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Standard for Signal and Test Definition

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical
Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC document(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations
liaising with the IEC also participate in this preparatlon

ittees of the
consensus
volunteers
represgnting varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members
of IEEH and serve without compensation. While IEEE administers the process and establishes/rules [to promote
fairnesg in the consensus development process, IEEE does not independently evaluate) test, or| verify the
accuragy of any of the information contained in its standards. Use of IEEE Standardssdocumentf is wholly
voluntafy. IEEE documents are made available for use subject to important notices(and legal disclaimers (see
https://$tandards.ieee.org/ipr/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined‘\by agreement betwepn the two
organizptions. This Dual Logo International Standard was jointly developed by'the IEC and IEEE undef the terms
of that agreement.

The formal decisions of IEC on technical matters express, as nearly ds possible, an international cohsensus of
opinion| on the relevant subjects since each technical committee¢has representation from all intefested IEC
Nationgl Committees. The formal decisions of IEEE on technical mattérs, once consensus within IEEE Societies
and St@ndards Coordinating Committees has been reached, is _determined by a balanced ballot off materially
interes{ed parties who indicate interest in reviewing the proposed standard. Final approval of the IEEH standards
documgnt is given by the IEEE Standards Association (IEEE"SA) Standards Board.

IEC/IEEE Publications have the form of recommendations‘for international use and are accepted by IHC National
Commijtees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that th¢ technical
conten{ of IEC/IEEE Publications is accurate, IEC ,6rilEEE cannot be held responsible for the way in which they
are usgd or for any misinterpretation by any end\user.

In ordgr to promote international uniformity; JEC National Committees undertake to apply IEC Ppublications
(includipg IEC/IEEE Publications) transparently to the maximum extent possible in their national afjd regional
publications. Any divergence between @ny IEC/IEEE Publication and the corresponding national pr regional
publication shall be clearly indicated-in.the latter.

IEC andl IEEE do not provide any -attestation of conformity. Independent certification bodies provide |conformity
assessnent services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any|services carried out by, independent certification bodies.

All usefs should ensure thatithey have the latest edition of this publication.

No liabjility shall attachito IEC or IEEE or their directors, employees, servants or agents including individual
expertd and members-of technical committees and IEC National Committees, or volunteers of IEEHK Societies
and thg Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standardqg Board, for
any pefsonal_injury, property damage or other damage of any nature whatsoever, whether direct or |ndirect, or
(in€luding legal fees) and expenses arising out of the publication, use of, or reliance upon, this IEC/IEEE
ion‘or any other IEC or IEEE Publications.

Attention 1s ications is

indispensable for the correct application of this publication.

e reterenced pu

Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
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. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.

IEC 62529/IEEE Std 1641™-2022 was processed through IEC technical committee 91:
Electronics assembly technology, under the IEC/IEEE Dual Logo Agreement. It is an
International Standard.
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The text of this International Standard is based on the following documents:

IEEE Std FDIS Report on voting
1641 (2022) 91/1933/FDIS 91/1945/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this is English.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this document will remain unchanged until the stability date indicated on the IEC website
under webstore.iec.ch in the data related to the specific document. At this date, the document
will be

e recorfirmed,
e withdrawn, or

e revis¢d.

IMPORTIANT — The "colour inside” logo on the cover page.of.this document indicates
that it copntains colours which are considered to be useful forthe correct understanding
of its cgntents. Users should therefore print this documént using a colour prinfer.
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Abstract: The means to define and describe signals used in testing ae provided in this standard.
It also provides a set of common basic signals, built upon formal mathematical specifications so
that signals can be combined to form complex signals usable across all test platforms.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https:/standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers
Concerning IEEE Standards Documents.”
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE is the approved IEEE
standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
commit{ees and shatimot be considered 10 be, Nor be Teticd Upon as, a format position of IEEE. AT jectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it|clear that the presenter’s views should be considered the personal views of that jindiyidupl rather
than the| formal position of IEEE, IEEE SA, the Standards Committee, or the Working, Grovp. Stgtements
made byl volunteers may not represent the formal position of their employer(s) or affiliation(s).

Comments on standards

Commehts for revision of IEEE Standards documents are welcome from-any interested party, regafdless of
memberghip affiliation with IEEE or IEEE SA. However, IEEE“does not provide interpr¢tations,
consulting information, or advice pertaining to IEEE Standatds‘documents.

Suggestfons for changes in documents should be in the fofiy’of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards tépresent a consensus of concerned intergsts, it is
important that any responses to comments and questions also receive the concurrence of a bajance of
interestd. For this reason, IEEE and the members of-its Societies and subcommittees of the IEEE SA Board
of Govdrnors are not able to provide an instant\response to comments, or questions except in those cases
where the matter has previously been addsessed. For the same reason, IEEE does not respond to
interprefation requests. Any person who.would like to participate in evaluating comments or in revjsions to
an IEEH standard is welcome to join.the¢ relevant IEEE working group. You can indicate intefest in a
working| group using the Interests fabin the Manage Profile & Interests area of the IEEE SA mlyProject
system. | An IEEE Account is needed to access the application.

