess time-out, is used for commands that are expected to take longer to execute such as commands thgt

The "*" following the element name indicates that this
element will exist zero or more times within the TEDS,

Figure 13—Structure of the Meta-TEDS data block

TEDSID
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UuID

Type = 04

OHoldOff

Type = 10

SHoldOff

Type = 11

TestTime

Type =12

MaxChan

Type = 13
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Type =14 MemlList
Type = 21
GrpType

VGroup* Type =20

Type =15 MemlList
Type = 21
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GeolLoc* GrpType

Type = 16 Type = 20
MemList
Type = 21
ChanNum
Type = 22

Proxies™ Organiz
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Type = 21
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8.4.2.4 Operational time-out

Field Type: 10

Field Name: OHoldOff

IData type: single-precision real (Float32, 4 octets)
This field is required. If this field is omitted, the NCAP shall report a fatal TEDS error.
he Operational time-out field contains the time interval, in seconds, after an action for which’the lack g

1

1eply following the receipt of a command may be interpreted as a failed operation. This-may be the longe
df the time required to begin a response to the slowest-to-execute command supported by the device (fg
g
1

T = = 5

xample, worst-case command response) OR the time by which the device should be‘ready to accept th
ext command when no reply is required by the current command.

This field only gives the portion of the time that is used within the transducer module. Additional delay
will exist within the NCAP or host processor and in the transmission that are related to the implementatior},
which shall be added to this value to produce a time-out value.

2]

8.4.2.5 Slow access time-out

Hield Type: 11
Hield Name: SHoldOff
Ibata type: single-precision real (Float32, 4 octets)

he slow access time-out field contains the time interval, in seconds, after which an action for which th|
hck of a reply following the receiptiof a command may be interpreted as a failed operation. This may b
he longer of the time required.te bégin a response to the slowest-to-execute of these commands supporte
y the device (for example, worst-case command response) OR the time by which the device should b|
pady to accept the next command when no reply is required by the current one. The commands that a
xpected to require the.longer time-out are identified in the description of the individual commands (se
[lause 7).

O 0 = oo o =
T O O = o O

1=}

This field is_eptional. If a single time-out is sufficient to allow the NCAP to operate without being
gxcessively. slow, then this field may be omitted.

This field only gives the portion of the time that is used within the transducer module. Additional delayjs
will_exist within the NCAP or host processor and in the transmission that are related to the implementatior,
which shall be added to this value to produce a time-ont value

8.4.2.6 Transducer module self-test time requirement

Field Type: 12
Field Name: TestTime
This field is required. If this field is omitted, the NCAP shall report a fatal TEDS error

Data type: single-precision real (Float32, 4 octets)
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This field contains the maximum time, in seconds, required to execute the self-test. If no self-test is
implemented, this field is zero.

8.4.2.7 Number of implemented TransducerChannels

Field Type: 13

Hield Name: MaxChan
Ibata type: unsigned 16 bit integer (Ulnt16, 2 octet)

This field is required for all TIMs. If this field is omitted, the NCAP shall report a fatal TEDS error.

—

This field contains the number of TransducerChannels implemented in this TIM. TransducerChannels sha
He numbered starting at one and be contiguous up to this number. No Transducet€hannel numbers may b
skipped.

[¢]

§.4.2.8 ControlGroups

Hield Type: 14
Rield Name: CGroup
Ibata type: unsigned octet integer (UlInt8, 1 octet)

This field is required for TIMs that implement. €ontrolGroups. This field is omitted if no ControlGroups
gxist in this transducer module.

(ontrolGroups identify transducers that are used to control the operation of other transducers as shown i
Table 44. The ControlGroup definition is a hierarchical structure with the following subfields (TL)
thples):

<=

Group type
Member list

Ih Table 44, thé\Enumeration column contains the value that will be placed in the group type field ¢
iflentify the particular ControlGroup that is being defined. The function column defines the function g
dach TrangdycerChannel in the group. The member list is a list of the TransducerChannel numbers for th
Transdueers that perform each function. The numbers in the member list order column define the order i
whieh. the TransducerChannel numbers shall be listed. The member list is an ordered array, and n
dléments may be omitted. If a TransducerChannel is not required, then the TransducerChannel number fo
that tunction shall be zero.

= oS O 5 O

Enumeration 2 may be used to identify the embedded actuator TransducerChannels used to set the high-
pass filter, low-pass filter, and scale factor associated with a sensor of any type.

Enumeration 3 is used to identify an embedded actuator TransducerChannel that may be used to set the
TransducerChannel sampling period.

Enumeration 8 is used when the requirements for simultaneous sampling require that a programmable
delay be introduced to make the delays equal for all TransducerChannels within the group.
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signal in an analog event sensor or the current pattern input to a digital event sensor.

Table 44—Enumeration of ControlGroup types

Enumeration

Member
order

list

Function

Reserved

1

Analog event sensor TransducerChannel

N

Analog input sensor TransducerChannel that measures the input value, for the
same input as the member 1 event sensor provides the state

Upper threshold embedded actuator TransducerChannel

Hysteresis embedded actuator TransducerChannel

Sensor TransducerChannel (any type)

High-pass filter embedded actuator TransducerChanne}

Low-pass filter embedded actuator TransducerChanutel

Scale factor embedded actuator TransducerChannel

TransducerChannel (any type)

Sample interval embedded actuator TransducerChannel

Digital event sensor TransducerChannel

N[ = N =] W[ —| W

Digital input sensor TransducerChannel that measures the input value for the
same input as the member 1 event-sensor provides the state

w

Event pattern embedded actuafor TransducerChannel

[

Time interval sensor TransducerChannel

[\

TransducerChannel numbeér of the transducer that causes the output of the time
interval sensor to be latehed

Timelnstance sensorT'ransducerChannel

TransducerChamel number of the transducer that causes the output of the
TimelInstance sensor to be latched

TransducerChannel number of an event sensor used to trigger other transducers

)
z

The remaining N entries give a list of TransducerChannels triggered by the
event,

TransducerChannel (any type)

Embedded time delay actuator TransducerChannel

Location sensor TransducerChannel

N —| N —

TransducerChannel number of the transducer that causes the output of the
location sensor to be latched

10-127

Reserved for future expansion

128-255

Open to manufacturers

Rield Type: 20

§.4.2.9 Group type

Field Name: GrpType

Data type: unsigned octet integer (UlInt8, 1 octet)

This field is required for TIMs that implement ControlGroups. This field is omitted if no ControlGroups

exist in this transducer module.

The group type is defined in the enumeration column in Table 44 for ControlGroups or in Table 45 for

VectorGroups.
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8.4.2.10 Member list

Field Type: 21

Field Name: MemList

IData type: a one-dimensional array of unsigned 16 bit integers (Ulnt16, 2 to 510 octets)

This field is required for TIMs that implement ControlGroups and VectorGroups. This field is émitted {f
rfo ControlGroups or VectorGroups exist in this transducer module.

The group type is defined in the value column in Table 44 for ControlGroups or, in Table 45 fqr
YectorGroups.

w

This field is a list of transducer channel numbers that go to make up the ContrelGroup. They are in th
drder that is specified in Table 44 or Table 45.

§.4.2.11 VectorGroups

Hield Type: 15
Rield Name: VGroup
Ibata type: unsigned octet integer (UlInt8, 1 octet)

This field is required for TIMs that implement:VectorGroups. This field is omitted if no VectorGroup
gxist in this transducer module.

2]

YectorGroups identify the relationships between the data sets within a transducer module as shown ip
Table 45. The VectorGroup definition-is a hierarchical structure with the following subfields:

Group type
Member list

Ip Table 45, the Enumeration column contains the value that will be placed in the group type field ¢
iflentify the particular VectorGroup that is being defined. The function column defines the function of eac
TransducerChannel in the group. The member list is a list of the TransducerChannel numbers for th
Transducefs‘that perform each function. The numbers in the member list order column define the order i
which_the» TransducerChannel numbers shall be listed. The member list is an ordered array, and n
dlements may be omitted. If a TransducerChannel is not required, then the TransducerChannel number fo
that function shall be zero.

= O B 0 B O

8.4.2.12 Group type

This field is the same as defined in 8.4.2.9.

This field is required for TIMs that implement VectorGroups. This field is omitted if no VectorGroups
exist in this transducer module.
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8.4.2.13 Member list

The structure of this field is the same as defined in 8.4.2.10.

This field is required for TIMs that implement VectorGroups. This field is omitted if no VectorGroups
exist in this transducer module.

This field is a list of transducer channel numbers that go to make up the VectorGroup. They are.in.th
drder that is specified in Table 45.

(¢}

Table 45—Enumeration of VectorGroup types
Enumeration Member list order Function

An arbitrary relation

x component of a right-hand rectangular spatial yector
y component of a right-hand rectangular spatial vector
z component of a right-hand rectangular spatial'vector
p component of a right-hand cylindricalsspatial vector
¢ component of a right-hand cylindrical spatial vector
z component of a right-hand cylindrical spatial vector
r component of a right-hand spherieal spatial vector

0 component of a right-hand spherical spatial vector

¢ component of a right-hand-spherical spatial vector
Latitude component of-a planetary coordinate system
Longitude compongiit of a planetary coordinate system
Altitude compongnt of a planetary coordinate system
In-phase compenent of a two-dimensional vector
Quadrature gomponent of a two-dimensional vector
Red comiponent in a color vector

Green ‘component in a color vector

Blue component in a color vector

Real component of a complex number

Imaginary component of a complex number

1

i
PO =[O DN — D) Lo DN =] LN = W N =L N —

§-127 Reserved for future expansion
28-255 Open to manufacturers

§.4.2.14 Geographic location group

Hield Type: 16

Hield Name: GeoLoc

—

Thig field is required for TIMs that implement dynamic location information as specified in Table 46. 1
this\field is omitted. the NCAP shall assume that this TIM does not provide location information.

The geographic location group is a hierarchical structure with the following subfields (TLV tuples):
LocEnum
Group type
Member list

This field implements a specialized VectorGroup type that is used to provide dynamic geographic location
information.

© IEEE 2007 — Al rights reserved 91


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

8.4.2.15 Location enumeration

Field Type: 24

Field Name: LocEnum

Ibata type: unsigned octet integer (UInt8, 1 octet)

This field is an optional field. If this field is omitted, the NCAP shall assume that this TIM(does nd
frovide any geographic location information.

—

The values for TransducerChannel type key are defined in Table 46.

Table 46—Enumeration of geographic location types

Yalue Meaning
No geographic location information is provided by this TIM

1 Static geographic location information is provided via the geographic location TEDS

2 Dynamic geographic location information is provided

3 Dynamic geographic location information is provided that is.relative to the location specified in the
geographic location TEDS

4-255 Reserved for future expansion

§.4.2.16 Group type

This is the same as defined in 8.4.2.12 except that the-group type shall be limited to types 1-4.

This field is required if the location enumerationt’is 2 or 3. This field is omitted if no geographic location is
grovided by this TIM.

8.4.2.17 Member list

The structure of this field is the same as defined in 8.4.2.10.

This field is requiredrifithe location enumeration is 2 or 3. This field is omitted if no geographic location is
frovided by this TIM.

™

This list of tfansducer channel numbers makes up the VectorGroup. They are in the order that is specifie
ih Table 46 for enumerations 1 through 4.

§.4.2.18 TransducerChannel proxies

Field Type: 17
Field Name: Proxies

This field is required for TIMs that implement TransducerChannel proxies. This field is omitted if no
TransducerChannel proxies exist in this transducer module.

NOTE—If this field is omitted and one or more TransducerChannel proxies exist within the TIM, TransducerChannels
will appear to exist without TransducerChannel TEDS, which is a fatal error.
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A TransducerChannel proxy is an artificial construct used to combine the outputs of multiple sensors or the
input to multiple actuators into a single structure. A TransducerChannel proxy has a TransducerChannel
number and may be triggered, read, or written, but it does not have the other characteristics of a
TransducerChannel. TransducerChannel Proxies do not have TransducerChannel TEDS, calibration TEDS,
Frequency Response TEDS, or Transfer Function TEDS. However, there may be text-based TEDS, End-
user application-specific TEDS, or users transducer name TEDS associated with a proxy.

The TransducerChannel Proxy TLV is made up of three subfields as follows:
TransducerChannel number of the TransducerChannel proxy
TransducerChannel proxy data set organization

TransducerChannel proxy member list

§.4.2.19 TransducerChannel number of the TransducerChannel proxy

Rield Type: 22
Hield Name: ChanNum
IData type: unsigned 16 bit integer (UInt16, 2 octets)

This field is required for TIMs that implement TransdueerChannel proxies. This field is omitted if np
TransducerChannel proxies exist in this transducer module.

This field contains the transducer channel that will be“used when addressing this proxy. It may be used |
read data from a sensor proxy, to write data to.an‘actuator proxy, or to trigger all transducers represente
Hy the proxy.

= O

§.4.2.20 TransducerChannel proxy 'data-set organization

Rield Type: 23
Hield Name: Organiz
Ibata type: unsigned oetet integer (UlInt8, 1 octet)

This field is’required for TIMs that implement TransducerChannel proxies. This field is omitted if np
TransducefChannel proxies exist in this transducer module.

As shewn in Table 47, there are two methods of combining the data sets to or from multiple transducerg.
The block method of combining shall be used if the data sets from the different transducers contaip
different numbers of words. The Block method of combining data sets 1s shown graphically on the left side
of Figure 6. The interleave method of combining data sets is shown on the right side of Figure 6. The first
entry in the combined data set, “Data sample from transducer X”, is only present in Interleave method 2
and is expected to be some type of a time-tag to allow the NCAP to figure out when the first sample in the
data set was taken for some sensor types. The time of the remaining samples can usually be determined
from the characteristics of the sensors if the time of the first sample is known. If interleave method 1 is
used, the “Data sample from Transducer X is omitted. The need for this time tagging capability exists in
the block method also, but no special characteristics are required to implement it with the block method.
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Table 47—Enumerations for combined data sets

Enumeration Meaning

0 Block method.

1 Interleave method 1.

2 Interleave method 2: This is the same as Interleave method 1 except that the list of interleaved

TransducerChannels shall be preceded by a one-sample data set from another
TransducerChannel or proxy. This is typically used for a time stamp identifying the time of the

firstsample-t-the-combined-dataset
Firot-s set:

3-255 Reserved.

§.4.2.21 TransducerChannel proxy member list

The structure of this field is the same as defined in 8.4.2.10.

ST e iV o T |

This is a required TEDS. The function of the TransducerChannel TEDS shall be to make available at th

O ] O

his list of transducer channel numbers is used to make a proxy. They are in the order that their data wi
ppear in the proxy. If the block method is being used, the channel number for\the first block of data wi
e listed first, the channel number for the second block of data is next, and s forth up to the data for bloc
/. If one of the interleave methods is used, the first entry in the listswill be the channel number fq
Fansducer channel X, if it is required, followed by the channel number/forwhat in Figure 6 is transducer |,
Ind so forth up to the channel number for channel V.

=N = —

8.5 TransducerChannel TEDS

=

interface all of the information concerning the TransducerChannel being addressed to enable the propd
dperation of the TransducerChannel.

8.5.1 Access

—

The TransducerChannel TEDSis accessed using a Query TEDS command, a Read TEDS segmer
dommand, a write TEDS segment command, or an Update TEDS command. The argument of th
dommand shall specify the.TEDS access code of the TransducerChannel TEDS, as defined in Table 17.

[¢]

jomy

his TEDS may be implemented as a read-only TEDS to prevent changes from being made in the fiel
ecause changes conld cause unpredictable behavior. If it is implemented as a read-only TEDS, th
ransducerChannel write TEDS segment and TransducerChannel Update TEDS commands shall nd

pply.

= O

8.5.2/Data block

Table 48 and Figure 14 show the information required to be in this TEDS. Subsequent subclauses explain
each field in the structure.

8.5.2.1 TEDS identifier

The TEDS identifier shall comply with the structures defined in 8.3.

This field is a required field. If this field is omitted or contains illegal values, the NCAP shall report a fatal
TEDS error.
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8.5.2.2 Calibration key

Field Type: 10

Field Name: CalKey

H

]

ata type: unsigned octet integer (UInt8, 1 octet)

his field is a required field. If this field is omitted, the NCAP shall report a fatal TEDS error.

able 49 provides the list of enumerated values and their meanings. The column labeled “Name” defing
hanifest constants to symbolize the enumerated values, and these names are used throughout the remaindg
f this standard.

.5.2.3 System corrections

[alibration key enumerations CAL_SUPPLIED or CAL_CUSTOMcare‘to be used when the correction 1§
erformed in the NCAP, a host processor, or elsewhere in the systeni

.5.2.4 Transducer module corrections

alibration key enumerations TIM_CAL SUPPLIED and TIM_CAL SELF are to be used when th|
orrection is performed in the TIM using oné€jof the correction methods specified in 8.6.1.1 an
hformation stored in the Calibration TEDS 8;6.3). TIM_CAL CUSTOM is used when the correctio

hethod is not one of the methods specified in8.6.1.1.

.5.2.5 TransducerChannel type key

ield Type: 11
ield Name: ChanType
ata type: unsigned-octet integer (UlInt8, 1 octet)

his field is~arequired field. If this field is omitted, the NCAP shall report a fatal TEDS error.

his field contains an enumeration that denotes the calibration capabilities of this TransducerChanne].

—

=

=]
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Table 48—Structure of the TransducerChannel TEDS data block

Field Field name | Description Type # octets
— TEDS length Ulnt32 4
0-2 — Reserved — —
3 TEDSID TEDS Identification Ulnt8 4
4-9 — Reserved — —
TransducerChannel related information

1'0 Can\cy Call‘Ul aliUll ;\U_y UIIILS ‘l
11 ChanType TransducerChannel type key Ulnt8 1
12 PhyUnits Physical Units UNITS 11
30 UnitType Physical Units interpretation enumeration Ulnt8 1
q1 Radians The exponent for Radians Ulnt8 1
2 SterRad The exponent for Steradians Ulnt8 1
33 Meters The exponent for Meters Ulnt§ 1
Y Kilogram The exponent for Kilograms Ulnt8 1
35 Seconds The exponent for Seconds Ulnt8 1
36 Amperes The exponent for Amperes Ulnt8 1
37 Kelvins The exponent for Kelvins UlInt8 1
38 Moles The exponent for Moles Ulnt8 1
39 Candelas The exponent for Candelas Ulnt8 1
q0 UnitsExt TEDS access code for units extension Ulnt8 1
13 LowLimit Design operational lower range limit Float32 4
14 HiLimit Design operational upper range limit Float32 4
115 OError Worst-case uncertainty Float32 4
16 SelfTest Self-test key Ulnt8 1
{7 MRange Multi-range capabilit Ulnt8 1
+ Data converter-related information — —
18 Sample — —
40 DatModel Data model Ulnt8 1
41 ModLenth Data model length Ulnt8 1
19 SigBits Model significant bits Ulnt16 2
19 DataSet

13 Repeats Maximum data #gpetitions Ulnt16 2
44 SOrigin Series origin Float32 4
45 StepSize Series increment Float32 4
46 SUnits Series units UNITS 11
47 PreTrigg Maximum pre-trigger samples Ulnt16 2
Timing-related information

20 UpdateT TransducerChannel update time (t,) Float32 4
Ll WSetupT TransducerChannel write setup time (t,s) Float32 4
n RSetupT TransducerChannel read setup time (t,,) Float32 4
3 SPeriod TransducerChannel sampling period (ts,) Float32 4
2 WarmUpT TransducerChannel warm-up time Float32 4
25 RDelayT TransducerChannel read delay time (t,) Float32 4
26 TestTime TransducerChannel self-test time requirement Float32 4
Time of the sample information

A7 TimeSrc Source for the time of sample Ulnt8 1
28 InPropDI Incoming propagation delay through the data transport logic | Float32 4
29 OutPropD Outgoing propagation delay through the data transport logic | Float32 4
30 TSError Trigger-to-sample delay uncertainty Float32 4
Attributes

31 Sampling Sampling attribute — —
48 SampMode | Sampling mode capability Ulnt8 1
49 SDefault Default sampling mode Ulnt8 1
32 DataXmit Data transmission attribute Ulnt8 1
33 Buffered Buffered attribute Ulnt8 1
34 EndOfSet End-of-data-set operation attribute Ulnt8 1
35 EdgeRpt Edge-to-report attribute Ulnt8 1
36 ActHalt Actuator-halt attribute Ulnt8 1
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Table 48—Structure of the TransducerChannel TEDS data block (continued)

Field | Field name | Description | Type | # octets
Sensitivity
37 Directon Sensitivity direction Float32 4
38 DAngles Direction angles Two 8
Float32
(pptions
39 ESOption Event sensor options Ulnt8 1
q1-127 — Reserved — —
28-255 | — Open to manufacturers —
+ Checksum Ulntl6 2
Table 49—Enumeration of calibration keys
Yalue Calibration capability Name
a No calibration information needed or provided by the transducer | CAL. 'NONE
module. This implies that there is no Calibration TEDS associated with
this TransducerChannel. If an attempt is made to access the Calibration
TEDS, the Calibration TEDSLength shall be zero.
1 Calibration information is provided as a Calibration TEDS, as specified®| CAL_SUPPLIED
in 8.5.2.55. Correction is performed outside of the TIM.
2 Reserved.
3 Calibration information is provided but in a form that is not~described | CAL_CUSTOM
in this standard. Correction is performed outside of the TIM.
4 Calibration information is provided as a Calibration TEDS, as specified | TIM_CAL_ SUPPLIED
in 8.5.2.55. Correction is applied in the TIM.
3 Calibration information is provided as a Calibratien TEDS, as specified | TIM_CAL_SELF
in 8.5.2.55, and is applied in the TIM. The ¢alibration information is
adjusted by a self-calibration capability.
6 Calibration information is provided but‘ina form that is not described | TIM_CAL_CUSTOM
in this standard. It may be a manufactuger-defined TEDS. Correction is
performed in the TIM. If an attempt;is made to access the Calibration
TEDS, the Calibration TEDSLength shall be zero.
1255 Reserved. —
The values for TransducerChannel type key are defined in Table 50.
Table 50—Enumeration of TransducerChannel types
Value Meaning
0 Sensor
1 Actuator
2 Event sensor
3-255 Reserved for future expansion
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TEDSID RSetupT
Type =03 Type =22
CalKey SPeriod
| Type=10 Type =23
ChanType WarmUpT
| | Type=11 Type = 24
PhyUnits RDelayT
1 Type=12 Type = 25
LowLimit TestTime
| Type=13 Type = 26
HiLimit TimeSrc
| Type=14 Type = 27
OError InPropDI
| Type=15 Type = 28
| SelfTest UnitType OutPrSpD
Type =16 Type = 50 Type =29
|| MRange DatModel Radians TTSEr_ro3r0
Type =17 Type = 40 Type = 51 ype = SampMode
S i Type = 49
| Sample ModLenth SterRad = amp_'g%
Type = 18 Type = 41 Type =52 ype = SDefault
: Type = 50
SigBits Meters Data)£m|t
Type = 42 Type = 53 Type = 32
; Buffered
Kilogram
Type =54 Type =33
| Repeats Seconds EndOfSet
Type =43 Type = 55 Type = 34
|| DataSet | | | SOrigin Amperes EdgeRpt
Type = 19 Type = 44 Type = 56 Type = 35
" StepSize Kelvins ActHalt
Type = 45 Type = 57 Type = 36
|| SUnits Moles T?i‘;:cio%
[ updateT Type = 46 Type = 58
Type = 20 PreTrigg Candelas _[_D,;\ggle?’s8
Il = = ype =
L L) WsetupT Type = 47 Type = 59
Type =21 ESOption
Fype—=239

8.5.2.6 Physical Units

Field Type: 12

Field Name: PhyUnits

Figure 14—TransducerChannel TEDS
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This field is required for all TransducerChannel TEDS. If this field is omitted, the NCAP shall report a
fatal TEDS error.

The Physical Units field is used to define the SI units for the physical quantity that is being measured or
controlled.

If the exponent of any of the fields described in 8.5.2.8 through 8.5.2.16 is zero, the field may be omitted.
Ih these cases the default value shall be 128.

Jee 4.11or Annex J for details on how to construct the value placed in the Physical Units fields.

§.5.2.7 Physical Units interpretation enumeration

Hield Type: 50
Hield Name: UnitType
Ipata type: Unsigned 8 bit integer (UInt8, 1 octet).

This field is required for all TransducerChannel TEDS. If this field™is omitted, the NCAP shall report
fptal TEDS error.

™

This field is described in 4.11.

§.5.2.8 The exponent for Radians

Hield Type: 51

Hield Name: Radians

Ibata type: Unsigned 8 bit integer (UInt8, 1 octet).
This field is described in4:11.

§.5.2.9 The exponent for Steradians

Hield Type:52

Hield Name: Steradians

Datatype: UTisigned 8 bit inmteger ( U1nts, 1 octet).
This field is described in 4.11.

8.5.2.10 The exponent for Meters

Field Type: 53
Field Name: Meters

Data type: Unsigned 8 bit integer (UInt8, 1 octet).
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This field is described in 4.11.

8.5.2.11 The exponent for Kilograms

Field Type: 54

Hield Name: Kilograms

This field is described in 4.11.

§.5.2.12 The exponent for Seconds

Hield Type: 55

Hield Name: Seconds

This field is described in 4.11.

§.5.2.13 The exponent for Amperes

Hield Type: 56

Hield Name: Amperes

This field is described in 4.11.

§.5.2.14 The exponént for Kelvins

Hield Type: 57

Hield Name: Kelvins

Ipata type: Unsigned 8 bit integer (UInt8, 1 octet).

Ipata type: Unsigned 8 bit integer (UInt8, 1 octet).

Ipata type: Unsigned 8 bit integer(UInt8, 1 octet).

Ibata.type: Unsigned 8 bit integer (UInt8, 1 octet).

This field is described in 4.11.

8.5.2.15 The exponent for Moles

Field Type: 58

Field Name: Moles

Data type: Unsigned 8 bit integer (UlInt8, 1 octet).
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This field is described in 4.11.

8.5.2.16 The exponent for Candelas

Field Type: 59

Hield Name: Candelas
Ipata type: Unsigned 8 bit integer (UInt8, 1 octet).
This field is described in 4.11.

8.5.2.17 TEDS access code for units extension

Hield Type: 60
Hield Name: UnitsExt

Ibata type: unsigned octet integer (UInt8, 1 octet)

(=

This field is optional for TransducerChannel TEDS. If it is notiimplemented, the NCAP will assume that n|
ynits extension TEDS exists within this TransducerChanuel.

his field is provided to allow a text-based extension to the Physical Units. It shall not be used as

ubsutitute for the Physical Units. Since theré’can be more than one set of Physical Units in

ransducerChannel TEDS, the contents of this‘field shall provide the TEDS access code for the text-base
EDS that provides this extension. If a single units extension TEDS is required, it should use the TED
ccess code identified in Table 17.

o [ I 7 N— |
VIS

§.5.2.18 Design operational lower range limit

Hield Type: 13
Rield Name: LowLimit
IData type: singlesprecision real (Float32, 4 octets)

This field\is required for all TransducerChannel TEDS. If this field is omitted, the NCAP shall report
fptal TEDS error.

™

OT SEISoTS, this stattbethe towest vatid-vatue for TramsducerChammetdatathattheTramsducerCammet
designed to provide after correction is applied. It shall be interpreted in the units specified by the Physical
Units field of the TransducerChannel TEDS. If the corrected TransducerChannel data lie below this limit, it
may not comply with TransducerChannel specifications set by the manufacturer.

NOTE—The design operational lower range limit is always expressed in SI units. If the Calibration TEDS is used, the
output of the correction process may be converted into SI units by applying the SI units conversion constants supplied
in the Calibration TEDS (see 8.6.1.6).

For actuators, this shall be the lowest valid value for TransducerChannel data that the TransducerChannel
is designed to accept before correction is applied. It shall be interpreted in the units specified by the
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Physical Units field of the TransducerChannel TEDS. Writing corrected TransducerChannel data below
this limit may result in behavior outside the transducer module specifications set by the manufacturer.

NOTE—For TransducerChannels that use multiple inputs to produce a single output, this limit, which is expressed in
terms of the output, will normally be a nominal value rather than a precise value.

In cases where no correction is applied and the TransducerChannel data model is not single-precision real,
onversion of the TransducerChannel data to single-precision real (or conversion ot the Iimit value to-the
ata model of the TransducerChannel) is necessary before making the comparison.

OTE—For example, this conversion is required when the Calibration key is CAL_NONE and the data-model is N
ctet integer. Note that this conversion may limit the practical range or precision of the converted TransducerChanng
ata.

—

WVhen this parameter is not applicable, it shall be NaN (see 4.5.1).

[-octet data. In this case, both range limit fields shall be set to NaN. This is not to say that range limits do not apply
[-octet data. For example, a 12 bit integer with no expressed units, such as raw ADC output, would also be modeled
[-octet data. In this case, range limits are applicable.

[OTE—As an example of an application in which range limits do not apply, consider @barik of switches modeled }i
S

If the Maximum data repetitions field (see 8.5.2.28) of this TransdueerChannel is non-zero, then the value
df this field shall be interpreted to apply to all of the repetition inStances.

§.5.2.19 Design operational upper range limit

Rield Type: 14
Hield Name: HiLimit
Ibata type: single-precision real (Float32,4 octets)

This field is required for all TransducerChannel TEDS. If this field is omitted, the NCAP shall report
fhtal TEDS error.

™

Hor sensors, this shall be'the highest valid value for TransducerChannel data that the TransducerChannel i
designed to provide after correction is applied. It shall be interpreted in the units specified by the Physics
{
i

— 2

Inits field of the TransducerChannel TEDS. If the corrected TransducerChannel data lies above this limif,
if may not comply*with transducer module specifications set by the manufacturer.

NOTE—The.design operational upper range limit is always expressed in SI units. If the Calibration TEDS is used, th
dutputrofithe correction process may be converted into SI units by applying the SI units conversion constants supplie
ip the Calibration TEDS (see 8.6.1.6).

(@)

(=

For actuators, this shall be the highest valid value for TransducerChannel data that the TransducerChannel
is designed to accept before correction is applied. It shall be interpreted in the units specified by the
Physical Units field of the TransducerChannel TEDS. Writing corrected TransducerChannel data above
this limit may result in behavior outside the TransducerChannel specifications set by the manufacturer.

NOTE—For TransducerChannels that use multiple inputs to produce a single output, this limit, which is expressed in
terms of the output, will normally be a nominal value rather than a precise value.

In cases where no correction is applied and the TransducerChannel data model is not single-precision real,

conversion of the TransducerChannel data to single-precision real (or conversion of the limit value to the
data model of the TransducerChannel) is necessary before making the comparison.
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When this parameter is not applicable, it shall be NaN (see 4.5.1).

If the Maximum data repetitions field (see 8.5.2.28) of this TransducerChannel is nonzero, then the value
of this field shall be interpreted to apply to all of the repetition instances.

8.5.2.20 Uncertainty under worst-case conditions

Hield Type: 15
Rield Name: OError
IData type: single-precision real (Float32, 4 octets)

This field required for all TransducerChannel TEDS. If this field is omitted, the- NCAP shall report
rlonfatal TEDS error.

™

The “Combined Standard Uncertainty” defined in [B10], Appendix C, Se€troni 2.2. The value of this field
shall be expressed in the units specified in the Physical Units field of the~FransducerChannel TEDS.

w

This field is used to describe the uncertainty that will exist in this\TransducerChannel’s output over th
worst-case combination of variations in the environment and @ny other factors, such as power suppl
voltage, that could change the TransducerChannel output.

~<

§.5.2.21 Self-test key

Hield Type:16
Hield Name: SelfTest

Ibata type: unsigned octet integer (UInt8, 1 octet)

™

This field is required for all TransducerChannel TEDS. If this field is omitted, the NCAP shall report
rlon-fatal TEDS error.

This field defines thé self-test capabilities of the TransducerChannel as shown in Table 51.

Table 51—Enumeration of self-test keys
Value Meaning
0 No self-test function needed or provided
1 Self-test function provided
2-255 Reserved for future expansion

8.5.2.22 Multi-range capability

Field Type: 17
Field Name: MRange
Data type: unsigned octet integer (UlInt8, 1 octet)

This field is optional for TransducerChannel TEDS. If it is not implemented, the NCAP will assume that no
multirange capability exists within this TransducerChannel.
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The content of this field identifies whether any transducers in the TIM have the capability of being
operated over different ranges. If the value is true, this TransducerChannel is capable of being operated in
more than one range. Otherwise no multirange capability exists. If a multirange capability exists, a
Commands TEDS is required. The Commands TEDS is required to define the commands needed to select
the operating range.

8.5.2.23 Sample definition

Hield Type: 18

Hield Name: Sample

This field is required. If this field is omitted, the NCAP shall report a fatal TEDS errop.

The sample definition field consists of three fields and is required for all TransducerChannel TEDS.

The subfields that make up this type are as follows:
Data model

Data model length

Model significant bits

8.5.2.24 Data model

Rield Type: 40
Hield Name: DatModel
Ibata type: unsigned octet integer (Ulat8, 1 octet)

This field is required. If this field-is omitted, the NCAP shall report a fatal TEDS error.

(€]

This field describes thetdata model used when issuing Read TransducerChannel data-set segment (se
.1.3.1) or Write TransducerChannel data-set segment (see 7.1.3.2) commands to this TransducerChanne}.
Yalues are enumerated’in Table 52.

There are two“differences between the integer forms (enumeration 0 and 5) and fractional forms
(pnumeration 3 and 6):

Thesradix point (that divides integer from fractional bits) is to the right of the least significant bit for an N
dctetvinteger or long integer. It is immediately to the right of the most significant bit for the N-octet fractiop
or long fraction. Justification of the significant bits differs, as explained in the Model significant bits field
(8.5.2.26).
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Table 52—Enumeration of data models

Value Base data type Model Constraint on data model length
0 Ulnt8 N-octet integer (unsigned) 0<N<8

1 Float32 Single-precision real N=4

2 double Double-precision real N=8

3 Ulnt8 N-octet fraction (unsigned) 0<N<8

% Timt§ Bitsequence A RS

5 Ulnt8 Long integer (unsigned) 9<N<255

6 Ulnt8 Long fraction (unsigned) 9<N<255

7 Timelnstance Time of day N=8

8-255 — Reserved for future expansion —

The use of enumerations 5 and 6 is expected to be rare. An NCAP is not expected to process data with
these enumerations but may pass them on unprocessed to the entity requesting the.data.

=]

The N-octet fraction type may be used to keep the multinomial coefficients (see 8.6.3.22) withi
representable bounds and to avoid overflows when converting the data toPhysical Units.

The Bit sequence data model is for collections of bits that have no gumeric value. An example of this typ
ip the position of each switch in a bank of switches. Bit significanée 1$ user defined.

[¢]

—

Boolean data (such as {0,1} or {false, true}) shall be represented as a bit sequence type with a length of
dctet. The representation of true and false is defined in 4:§:

The Time of day data model supports Timelnstance data types defined in 4.9.2.

§.5.2.25 Data model length

Rield Type: 41

Hield Name: ModLenth

Ibata type: unsigned octet integer (UInt8, 1 octet)
This field is required:~This field may be omitted in the case of single-precision real, double-precision real,

and Timelnstanee .data types since those types have fixed lengths. For all other cases, if this field i
dmitted, the NCAP shall report a fatal TEDS error.

w

This field-contains the number of octets in the representation specified in the Data model field. Constraint
dn the.model length are summarized in Table 52. A value of zero in the data model length field indicates
the.existence of a TransducerChannel that produces or uses no data.

«

8.5.2.26 Model significant bits

Field Type: 42
Field Name: SigBits
Data type: unsigned 16 bit integer (Ulnt16, 2 octets)

This field is required. If this field is omitted, the NCAP shall report a fatal TEDS error.
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When the Data model is an N-octet integer (enumeration 0 or 5) or N-octet fraction (enumeration 3 or 6),
the value of this field is the number of bits that are significant.
For example, if data from a TransducerChannel come from a 12-bit ADC, then:

Data model = 0 (N-octet integer)

Data model length = 2 (the number of octets needed to hold 12 bits)

Model significant bits = 12

When the Data model is an N-octet integer, N-octet fraction, long integer, or long fraction, the field’Modgl
significant bits shall not exceed eight times the Data model length.

When the Data model is an N-octet integer or long integer, the data bits shall be right justified within th
dctet stream. The field Model significant bits specifies the number of bits that are significant. A value g
Zero is illegal.

—~

When the Data model is an N-octet fraction or long fraction, the data bits shall‘be left justified within the
dctet stream. The field Model significant bits specifies the number of bits,that/are significant.

2]

When the Data model is single-precision or double-precision real (émamerations 1 or 2), the value of thi
fleld is the number of bits in the TransducerChannel’s signal converter.

[=my

When the Data model is single-precision real, double-preciSion real, bit sequence, or time of day, the fiel
Model significant bits is fixed and it may be ignored.

§.5.2.27 Data set definition

Hield Type: 19
Rield Name: DataSet
The data set definition field is €eguired for all TransducerChannel TEDS.

This field is optional. Ifithis field is omitted, the Maximum data repetitions and the Maximum pre-triggdr
samples shall be assumed'to be zero..

The subfields that ntake up this type are as follows:
Maxifntim data repetitions

Series origin

Series increment

Series units

Maximum pre-trigger samples

8.5.2.28 Maximum data repetitions

Field Type: 43
Field Name: Repeats

Data type: unsigned octet integer (UInt16, 2 octets)
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This field is optional. If this field is omitted, the maximum data repetitions shall be zero.

This field contains the number (L) of repetitions of the TransducerChannel value that may be produced or
required by a single trigger above the initial sample. Each repetition represents an additional measurement
or actuation value produced or consumed by the TransducerChannel at each trigger event, which shall be
spaced apart from the initial value associated with the trigger along some axis (for example, time) by an
amount defined by the TransducerChannel TEDS fields Series increment (8.5.2.30) and Series units
(B.5.2.31), respectively. When L is zero, the values of Series origin, Series increment, and Series units majy
He ignored. The purpose of this structure is to allow TransducerChannels to produce a time series or a'miass
Spectrum or to generate a waveform with the application of a single trigger.

I operation, the number of TransducerChannel values that may be produced or required by a'§ingle trigge
hay be set to any value lower than the contents of this field by issuing the Set Transduee¢rChannel dat
repetition count command as defined in 7.1.2.1 if that command is implemented.

T

When reading or writing data with data repetition count greater than zero, the order-of transmittal shall be
with the zeroth (oldest) data sample transmitted first, the first repetition (next\oldest) transmitted second,
and so on.

§.5.2.29 Series origin

Rield Type: 44
Rield Name: SOrigin
IData type: single-precision real (Float32, 4 octets)

This field may be omitted if the Maximum«data repetitions field (See 8.5.2.28) is zero. If the Maximump
data repetitions field is nonzero and this. field is omitted, the NCAP shall assume a value of zero for the
Jeries origin.

Hor the case where the data repetition count is greater than zero, the Series origin represents the value qf
the independent variable asspeiated with the first datum in a data set. The Series originis expressed in units
defined by the Series units field in the TransducerChannel TEDS (see 8.5.2.31). If the Series units arp
seconds, the content of ‘this field is the number of seconds to delay before beginning the acquisition qr
qpplication of the data'set.

[y

Hor example: If the Series units represent time, this value is the delay between the receipt of the trigger an
the acquisitign-or application of the first sample.

8.5.2.30_Series increment

Field Type: 45
Field Name: StepSize
Data type: single-precision real (Float32, 4 octets)

This field may be omitted if the Maximum data repetitions field (See 8.5.2.28) is zero. If the Maximum
data repetitions field is nonzero and this field is omitted, the NCAP shall report a fatal TEDS error.

For the case where the data repetition count is greater than zero, the Series increment represents the
minimum spacing between values of the independent variable associated with successive members of the
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data-set. The Series increment is expressed in units defined by the Series units field in the
TransducerChannel TEDS (8.5.2.31).

For TransducerChannels that implement the capability to program the Series increment, this field shall give
the minimum interval that the TransducerChannel supports.

NOTE—For TransducerChannels that implement the ability to program the spacing between samples, it is
rpcommended that an embedded actuator be used for this function. This allows the spacing to be specified in Physicgl
Units and a Calibration TEDS to specify how to convert this into the bit pattern required to program the hardware.

8.5.2.31 Series units

Hield Type: 46
Rield Name: SUnits
Ibata type: physical units (UNITS, 10 octets)

This field may be omitted if the Maximum data repetitions field (see 8.5.2.28) is zero. If the Maximum data
repetitions field is nonzero and this field is omitted, the NCAP shall\teport a fatal TEDS error.

This field contains the Physical Units associated with the Series origin (8.5.2.29) and Series incremerjt
(B.5.2.30) fields in the TransducerChannel TEDS.

§.5.2.32 Maximum pre-trigger samples

Hield Type: 47
Rield Name: PreTrigg
IData type: unsigned octet integer-(JInt16, 2 octets)

his field may be omitted-if the Maximum data repetitions field (see 8.5.2.28) is zero or if thg
ransducerChannel dogshnot support the free-running with pre-trigger sampling modes (see 5.10.1.3). If
his field is omitted and the Sampling mode attribute indicates that this TransducerChannel may bg
perated in the fre€-punning with pre-trigger sampling modes, then a nonfatal TEDS error shall be reportefl
nd zero maximuny pre-trigger samples shall be assumed.

SO T

This field (contains the number (L) of repetitions of the TransducerChannel value that may be sampled an
stored-ptior to a trigger when operating in the free-running with pre-trigger modes. Each repetitio
représents an additional measurement value produced by the TransducerChannel, which shall be space
dpart” from the initial value along some axis (for example, time) by an amount defined by th
TransducerChannel TEDS fields Series increment (8.5.2.30) and Series units (8.5.2.31), respectively.
When L is zero, the sensor may not be operated in the free-running pre-trigger mode.

O o

In operation, the number of TransducerChannel values that may be acquired and stored prior to a trigger
may be set to any value lower than the contents of this field by issuing the Set TransducerChannel pre-
trigger count command as defined in 7.1.2.2 if that command is implemented.

When reading or writing data with data repetition count greater than zero, the order of transmittal shall be

with the zeroth (oldest) data sample transmitted first, the first repetition (next oldest) transmitted second,
and so on.
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8.5.2.33 TransducerChannel update time

Field Type: 20

Field Name: UpdateT

IData type: single-precision real (Float32, 4 octets)

his field is required for all TransducerChannel TEDS. For TransducerChannels being operated ir the' fred
unning without pre-trigger sampling mode (see 5.10.1.2) or the free-running with pre-triggetysamplin
hode (see 5.10.1.3), this number should be equal to the sample interval. If the sample’ interval i
rogrammable and the TransducerChannel is being operated in either of the free-running sampling modes
his value is not relevant and should be set to zero. If this field is omitted, a fatal TEDS error shall b
eported.

@ U9

T e e o S S S|
[¢]

his field contains the maximum time (t,), expressed in seconds, between thetrigger event and the latchin
f the first sample in a data set for this TransducerChannel. This time interyal-shall be calculated assumin
hat the data repetition count is set to the value specified in the Maximum data repetitions field (se
.5.2.28). This parameter allows NCAPs to determine time-out values-1f.appropriate.

U9 09

o0 ot O e
o

Hor sensors in the free-running sampling mode, this parameter only*applies when they are in the transducqr
dperating state.

§.5.2.34 TransducerChannel write setup time

Hield Type: 21
Rield Name: WSetupT
IData type: single-precision real (Float32, 4 octets)

This field is required for all"actuator TransducerChannels. If this field is omitted for an actuator, a fatgl
TEDS error shall be reported. Tt may be omitted for sensors or event sensors.

This field contains_the)minimum time (ty), expressed in seconds, between the end of a write data framp
and the application_of a trigger. (For most TransducerChannels, this is a setup time characteristic of th
d
3

[¢]

lectronics. Foramore complex TransducerChannels, particularly those with a microprocessor, there may b
dditional timeneeded that is specified by this constant.)

[¢]

§.5.235.TransducerChannel read setup time

Field Type: 22
Field Name: RSetupT
Data type: single-precision real (Float32, 4 octets)

This field is required for all sensor TransducerChannels. If this field is omitted for a sensor, a fatal TEDS
error shall be reported. It may be omitted for actuators or event sensors.

This field contains the maximum time (t;), expressed in seconds, between the receipt of the trigger by the
transducer module and the time that the data is available to be read. (For most devices, this is a setup time
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characteristic of the TransducerChannel electronics. For more complex TransducerChannels, particularly
those with a microprocessor, there may be additional time needed that is specified by this constant.)

If the value of TransducerChannel read setup time is zero, the TransducerChannel may be read at any time
after it is triggered.

8.5.2.36 TransducerChannel sampling period

Rield Type: 23

Hield Name: SPeriod

IData type: single-precision real (Float32, 4 octets)
This field is required for all TransducerChannels. If this field is omitted, a.fafal’ TEDS error shall be

reported. For many embedded TransducerChannels, the sampling period is not\rélevant and may be set t
Zero to indicate that it is not relevant.

|}

w)

The TransducerChannel sampling period (t;,) shall be the minimum¢sampling period expressed in second
df the TransducerChannel unencumbered by read or write considerations (since there is no requirement t|
read or write with each trigger).

|=)

Hor sensor and actuator TransducerChannels, this time will‘\typically be limited by A/D or D/A conversioh
times, transducer module processor speed, and so onpbut in more complex TransducerChannels, it maj
reflect TransducerChannel or sample handling times as well, for example, a pH sensor that on each trigge
g
1

= =

xtracts a new sample using a pump. If reads or writes are involved, the actual sampling rates are furthe
mited by setup and data transfer times depending on the TransducerChannel type.

In the case of TransducerChannels with.the free-running attribute set, this parameter shall represent the
sampling time determined by the transduicer module implementation.

2

NOTE—For TransducerChannels that implement the ability to program the spacing between samples, it
rpcommended that an embedded-actirator be used for this function. This allows the spacing to be specified in Physic{
Units and a Calibration TEDS to.specify how to convert this into the bit pattern required to program the hardware.

—

Ip the case of event sensors, this parameter shall represent the minimum event resolution time.
The TransducerChannel sampling period shall be expressed in seconds.

§.5.2.37_(TransducerChannel warm-up time

Hield'Type: 24

Field Name: WarmUpT

Data type: single-precision real (Float32, 4 octets)

This field is required. If this field is omitted, the NCAP shall report a nonfatal TEDS error.

This field contains the period of time, expressed in seconds, in which the TransducerChannel stabilizes its

performance to predefined tolerances, as specified in Uncertainty under worst-case conditions (see 8.5.2.7),
after the application of power to the TransducerChannel.
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8.5.2.38 TransducerChannel read delay time

Field Type: 25

Field Name: RDelayT

IData type: single-precision real (Float32, 4 octets)

JI

This field is required for all sensor TransducerChannels. If this field is omitted for a sensor, a fatal TED
grror shall be reported. It may be omitted for actuators or event sensors.

jery

This field contains the maximum delay time (t.,), expressed in seconds, between the-reeeipt of a Real
TransducerChannel data-set segment command (see 7.1.3.1) and the beginning of the transmission of th
data frame.

[¢]

§.5.2.39 TransducerChannel self-test time requirement

Hield Type: 26

Hield Name: TestTime

Ibata type: single-precision real (Float32, 4 octets)
his field is required for all TransducerChannels that/implement a self-test capability as indicated by th|

]

Jelf-test key (see 8.5.2.21). If the self-test key indicates that no self-test is implemented, this field may b
dmitted. If the self-test key indicates that a selfstest capability exists and this field is omitted, the NCA
§
q

o U O O

hall report a nonfatal TEDS error. The NCAP may assume a self-test time requirement or not access th|
elf-test capability.

This field contains the maximum time; expressed in seconds, required to execute the self-test.

§.5.2.40 Source for the time of sample

Hield Type: 27
Hield Name: TimeSrc
IData typésunsigned octet integer (UInt8, 1 octet)

This(field is optional and may be omitted. If it is omitted, the NoHelp option shall be assumed.

The possible values for this field are shown in Table 53.

If “incoming” is indicated, then the TransducerChannel TEDS field incoming propagation delay through
the data transport logic (see 8.5.2.41) is required. If “outgoing” is indicated, then the TransducerChannel
TEDS field outgoing propagation delay through the data transport logic (see 8.5.2.42) is required.

The operation with MInterval and SInterval require an embedded sensor to provide the same information
as the TEDS field does for Incoming. For ToDSense, the transducer module provides the time of day that
the sample was taken. Operation with MInterval, Olnterval, or ToDSense requires a ControlGroup to be
defined in the Meta-TEDS to identify the time interval sensor or Timelnstance sensor to be used with this
TransducerChannel.
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Table 53—Enumeration of sample time sources

Value Name Function

0 NoHelp No facilities in the transducer module are available to support determination of the time
that a sample was latched.

1 Incoming The time interval between the receipt of the trigger and the latching of the sample is not

measured. The default delay between the trigger and the latching of the sample is found

in the incoming propagation delay through the data transport logic field of the
TransducerChanne TEDS(see-8-5-2.41).

2 Outgoing The time interval between the latching of the sample and when the data are transmitfed
is not measured. The default delay between the latching of the sample and ‘the
transmission of the sample is found in the outgoing propagation delay throughthe’data
transport logic field of the TransducerChannel TEDS (see 8.5.2.42). This is(only useful
when operation occurs in the immediate operation sampling mode (see 5,10:177).

3 Mlnterval The time interval between the receipt of a trigger and the latching)of‘the sample is
measured using a time interval sensor. The Calibration TEDS for|the time interval
sensor provides the method of converting the output of the time, interval sensor to time.
4 Sinterval The time interval between the receipt of the trigger and the latehing of the sample is
measured using a time interval sensor with a clock derived/from a synchronization
signal. The Calibration TEDS for the time interval gensor provides the method of]
converting the output of the embedded sensor to time!

NOTE—This capability does not exist in all members of the IEEE 1451 family.

5 ToDSense A Timelnstance Sensor supplies the time of\day that the sample was processed. The
characteristics of this sensor are defined in-the TEDS for this Timelnstance sensor.

6-127 Reserved.

128-255 Available for use by manufacturers¢

NOTE—The use of these enumerations may compromise the interoperability of the
TransducerChannel. Speciaksoftware is required in the system to use it.

§.5.2.41 Incoming propagation delay through the data transport logic

Hield Type: 28
Rield Name: InPropD1

Ibata type: single-precision‘real (Float32, 4 octets)

[¢]

This field is required if the Source for the time of sample field (see 8.5.2.40) contains the valu
‘Incoming”; otherwise it may be omitted. If the Source for the time of sample field contains the valu
Ipcoming and.this*field is omitted, then a nonfatal TEDS error shall be reported and the Source for the tim
df sample field shall be assumed to be NoHelp.

[CHLYL

This field contains a single-precision real number defining the time delay, expressed in seconds, betwee
the‘reeeipt of a trigger by the physical layer of the communications protocol stack and the acquisition g

=B
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TIM based on the time that the trigger was issued.

8.5.2.42 Outgoing propagation delay through the data transport logic

Field Type: 29
Field Name: OutPropD

Data type: single-precision real (Float32, 4 octets)
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This field is required if the Source for the time of sample field (see 8.5.2.40) contains the value “outgoing.”
It may be omitted otherwise. If the Source for the time of sample field contains the value Outgoing and this
field is omitted, then a nonfatal TEDS error shall be reported and the Source for the time of sample field
shall be assumed to be NoHelp.

This field contains a single-precision real number defining the time delay, expressed in seconds, between
the last sample latched signal (see 5.9.2) and a signal from the data transport logic that the data message
Has been transmitted. This number may be used to determine the time a sample was processed by-the
transducer module based on the time that the data message was received. This is only useful when in the
immediate operation sampling mode (see 5.10.1.7).

§.5.2.43 Trigger-to-sample delay uncertainty

Hield Type: 30
Rield Name: TSError
IData type: single-precision real (Float32, 4 octets)

This field is optional for all TransducerChannels. If it is omitted, theANCAP shall assume a value of zero tp
indicate that the information is not supplied.

This field contains a single-precision real number defining,the uncertainty, expressed in seconds, of the
default delay between the trigger and the sample being taken or applied.

The expression of the uncertainty shall be in ascordance with the “Combined Standard Uncertainty|’
defined in NIST Technical Note 1297 [B10].

§.5.2.44 Sampling attribute

Rield Type: 31

Rield Name: Sampling

—

The sampling attributes field is required for all TransducerChannels. If it is omitted, the NCAP shall repor
q fatal TEDS errort

The subfields¢that make up this type are as follows:

Sampling mode capability

Default sampling mode

8.5.2.45 Sampling mode capability attribute

Field Type: 48
Field Name: SampMode
Data type: unsigned 8 bit integer (UInt8, 1 octet)

The sampling mode capability attributes field is required for all TransducerChannel. If it is omitted, the
NCAP shall report a fatal TEDS error.
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This attribute is used to describe which Sampling modes (see 5.10.1) are supported by this
TransducerChannel. As shown in Table 54, each allowable sampling mode is assigned a bit in this field. If
the bit assigned to a given sampling mode is set to a one, the TransducerChannel is capable of being
operated in that mode. If more than one bit is set, the sampling mode is programmable.

Table 54—Sampling mode capability attribute

Bit Definition

0 (Isb) Set to a one if the TransducerChannel may be operated in the Trigger initiated mode (see 5.10.1.1),

1 Set to a one if the TransducerChannel may be operated in the Free-running without pre-trigger
mode (see 5.10.1.2).

2 Set to a one if the TransducerChannel may be operated in the Free-running with pre-trigger’mode
(see 5.10.1.3).

3 Set to a one if the TransducerChannel may be operated in the Continuous Sampling mode (see
5.10.1.6).

4 Set to a one if the TransducerChannel may be operated in the Immediate opetation sampling mode
(see 5.10.1.7).

5 Reserved.

6 Reserved.

7 (msb) Reserved.

§.5.2.46 Default sampling mode

Hield Type: 49
Hield Name: SDefault
IData type: unsigned 8 bit integer (UInt8, 1 octet)

The default sampling mode attribute field isswequired for all TransducerChannels that are capable of bein
dperated in more than one sampling mode(see 8.5.2.45). If only one sampling mode is allowed, the defau
q
f]

T+ U9

ampling mode shall be the only available sampling mode. If multiple sampling modes are allowed and thi
eld is omitted or multiple bits are set;the NCAP shall report a fatal TEDS error.

This attribute is used to,describe which Sampling modes (see 5.10.1) is the default for thi
TransducerChannel. As shown'in Table 55, each allowable sampling mode is assigned a bit in this field. |
t
fl

D = A

he bit assigned to a giyen sampling mode is set to a one, then that bit identifies the default sampling mod
pr this TransducerChannel. Only a single bit may be set in this field.

Table 55—Default sampling mode attribute

Bit Definition

0 (Isb) Set to a one if the Trigger initiated mode (see 5.10.1.1) is the default sampling mode for this
TransducerChannel.

1 Set to a one if the Free-running without pre-trigger mode (see 5.10.1.2) is the default sampling mode
for this TransducerChannel.

Z Set to a onc iT the Free-Tunmning with pre-trigger mode (see 5.10.1.3) is the default sampling mode
for this TransducerChannel.

3 Set to a one if the Continuous Sampling mode (see 5.10.1.6) is the default sampling mode for this
TransducerChannel.

4 Set to a one if the Immediate operation sampling mode (see 5.10.1.7) is the default sampling mode
for this TransducerChannel.

5 Reserved.

6 Reserved.

7 (msb) Reserved.
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8.5.2.47 Buffered attribute

Field Type: 32

Field Name: Buffered

IData type: unsigned 8 bit integer (UInt8, 1 octet)

This field is optional. If it is omitted, the NCAP shall assume that the TransducerChannel has no more than
dne buffer available.

This attribute describes the Buffered operation modes (see 5.10.3) available for this TransducerChannel.
Table 56 lists the allowable values for this attribute.

Table 56—Buffered attribute

Value Description

0 TransducerChannel has no more than one buffer available.

1 TransducerChannel has multiple buffers available and may only bé\operated in the buffered mode.

2 TransducerChannel has multiple buffers available and_,may be operated either buffered or
unbuffered. The unbuffered mode of operation is the default.

3 TransducerChannel has multiple buffers available and may be operated either buffered or
unbuffered. The buffered mode of operation is the default.

4-255 Reserved.

§.5.2.48 End-of-data-set operation attribute

Hield Type: 33
Hield Name: EndOfSet

IData type: unsigned 8 bit integer (UInt8, 1 octet)

—

This field is required for actuator TransducerChannels. It may be omitted for sensors and event sensors. |
if is omitted for an actuator with Maximum data repetitions field (see 8.5.2.28) greater than zero, a fatg
TEDS error shall be reparted. If it is omitted for an actuator with Maximum data repetitions equal to zero,
rlonfatal TEDS error shall be reported and the Hold mode shall be assumed.

T —

This attribute)describes the End-of-data-set operation modes (see 5.10.4) that this actuator can supporf.
Table 57 lists'the allowable values for this attribute.

Table 57—End-of-data-set operation attribute

Value Description

0 Not applicable.

1 This TransducerChannel holds the last value in the data set until another trigger is received as
described in 5.10.4.1.

2 This TransducerChannel recirculates through the last data set until another trigger is received as
described in 5.10.4.2.

3 This TransducerChannel may be operated with either the hold mode or the recirculate mode. These
two modes are mutually exclusive. The hold mode is the default.

4 This TransducerChannel may be operated with either the hold mode or the recirculate mode. These
two modes are mutually exclusive. The recirculate mode is the default.

5-255 Reserved.
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8.5.2.49 Data transmission attribute

Field Type: 34

Field Name: DataXmit

IData type: unsigned 8 bit integer (UInt8, 1 octet)

This field is an optional attribute for sensor or event sensor TransducerChannels. It may be omitted fo
dctuators. If it is omitted for a sensor or event sensor, the NCAP shall assume that this TransdicerChanng
ip only capable of being operated in the only when commanded mode (see 5.10.2.1).

—_—

This attribute describes data transmission modes that this TransducerChannel suppofts (see 5.10.2).
Table 58 lists the allowable values for this attribute.

Table 58—Data transmission attribute

VYalue Description
Reserved.

1 This TransducerChannel is only capable of being operated in¢the-only when commanded modes (see
5.10.2.1).

2 This TransducerChannel is capable of being operated imthe Streaming when a buffer is full (see
5.10.2.2) or only when commanded modes.

3 This TransducerChannel is capable of being opérated in the Streaming at a fixed interval (see
5.10.2.3) or only when commanded modes.

4 This TransducerChannel is capable of being operated in the only when commanded, Streaming when
a buffer is full or Streaming at a fixed interval'modes.

3255 Reserved.

§.5.2.50 Edge-to-report attribute

Hield Type: 35
Rield Name: EdgeRpt
Ibata type: unsigned 8bit integer (UInt8, 1 octet)

This field is a réguired attribute for an event sensor TransducerChannel. It may be omitted for sensors g
gctuators. Ifdfis omitted or a reserved value is indicated for an event sensor, the NCAP shall report a fats
TEDS errér.

—

This attribute describes the Edge-to-report operating modes (see 5.10.6) supported by this event sensof.
Table’59 lists the allowable values for this attribute.
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Table 59—Edge-to-report options

Value Meaning
0 Not applicable.
1 This event sensor only reports rising edges.
2 This event sensor only reports falling edges.
3 This event sensor reports on both edges.
Reserved:
3 This event sensor is capable of reporting both edges, but the default is to report rising edges.
6 This event sensor is capable of reporting both edges, but the default is to report falling edges.

This event sensor is capable of reporting both edges, and the default is to report both edges.
§-255 Reserved.

§8.5.2.51 Actuator-halt attribute

Hield Type: 36
Hield Name: ActHalt

IData type: unsigned 8 bit integer (UInt8, 1 octet)

—

This field is a required attribute for an actuator TransducerChannel. It may be omitted for sensors or ever
sensors. If it is omitted or a reserved value is indicated for’an actuator, the NCAP shall report a fatal TED
drror.

JI

This attribute describes the Actuator-halt modes(5710.7) supported by this actuator. This mode determing
what the actuator does when it receives a TransducerChannel Idle command (see 7.1.4.2). Table 60 lists the
dllowable values for this attribute.

2]

Table 60—Actuator-halt operations

Value Meaning

0 Not applicable

1 Halt Immediate

2 Halt at the‘'end’of the data set
3 Ramp foa‘predefined state
4-255 Reserved

§.5.2.52 Sensitivity direction

Rield Type: 37

Field Name: Directon

Data type: unsigned 8 bit integer (UlInt8, 1 octet)

This field is optional.

For sensors that measure physical phenomena with three-dimensional spatial properties such as
acceleration, velocity, or displacement, this shall identify direction relative to a rectangular coordinate

system defined by the sensor manufacturer. The sensor shall produce a positive output when the physical
phenomenon is applied to the sensor in the specified direction.
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Direction is determined using the “right-hand rule” with a “right-handed” coordinate system: The fingers
of the right-hand point in the +X direction, the palm points in the +Y direction and the thumb points in the
+Z direction.

For single-axis sensors, the axis to be used shall be the Z-axis.

The sensor manufacturer shall identify at least two of the three axes by markings on the sensor enclosure.

]
g

8

H

numeration in Table 61.

he direction of the physical phenomena measured by the TransducerChannel shall be defined by thi

Table 61—Sensitivity direction enumeration

Value

Meaning

Not applicable

+X

-X

+Y

-Y

+Z

-Z

—255

Reserved for future expansion

.5.2.53 Direction angles

ield Type: 38

ield Name: DAngles

his field is optional.

.5.2.54 Event sensor options

H

ield Type: 39

ata type: Two single-precision real.(Float32, 4 octets) words.

he two single-precision.real words define two angles measured from the reference plane and reference
irection marked onthe  TransducerChannel by the manufacturer. The first number represents p in right-
and cylindrical spatial coordinates expressed in radians. The second number represents ¢ in right-han
ylindrical spatiahcoordinates expressed in radians.

(€]

[=y

Field Name: ESOption

Default value: 0

Data type: unsigned octet integer (UInt8, 1 octet)

This field only applies to event sensor TransducerChannels. It may be omitted for sensors and actuators. If

it is omitted for an event sensor, the NCAP shall report a fatal TEDS error.
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An event sensor has the option of changeable pattern, upper threshold, and/or hysteresis. It also has the
option of detecting inconsistencies in settings of these parameters as described in 5.6.2.3. This enumeration
defines the ability of the transducer module to detect and report these inconsistencies. The options are
listed in Table 62.

Table 62—Event sensor options

Value Meaning

0 Not applicable

1 Pattern/threshold/hysteresis not changeable
2 Changeable and inconsistencies detected

3 Changeable and inconsistencies not detected
4-255 Reserved

8.5.2.55 TEDS access code for units extension

Hield Type: 60
Hield Name: UnitsExt
IData type: unsigned octet integer (UInt8, 1 octet)

This field is optional.

™

his field is provided to allow a text-based extension to the Physical Units. It shall not be used as

ubsutitute for the Physical Units. Since there,can be more than one set of Physical Units in

ransducerChannel TEDS, the contents of this field shall provide the TEDS access code for the text-base
EDS that provides this extension.

™

U [ I 7 - |
jery

8.6 Calibration TEDS

This field is an optional TEDS. The function of the Calibration TEDS is to make available all of the
information used by correction software in connection with the TransducerChannel being addressed.
§.6.1 Correction‘process

(orrection’ i3 the application of a specified mathematical function upon TransducerChannel data from onl
dr moresTFransducerChannels and/or data delivered from other software objects. This subclause gives a|
g
U

=3¢

T

vepview of how the correction process is modeled, in order to aid understanding of how to develop an
se.the entries in the Calibration TEDSfor correction.

Correction is intended to reconcile two different numbers associated with a TransducerChannel:

The NCAP-side number: This number represents the TransducerChannel’s value expressed in the
Physical Units field of the TransducerChannel TEDS (8.5.2.6) as modified by the SI units
conversion constants (8.6.3.4) in the Calibration TEDS. This number is used to represent the
TransducerChannel data in the user’s system.

The transducer-side number: This number is read from or written to the TransducerChannel
hardware (usually an A/D or D/A Converter).
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The goal of correction depends on the TransducerChannel type of the addressed TransducerChannel. The
application of correction, however, is the same regardless of TransducerChannel type:

For sensors, correction takes as input the transducer-side data from the addressed
TransducerChannel and possibly data from other TransducerChannels. It produces as output the
NCAP-side number.

For actuators, correction takes as input the NCAP-side number for the addressed
TransducerChannel, which is the intended next state of the actuator, and possibly data from othgr
TransducerChannels. The output is the transducer-side number.

=

Kither the NCAP-side or the transducer-side value may be used as an input to the correction function g
gnother TransducerChannel, as selected by the Correction input TransducerChannel | ntumber fiel
(B.6.3.15).

jemy

§.6.1.1 Method

Hor a sensor, “Correction” is the process by which the constants determined by the calibration process ar
qpplied to the output of a sensor to convert the existing number to the form desired by the system. For ap
F:
t

[¢]

ctuator, “Correction” is applied to the number provided by the systénmto convert it to the form required by
he actuator.

The calibration process is the process of defining an equation\over a segment of the range of the transducqr
that describes the transfer function of the transducer ovef, thdt segment. One or more segments are definefl
fpr any given calibration. By far the most common fumber of segments is one, which means that mogt
transducers can be described by a single equation. It)is also true that the most commonly used equation is
qs shown in Equation (5).

y=mx+b=b+mx )

Two methods are defined in the, Calibration TEDS. The first method is based on the fact that mos
dalibrations use a single segment linear conversion, so this special case is defined separately. The secon
mhethod is the general method that will work with almost any correction function. This general method ca|
He used with multiple segments and equations of degree other than one. It may also use multiple inputs ths
1]
§

— = e

hay be used for suchefunctions as compensating the output of one transducer for variations caused b,
omething other thar( the' quantity being measured.

8.6.1.2 Linear-method

This method is the subset of the general method where the correction function takes the form shown ip
HEquation (5) and where only a single segment is required.

8.6.1.3 General method

The method described in this standard is an attempt to develop a single method that can be used for any
correction function including the linear method. All commonly used correction functions consist of two
different steps. The first step is segmentation. In this step the calibration curve is divided into segments in
order to achieve the desired accuracy with a reasonable degree for the polynomial equation. Although the
most commonly used segmentation is a single segment, making the decision to use a single segment is still
segmentation. The extreme case is a table lookup where a segment is defined for each possible bit
combination within the desired range. The second step in correction functions is to define a polynomial
curve to fit the response of the transducer within each segment. Again it is recognized that a linear

© IEEE 2007 — All rights reserved


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

equation, i.e., a polynomial of degree one, is the most commonly used polynomial. The case of a table
lookup uses a polynomial of degree zero.

A second point to be made is that most correction functions only involve a single input variable. However,
if a general solution for this function is to be defined, it is necessary to consider the case where multiple
inputs are required for a single output. Common uses for a function with multiple inputs is to temperature
compensate the output of a sensor or signal conditioner or to correct for cross-axis sensitivity in strain gage
ipstallations.

When put into the correct mathematical form the equation is expressed as shown in Equation (6)~and i
defined as a multinomial (multivariate polynomial). The “H” terms in the equation are offsets.that ar
subtracted from the input to minimize the number that is being raised to a power to minimizg ‘the chance g
thultiplication resulting in a numerical overflow. This value of the offset may fall outsidéthe segment fo
which it is defined. For those people not familiar with this notation, the equation for the’polynomial in
d @ »

H

iven segment can be expressed as shown in Equation (7), where “x” replacey the term “X — H” i
quation (6).

S ¢ R

DD

2

i=0 j=0

NS}

: C[,f,”',p[Xl_Hl]i[Xz_Hz]i.“[Xn_Hn]p (6)

=0

S|

)

« 1s the degree of the input X;. That is, it is the highest power to which [X; — Hy] is raised in any term df
the multinomial. Note that the degree of each input may be,different.

y= (AO + Alxl + A2X12 + Aixll )(BO + B1X2 + 32X22 A B_]XZJ)()(NO + len + N2Xn2 + prl'lp) (7)

If we consider the case where we have two_inputs, the polynomials can be multiplied out to produce the
dquation shown in Equation (8). Noting that,the product of constants results in a different constant, we majy
write the equation as shown in Equation(9):

y=A4B,+ ABx, + 4B F AByx +. AByx + A Bx, + ABxx, + ABx'x, +.ABxx,  (8)

C,+Cx, + C2x12 + C3x13 + ..Cnxli +C . x,+C ,xx,+ melzx2 + ..melixzj 9)
If we added more mputs, it would not change the form of the equation and it would just create more terms,

Hquation (79 through Equation (9) are examples of this function in two of its simplest and very familig
fprms. répresents the form of this equation that is used for a table lookup correction. Equation (10) show
t
H

(2]

he form that the equation would take if the correction function were a linear function. The second form df
quation (11) is a more common form of writing this equation.

y=C, (10)

y=(Cy+Cx)=b+mx (11)

Segmentation of one or more TransducerChannels divides the input domain into cells with orthogonal
boundaries. For example, for a two-dimensional multinomial, the cells are rectangles. Each cell has its own
set of coefficients Cij...p,.
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For the two-input correction process shown in Figure 15, if each input has degree 1, then the multinomial
for each cell is as follows:

Co,0+Co,1-(Xa=Hp)+C o+ (X = H)+Cp 1-(X; =~ H))- (X5 = Hy) (12)

As observed in Equation (12), there is a different H, for each partition of X;. That is, H, is the same in

segments—;-2;amd-3-but different i segmentsamd4Eikewise; 75 changes fromrsegment o2 -or from
segment 4 to 5. Coefficients Cyo to C;; are different in each segment. The correction software muigt
determine from the values of X; and X, into which segment the measurement falls and must chgose the
doefficients and offsets accordingly.

f(Xl > Xz)

segments of Xj

segments of X; //

V' 4
X

Cells

Figure 15—A two-dimensional function partitioned into 2 by 3 cells
§.6.1.4 Application
If the value of the Calibration key field (see 8.5.2.2) in the TransducerChannel TEDS is CAL_SUPPLIED,

the correction algorithm shall be performed in the NCAP, a host processor, or elsewhere in the system. It i
recommended, that it be performed in the NCAP.

2]

If the value-of the Calibration key field is TIM_CAL_SUPPLIED or TIM_CAL_SELF, then the correctioh
dlgorifhm shall be performed in the TIM.

[ttsexpected;but ot required;—thatcorrectromrsoftware—withuseafloatmg=pomt nmumerre—format—forit
computations. Conversion to and from the numeric format used by the correction software and all possible
TransducerChannel data models is therefore required. (If the correction is done in the TIM, conversion to
and from only the data models used in the TIM is required.) Conversion of Calibration TEDSentries may
also be necessary in order for the correction software to use them. The method of conversion is beyond the
scope of this standard.

The application of the correction process on the NCAP, a host processor, or elsewhere in the system shall
be governed by the following rules:

Correction shall be invoked on a sensor after new transducer-side data are read from the TIM.
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Correction shall be invoked on an actuator after new NCAP-side data are provided, and before the
corrected transducer-side data are written to the TIM.

The correction engine shall use the values currently available for any other TransducerChannel data
required.

The application of the correction process shall not initiate triggering or reading on any
TransducerChannel.

The application of the correction process shall not initiate writing on any non-addressef
TransducerChannel.

The transducer-side number has a data type specified in the Data model field (8.5.2.24), the Daf]
model length field (8.5.2.25), and the Model significant bits field (8.5:226) in th
TransducerChannel TEDS.

[CHR S

The application of the correction process on the TIM shall be governed by the following rules:

w

Correction may be invoked on a sensor when a new sample- \is"acquired or after th|
TransducerChannel is triggered. If the correction is invoked by thesrigger, the TransducerChanngl
read setup time (8.5.2.35) shall include the time necessary for correction.

Correction shall be invoked on an actuator TransducerCharnnel after new data are written to th)
TransducerChannel, before the TransducerChannel is triggered. The TransducerChannel write setup
time (8.5.2.34) shall include the time necessary for correction.

(€]

The correction engine may use the values cufrently available in the TIM for any othd
TransducerChannel data required. Optionally, eachdnput may be processed as it is acquired.

—

Correction shall not have the effect of tfiggering any TransducerChannel involved with the
correction.

The NCAP-side number has a data type specified in the Data model field (8.5.2.24), the Data modg
length field (8.5.2.25), and the Model significant bits field (8.5.2.26) in the TransducerChanngl
TEDS.

—

Ifrespective of where the correctiof-process is applied, it shall be governed by the following rules:

The application of the.correction process to one TransducerChannel shall not change the NCAP-sid
data or the transducer-side data of another TransducerChannel even if the other TransducerChanng
is an input to the'correction process of the first.

— CD

If the data repetition count is greater than zero for the addressed TransducerChannel (that is, vectq
data), the data repetition count of any other TransducerChannel used in the correction shall be eithg
zero_(scalar) or equal to that of the addressed TransducerChannel. The correction shall be applie
usingvector elements in sequence from each vector input to produce a vector output. Scalar data ar
used unchanged for the correction of each vector element.

(=T

Correction may use or produce data with Physical Units type digital data if it makes sense to do sp
(for instance if the data arc simply ~counts ).

The order and availability of the inputs to the correction process must be taken into consideration. The
process takes the data that are available when it is required and uses it. If one parameter has been updated
and another has not been updated, this can cause variation in the results. It is especially important when
using corrected data. The inputs to the process that are corrected values from other TransducerChannels
shall be converted before the processing is started on the TransducerChannel of interest.

© IEEE 2007 — All rights reserved

123


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

8.6.1.5 Conversion between Sl units and units output by correction process

The constants provided in the SI units conversion constants (see 8.6.3.4) may be used to convert the
numbers in the TEDS fields between the different sets of units.

8.6.1.6 Conversion from units output by correction process to Sl units

—h

The conversion to SI units from the units output by the correction process is accomplished by the use g
Hquation (13).

SI = Slope(Value) + Intercept (13

where

Slope is given in the SI units conversion slope field (see 8.6.3.5) in this TEDS
Intercept is given in the SI units conversion intercept field (see 8.6.3.6) inr this TEDS
Value is a number in the units output by the corrections process

SI is a number expressed in SI units

§.6.1.7 Conversion from Sl units to units output by correction process

—h

The conversion to the units output by the correction proeess' from SI units is accomplished by the use g
Hquation (14).

_ (SI—Intercept)

Value (14
Slope
where
Slope is given in the SI units conversion slope field (see 8.6.3.5) in this TEDS
Intercept is given in the SI units conversion intercept field (see 8.6.3.6) in this TEDS
Value is a number in the units output by the corrections process
SI is a numbef expressed in SI units
§.6.2 Access

—
™

he Calibration:-TEDS is accessed using a Query TEDS command, a Read TEDS segment command,
write TEDS Ssegment command, or an Update TEDS command. The argument of the command shal
gpecify the- TEDS access code of the Calibration TEDS, as defined in Table 17.

—

This(PEDS may be implemented as a read-only TEDS or a read/write TEDS, at the manufacturer’s optior}.
foweverif 1t s Tmptememnted—as—a tead-omtyTEDS;the—TramsducerChanmmet-write—TED S segmentand

TransducerChannel Update TEDS commands shall not apply.

8.6.3 Data block

Table 63 and Figure 16 show the data structure that shall be used for Calibration TEDS. Subsequent
subclauses explain each data field in the structure.
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8.6.3.1 TEDS identifier

The TEDS identifier shall comply with the structures defined in 8.3.

This field is required. If this field is omitted or contains illegal values, the NCAP shall report a fatal TEDS
error.

8.6.3.2 Last calibration date-time

Hield Type: 10

Hield Name: LstCalDt

Ipata type: Time value (Timelnstance, 8 octets)
This field is optional.

This field gives the time and date when the TransducerChannel was-last calibrated. It is expressed in th
Timelnstance format described in 4.9.2.

(¢

8.6.3.3 Calibration interval

Rield Type: 11
Rield Name: Callnrvl
IData type: Time duration (TimeDurationy8-0Octets)

This field is optional.

—

The calibration interval is thie length of time, in seconds, that this TransducerChannel can operate withoy
rleeding another calibration and produce data that are within the Operational uncertainty specified i
8.6.3.9.

=]

§8.6.3.4 Sl units conversion constants

Rield Type:-12

Hield Name: SIConvrt

This field is required. If this field is omitted, the NCAP shall report a nonfatal TEDS error. If the unit is
calibrated in SI units, then the SI units conversion slope shall be set to one and the SI units conversion
intercept to zero.

This field consists of two subfields:

SI units conversion slope
ST units conversion intercept

NOTE—Not all tables of conversion constants give exactly the same floating-point number for the slope and intercept
for this conversion. Some carry more resolution than others, and still others round the numbers differently. When
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comparing the values given in this TEDS with numbers from a table of conversion factors to determine the Physical
Units that would be output from the correction process using the constants in this TEDS, this variability must be taken
into account.

8.6.3.5 Sl units conversion slope

Hield Type: 30

Hield Name: SISlope

Ipata type: single-precision real (Float32, 4 octets)

This field is required. If this field is omitted, the NCAP shall report a nonfatal TEDS error.
This field contains the number, that, if multiplied by the output of the correction’precess and added to the
rjlumber in the SI units conversion intercept, will result in a number that represents”the physical value in SI
nits.

If the correction process outputs SI units, the value in this field shall be.one.

§.6.3.6 Sl units conversion intercept

Rield Type: 31
Hield Name: Intrcpt
IData type: single-precision real (Float32, 4 octets)

This field is required. If this field is omitted, the NCAP shall report a nonfatal TEDS error.

[¢]

This field contains the number that;if added to the SI units conversion slope multiplied by the output of th
dorrection process will result-ina number that represents the physical value in SI units.

If the correction process Qutputs SI units, the value in this field shall be zero.
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Table 63—Structure of the Calibration TEDS data block

Field Field name Description Type Required | Data length in
type /optional | octets
— TEDS length Ulnt32 4
0-2 — Reserved — — —
3 TEDSID TEDS identifier Ulnt8 R 4
49 — Reserved — — —
-+ Calibration date related information — —
10 LstCalDt Last calibration date-time Timelnstance 0} 8
1f1 Callnrvl Calibration interval TimeDuration o
Units information
P SIConvrt SI units conversion constants — (¢} S
30 SISlope SI units conversion slope Float32 (0]
31 Intrept SI units conversion intercept Float32 (6]
(Pperational limits and uncertainty
13 LowLimit Operational lower range limit Float32 0]
14 HiLimit Operational upper range limit Float32 o
15 OError Operational uncertainty Float32 o
Nathematical conversion to be performed on the data before or after correction
lj6 OConvert Post-conversion operation Ulnt8 (0] 1
17 IConvert Pre-conversion operation Ulnt8 (0] 1
TLV tuple 20 is used when the linear method of conversion is used:
20 LinOnly This field is used when only, a\linear | — 0} —
single section conversion is required
TLV tuple 21 provides a description of one TransducerCharidel that is involved in the correction specified in this TEDS
) XdcrBlk TransducerChannel description — o —
40 Element Element number Ulnt16 (0] 1
41 ChanNum Correction input TransducerChannel Ulntl6 o 1
i 1) ChanKey Correction “input TransducerChannel | Ulnt8 (0] 1
ki
a3 Degree T:ZnsducerChannel degree Ulnt8 0} 1
i 7} STable Seginient boundary values table — — —
45 OTable Segment offset values table Float32Array (0] Note 1
46 LoBndry, Array of low boundary limits Float32Array o Note 1
47 HiBndzy High boundary limit Float32 o 4
TLV tuple 22 pfovides a set of coefficients for one segment of the correction specified in this TEDS
n» CoefBlk Multinomial coefficient — o —
30 CellNum Cell number of the segment to which | Ulnt8 (0] 1
this set of coefficients apply
31 CoefSet The set of coefficients that applies to | Float32Array (0] Note 2
this cell
18-19 — Reserved — — —
23-29 — Reserved — — —
48-49 — Reserved — — —
52-127 — Reserved — — —
128-255 | — Open to manufacturers — — —
— Checksum Ulnt16 — 2

NOTE 1—Number of segments multiplied by 4.

NOTE 2—((Degree of element 1) + 1) x ((Degree of element 2) + 1) x (...) x ((Degree of element n) + 1) x 4.
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TEDSID
Type = 03

LstCalDt
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Callinrvi

Type = 11 SiSlope
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Tyvpne =12

Intrcpt
LowLimit Type = 31
Type =13

HiLimit
Type = 14

OError
Type =15

OConvert
Type = 16
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IConvert ChanNum
Type = 17 Type = 41
LinOnly | [ ChanKey
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CoefSet
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Type= 42
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T

XdcrBlk+
Type =21

HiBndry

OTable
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CoefBlk+ Type =50

CoefSet
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Figure 16—Calibration TEDSStructure

§.6.3.7 Opérational lower range limit

Rield Type: 13

Type =47

Field Name: LowLimit

Data type: single-precision real (Float32, 4 octets)

This field is optional. If this field is not provided and the SI units conversion slope (see 8.6.3.5) and SI
units conversion intercept (see 8.6.3.6) are one and zero, respectively, the NCAP shall use the Design
operational lower range limit specified in the TransducerChannel TEDS (see 8.5.2.7). Otherwise the NCAP

shall report a fatal TEDS error.

128
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For sensors, this shall be the lowest valid value for TransducerChannel data after correction is applied,
interpreted in the units appropriate for this Calibration TEDS. If the corrected TransducerChannel data lie
below this limit, it may not meet the operational uncertainty specified in 8.6.3.9.

For actuators, this shall be the lowest valid value for TransducerChannel data before correction is applied,
interpreted in the units appropriate for this Calibration TEDS. Writing corrected TransducerChannel data
below this limit may result in behavior outside the TIM specifications set by the manufacturer.

NOTE—For TransducerChannels that use multiple inputs to produce a single output, this limit, which is expressed-i
terms of the output, will normally be a nominal value rather than a precise value.

=}

WVhen this parameter is not applicable, it shall be NaN (see 4.5.1).

[OTE—As an example of an application in which range limits do not apply, consider a bank of'switches modeled
[-octet data. In this case, both range limit fields shall be set to NaN. This is not to say that rargé limits do not apply
[-octet data. For example, a 12 bit integer with no expressed units, such as raw ADC output,;dvould also be modeled
[-octet data. In this case, range limits are applicable.

555

=z =z =z =2

§.6.3.8 Operational upper range limit

Rield Type: 14
Hield Name: HiLimit

IData type: single-precision real (Float32, 4 octets)

—

This field is optional. If this field is not provided”and the SI units conversion slope (see 8.6.3.5) and S
Units conversion intercept (see 8.6.3.6) are one'and zero, respectively, the NCAP shall use the Desig
dperational upper range limit specified inrthe TransducerChannel TEDS (see 8.5.2.19). Otherwise thi
NCAP shall report a fatal TEDS error.