Commefts on standards sheuld be submitted using the Contact Us form.?

Laws and regulations

Users o IEEE Standards documents should consult all apphcable laws and regulatlons Compha ce with
the pro ; : AY—a
regulatory requlrements Implementers of the standard are respon51b1e for observmg or refemng to the
applicable regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action
that is not in compliance with applicable laws, and these documents may not be construed as doing so.

! Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2 Available at: https://standards.iece.org/content/ieee-standards/en/about/contact/index.html.
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Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include poth USE, by Teference, i [aws and Tegutations, and use 1n private Scif-regutation, standarflization,
and the promotion of engineering practices and methods. By making these documents available, for] use and
adoptionp by public authorities and private users, neither IEEE nor its licensors waivelany fights in
copyriglht to the documents.

Photogcopies

Subject o payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusiv¢ license
to photqcopy portions of any individual standard for company or organizational internal use or indlividual,
non-commercial use only. To arrange for payment of licensing fees; please contact Copyright Clearance
Center, | Customer Service, 222 Rosewood Drive, Danvers{ ,MA 01923 USA; +1 978 75D 8400;
https://Www.copyright.com/. Permission to photocopy portions.of any individual standard for edycational
classroom use can also be obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should\be aware that these documents may be superseded at gny time
by the i§suance of new editions or may be:amended from time to time through the issuance of amefjdments,
corrigenda, or errata. An official IEEE.document at any point in time consists of the current editign of the
document together with any amendments, corrigenda, or errata then in effect.

Every IFEE standard is subjected to review at least every 10 years. When a document is more than [[0 years
old and has not undergone.a'revision process, it is reasonable to conclude that its contents, although still of
some vdlue, do not whelly reflect the present state of the art. Users are cautioned to check to determine that
they haye the latestiedition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been gmended
through |th€/issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.? Hor more
informat EE-SA-orHEEE sstandards-developaen ss—vist-the JEEE-SA-Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard
number and year of approval to access the web page of the published standard. Errata links are located
under the Additional Resources Details section. Errata are also available in IEEE Xplore. Users are
encouraged to periodically check for errata.

3 Available at: https://ieeexplore.ieee.org/browse/standards/collection/ieee.
4 Available at: https://standards.ieee.org/standard/index.html.
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Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.’

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 by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essentigl Patent Claims may exist for which a Letter of Assurance has not been received. The IEHE is not
responsible for identifying Essential Patent Claims for which a license may be required, |for copducting
inquirie$ into the legal validity or scope of Patents Claims, or determining whether any-licensing ferms or
conditiops provided in connection with submission of a Letter of Assurance, if any; 'or in any licensing
agreemdnts are reasonable or non-discriminatory. Users of this standard are. expressly adviped that
determination of the validity of any patent rights, and the risk of infringement of such rights, is|entirely
their own responsibility. Further information may be obtained from the IEEE Standards Associatioi].

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, gr ensure
against [interference with or from other devices or networks. IEEE Standards development {ctivities
considey research and information presented to the stardards development group in developing arly safety
recommlendations. Other information about safety practices, changes in technology or tedhnology
implemg¢ntation, or impact by peripheral systemg;also may be pertinent to safety considerationy during
implem¢ntation of the standard. Implementers-and users of IEEE Standards documents are responkible for
determining and complying with all appropriate safety, security, environmental, health, and intdrference
protecti¢n practices and all applicable laws-and regulations.

5 Available at: https://standards.iece.org/about/sasb/patcom/materials.html.
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IEEE Introduction

| This introduction is not part of IEEE Std 1641™-2022, IEEE Standard for Signal and Test Definition.

This signal and test definition (STD) standard provides the ability to unambiguously define test signals. It
includes a rigorous mathematical and definitive foundation for all of its signal components. Any signal
defined using this standard shall be the same regardless of the equipment that is used to create it. The
standard supports the implementation of new technologies by providing users with the ability to describe
their own signals by combining existing signals. Thus, any desired signal may be described, and there is no

limit on

the extensibility of signals supported by this standard.

Signals
provide
universg

defined using this standard can be used in a programming environment of the uség’
|l that that environment fulfills the minimum requirements defined in this standai
lity enables the user to take full advantage of modern program structures and deve

environfnents, including graphical programming environments.