W =

Hor sensors, this shall be the highest valid value for TransducerChannel data after correction is applied
ipterpreted in the units appropriate for this Calibration TEDS. If the corrected TransducerChannel data li
gbove this limit, it may not meet the operational uncertainty specified in 8.6.3.9.

[¢]

Hor actuators, this shallibe the highest valid value for TransducerChannel data before correction is applied
interpreted in the wnits/appropriate for this Calibration TEDS. Writing corrected TransducerChannel dat
gbove this limit may-result in behavior outside the TIM specifications set by the manufacturer.

1)

NOTE—For-TtansducerChannels that use multiple inputs to produce a single output, this limit, which is expressed i
terms of theeutput, will normally be a nominal value rather than a precise value.

=]

\Vhen,this parameter is not applicable, it shall be NaN (see 4.5.1).

8.6.3.9 Operational uncertainty

Field Type: 15
Field Name: OError
Data type: single-precision real (Float32, 4 octets)

This field is optional. If this field is not provided, the NCAP shall use the uncertainty under worst-case
conditions specified in the TransducerChannel TEDS.
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This field uses the “Combined Standard Uncertainty” defined in NIST Technical Note 1297 [B10]. The
value of this field shall be expressed in the units appropriate for this Calibration TEDS.

When this parameter is not applicable, it shall be NaN (see 4.5.1).

8.6.3.10 Post-conversion operation

Hield Type: 16
Hield Name: OConvert
IPata type: unsigned octet integer (UInt8, 1 octets)

This field is optional. If this field is omitted, the NCAP shall assume that no postéconversion operation 1
required.

w

—

The post-conversion operation field contains an enumeration identifying_a, mathematical operation thg
shall be performed on the output from the correction process to producg-a‘\value in the units specified in th|
TransducerChannel TEDS. Table 64 lists the allowable values for this: field.

[¢]

§.6.3.11 Pre-conversion operation

Rield Type: 17
Rield Name: IConvert
IData type: unsigned octet integer (UlInt8, 1 ottets)

This field is optional. If this field is emitted, the NCAP shall assume that no pre-conversion operation i
required.

w

—

The pre-conversion operatiofi field contains an enumeration identifying a mathematical operation that sha
He performed on the input to the correction process to produce a value in the units specified in the
TransducerChannel TEDS: Table 64 lists the allowable values for this field.

Table 64—Pre- or post-correction operation
Value Meaning
No pre- or post-conversion operation is required

0

1 Inversion: Apply 1/x

2 Log base 10: Apply log10(x)
3 Exponent Base 10: Apply 10x
4

5

6

Natural Log : Apply In (x)
Exponent Base e: Apply ex
—255 Reserved

8.6.3.12 Linear conversion only

Field Type: 20

Field Name: LinOnly
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This field is required if the linear conversion only method is used. This field or fields 21 and 22 shall be

p

rovided. If field 20 or 21 and 22 are not provided, the NCAP shall report a fatal TEDS error.

This field describes all of the constants required for a single TransducerChannel when the conversion
contains a single section and the conversion is linear. If this field is used, fields 21 and 22 and all

a

ssociated subfields shall be omitted. It consists of the following subfields:

&

]

I
Y

Correction input TransducerChannel number (8.6.3.15). This field may be omitted if the Correctio
input TransducerChannel number is the same as the TransducerChannel number to whichs thi
Calibration TEDS applies.

Correction input TransducerChannel key (8.6.3.16). If this field is omitted, it shall besassumed thg

For an actuator it shall be assumed that the input to the correction comes from the NCAP side of th|
correction process.

Set of coefficients (8.6.3.24). The set of coefficients shall be limited to a slopesand intercept.
f field type 21 and 22 are included, then field 20 shall be omitted.

.6.3.13 TransducerChannel description

ield Type: 21
ield Name: XdcrBlk

his field is required if the general conversion method is used. This field and field 22 or field 20 shall b,
rovided. If field 20 or 21 and 22 are not providéd; the NCAP shall report a fatal TEDS error.

f field type 20 is included, fields 21 and-22’shall be omitted.

his field describes all of the ¢onstants except the calibration coefficients required for a singl
ransducerChannel that is part of'the correction process. It consists of the following subfields:

Element number

Correction input TransducerChannel
Correction inpttyTransducerChannel key
TransducerChannel degree

Segment boundary values table

Segmént offset values table

 multiple TransducerChannels provide inputs to the correction process for the TransducerChannel t
Vhich--this Calibration TEDSapplies, then each of these input TransducerChannels shall have

the data will be taken from the transducer side of the correction process for a sensor (see Figure 17).

2=

—

w

™

]

ransducerChannel Description in this Calibration TEDS.

8.6.3.14 Element number

Field Type: 40

Field Name: Element

Data type: unsigned 16 bit integer (Ulnt16, 2 octets)
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If field type 21 is included, this field is required. If field 21 is included and this field is omitted, the NCAP
shall report a fatal TEDS error.

The element number is used to determine the cell number. The element numbers determine the order in
which the cells are numbered as described in 8.6.3.23.

8.6.3.15 Correction input TransducerChannel number

Rield Type: 41
Hield Name: ChanNum
Ibata type: unsigned octet integer (Ulnt16, 2 octets)

If field type 21 is included, this field is required. If field 21 is included and this.fi€ld is omitted, the NCAP
shall report a fatal TEDS error.

This field contains the TransducerChannel number for this input to the gerrection process.

§.6.3.16 Correction input TransducerChannel key

Hield Type: 42
Rield Name: ChanKey
Ibata type: unsigned octet integer (Ulnt8, 1 octét)

If field type 21 is included, this field is required. If field 21 is included and this field is omitted, the NCAP
shall report a fatal TEDS error.

The key for determining the source of the data value associated with this TransducerChannel. The possible
Values for the key and their meaning are defined in Table 65.

Table 65—Correction input TransducerChannel key

Value Meaning

0 The correction input value shall be taken from the transducer-side of the correction process
1 The&wotrection input value shall be taken from the NCAP-side of the correction process
2-255 Tavalid

Horsa\TransducerChannel, the following choices are available depending on whether both corrected anfd

ynoorrected data are available:

If only uncorrected data are available, the value for the key shall be zero.

If only corrected data are available, the value for the key shall be one.

If both forms are available, the user may select either form for the input to the correction process.
This choice depends on factors related to the calibration curves and is beyond the scope of
this standard.

Figure 17 illustrates the meaning of the keys. The correction process for TransducerChannel 3 uses data
from TransducerChannel 1 as one of its inputs. For the TransducerChannel 3 correction process, the
TransducerChannel 1 data may come from either side of the TransducerChannel 1 correction process,
depending on the key listed in the TransducerChannel Description for TransducerChannel 1 in the
Calibration TEDSof TransducerChannel 3.
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Transducer Side of Correction Process

Value Value
I TransducerChannel key = 0 I
Correction Process A Correction Process
for for
TransducerChannel 1 TransducerChannel 3

I TransducerChannel key = 1 I
Value Value

NCAP Side of Correction Process

Figure 17—Meaning of correction input TransducerChannel key

§.6.3.17 TransducerChannel degree

Hield Type: 43
Hield Name: Degree
Ibata type: unsigned octet integer (UInt8, 1 ectet)

If field type 21 is included, this field is,required. If field 21 is included and this field is omitted, the NCAP
shall report a fatal TEDS error.

[¢]

The TransducerChannel degfee shall be the degree of the corresponding correction input. The degree is th
Highest power that the input for which this TransducerChannel Description applies is raised in any term o
the multinomial.

=

§.6.3.18 Segment-boundary values table

Rield Type:44

Hield Name: STable

If field type 21 is included, this field is required. If field 21 is included and this field is omitted, the NCAP
shall report a fatal TEDS error.

This field consists of two subgroups:

Array of low boundary limits
High boundary limit
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8.6.3.19 Array of low boundary limits

Field Type: 46

Field Name: LoBndry

IData type: array of single-precision real (Float32Array)

shall report a fatal TEDS error.

If field type 21 is included, this field is required. If field 21 is included and this field is omitted, the NCAP

The array of low boundary limits is a one-dimensional array (table) containing the lower-boundary for eac
segment of the input being described by this TransducerChannel Description.

=2

The elements shall define the domain segment boundaries in ascending.Aumeérical order. Note ths
the domain may be based on either the transducer-side or the NCAPsside data, as indicated in th|
corresponding Correction input TransducerChannel key (see 8.6.3.16). However, the boundary tabl
values are in a floating-point format, so that if the transducer-sid¢ data are used, a conversio
process is required.

The first element shall have a value that is less than or ¢qual to the lowest possible value of th
input. The last element shall have a value that is equal to-the lowest value of the input for the lag
segment. For the input value (X) to be identified as being within a given segment, it shall satisfy th

= ECEECERES

O =+ O

following equation:

B<X<Bg

higher segment.

§.6.3.20 High boundary limit

Rield Type: 47
Rield Name: HiBndry

IData typeusingle-precision real (Float32)

where B is the low boundary limit for a’segment and B is the low boundary limit for the nex

These values are stored in the TEDS, as single-precision real numbers, notwithstanding that they maly
represent data that are in a different numeric representation.

If field type 21 is included, this field is required. If field 21 is included and this field is omitted, the NCAP

—

shall report a Tatal I EDY error.

The high boundary limits is a single-precision number that is greater than the highest value for the highest

segment in the range.

8.6.3.21 Segment offset values table

Field Type: 45

Field Name: OTable
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Type: array of single-precision real (Float32)

If field type 21 is included, this field is required. If field 21 is included and this field is omitted, the NCAP
shall report a fatal TEDS error.

The Segment offset values table is a one-dimensional array (table) containing one offset value for each
segment of the input being described by this TransducerChannel Description.

Note that Oy (thus, Hy) may be based on either the transducer-side or the NCAP-side data for the input,a
ipdicated in the corresponding Correction input TransducerChannel key (see 8.6.3.16).

2]

These values are stored in the TEDS as single-precision real numbers, notwithstanding ythat they majy
represent data that are in a different numeric representation.

8.6.3.22 Multinomial coefficient block

Rield Type: 22
Hield Name: CoefBlk

This field is required if the general conversion method is used. This field and field 22 or field 20 shall be
fdrovided. If field 20 or 21 and 22 are not provided, the NCAP§hall report a fatal TEDS error.

If field type 20 is included, fields 21 and 22 shall be omitted.
This field consists of two sub-blocks:

Cell number
Set of coefficients

8.6.3.23 Cell number

Hield Type: 50
Hield Name: CellNum
Ibata type: unsigned 16 bit integer (Ulnt16, 2 octets)

If field type-22 is included, this field is required. If field 22 is included and this field is omitted, the NCAP
shall report a fatal TEDS error.

he—eeHs—are—numbered—from—O0—to—m—CeH-0—1s—the—eeH—with—thetowest-valued—segments—ofal—inpt
TransducerChannels. Numbering continues, taking the next higher segment of domain X, (the domain of
values from the highest numbered element). Upon reaching the last segment for domain X, the next cell
covers the lowest segment of domain Xy again, and the next higher segment of domain X, ;. For example,
for a two TransducerChannel correction with two segments on the first correction input (A1, A2) and three
segments on the second correction input (B1, B2, B3). In the terms used in this TEDS, input A would be
identified as Element 0 and input B as Element 1. The cells shall be numbered in the following segment
order: (A1,B1)=0, (A1,B2)=1, (A1,B3)=2, (A2,B1)=3, (A2,B2)=4, and (A2,B3)=5.
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8.6.3.24 Set of coefficients

Field Type: 51

Field Name: CoefSet

ata type: array of single-precision real (Float32)

his field is required. If field type 20 is used, it shall only contain two values, an intercept,(d or C
llowed by a slope, m or Cy. This field is required. If this field is omitted, the NCAP shall report a fat3
EDS error.

—

[¢]

he set of coefficients is a one-dimensional array (table) containing the coefficient/for*€ach term in th
quation. The set of multinomial coefficients shall correspond to the cell identifiedvby the cell numbg
ithin the coefficient block.

=

=3

OTE—Each element in the array is identified by a subscripted name. If we ndme-the elements C and give the
spibscripts, the first subscript represents the degree of the TransducerChannel withelement number 0 and may var
Hetween 0 and the value given for that element in the TransducerChannel Degree field. The second subscript is for th
TransducerChannel with element number 1. This continues with the last subsCript identifying the entry with the highe
glement number.

—

Hach entry in the table is a coefficient C;j ...,, used in the multinomial:

(15

—

The coefficients shall be stored in the\table beginning with Cyp ..., and incrementing the rightmof
subscript. When any subscript reaches its limit, begin again at zero and increment the subscript to the nex
ipput to the left.

-

Coy...005 Coy,...005)- - Coy,...0.0n
Co,o,...l,o; C(),O,Ml,l; Co,owD(n-l),Dn
CDl,DZ,...D(n-l),O; CDI,D2,MD(11-1),1; CDI,D2,MD(n-1),Dn

—+

All coefficient blocks within a Calibration TEDS shall have the same length. Coefficients that are nd
required for one segment but that are required for another shall be set to zero.

8.7 Frequency Response TEDS

This field is an optional TEDS. The function of the Frequency Response TEDS shall be to make available
the information regarding the frequency response of the TransducerChannel for the user.

The Frequency Response TEDS provides a characterization of the frequency and phase response of the

TransducerChannel. A partial list of the factors affecting frequency response is sensor, analog signal
conditioning, anti-aliasing filter, and digital signal processing. The TEDS gives the end-to-end response
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from the analog sensor to the digital output. This characterization assumes that the TIM output is being
read at a rate that supports the frequency response described.

The Frequency Response TEDS is normalized at the reference frequency; that is, it is implicitly assumed
that the transducer data are referenced to this frequency.

8.7.1 Access

—

The Frequency Response TEDS is accessed using a Query TEDS command, a Read TEDS(segmer]
dommand, a write TEDS segment command, or a Update TEDS command. The argument of the¢\comman
shall specify the TEDS access code of the Frequency Response TEDS, as defined in Table 1.

[y

This TEDS may be implemented as a read-only TEDS or a read/write TEDS, at the manufacturer’s optior}.
However, if it is implemented as a read-only TEDS, the TransducerChannel write\TEDS segment anfl
TransducerChannel Update TEDS commands shall not apply.

§.7.2 Data block
Table 66 and Figure 18 show the data structure for the Frequency Response TEDS. Subsequent subclauses
gxplain each data field in the structure.

Table 66—Structure of the Frequency Response TEDS data block

Field type Field name | Description Type # octets
— TEDS length Ulnt32 | 4

0-2 — Reserved — —

3 TEDSID TEDS identifier Ulnt8 4

4-9 — Reserved — —

10 RefFreq Reference frequency Float32 | 4

11 RefAmp Test amplitude Float32 | 4

12 RefPhase Phase atthe reference frequency Float32 | 4

The following fields comprise a structuie that defines one data point. The structure is repeated n times, once for
each data point

13 Points Points in the table — —

14-127 — Reserved — —

128-255 — Open to manufacturers

— — Checksum Ulntl6 | 2

TEDSID
Type = 03

RefFreq
Type =10

RefAmp
Type = 11

RefPhase
Type =12

Points
Type =13

Figure 18—Frequency Response TEDS structure
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8.7.2.1 TEDS identifier

The TEDS identifier shall comply with the structures defined in 8.3.

This field is required. If this field is omitted or contains illegal values, the NCAP shall report a fatal TEDS
error.

§.7.2.2 Reference frequency

Hield Type: 10

Hield Name: RefFreq

Ibata type: single-precision real (Float32, 4 octets)

This field is required. If it is omitted, the NCAP shall report a fatal TEDS gtror.

This field identifies the reference frequency at which the amplitude is-defined as being unity. The units op
this field shall be Hertz.

8.7.2.3 Test amplitude

Rield Type: 11

Rield Name: RefAmp

Ipata type: single-precision real (Float32, 4 octets)

This field is required. If it is omitted, the NCAP shall report a fatal TEDS error.

This field identifies the inpuf amplitude that was used to obtain the response information. The units on thi

fleld shall be the same as defined in the Physical units field of the TransducerChannel TEDS (see 4.11 g
8.5.2.6).

= A

§.7.2.4 Phase at'the reference frequency

Rield Type:-12

Hield Name: RefPhase

Data type: single-precision real (Float32, 4 octets)
This field is required. If it is omitted, the NCAP shall report a fatal TEDS error.

This field identifies the phase shift of the TransducerChannel output at the Reference frequency in field 2
(see 8.7.2.2). The units for this parameter shall be radians.

8.7.2.5 Points in the table

Field Type: 13
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Field Name: Points

Data type: Three single-precision real (Float32, 4 octets) values (12 octets)

This field is required. If it is omitted, the NCAP shall report a fatal TEDS error.

This field defines a data point in the response table. Each data point is made up of three subfields:
Frequency

Amplitude response
Phase response

This field may be repeated for as many points as the manufacturer considers adequate. to’ define the
frequency response of the TransducerChannel.

Table 67 shows the structure of the TLV tuple for this field.

Table 67—Structure of each point

Field Definition

Field type Always 13 for this field.

Length Always 12 because there are three floating-point numbers/in the value field so 12 octets are
required.

Frequency This field identifies the frequency for which th&\amplitude and phase information in the
following two fields are applicable. The units on this field shall be Hertz.

Amplitude This field identifies the amplitude of the TransducerChannel output relative to the amplitude at
the Reference frequency specified in field2) The amplitude response is defined as the amplitude
at the Frequency divided by the amplitude at the Reference frequency.

Phase This field identifies the phase shift of'the TransducerChannel output at the Frequency. The units
for this parameter shall be radians;

8.8 Transfer Function TEDS

=)

This field is an optional TEDS. It-provides a series of constants that can be used to describe the transfe
function of the transducer. Factors affecting the transfer function are sensor, analog signal conditioning,
gnti-aliasing filter, and digital.signal processing. The transfer function gives the end-to-end response fror
t
d

=]

he analog sensor to thetdigital output. It is intended to allow the NCAP or other element in the system tp
ompensate for the frequency response of the transducer.

The Transfer Fuhction TEDS is normalized at the reference frequency; i.e., it is implicitly assumed that thie
ttansducer dataare referenced to this frequency.

§.8.1 Compensation process

When the transfer function describing the relation between the input and the output of the
TransducerChannel is known, the inverse function may be used to linearize or compensate the frequency
response function of the total system.

Frequency response compensation is the application of a specified mathematical function upon
TransducerChannel data. This subclause gives an overview of how the compensation process is modeled,
in order to aid understanding of how to develop and use the entries in the Transfer Function TEDS for
compensation.

The goal of compensation depends on the TransducerChannel type. The application of compensation,
however, is the same regardless of TransducerChannel type:
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For sensors, compensation takes as input the transducer-side or pre-compensation data. It produces as
output the NCAP-side or post-compensation number.

For actuators, compensation takes as input the NCAP-side number, that is, the intended next state of the
actuator. The output is the transducer-side number compensated for the phase and frequency response of
the circuit and actuator.

§.8.1.1 Method

w

The compensation function is defined as an inverse transfer function. If the transfer function(is given a
H(f) for the TransducerChannel, then the TransducerChannel output should be multiplied bynl7# (f) to giv
t
1]

[¢]

he compensated output. (This requires that there are no zeros in the transfer function within the frequency
hinge of application.)

H(f) is represented as a factorized product of a number of elements normalized at the reference frequenc
gpecified in the Reference frequency field of this TEDS (see 8.8.3.2). Equation*(16) is the mathematicd
representation of this function.

p—

Hi(f) _H () , o Hy()
H Lo\ [ )| [H )

H(f)=
(16

=

prees |H (fre) | = | but maintains the phase at the referenee frequency. The form of each element H; (f)
shall be as described in 8.8.3.1 through 8.8.3.23.

Alternatively, H(f) is described as a rational function, normally referred to as the z-transform, as shown ih
Hquation (17).

-1 -2 -n
+ 4 +4 +..4
H(zy=_ot4z  + Ay n

-1 «X -m a7
1+BO+BIZ +BzZ BmZ

Where

_ _joT
Nw)=e""
w=2nf

j==l

aqnd 7 is a\time constant that is the delay or time between samples.

§.8:1,2 Application

When the stream of data coming from the TransducerChannel is processed (for example, by a fast Fourier
transformation into the frequency domain), the resulting spectrum may be divided by H(f) to give the
corrected spectrum. An inverse transformation can bring this back to the time domain. From H(f), other
functions like the impulse response function can be derived. This may then be used directly on the time
data because a convolution makes the desired correction.

A digital filter may also be used to make the compensation. From the z-transform, this is straightforward.
The factorized form may also be used to calculate the needed coefficients.
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8.8.2 Access

The Transfer Function TEDS is accessed using a Query TEDS command, a Read TEDS segment
command, a write TEDS segment command, or a Update TEDS command.The argument of the command
shall specify the TEDS access code of the Transfer Function TEDS, as defined in Table 17.

This TEDS may be implemented as a read-only TEDS or a read/write TEDS, at the manufacturer’s opties}.
However, if it is implemented as a read-only TEDS, the TransducerChannel write TEDS segment\anf
TransducerChannel Update TEDS commands shall not apply.

§.8.3 Data block

=

Table 68 and Figure 19 show the structure of the data block for this TEDS. Subclauses 8.8.3.1 throug
§.8.3.23 explain each data field in the structure. The Reference frequency field/is”always required. Thj
1]
f]

[¢]

emaining fields in this TEDS are required or not depending on the method-chosen to define the transfd
inction.

=

§.8.3.1 TEDS identifier

Yee the description of the TEDS Header in 8.3

JI

This field is required. If this field is omitted or contains.illegal values, the NCAP shall report a fatal TED
drror.

§.8.3.2 Reference frequency

Hield Type: 10

Hield Name: RefFreq

Ibata type: single-precision-real (Float32, 4 octets)

This field is required. If this field is omitted, the NCAP shall report a fatal TEDS error.

This field identifies the reference frequency at which the amplitude is defined as being 1. The units on this
fleld shall beHertz.
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Table 68—Structure of the Transfer Function TEDS data block

Field Field name Description Type # octets
— TEDS length Ulnt32 4
0-2 — Reserved — —
3 TEDSID TEDS identification header Ulnt8 4
4-9 — Reserved — —
Transfer function related information
;G RUTIC&{ RCfClClle ﬁcqucllb_y F‘IUGLS" 4
11 OneZero Single zero TF _SZ Float32 4
12 OnePole Single pole TF_SP Float32 4
13 ZeroPole Single zero with a dependant pole — —
14 PoleZero Single pole with a dependent zero — O
15 ComplexZ Complex zero — —
16 ComplexP Complex pole — —
17 OneZZPol Single zero at zero and a single pole — —
18 CRSlope Constant Relative Slope Float32 4
19 SampleT Sample/Delay Time Float32 4
20 DependP Single pole dependent on a zero TF_SPm (x) Float32 4
21 DependZ Single zero dependent on a pole TF SZm (x) Eloat32 4
22 ComplexZF Complex zero frequency Float32 4
23 ComplexZQ Complex zero quality factor Float32 4
24 ComplexPF Complex pole frequency Float32 4
25 ComplexPQ Complex pole quality factor Float32 4
26-29 — Reserved — —
30 NCoeff Numerator coefficients (A0, Al, . ~An) Array of | n*4
Float32
31 DCoeff Denominator coefficients (BO;BL, ... Bm) Array of | m*4
Float32
32-127 — Reserved — —
12-255 — Open for manufacturéfs\use — —
Checksum KN
NOTE—The number of coefficients, n or m, forfields 30 and 31 may be determined by dividing the tuple length by
4.
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Figure 19—Transfer Function TEDS structure

TEDSID
Type = 03
RefFreq
Type =10
OneZero
Type — 11
OnePole
Type =12
OneZero
ZeroPole Type =11
Type =13 DependP
Type =20
OnePole
PoleZero Type =12
Type = 14 DependZ
Type = 21
ComplxZF
ComplexZ Type =22
Type =15 ComplxZQ
Type =23
ComplxPF
ComplexP Type =24
Type = 16 CompIxPQ
Type = 25
OneZZPol
Type =17
CRSlope
Type =18
SampleT
Type =19
NCoeff
Type = 30
DCoeff
Type = 31
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8.8.3.3 Single zero

Field Type: 11

Field Name: OneZero

Ipata type: single-precision real (Float32, 4 octets)
This field is optional. If this field is omitted, the transfer function does not contain a single zero!

The value is used as Fy, in the transfer function shown in Equation (18), which directly,describes a high
fass filter of first order with the —3 dB point at F,.

H(f Fyy) =+ (18
FSZ
§.8.3.4 Single pole

Rield Type: 11

Hield Name: OnePole

IData type: single-precision real (Float32, 4 octets)

This field is optional. If this field is omitted, the'transfer function does not contain a single pole.

The value is used as Fy, in the transfer fuinction shown in Equation (19) that directly describes a low-pag
filter of first order with the —3 dB paifibat F7,.

2

(19

§.8.3.5 Single zero of a zero/pole pair

Hield Type:13

Hield Name: ZeroPole

This field is optional. If this field is omitted, the transfer function does not contain a zero/pole pair.

This field is composed of two subfields. One is the same as the single zero described in 8.8.3.3, and the
other is the single pole dependent on a zero as described in 8.8.3.7.

8.8.3.6 Single zero

This field is the same as the field single zero (see 8.8.3.3).
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This field is required if field 13 is present. If this field is omitted and field 13 is present, the NCAP shall
report a fatal TEDS error.

8.8.3.7 Single pole dependent on a zero

Field Type: 20

Hield Name: DependP

Ipata type: single-precision real (Float32, 4 octets)

—

This field is required if field 13 is present. If this field is omitted and field 13 is present, the NCAP sha
report a fatal TEDS error.

Hach value in this field is used as “x” in the transfer function given in Equation (20).

1
H(f,x,v)=———
a+27y

XV

(20

[¢]

where v is the value “Fy,” from the associated element in the'‘single zero of a zero/pole pair field (se
4.8.3.5).

§.8.3.8 Single pole with a dependent zero

Rield Type: 14
Hield Name: PoleZero
This field is optional. If this field.is omitted, the transfer function does not contain a pole/zero pair.

This field is composed of twojsubfields. One is the same as the single pole described in 8.8.3.3, and the
dther is the Single zero dependent on a pole as described in 8.8.3.10.

§.8.3.9 Single pole

This field gsthe same as the single pole field described in 8.8.3.3.

—

This field is required if field 14 is present. If this field is omitted and field 14 is present, the NCAP sha
reporta fatal TEDS error.

8.8.3.10 Single zero dependent on a pole

Field Type: 21
Field Name: DependZ
Data type: single-precision real (Float32, 4 octets)

This field is required if field 14 is present. If this field is omitted and field 14 is present, the NCAP shall
report a fatal TEDS error.
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The value in this field is used as “x” in the transfer function shown in Equation (21).
H(foxw)=(+27y 1)
X-v

where v is the value “Fg,” from the associated element in the single pole with a dependent zero field.

§.8.3.11 Complex zero

Hield Type: 15

Hield Name: ComplexZ

This field is optional. If this field is omitted, the transfer function does not contain & omplex zero.
This field has two subfields, Complex zero frequency and Complex zero quality) factor.

§.8.3.12 Complex zero frequency

Rield Type: 22
Rield Name: ComplexZF
Ibata type: array of single-precision real (Float32, 4 octets each).

This field is required if field 15 is present. If this field is omitted and field 15 is present, the NCAP shal
report a fatal TEDS error.

—

This value may be used as F,. in thednansfer function given in Equation (22).

H(f\Fyn0,) = (ot S (T 2 22
wesT=z QZ'F zres F, zres

where parameter Q, has to be given in the associated element of the Complex zero quality factor field.
The units on this\field shall be Hertz.

§.8.3.13-Complex zero quality factor

a2
D AT T

efdF
Field Name: ComplexZQ
Data type: single-precision real (Float32, 4 octets).

This field is required if field 15 is present. If this field is omitted and field 15 is present, the NCAP shall
report a fatal TEDS error.

This field provides the parameter Q, for the transfer function of a complex zero in the associated element
of the Complex zero field.
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This quantity is “unitless.”

8.8.3.14 Complex pole

Field Type: 16

H

]

]

8

H

]

H

ield Name: ComplexZ
his field is optional. If this field is omitted, the transfer function does not contain a complex pole(
his field has two subfields, Complex pole frequency and Complex pole quality factor.

.8.3.15 Complex pole frequency

ield Type: 24
ield Name: ComplexPF
ata type: single-precision real (Float32, 4 octets).

his field is required if field 16 is present. If this field is emiitted and field 16 is present, the NCAP sha
eport a fatal TEDS error.

his value may be used as F, in the transfer functioh.

(/s Fzres,Op) (+Qp'Fzres+(Fzres)) (23)

Vhere the parameter O, has to be giveh in the associated element of the array found in the Complex poll
uality factor field (see 8.8.3.16).

he units on this field shall be-Hertz.

.8.3.16 Complex pole quality factor

ield Type: 25

ield Name: ComplexPQ

[¢]

I

This field is required if field 16 is present. If this field is omitted and field 16 is present, the NCAP shall

atatype- single-precision real (Float32 4 octets)

report a fatal TEDS error.

This field gives the parameter Qp for the transfer function of a complex pole. This is typically used to

describe the behavior of a single degree-of-freedom system like the spring mass system in an accelerometer
or the membrane with air damping in a microphone. The parameters are the resonance frequency and Q (or

quality factor) of the response curve.

This quantity is “unitless.”
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8.8.3.17 Single zero at zero and a single pole

Field Type: 17

Field Name: OneZZPol

Ipata type: single-precision real (Float32, 4 octets).

This field is optional. If this field is omitted, the transfer function does not contain a Single zero at zero anfd
q single pole.

This value may be used as Fy, in the transfer function shown in Equation (24).
ST 24

directly describes a high-pass filter of first order with the —3 dB paint at Fj,,. The units on this field shall be
Hertz.

§.8.3.18 Constant relative slope

Hield Type: 18
Hield Name: CRSlope
Ibata type: single-precision real (Float32, 4 octets).
This field is optional. If this field.is omitted, the transfer function does not contain a constant relative slopg.
The value in this field isused as a in the transfer function given in Equation (25).
oo a

HOf0,Fyp) = (L1 n00) 25)

Fref

where aiis'the relative change per frequency decade.

H.»3§ found in the Reference frequency field. (Typically most piezoelectric ceramics (lead titanatd
zirconate) have a value of a in the order of —0.02 or 2% drop in sensitivity per frequency decade. This is
linked to simultaneous frequency independent phase lag, which is found to be —0.78 degrees.)

8.8.3.19 Sample/delay time

Field Type: 19
Field Name: SampleT

Data type: single-precision real (Float32, 4 octets).
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This field is optional. If this field is omitted, the transfer function does not contain a digital filter.

This is the time between samples or the delay time used in a digital filter. The units for this field shall be
seconds.

8.8.3.20 Numerator coefficients

Hield Type: 30
Rield Name: NCoeff
IData type: array of single-precision real (Float32, 4 octets each).

This field is optional. If this field is omitted, the transfer function does not contain’a “z” transform. If this
fleld is not present but field 31 is present, the NCAP shall report a fatal TEDS erfof,

—

When the alternative form of the transfer function (the “z” transform) is used, this field contains the list g
doefficients required in the numerator of the equation. See the z-transferm discussion in 8.8.1.1 for mor
details.

[¢]

NOTE—The number of coefficients in this field may be obtained by dividing the “tuple length” by four.

8.8.3.21 Denominator coefficients

Rield Type: 31
Rield Name: DCoeff
IData type: array of single-precision real (Float32, 4 octets each).

This field is optional. If this field is omitted, the transfer function does not contain a “z” transform. If this
fleld is not present but field 30 is present, the NCAP shall report a fatal TEDS error.

—

When the alternative form» of the transfer function (the “z” transform) is used, this field contains the list g
doefficients required(in)the denominator of the equation. See the ztransform discussion in 8.8.1.1 for mor
details.

W

NOTE—The number of coefficients in this field may be obtained by dividing the “tuple length” by four.

8.9 Text-based TEDS

This field is a class of optional TEDS. The function of these TEDS is to provide information for display to
an operator. Six TEDS are listed in Table 17 that fall into this category. They are the Meta-Identification
TEDS, TransducerChannel Identification TEDS, Calibration-Identification TEDS, Commands TEDS and
the Location and Title TEDS, and the Geographic Location TEDS. For general descriptions of these
TEDS, see 5.5.2.6 through 5.5.2.9.
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8.9.1 Access

They are accessed using a Query TEDS command, a Read TEDS segment command, a write TEDS
segment command, or an Update TEDS command. The argument of the command shall specify the TEDS
access code of the TEDS as defined in Table 17.

8

.9.2 Data block

Table 69—Structure of a Text-based TEDS data block

Text-based TEDS are structures that encapsulate one or more blocks of textual infopmation. Each block g
text is presented in a specific language. The first part of this TEDS is a directory to allow a processor f|
Ipcate and read a single language. The field XMLText contains the displayable information, encoded a
XML. The manufacturer determines the number of languages implemented. Fable 69 and Figure 20 shoy
the contents of this TEDS.

hese TEDS may be implemented as read-only TEDS or as read/write TEDS at the manufacturer’s optier].
If it is implemented as a read-only TEDS, the TIM write TEDS segment or TransducerChannel "writ
segment and TIM Update TEDS or TransducerChannel Update TEDS commands shall not apply.

EEZEE)

Field Field Description Type # octets
type name

— TEDS length Ulnt32 4

0-2 — Reserved — —

3 TEDSID TEDS identification header Ulnt8 4

4-9 — Reserved — —

The following three fields comprise a language headét. The header is repeated N times, once for each language
supported.

10 NumLang The number N of different language blocks in this TEDS Ulnt8 1

11 DirBlock Language block déscription This block is repeated N times — —

20 LangCode Language code from ISO 639 (two letters in USASCII) Ulnt8 2

21 Offset Language offset Ulnt32 4

22 Length Languagelength = LL Ulnt32 4

23 Compress Enumeration identifying the compression technique used Ulnt8 1

12 SubSum Nondisplayable data checksum Ulnt16 2

The following two fields‘eomprise a structure containing text in one language. The structure is repeated N times,
once for each language-defined.

— XML Text XML-based text block text LL-2
— XMLSum Text block checksum Ulnt16 2

13-19 — Reserved — —
23-127 — Reserved — —
128-255\1— Open to manufacturers — —

— Checksum Ulntl16 2
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TEDSID
Type = 03
NumLang
Type =10
| angCade
Type = 20
Offset
DirBlock Type =21
Type =11 Length
Type =22
Compress
Type =23
SubSum
Type = 14
Language
sub-block
Text block
checksum

Figure 20—Text-based TEDS structure

§.9.2.1 TEDS identifier

The TEDS identifier shall comply with the structures defined in 8.3.

I

This field is required.-If:this field is omitted or contains illegal values, the NCAP shall report a fatal TED
grror.

§.9.2.2 Number of languages

Hield Type: 10

teld Name: NumLang
Data type: This field contains a single octet used for counting (UInt8, 1 octet).
If this field is omitted, the NCAP shall assume that only one language is present.

This field contains a number identifying the number of languages in the TEDS.

© IEEE 2007 — Al rights reserved 151


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

8.9.2.3 Language directory block

Field Type: 11

Field Name: DirBlock

This field is required. If this field is omitted, the NCAP shall report a fatal TEDS error.
This field is made up of subfields as follows:

Language code
Language offset
Language sub-block length

Compression technique enumeration

§.9.2.4 Language code

Hield Type: 20

Hield Name: LangCode

Ibata type: A two-octet character string encoded in USASCII.

This field is required. If this field is omitted, the NCAP shall report a fatal TEDS error.

This field indicates the language in whiclithe text fields in the TEDS are written.

—

The value corresponds to the alphabetic list of two-letter language symbols in the ISO 639: 1988-04-0
(E/F) standard. Table 70 lists some* of the possible languages. Languages and dialects not listed in ISO 63
shall not be used in the TEDS text fields.

N

Table 70—Examples of enumerations of language codes

ISO 639 language code Meaning (informative)
Reserved —

aa Afar

da Danish

de German

en English

es Spanish

eu Basque

fi Finnish

fr French

ga Irish

it Italian

nl Dutch

no Norwegian
pl Polish

pt Portuguese
ru Russian

SV Swedish

vi Vietnamese
zZu Zulu
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8.9.2.5 Language offset

Field Type: 21

Field Name: Offset

IData type: Unsigned 32-bit integer for counting (UInt32, 4 octets)
This field is required. If this field is omitted, the NCAP shall report a fatal TEDS error.
This field is used to locate the displayable information and is not normally displayed.

This field indicates the offset from the beginning of the TEDS at which the XML-related’information datp
sub-block is located for the specified language.

§.9.2.6 Language sub-block length

Hield Type: 22

Hield Name: Length

Ibata type: Unsigned 32-bit integer for counting (UInt32,&oetets)

This field is required. If this field is omitted, the NCAP'shall report a fatal TEDS error.

This field is used to locate the displayable information and is not normally displayed.

his field indicates the number of octets ifr'the language sub-block, including the check sum. (In the cas|
f character fields, the length shall besthe number of octets and not the number of characters, since morg

han 1 octet may be needed to encode a character. The interpretation of the character strings needs th|
umber of octets per character, to_determine the length in characters of a particular string.)

[¢]

o T e o W S |
(€]

§.9.2.7 Compression technique enumeration

Rield Type: 23
Hield NamesCompress

IData type: unsigned octet integer (UlInt8, 1 octet)

his fietd 1S optionat. 1f TS fictd IS omitted, e SyStem Shalit assume that o COMPIesSion 1S empioyed.

This field is used to identify the compression algorithm used with this language text block. Table 71 lists
the acceptable values for this field.
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Table 71—Enumeration identifying compression algorithms

Enumeration Description

0 This enumeration means that no compression is used in this language block of this TEDS
1 WinZip

2 GZip

3 Reserved

4-127 Reserved

;ngfh.).) UPUIT U llldllul“a‘;tulclb

§.9.2.8 Non-displayable data checksum

Rield Type: 14

Rield Name: SubSum

Ipata type: Unsigned 16 bit integer for counting (Ulnt16, 2 octets)

This field is required. If this field is omitted, the NCAP shall report a fatal\TEDS error.

This field contains the checksum for all octets preceding it in the TEDS. The checksum shall be the one

domplement of the sum (modulo 2'°) of all the data structure's préceding octets, including the Length (s¢
§.1.1) field and excluding the Non-displayable data checksumfield.

w @R

8.9.2.9 XML-based text block

Ipata type: text
This field is required. If this field is omitted; the NCAP shall report a fatal TEDS error.

This field contains the information to.be displayed by an XML-savvy application. A proposed schema fqr
qll text-based TEDS used in IEEE.Std 1451.2-1997 or described in this standard is presented in Annex D.

§.9.2.10 Text block checksum
This field contains the checksum for all octets in the preceding XML-based text block field. The checksurn
shall be the one'§'complement of the sum (modulo 2'°) of all the octets in the XML text block.

This field s required. If this field is omitted, the NCAP shall report a fatal TEDS error.

8.10.End User Application Specific TEDS

This field is an optional TEDS that provides storage for application-dependent data that the user wants to
keep with the TIM or TransducerChannel. The user shall determine the content and function of the End
User Application Specific TEDS. This TEDS shall be able to be both read and written.

8.10.1 Access

The End User Application Specific TEDS may be associated with the TIM or a TransducerChannel. It is
accessed using a Query TEDS command, a Read TEDS segment command, a write TEDS segment
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command, or an Update TEDS command. The argument of the command shall specify the End User
Application Specific TEDS access code as defined in Table 17.

8.10.2 Data block

Table 72 shows the structure of the data block for this TEDS. The content and structure of the Data block
field is user defined.

Table 72—Structure of the End User Application Specific TEDS data block

Field Description Type Type # actets
— TEDS length Ulnt32 Ulnt32 4

0-2 — Reserved — —

3 TEDSID TEDS identification header Ulnt8 Ulnt8
4-9 — Reserved — —

10 EndUserData Variable Variable
— Checksum Ulnt16 2

JI

The manufacturer shall determine the size of this TEDS. It is recommeénded that the size of this TED
dccommodate a Data block field of at least 256 octets.

§.10.2.1 TEDS identifier

The TEDS identifier shall comply with the structures defided in 8.3.

This field is required. If this field is omitted or contains illegal values, the NCAP shall report a fatal TEDP
grror.

8.10.2.2 Data block content

Rield Type: 10
Hield Name: EndUserData

The contents of the data‘block are up to the user and are not defined in this standard.

8.11 User’s Transducer Name TEDS

This field is a required TEDS for the TIM and is recommended for all Transducers. The User’s Transduce
WWamie” TEDS provides a place to store the name by which the system or the end user will know thi
transducer.

2

NOTE—The User’s Transducer Name TEDS is intended to support “Object Tags,” as defined in IEEE Std 1451.1-
1999 or other similar uses.

8.11.1 Access

The User’s Transducer Name TEDS may be associated with the TIM or a TransducerChannel. It is
accessed using a Query TEDS command, a Read TEDS segment command, a write TEDS segment
command, or an Update TEDS command. The argument of the command shall specify the TEDS access
code of the User’s Transducer Name TEDS, as defined in Table 17.
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This TEDS shall be implemented as read/write TEDS.

8.11.2 Data block

Table 73 shows the structure of the data block for this TEDS. The content and structure of the Data block
field is user defined.

Table 73—Structure of the user transducer name TEDS data block

Hield Field Description Data type #octets
type name
+ Length Ulnt32 4

-2 — Reserved — —
3 TEDSID TEDS Identification Header Ulnt8 4
4 Format Format description of this TEDS Ulnt8 1
3 TCName TIM or TransducerChannel Name -
e Checksum Uliitl6 2
The manufacturer shall determine the size of this TEDS, but as a minitwm, the TEDS shall be large
gnough to accommodate a Data block field of at least 160 octets with a’32*character parameter name plus p
TEDS identification header and a possible text-based TEDS headérjThe user is not required to use the
tpxt-based TEDS header.

§.11.2.1 TEDS identifier

The TEDS identifier shall comply with the structuresidefined in 8.3.
This field is required. If this field is omitted, the-NCAP shall report a fatal TEDS error.

8.11.2.2 Format

Hield Type: 10
Rield Name: Format
Ibata type: unsigned octet integer (Ulnt8, 1 octet)

This field isa4equired. If this field is omitted or contains illegal values, the NCAP shall report a fatal TEDP
grror.

Thesvalues for format flag are defined in Table 74.

Table 74—Enumeration of format flag field

Value Meaning

0 User defined

1 Text-based TEDS using the format defined in 8.9
2-255 Reserved for future expansion

If the format field indicates that this data block is user defined, the content and structure of the Data block
field is user defined. If it is text based, then the content of this data block shall conform with the structure
defined in 8.9.

NOTE—The use of multiple languages in this TEDS may cause problems with a user’s application.
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8.11.2.3 Data block content

Field Type: 11

Field Name: EndUserData

The contents of the data block are up to the user and are not defined in this standard.

8.12 Manufacturer-defined TEDS

Manufacturer-defined TEDS may be in any format required by the manufacturer’s application software. 4
deneric system shall not attempt to parse these TEDS or to interpret their content in.any/manner. Unless th
TEDS is text based as determined by the response to the Query TEDS command (Se€ 7.1.1.1), the syster
shall simply read these TEDS and shall pass the contents to the application that €alled it. If the TEDS 1
tgxt based, it shall conform to the structure defined in 8.9. For a manufacturer-defined TEDS that is bein|
sent to the TIM, the system shall take the information, apply the length\fi¢ld and checksum fields, an
transmit it to the TIM.

S @ 2 O »~

8.12.1 Access

jeny

A manufacturer-defined TEDS may be associated with‘the TIM or a TransducerChannel. It is accesse

ysing a Query TEDS command, a Read TEDS segment.command, a write TEDS segment command, or ah
Wpdate TEDS command. The argument of the command shall specify the TEDS access code of the TEDY,
qs defined by the manufacturer.

w

This TEDS may be implemented as a read-only TEDS or as a read/write TEDS at the manufacturer’
dption. If it is implemented as a read-enly TEDS, the TIM write TEDS segment or TransducerChanng
write segment and TIM Update TEDRS or TransducerChannel Update TEDS commands shall not apply.

—

8.12.2 Data block

The content and strugtutre of this TEDS is defined by the manufacturer and is out of scope for this standard.

§.12.2.1 TEDS'identifier

The TEDS identifier shall comply with the structures defined in 8.3.

This field is required. If this field is omitted or contains illegal values, the NCAP shall report a fatal TEDB
error.

8.12.2.2 Data block contents

The contents and structure of this field are controlled by the manufacturer.
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8.13 PHY TEDS

The PHY TEDS is a required TEDS. The function of the PHY TEDS shall be to make available at the
interface all of the information needed to gain access to any channel, plus the information common to all
channels. PHY TEDS octets are constant and read-only.

This TEDS is not described further in this standard. See the particular IEEE 1451 standard you(ar
ipterested in to find the details for this TEDS.

(€]

8.13.1 Access

The PHY TEDS is accessed using a Query TEDS command, a Read TEDS segment command, a Write
TEDS segment command, or an Update TEDS command. The argument of the command shall specify th
TEDS access code of the PHY TEDS, as defined in Table 17.

[¢]

(o

This TEDS should be implemented as a read-only TEDS to prevent it ftom being changed in the fiel
Hecause changes could cause unpredictable behavior. If it is implemented as a read-only TEDS, the TIN
write TEDS segment and TIM Update TEDS commands shall not apply:

—

8.13.2 Data block

w

The content and structure of this TEDS is defined in anether member of the IEEE 1451 family of standard
and is out of scope for this standard.

§.13.2.1 TEDS identifier

The TEDS identifier shall comply withithe structures defined in 8.3.

This field is required. If this field 1s omitted or contains illegal values, the NCAP shall report a fatal TEDS
drror.

8.13.2.2 Data block contents

—

The contents~and structure of this field are controlled by other standards in the IEEE 1451 family g
standards.

9. {ntroduction to the IEEE 1451.0 API

Two APIs are defined in this standard. This clause defines the common aspects of the APIs. The
“Transducer Services Interface” defined in Clause 10 is an NCAP-only API used by measurement and
control applications to access the IEEE 1451.0 layer. This API contains methods to read and write
TransducerChannels, read and write TEDS, and send configuration, control, and operation commands to
the TIMs. Optionally, an interface is also defined that would be implemented by the application to support
non-blocking read and write operations and to receive data from measurement streams.

These API definitions are provided for systems that have visible interfaces and that the structure for

monolithic TIMs and NCAPs, i.e., those with a single set of hardware and software without regard to
distinguishing separate interfaces between IEEE 1451.0 functionality and IEEE 1451.X functionality, is
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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.

The “Module Communication Interface” is between the standard and another member of the IEEE 1451
family. It is a symmetric interface that would be implemented on both the NCAP and TIM sides. This API
contains methods that would be implemented by the IEEE 1451.X layer and called by this standard to
ihitiate communication operations. Similarly, this API contains methods that would be implemented by this
standard that are called by the IEEE 1451.X layer to deliver communication payloads.

The relationship between the interfaces and other entities in the IEEE 1451 family is illustrated in the
reference model in Figure 1 and Figure 2.

9.1 API goals

The basic goals to be achieved by the use of these API are as follows:

Provide APIs that are well matched to the needs of IEEE( I451-based measurement system
composed of NCAPs and TIMs.

«

Provide APIs to simplify the interaction between measurement and control applications on thg
NCAP and TIMs. Key services are as follows:
— TIM discovery
—  Transducer access
—  Transducer management
— TEDS management
Provide a communication abstraction “that is independent of the underlying IEEE 1451.X
technology.

jeny

Accommodate the wide rangé_of known IEEE 1451.X native communication technologies, an
allow IEEE 1451.X groups.to use the most appropriate mechanism.

Accommodate the wide range of known CPU and RAM memory resources available on NCAPs anfl
TIMs, which includes PCs functioning as NCAPS to very low-end “PIC-like” 8 bit microprocessors.

Provide escape-mechanisms where the IEEE 1451.X layer can intercept a communication invocatioh
and thereby bypass network operations.

Proyide a pass-through mechanism where knowledgeable applications can send custom commands
through IEEE 1451.0 layers to be handled by the local or remote IEEE 1451.X layers.

Provide an escape mechanism where applications can send proprietary commands “straight through
tothe —appiication=specitic side of tie T IV Withiout Imerpretation 1m e 1EEE 14510 or
IEEE 1451.X subsystems.

The interface to services described in this clause is presented as operations. Operation signatures are
presented using a variant of the Interface Definition Language (IDL), defined in ISO/IEC 14750: 1999-03-
15. The variation is summarized as follows: The IDL signature of an operation described in this clause
shall only use data types defined within this standard. All IDL specifications within this clause are
prefaced with “IDL:” in bold type to facilitate automated extraction from an electronic copy of this
standard.

© IEEE 2007 — Al rights reserved 159


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

9.2 API design decisions

9.2.1 APl described in IDL and text

[0 _meet the Ianglmgﬁ-npntm] gna] IDIT will be nsed to describe the API’s fiinctions parameters and
results. An accompanying textual description will be provided to handle calling semantics.

Higure 21 illustrates the top-level structure of the IEEE 1451.0 APIs. A top-level IDL module namef
‘IEEE1451Dot0” is defined. The “nested modules” listed in Table 75 are defined.

Table 75—Modules in the API

Module Description

TransducerServices This is the public API that measurement and control appli€ations use to interact wit
the IEEE 1451.0 layer. It contains classes and interfaces’ for discovering registere
TIMs, accessing TransducerChannels to make measurements or write actuators,
managing TIM access, and reading and writing TEDS!
ModuleCommunications This is the API that IEEE 1451.X implementers”use to provide NCAP to TIM
communications. Both “point-to-point” and_{nétwork™ interfaces and callbacks are

[oT=ni

specified.

Args This package contains all IEEE 1451.0 atguiments. The ArgumentArray data structure
is defined here.

Util This package contains utility,~classes and interfaces for the conversion d

ArgumentArrays to/from OctetArrays. This is provided via the Codec interface. IEE]
1451.X implementers that qiced to change the encoding would register alternativ
Codecs.

f
g
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IEEE1451dot0

NCAP-side processing TIM-side _p.rocessing.
Transducer Applications T|_|V| specn_‘lc processing
will use this package. will use this package.
|
| |
| |
TransducerServices TIMServices
Diagnostics
i T~ i - \\
| I~ AN
| | ~~_ N
I I S~ N
| | ~
[ Util
Args I

\

\ BN
) ArgumentArray Encoding

\ and Decoding

ModuleCommunication

N

Main communicationinterface
between Dot0 and-DotX

Figure 21—Structure of the API

9.22 IEEE 1451.0 OctetArray Payloads

To minimize the knowledge that IEEE 1451.X needs to be concerned with, all transmitted information
from the perspective of this standard will be bundled together into a payload. The payload will be encoded
as an OctetArray.

Except in cases where IEEE 1451.X wishes to intercept an IEEE 1451.0 message, IEEE 1451.X should
consider the payload as “opaque.” See 6.2 and 6.3 for the location of the length information necessary for

decoding of the data. This is handled inside the encoder/decoder class.

From the perspective of this standard, the OctetArray and destination addressing represents the logical “on-
the-link” format. IEEE 1451.X is expected to package the OctetArray into appropriate network packets for
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the given IEEE 1451.X technology. For example, appropriate network headers and CRCs may be added.
Also, IEEE 1451.X is responsible for segmenting the OctetArray into appropriately sized network packets
and for reassembling them back into the OctetArray on the remote node. Similarly, all issues with
encryption, authentication, compression, and flow control are IEEE 1451.X responsibilities.

9.2.3 IEEE 1451.0 IDL data structures and ArgumentArray usage

To facilitate the use of payloads in the IEEE 1451.0 and upper measurement application layers)\thi
standard also specifies IDL data structures. Specific implementations will map the IDL data structutes t
gppropriate language-dependent data structures for the implementation language at hand (for eXample, a
structure or C++ or Java class). These language-dependent data structures guarantee proper ecfet alignmer
t

4

D= (IO &

b allow straightforward access to all data attributes. For example, alignment of floating-peint numbers o
-octet memory boundaries will be needed on most platforms.

Hollowing the example of IEEE Std 1451.1-1999, the most common data structufe inside IEEE 1451.0 and
gpplication layers is the generic ArgumentArray, which is an array of Arguments: Arguments are providefl
fpr all the basic types (for example, Ulnt8, Ulnt16, or Float32) and prinfitive arrays of basic types (fqr
gxample, UInt8Array, Float32Array, or StringArray). In addition, some specific Arguments that are usefijl
ih measurement applications are also defined (for example, Units, Timelnstance, and TimeDuration).

The ArgumentArray data structure is a very flexible mechanismto compose and pass arbitrary data typg
through the system without requiring compile time knowledge. For example, a measurement from
TransducerChannel will be encoded into an appropriate-argument based on information provided in th
TEDS (for example, data model, data repetitions, and “Calibration information). This argument will b
dontained within an ArgumentArray of length 1. Asmiore complex example would be reading from
TransducerChannel proxy that defines a group, of TransducerChannels to be read together. Eac
TransducerChannel in the proxy would be represented as a separate Argument of the correct type based o
the TEDS information. These Arguments_would be grouped together into an ArgumentArray ths
represents the data from the proxy.

- = > & 0 0 S »n

To facilitate the communicationy©f ArgumentArrays across the IEEE 1451.X layer, a generi
BEncode/Decode mechanism is provided via a Codec interface. These methods convert ArgumentArray
tp/from OctetArrays. In mostscases, this standard is responsible for calling these methods and the IEE
1451.X layer will only deal with the OctetArray forms. IEEE 1451.X only needs to transfer the OctetArra]
‘Ipayload” from the initiating to the receiving destinations. The encoding and decoding operations ar
frovided as a librarys~and an IEEE 1451.X is free to substitute a different implementation if it is needed.
Yee Clause 7 and Clause 8 for details.

O < Ui\ O

Ip rare casess IEEE 1451.X may need to deviate from the IEEE 1451.0 recommended OctetArray format.
In this cas¢, IEEE 1451.X would provide a different Encode/Decode library.

9.2,4'Parameter ownership assumptions

Unless otherwise specified, parameters and returned results are owned by the initiating object or caller. If
the “called” object needs to hold onto a parameter, it must make a local copy. The initiating object has the
responsibility to free any memory resources for parameters and returned result after the call returns.

9.3 IEEE1451Dot0

IDL: module IEEE1451DotO { };

All IEEE 1451.0 interfaces are inside the IDL module “IEEE1451Dot0”.
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9.3.1 IEEE1451Dot0::Args

IDL: module Args { };

Fundamental and special data types are contained within the Args module. The fundamental data types and
data types used in other parts of the standard are defined in Clause 4.

dlasses.

Args

- - -
ArgumentArray ('] L
#Length:UINt16 Fundament
+aet(name:Siring, out referenceArgument)UINtT6; Datatype
+get(index:UInt16, out referenceArgument)UInt16; B
+put{name:String, value:Argument)UInt16: in the | 451.0
+put(index:UInt16, value:Argument)UInt16; syste
+stringTolndex{name:String, out index:UInt16)UINt16;
+getNames(out names:StringArray)UInt16;
+getindexes(out indexes:UInt16)UINt16; W\
Int8 [+size(}:UInt16; N Boolean
<> (J»~ Uints
=) H
Int16 4
Octet
Int32 QQ Uint16
Int8Array 5\0‘
#Length:UInt16 Q) ke
Int16Array $\ BooleanArray
#Length:UInt16
\% - Ulnt8Array <]-
THE32ATay T} rgL:jm?JT — #Length:UInt16
ypecode:UIn
#Length:UInt16 X § (]» OctetArray
Float32 \\C’ Ulnt16Array
( ) #Length:UInt16
-
Float32Array UInt32Array
#Length:UIntd6 ) #Length:UINt16
‘\/
7
TimelnstanceArray Float64
#Length: W6
.’"\<
Tirt rationArray Float64Array
gth:UInt16 #Length:UInt16
y
1 FrimeRe presentation String

#Secs:UINt32 '
#nSecs:UInt32 QoSParams
+period: TimeDuration
preleHellie StringArray
% Hatency:TimeDuralion #Length:UInt16
T

- L — +itter: TimeDuration
Timelnstance imeDuration Foffset-UInt16

#epoch:UIntd +gervice Boolean

Figure 22—Arguments
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9.3.1.1 Arrays of basic types

Variable-length arrays of basic types are provided as IDL sequences. Array data types contain both the
length of the data and the data. The length is a UInt16 quanity.

ypedef sequence<TimelInstances

TimeInstanceArray;

IDL: typedef sequence<Int8> Int8Array;
gypedef sequence<Intles> IntleArray;
gypedef sequence<Int32> Int32Array;
gypedef sequence<UInt8> UInt8Array;
gypedef sequence<UIntlé> UIntl6Array;
gypedef sequence<UInt32> UInt32Array;
gypedef sequence<Float32> Float32Array;
gypedef sequence<Floaté64> Float64Array;
ftypedef sequence< Strings> StringArray;
fypedef sequence<_ Octet> OctetArray;
fypedef sequence< Booleans> BooleanArray;
v

v

ypedef sequence<TimeDurations

9.3.1.2 Error codes

TimeDurationArray;

All error codes are represented as Ulntl6 quantities. Five entities are involved in a communicatio
transaction: the local IEEE 1451.0 layer, the local IEEE 145]:X layer, the remote IEEE 1451.X layer, th
rpmote IEEE 1451.0 layer, and the remote application layer.“The error code source is encoded in the uppd
j bits. The error code enumeration is encoded in the lower bits. Bits are numbered from most significant t
lgast significant bit 15 to bit 0 as shown in Table 76:

Table 76—Bit assignments for error codes

O = O 2

Bits Used by

Bits 15 through 13
as described in Table 77

(The 3 most signifieant bits): The error code source information is encoded in this location

Bits 12 through 0

Error code entimeration; see Table 78

gvaluated as a 3 bit unsigned integer.

Brror code source values aye specified in Table 77. The value column contains the bits 15 through 1

164

Table 77—Error code source enumeration

I

z
t-]
)
=
(¢

Source of the error

Error from the local IEEE 1451.0 layer

Error from the local IEEE 1451.X layer

Error from the remote IEEE 1451.X layer

Error from the remote IEEE 1451.0 layer

Error from the remote application layer

Reserved

Reserved

N NN | PR |WR|N = O

Open to manufacturers

Error code values are specified in Table 78. In this case bits 12 through 0 are evaluated as a 13 bit unsigned

integer.
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Table 78—Error code enumerations

Enumerations Error code name Description

0 NO ERROR No error, operation successful

1 INVALID COMMID Invalid “commld”

2 UNKNOWN_DESTID Unknown “destId”

3 TIMEOUT Operation time-out

4 NETWORK FAILURE Destination unreachable network failure

J T{ET‘V‘V’GRI\ CORRU?TIUT‘I CUlll,llJl. bUllllllullibaLiUll llUlWUl;\ fai‘lulU

6 MEMORY Local out-of-memory error

7 QOS FAILURE Network quality-of-service violation

8 MCAST _NOT_SUPPORTED Multicast not supported or operation invalid for
multicast

9 UNKNOWN_ GROUPID Unknown “groupld”

10 UNKNOWN MODULEID Unknown “moduleld”

11 UNKNOWN MSGID Unknown “msgld”

12 NOT GROUP MEMBER destld not in the group

13 ILLEGAL MODE The mode parameter ig'not'valid

14 LOCKED RESOURCE The resource being.aceessed is locked

15 FATAL TEDS ERROR An error in the FEDS makes the device unusable

16 NON-FATAL TEDS_ERROR The value in @\field in the TEDS is unusable, but
the device gill'still function

17 CLOSE_ON_LOCKED_RESOURCE A warning) error code returned to signal that a
closefon ‘a locked resource was performed

18 LOCK BROKEN If alnon-blocking read or write, or measurement
stteam, is in progress, the callback will be
invoked with this error code

19 NETWORK RESOURCE EXCEEDED IEEE 1451.X has reached network resource limits

20 MEMORY_RESOURCE_EXCEEDED IEEE 1451.X has reached memory resource
limits

21-4095 Reserved

4096-8191 Open to manufacturers

9.3.1.3 IEEE1451Dot0::Args::QosParam

IDL: struct QoSParam {

_Boolean service;
TimeDurat ion period;

UIntleé transmitSize;
UIntlé replySize;
TimeDuration accessLatency;
TimeDuration transmitLatency;

‘Quality of Service” attributes are organized into a data structure for efficiency. The QoSParams structur
dontains the information listed.in Table 79.

© IEEE 2007 — All rights reserved
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Table 79—QoSParams descriptions

Parameter Type

Description

Service _Boolean

A “true” indicates guaranteed QoS. A “false” indicates “best effort.”

Period TimeDuration

Indicates the period of communication. A zero value should be used for
nonperiodic conditions.

transmitSize Ulnt32

This parameter specifies the number of octets transmitted for each periodic
communication.

I1llat2D

| QM
[Pty STZC Oy

A 4 + 4 +los oS b 4+l L. £ s S
For—two-way—communteations—this—parameter—speetfies—thenumber—of-oete

sent as a reply in each periodic communication. A value of 0 indicates a ong-
way communication.

dccessLatency TimeDuration

This parameter specifies the extra time latency that the IEEE 1451.0 layer cal
tolerate for the IEEE 1451.X layer to start transmission of a cofmmunicatio
before IEEE 1451.X should report a communication exception¥’A zero valu
shall be interpreted as access latency not specified.

T = =

transmitLatency | TimeDuration

This parameter specifies the extra time latency that the IEEE 1451.0 layer cal
tolerate for the IEEE 1451.X layer to compléte’,transmission of f
communication before IEEE 1451.X should report a‘eOmmunication exceptior].
A zero value shall be interpreted as transmit latencynot specified.

=]

IDL: enum TypeCode {
UNKNOWN_TC,

// Simple types

QOS_PARAMS TC,

I

9.3.1.4 IEEE1451Dot0::Args::TypeCode

Kach valid type in the IEEE 1451.0 ArgumentArray has a unique typecode.

UInt8 TC, UINT16 TC, UINT32 TC,
FLOAT32 TC, FLOAT64TC, STRING(TC,
OCTET TC, BOOLEAN TC,
TIME_INSTANCE TC, TIME DURATION TC,

// Arrays of simple types. Note no QOS array

UInt8 ARRAY TC, UINTI6 ARRAY TC, UINT32 ARRAY TC,
FLOAT32 ARRAY TC,\FLOAT64 ARRAY TC, STRING_ ARRAY TC,
OCTET ARRAY TC, BOOLEAN ARRAY TC,

TIME INSTANCE ARRAY. TC, TIME DURATION ARRAY TC

9.3.1.5 IEEE1451Dot0::Args::Argument

This is—a~“generic data container. It is represented as an IDL discriminated union.
implementations in language with run-time type checking may choose a simpler representation.

However,

DE—unTomr Argunenrt switcir tTypetode) {

case UNKNOWN_ TC: Boolean valueError;

case UInt8 TC: UInts8 valueInt8;

case UINT1e6_ TC: UIntlé valueUIntle;

case UINT32 TC: UInt32 valueUInt32;

case FLOAT32 TC: Float32 valueFloat32;

case FLOAT64 TC: Floateé4 valueFloaté64;

case STRING TC: _String valueString;

case OCTET TC: _Octet valueOctet;

case BOOLEAN TC: _Boolean valueBoolean;

case TIME_ INSTANCE TC: TimeInstance valueTimeInstance;
case TIME DURATION TC: TimeDuration valueTimeDuration;
case QOS PARAMS TC: QosParams valueQosParams;
case UInt8 ARRAY TC: UInt8Array valueInt8Array;
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case
case
case
case
case
case
case
case

UINT16 ARRAY TC:

UINT32 ARRAY TC:
FLOAT32 ARRAY TC:
FLOAT64 ARRAY TC:
STRING ARRAY TC:

OCTET ARRAY TC:

BOOLEAN ARRAY TC:

TIME INSTANCE ARRAY TC:

UIntl6Array
UInt32Array
Float32Array
Float64Array
StringArray
OctetArray
BooleanArray

ISO/IEC/IEEE 21450:2010(E)

valueUIntl6Array;
valueUInt32Array;
valueFloat32Array;
valueFloat64Array;
valueStringArray;
valueOctetArray;
valueBooleanArray;

TimeInstanceArray

¢dase

7

IDL:

TIME_DURATION ARRAY TC:

valueTimeInstanceArray;

TimeDurationArray

9.3.1.6 IEEE1451Dot0::Args::ArgumentArray

IDL: interface ArgumentArray { };

valueTimeDurationArray;

This is a generic array data container. All Arguments are owned by thé ArgumentArray. When th
ArgumentArray is deleted, it will free all memory consumed by the Arguménts. Table 80 provides a list g
mhethods associated with ArgumentArrays.

Table 80—ArgumentArray

IEEE1451dot0::Args::ArgumentArray

Ulnt16 getByName( in _String name; out Argument reference);

Ulnt16 getByIndex( in Ulnt16 index, out Argument reference);

Ulnt16 putByName( in _Strifig.name, in Argument value);

Ulnt16 putByIndex( in Ulnt)6 index, in Argument value);

Ulnt16 stringTolndex( itr String name, out Ulnt16 index);

Ulnt16 getNames((out StringArray names);

Ulnt16 getIndexes( out Ulnt16Array indexes);

Ulnt16 size();

9.3.1.7 IEEE1451Dot0::Args::ArgumentArray::get

UIntlé getByName ( in String name, out Argument reference);

Raranieters:

This method provides a lookup-by-name feature. See Clause 7 and Clause 8 for appropriate attribut
rlames. A feference to the desired Argument is returned. Note that the caller should consider this a “read
dnly” reference and must make a local copy if needed.

—~

he *name” parameter 1s the name for the desired attribute.

The [out] “reference” parameter is a reference to the desired Argument.

Return result: Error code

9.3.1.8 IEEE1451Dot0::Args::ArgumentArray::get

IDL: UIntlé getByIndex( in UIntlé index,

© IEEE 2007 — All rights reserved
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This method provides a lookup-by-index feature. See Clause 7 and Clause 8 for appropriate conversions
between names and indices. A reference to the desired Argument is returned. Note that the caller should
consider this a “read-only” reference and must make a local copy if needed.

Parameters:
The “index” parameter is the array index beginning with zero.

AN PN XN s M £ tatloa % J_A 4
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Return result: Error code

9.3.1.9 IEEE1451Dot0::Args::ArgumentArray::put

IDL: UIntlé putByName( in String name, in Argument value)¢

This method provides a set-by-name feature. See Clause 7 and Clause 8 for<appropriate conversion
Hetween names and indices. The ArgumentArray will assume ownership of the provided Argument. Th
g
t

o A

aller shall be careful not to free the memory associated with that Arguménts If an Argument is already i
he ArgumentArray with the same name, it will be deleted.

=]

Rarameters:
The “name” parameter is the name for the desired attribute.

The “value” Argument parameter will be stored into the AfgumentArray.
Return result: Error code

9.3.1.10 IEEE1451Dot0::Args::ArgumentArray::put

IDL: UIntlé putByIndex( in “UIntlé index, in Argument value) ;

«

This method provides a set-by-index feature. See Clause 7 and Clause 8 for appropriate conversion
Hetween names and indices. Fhe“ArgumentArray will assume ownership of the provided Argument. Th
q
t

=2 ¢]

aller shall be careful not to‘\free the memory associated with that Argument. If an Argument is already i
he ArgumentArray at the.same index, it will be deleted.

Rarameters:
The “index” parameter is the array index beginning with 0.

The “value” Argument parameter will be stored into the ArgumentArray.

Return résult: Error code

F - Taliael
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IDL: UIntlé stringToIndex( in _String name, out UIntlé index);

This method provides a conversion mechanism from names to array index. It is usually more efficient to
perform a lookup-by-index rather than a lookup-by-name. This method allows the application to perform
the string search and compare operation once and then use the index for future array access.

Parameters:
The “name” parameter is the desired name.

The [out] “index” parameter is the array index beginning with zero.
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Return result: Error code

9.3.1.12 IEEE1451Dot0::Args::ArgumentArray::getNames

IDL: UIntlé getNames( out StringArray names) ;

This method returns a StringArray of “names” for each element in the ArgumentArray. Each could be'usefd
ip the get( ) method.

Rarameters:
The [out] “names” parameter is the StringArray.

Return result: Error code

9.3.1.13 IEEE1451Dot0::Args::ArgumentArray::getindexes

IDL: UIntlé getIndexes( out UIntl6Array indexeg)y;

This method returns a Ulntl16Array of “indexes” for each element in the ArgumentArray. Each could be
ysed in the get( ) method.

Rarameters:
The [out] “indexes” parameter is the Ulnt16Array.

Return result: Error code

9.3.1.14 IEEE1451Dot0::Args::ArgumentArray::size

IDL: UIntlé size() ;
This method returns the number of elements in the ArgumentArray.
Return result: Numbetof elements.

9.3.2 IEEE1451Dot0:: Util

IDL: fWodule Util { };

Wtility classes and interfaces are organized into this module.

9.3.2.1 IEEE1451Dot0::Util::Codec

IDL: interface Codec { };

This interface is optionally provided by the IEEE 1451.X layer to provide custom Encoding and Decoding
of ArgumentArrays to/from OctetArrays. If registered, it will be invoked by the IEEE 1451.0 layer
automatically| Table 81 [lists the interfaces in this grouping.

© IEEE 2007 — Al rights reserved 169


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

170

Table 81—Codec

IEEE1451dot0::Util::Codec

Args::UInt16 encodeCommand( in Args::UIntl6 channelld, in Args::UInt§ cmdClassld, in Args::UInt8
cmdFunctionld, in Args::ArgumentArray inArgs, out Args::OctetArray payload);

Args::UInt16 decodeCommand( in Args::OctetArray payload, out Args::UIntl6 channelld, out Args::UInt8
cmdClassld, out Args::UInt8 cmdFunctionld, out Args::ArgumentArray inArgs);

Args::UInt16

encodeResponse(in  Args:: Boolean successFlag, in Args::ArgumentArray outArgs, out

1

Arac—-Qeotat A
FESH

etetArray-payload)y

Args

Args::UInt16
::ArgumentArray outArgs);

decodeResponse( in  Args::OctetArray payload, out

Args:: Boolean successFlag, & out

Args

::UInt16 argumentArray2OctetArray(in Args::ArgumentArray inArgs, out Args::OctetArray payload);

Args

::UInt16 octetArray2 ArgumentArray(in Args::OctetArray payload, out Args::ArgumentArray outArgs);

O e e Lo Lo Lo bl
SBBBB

ut

— ] T

ihitiating

Args:
Args:
Args:
Args:
Args:
Args:

arameters:
he “channelld” parameter is the desired channel identifier.

9.3.2.2 IEEE1451Dot0::Util::Codec::encodeCommand

DL: Args::UIntlé6 encodeCommand (

:UIntlé destId,

:UIntle channelId,
:UInt8 cmdClassId,
:UInt8 cmdFunctionId,
:ArgumentArray inArgs,
:OctetArray payload) ;

This method is provided by the IEEE 1451.X layer and is~called by the IEEE 1451.0 layer to encode
dommand into an OctetArray. See Clause 6 for details ofi the encoding conventions. This is called on th
i node before invocation of the <ModuleCommunication::P2PComm::write( ) g
ModuleCommunication::NetComm::writeMsg( ) calls.

Bropose that dot 0 read & use the Commands TEDS to encode & decode unknown commands.

he “cmdClassld” is the desired command class.
he “cmdFunctionld” is the desired command function code.
he “inArgs” parameter €ontains the command specific input arguments.

he [out] “payload” is the encoded OctetArray.
Return result; Ertor code

9.3.2.3 IEEE1451Dot0::Util::Codec::decodeCommand

CRLCER

DE+—Args+—+Hintle—decodeCommandt

in Args::0OctetArray payload,

out Args::UIntlé channellId,

out Args::UInt8 cmdClassId,

out Args::UInt8 cmdFunctionId,

out Args::ArgumentArray inArgs) ;

This method is provided by the IEEE 1451.X layer and is called by the IEEE 1451.0 layer to decode an

OctetArray into command arguments. See Clause 6 for details on the encoding conventions. This is called

on the receiving node after

ModuleCommunication::NetComm::readMsg( ) calls.

Parameters:

invocation of the ModuleCommunication::P2PComm::read( ) or
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The “payload” is the OctetArray.

The [out] “channelld” parameter is the desired channel identifier.
The [out] “cmdClassId” is the desired command class.

The [out] “cmdFunctionld” is the desired command function code.

The Jout] “inArgs” parameter contains the command specific input arguments.

Return result: Error code

9.3.2.4 IEEE1451Dot0::Util::Codec::encodeResponse

IDL: Args::UIntlé encodeResponse (

in Args::_ Boolean successFlag,
1n Args::ArgumentArray outArgs,

gut Args::0ctetArray payload) ;

This method is provided by the IEEE 1451.X layer and called by the\IEEE 1451.0 layer to encode
response into an OctetArray. See Clause 7 and Clause 8 for details of the encoding conventions. This 1
g
N

[7Z0

alled on the receiving node before invocation of the ModuleCommunication::P2PComm::write( ) g
loduleCommunication::NetComm::writeRsp( ) calls.

—

arameters:
he “successFlag” parameter is the desired success code:

he “outArgs” parameters are the command response.specific output arguments.

he [out] “payload” is the encoded OctetArray.
Return result: Error code

9.3.2.5 IEEE1451Dot0::Util::Codec::decodeResponse

IDL: Args::UIntle decodeResponse (

in Args::OctetArray payload,

gut Args:: Boolean successFlag,
gut Args::ArgumentArray outArgs) ;

This method is.provided by the IEEE 1451.X layer and is called by the IEEE 1451.0 layer to decode ap
ctetArray_into response arguments. See Clause 7 and Clause 8 for details on the encoding conventiong.
This is called on the initiating node after invocation of the ModuleCommunication::P2PComm::read( ) g
Moduyte€Communication::NetComm::readMsg( ) calls.

)

Rarameters:

The “payload” is the OctetArray.

The [out] “successFlag” parameter is the command success flag.

The [out] “outArgs” parameter are the command specific output arguments.
Return result: Error code

9.3.2.6 IEEE1451Dot0::Util::Codec::encodeArgumentArray

IDL: Args::UIntlé encodeArgumentArray (
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in Args::ArgumentArray inArgs,
out Args::0ctetArray payload) ;

This method is provided by the IEEE 1451.X layer and is called by the IEEE 1451.0 layer to encode an
ArgumentArray into an OctetArray. See Clause 7 and Clause 8 for details on the encoding conventions.
Make sure that this works!!

Harameters:
The “inArgs” parameter is the input ArgumentArray.

The [out] “payload” is the encoded OctetArray.
Return result: Error code

9.3.2.7 IEEE1451Dot0::Util::Codec::decodeOctetArray

IDL: Args::UIntlé decodeOctetArray (
in Args::OctetArray payload,
qut Args::ArgumentArray outArgs) ;

This method is provided by the IEEE 1451.X layer and is called by-the IEEE 1451.0 layer to decode ap
ctetArray into an ArgumentArray. See Clause 7 and Clause 8 for,details on the encoding conventions.

Rarameters:
The “payload” is the OctetArray.

The [out] “outArgs” parameter contains the output AtgumentArray.
Return result: Error code

9.3.2.8 IEEE1451Dot0::Util::CodecManagement

IDL: Interface CodecManagement { };

[ZEme]

This class is provided by-the IEEE 1451.0 layer and is optionally called by f 1451.X layer t
register alternate Encode/Decode implementations with the IEEE 1451.0 layer. [Table 82 lists the method
gvailable in this class, '

Table 82—CodecManagement
IEEE1451dot0::Util::CodecManagement

Args::WInt16 register( in Args::UInt8 moduleld, in Codec customCodec);
Args:UInt16 unregister( in Args::UInt8 moduleld);

9.3.2.9 IEEE1451Dot0::Util::CodecManagement::register

IDL: Args::UIntlé register(
in Args::UInt8 moduleId,
in Codec customCodec) ;

This method is provided by the IEEE 1451.0 layer and is optionally called by the IEEE 1451.X layer to
register a custom Encoder/Decoder instance. Only a single instance may be registered for each module.

Parameters:
The “modulelds” parameter is the desired IEEE 1451.X ID.
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The “customCodec” parameter is the Codec instance to register. This instance should not be destructed
until after the unregister( ) call is made.

Return result: Error code

9

.3.2.10 IEEE1451Dot0::Util::CodecManagement::unregister

]

1

]

Return result: Error code

fnctions defined by this standard.

All interfaces primarily used by “measurement:and control” applications are inside this IDL module.

DL: Args::UIntlé unregister( in Args::UInt8 moduleId) ;

arameters:
he “modulelds” parameter is the desired IEEE 1451.X ID.

0. Transducer services API

DL: module TransducerServices { };

he Transducer services API provides the interface between the applications running on the NCAP and th|

he “TransducerServices” module is subdivided into five interfaces as listed in|Table 83| The first fou
hterfaces are implemented by this_standard and are called by the measurement application. If th|
pplication desires advanced optiofial features, it will need to implement the “AppCallback” interfacq
Vhich this standard will invoke.

Table 83—Transducer Services API classes and interfaces

his method is provided by the IEEE 1451.0 layer and is optionally called by the IEEE 1451.X layer tp
ynregister a custom Encoder/Decoder instance. After this call, the default Encoder/Decoder will be used.

[CHL)

>

Interface Description

TimDiscovery Methods for applications to discover available IEEE 1451.X communications modules,
TIMs, and TransducerChannels are organized in this interface.

TransducerAccess When an application desires to access sensor and actuator TransducerChannels, it will use
methods on this interface.

TransducerManager Applications that need more control over TIM access will use methods on this interface.
For example, to lock the TIM for exclusive use and to send arbitrary commands to the
TIM.

TédsManager Applications use methods on this interface to read and write TEDS. This class also

CommManager Handles access to the communication module on the local device.

AppCallback Applications that need advanced features need to implement this interface. For example,
this allows the application to configure measurement streams and the IEEE 1451.0 layer
will invoke appropriate callbacks in the application.

10.1 IEEE1451Dot0::TransducerServices::TimDiscovery

IDL: interface TimDiscovery { };
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The TimDiscovery interface is provided by the IEEE 1451.0 layer and is called by the application to
presade-a-egmmon mechanism to discover available TIMs and TransducerChannels. The methods are listed
in[Table 84 jand discussed in 10.1.1 through 10.1.3.

Table 84—TimDiscovery
IEEE1451dot0::TransducerServices::TimDiscovery
Args::UInt16 reportCommModule( out Args::UInt8 Array modulelds);
Args::Ulnt16 reportIims( 1n Args::Ulnt8 moduleld, out Args::UIntl16Array timlds);
Args::UInt16 reportChannels(in Args::UInt16 timld, out Args::UIntl6Array channellds, out Args::StringAsray
names);

10.1.1 IEEE1451Dot0::TransducerServices::TimDiscovery::reportCommModule

IDL: Args::UIntlé reportCommModule( out Args::UInt8Array,fuodulelds) ;

his method reports the available communication module interfaces that have\béen registered with this
tandard. See the IEEE1451Dot0::ModuleCommunication::NetRegistration::registerModule( ) methog
hich the IEEE 1451.X layer will invoke when it is ready for operation.\[n that method, the IEEE 1451.
hyer will assign a unique moduleld to each IEEE 1451.X interface. Nofe'that the NCAP may have:

—_— s L
=

A single IEEE 1451.X interface of a given technology (forexample, Clause 7 of IEEE Std 1451.5
2007 [B4]) .

Multiple interfaces of the same technology (fof example, IEEE 1451.2-RS232 on COMI1 anfl
COM2).

Multiple IEEE 1451.X interfaces of (different technologies (for example, Clause 7 qf
IEEE Std 1451.5-2007 [B4] and IEEE 1451.3 multidrop).

Rarameters:
The [out] “modulelds” parameter is~teturned by the IEEE 1451.0 layer to the application. This arraly
dontains all the known communication modules on this NCAP.

Return result: Error code
10.1.2 IEEE1451Dot0::TransducerServices::TimDiscovery::reportTims
IDL: Args:SUIntlé reportTims (

in Args >UInts8 moduleId,
gut Args;:UIntlé6Array timIds) ;

This, ~returns the known  TIM  devices on this interface. See 11.6.2, the
IEEE1451Dot0::ModuleCommunication::Registration::registerDestination method which th
IEEE 1451.X layer will invoke when registering new TIMs to the NCAP.

Parameters:
The “moduleld” parameter is the desired IEEE 1451.X communication module ID.

The [out] “timlds” parameter is returned to the application and contains all known TIMs on this
IEEE 1451.X module.

Return result: Error code
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10.1.3 IEEE1451Dot0::TransducerServices::TimDiscovery::reportChannels

IDL: Args::UIntlé reportChannels (

in Args::UIntlé timId,
out Args::UIntl6Array channelIds,
out Args::StringArray names) ;

This returns the TransducerChannel list and names for this TIM. This information is retrieved from-\the
dached TEDS.

arameters:
he “timld” parameter is the desired TIM.

K

1

The [out] “channellds” parameter is returned to the application and contains all knowh
TransducerChannels on this TIM.

1

he [out] “names” parameter is returned to the application and contains the TrarsducerChannel names.

Return result: Error code

10.2 IEEE1451Dot0::TransducerServices::TransducerAccess

IDL: interface TransducerAccess { };

The TransducerAccess interface is provided by the IEEE 1451.0 layer and is called by the application
frovide access to TransducerChannels. For most applications, they will primarily be interacting with thi
i
F:

[ZEme]

ipterface to perform TIM read and write operations. To keep this interface smal], more advanced method
re placed in the TransducerManager interfacé. Each method is listed in[Table 85

w

Table 85—TransducerAccess methods
[EEE1451dot0::TransducerServices::TransducerAccess

Args::UInt16 open( in Args::UInt16 timld, in Args::UInt16 channelld, out Args::UlInt16 transCommId);

prgs::UInt16 openQoS( in Args:UInt16 timld, in Args::UInt16 channelld, inout Args::QoSParams qosParams, out
prgs::Ulnt16 transCommld);

Args::UInt16 openGroup(tin ‘Args::UIntl16Array timlds, in Args::UIntl6Array channellds, out Args::Ulntl6
ansCommld);

prgs::UInt16  openGroupQoS( in Args::UIntl6Array timlds, in Args::UIntl6Array channellds, inout
prgs::QoSParamsiqosParams, out Args::UInt16 transCommld);

Args::UInt16 close( in Args::UInt16 transCommlId);

prgs::Ulnt 6 readData ( in Args::UIntl6 transCommld, in Args::TimeDuration time-out, in Args::UInt8
amplingMode, out Args::ArgumentArray result);

prgs::Ulnt16 writeData ( in Args::UIntl6 transCommld, in Args::TimeDuration time-out, in Args::UInt8
amplingMode, in Args::ArgumentArray value);

ArgsUIntl6e  startReadData(in Argc"T IIntl6  transCommld in Argc"Timancfnn(‘P friggprTimp in
Args::TimeDuration time-out, in Args::UInt8 SamplingMode, in AppCallback callback, out Args::UIntl6
operationld);

Args::UIntl6 startWriteData( in Args::UIntl6 transCommld, in Args::Timelnstance triggerTime, in
Args::TimeDuration time-out, in Args::UInt8 SamplingMode, in Args::ArgumentArray value, in AppCallback
callback, out Args::UlInt16 operationld);

Args::UInt16 startStream( in Args::UInt16 transCommld, in AppCallback callback, out Args::UInt16 operationld);

Args::UInt16 cancel( in Args::UInt16 operationld);

.

107 W0 N 7o Wa N N N N N e N N

10.2.1 IEEE1451Dot0::TransducerServices::TransducerAccess::open

IDL: Args::UIntlé open/

© IEEE 2007 — Al rights reserved 175


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

in Args::UIntlé timId,
in Args::UIntlé channelId,
out Args::UIntlé transCommId) ;

This method opens a communication channel to the desired TIM/TransducerChannel and returns a
“transCommld” that will be used in subsequent calls. The default Quality of Service is used.

dardamceiers.
he “timld” specifies the desired TIM

]

The “channelld” specifies the desired TransducerChannel. This field allows addressing (d ;singl
TransducerChannel, a TransducerChannel proxy, a group of TransducerChanngls)y+or a
]
g

— CD

ransducerChannels connected to an NCAP. To address the TIM, use a TransducerChannel’.of zero. Se
.3 for details.

W

The [out] “transCommlId” parameter is returned by the IEEE 1451.0 layer to the application. This identifiqr
will be used on subsequent calls.

Return result: Error code

10.2.2 IEEE1451Dot0::TransducerServices::TransducerAccess::openQoS

IDL: Args::UIntlé openQosS (

in Args: :UIntlé6 timId,

in Args: :UIntle channelId,
jnout Args::QoSParams gosParams,
Qut Args::UIntle6 transCommId).;

This method opens a communication channel{™o the desired TIM/TransducerChannel and returns p
‘transCommld” that will be used in subsequent calls. Special Quality of Service communications are used.
If the call fails, the “qosParams” will be@modified and returned to the application in order to provide
hint” on what QoS may be acceptable.

o)

arameters:
he “timlId” specifies the desired TIM.

— CD

ransducerChannel, _«@.\“TransducerChannel proxy, a group of TransducerChannels or a
ransducerChannelsconnected to an NCAP. To address the TIM use a TransducerChannel of zero. Se
.3 for details.

W

)i
1
The “channelld” specifies, the desired TransducerChannel. This field allows addressing a sing]
1
1
3

he inout “qosParams” is the desired quality of service parameters. See 9.3.1.3 for details.

]
The [out\‘transCommlId” parameter is returned by the IEEE 1451.0 layer to the application. This identifiqr
will beused on subsequent calls.

Return Juoult: Errot \.«Ud»
10.2.3 IEEE1451Dot0::TransducerServices::TransducerAccess::openGroup
The purpose of this method is to assign a number of TIMs to multicast addresses that will later be used to

assign TransducerChannels to AddressGroups. See 5.3.2 for a description of AddressGroups.

IDL: Args::UIntlé openGroup (

in Args::UIntlé6Array timIds,
in Args::UIntl6Array channellds,
out Args::UIntle transCommId) ;
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This method opens a group communication channel to the desired set of TIMs/TransducerChannels and
returns a “transCommld” that will be used in subsequent calls. The default Quality of Service is used.

There is a one-to-one correspondence between the positions for the timlds and channellds arrays. The
TransducerChannels may be on the same or different TIMs. All TIMs shall be attached to the same
communication module. If there are multiple channellds for a given timld, the timld shall be repeated for
each channelld within that TIM so that the two lists are of equal length.

arameters:
he “timlds” specifies the desired TIMs.

H

]

The “channellds” specifies the desired TransducerChannels. This field allows addressing’ a sing]
TransducerChannel, a TransducerChannel proxy, a group of TransducerChanpels, or a
]
]
V

— D

ransducerChannels connected to an NCAP. See 5.3 for details.

he [out] “transCommld” parameter is returned by the IEEE 1451.0 layer to the appli€ation. This identifigr
yill be used on subsequent calls.

Return result: Error code
10.2.4 IEEE1451Dot0::TransducerServices::TransducerAccess::openGroupQoS

The purpose of this method is to assign a number of TIMs témulticast addresses that will later be used tp
qssign TransducerChannels to AddressGroups. See 5.3.2 for.a description of AddressGroups.

IDL: Args::UIntlé openGroupQos (

in Args: :UIntl6Array timIds,

in Args: :UIntl6Array channellds,
Jnout Args::QoSParams gosParams,
qut Args::UIntlé6 transCommId) ;

This method opens a group communigcation channel to the desired TIMs/TransducerChannels and returns p
transCommlId” that will be used in subsequent calls. Special Quality of Service communications are used.
If the call fails, the “qosParams”;will be modified and returned to the application in order to provide
‘lhint” on what QoS may be acceptable.

o)

There is a one-to-one«correspondence between the positions for the timlds and channellds arrays. Th
TransducerChannels(may be on the same or different TIMs. All TIMs must be attached to the sam
dommunication modile.

[CHLYL

Rarameters:

The “timlds” specifies the desired TIMs

The, “channellds” specifies the desired TransducerChannels. This field allows addressing a single
TransducerChannel, a TransducerChannel proxy, a group of TransducerChannels, or all

ransducerChannels connected to an NCAP. See 5.3 tor details.
The inout “qosParams” is the desired quality of service parameters. See 9.3.1.3 for details.

The [out] “transCommlId” parameter is returned by the IEEE 1451.0 layer to the application. This identifier
will be used on subsequent calls.

Return result: Error code

10.2.5 IEEE1451Dot0::TransducerServices::TransducerAccess::close

IDL: Args::UIntlé close( in Args::UIntlé transCommId) ;
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This method closes a transducer communication session. The application shall consider the transCommld
as invalid. Note that a subsequent “open” call may return the old value.

See TransducerManager::unlock( ) for information on calling close( ) on a locked transCommlId.

Parameters:
The “transCommld” parameter indicates which communication to close.

Return result: Error code

10.2.6 IEEE1451Dot0::TransducerServices::TransducerAccess::readData

IDL: Args::UIntlé readData (

in Args::UIntlé transCommId,
in Args::TimeDuration timeout,

in Args::UIntS8 SamplingMode,
gut Args::ArgumentArray result);

This method performs a blocking read of the specified TransducerChannel(s). The ArgumentArray cal
Have many attributes as discussed in Clause 7 and Clause 8; eachCatfribute is represented by a separat
“Argument” in the ArgumentArray. The application can control Which attributes are returned through th
yse of the TransducerManager::configureAttributes( ) call.

o O =

In cases where this is a read of a single TransducerChanfiel;’there will always be a “result” Argument tha
dontains the TransducerChannel reading. The type of this Argument is determined by th
TransducerChannel’s data model and if the TransddeeérChannel has a Calibration TEDS. For example,
read of a simple TransducerChannel that doesnot specify Calibration TEDS will always be in th
TransducerChannel’s native format (for example, Ulnt8 or Float32Array). If the TransducerChannel dog
gpecify NCAP-side correction via the Calibration TEDS, the data type will always be Float32 g
Hloat32Array.

EEIZEECIR RS

Ih cases where this is a read of a group of TransducerChannels, there will always be a nested “result]’
ArgumentArray that contains-an,"”Argument for each TransducerChannel in the group. These will b
accessed in numerical order(beginning with array position “0”. This organization corresponds to the ordd
q
1]

=

=2

f TIM/TransducerChannel pairs in the openGroup( ) or openGroupQoS( ) call. The data type for eac
pturned Argument will.be like the single TransducerChannel read discussed in the previous paragraph. .

Rarameters:

The “transCommld” parameter indicates which transducer communication session to use.
]

g

he “timeout™ parameter specifies how long to wait to perform the reading without generating a time-oyt
rror. Note a time-out can occur due to communication or trigger failures.

he/*SamplingMode” specifies the triggering mechanism. See 5.11 and 7.1.2.4 for details.

he [out] “result” ArgumentArray is the returned values.
Return result: Error code

10.2.7 IEEE1451Dot0::TransducerServices::TransducerAccess::writeData

IDL: Args::UIntlé writeData (

in Args::UIntlé transCommId,
in Args::TimeDuration timeout,
in Args::UInt8 SamplingMode,

in Args::ArgumentArray value) ;
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This method performs a blocking write of the specified TransducerChannels. The ArgumentArray will
have many attributes as discussed in Clause 7; each attribute will be represented by a separate “Argument”
in the ArguemntArray.

In cases where this is a write of a single TransducerChannel, the caller shall provide a “value” Argument
that contains the TransducerChannel’s value. The caller should provide the result in a compatible data type
to what the TransducerChannel requires as specified in the TransducerChannel TEDS. The IEEE 1451.0
lpyer on the NCAP will perform simple conversions among all numeric data types. Note that this may lose
recision if the resulting data type is smaller. For example, if the actuator required a Ulnt8, a prowade
loat32 would be downconverted to a UInt8 with appropriate loss of precision before being passed.to th)
ransducerChannel. In cases where the NCAP will be performing correction (as specified”in th|
alibration TEDSfor this TransducerChannel), the value’s data type shall be numeric. It will\bg converte
b a Float32 or Float32Array type before passing through the correction engine. The “output of th|
orrection engine will be converted to the form required by the actuators Data Model as defined in th
ransducerChannel TEDS.

[ I o T il S N, _ o
o O = o o =

M

In cases where this is a write to a group of TransducerChannels, there.is“always a nested “value
ArgumentArray that contains an Argument for each TransducerChannel in’the group. These will b
gccessed in numerical order beginning with array position “0.” This organhization corresponds to the orde
df TIM/TransducerChannel pairs in the openGroup( ) or openGroupQoS( ) call. The data type for eac
4
B

(2= ¢

Argument shall follow the rules for the single TransducerChannel Wwrite case discussed in the previoy
aragraph

Rarameters:

The “transCommld” parameter indicates which transducer/communication session to use.
]

g

he “timeout” parameter specifies how long to wait'to perform the reading without generating a time-oyt
rror. Note a time-out can occur due to communication or trigger failures.

The “SamplingMode” specifies the triggeringimechanism. See 5.11 and 7.1.2.4 for details.
]

he “value” ArgumentArray is the provided’actuator input values.
Return result: Error code

10.2.8 IEEE1451Dot0::TransducerServices::TransducerAccess::startReadData

IDL: Args::UIntlé startReadData (

in Args::UINntile transCommId,

in Args::TimelInstance triggerTime,

in ArgssiTimeDuration timeout,

in Argsy:UInts8 SamplingMode,
in AppCallback callback,

gut Args::UIntle operationId) ;

i T +1 11 - 11 1 1 £41 el 1 Vil 1 R il +1 1 1t
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the AppCallback::measurementUpdate( ) callback will be invoked on the callback object.
Parameters:
The “transCommld” parameter indicates which transducer communication session to use.

The “triggerTime” parameter specifies when to begin the read operation. A value specified in the past will
result in an immediate time-out failure. A value of secs == 0, nsecs == 0 is a special case that implies read
immediately.

The “timeout” parameter specifies how long to wait after initiating the read operation without generating a
time-out error. Note a time-out can occur due to communication or trigger failures.
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The “SamplingMode” specifies the triggering mechanism. See 5.11 and 7.1.2.4 for details.

The “callback” parameter is the interface to invoke when the read has completed. It will also be invoked
upon failures.

The [out] “operationld” parameter is an identifier that can be used to cancel the read request.

Return result: Error code

10.2.9 IEEE1451Dot0::TransducerServices::TransducerAccess::startWriteData

IDL: Args::UIntlé startWriteData (

in Args::UIntlé transCommId,
in Args::Timelnstance triggerTime,
in Args::TimeDuration timeout,

in Args::UInt8 SamplingMode,
In Args::ArgumentArray value,

in AppCallback callback,

gut Args::UIntlé operationId) ;

This method begins a non-blocking write of the specified TransducerChannels. When the write completeg,
the AppCallback::actuationComplete( ) callback will be invoked on ‘the callback object.

arameters:
he “transCommId” parameter indicates which transducercommunication session to use.

—

esult in an immediate time-out failure. A value of sé¢s' == 0, nsecs == 0 is a special case that implies writ
immediately.

[¢]

K
]
The “triggerTime” parameter specifies when to begin the write operation. A value specified in the past wi
1]
i

™

The “timeout” parameter specifies how longto wait after initiating the write operation without generating
tjme-out error. Note a time-out can occur.dde to communication or trigger failures.

he “SamplingMode” specifies the triggering mechanism. See 5.11 and 7.1.2.4 for details.

he “callback” parameter is(the" interface to invoke when the write has completed. It will also be invokefl

1
The “value” ArgumentArray is thetprovided actuator input values. See 10.2.7 write( ) for details.
1
ypon failures.

The [out] “operationld® parameter is an identifier that may be used to cancel the write request.
Return result: Erver code

10.2.10 IEEE1451Dot0::TransducerServices::TransducerAccess::startStream

IDLY Args::UIntlé gstartStream/(

in Args::UIntlé transCommId,
in AppCallback callback,
out Args::UIntlé operationId) ;

This method begins operation of a measurement stream. The transCommld shall be created with either the
openQoS( ) or the openGroupQoS( ) call. In the later case, all TransducerChannels shall be from the same
TIM. Each time new measurements are available from the stream, the AppCallback::measurementUpdate( )
callback will be invoked on the callback object.

Parameters:
The “transCommld” parameter indicates which transducer communication session to use.
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The “callback” parameter is the interface to invoke when a data set has been written to an actuator or
received from a sensor. It will also be invoked upon failures.

The [out] “operationld” parameter is an identifier that may be used to cancel the measurement stream.

Return result: Error code

10-2-+HEEE1451DotoTFransducerServices—TransducerAccess-cancetl

IDL: Args::UIntlé cancel( in Args::UIntlé operationId) ;

This method will cancel a blocking read, blocking write, or measurement stream. The ,callback will be
invoked with a CANCEL status error code.

Rarameters:
The “operationld” parameter specifies the operation to cancel.

Return result: Error code

10.3 IEEE1451Dot0::TransducerServices::TransducerManager

IDL: Interface TransducerManager { };

The TransducerManager interface (see [Fable 86) is provided by this system and is called by the applicatio
tp provide access to more advanced Teatures. For most applications, they will not interact with thi
interface but will primarily be interacting™ with the TransducerAccess interface to perforr
1
i

EER=EZE=]

ransducerChannel read and write operations. Advanced methods are placed in the TransducerManagd
ihterface to keep the TransducerAccess class small.

Table 86—TransducerManager interface methods
IEEE1451dot0::TransducerServices::TransducerManager

Args::UInt16 lock( in Args::Ulnt16.transCommld, in Args::TimeDuration time-out);

Args::UInt16 unlock( in Args::UInt16 transCommlId);

Args::UInt16 reportLocksout Args::UInt16Array transCommlIds);

Args::UInt16 breakl/ock(in Args::UInt16 transCommlId);

Args::UInt16 send€ommand( in Args::UIntl6 transCommld, in Args::TimeDuration time-out, in Args::UInt8
g

A

A

i

A

mdClassld, id Args::UInt8 cmdFunctionld, in Args::ArgumentArray inArgs, out Args::ArgumentArray outArgs);
prgs::UInt16 ) ‘startCommand( in Args::UIntl6 transCommld, in Args:Timelnstance triggerTime, in
\rgs:: TimeDuration time-out, in Args::UInt8 cmdClassld, in Args::UInt8 cmdFunctionld, in Args::ArgumentArray
Args, it AppCallback callback, out Args::UInt16 operationld);

prgsiUInt16 configureAttributes( in Args::UInt16 transCommld, in Args::StringArray attributeNames);

Args::UInt16 trigger(in Args::UInt16 transCommld, in Args::Timelnstance triggerTime, in Args::TimeDuration
time-out, in Args::UInt16 SamplingMode);

Args::UInt16  startTrigger( in Args:UIntl6 transCommld, in Args::Timelnstance triggerTime, in
Args::TimeDuration time-out, in Args::UInt16 SamplingMode, in AppCallbackcallback, out Args::UInt16
operationld);

Args::UInt16 clear( in Args::UInt16 transCommld, in Args::TimeDuration time-out, in Args::UInt8 clearMode);

Args::UInt16 registerStatusChange( in Args::UIntl6 transCommld, in Args::TimeDuration time-out, in
AppCallback callback, out Args::UInt16 operationld);
Args::UInt16 unregisterStatusChange( in Args::UInt16 transCommlId);
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10.3.1 IEEE1451Dot0::TransducerServices::TransducerManager::lock

IDL: Args::UIntlé lock(
in Args::UIntleé transCommId,
in Args::TimeDuration timeout) ;

—

hismetiiod witt fock the TIM/TransducerChannels represented by e ansCommid. 1S will preve
dther applications from accessing those resources. To prevent deadlocks in multi-threaded environments,
ip the application’s responsibility to lock resources in agreed upon order.

—

The implementation shall allow multiple locks by the same calling thread without blocking.

[¢]

In cases where the transCommld specifies a group, all TIM/TransducerChannels in that group will b
Ipcked sequentially in the order specified in the openGroup( ) or openGroupQoS( ) call.

arameters:
he “transCommld” specifies the desired transducer communication session.

— &

H

]

The “timeout” specifies the duration to wait when acquiring the lock~A value of secs == 0, nsecs ==
implies no wait and can be used to test for an existing lock. A value of'secs == 0, nsecs == —1 implies wa
fprever. Using a value of “wait forever” is extremely dangerous as it'\¢an create deadlocks.

Return result: Error code

10.3.2 IEEE1451Dot0::TransducerServices::TransducerManager::unlock

IDL: Args::UIntlé6 unlock( in Args::UIntlé transCommId) ;

This method will unlock the TIM/TransducerChannels represented by the transCommld. This will alloy
dther applications to access those resources.

Ip cases where the application has\called lock( ) multiple times with the same calling thread, the applicatio|
shall ensure that unlock( ) is called the same number of times. When the last unlock( ) is invoked, th|
rpsources are now available.

[CH=]

The implementation (shall allow an alternative calling thread to invoke unlock( ). This alternative only i
valid when lock( {)_has been called a single time. An example would be a non-blocking operation. Th
i
A

o O @n

ipitiating thread\'calls open( ), lock( ), and the non-blocking read( ). When the read completes, th
\ppCallbackzmeasurementUpdate( ) callback will be invoked. That thread may then call unlock( ).

A call-to.close( ) will result in unlock( ) being called the correct number of times. A warning error cod
will’bereturned to signal that a close on a locked resource was performed.

(€]

Parameters:
The “transCommld” specifies the desired transducer communication session.

Return result: Error code

10.3.3 IEEE1451Dot0::TransducerServices::TransducerManager::reportLocks

IDL: Args::UIntlé unlock(out Args::UIntl6Array transCommIds) ;

This method will report all transCommlds that are currently locked.
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Parameters:
The [out] “transCommlds” returns an array of locked IDs.

Return result: Error code

1

0.3.4 IEEE1451Dot0::TransducerServices::TransducerManager::breakLock

2010(E)

]

g

)}

1

DL: Args::UIntlé6 breakLock( in Args::UIntlé transCommId) ;

his method will break a lock. If a non-blocking read or write or measurement stream is in progress, thi
allback will be invoked with an appropriate error code. See Table 78 for the list of error codes.

arameters:

he “transCommld” parameter specifies the transducer communication session to urlock.
Leturn result: Error code

0.3.5 IEEE1451Dot0::TransducerServices::TransducerManager::sendCommand
DL: Args::UIntlé sendCommand (

n Args::UIntlé6 transCommId,

n Args::TimeDuration timeout,

n Args::UInt8 cmdClassIds

n Args::UInts8 cmdFunctionId,

n Args::ArgumentArray inArgs,

ut Args::ArgumentArray outArgs) ;

his method will perform a blocking operation. The format of input and output arguments are comman

ependent. The caller shall make sure to use’'the correct data types for each input argument.

f this is a custom command, the dpplication must use Command TEDS and this argument array mug
ontain the octetArray containing the command.

arameters:
he “transCommld” parameter specifies the transducer communication session.

he “timeout” is themaximum time to wait before a time-out error. A value of secs == 0, nsecs == —
neans “wait foreyer:”

he “cmdClassld” specifies the desired command class code. See Table 15 for details.
he “cmdEunctionld” specifies the desired command function code. See Clause 7 for details.

he *inArgs” are the input arguments in ArgumentArray form.

w

he [out] “outArgs™ are returned output arguments.

Return result: Error code

10.3.6 IEEE1451Dot0::TransducerServices::TransducerManager::sendCommandRaw

IDL: Args::UIntlé sendCommandRaw (

in Args::UIntlé transCommId,
in Args::TimeDuration timeout,

in Args::UInt8 cmdClassId,

in Args::UInt8 cmdFunctionId,
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in Args::0OctetArray inArgs,
out Args::0ctetArray outArgs) ;

This method will perform a blocking operation. The format of input and output arguments are command
dependent. The caller shall make sure to use the correct data types for each input argument.

If this is a custom command, the application must use Command TEDS and this argument array must
dontain the octetArray containing the command.

Rarameters:

The “transCommld” parameter specifies the transducer communication session.
]

1]

he “timeout” is the maximum time to wait before a time-out error. A value of secs == 0, nisecs == —|l
heans “wait forever.”

he “cmdClassld” specifies the desired command class code. See Table 15 for details:
he “cmdFunctionld” specifies the desired command function code. See Clause-7{or details.
he “inArgs” are the input arguments in ArgumentArray form.

he [out] “outArgs” are returned output arguments.
Return result: Error code

10.3.7 IEEE1451Dot0::TransducerServices::TransducerManager::startCommand

IDL: Args::UIntlé startCommand (

in Args::UIntlé trans€ommId,
in Args::TimelInstance triggerTime,
jn Args::TimeDuration timeout,

in Args::UInts8 c¢mdClassId,

in Args::UIntS8 cmdFunctionId,
in Args::ArgumentArray inArgs,

in AppCallback callback,

gut Args::UIntle operationId) ;

This method starts a non-blocking operation. The format of input arguments are command dependent. The
daller shall make sure to_use the correct data types for each input argument.

arameters:
he “transCommld” parameter specifies the transducer communication session.

-

ih an immediate time-out failure. A value of secs == 0, nsecs == 0 is a special case that implies immediat
ction.

[¢]

H
]
The “triggerTime” parameter specifies when to begin the operation. A value specified in the past will resu
i
3

& “timeout” is the maximum time to wait before a time-out error value of secs =—— nsecs —=— -
hev St £ th t t t bef t t A ] f 0, ]

means “wait forever.”

The “cmdClassId” specifies the desired command class code. See Table 15 for details.

The “cmdFunctionld” specifies the desired command function code. See Clause 7 for details.
The “inArgs” are the input arguments in ArgumentArray form. These are command dependent.

The “callback” specifies the callback interface. The AppCallback::commandComplete( ) method will be
invoked.

The [out] “operationld” is the returned operation ID.

Return result: Error code
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10.3.8 IEEE1451Dot0::TransducerServices::TransducerManager::configureAttributes

IDL: Args::UIntlé configureAttributes (
in Args::UIntleé transCommId,
in Args::StringArray attributeNames) ;

his method configures a wansCommlid for read Of Measurement Stream operations. 1T Specilics wWilic
gttributes to include in the returned ArgumentArray. See Clause 7 and Clause 8 for details on appropriate
rlames.

Rarameters:
The “transCommld” parameter specifies the transducer communication session.

The “attributeNames” specifies the names of desired attributes.
Return result: Error code

10.3.9 IEEE1451Dot0::TransducerServices::TransducerManager::trigger

IDL: Args::UIntlé trigger (

in Args::UIntlé transCommId,
in Args::TimelInstance triggerTime,
in Args::TimeDuration timeout,

in Args::UIntlé SamplingMode) ;

This method performs a blocking trigger on the specified transCommlId.

arameters:
he “transCommld” parameter specifies the transducer communication session.

H
]
The “triggerTime” parameter specifies when to begin the operation. A value specified in the past will resu
i
3

t
ih an immediate time-out failure. A*alue of secs == 0, nsecs == 0 is a special case that implies immediate
ction.
The “timeout” is the maximum' time to wait before a time-out error. A value of secs == 0, nsecs == —|l
rheans “wait forever.”

The “SamplingMode’ $pecifies the trigger mode. See 5.11 and 7.1.2.4 for details.
Return result: Error code

10.3.10 IEEE1451Dot0::TransducerServices::TransducerManager::startTrigger

DL: Args::UIntlé startTrigger(

in Args::UIntleé transCommId,
in Args::TimelInstance triggerTime,
in Args::TimeDuration timeout,

in Args::UIntlé SamplingMode,
in AppCallback callback,

out Args::UIntlé operationId) ;

This method begins a non-blocking trigger on the specified transCommlId.

Parameters:
The “transCommld” parameter specifies the transducer communication session.
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The “triggerTime” parameter specifies when to begin the operation. A value specified in the past will result
in an immediate time-out failure. A value of secs == 0, nsecs == 0 is a special case that implies immediate
action.

The “timeout” is the maximum time to wait before a time-out error. A value of secs == 0, nsecs == —1
means “wait forever.”

The “SamplingMode” specifies the trigger mode. See 5.11 and 7.1.2.4 for details.

The “callback” specifies the callback interface. The AppCallback::triggerComplete( ) method will b
ipvoked.

(€]

The [out] “operationld” is the returned operation ID.
Return result: Error code

10.3.11 IEEE1451Dot0::TransducerServices::TransducerManager::clear

IDL: Args::UIntlé clear(

in Args::UIntlé transCommId,
in Args::TimeDuration timeout,

in Args::UInt8 clearMode) ;

This method performs a clear on the specified transCommlId.

Rarameters:

The “transCommld” parameter specifies the transducet:\communication session.
1

1]

he “timeout” is the maximum time to wait before a time-out error. A value of secs == 0, nsecs == —|l
heans “wait forever.”

The “clearMode” specifies the clear mode as-shown in|Table 87

Table 87—Clear mode options

Enumepnation | Description

0 Reserved

1 Clear all

2 Clear communications channel
3 Clear buffers

4 Reset TIM state machine

5 Clear TEDS cache

6-127 Reserved

128-255 Open to manufacturers

Returp-result: Error code

.312 IEEE1451D

IDL: Args::UIntlé registerStatusChange (

in Args::UIntle transCommId,
in Args::TimeDuration timeout,

in AppCallback callback,

out Args::UIntlé operationId) ;

This method registers an application callback for TIM status change events on the specified transCommlId.

Parameters:
The “transCommld” parameter specifies the transducer communication session.
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The “timeout” is the maximum time to wait before a time-out error. A value of secs == 0, nsecs == —
means “wait forever.”

The “callback” specifies the callback interface. The AppCallback::statusChange( ) method will be invoked.

The [out] “operationld” is the returned operation ID.

Return result: Error code

2010(E)

1

]

)}

1

]

0.3.13 IEEE1451Dot0::TransducerServices::TransducerManager:

unregisterStatusChange

DL: Args::UIntlé unregisterStatusChange( in Args::UIntlé transCommId) ;

his method unregisters an application callback for TIM status change eyents” on the specifie
fansCommlId.

arameters:
he “transCommld” parameter specifies the transducer communication session.

eturn result: Error code

0.4 IEEE1451Dot0::TransducerServices::TedsManager

DL: interface TedsManager { };

he TedsManager interface is provided by .the' IEEE 1451.0 layer and is called by the application t
rovide access to the TEDS. The methods in-this interface are listed ianable 88|

Table 88—TedsAccess methods

=}

IEEE1451Dot0::TransducerServices::TedsManager

Args::UInt16 readTeds( in Args::UInt16 transCommld, in Args::TimeDuration time-out, in Args::UInt8 tedsType,
out Args::ArgumentArray teds);

Args::UInt16 writeTeds( in Args::UInt16 transCommld, in Args::TimeDuration time-out, in Args::UInt8 tedsType,
in Args::ArgumentArragiteds);

Args::UInt16 readRawTeds( in Args::UInt16 transCommld, in Args::TimeDuration time-out, in Args::UInt8
tedsType, out Args:OctetArray rawTeds);

Args::UInt16_writeRawTeds( in Args::UInt16 transCommld, in Args::TimeDuration time-out, in Args::UInt8
tedsType, in‘Args::OctetArray rawTeds);

Args::UInt16 updateTedsCache( in Args::UInt16 transCommld, in Args::TimeDuration time-out, in Args::UInt8
tedsType);

1

0:41 IEEE1451Dot0::TransducerServices::TedsManager::readTeds

IDL: Args::UIntlé readTeds (

in Args::UIntlé6 transCommId,
in Args::TimeDuration timeout,
in Args::UIntS8 tedsType,

out Args::ArgumentArray teds);

This method will read the desired TEDS block from the TEDS cache. If the TEDS is not available from the
cache, it will read the TEDS from the TIM. The TEDS information is returned in an ArgumentArray.
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Parameters:
The “transCommld” specifies the desired transducer communication session.

The “timeout” specifies the duration to wait before returning a time-out error if no response is received. A
value of secs == 0, nsecs == 0 implies no wait and may be used to only read from the cache. A value of
secs == 0, nsecs == —1 implies wait forever.

The “tedsType” parameter specifies what TEDS to return. See Table 17 for TEDS access codes.

The [out] “teds” ArgumentArray contains the TEDS information. The values may be retrieved by dftribute
rlame. See Clause 8 for TEDS field names.

Return result: Error code

10.4.2 IEEE1451Dot0::TransducerServices::TedsManager::writeTeds

IDL: Args::UIntlé writeTeds(

in Args::UIntlé transCommId,
in Args::TimeDuration timeout,

in Args::UInt8 tedsType,

in Args::ArgumentArray teds) ;

This method will write the desired TEDS block to the TIM.<Fhe TEDS cache is also updated if the writ
succeeds. The provided TEDS information is encoded in an ArgumentArray. It will be converted internallly
tp the correct “tuple” form and will be transferred to the TIM in an OctetArray.

[¢]

The ArgumentArray shall include all the required TEDS fields for the type of TEDS being written. A
grror will be returned if a required TEDS field is(missing.

=3

arameters:
he “transCommld” specifies the desired\transducer communication session.

="

alue of secs == 0, nsecs == 0, implies no wait and may be used to only read from the cache. A value g

K

]

The “timeout” specifies the duration to wait before returning a time-out error if no response is received. 4
y

secs == 0, nsecs == —1 impli€s Wwait forever.

he “tedsType” parameter, specifies what TEDS to return. See Table 17 for TEDS access codes.

[¢]

]
The [out] “teds” ArgumentArray contains the TEDS information. The values may be retrieved by attribut
rlame. See Clause 8-for TEDS field names.

Return result{Error code

10.4.3 IEEE1451Dot0::TransducerServices::TedsManager::readRawTeds

IDL: Args::UIntlé readRawTeds (

in Args::UIntlé6 transCommId,
in Args::TimeDuration timeout,

in Args::UIntS8 tedsType,
out Args::0ctetArray rawTeds) ;

This method will read the desired TEDS block from the TEDS bypassing the TEDS cache. The TEDS
information is returned in its raw OctetArray form. The TEDS cache will not be updated.
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Parameters:
The “transCommld” specifies the desired transducer communication session.

The “timeout” specifies the duration to wait before returning a time-out error if no response is received. A
value of secs == 0, nsecs == 0 implies no wait and may be used to only read from the cache. A value of
secs == 0, nsecs == —1 implies wait forever.

The “tedsType” parameter specifies what TEDS to return. See Table 17 for TEDS access codes.

The [out] “rawTeds” OctetArray contains the raw TEDS information in “tuple” form.
Return result: Error code

10.4.4 IEEE1451Dot0::TransducerServices::TedsManager::writeRawTeds

IDL: Args::UIntlé writeRawTeds (

in Args::UIntlé transCommId,
in Args::TimeDuration timeout,

in Args::UIntS8 tedsType,

in Args::OctetArray rawTeds) ;

This method will write the desired TEDS block to the TIM hypassing the TEDS cache. The provide
TEDS information is encoded in “tuple” form in an OctetArtay. No verification of the OctetArray will b
gerformed.

[CAR ="

CAUTION
Be sure to include all required TEDS fields in the-OctetArray because what is written by this method will
replace(the entire TEDS.

Rarameters:

The “transCommld” specifies the desiréd transducer communication session.
]

V

he “timeout” specifies the durafion to wait before returning a time-out error if no response is received. A
alue of secs == 0, nsecs ==(—1,'implies wait forever.

he “tedsType” parameter specifies what TEDS to write. See Table 17 for TEDS access codes.

he “rawTeds” OctetArray contains the raw TEDS information in “tuple” form.
Return result;-Error code

10.4.5 IEEE1451Dot0::TransducerServices::TedsManager::updateTedsCache

.DL . AJ_EjD . o UIth:‘LU uydatcTcdDCaphc (
in Args::UIntleé transCommId,
in Args::TimeDuration timeout,

in Args::UIntS8 tedsType) ;

This method will update the TEDS cache. The TEDS checksum will be read from the TIM and compared
with the cached TEDS checksum. If the checksums differ, the TEDS will be read from the TIM and stored
in the cache.

Parameters:
The “transCommld” specifies the desired transducer communication session.
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The “timeout” specifies the duration to wait before returning a time-out error if no response is received. A
value of secs == 0, nsecs == —1 implies wait forever.

The “tedsType” parameter specifies what TEDS to read. See Table 17 for TEDS access codes.

Return result: Error code

10.5 IEEE1451Dot0::TransducerServices::CommManager

IDL: interface CommManager { };

The CommManager interface is provided by the IEEE 1451.0 layer and is called by-the application f
frovide a common mechanism to manage available communications on an NCAP. The methods are liste
i Table 89 and discussed in 10.5.1.

=

=

Table 89—CommManager
IEEE1451dot0::TransducerServices::CommManager
Args::UInt16 getCommModule( in Args::UInt8 moduleld, out ModuleCommunication::Comm commObject, out
Args::UInt8 type, out Args::UInt8 technologyld);

10.5.1 IEEE1451Dot0::TransducerServices::CommManager::getCommModule

IDL: Args::UIntlé getCommModule (

in Args::UInts8 moduleId,

dut ModuleCommunication: :Comm commObject,
gqut Args::UInt8 bype,

gut Args::UInt8 technologyId) ;

This returns the abstract “Comm” objectfor applications that need to bypass IEEE 1451.0 processing anfl
interact directly with the underlying-communications object. By consulting the “type” parameter, th
qpplication can safely downcast to eithier the “P2PComm” or the “NetComm” object.

(€]

Applications must use extreme caution when accessing the underlying “Comm” objects as incorrect usag
thay compromise the IEEE 1451.0 layer. This method is provided to allow expansion beyond th
IEEE 1451.0 architecture,

[CERY]

Rarameters:

The “moduleld? parameter is the desired communications module ID.
]

g

he [out](“6ommObject” parameter is returned to the application and is a reference to the underlyin
bject,

luS]

Thé fout] “type” parameter is returned to the application in order to allow a safe downcast. Valid values are
r:prnapnfpf‘ m-the [nuf] “fpﬂ]ﬂnn]ngy‘d”’ AV hich cppr\i‘ﬁpc the nhr]pr]yi‘ng 1IEEE 1451 .Y fﬁr']'\nn]ngy. Sel

Table 90.
The [out] “technologyld” specifies the underlying IEEE 1451.X technology. See Table 99.

Table 90—Comm type enumerations

Enumerations Type code name Description

0 P2P TYPE Specifies a P2PComm object
1 NET COMM TYPE Specifies a NetComm object
2-255 Reserved

Return result: Error code
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10.6 IEEE1451Dot0::TransducerServices::AppCallback

IDL: interface AppCallback { };

The AppCallback interface is provided by applications and is called by the IEEE 1451.ptayer+tq provide
access to non-blocking I/0 and measurement streams. The interface methods are listed in{Table 91

Table 91—Application callback interface methods
IEEE1451Dot0::TransducerServices::AppCallback
prgs::UInt16 measurementUpdate( in Args::UIntl6 operationld, in Args:ArgumentArray measValues, in

A
Args::UInt16 status);

Args::UInt16 actuationComplete ( in Args::UInt16 operationld, in Args::UInt16 status);
A

4

prgs::Ulnt16 statusChange( in Args::UInt16 operationld, in Args::UInt16 status);

\rgs::UInt16 commandComplete( in Args::UInt16 operationld, in Args::ArgumentArray outArgs, in Args::UInt16
status);
Args::UInt16 triggerComplete( in Args::UIntl6 operationld, in Args::UInt16 status);

10.6.1 IEEE1451Dot0::TransducerServices::AppCallback::méasurementUpdate

IDL: Args::UIntlé measurementUpdate (
in Args::UIntle operationId,
in Args::ArgumentArray measValues,
in Args::UIntleé status) ;

—

This method will be invoked following a startReady, ) or startStream( ) call. For non-blocking operations,
frovides measurements back to the application:\For the stream case, this callback will be invoked everly
tjme new measurement data are available.

Rarameters:
The “operationld” specifies the desited operation ID that was returned in the startRead( ) or startStream(
dall.

~

The “measValues” contains ‘the measurement information. The values may be retrieved by attribute namg.
Yee Clause 7 for attribute names. See 10.2.6 read( ) for more details.

The “status” specifie§ the error code from the non-blocking read or stream operation.

Return result: The application shall return a status code back to the IEEE 1451.0 layer. See 9.3.1.2 for errq
dodes.

—

10.6.2'IEEE1451Dot0::TransducerServices::AppCallback::actuationComplete

IDL: Args::UIntlé actuationComplete (
in Args::UIntleé operationId,
in Args::UIntleé status) ;

This method will be invoked following a startWrite( ) call. For non-blocking operations, it provides status
information back to the application.
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Parameters:
The “operationld” specifies the desired operation ID that was returned in the startWrite( ) call.

The “status” specifies the error code from the non-blocking write operation.

Return result: The application shall return a status code back to the IEEE 1451.0 layer. See 9.3.1.2 for error

1
JqUaTsT

10.6.3 IEEE1451Dot0::TransducerServices::AppCallback::statusChange

IDL: Args::UIntlé statusChange (
in Args::UIntle operationId,
in Args::UIntleé status) ;

This method will be invoked following a registerStatusChange( ) call.

Rarameters:
The “operationld” specifies the desired operation ID that was returned insthe registerStatusChange( ) call.

The “status” specifies the TIM or TransducerChannel status information.

Return result: The application shall return a status code back ¢o the IEEE 1451.0 layer. See 9.3.1.2 for errqr
dodes.

10.6.4 IEEE1451Dot0::TransducerServices::AppCallback::commandComplete

IDL: Args::UIntl6é commandComplete (
in Args::UIntleé operationId,
1n Args::ArgumentArray outRArgs,

in Args::UIntlé6 status) ;

This method will be invoked following a startCommand( ). It provides the output ArgumentArray back t|
the application.

o

Rarameters:

The “operationld” specifies the desired operation ID that was returned in the startRead( ) or startStream(|)
dall.

The “outArgs’ contains the returned ArgumentArray. This information is specific to each command.

The “status>specifies the error code from the non-blocking send command operation.

Return result: The application shall return a status code back to the IEEE 1451.0 layer. See 9.3.1.2 for errq
dac

\=a~hopy

=

10.6.5 IEEE1451Dot0::TransducerServices::AppCallback::triggerComplete

IDL: Args::UIntlé triggerComplete (
in Args::UIntlé6 operationId,
in Args::UIntleé status) ;

This method will be invoked following a startTrigger( ). It provides status information to inform the
application when the trigger has completed.
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Parameters:
The “operationld” specifies the desired operation ID that was returned in the startTrigger( ) call.

The “status” specifies the error code from the non-blocking trigger command operation.

Return result: The application shall return a status code back to the IEEE 1451.0 layer. See 9.3.1.2 for error
codes.

11. Module Communications API

IDL: module ModuleCommunication { };

[¢]

The Module Communications API provides the interface between the functionsdefined by th
IEEE 1451.0 layer and the communications functions defined by another member ¢f'thé IEEE 1451 famil
df standards.

<

These IEEE 1451.0 interfaces are inside the IDL module “IEEE1451Dot0%

(]

NOTE—Throughout this clause, the nomenclature “IEEE 1451.0” or “1454.02-refers to a device or part of a devig
that is in compliance with this standard. The term “IEEE 1451.X” or “1451:X” refers to a device or part of a devid
t
[

[¢]

<

hat is in compliance with IEEE Std 1451.2-1997, IEEE Std 1451.3-2003; FEEE Std 1451.5-2007 [B4], IEEE P1451.6
B3], or other similar standard. IEEE Std 1451.1-1999 and IEEE Std/1451.4-2004 are excluded from this list.

Table 92—Transducer Services API classes and interfaces

Interface Description

Comm The Comm abstract interface provides the mechanisms to control the “life cycle” of an IEEE
1451.X instance.

P2PComm The P2PComm interface is provided to perform point-to-point communication operations.

NetComm The NetComm interface issprovided to perform network communication operations.

Registration The Registration interface-provides methods to register an IEEE 1451.X module with the IEEE

1451.0 layer.

P2PRegistration The P2PRegistration’ interface provides methods to register specific TIMs with the IEEE
1451.0 layer.

NetRegistration The NetRegistration interface provides methods to register specific TIMs and groups of TIMs
with the [EEE 1451.0 layer.

Recieve The abstract Receive interface does not define any generic methods. It is provided for future
expansion.
P2PRecieve The P2PReceive interface provides methods for a IEEE 1451.X point-to-point communications

module to notify the IEEE 1451.0 layer that a message has been received. It also provides the
method for aborting an operation.

NetRecieve The NetReceive interface provides methods for IEEE 1451.X network communications module
to notify the IEEE 1451.0 layer that a message has been received. It also provides the method
for aborting an operation.

1.1 IEEE1451Dot0::ModuleCommunication::Comm

IDL: interface Comm { };

The Comm abstract interface is provided by the IEEE 1451.X layer and is called by the IEEE 1451.0 layer
to provide a commo ism to control the “life cycle” of an IEEE 1451.X instance. The Comm
methods are listed in [Table 93.
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Table 93—Comm methods
IEEE1451Dot0::ModuleCommunication::Comm

Args::UInt16 init( )

Args::UInt16 shutdown( )

Args::UInt16 sleep(in Args::TimeDuration duration)

Args::UInt16 wakeup()

Args::UInt16 setLocalConfiguration(in Args::ArgumentArray params )

Args::UInt16 getLocalConfiguration( out Args::ArgumentArray params);

Args::UIntl6  sendLocalCommand(in  Args::UInt8 cmdClassld, in Args:UInt8§ cmdFunctionld, in
Args::ArgumentArray inArgs, out Args::ArgumentArray outArgs);
Args::UInt16 describe( out Args::UInt8 logical Type, out Args::UInt8 physicalType, out Args::_Stringsname);

11.1.1 IEEE1451Dot0::ModuleCommunication::Comm::init

IDL: Args::UIntlé init( );

This method will be called at startup and when the IEEE 1451.0 layer)needs to reset this IEEE 1451.X
instance to the power-on state. In dynamic cases, each IEEE 1451:X instance shall call the appropriat
Registration::Register1451.X( ) method to register this instance with the IEEE 1451.0 layer.

[¢]

Rarameters:
None.

Return result: Error code

11.1.2 IEEE1451Dot0::ModuleCommunication::Comm::shutdown

IDL: Args::UIntlé shutdowny ) ;

This method will be called to.coordinate an orderly shutdown of this IEEE 1451.X instance. In dynami
dases, each IEEE 1451.X instance shall call the Registration::unRegister1451.X( ) method to un-registg
this instance from the IEEE 1451.0 syste,.

= O

Rarameters:
None.

Return result:Error code

11.1.3 IEEE1451Dot0::ModuleCommunication::Comm::sleep

IDL: Args::UIntlé sleep(in Args::TimeDuration duration) ;

This method is called by the IEEE 1451.0 layer to put this IEEE 1451.X instance into the sleep (i.e., low-
power) state. This will be when the IEEE 1451.0 layer does not intend to communicate through this
IEEE 1451.X interface for a significant period of time.

Parameters:

The “duration” parameter is the amount of time to sleep. A negative duration indicates the IEEE 1451.X

device should sleep until the wakeup method is invoked.

Return result: Error code
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11.1.4 IEEE1451Dot0::ModuleCommunication::Comm::wakeup

IDL: Args::UIntl6 wakeup () ;

This method is called by the IEEE 1451.0 layer to wakeup this IEEE 1451.X instance from the sleep (i.c.,
low-power) state. This will be when the IEEE 1451.0 layer has previously put this IEEE 1451.X interface
tp sleep and now needs to resume communication.

Rarameters:
None.

Return result: Error code

11.1.5 IEEE1451Dot0::ModuleCommunication::Comm::performOperation

IDL: Args::UIntlé performOperation (
in Args::UIntlé6 operationId,
jn Args::TimeDuration timeout,

in Args::ArgumentArray inArgs,

gut Args::ArgumentArray outArgs) ;

—

This low-level mechanism sends an arbitrary command to,thé.local IEEE 1451.X layer. This method wi
ferform a blocking operation. The format of input and oufput’arguments is command dependent. The callg
shall make sure to use the correct data types for each input'argument.

—

Rarameters:
The “operationld” specifies the desired command class code. The IEEE 1451.X layer will define leggl
dperations.

The “timeout” parameter specifies the~maximum amount of time the caller is willing to block before p
tjme-out error should be returned. Awvalue of secs == 0, nsecs == —1 means “wait forever.”

he “inArgs” are the input arguments in ArgumentArray form.

he [out] “outArgs” are returnéd output arguments.
Return result: Error code

11.1.6 IEEE1451Dot0::ModuleCommunication::Comm::setLocalConfiguration(delete)

IDL: Args::UIntlé setlLocalConfiguration (in Args::ArgumentArray params

I

his method 1s called by the IEEE T1451.0 Tayer to configure this Iocal instance of the IEEE 1451.X
interface. The contents of the “params” ArgumentArray are IEEE 1451.X specific.

Parameters:
The “params” parameter is an ArgumentArray of configuration state variables. Each state variable of
interest to the IEEE 1451.X layer should be retrieved from this array to set up the IEEE 1451.X instance.

Return result: Error code
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11.1.7 IEEE1451Dot0::ModuleCommunication::Comm::getLocalConfiguration(delete)

IDL: Args::UIntlé getLocalConfiguration (outout Args::ArgumentArray
params ) ;

TT

his method 1s called by the IEEE 1451.0 layer to retrieve the configuration for local instance ot the IEE]
1451.X interface. The contents of the “params” ArgumentArray are IEEE 1451.X specific.

arameters:
he [out] “params” parameter is an ArgumentArray of configuration state variables. Each state)variable g
hterest to the IEEE 1451.X layer should be returned in this array to allow setup of the"IEEE 1451.3
hstance in the future.

—h

e g
N

Return result: Error code

11.1.8 IEEE1451Dot0::ModuleCommunication::Comm::sendLocalCommand(Delete)

IDL: Args::UIntlé sendLocalCommand (

in Args::UInts8 cmdClassId,

in Args::UIntS8 cmdFunctionId,
in Args::ArgumentArray inArgs,

gut Args::ArgumentArray outArgs) ;

—

This low-level mechanism sends an arbitrary command to the local IEEE 1451.X layer. This method wi
gerform a blocking operation. The format of inputiand output arguments is command dependent. The callg
shall make sure to use the correct data types foreach input argument.

—

arameters:
he “cmdClassId” specifies the desired command class code. See Table 15 for details.

he “cmdFunctionld” specifies thg.desired command function code. See Clause 7 for details.

he “inArgs” are the input arguments in ArgumentArray form.

— el "T]

he [out] “outArgs” are teturned output arguments.

Return result: Error"code

11.1.9 IEEE1451Dot0::ModuleCommunication::Comm::describe
IDL:\ UIntl6 describe (

utiUInts8 logicalType,

ot UInts physicatTyps,;
out _String name ) ;

This generic mechanism describes the type of the underlying IEEE 1451.X object.

Parameters:
The [out] “logicalType” specifies the type of interface. See Table 94 for the details.

The [out] “physicalType” specifies the type of the physical layer. See Table 99 for details.

The [out] “name” is a human readable name that was provided during the registration process.

Return result: Error code
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Table 94—Logical interface type

Enumeration Logical type

0 Reserved

1 Point to point (P2P)

2 Network (Net)

3-127 Reserved

128-255 Open to manufacturers

1

]

1.2 IEEE1451Dot0::ModuleCommunication::P2PComm

DL: interface P2PComm { };

he P2PComm interface is appropriate in cases where the node only receives and’optionally replies t
hcoming messages (i.e., it never initiates communications). Also, the P2PComm ifiterface may be used i
he case where the node is only initiating communication to a single destination,

= e

he P2PComm interface is provided by the IEEE 1451.X layer and is called by the IEEE 1451.0 layer tp
erform communication operations. The point-to-point Comm methods.are listed in Table 95.

Table 95—Point-to-point Comm méthods

IEEE1451Dot0::ModuleCommunication::P2PComm

Args::UInt16 read( in Args::TimeDuration time-out, inout Args::UInt32 len, out Args::OctetArray payload, out
Args:: Boolean last);

Args::UInt16 write( in Args::TimeDuration time-out, in Args;:OctetArray payload, in Args:: Boolean last);

Args::UInt16 flush( );

Args::UInt16 readSize( out Args::UInt32 cacheSize);

Args::UInt16 setPayloadSize( in Args::UlInt32 size);

Args::UInt16 abort( );

Args::UInt16 commStatus( out Args::UIlnt16 statusCode );

Args::UInt16 setRemoteConfiguration(in Args::TimeDuration time-out, in Args::ArgumentArray params);

Args::UInt16 getRemoteConfiguration(in Args::TimeDuration time-out, out Args::ArgumentArray params);

Args::UInt16 sendRemoteCommiand( in Args::TimeDuration time-out, in Args::UInt8 cmdClassld, in Args::UInt8
cmdFunctionld, in Args::ArgumentArray inArgs, out Args::ArgumentArray outArgs);

11.2.1 IEEE1451Dot0::ModuleCommunication::P2PComm::read
IDL: Args::UIntlé read(

in Axgs::TimeDuration timeout,

In , \Args: :UInt32 maxLen,

qut Args: :0OctetArray payload,

CJL/Lt AL&D. ._B\J\JlCQLl lGl.Dt) 2

This method is called by the IEEE 1451.0 layer to retrieve information on the current communication
operation. This method is always called by the IEEE 1451.0 layer on the receiving node for both one-way
and two-way communication sequences. For two-way, this method is also called on the initiating node to
retrieve the response.

In cases where the IEEE 1451.0 layer makes multiple read( ) calls for large payloads, the “len” value
returns the length of each transfer, not the total length. See 11.2.4 readSize( ) method to manage the cached
length.

Parameters:
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The “timeout” parameter specifies the maximum amount of time the caller is willing to block before a
time-out error should be returned. A value of secs == 0, nsecs == —1 means “wait forever.”

The “maxLen” parameter indicates the maximum number of octets to be transferred by the IEEE 1451.X
layer.

The [out] “payload” parameter is the OctetArray provided by the IEEE 1451.0 layer to the IEEE 1451.X
layer.The IEEE 1451.X layer will transfer available data into this array.

The [out] “last” parameter indicates if additional calls to read( ) should be performed by the IEEE 1451y
lpyer. A false value indicates that the IEEE 1451.X layer has more octets to communicate(to "th
IEEE 1451.0 layer and that the IEEE 1451.0 layer must make additional read( ) calls. A true value'indicate
t
I

T n O O

hat the complete payload has been transferred from the IEEE 1451.X layer) to thi
FEE 1451.0 layer.

Return result: Error code

11.2.2 IEEE1451Dot0::ModuleCommunication::P2PComm::write

IDL: Args::UIntlé write(

ijn Args::TimeDuration timeout,
in Args::0ctetArray payload,
in Args:: Boolean last) ;

w

This method is called by the IEEE 1451.0 layer to begin.or continue a communication operation. It i
dlways called on the initiating node to begin communication. In two-way communications, it is also callef
dn the receiving node to provide the response.

Rarameters:
The “timeout” parameter specifies the maximum amount of time the caller is willing to block before p
tjme-out error should be returned. A value®@f secs == 0, nsecs == —1 means “wait forever.”

he “payload” parameter is the OctetAtrray to be communicated.

|}

1

The “last” parameter indicates if\additional calls to write( ) will be made by the IEEE 1451.0 layer t
fdrovide additional portions of\the payload. A false value indicates that the IEEE 1451.0 layer has mor
q
b

2 ¢]

ctets to send and will call write( ) additional times. A true value indicates that the complete payload ha
een transferred from the. JEEE 1451.0 layer to the IEEE 1451.X layer.

Return result: Error code

11.2.3 IEEE?1451Dot0::ModuleCommunication::P2PComm::flush

IDL:\Args: :UIntlée flush();

This method is called by the IEEE 1451.0 layer to flush any cached information to the remote side. In most
cases, this call is not used because the IEEE 1451.X layer will always perform the transfer when the
write( ) call is invoked with “last” set to true.

Parameters:
None.

Return result: Error code
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11.2.4 IEEE1451Dot0::ModuleCommunication::P2PComm::readSize

IDL: Args::UIntlé readSize( out Args::UInt32 cacheSize);

This method is called by the IEEE 1451.0 layer to retrieve the number of octets available to be immediately
read. This represents the size of the cached data. This value may be less than the size of the complete
fayload if the IEEE 1451.X layer has performed segmentation.

Rarameters:
The [out] “cacheSize” returns the number of octets available to be immediately read.

Return result: Error code

11.2.5 IEEE1451Dot0::ModuleCommunication::P2PComm::setPayloadSize

IDL: Args::UIntlé setPayloadSize( in Args::UInt32 gize) ;

This method is called by the IEEE 1451.0 layer to set the total number of octets available in the fu
fayload. This method should be called when the IEEE 1451.0 layer expects to make multiple calls t
write( ) to pass the payload to the IEEE 1451.X layer in pieces. Incases where a single write( ) call is mad|
(
1]

[ZE IR =)

.e., last is true on the first call), this call is not needed as the- IEEE 1451.X layer shall internally call thi
hethod to record the payload size.

Rarameters:
The “size” parameter specifies the full size of the payload.

Return result: Error code

11.2.6 IEEE1451Dot0::ModuleCommunication::P2PComm::abort

IDL: Args::UIntlé aboxt() ;

=)

This method is called by the IEEE 1451.0 layer on the initiating node to abort or reset a communicatio
dhannel. If the IEEE~1451.X layer has already initiated communication to the remote node, th
I
§

= D

FEE 1451.X layer shall make an effort to abort the remote processing. The “commld” may be used fo
ubsequent commuitications after this call. This method will not close the communication channel.

Rarameters:
None.

Reéturn result: Error code

11.2.7 IEEE1451Dot0::ModuleCommunication::P2PComm::commStatus

IDL: Args::UIntlé commStatus( out Args::UIntlé statusCode ) ;

This method is called by the IEEE 1451.0 layer on the initiating node to retrieve status information on the
local and remote state machine. Table 96 provides a list of the available status.

Parameters:

The [out] “statusCode” parameter returns the status information for the local (upper octet) and remote
(lower octet) state machines.
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Return result: Error code

Table 96—State machine status codes

Status enumeration State

1 Idle

2 InitiatorWriting

3 InitiatorClosing

g TnitiatorReceivePending
5 InitiatorReading

6 InitiatorAborting

7 ReceiverlncomingMsg
8 ReceiverReading

9 ReceiverWriting

10 ReceiverOutgoingMsg
11 ReceiverAborting
12-127 Reserved

128-255 Open to manufacturers

11.2.8 IEEE1451Dot0::ModuleCommunication::P2PComm:;setRemoteConfiguration

IDL: Args::UIntlé setRemoteConfiguration.
ijn Args::TimeDuration timeout,
in Args::ArgumentArray params ) ;

[¢]

This method is called by the IEEE 1451.0 layer on the initiating node to set the configuration on the remot
rlode. In cases where the params array needs to betransmitted to the remote node, it is recommended to use
the standard Encoder/Decoder mechanism to_convert the ArgumentArray to/from an OctetArray.

Rarameters:
The “timeout” is the maximum time(to wait before a time-out error. A value of secs == 0, nsecs == —|l
rheans “wait forever.”

=

The “params” parameter is(anv'ArgumentArray of configuration state variables. Each state variable g
interest to the IEEE 1451.X Tayer should be retrieved from this array to set up the remote IEEE 1451.X
ipstance.

Return result: Error.code

11.2.9 IEEE1451Dot0::ModuleCommunication::P2PComm::getRemoteConfiguration

IDL: Args: :UIntlé getRemoteConfiguration (
nyArgs: -TimeDuration timeout
out Args::ArgumentArray params ) ;

This method is called by the IEEE 1451.0 layer on the initiating node to get the configuration from the
remote node. In cases where the params array needs to be transmitted from the remote node, it is
recommended to use the standard Encoder/Decoder mechanism to convert the ArgumentArray to/from an
OctetArray.

Parameters:

The “timeout” is the maximum time to wait before a time-out error. A value of secs == 0, nsecs == —
means “wait forever.”
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interest to the IEEE 1451.X layer should be stored in this array.

Return result: Error code

1

1

]

1.2.10 IEEE1451Dot0::ModuleCommunication::P2PComm::sendRemoteCommand

DL: Args::UIntlé sendRemoteCommand (

n Args::TimeDuration timeout,

n Args::UInt8 cmdClassId,

n Args::UInts8 cmdFunctionId,

n Args::ArgumentArray inArgs,

ut Args::ArgumentArray outArgs ) ;

his low-level mechanism sends an arbitrary command to the remote IEEE 1451.X layer. It i
pcommended that the IEEE 1451.X layer use the standard Encoder/Déeoder to convert thi
ArgumentArrays to/from OctetArrays. This method will perform a blocking ¢peration. The format of inpy
nd output arguments is command dependent. The caller shall make sure 4o use the correct data types fo
ach input argument.

arameters:

he “timeout” is the maximum time to wait before a time-out €vror. A value of secs == 0, nsecs == —

heans “wait forever.”

he “cmdClassld” specifies the desired command class_code. See Table 15 for details.

he “cmdFunctionld” specifies the desired command\function code. See Clause 7 for details.
he “inArgs” are the input arguments in ArgumentArray form.

he [out] “outArgs” are returned output arguments.

eturn result: Error code

1.3 IEEE1451Dot0::ModuleCommunication::NetComm

DL: interface NetComm { };

he NetComm interface is appropriate when the node needs to initiate access to one or more than onj
estination.

he NetComm interface is provided by the IEEE 1451.X layer and is called by the IEEE 1451.0 layer t
erform/communication operations. The methods that implement this interface are listed in Table 97.

= =+ 0O @«
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Table 97—Network Comm interface methods
IEEE1451Dot0::ModuleCommunication::NetComm
Args::UInt16 open( in Args::UIntl6 destld, in Args:: Boolean twoWay, out Args::UIntl6 maxPayloadLen, out
Args::UInt16 commld);
Args::UInt16 openQoS( in Args::UInt16 destld, in Args:: Boolean twoWay, out Args::UInt16 maxPayloadLen, out
Args::UInt16 commld, inout Args::QoSParams qosParams);
Args::UInt16 close( in Args::UInt16 commld);
Args::UInt16 readMsg( in Args::UIntl6 commld, in Args::TimeDuration time-out, inout Args::UInt32 len, out
Args::OctetArray payload, out Args:: Boolean last);
Args::UInt16 readRsp(in Args::UIntl16 commld, in Args::TimeDuration time-out, in Args::UIntl6 msgld, in
Args::UInt32 maxLen, out Args::OctetArray payload, out Args:: Boolean last);
Args::UInt16 writeMsg(in Args::UInt16 commld, in Args::TimeDuration time-out, in Args::OctetArray.payload, in
Args:: Boolean last, in Args::UInt16 msgld);
Args::UInt16 writeRsp(in Args::UInt16 commld, in Args::TimeDuration time-out, in Args::OctetAtray payload, in
Args:: Boolean last);
Args::UInt16 flush( in Args::UInt16 commlId);

Args::UInt16 readSize( in Args::UInt16 commld, out Args::UInt32 cacheSize);

Args::UInt16 setPayloadSize( in Args::UInt16 commld, in Args::UInt32 size);

Args::UInt16 abort(in Args::UInt16 commlId);

Args::UInt16 commStatus(in Args::UInt16 commld, in Args::UInt16 msgld, ¢utyArgs::UInt16 statusCode );
Args::UInt16 discoverDestinations( );

Args::UInt16 joinGroup( in Args::UInt16 groupld, in Args::UInt16 destld);

Args::UInt16 leaveGroup( in Args::UInt16 groupld, in Args::Ulntl6-destld);

Args::UInt16 lookupDestld( in Args::UInt16 commld, out Args;:*UInt16 destld);

Args::UIntl6 setRemoteConfiguration( in Args::UIntl6 “commld, in Args::TimeDuration time-out, in
Args::ArgumentArray params);

Args::UInt16 getRemoteConfiguration( in Args:HIntl6 commld, in Args::TimeDuration time-out, out
Args::ArgumentArray params);

Args::UInt16 sendRemoteCommand(in Args::Ulnt16 commld, in Args::TimeDuration time-out, in Args::UInt8
cmdClassld, in Args::UInt8 cmdFunctionld, inpArgs::ArgumentArray inArgs, out Args::ArgumentArray outArgs);

11.3.1 IEEE1451Dot0::ModuleCommunication::NetComm::open

IDL: Args::UIntlé6 open (

in Args::UIntlé destId,

in Args:: Booléan twoWay,

gut Args::UIntlle maxPayloadLen,
gut Args::UIntlé commId) ;

This method\is-called by the IEEE 1451.0 layer on the initiating node to open a communication channel.

Rarameters:
The *destld” parameter specifies the destination for the receiving NCAP or TIM.

It the “twoWay~ parameter 1s true, 1t indicates that the initiator expects a return result from the
communication.

The [out] “maxPayloadLen” parameter indicates the maximum payload size that will be accepted in
subsequent write and read operations.

The [out] “commld” parameter is returned from this call.

Return result: Error code
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11.3.2 IEEE1451Dot0::ModuleCommunication::NetComm::openQoS

IDL: Args::UIntlé openQosS (

in Args::UIntlé6 destId,

in Args:: Boolean twoWay,

guct Arlgs . CULIILLO llld)&fdyludducll,
gut Args::UIntleé commId,

jnout Args::QoSParams gosParams) ;

This method is called by the IEEE 1451.0 layer on the initiating node to open a communication” channg
with “quality of service” parameters. If the call fails with QOS_FAILURE, the qosParams will-be modifie
tp indicate values that the IEEE 1451.X layer can provide.

Rarameters:

The “destld” parameter specifies the destination for the receiving NCAP or TIM.
I

d

f the “twoWay” parameter is true, it indicates that the initiator expects’ a return result from th|
ommunication.

The [out] “maxPayloadLen” parameter indicates the maximum payload size that will be accepted i
subsequent write and read operations.

he [out] “commld” parameter is returned from this call.

he [inout] “qosParams” parameter provides desired “quality’of service” parameters.
Return result: Error code

11.3.3 IEEE1451Dot0::ModuleCommunication::NetComm::close

IDL: Args::UIntlé close(Args::UIntlé commId) ;
This method is called by the IEEE T1451.0 layer to close a communication channel. This is called the IEE]
1451.0 layer on the initiating hode. No further communications on this “commld” are allowed once th)

dhannel is closed.

Rarameters:
The “commld” parameter specifies the communication channel.

Return result«Error code

11.3.4 IEEE1451Dot0::ModuleCommunication::NetComm::readMsg

= —

=3

[CESS)

IDL: Args::UIntlé readMsg(

in Args::UIntlé6 commId,

in Args::TimeDuration timeout,
inout Args::UInt32 len,

out Args: :0OctetArray payload,
out Args:: Boolean last) ;

This method is called by the IEEE 1451.0 layer to retrieve information on the current communication
operation. This method is always called by the IEEE 1451.0 layer on the receiving node for both one-way

and two-way communication sequences.
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In cases where the IEEE 1451.0 layer makes multiple readMsg( ) calls for large payloads, the “len” value
returns the length of each transfer, not the total length. See 11.3.9, the readSize( ) method, to manage the
cached length.

Parameters:

The “commld” parameter specifies the communication channel.
ML (1784 Vil s 5 £l % + £ 42 4l 1 % 1l Y L1 1l oty
ey LIIrIvuun Pul almivivt DlJLl\llLl\(D IV TITAATITITULITIT AlITTUULIL UL IV uUIv varivi 15 vy llllllu W UIUVLN UVIVUIV

tjme-out error should be returned. A value of secs == 0, nsecs == —1 means “wait forever.”

As an “in” function the “len” parameter indicates the maximum number of octets to be transferred by th
IEEE 1451.X layer. In the reply it indicates the number of octets transferred.
]
1

(¢

he [out] “payload” parameter is the OctetArray provided by the IEEE 1451.0 layer to the)IEEE 1451.X
hyer. The IEEE 1451.X layer will transfer available data into this array. Note the length ‘of the returne
ctetArray may be less than the maxLen parameter.

[=my

The [out] “last” parameter indicates if additional calls to readMsg( ) should “be performed by th
IEEE 1451.0 layer. A false value indicates that the IEEE 1451.X layer has more\dctets to communicate |
the IEEE 1451.0 layer and that the IEEE 1451.0 layer must make additional,readMsg( ) calls. A true valu
i
I

o O O O

ipdicates that the complete payload has been transferred from theVIEEE 1451.X layer to th
FEE 1451.0 layer.

Return result: Error code

11.3.5 IEEE1451Dot0::ModuleCommunication::NetComm::readRsp

IDL: Args::UIntlé readRsp(

in Args::UIntlé commId,
in Args::TimeDuration timeouty
in Args::UIntleé msgldy
in Args::UInt32 maxlien,
gut Args::0ctetArray pavload,
gut Args:: Boolean last) ;

—

This method is called by the\IEEE 1451.0 layer to retrieve the response information on the currern
dommunication operation. This method is always called by the IEEE 1451.0 layer on the initiating node fq
tWo-way communication\sequences.

=

[¢]

Ih cases where thé IFEE 1451.0 layer makes multiple readRsp( ) calls for large payloads, the “len” valul
returns the lengthvof each transfer, not the total length. See 11.3.9, the readSize( ) method, to manage th
dached length/

[¢]

Rarameters:
The”cemmld” parameter specifies the communication channel.

e “timeout *parammeter Speciiies te TaxIIuIT armourt of time the catler 15 withing to- biock beforea
time-out error should be returned. A value of secs == 0, nsecs == —1 means “wait forever.”

The “msgld” parameter shall be the same value that was provided in the writeMsg( ) call that began this
transaction. See the notifyRsp( ) callback on how the initiator is notified that the response is ready.

The “maxLen” parameter indicates the maximum number of octets to be transferred by the IEEE 1451.X
layer.

The [out] “payload” parameter is the OctetArray provided by the IEEE 1451.0 layer to the IEEE 1451.X
layer. The IEEE 1451.X layer will transfer available data into this array. Note the length of the OctetArray
may be less than the maxLen parameter.
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The [out] “last” parameter indicates if additional calls to readRsp( ) should be performed by the
IEEE 1451.0 layer. A false value indicates that the IEEE 1451.X layer has more octets to communicate to
the IEEE 1451.0 layer and that the IEEE 1451.0 layer must make additional readRsp( ) calls. A true value
indicates that the complete payload has been transferred from the IEEE 1451.X layer to the
IEEE 1451.0 layer.

Return result: Error code

11.3.6 IEEE1451Dot0::ModuleCommunication::NetComm::writeMsg

IDL: Args::UIntlé writeMsg(

in Args::UIntlé commId,

in Args::TimeDuration timeout,
in Args::OctetArray payload,
in Args:: Boolean last,

in Args::UIntle msgId) ;

<

This method is called by the IEEE 1451.0 layer to begin or continue a comfimunication operation. It is onl
dalled on the initiating node to begin communication. For two-way cemimunications, see writeRsp( ) fg
How the receiving node provides the response.

=

Rarameters:

The “commld” parameter specifies the communication channel.
]

t

he “timeout” parameter specifies the maximum amount of time the caller is willing to block before p
me-out error should be returned. A value of secs == O nsecs == —1 means “wait forever.”

he “payload” parameter is the OctetArray to be communicated.

]

The “last” parameter indicates if additional calls to writeMsg( ) will be made by the IEEE 1451.0 layer ¢
grovide additional portions of the payload:;A false value indicates that the IEEE 1451.0 layer has mor
dctets to send and will call writeMsg( ).additional times. A true value indicates that the complete payloaj
Has been transferred from the IEEE 1451.0 layer to the IEEE 1451.X layer.
]
I
4

=

- O

he “msgld” parameter defines the “message ID” for this transaction. In two-way transactions, the
FEE 1451.X layer shall pags this same “msgld” back to the initiator in the NetReceive::notifyRsp( ) call.
A value of 0 indicates a “one way” call.

Return result: Error ¢ode

11.3.7 IEEE1451Dot0::ModuleCommunication::NetComm::writeRsp

IDL:~Args::UIntlé writeRsp(

in/Args: :UIntle commId,
in\Ergs: :TimeDuration timeout,
in Args::OctetArray payload,
in Args:: Boolean last) ;

This method is called by the IEEE 1451.0 layer to return a response to a command.
Parameters:
The “commld” parameter specifies the communication channel.

The “timeout” parameter specifies the maximum amount of time the caller is willing to block before a
timeout error should be returned. A value of secs == 0, nsecs == —1 means “wait forever.”

The “payload” parameter is the OctetArray to be communicated.
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The “last” parameter indicates if additional calls to writeRsp( ) will be made by the IEEE 1451.0 layer to
provide additional portions of the payload. A false value indicates that the IEEE 1451.0 layer has more
octets to send and will call writeRsp( ) additional times. A true value indicates that the complete payload
has been transferred from the IEEE 1451.0 layer to the IEEE 1451.X layer.

Return result: Error code

1

]

)}

1

)}

1

]

1.3.8 IEEE1451Dot0::ModuleCommunication::NetComm::flush

DL: Args::UIntlé flush(in Args::UIntlé commId) ;

riteMsg( ) or writeRsp( ) call is invoked with “last” set to true.

arameters:
he “commld” parameter specifies the communication channel.

eturn result: Error code

1.3.9 IEEE1451Dot0::ModuleCommunication::NetComm::readSize

DL: Args::UIntlé readSize (
n Args::UIntlé commId,
ut Args::UInt32 cacheSize);

ayload if the IEEE 1451.X layer has performed segmentation.

arameters:
he “commld” parameter specifies the communication channel.

he [out] “cacheSize” returns the number of octets available to be immediately read.

eturn result: Error-code

DL: _Args::UIntlé6 setPayloadSize (
n MArgs: :UIntlé commId,

o Wal

his method is called by the IEEE 1451.0 layer to flush any cached information to the rémote side. In mog
ases, this call is not used because the IEEE 1451.X layer will always perform the, transfer when th

his method is called by the IEEE 1451.0 layer to retrieve the number of octets available to be immediatel
pad. This represents the size of the caghed data. This value may be less than the size of the complet

1.3.10 IEEE1451Dot0::ModuleCommunication::NetComm::setPayloadSize

(AR

(IS

2 IIT 3 )
TS S——oTItto ST Z€T

This method is called by the IEEE 1451.0 layer to set the total number of octets available in the full
payload. This method should be called when the IEEE 1451.0 layer expects to make multiple calls to
writeMsg( ) or writeRsp( ) to pass the payload to the IEEE 1451.X layer in pieces. In cases where a single
writeMsg( ) or writeRsp( ) call is made (i.e., last is true), this call is not needed as the IEEE 1451.X layer

S

hall internally call this method to record the payload size.
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Parameters:
The “commld” parameter specifies the communication channel.

The “size” parameter specifies the full size of the payload.

Return result: Error code

1

)}

1

1.3.11 IEEE1451Dot0::ModuleCommunication::NetComm::abort

DL: Args::UIntlé abort (in Args::UIntlé commId) ;

his method is called by the IEEE 1451.0 layer on the initiating node to abort or reset)a communicatio
hannel. If the IEEE 1451.X layer has already initiated communication to the ,remote node, th|
FEE 1451.X layer shall make an effort to abort the remote processing. The “coaimnld” may be used fo
ubsequent communications after this call. This method will not close the communication channel.

arameters:
he “commld” parameter specifies the communication channel.

 eturn result: Error code

1.3.12 IEEE1451Dot0::ModuleCommunication::Net€omm::commStatus

DL: Args::UIntlé commStatus (

n Args::UIntlé6 commId,

n Args::UIntlé msgld,

ut Args::UIntleé statusCodey)y;

his method is called by the IEEE 14510 layer on the initiating node to retrieve status information on th|
bcal and remote state machine. Table 96 provides a list of the available status.

arameters:

he “commld” parameter speeifies the communication channel.
he “msgld” parametefispecifies the message transaction ID.
he [out] “statusCode” parameter returns the status information for the local (upper octet) and remot
ower octet) state.machines.

 eturn result: Error code

1.3:13 IEEE1451Dot0::ModuleCommunication::NetComm::discoverDestinations

EELCER=]

o

IDL: Args::UIntlé discoverDestinations( );

This method is called by the IEEE 1451.0 layer to force a discovery and registration of all TIMs accessible
through this IEEE 1451.X instance. In response, the IEEE 1451.X layer will invoke th
Register::registerDest( ) method for each destination.

(&

In normal situations, the IEEE 1451.X layer should automatically call registerDest( ) at initialization time
and during a hot-swap event.
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Parameters:
None.

Return result: Error code

11.3.14 IEEE1451Dot0::ModuleCommunication::NetComm::joinGroup

IDL: Args::UIntlé joinGroup (
In Args::UIntle groupld,
In Args::UIntle destId) ;

This method is called by the IEEE 1451.0 layer to add a destination TIM to a multicast ‘gtoup. If the group
does not exist, it will be created by this call.

NOTE—This call does not assign TransducerChannels to an AddressGroup. That\is" accomplished using th
AddressGroup definition command described in 7.1.2.3.

(]

Rarameters:
The “groupld” parameter specifies the group to join.

The “destld” parameter specifies the node to add to the group.
Return result: Error code

11.3.15 IEEE1451Dot0::ModuleCommunication;:NetComm::leaveGroup

IDL: Args::UIntlé leaveGroup (
in Args::UIntlé groupld,
in Args::UIntleé destId) ;

This method is called by the IEEE-1451.0 layer to remove a destination from a multicast group. A call t|
dlose( ) for a groupld will resultuin’ all destinations being removed from the group.

|}

Rarameters:
The “groupld” parametei-specifies the group to leave.

The “destld” parameter specifies the node to remove from the group.
Return resultError code

11.3.46,IEEE1451Dot0::ModuleCommunication::NetComm::lookupDestid

IDL: Args::UIntlé lookupDestId (
in Args::UIntleé commId,
out Args::UIntlé destId);

This method is called by the IEEE 1451.0 layer to convert the commld back into the destld. This may be
used on the receiving side to find out the destination ID of the sending node.

Parameters:
The “commld” parameter specifies the communication channel.

The [out] “destld” parameter specifies the destination associated with the commld.
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Return result: Error code

1

1.3.17 IEEE1451Dot0::ModuleCommunication::NetComm::setRemoteConfiguration

IDL: Args::UIntlé setRemoteConfiguration(
in Args::UIntlé commId,

]
]

i S e 2 @ M |

1

Nt O e

I Args::limeDuracion Timeout,
n Args::ArgumentArray params) ;

his method is called by the IEEE 1451.0 layer to set the configuration on the remote destination. Th
ontents of the ArgumentArray are IEEE 1451.X specific. In cases where the ArgumentArray-needs to b
Fansmitted to the remote node, the standard Encode/Decode mechanism is recommended\to convert th
A\rgumentArray into/ from OctetArray form.

arameters:

he “commld” parameter specifies the communications channel.

he “timeout” parameter specifies the maximum amount of time the caller-is willing to block before
me-out error should be returned. A value of secs == 0, nsecs == —1 means\*“wait forever.”

he “params” parameter specifies the configuration parameters.

Leturn result: Error code

1.3.18 IEEE1451Dot0::ModuleCommunication::NetComm::getRemoteConfiguration

DL: Args::UIntl6 getRemoteConfiglwration (

n Args::UIntleé commId,

n Args::TimeDuration timeout,

ut Args::ArgumentArray paxrams) ;

his method is called by the IEEE 1451.0 layer to get the configuration from the remote destination. Th|
ontents of the ArgumentArray are 1EEE 1451.X specific. In cases where the ArgumentArray needs to b
Fansmitted to the remote node,“the standard Encode/Decode mechanism is recommended to convert thi
A\rgumentArray into/from OctetArray form.

arameters:

he “commld” pafameter specifies the communications channel.

he “timeout? ‘parameter specifies the maximum amount of time the caller is willing to block before
me-out errofsshould be returned. A value of secs == 0, nsecs == —1 means “wait forever.”

he [out] “params” parameter specifies the configuration parameters.

[CERY]

[CHLYL

eturn result: Error code
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1

1.3.19 IEEE1451Dot0::ModuleCommunication::NetComm::sendRemoteCommand

IDL: Args::UIntlé sendRemoteCommand (

in Args::UIntlé6 commId,

in Args::TimeDuration timeout,

T ArgS: TULICS CIaCTasSs IO,

in Args::UInt8 cmdFunctionId,

1

]

In Args::ArgumentArray inArgs,

ut Args::ArgumentArray outArgs) ;

his low-level mechanism sends an arbitrary command to the remote IEEE 1451.X -ayer. It i
ecommended that the IEEE 1451.X layer use the standard Encoder/Decoder'te convert th
\rgumentArrays to/from OctetArrays. This method will perform a blocking operation., The format of inpy
nd output arguments is command dependent. The caller shall make sure to use the correct data types fq
ach input argument.

arameters:

he “commld” specifies the communication channel.

he “cmdClassId” specifies the desired command class code. See Table 15 for details.

he “cmdFunctionld” specifies the desired command function code: See Clause 7 for details.

he “timeout” is the maximum time to wait before a timé€-out error. A value of secs == 0, nsecs == —
heans “wait forever.”

he “inArgs” are the input arguments in ArgumentArtay form.

he [out] “outArgs” are returned output arguments:

eturn result: Error code

1.4 IEEE1451Dot0::ModuleCommunication::Registration

DL: interface Registration { }
he abstract Registratipn Interface is a collection of methods provided by the IEEE 1451.0 layer and 1
alled by the IEEE _1451.X layer. The methods are listed in Table 98. See the interfaces P2PRegistratio
nd NetRegistration for additional methods.

Table 98—Registration interface methods

= =+ 0O »n

=22

IEEE1451Dot0::ModuleCommunication::Registration

Args :Ulnt16 unReglsterModule (in Args UInt8 moduleId)

Args UInt16 getCommModule( in Args Ulnt8 moduleld out Comm commObject out Args UIntS type out
Args:Ulnt8 technologyld);

11.4.1 IEEE1451Dot0::ModuleCommunication::Registration::registerModule

Two methods are used to register an IEEE 1451.X interface with the IEEE 1451.0 layer. One method,
P2Pregistration (see 11.5.1), is called by devices using the P2PComm methods. The other method,
NetRegistration (see 11.6.1), is used with devices using the NetComm methods. The enumerations used to
identify the various interfaces are listed in Table 99.

210
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Table 99—Communication module identifiers

Enumeration Standard

0 Reserved

1 IEEE Std 1451.2-1997 using 10-wire TII
2 IEEE Std 1451.2-1997 using RS-232

3 IEEE Std 1451.3-2003

4 IEEE Std 1451.5-2007, Clause 6 [B4]

5 HEE-Std 45152007 Clausc 8B4

6 IEEE Std 1451.5-2007, Clause 7 [B4]

7 IEEE Std 1451.5-2007, Clause 9 [B4]

8 IEEE P1451.6 [B3]

9-254 Reserved

255 Not in conformance to any released or in development standard

11.4.2 IEEE1451Dot0::ModuleCommunication::Registration::unRegisterModule

IDL: Args::UIntl6 unRegisterModule (in Args::UInt8 moduleId) ;

This method is provided by the IEEE 1451.0 layer and is called by the JEEE 1451.X layer to de-register a|
interface. Its purpose is to inform the IEEE 1451.0 layer that this instanee of the IEEE 1451.X interface i
1o longer available.

[Z2m=]

Rarameters:
The “moduleld” parameter specifies which interface to desregister. The IEEE 1451.0 layer will remove all
Knowledge of this interface from its cache.

Return result: Error code

11.4.3 IEEE1451Dot0::ModuleCommunication::Registration::reportModules

IDL: Args::UIntl6 reportModules (
In Args::UIntlé6 maxLen,
in Args::UIntleé offset,
gut Args::UInt8Array moduleIds) ;

|}

This method is provided:by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer or other layers t
report the known interfaces.

Rarameters:

The “maxLen® parameter indicates the maximum number of interfaces to report.
]

t

—

he ‘joffset” parameter indicates the starting position when the number of modules registered is greatg
hanmaxLen. Zero is the beginning position.

he [out] "modulelds™ parameter contains the return values. These are the "moduleld” value for eac
available module interface. The length of this array may be less than maxLen.

Return result: Error code
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11.4.4 IEEE1451Dot0::ModuleCommunication::Registration::getCommModule

IDL: Args::UIntlé getCommModule (

in Args::UInt8 moduleId,

out Comm commObject,
JuC Args: UIIICY CYDPE,

gut Args::UInt8 technologyId) ;

This returns the abstract “Comm” object. By consulting the “type” parameter, a safe downcast to.either the
‘IP2PComm” or “NetComm” object may be performed.

[¢]

Wse extreme caution when accessing the underlying “Comm” objects as incorrect usagg can compromis
the IEEE 1451.0 and IEEE 1451.X layers. This method is provided to allow eXpansion beyond th
IEEE 1451.0 architecture. The enumerations for the argument “type” are listed in Table 94.

w

Rarameters:

The “moduleld” parameter is the desired communications module ID.
]

g

he [out] “commObject” parameter is returned to the application,and/is a reference to the underlyin
bject.

lUS]

The [out] “type” parameter is returned to the application in orderto allow a safe downcast. Valid values are
Ijsted in Table 94.

The [out] “technologyld” specifies the underlying IEEE 1451.X technology. See Table 99 for a list of the
gnumerations used to identify these technologies.

Return result: Error code

11.5 IEEE1451Dot0::ModuleCommunication::P2PRegistration

IDL: interface P2PRegistration { }

The P2P Registration Interface is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X
lpyer for the P2P cas¢.“The methods that make up this interface are listed in Table 100.

Table 100—P2PRegistration interface methods
IEEE1451D0t0::ModuleCommunication::P2PRegistration
Args::UInt16 registerModule( in P2PComm commlnterface, in Args::UInt8 technologyld, in Args:: String name,
out Args:*UInt8 moduleld);
Args:UlInt16 registerDestination( in Args::UInt8 moduleld, in Args::UInt16 maxPayloadSize);
Axgs’:UInt16 unregisterDestination( in Args::UInt8 moduleld);

11.5.1 IEEE1451Dot0::ModuleCommunication::P2PRegistration::registerModule

IDL: Args::UIntlé registerModule (

in P2PComm commInterface,
in Args::UInt8 technologylId,
in Args::_String name,

out Args::UInt8 moduleId) ;
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This method is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer during
configuration for the “P2P” case. Its purpose is to inform the IEEE 1451.0 layer that the IEEE 1451.X
layer is available.

Parameters:
The “commlnterface” parameter specifies the P2PComm interface. See Table 94 for possible values. the
IEEE 1451.0 layer will cache this information and use it to invoke appropriate methods when engaging in
dommunication operations.

The “technologyld” specifies the underlying IEEE 1451.X technology. See Table 99 for a listef*the
gnumerations used to identify these technologies.

he “name” parameter is a human readable name string for display purposes.

]
The out “moduleld” parameter is returned as a “interface identifier” that can be used ifjthe unRegister( )
thethod.

Return result: Error code

11.5.2 IEEE1451Dot0::ModuleCommunication::P2PRegistration::registerDestination

IDL: Args::UIntlé registerDestination/(
in Args::UInts8 moduleId,
in Args::UIntleé maxPayloadSize) ;

This method is provided by the IEEE 1451.0 layervand is called by the IEEE 1451.X layer durin|
donfiguration for the “P2P” case. Its purpose is to inform the IEEE 1451.0 layer that a valid TIM has bee
attached to the interface and is available.

Jy=}

=)

Rarameters:

The “moduleld” parameter specifies the R2PComm “interface identifier”
]

1]

—

he “maxPayloadLen” parameter indicates the maximum payload size that will be accepted in subsequer]
pad( ) and write( ) operations.

Return result: Error code

11.5.3 IEEE1451Dot0::ModuleCommunication::P2PRegistration::unregisterDestination

IDL: Angs::UIntlé unregisterDestination(in Args::UInt8 moduleld) ;

This method is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer durin
donfiguration for the “P2P” case. Its purpose is to inform the IEEE 1451.0 layer that the TIM has bee
detached from the interiace and is no fonger availapie.

Y]

=]

Parameters:
The “moduleld” parameter specifies the P2PComm “interface identifier”

Return result: Error code
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11.6 IEEE1451Dot0::ModuleCommunication::NetRegistration

IDL: interface NetRegistration { }

Fre NetRegistratiom Interface s provided by the TEEE 450 tayeramd s catted by the TEEE 45X tayar
fpr the network case. The methods required by this interface are listed in Table 101.

Table 101—NetRegistration interface methods
IEEE1451Dot0::ModuleCommunication::NetRegistration
Args::UInt16 registerModule (in NetComm commlinterface, in Args::UInt8 technologyld, in Args::*String name,
out Args::UInt8 moduleld);
Args::UInt16 registerDestination (in Args::UInt8 moduleld, out Args::UInt16 destld );
Args::UInt16 unRegisterDestination (in Args::UInt8 moduleld, in Args::UInt16 destld);
Args::UInt16 reportDestinations (in Args::UInt8 moduleld, in Args::UInt16 maxLennifi/Args::UIntl6 offset, out
Args::UInt16Array destinations);
Args::UInt16 reportGroups (in Args::UInt8 moduleld, in Args::UInt16 maxLen, in Args::UIntl6 offset, out
Args::UInt16Array groups);
Args::UInt16 reportGroupMembers (in Args::UInt8 moduleld, in Args::Untl6 groupld, in Args::UIntl6 maxLen,
in Args::UInt16 offset, out Args::UInt16Array groups);

11.6.1 IEEE1451Dot0::ModuleCommunication::NetRegistration::registerModule

IDL: Args::UIntl6 registerModule (
in NetComm commInterface,
in Args::UIntS8 technologyIdy
In Args::_String name,

gut Args::UInt8 moduleId) ;

=]

This method is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer durin
donfiguration for the “Net” case. Its purpose is to inform the IEEE 1451.0 layer that the IEEE 1451.X laye
ip available.

—

Rarameters:

The “commlinterface” parameter specifies the NetComm interface. See Table 94 for possible values. The
I

g

=]

FEE 1451.0 layer,will' cache this information and use it to invoke appropriate methods when engaging i
ommunication gperations.

The “technofogyld” specifies the underlying IEEE 1451.X technology. See Table 99 for a list of the
gnumerations used to identify these technologies.

he “fiame” parameter is a human-readable name string for display purposes.

]
The [out] “moduleld” parameter is returned as a “interface identifier” that can be used in the unRegister(|)
method.

Return result: Error code

11.6.2 IEEE1451Dot0::ModuleCommunication::NetRegistration::registerDestination

IDL: Args::UIntlé registerDestination (
in Args::UInt8 moduleId,
out Args::UIntlé destId );
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This method is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer to register a new
destination. Its purpose is to inform the IEEE 1451.0 layer that the new destination is available. It is the
responsibility of the IEEE 1451.X layer to detect whether a new TIM appears in the system and to register
it with the IEEE 1451.0 layer.

Parameters:
The “moduleld” parameter specifies instance ID for this IEEE 1451.X interface.

The [out] “destld” parameter is returned. The “destination identifier” is assigned by the IEEE 1451.0 layer.
The IEEE 1451.X layer will need to cache appropriate communication endpoint information_ for ‘thi
‘destld.” The “destld” parameter will be passed back to the IEEE 1451.X layer during the open( ) 0
dpenQoS( ) call.

=2

Return result: Error code

11.6.3 IEEE1451Dot0::ModuleCommunication::NetRegistration::unRegisterDestination

IDL: Args::UIntlé unRegisterDestination (
in Args::UInts8 moduleId,
in Args::UIntleé destId) ;

™

This method is provided by the IEEE 1451.0 layer and is called*by the IEEE 1451.X layer to unregister
destination. Its purpose is to inform the IEEE 1451.0 layer that the destination is no longer available. It i
t
U

| = )

he responsibility of the IEEE 1451.X layer to detect “whether a TIM disappears from the system an
nRegister that TIM with the IEEE 1451.0 layer.

Rarameters:
The “moduleld” parameter specifies the instance-ID for this IEEE 1451.X interface.

The “destld” parameter is the destination identifier to unregister.
Return result: Error code

11.6.4 IEEE1451Dot0::ModuleCommunication::NetRegistration::reportDestinations

IDL: Args::UIntl6 reportDestinations (
in Args::UInt8 moduleId,

In Args::Ulntlé6 maxLen,

in Args»UIntlé6 offset,

gut Argsy:UIntlé6Array destinations) ;

O

This fmethod is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer or other layers {
repotirthe known destinations associated with this IEEE 1451.X interface. Note that group destinations ar
Ot TCtUITed {11 TS catt. 11 MaxLen and off5et Paramelers can be USed O MEMoTy-ConSrained SyStems T
retrieve only a portion of the known modules.

(€]

Parameters:
The “moduleld” specifies the instance ID for this IEEE 1451.X interface.

The “maxLen” parameter indicates the maximum number of interfaces to report.
The “offset” parameter indicates the desired starting position, with zero being the first position.

The [out] “destinations” parameter provides the return values. These are the “destld” values for each
known destination.
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Return result: Error code

11.6.5 IEEE1451Dot0::ModuleCommunication::NetRegistration::reportGroups

IDL: Args::UIntlé reportGroups (

in Args::UInt8 moduleId,
j Args::0lnclo6 mMaxLern,
in Args::UIntlé offset,

qut Args::UIntlé6Array groups) ;

This method is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer or other layers t
report the known groups associated with this IEEE 1451.X interface.

|}

arameters:
he “moduleld” specifies the instance ID for this IEEE 1451.X interface.

he “maxLen” parameter indicates the maximum number of interfaces to report:
he “offset” parameter indicates the desired starting position, with zero beingrthe first position.

he [out] “groups” parameter provides an array for the IEEE 1451.0_layer to use to return the valueg.
hese are the “destld” values for each known group destination.

Return result: Error code

11.6.6 IEEE1451Dot0::ModuleCommunication::NetRegistration::reportGroupMembers

IDL: Args::UIntlé reportGroupMembers (
jn Args::UInt8 moduleld,

in Args::UIntlé groupld,

ijn Args::UIntlé6 maxben,

in Args::UIntlé effset,

qut Args::UIntlé6Array groups) ;

This method is provided by the/IEEE 1451.0 layer and is called by the IEEE 1451.X layer or other layers tp
report the known membets in a specific “groupld” that is associated with this IEEE 1451.X interface.

arameters:

he “moduleld’specifies the instance ID for this IEEE 1451.X interface.

he “groupld?parameter indicates the desired group ID.

he “maxlken” parameter indicates the maximum number of interfaces to report.

he/foftset” parameter indicates the desired starting position, with zero being the first position.

H
]
]
]
]
1

he [out] “groups” parameter provides an array for the IEEE 1451.0 layer to use to return the values.
These are the “destld” values for each known group destination.

Return result: Error code
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11.7 IEEE1451Dot0::ModuleCommunication::Receive

IDL: interface Receive { }

= 1 B : T £ 3 1 . 1 PR JEE) 3 1 o .
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11.8 IEEE1451Dot0::ModuleCommunication::P2PReceive

IDL: interface P2PReceive { }

The P2PReceive interface is a collection of methods provided by the IEEE 14510/layer and is called by
the IEEE 1451.X layer. The methods used to implement this interface are listed in/Table 102.

Table 102—P2PReceive interface methods
IEEE1451Dot0::ModuleCommunication::P2PReceive
Args::UInt16 abort( in Args::UInt16 status );

Args::UInt16 notifyMsg( in Args::_Boolean twoWay, in Args::UInt32¢payloadLen, in Args::UInt32 cacheLen, in
Args::UInt16 status);
Args::UInt16 notifyRsp( in Args::UInt32 payloadLen, in Args::Unt32 cacheLen, in Args::UInt16 status);

11.8.1 IEEE1451Dot0::ModuleCommunication::P2PReceive::abort

IDL: Args::UIntlé abort( in Argsy:UIntlé status );

This method is called by the IEEE 1451\X layer to abort the current operation. This will be called by th
receiving node’s IEEE 1451.X layer,when the IEEE 1451.0 command processing has already been initiate
gnd must be terminated.

e @)

Rarameters:
The “status” parameter provides an error code on why abort( ) was called.

Return result: Errer jeode returned back to the IEEE 1451.X layer. Typically, this return value will be
ipnored by the IEEE"1451.X layer.

11.8.2 IEEE1451Dot0::ModuleCommunication::P2PReceive::notifyMsg

IDI:/ Args: :UIntl6 notifyMsg(

T ATgS: _Boolean tTwWowWay,
in Args::UInt32 payloadlLen,
in Args::UInt32 cachelen,
in Args::UIntleé status) ;

This method is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer when an
incoming message is available. This is invoked on the receiving node.

Parameters:
The “twoWay” parameter indicates if the command does not generate a reply. A “true” value indicates a
reply is expected.

The “payloadLen” parameter indicates the total size of the payload.
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The “cacheLen” parameter indicates the number of octets that can be immediately read.

The “status” parameter provides an error code on why notifyMsg( ) was called.

Return result: Error code returned back to the IEEE 1451.X layer. Typically, this return value will be
ignored by the IEEE 1451.X layer.

11.8.3 IEEE1451Dot0::ModuleCommunication::P2PReceive::notifyRsp

IDL: Args::UIntlé notifyRsp(

in Args::UInt32 payloadlLen,
in Args::UInt32 cachelLen,
in Args::UIntleé status) ;

This method is provided by the IEEE 1451.0 layer and is called by the IEEEM451.X layer when a|

=]

incoming response message is available. This is invoked on the init{atifg node for two-waly
dommunications.

Rarameters:

The “payloadLen” parameter indicates the total size of the payload.

The “cachelLen” parameter indicates the number of octets that canbe immediately read.

The “status” parameter provides an error code on why notifyRsp( ) was called.

Return result: Error code returned back to the IEEE)»1451.X layer. Typically, this return value will be
ipnored by the IEEE 1451.X layer.

11.9 IEEE1451Dot0::ModuleCommunication::NetReceive

IDL: interface NetReceiye { }

The NetReceive interface is ‘a_dollection of methods provided by the IEEE 1451.0 layer and is called by th
IEEE 1451.X layer. Theanethods used to implement this interface are listed in Table 103.

[¢]

Table 103—NetReceive interface methods
IEEE1451Dot0::ModuleCommunication::NetReceive

Args::UInt16 abort( in Args::UInt16 commld, in Args::UInt16 status);

Args::Ulntl6 notifyMsg( in Args::UInt16 rcvCommld, in Args:: Boolean twoWay, in Args::UInt32 payloadLen, in
ArgszUInt32 cacheLen, in Args::UInt16 maxPayloadLen, in Args::UInt16 status);
Args:UInt16 notifyRsp( in Args::UInt16 rcvCommld, in Args::UInt16 msgld, in Args::UInt32 payloadLen, in
Args’:UInt32 cacheLen, in Args::UInt16 maxPayloadLen, in Args::UInt16 status);

11.9.1 IEEE1451Dot0::ModuleCommunication::NetReceive::abort

IDL: Args::UIntlé abort (
in Args::UIntle commId,
in Args::UIntleé status) ;

This method is called by the IEEE 1451.X layer to abort the current operation. This will be called by the

receiving node’s IEEE 1451.X layer when the IEEE 1451.0 command processing has already been initiated
and must be terminated.
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If the commld argument is zero, this call will abort all active transactions.
Parameters:
The “commld” parameter specifies the active communication channel.

The “status” parameter provides an error code on why notifyRsp( ) was called.

Tt L P =) 1 - 11 h TP, | h 8 mh mh m B W~k B V. | T . 11 ol y 1 111
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ignored by the IEEE 1451.X layer.

11.9.2 IEEE1451Dot0::ModuleCommunication::NetReceive::notifyMsg

IDL: Args::UIntlé notifyMsg(

in Args::UIntlé rcvCommId,

in Args:: Boolean twoWay,

in Args::UInt32 payloadLen,

in Args::UInt32 cachelen,

in Args::UIntlé maxPayloadLen,
in Args::UIntlé status) ;

This method is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer when a|
ihcoming message is available. This is invoked on the receiving ndde.

=)

arameters:

he “rcvCommld” parameter specifies the active communication channel. Note that the receiving node’
FEE 1451.0 layer does not call open( ) or close( ) on‘this “recvCommld.” This “revCommld” is manage
y the IEEE 1451.X layer.

| =™

he “payloadLen” parameter indicates the total size of the payload.

he “cacheLen” parameter indicates the tumber of octets that can be immediately read.

—

he “maxPayloadLen” parameter indicates the maximum payload size that will be accepted in subsequer]

H
]
I
b
If the “twoWay” parameter is true, then a respois¢ is expected in this transaction.
]
]
]
rpadMsg( ) and writeRsp( ) opérations.

The “status” parameter provides an error code on why notifyRsp( ) was called.

Return result: Errer ‘eode returned back to the IEEE 1451.X layer. Typically, this return value will be
ipnored by the IEEE"1451.X layer.

11.9.3 IEEE1451Dot0::ModuleCommunication::NetReceive::notifyRsp

IDL:” Args: :UIntlé notifyRsp (

II ALYsS CULIILLO L(.,VCU[[[[I[J.d,

in Args::UIntleé msgld,

in Args::UInt32 payloadLen,

in Args::UInt32 cachelen,

in Args::UIntlé maxPayloadLen,
in Args::UIntle status) ;

This method is provided by the IEEE 1451.0 layer and is called by the IEEE 1451.X layer when an
incoming response message is available. This is invoked on the initiating node for two-way
communications.

NOTE—The receiving node’s IEEE 1451.0 layer does not call open( ), so a “rcvCommld” is automatically provided in
this call. This “rcvCommId” is managed by the IEEE 1451.X layer.
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For “two way” communications, the receiving IEEE 1451.0 layer will invoke writeRsp( ) and eventually
close( ) to end this side of the transaction.

Parameters:

The “rcvCommld” parameter specifies the active communication channel. Note that the receiving node’s
IEEE 1451.0 layer does not call open( ) or close( ) on this “rcvCommld.” This “rcvCommld” is managed
by the IEEE 1451.X layer.

The “msgld” is passed to the IEEE 1451.0 layer to associate this reply with the corresponding call {|
writeMsg( ).

|

he “payloadLen” parameter indicates the total size of the payload.

—

he “maxPayloadLen” parameter indicates the maximum payload size that will be accepted in subsequer]

]
The “cacheLen” parameter indicates the number of octets that can be immediately read.
]
readRsp( ) operation.

The “status” parameter provides an error code on why notifyRsp( ) was called.

Return result: Error code returned back to the IEEE 1451.X layer. Typically, this return value will be
ignored by the IEEE 1451.X layer.

12. HTTP protocol

he HTTP is a protocol used to transfer or convey infermation on the World Wide Web. HTTP is a client{-
erver protocol by which two processors can communicate over a TCP/IP connection. An HTTP server is
rogram that resides in a processor listening tosaport for HTTP requests. An HTTP client opens a TCP/I
onnection to the server via a socket, transmits“a request, and then waits for a reply from the server. Fg
his [EEE standard, the “client—server” medel, which is used to define HTTP, is analogous to the IEEI
451.0 “NCAP-End User.” The NCAP-can be compared with the “server” as it serves data to the attache
etwork, and the End-User can be compared with the “client” as the end-user receives sensor data to viey
fom the server and sends commands and data to the server to drive actuators.

U e

[ e G o U o Wi o S 7 MR |
T = =

—

HTTP Client Requesti, The HTTP client sends a request message formatted according to the rules d
the HTTP standard—an HTTP Request. This message specifies the resource that the client wishes t
retrieve or includes information to be provided to the server.

|}

HTTP Seryer'Response: The server reads and interprets the request. It takes action relevant to the
requestyand creates an HTTP response message, which it sends back to the client. The respons
message indicates whether the request was successful and may contain the content of the resource
that.the client requested, if appropriate.

(€]

HTFP defines eight methods indicating the desired action to be performed on the identified resource. These
methods include GET, FOST, HEAD, PUT, DELETE, TKACE, and OFIIONS. The AFIS 1n this clause
use only the GET and POST methods.

GET: Retrieve whatever information is identified by the Request-URI. This is typically how a query form
works. The interaction is more like a question, such as a query, read operation, or lookup. GET can be used
to retrieve data from the server. In this API, GET can be used to read and write transducer data and
transducer TEDS.

POST: Used to request that the origin server accept the entity enclosed in the request as a new subordinate
of the resource identified by the Request-URI in the Request-Line. With HTTP this is typically how a
complex data submission works. The interaction is more like an order, or the interaction changes the state
of the resource in a way that the user would perceive (for example, a subscription to a service) or would

220 © IEEE 2007 — Al rights reserved


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

hold accountable for the results of the interaction. This method can be used to take a command or a
commitment from the user. It is often used to pass form data to a server. In this API, POST can be used to
read and write transducer data and TEDS.

12.1 IEEE 1451.0 HTTP API

=

he TSI is an NCAP-only API used by measurement and control applications to access the IEEE 1451
lpyer. This API contains operations to read and write TransducerChannels, read and write TEDS, and sen|
onfiguration, control, and operation commands to the TIMs. The Transducer Services Interface”of th
IEEE 1451.0 layer contains five interfaces: TransducerAccess, TransducerManager, TimBiscovery
EDSManager, and AppCallback. The first four interfaces are implemented by the IEEE ;1451.0 layer an
e called by the measurement applications. If the application desires advanced optiondl features, it wi
eed to implement the “AppCallback” interface, which the IEEE 1451.0 layer will invoke.

— = [CAR ="

iscovery: Methods for applications to discover available IEEE 1451.X comnunications modules, TIMg,
gqnd TransducerChannels are organized in this interface.

TransducerAccess: When an application desires to access transducér and actuator TransducerChannels,
if will use methods on this interface.

TransducerManager: Applications that need more contrdl over TIM access will use methods on thils
ipterface. For example to lock the TIM for exclusive use and to send arbitrary commands to the TIM.

TEDSManager:Applications use methods on this_interface to read and write TEDS. This class alsp
ranages the NCAP-side TEDS cache information,

AppCallback: Applications that need advanced features need to implement this interface. For examplg,
this allows the application to configure gmneasurement streams and the IEEE 1451.0 layer will invok
gppropriate callbacks in the application.

(€]

NOTE—There is no AppCallback APRLspecified in this document.

The IEEE 1451.0 HTTP APIs focuses mainly on accessing transducer data and TEDS using the HTTP 1.
frotocol. Figure 23 shows that HTTP 1.1 accesses an IEEE 1451.0 NCAP on which a HTTP server i
running. In Figure 235.the “S: in the TIMs means “Sensor.” Similairly the “A” means “Actuator.” User
g
§

T R »n —

an send an HTTP-request to the HTTP server on the NCAP and get an HTTP response from the HTT]
erver. The request=Tesponse process can be described as follows:

a) (Ayuser or client sends an HTTP request to the HTTP server on the IEEE 1451.0 NCAP.

b) The HTTP server on the NCAP receives an HTTP request, processes it, and then calls the
corresponding IEEE 1451.0 API.

¢) The IEEE 1451.0 API calls on the IEEE 1451.X API to communicate with the IEEE 1451.X
TIM and to get the results from the TIM.

d) The HTTP server on the NCAP gets the results from the IEEE 1451.0 API and then returns the
HTTP response to the user.
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Figure 23—HTTP access to an IEEE 1451.0 NCAP

2.1.1 HTTP message format

In this clause, we describe the use of the “http” protocol to sendimessages from a remote client to ah
IEEE 1451.0 NCAP, which, for this model, acts like a server, serfving transducer data to the remote client.
Table 104 lists the format of the http message, Table 105 gives examples of possible arguments, and Table
106 lists the http APIs. The HTTP message from a remote client unit will be transmitted across a network
donnecting the remote client with the IEEE 1451.X transducer nodes. The message will adhere to the
HTTP URL syntax (RFC 2616) as follows:
Qttp://<host>:<ports>/<path>?<paraneterss
Table 104—HTTP.communications message format
Fi¢ld Definition Example
<hpst>: The host portion of this Statement will include the | <host>=“192.168.1.91”
target IEEE 1451 nodé.demain name.
<pprt> The port number isteptional and will default to port | <port>="80"
#80 if this is not specified in the request. It may be
useful to select/an unused port # (not port #80) that
will become the main IEEE 1451 port. The downside
of using-a ‘non-standard port # is that many security
routers Jwill only allow non-standard port numbers
through the use of an explicit rule change.
<ppth> The path indicates the IEEE 1451 path including the | <path>="1451/TransducerAccess/ReadDjta
command itself. ”
<pprameters> The parameters associated with the command. <parameters>="timld=1&channelld=2&t|m
eout=14&samplingMode=continuous&fofm
at=text”
Table 105—Example parameters
Field Definition Example
timld The identifier of selected TIM. See 10.1.2. 1
channelld The identifier of the selected TransducerChannel of the TIM. See 10.2.1. 2
timeout This argument specifies how long to wait to perform the reading before | 14
generating a time-out error.
samplingMode This argument specifies the sampling mechanism. See 5.10.1 and 7.1.2.4. Continuous
format “format” is the desired return format. The options are “text,” “HTML,” or | text
“xml.” The contents of the string are case insensitive.
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Table 106—HTTP API

API type Name Path

Discovery API TIMDiscovery 1451/Discovery/TIMDiscovery
TransducerDiscovery 1451/Discovery/TransducerDiscovery

Transducer Access API ReadData 1451/TransducerAccess/ReadData
StartReadData 1451/TransducerAccess/StartReadData
MeasurementUpdate 1451/TransducerAccess/MeasurementUpdate
‘V‘Vrl iLCDaLa 1 4.) ‘l Tl auadu\.m Abbcb‘s ‘V‘Vyl l LUDGLG
StartWriteData 1451/TransducerAccess/StartWriteData

TEDS Manager API ReadTeds 1451/TEDSManager/ReadTeds
ReadRawTeds 1451/TEDSManager/ReadRawTeds
WriteTeds 1451/TEDSManager/WriteTeds
WriteRawTeds 1451/TEDSManager/WriteRawTeds
UpdateTedsCache 1451/TEDSManager/UpdateTedsCache

Transducer Manager API SendCommand 1451/TransducerManager/SendConimand
StartCommand 1451/TransducerManager/StatfCommand
CommandComplete 1451/TransducerManaget/€CommandComplete
Trigger 1451/TransducerManager/Trigger
StartTrigger 1451/TransducerManager/StartTrigger

12.1.2 HTTP response format

The output specifications or output arguments, for example{ ArgumentArray, can be included in the http
request or can be included in the response to the http réquest. The output format can be either XMI,
HTML, or TEXT format.

The response format is specified in the format argument of the http message. Responses shall be formattefl
as specified in this section

12.1.2.1 XML response format
If XML format is specified, the response shall be formatted as specified in the XML schema associatefl

with that command. The formiatting specified in the commands relies on a type library based on the dat
types defined in Clause 4. A'full XML schema is available at

1)

Http://grouper.ieee.org/groups/1451/0/145STHTTPAPL/.
The file name is'SmartTransducerHTTPResponse.xsd.

12.1.2.2 HTML response format

If HTMI response format is specified, the response shall be formatted as a valid web page in HTTP 1.1l
format. The web page formatting and layout is not specified. However, all parameters that are specified
responses shall use the tagged data format, with the tag matching the return response identifier specified in
the return format of the command.

12.1.2.3 Text response

Text response shall be in the format where individual parameters are returned and shall be terminated with
a carriage return/line feed sequence (CR/LF) (ASCII 13,10). Values shall be returned in the order specified
by the semantics of the command.
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If an array is returned as a response, each value shall be separated by a comma and the entire array shall be
terminated with a carriage return/line feed sequence. A multi-dimensional array shall be returned with the
right-most ordinal being indexed first. A CR/LF sequence shall be returned after each complete set of
right-most indexes has been returned. This is commonly referred to as csv format.

Integers shall be returned in the format <Sign><Value> where <Sign>="+" or “-“ and
<Value> is defined as a string containing one or more of the characters between the value “0” and
\ 9” .

Hloating point numbers shall be returned in scientific notation in the format:
<Sign><Leading digits>.<Mantissa>E<Sign><Exponent>

Where <Sign> is as defined above, <Leading Digit> is a single character as defined in <Value
gbove. And <Mantissa> and <Exponent > are as defined for <vValue> above.

\%

Any value returned that represents an enumeration shall return its ordinal value ag’anvinteger.

Any value returned that represents a string shall return that string/enelosed in quotation markis
(*<string>"). An embedded quote mark shall be returned as a doubled.quotation mark (*”).

12.2 Discovery API

The Discovery API focuses on discovering all of\thé available TIMs and TransducerChannels
(fransducers).

12.2.1 TIMDiscovery

—

This API supports reporting the timlds*of all TIMs connected to a given NCAP (host). This AP
dorresponds to Args: :UInt16 reportTims ()as described in 10.1.2.

Rath: 1451/Discovery/TIMDiscovery

GET: Retrieves the timlds of all TIMs connected to the NCAP (host), and returns the timlds in an XML
document or ASCII fermat.

12.2.1.1 Input parameters

The following parameters shall be supplied with this API call:

_String responseFormat: Specifies the response format as defined in 12.1.2.

12.2.1.2 TIMDiscoveryHTTPResponse

The response to this API call shall contain the following parameters:

Ulnt16 errorCode: error information as defined in 9.3.1.2.
Ulntl6Array timelds: timlds of all TIMs available to this NCAP.
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12.2.1.3 TIMDiscovery XML response schema

If the response format is “XML”, the following schema shall be used for the response:

<?xml version="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
4xs:complexType name="TIMDiscoveryHTTPResponse">
<XS:sequence>
<xs:element name="errorCode" type="stml:UIntlé6"/>
<xs:element name="timIds" type="stml:UIntl6Array"/>
</xs:sequence>
/xs:complexType>
4/xs:schema>

A,

12.2.1.4 TransducerDiscovery

his API supports reporting channellds of all transducer available in\the specified TIM of the specifie
NCAP (host). This retrieves the transducer list and names for this TIM. This information is retrieved fror
he cached TEDS in the NCAP. This API corresponds\~to the interface Args::UIntl
eportChannels () as described in 10.1.3.

= S i S S
IS AEme I o

Rath: 1451/Discovery/TransducerDiscovery

[=my

GET: Retrieves the channellds of all transducers available in specified TIM of the NCAP (host), an
reports the channellds in a specified format.

12.2.1.5 Input parameters

The following parameters shall be'supplied with this API call:

Wint16 timld: the timld of the-specified TIM.
_|String responseFormat:\Spécifies the response format as defined in 12.1.2.

12.2.1.6 TransducerDiscoveryHTTPResponse

The respense to this API call shall contain the following parameters:

Wlntl6-errorCode: error information.

Int16 timld: the timld of specified TIM.

Ulntl6Array channellds: a list of the channellds of all transducers (sensors and actuators) available in the
specified TIM.

StringArray transducerNames: a list of the transducerNames of all transducer (sensors and actuators)

available in the specified TIM.

12.2.1.7 TransducerDiscovery XML response schema

If the response format is “XML”, the following schema shall be used for the response.
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<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
<xg:complexType="TransducerDiscoveryHTTPResponse" >
<XS:sequence>
<xs:element name="errorCode" type="stml:UIntlée"/>
<xs:element name="timId" type="stml:UIntlée"/>
<xXs:element name="channellds" type="stml:UIntl6Array"/>
<xXs:element name="transducerNames" type="stml:StringArray"/>
</Xs:sequence>
/xs:complexType>
4/xs:schema>

A,

12.3 Transducer access API

=

The Transducer Access API focuses on reading and writing transducers (Sefisors and actuators) g
TransducerChannels.

12.3.1 Transducer ReadData API

The Transducer read API is used to read transducer data (valug).

12.3.1.1 ReadData

This API supports retrieving transducer data fromi’a TransducerChannel with a specified channelld on the
TIM specified by a timld on a specified NCAP*(host).
This API is corresponding to the Args : ¢UInt16 readData () as described in 10.2.6.

Path: 1451/TransducerAccess/ReadData

(=

GET: Retrieves data from the specified TransducerChannel in the specified TIM of the NCAP (host), an
returns the transducer’s data,in a specified format.

12.3.1.1.1 Input parameters

The following parameters shall be supplied with this API call:

Wint16 timld: the timld of the TIM containing the TransducerChannel from which the data will be read.

Int16 channelld: the channelld of the TransducerChannel that is being read

TimeDuration timeout: this argument specifies how long to wait to perform the reading without generating
a time-out error if no response is received. A value of secs == 0, nsecs == —1 implies wait forever. Using a
value of “wait forever” is extremely dangerous as it can effectively lock out a resource.

Ulnt8 SamplingMode: this argument specifies the triggering mechanism. See 5.10.1 and 7.1.2.4 for details.

_String responseFormat: specifies the response format as defined in 12.1.2.
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2.3.1.1.2 ReadDataHTTPResponse

The response to this API call shall contain the following parameters:

Ulnt16 errorCode: error information as defined in 9.3.1.2.

I

INA

{
{

1

A

1

||

JInt16 channelld: the channelld of the specified TransducerChannel

ArgumentArray transducerData: this array contains the data read from the specified TransducerChannel o
the selected TIM.

If the response format is “XML?”, the following schema shall be used for the yesponse:

2 S| FREIEE a DU | FREUEE a B A | L Ma nl
IIIUTU U, UIC U UL UIc bpcuulcu 1T 1IVI

2.3.1.1.3 ReadData XML rsponse schema

?xml version="1.0" encoding="UTF-8"?>

Xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

mlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI

xs:complexType name="ReadDataHTTPResponse) >

<Xs:sequences>

<xs:element name="errorCode" typé&="stml:UIntle"/>
<xs:element name="timId" type="stml:UIntlée"/>
<xs:element name="channelId" ¢ype="stml:UIntl6"/>
<xs:element name="transducerbPata" type="stml:ArgumentArrayType"/>
</xs:sequence>

/xs:complexType>

/xs:schema>

2.3.1.2 StartReadData

his API supports starting to.rétrieve transducer data of specified transducer of specified TIM of specifie
NCAP (host). This method begins a non-blocking read of the specified TransducerChannels. This API i
orresponding to the Axgs: :UInt1lé startReadData ()as described in 10.2.8. The transducer dat
b be transferred are completed by calling the MeasurementUpdate API.

ath: 1451/FransducerAccess/StartReadData

GET: Starting to retrieve transducer data of transducer available in specified TIM of the NCAP (host), an
eturns.the error code in a specified format.

= @

[ =y

1

2.3.1.2.1 Input parameters

The following parameters shall be supplied with this API call.

Ulnt16 timlId: the timld of the TIM containing the TransducerChannel to be read.

Ulnt16 channelld: the channelld of the specified TransducerChannelChannel.

Timelnstance triggerTime: this argument specifies when to begin the read operation.
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TimeDuration timeout: this argument specifies how long to wait to perform the reading without generating
a time-out error if no response is received.. A value of secs == 0, nsecs == —1 implies wait forever. Using a
value of “wait forever” is extremely dangerous as it can effectively lock out a resource.

Ulnt8 SamplingMode: this argument specifies the triggering mechanism. See 5.10.1 and 7.1.2.4 for details.

String responseFormat: specifies the response format as defined in 12.1.2.

1

1

A

1

I
g
y:

||

2.3.1.2.2 StartReadData HTTP response

he response to this API call shall contain the following parameters:

JInt16 errorCode: error information as defined in 9.3.1.2.
JInt16 timld: the timld of the specified TIM.
JInt16 channelld: the channelld of the specified TransducerChannel.

2.3.1.2.3 StartReadData XML response schema

f the response format is “XML”, the following schema shall be used for the response:

?xml version="1.0" encoding="UTF-8"?2%»
Xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
mlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
xs:complexType name="StartReadDataHTTPResponse">
<XS:sequence>
<xs:element name="errorCode" type="stml:UIntlée"/>
<xs:element name="timId¥ type="stml:UIntlée"/>
<xs:element name="channelId" type="stml:UIntl6"/>
</xs:sequence>
/xs:complexType>
/xs:schemas>

2.3.1.3 MeasurementUpdate

lrgs: :UIntlé measurementUpdate () as described in 10.6.1.

ath:\1451/TransducerAccess/MeasurementUpdate

h this API, the flon-blocking read initiated by a StartReadData call is completed, retrieving transducer dat
f specified 4ransducer of specified TIM on the specified NCAP (host). This API is corresponding to th|

[CHR Y

GET: Retrieves transducer data of transducer available in specified TIM of the NCAP (host), and returns
the transducer data in a specified format.

1

2.3.1.3.1 Input parameters

The following parameters shall be supplied with this API call.

UIntlé timId: the timld of the TIM containing the TransducerChannel to be read.

UIntlé channelId: the channelld of the specified TransducerChannelChannel

228
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_String responseFormat: specifies the response format.

12.3.1.3.2 Measurement Update HTTP response

The response to this API call shall contain the following parameters:

Wint16 errorCode: error information as defined in 9.3.1.2.
Wint16 timlId: the timld of the specified TIM.

Wint16 channelld: the channelld of the specified TransducerChannel.

—

ArgumentArray transducerData: this array contains the data read from the specified PransducerChannel g
the selected TIM.

12.3.1.3.3 Measurement Update XML response schema

If the response format is “XML?”, the following schema shall be usedferthe response:

4?xml version="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
4xs:complexType name="MeasurementUpdateHTTPResponse">
<XS:sequence>
<xs:element name="errorCode!Jtype="stml:UIntlée"/>
<xs:element name="timId" type="stml:UIntlée"/>
<xs:element name="transducerId" type="stml:UIntl6"/>
<xs:element name="transducerData" type="stml:ArgumentArrayType"/>
</xs:sequence>
/xs:complexType>
4/xs:schema>

A

12.3.2 Transducer WriteData API

The Transducer write API is used to write TransducerChannel data (value).

12.3.2.1 WriteData

In this-API, writing transducer data of specified transducer of specified TIM of specified NCAP (host).
This*method performs a blocking write of the specified TransducerChannels or transducers. This API is
corresponding to the Args: :UInt1l6 writeData () asdescribed in 10.2.7.

Path: 1451/TransducerAccess/WriteData

POST: Writes transducer data to the designated TransducerChannel in the specified TIM connected to the
NCAP (host).
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12.3.2.1.1 Input parameters

The following parameters shall be supplied with this API call:

UIntl6 timId: the timld of the TIM containing the TransducerChannel to be written.

UYIntlé channelId: the channelld of specified TransducerChannel.

TimeDuration timeout: this argument specifies how long to wait after writing the data before
denerating a time-out error if the return is not received. A value of secs == 0, nsecs == —L iniplies wa
fprever. Using a value of “wait forever” is extremely dangerous as it can effectively lock outha resource.

—

UYInt8 SamplingMode: this argument specifies the sampling mechanism. See 5.10!1 and 7.1.2.4 fqr
details.

ArgumentArray transducerData: this array contains the data to béc¢written to the specifiefl
TransducerChannel of the selected TIM.

|String responseFormat: specifies the response format as definedvin 12.1.2.

12.3.2.1.2 WriteData HTTP response

The response to this API call shall contain the following parameters.

UJIntl6 errorCode: error information as definedin 9.3.1.2.
UIntlée timId:the timld of the specified TIM:

UIntlée channelId: the channelld of theispecified TransducerChannel.

12.3.2.1.3 WriteData XML response schema

If the response format is “XME”, the following schema shall be used for the response:

4?xml version={1.0" encoding="UTF-8"?>
4xs:schema xmIns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlns:stmi=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
4xs:complexType name="WriteDataHTTPResponse">
<xghsequence>

<xs:element name="errorCode" type="stml:UIntlé6"/>

<xs:element name="timId" type="stml:UIntl6Array"/>

<xs:element name="channelId" type="stml:UIntlé"/> </xs:sequence>
</xs:complexType>
</xs:schema>

12.3.2.2 StartWriteData

In this API, writing transducer data for the specified transducer of the specified TIM on the specified
NCAP (host). This method performs a non-blocking write of the specified TransducerChannel. The user is
responsible for determining when the command completes by sending a SendCommand call (12.5.1) with
the ReadStatusEventRegister command specified (7.1.1.8), and checking for the DataProcessed bit
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(5.13.10) to be asserted. This API corresponds to the Args::UIntlé startWriteData() as
described in 10.2.9.

Path: 1451/TransducerAccess/StartWriteData

POST: Writes transducer data to the designated TransducerChannel in the specified TIM connected to the
NCAP (host). and returns result in a specified format.

12.3.2.2.1 Input parameters

The following parameters shall be supplied with this API call.

UIntlée timId: the timld of the TIM containing the TransducerChannel to be read:
UIntlé channelId: the channelld of specified transducer.

TimeInstance triggerTime: This argument specifies when to begin the'write operation.

[¢]

TimeDuration timeout: this argument specifies how long to wait“after writing the data befor
denerating a time-out error if no response is received.. A value of secs == 0, nsecs == —1 implies wa
fprever. Using a value of “wait forever” is extremely dangerous as it.Can effectively lock out a resource.

—

UInt8 SamplingMode: this argument specifies the triggering mechanism. See 5.10.1 and 7.1.2.4 fqr
details.

ArgumentArray transducerData: this array{contains the data read from the specified
TransducerChannel of the selected TIM.

|String responseFormat: specifies the fesponse format as defined in 12.1.2.

12.3.2.2.2 StartWriteData HTTP response

The response to this API call shall\contain the following parameters:

UIntl6 errorCode: error'information as defined in 9.3.1.2.
UIntlée timId: thetimld of the specified TIM.

UIntlé channélfld: the channelld of the specified TransducerChannel.

12.3.2.2.3 StartWriteData XML response schema

If thetesponse format is “XML”, the following schema shall be used for the response.

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
<xs:complexType name="StartWriteDataHTTPResponse">
<XS:sequence>
<xs:element name="errorCode" type="stml:UIntlée"/>
<xs:element name="timId" type="stml:UIntl6Array"/>
<xs:element name="channelId" type="stml:UIntlé6"/>
</Xs:sequence>
</xs:complexType>
</xs:schema>
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12.4 TEDS Manager API

The TEDS Access API includes ReadTEDS for reading TEDS and WriteTEDS for writing TEDS.

12.4.1 ReadTeds

his API supports retrieving TEDS data associated with a specified TransducerChannel or TIMfrom
pecified NCAP (host). This method will read the desired TEDS block from the TEDS Cache. If the. TED
b not available from the cache, it will read the TEDS from the TIM. This API is correspondirig to th|
lrgs: :UIntl6é readTeds ()as described in 10.4.1.

o= oo
T UT S

RFath: 1451/TEDSManager/ReadTeds

GET: Retrieves a TEDS from the specified TransducerChannel or TIM on the N€AP (host), and return
the result in a specified format.

«

12.4.1.1 Input parameters

The following parameters shall be supplied with this API call,

UIntlé timId: the timld of the TIM containing the TransducerChannel to be read.

UIntlé channelId: the channelld of specified . TransducerChannel. This argument will be zero if p
TEDS associated with the entire TIM is being accessed.

—

TimeDuration timeout: this argument spécifies how long to wait to perform the reading withoy
denerating a time-out error if no response-is*received. A value of secs == 0, nsecs == —1 implies wa
fprever. Using a value of “wait forever” is.extremely dangerous as it can effectively lock out a resource.

—

UInt8 TEDSType: this argument ‘specifies the TEDSType as listed in Table 17 where it is called the
TEDS Access Code.

|String responseFofmat: specifies the response format as defined in 12.1.2.

12.4.1.2 ReadTEDS"HTTP response

The responsé to'this API call shall contain the following parameters:

JIntl6 errorCode: error information as defined in 9.3.1.2.

UIhtie timId: the timld of the specified TIM.

UInt1l6 channelId: the channelld of the specified TransducerChannel.

UInt8 tedsType: this argument specifies the tedsType as listed in Table 17 where it is called the TEDS
Access Code.

ArgumentArray teds: this array contains the data read from the specified TEDS.
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12.4.1.3 ReadTEDS XML response schema

If the response format is “XML”, the following schema shall be used for the response:

4?xml version="1.0" encoding="UTF-8"?>

4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"

ymlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI

4xs:complexType name="ReadTEDSHTTPResponse">

<Xs:sequence>
<xs:element name="errorCode" type="stml:UIntlé6"/>
<xs:element name="timId" type="stml:UIntl6Array"/»
<xs:element name="channelId" type="stml:UIntlée"/>
<xs:element name="tedsType" type="stml:UInt8"/>
<xs:element name="teds" type="stml :ArgumentXrrayType" />

</xs:sequence>

4/xs:complexType>

4/xs:schema>

12.4.2 ReadRawTeds

This API supports retrieving rawTEDS data from a seleCted TransducerChannel or from a TIM on
specified NCAP (host). This method will read the desireéd/TEDS block from the TIM bypassing the TED
(ache in the NCAP. The TEDS cache is not updated."Fhis API is corresponding to the Args: : UInt1l
feadRawTeds () as described in 10.4.3:

Oy UT &

™

Hor the purposes of this API, all TEDS are binary structures. In order to encode these structures in
gpecified format, it is necessary to encodesthem as text. To accomplish this, all TEDS contents shall b
gncoded using the Base64 encoding desctibed in 6.8 of RFC 2045 [B8].

[¢]

RFath: 1451/TEDSManager/ReadRawTeds

T

GET: Retrieves rawTEDS ‘of) TransducerChannel available in specified TIM of the NCAP (host), an
displays the result in a specified format.

12.4.2.1 Input parameters

The following parameters shall be supplied with this API call:

UIntlé timId:the timld of the TIM containing the TransducerChannel to be read.

TEDS associated with the entire TIM is being accessed.

TimeDuration timeout: this argument specifies how long to wait to perform the reading without
generating a time-out error if no response is received. A value of secs == 0, nsecs == —1 implies wait
forever. Using a value of “wait forever” is extremely dangerous as it can effectively lock out a resource.

UInt8 TEDSType: This argument specifies the TEDSType as listed in Table 17 where it is called TEDS
Access Code.

_String responseFormat: specifies the response format.
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12.4.2.2 ReadRawTeds HTTP response

The response to this API call shall contain the following parameters.

UIntlé errorCode: error information as defined in 9.3.1.2.

Tdtha tiaald o4 o +FHad TINA
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UIntl6 channelId: the channelld of the specified TransducerChannel.

I

UInt8 tedsType: this argument specifies the tedsType as listed in Table 17 where it is called- TED
Access Code.

QctetArray TEDS: Raw TEDS data of specified TransducerChannel or TIM encoded as Base64.

12.4.2.3 ReadRawTEDS XML response schema

If the response format is “XML”, the following schema shall be used for theresponse:

4?xml version="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="http://www.w3.o0rg/2001/XMLSchema"
ymlns:stml=http://grouper.ieee.org/groups/fl451/0/1451HTTPAPI
4xs:complexType name="ReadRawTEDSHTTPRgsponse">
<XS:sequence>
<xs:element name="errorCode" type="stml:UIntlée"/>
<xs:element name="timId" type="stml:UIntl6Array"/>
<xs:element name="channelId!type="stml:UIntle"/>
<xs:element name="tedsType! type="stml:UInt8"/>
<xs:element name="teds" type="stml:ArgumentArrayType"/>
</xs:sequence>
/Xs:complexType>
4/xs:schema>

A

12.4.3 WriteTeds

This API is used when writing TEDS to a specified TransducerChannel or TIM of the specified NCAP
(host). This method will write the desired TEDS block to the TIM. The TEDS cache is also updated if th)
V
t

(€]

prite succeeds. The provided TEDS information is encoded in an ArgumentArray. This API correspond
b the Args€4UIntl6 writeTeds () as described in 10.4.2:

w

Path: 1451/TEDSManager/WriteTeds

ROST: Writes the TEDS data to the specified TransducerChannel or TIM of the specified NCAP (host
and displays the result in the specified format.

>

12.4.3.1 Input parameters

The following parameters shall be supplied with this API call:

UIntlé timId: the timld of the TIM containing the TEDS to be written.

UIntlé6 channelId: the channelld of specified TransducerChannel. This argument will be zero if a
TEDS associated with the entire TIM is being accessed.

234 © IEEE 2007 — Al rights reserved


https://iecnorm.com/api/?name=5817bf15914c8d4410e764b55b9daafb

ISO/IEC/IEEE 21450:2010(E)

TimeDuration timeout: this argument specifies how long to wait after writing the TEDS before
generating a time-out error if no response is received.. A value of secs == 0, nsecs == —1 implies wait
forever. Using a value of “wait forever” is extremely dangerous as it can effectively lock out a resource.

UInt8 TEDSType: this argument specifies the TEDSType as listed in Table 17 where it is called TEDS
Access Code.

ArgumentArray TEDS: TEDS data of specified TransducerChannel or TIM.

|String responseFormat: specifies the response format as defined in 12.1.2.

12.4.3.2 WriteTEDS HTTP response

The response to this API call shall contain the following parameters:

UYIntl6 errorCode: error information as defined in 9.3.1.2.
UYIntlée timId:the timld of the TIM containing the TEDS to be written.

UIntlé channelId: the channelld of specified TransducerChannel) This argument will be zero if p
TEDS associated with the entire TIM is being accessed.

UYInt8 tedsType: this argument specifies the tedsType as listed in Table 17 where it is called the TEDB
Access Code.

12.4.3.3 WriteTEDS XML response schema

If the response format is “XML”, the following:schema shall be used for the response:

4?xml version="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="https//www.w3.org/2001/XMLSchema"
ymlns:stml=http://groupér.ieee.org/groups/1451/0/1451HTTPAPI
d4xs:complexType name="!WriteTEDSHTTPResponse">
<XS:sequence>
<xs:element name="errorCode" type="stml:UIntlée"/>
<xs:element\‘name="timId" type="stml:UIntl6Array"/>
<xs:element name="tedsId" type="stml:UIntl6"/>
<xs:elément name="tedsType" type="stml:UInt8"/>
</Xs:segquence>
/xs:complexType>
4/xs:schema>

A,

12.4.4 WriteRawTeds

In this API, writing rawTEDS data of specified transducer of specified TIM of specified NCAP (host).
This method will write the desired TEDS block to the TIM bypassing the TEDS cache. The provided
TEDS information is encoded in “tuple” form in an OctetArray. This API is corresponding to the
Args::UIntl6 writeRawTeds ()as described in 10.4.4:

For the purposes of this API, all TEDS are binary structures. In order to encode these structures in a
specified format, it is necessary to encode them as text. To accomplish this, all TEDS contents shall be
encoded using the Base64 encoding described in 6.8 of RFC 2045.

Path: 1451/TEDSManager/WriteRawTeds
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POST: Writes transducer rawTEDS data of transducer available in specified TIM of the NCAP (host), and
displays the result in a specified format.

12.4.4.1 Input parameters

The following parameters shall be supplied with this API call:

UIntlé timId: the timld of the specified TIM

UIntl6 channelId: the channelld of the specified TransducerChannel or “0” if the TEDS applies ¢
the entire TIM.

o

TimeDuration timeout: specifies how long to wait after writing the TEDS before.generating a timd
dut error if no response is received. A value of secs == 0, nsecs == —1 implies wait forever. Using a valul
df “wait forever” is extremely dangerous as it can effectively lock out a resource.

(€]

UInt8 tedsType: specifies the tedsType as listed in Table 17 where it is called.the TEDS Access Codg.
QctetArray rawTEDS: Raw TEDS data of specified TransducerChanng€l or of specified TIM.

|String responseFormat: Specifies the response format as definedin 12.1.2.

12.4.4.2 WriteRawTEDS HTTP response

The response to this API call shall contain the following parameters:

UIntlée errorCode: error information as defipedin 9.3.1.2.

UIntlée timId:the timld of the specified TIM.

UIntlé channelId: the channelld ofithe specified TransducerChannel.
UInt8 tedsType: specifies the tedsiIype as listed in Table 17 where it is called the TEDS Access Codg.

12.4.4.3 WriteRawTEDS XML response schema

If the response format 1 “XML”, the following schema shall be used for the response:

4?xml vekrsion="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlnsSstml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
4xg;'complexType name="WriteRawTEDSHTTPResponse"s>
<Xs:sequence>
<XSIElEemMENt Name="errorCode™ typPe="stml:UIntlc"/>
<xs:element name="timId" type="stml:UIntl6Array"/>
<xs:element name="channelId" type="stml:UIntlée"/>
<xs:element name="tedsType" type="stml:UInt8"/>
</xs:sequence>
</Xs:complexType>
</xs:schema>
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12.4.5 UpdateTedsCache

In this API, updating the TEDS cache of the specified TransducerChannel or TIM of specified NCAP
(host). This API will update the TEDS cache. The TEDS checksum will be read from the TIM and
compared with the cached TEDS checksum. If the checksums differ, the TEDS will be read from the TIM
and stored in the cache. This API corresponds to the Args::UIntl6 updateTedsCache as described in
10.4.5:

Rath: 1451/TedsManager/UpdateTedsCache

[=my

GET: Updates the TEDS cache of specified transducer of specified TIM of specified NCAP)(host), an
displays the results in a specified format.

12.4.5.1 Input parameters

The following parameters shall be supplied with this API call:

UIntlé timId: atimld of specified TIM.
UIntlé channelId: achannelld of specified transducer or “0% means reading TIM TEDS.

TimeDuration timeout: specifies how long to wait to-pérform the reading w/o generating a time-oyt
drror.

UInt8 tedsType: specifies the tedsType as listed in Table 17 where it is called the TEDS Access
Code.

|String responseFormat: specifies the'tesponse format as defined in 12.1.2.

12.4.5.2 UpdateTedsCache HTTP réesponse

The response to this API call shal¥’contain the following parameters:

JIntlé errorCode:serror information.
UIntle timId: atimld of the specified TIM.

UIntlée channelId: the channelld of the specified TransducerChannel.

UInt8 tedsType: specifies the tedsType as listed in Table 17 where it is called the TEDS Access
Code.

12:4.5.3 UpdateTEDS XML response schema

If the response format is “XML”, the following schema shall be used for the response:

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
xmlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
<xs:complexType name="UpdateTEDSHTTPResponse">
<XSs:sequence>
<xs:element name="errorCode" type="stml:UIntlé6"/>
<xs:element name="timId" type="stml:UIntl6Array"/>
<xs:element name="channelId" type="stml:UIntlée"/>
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<xs:element name="tedsType" type="stml:UInt8"/>
</Xs:sequence>
</xs:complexType>
</xs:schema>

12.5 Transducer Manager API

This API contains four APIs. The SendCommand and StartCommand APIs allow the system te_ senfl
dqommands directly to a TransducerChannel or TIM. Trigger and StartTrigger APIs are used |to” senfl
tfiggers to a TransducerChannel or group of TransducerChannels on the same NCAP.

12.5.1 SendCommand
This method will perform a blocking operation. The format of input and output@rguments are commanf

dependent. The caller must make sure to use the correct data types for eacli input argument. This API 1§
dorresponding to the Args: : UInt1l6 sendCommand () as described ind0.3.5:

2]

Rath: 1451/TransducerManager/SendCommand

ROST: Sends a command to a TransducerChannel or TIM of the/NCAP (host), and returns the result in p
gpecified format.

12.5.1.1 Input parameters

The following parameters shall be supplied with.this API call:

JInt16 timld: the timld of the specified TIM.
JInt16 channelld: the channelld of the’specified TransducerChannel.

Jy=}

™

time-out error if no responsée 18 received.. A value of secs == 0, nsecs == —1 implies wait forever. Using

{
{
TimeDuration timeout: this arguiment specifies how long to wait after writing the TEDS before generatin|
F:
value of “wait forever” is extremely dangerous as it can effectively lock out a resource.

JInt8 cmdClassld: specifies the desired command class code as described in 7.1 and listed in Table 15.

oy

he descriptiotefeach command in Clause 7 and will be listed in the Commands TEDS for non-standar

{

WInt8 cmdFunctionld: specifies the desired command function code. cmdFunctionlds are described with
t

dommands:

ArguméntArray inArgs: the input arguments in ArgumentArray form.

_|Strihg responseFormat: specifies the response format as defined in 12.1.2.

12.5.1.2 SendCommand HTTP response

The response to this API call shall contain the following parameters:

Ulnt16 errorCode: error information as defined in 9.3.1.2.
Ulnt16 timld: the timld of the specified TIM.
Ulnt16 channelld: the channelld of the specified TransducerChannel.

ArgumentArray outArgs: returned output arguments.
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12.5.1.3 SendCommand XML response schema

If the response format is “XML”, the following schema shall be used for the response:

<?xml version="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
4xs:complexType name="SendCommandHTTPResponse" >
<Xs:sequence>

<xs:element name="errorCode" type="stml:UIntlé6"/>

<xs:element name="timId" type="stml:UIntl6Array"/>
<xs:element name="channelId" type="stml:UIntlée"/>
<xs:element name="outArgs" type="stml:ArgumentArrayType"/>

</xs:sequence>
/Xs:complexType>
4/xs:schema>

A

12.5.2 StartCommand

This method starts a non-blocking operation. The format of inputiarguments are command dependent. Th
daller must make sure to use the correct data types for each input argument. This API is corresponding |
t
d

g O O

he Args::UIntl6é startCommand ()as describedin* 10.3.7. The returned ArgumentArray i
ompleted by calling CompleteCommand API.

PBath: 1451/TransducerManager/StartCommand

GET: Sends a command to a TransducerChannel or TIM of the NCAP (host), and returns the result in p
gpecified format.

12.5.2.1 Input parameters

The following parameters shall’be supplied with this API call.

JInt16 timld: the timld of the specified TIM
JInt16 channelld:‘the channelld of the specified TransducerChannel or “0” addressed to the TIM.

{

{

Timelnstance triggerTime: specifies when to begin the operation.
TimeDuration Timeout: the maximum time to wait before a time-out error.
{

JInt8\cmdClassld: specifies the desired command class code as described in 7.1 and listed in Table 15.

UT.«&-Q cemdEunetion]ld-cnecifiag tho docirad nd fanetion ~ndo g dE i atianTde ara docoger ibad it

THto— Tt roantttroma- uyv\ulLqu the—aesSHea—comanatuhecHon——ccoae—caruRctHoasare—aesSerHoea—wit

the description of each command in clause 7 and will be listed in the Commands TEDS for non-standard
commands.

ArgumentArray inArgs: the input arguments in ArgumentArray form. These are command dependent.

_String responseFormat: 12.1.2 specifies the response format.

12.5.2.2 StartCommand HTTP response

The response to this API call shall contain the following parameters:
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Ulntl6 errorCode: error information as defined in 9.3.1.2 from the non-blocking command complete
operation.

Ulnt16 timld: the timld of the specified TIM.
Ulnt16 channelld: the channelld of the specified TransducerChannel.

12.5.2.3 StartCommand XML response schema

If the response format is “XML”, the following schema shall be used for the response:

4?xml version="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTIPAPI
4xs:complexType name="StartCommandHTTPResponse">
<Xs:sequence>
<xs:element name="errorCode" type="stml:UInti6"/>
<xs:element name="timId" type="stml:Ulnt16Array"/>
<xs:element name="channelId" type="stml:GIntle"/>
</Xs:sequence>
/xs:complexType>
4/xs:schema>

A,

12.5.3 CommandComplete

w

This method completes a non-blocking StattCommand operation. The format of input arguments i
dommand dependent. The caller must make-Sure to use the correct data types for each input argument. Thi
APl is corresponding to dArgs::UInt16 cotmmandComplete()as described in 11.6.4:

w

Path: 1451/TransducerManager/ComimandComplete

GET: Retrieves result of trafisducer available in specified TIM of the NCAP (host), and returns the result
from the StartCommand specified in 12.5.2 in the specified format.

12.5.3.1 Input parameters

The following parameters shall be supplied with this API call:

Wint16 timld: the timld of the specified TIM.
WInt¥6 channelld: the channelld of the specified TransducerChannel or “0”” addressed to the TIM.

_String responseFormat: specifies the response format.

12.5.3.2 CommandComplete HTTP response

The response to this API call shall contain the following parameters:

Ulntl6 errorCode: error information as defined in 9.3.1.2 from the non-blocking command complete
operation.

Ulnt16 timld: the timld of the specified TIM.
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Ulnt16 channelld: the channelld of the specified TransducerChannel.

ArgumentArray outArgs: the returned ArgumentArray. This information is specific to each command.

12.5.3.3 CommandComplete XML response schema

If the response format is “XML”, the following schema shall be used for the response:

4?xml version="1.0" encoding="UTF-8"?>

4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
4xs:complexType name="CommandCompleteHTTPResponse">
<XS:sequences

<xs:element name="errorCode" type="stml:UInt16'"/>
<xs:element name="timId" type="stml :UIntl6ldrray"/>
<xs:element name="transducerId" type="stml:UIntle"/>
<xs:element name="outArgs" type="stml:Ar¥gumentArrayType"/>

</xs:sequence>
4/xs:complexType>
4/xs:schema>

12.5.4 Trigger
This method performs a blocking trigger on_<the specified TransducerChannel or group qf
TransducerChannels. This API is corresponding to the Args::UInt16 trigger()as described in 10.3.9:
PBath: 1451/TransducerManager/Trigger

ROST: trigger the TransducerChannel or\TransducerChannels attached to a particular NCAP (host).

12.5.4.1 Input parameters

The following parameters.shall be supplied with this API call:

Intl6 timId: thetimld of the specified TIM.
UIntlée channelId: the channelld of the specified TransducerChannel or “0” if read TIM TEDS.
TimeIngtance triggerTime: specifies when to begin the operation.

TimeDuration Timeout : the maximum time to wait before a time-out error.

jTht16 SamplingMode: specifies the sampling mode for the TransducerChannel(s). See 5.11 fdr
details.

_String responseFormat: specifies the response format as defined in 12.1.2.

12.5.4.2 Trigger HTTP response

The response to this API call shall contain the following parameters:

UIntlé errorCode: error information as defined in 9.3.1.2.

UIntlé6 timId: the timld of the specified TIM.
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UIntlé6 channelId: the channelld of the specified TransducerChannel or “0” if read TIM TEDS.

12.5.4.3 Trigger XML response schema

If the response format is “XML”, the following schema shall be used for the response:

4?xml version="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
4xs:complexType name="TriggerHTTPResponse'>
<Xs:sequence>
<xs:element name="errorCode" type="stml:UIntlé6"/>
<xs:element name="timId" type="stml :UIntl6Array"{»
<xs:element name="channelId" type="stml:UIntlée"/>
</Xs:sequence>
4/xs:complexType>
4/xs:schema>

12.5.5 StartTrigger
his method performs a non-blocking trigger on the specified\ITransducerChannel or TransducerChannelg.

]

The user is responsible for determining when the commiand completes by sending a SendCommand ca
(12.5.1) with the ReadStatusEventRegister command specified (7.1.1.8), and checking for th
I

OV —

ataProcessed bit (5.13.10) to be asserted. This’API is corresponding to the Args::UIntl
tartTrigger () as described in 10.3.10.

PBath: 1451/TransducerManager/StartTrigger

ROST: Starts a trigger to the transducer available in the specified TIM of the NCAP (host), and display
the result in a specified format.

w

12.5.5.1 Input parameters

The following parameters shall be supplied with this API call:

UIntle timId: the timld of the specified TIM.
UIntlé.'channelId: the channelld of the specified TransducerChannel or “0” if read TIM TEDS.

Tipmelnstance triggerTime: specifies when to begin the operation.

imeDuration Timeout . isthe maximum time to wait before a time-out error

UIntlé SamplingMode: specifies the trigger mode. See 5.11 for details.

_String responseFormat: specifies the response format as defined in 12.1.2.

12.5.5.2 StartTriggerResponse

The response to this API call shall contain the following parameters:

UIntlé errorCode: error information as defined in 9.3.1.2.
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Intlée timId: the timld of the specified TIM.
UIntlé6 channelId: the channelld of the specified TransducerChannel or “0” if read TIM TEDS.

12.5.5.3 StartTrigger XML response schema

If the response format is “XML”, the following schema shall be used for the response:

4?xml version="1.0" encoding="UTF-8"?>
4xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema"
ymlns:stml=http://grouper.ieee.org/groups/1451/0/1451HTTPAPI
4xs:complexType name="StartTriggerHTTPResponse">
<Xs:sequence>
<xs:element name="errorCode" type="stml:UIntlé6"/>
<xs:element name="timId" type="stml:UIntl6Array"/>
<xs:element name="channelId" type="stml:UIntlée"™/-
</Xs:sequence>
/xs:complexType>
4/xs:schema>

A,
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Guidance to Transducer Services Interface

Measurement and control applications interact with the IEEE 1451.0 layer by the Transducer Services
Interface. This annex gives examples of the use of this interface.

—

The simplest and most common measurement application will be reading a TransducerChannel’s value. |
we assume that the TransducerChannel is being operated in the immediate operation sampling mode, th
1
1

—

ransducerChannel will automatically trigger the measurement and return the result. Hence, this is a polle
heasurement.

The sequence diagram in Figure B.1 illustrates the flow. The application is omthe left, and time runs dowh
the diagram. IEEE 1451.0 processing details below the public API are not illustrated:

Figure B.1—Simple polled measurement example

The application (labeled MeasApp object) accesses methods on the TimDiscovery object to discover
available TIMs and TransducerChannels.

Once channel selection has been made, the open( ) call is invoked on the TransducerAccess object. This
will return a valid “transducerID” that will be used in subsequent calls.

246
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When the application is ready to make a measurement, it invokes the read( ) call. The new measurement
value will be returned in the “result” output parameter. The result is an ArgumentArray object, and the
application will use the get( ) method to retrieve measurement attributes of interest. For example, the
“value” attribute has the measurement’s value, whereas the “timestamp” attribute contains the time when
the measurement was made.

The application can control what attributes are returned in the ArgumentArray by using the
donfigureAttributes( ) call on the TransducerManager object (not shown). For example, the “units|’

‘laccuracy,” “name,” and “id” attributes may be enabled. This will force the read( ) call to return“ap
ArgumentArray with these attributes for more complete “self describing” data.

The application can invoke read( ) as often as necessary to acquire multiple readings. When the)applicatio
ip done, the close( ) call is invoked to free resources.

=3

The above example illustrates the simplest case where the following conditions hold:

A single TransducerChannel is being accessed.

The application blocks until the result is returned. The maximum anfount of time the application 1
willing to wait is specified by the “timeout” parameter.

12

The application specifies the desired sampling mode. In this’ example, the immediate operatioh
sampling mode is assumed that will cause the TransducerGChannel to make a measurement.

Methods are available to perform more elaborate measurément sequences.

B.1 Non-blocking Read example

Ih many measurement and control applications, measurements are requested or scheduled by one call.
Dlater, when the measurement process has €ompleted, the results are delivered back to the application via
dallback. This non-blocking example is illustrated in Figure B.2.

™

Figure B.2—Non-blocking Read example
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In the non-blocking example, the application implements the AppCallback interface. During the
startRead( ) call, this interface is passed in as the “callback” parameter. The desired trigger time and time-
out are also provided.

When the measurement completes, the measurementUpdate( ) callback method is invoked to pass results
back to the applications.

Ii!.Z Generic SendCommand( ) mechanism

As discussed in Clause 7, many commands are defined in the IEEE 1451.0 layer. In many cases, ispecifi
‘lconvenience” methods are provided via the APIs to make it easy for the application to pérferm usefu
work, for example, reading a TransducerChannel or TEDS. Behind these “convenience” methods,
deneric sendCommand( ) mechanism is used. To access features that are not exposed(via “‘convenience
methods, the sendCommand( ) method is available and used as follows:

S & — O

An open( ) call is made to get a “transducerld” for the desired TIM and TransduccrChannel.

A “commandld” is selected from all possible commands as enumerated in,Clause 7. This Ulnt16 numbe

contains the command “class” as the upper 8 bits and the command ¥function” code as the lower

bits.

All command specific input arguments are packaged into the “inArgsy ArgumentArray. The position anfl

types of arguments in the ArgumentArray shall match what isicequired for the command in question.

The sendCommand( ) call is invoked.

utput parameters are returned to the caller via the “outArgs” ArgumentArray. Again, the position anfl
types of arguments in this ArgumentArray will match what is returned by the command in question.

o =

Rigure B.3 illustrates the use of the sendCommand( ¥mechanism.

Figure B.3—SendCommand sequence diagram

A non-blocking version of this command is also available. See startCommand( ) and the
commandComplete( ) callback.

A non-blocking version of this command is also available. See startCommand( ) and the
commandComplete( ) callback.
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B.3 IEEE 1451.0 processing details

To illustrate the type of processing that occurs behind the read( ) call when making a measurement, the
sequence diagram in Figure B.4 is presented. Because the internal details of the IEEE 1451.0 layer are not
part of the this standard, this diagram is only an aid to explain one way that the IEEE 1451.0 processing
could be structured.

Figure B.4—Details of the read operation sequence diagram
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The application is on the left, and the IEEE 1451.X layers are in the center. Note the open( ) call and TIM-
side processing above the IEEE 1451.0 layer are not illustrated in this diagram. Here, we assume the
application is performing an immediate read of TransducerChannel 1 from the desired TIM. Once the
application invokes the read() method, the following processing occurs:

a) An appropriate command is formatted to instruct the TIM to read the desired
TransducerChannel with the specified samplingmode (see 7.1.2.4) (immediate mode operatioph
in this case). This packages all input arguments into the “inArg” ArgumentArray.

™

b) The Codec’s encode( ) method is used to build the command “payload” OctetArray(As this is
read command, the “payload” contains the following octets. Note that the outgoingpayload” i
10 octets long.

w2

1) TransducerChannel identifier of 0x0001 as a Ulntl6. This is th& TransducerChanngl
number to be read.

2) Command Class of 0x02 as a UInt8 that indicates an “operational” command class.

3) Command Function code as a Ulnt8. The command:code is “Read TransducerChanngl
data-set segment” (value 1) in this case.

4) Length of variable portion of 0x0004 as a Ulnt16.

5) The DataSetOffset is the only argument of the command, and it contains 0x00000000 as p
Ulnt32 since the data set contains a single value.

6) The write( ) command is inveked on the IEEE 1451.X layer to initiate transfer of th
OctetArray to the TIM. Thisthread will now block as it waits for the TIM to make th|
measurement. The maximuim amount of time to wait is specified by the application.

[CHLYL]

7) When the TIM-side ‘precessing has completed, the IEEE 1451.X layer will transfer a result
OctetArray back totthe NCAP. This will result in the notify( ) method being invoked.

8) The Notify.processing wakes up the blocked application thread.
9) The read( ) method is invoked to retrieve the response OctetArray.

10)eThe Codec’s decode( ) method is used to convert the OctetArray back to ap
ArgumentArray.

11) The CorrectionEngine’s convert( ) method is used to generate corrected values (i.e},
conversion from TIM-side to NCAP-side units).

12) The ArgumentArray is further formatted to return the desired measurement attributes. This
may involve extracting select information from cached TEDS (for example, units).

13) The ArgumentArray is returned as an “out” parameter back to the application.
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Annex C
(informative)

Guidance to Module Communication Interface

C.1 Module communication API discussion

The logical communication between the NCAP and TIMs or between TIMs is handled by this ‘*Module
(Communication” API. The four aspects of this API are as follows:

a) The communication messaging may be either “one-way” from the initiator,to the receiver or the
communication may be “two-way” where the initiator sends a command(to the receiver wh|
then replies.

|}

jony

b) The communication messaging may be either “one-to-one” where'only two devices are involve
or the communication may be “one-to-many” where the initiatOri§ communicating with a group
of devices. The “one-to-many” is always limited to “one-way’’ communications.

¢) The communication may be either “default” or “special” Quality of Service. Default is a best
effort delivery without any special communication{mechanisms to provide better quality.

(L]

d) The physical interface may be a simple “point-to-point” link or may be a “network” wher
multiple devices share the communication medium.

The “ModuleCommunication” API is subdivided\into three main interfaces: “Comm,” “Registration,” an|
‘Receive.” The “Comm” interface is impleménted by the IEEE 1451.X layer and is called by th
IEEE 1451.0 layer to control communicatiofis between the NCAP and TIMs. The “Registration” interfac
ip provided by the IEEE 1451.0 layer-and is called by the IEEE 1451.X layer to register itself and t
register known destinations. The “Re¢eive” interface is provided by the IEEE 1451.0 layer and is called b
t
I

o << O O O

he IEEE 1451.X layer when incoming communication messages are received by thi
FEE 1451.X layer across the link’

Hach of these three interfaces is further subdivided into two sub-interfaces: the “point-to-point” case wher
an NCAP and TIM are-directly communication with each other, and the “network™ case where a NCA
and multiple TIMs are‘communicating together. The prefix “P2P” and “Net” are used to differentiate thes
g
1]
i

AN ¢

ases. Figure Cul .illustrates these relationships for the Comm interfaces. Figure C.2 illustrates thes
plationships~for' the Registration interfaces. Figure C.3 illustrates these relationships for the Receiv]
interfaces.

O O O

Note ‘thdt “point-to-point” is from a communication point of view. It does not imply that the underlyin
ghysical link is point to point.

Y]
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<<interface>>
Comm

Common Methods

<<interface>> <<interface>*
P2PComm NetComm
Point-to-point Interface Methods Network\Interface Methods

Figure C.1— Communications methods

<<interface>>
Registration

Common Methods

<<interface>> <<interface>>
P2PRegistration NetRegistration
Point-to-point Methods Network Methods

Figure C.2—Registration interfaces
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<<interface>>
Receive

Common Methods

<<interface>> <<interfacée>>
P2PReceive NetReceive
Point-to-point Methods Network Methods

Figure C.3—Receiveé.interfaces

¢.2 Symmetric APIs

These APIs are symmetric and support NCAP-to-TIM, TIM-to-NCAP, and optionally TIM-to-TIN
dommunications. Each communication opgtation begins with the initiating node sending a payload to on
dr more receiving nodes. Optionally, the receiving node may issue a reply to the initiating node.

[CE)

The following communication patterns are supported:

Two-way/one-to-one. Example:"NCAP issues a read TEDS command to a specific TIM. TIM replies with
the TEDS contents.
ne-way/one-to-one{ Example: TIM generates a periodic measurement that is sent back to the NCAP.

ne-way/one-tosmany. Example: NCAP issues a group trigger command that flows to multiple TIM
farticipating in‘the measurement.

w

C€.3 (mplementation choices

he NCAP and TIMs may make different choices on what interfaces are implemented and still be able to
communicate with each other. The key issue is whether the device needs to initiate communication to many
devices or whether it only communicates to a single destination. The former case would need to implement
the NetComm interface. The later case would implement the P2PComm interface. A device that only
receives and replies (i.e., it never initiates) would also implement the P2PComm interface.

The second issue to consider is how many different IEEE 1451.X communication paths are supported on
the device and whether they are static or dynamic in nature. In most cases, only a single IEEE 1451.X
communication path is available. Consequently, the software build process (for example, linker) can be
used to attach the IEEE 1451.X implementation to the IEEE 1451.0 implementation. This negates the need
to use some methods of the Registration interface.
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A slightly more complex device may provide a fixed set of IEEE 1451.X communication paths. Again,
because these paths are known at build time, the SW build process (for example, linker) can be used to
manage registration. The IEEE 1451.0 layer will be responsible for using the correct IEEE 1451.X instance
when trying to communicate through that path.

A high-end device may need to be able to dynamically manage what IEEE 1451.X communication paths
are available. For this situation, a dynamic registration mechanism is provided to allow the IEEE 1451.X
implementation—to-etify—the HEEEI451-01ayverthatit—is-avaiable—his+s-appropriate—for-beth os

4nd NetComm situations.

A device that is connected to a multi-drop IEEE 1451.X network and needs to initiate communications tp
thore than one destination would implement the NetComm interface. This interface provides.additiongl
1]
g

w

hethods and parameters to handle simultaneous overlapping communication transactions~to multipl|
estinations.

C.4 Implementation examples

The simplest situation is a basic TIM that only replies to requests from the NCAP. This could be over
point-to-point” link (for example, IEEE 1451.2-RS232) or over a “network™ physical link (for examplg
(lause 7 of IEEE Std 1451.5-2007 [B4]). However from the point ef\view of this TIM, it only replies |
requests. It never initiates a communication operation. Because, the~Communication requirements are s
simple, the TIM’s IEEE 1451.X implementation would providecthe P2PComm interface. Because there i
g

1

o)

O n O O o

nly a single IEEE 1451.X Comm implementation, the registration mechanism would be through stati
Inkage established during the software build process.

=

The next simplest case is a simple NCAP with a single'point-to-point physical connection to a single TIN
(for example, IEEE 1451.2-RS232). The NCAP’s, IEEE 1451.X implementation would also provide th|
H
B

w

2PComm interface. The IEEE 1451.X-to-IEEE"1451.0 linkage would be through the software buil
rocess.

jeny

irowing in complexity is a NCAP with-multiple point-to-point physical connections (for example, multipl
IEEE 1451.2-RS232 ports). Multiple [EEE 1451.X instances are needed, one for each physical connectioi}.
The P2PComm interface would be-provided in each case. The IEEE 1451.0 implementation on the NCAP
ip responsible for using the apprepriate IEEE 1451.X interface when it communicates with each TIM.

[¢]

[¢]

The most complex NCAP' needs to support multiple physical interfaces of various types, and th
donfiguration is dynamic¢ in nature. Each physical interface would need either a P2PComm or NetComr
i
3

=]

ipstance. These in§tances also dynamically register themselves so that the IEEE 1451.0 layer knows they
re available.

C.5 Node communication parameters

Ip«the’NetComm configurations, each node on the network is uniquely identified by IEEE 1451.X-specifi
OdT COMIMUIICALION parameters. ror exampie with TEEE 1451.5-802711, Tach mode as—= umique 1P
address and network ports are allocated for IEEE 1451.0 communications. Each IEEE 1451.X technology
could have a different set of required parameters.

«Q

Although the nature of these parameters is specific to each IEEE 1451.X technology, the IEEE 1451.0
layer needs the ability to query and pass them around the system in a generic form. The
getNodeParams( ) call is used to retrieve these parameters in an ArgumentArray. This call returns the
parameters from the local IEEE 1451.X layer.
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C.6 The destination identifier “destld” parameter

In the IEEE 1451.0 layer, the single “owning” NCAP and associated TIMs form a logical communication
group. Each node (either the NCAP or a TIM) is assigned a unique Ulnt16 ID by the IEEE 1451.0 layer on
the NCAP-side. Value 0x0000 is reserved as the broadcast address and a value of 0x0001 is reserved as the
“owning” NCAP address. This “IEEE 1451.0 Destination ID” will be called the destld in the remainder of
this document.

n the NCAP-side, the IEEE 1451.X layer is responsible for discovering all TIMs in the logicg
dommunication group and registering them with the NCAP-side IEEE 1451.0 layer by calling "th
registerDest( ) method. The IEEE 1451.0 layer will assign the unique “destld”, and the IEEE 1451.X laye
shall cache appropriate network “node” information and associate it with this “destld.” Feriexample,
I
b

U = O —

FEE 1451.5-802.11 implementation would need to associate the “destld” with the remote node’s |
ddress and port number.

n the TIM-side, the IEEE 1451.X layer must know how to communicate with thé<‘ewning” NCAP usin
“Idestld” 0x0001. No registration with the TIM-side IEEE 1451.0 layer is requiredt

U]

\s an optional feature, in cases where a TIM is initiating communicates.\With a different destination (fg
xample, a TIM-generated trigger command to another TIM or a group), an IEEE 1451.0 command i
rovided on the TIM-side to handle the necessary configuration., Phe ArgumentArray retrieved via th)
etNodeParams( ) on the destination TIM (or group) will be passed to the initiating TIM’s IEEE 1451.
hyer. This information will be passed down to the initiating TIM’s IEEE 1451.X layer via th|
ddDestination( ) call where it can cache the necessary private network destination information. In thi
ase, the IEEE 1451.X layer on the initiating TIM would not call the IEEE 1451.0’s registerDest(
hethod.

=S 0O QO =—ago M 0 Ny
~ @7 O O O A =

S—

he “destld” 0x0000 is reserved as the broadcast address for the logical communication group. It may onl
He used to send one-way messages to all nodes*within the group.

<

€.7 The communication session “commid” parameter

[y

When initiating communications;‘the IEEE 1451.0 layer will invoke the open( ) or openQoS( ) calls an
gpecify a “destld” and a unigue‘commld.” If these calls succeed, IEEE p1451.0 will refer to that sessio
By the “commld.” When, the IEEE 1451.0 layer is finished, it will invoke close( ) to notify th
IEEE 1451.X layer that the session has completed and IEEE 1451.X resources can be safely reclaimed.

[CHR=]

ptionally, the IEEE 1451.X layer can support multiple open( ) calls to the same or different destination
When IEEE 1451.X has reached network or memory resource limits, it should generate appropriate fa
dodes. The IEEE 1451.0 layer should attempt to call close( ) to free up IEEE 1451.X resources befor
subsequert calls to open( ).

[CE=3)

By Supporting multiple open( ) calls, IEEE 1451.X is allowing overlapped communications which usuallly
result’in improved efficiencies. This is an optional feature.

In cases where the node is the receiving role, IEEE 1451.X will invoke the notifyMsg( ) method on the
IEEE 1451.0 layer and provide a unique “commld.” In this case, open( ) is not called on the receiving side.
The IEEE 1451.0 layer will use that “commld” to read the incoming network data via the
readMsg( ) call. Optionally, the IEEE 1451.0 layer will use that “commld” to send a response back to the
initiating node. The IEEE 1451.0 layer will not call close( ) on this commld because this is handled
internally by the IEEE 1451.X layer.
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C.8 The message transaction identifier “msgld” parameter

When initiating communications after successfully calling the open( ) or openQoS( ) calls, the
IEEE 1451.0 layer will begin communications by calling the writeMsg( ) method. The IEEE 1451.0 layer
will provide the appropriate “commld” so that the IEEE 1451.X layer will know what communication
session to use. The IEEE 1451.0 layer will also specify a unique “msgld” so that the IEEE 1451.X layer
will know how to associate a response to the outgoing message. The IEEE 1451.X layer is responsible for
Lab}lillg ‘UUt}l tllUbU IDD fUl (s N1w) ill tllc llUtlfyRBl)( ) bdl}‘uab}\ tU tllc IEEE 14.)1.0 ‘la_ycl Wllcll tllU ICDPUIIDC 11
Heen received.

ptionally, the IEEE 1451.X layer can support multiple calls to writeMsg( ) on the same “commid” byt
with different “msglds.” This allows for overlapped communications over the same communic¢ation sessiop
gnd can result in significant performance improvements. When the IEEE 1451.X layer reachieS memory qr
fletwork limits, it should fails on subsequent writeMsg( ) calls. The IEEE 1451.0 layer would back off unt{l
fgending responses have been received before further calls to writeMsg( ).

€.9 Memory constrained implementations

The design of these APIs is intended to work on devices that have severe RAM memory constraints like aj
§-bit PIC microprocessor. When the IEEE 1451.0 layer invokes~the’ methods that read or write th
ctetArray from/to the IEEE 1451.X layer (for example, readMsg( ), readRsp( ), writeMsg( ), an
writeRsp( )), the IEEE 1451.0 layer will always specify the maximum number of octets that it is providin
dr can accept. Multiple calls to these methods may be required to transfer large OctetArrays. A “last” fla
farameter is used to signal when the complete OctetArray-has' been transferred.

09 09 = O =2

Ih these memory-constrained situations, it is extremely important that the IEEE 1451.X layer provide

mechanism where the flow of octets across the network can be regulated. A common example is a memor|
donstrained TIM that is performing a write TEDS operation. If the TEDS block is larger than the availabl
TIM-side memory, the IEEE 1451.0 layer on, the TIM will need to read the OctetArray in pieces via th
readRsp( ) call. With each piece, it will Write the data to appropriate persistence storage (for examplg
f]
1]
g
4

[CERCETR S

Jash). Note that this may take a very long time if the flash must be erased. In any case, it is a IEEE 1451.3
psponsibility to wait for the IEEE/1451.0 layer to make the subsequent readMsg( ) call withoy
verrunning any local network buffers. In most cases, this will require IEEE 1451.X flow control messagg
etween the NCAP and TIM.,

N =+ N

C.10 IEEE 1451.X;communication state machines

igure C.4 and Figutre C.5 illustrate the state transitions for the “initiating” and “receiving” nodes. In the
NetComm casg when simultaneous transactions are supported, each <“commlId”, “msgld”> pair results i
ew invocation of these state machines. Figure C.4 diagrams the state machine for the initiating node an
igure €.5.glves the state diagram for the receiving node.

=)

s e
™
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Figure C.4—Communications state machine for the initiating node
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Figure C.5—Communications state machine for the receiving node
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