This st{
Commi
guide,

confornj

ee 20 (SCC20) on Test and Diagnosis for Electronic Systems), which has prepared a co
EE Std 1641.1™, to explain how to implement signal definitions” and test requirer
ance with STD.

choice
d. This
lopment

ndard was developed by the P1641 Working Group (of the IEEE-Standards Coo]:inating

panion
hents in

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024
—Xi— IEEE Std 1641 ™-2022

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:

2024 © |IEC 2024

IEEE Std 1641™-2022 -12 -

IEEE Standard for Signal and Test
Definition

1. Overview

1.1 Sc

This sta

bpe

hdard provides the means to define and describe signals used'in testing. It provides a set of

basic signal definitions, built upon formal mathematical specifications, so that signals can be com|

form co
languag

1.2 Pu

mplex signals usable across all test platforms. The standard provides support for structuraj
s and programming language interfaces for interoperability.

rpose

This stapdard provides a common reference‘for signal definitions, which may be used throughou
cycle of]a unit under test (UUT) or test system. Such a reference shall in turn facilitate information
test reuse, and broader application\of test information—accessible through commercially 4

develop

ment tools.

1.3 Wgrd Usage

The woid shall indicates mandatory requirements strictly to be followed in order to conform to the
and from which-ie deviation is permitted (shall equals is required to).

The wo

rd\should indicates that among several possibilities one is recommended as particularly

ommon
bined to
| textual

the life
transfer,
vailable

standard

Kuitable,

without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).>”

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

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

6 The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe
unavoidable situations

7 The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.
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1.4 Application

This signal and test definition (STD) standard provides the capability to model, describe and control
signals, while permitting a choice of operating environment, including the choice of carrier language. STD
permits signal operations to be embedded in any object-oriented environment and thus to be used by the
architecture standards of various automatic test systems (ATSs). STD may be used to create truly portable
test requirements. It facilitates test information to pass freely between the design, test, evaluation and
maintenance phases of a project and enables the same models and information to be used directly across
project phases. This more efficient re-use of models and information directly leads to reduced life-cycle
costs.

1.5 Annexes
This stapdard also contains annexes that describe various elements of the standard in detail./The n¢grmative
annexes| include definitions of the basic signals (in words and with reference to af)extensible|markup
languagg (XML) format), supporting mathematical definitions for these sigrfals, dynamid model
information, interface definition descriptions, and a definition of the requirement$©f‘a supporting cpomputer
languagg.

Informalive annexes are provided to present examples of signal librarles together with their agsociated
XML ddfinition.

2. Defjnitions, abbreviations, and acronyms

2.1 Definitions

For the| purposes of this document, the fellowing terms and definitions apply. The [EEE Standards
Dictionqry Online should be consulted forterms not defined in this clause.

Abbrevjated Test Language for All Systems (ATLAS): A stylized, abbreviated English languagg used in
the preparation and documentation of test requirements and test programs, which can be implpmented
either manually or with automatic or semi-automatic test equipment.®

argument: Input values'that can be passed to a function.

attribute: A property value that is used to define signal characteristics or behavior.

automartic test system (ATS): A system that includes the automatic test equipment (ATE) and all] support
equipmeTTt; SUppOTt SOftware; test progranTs, and fmterface adapters:

base class: A class from which another class inherits attributes or properties.
basic signal component (BSC): The lowest level of building block used to define signals.

class: A generic set of predefined abstract test objects.

8IEEE Standards Dictionary Online is available at: http:/dictionary.iecee.org. An IEEE Account is required for access to the
dictionary, and one can be created at no charge on the dictionary sign-in page.

% In this standard, the term “ATLAS” refers to any version or subset whether it is a formal standardized version or a project specific
modified subset.
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component: A part of a system, which may be hardware or software and which may be subdivided into
other components. Components communicate their functionality through their interface definitions.

connection: The application of a signal to a unit under test (UUT).

data bus: A signal line or set of signal lines used by a data communication system to interconnect a
number of devices and to communicate information.

dynamic signal: A signal whose definition changes over time, by use of the control interface. These
changes should be initiated with one of the signal method calls or by changing the interconnections of a
signal model.

functioI: A construct that is a logically separated block of code that operates upon test valdes (i.e.,
arguments). Another name for a function is method. Syn: method.

interfage definition language (IDL): A machine-compilable language that is used\ t0 descyribe the
interfac¢s that software objects call and object implementations provide. The language provides 3 neutral
way to define software interfaces[B5].

methodf Syn: function.

model: [A mathematical or physical representation (i.e., simulation) of §ystem relationships for a [process,
device, ¢r concept.

physica]: Pertaining to the natural characteristics of the universe according to the natural laws of scjence.

procedyral: The part of a signal and test definition (STD) test requirement that defines the tesfs in the
manner pnd order required for testing.

property: The special form of method (or functien) that supports the semantics of assignment (I-vglue) and
reading [r-value).

reservefl word: A keyword whose meaning and use are fixed by the semantics of a language. In cprtain or
all contgxts, a reserved word cannot/be‘used for any purpose other than as defined for that language

semantics: A branch of linguistics concerned with meaning. For the test procedure languagg (TPL),
semanti¢s is the connotative)meaning of words in a TPL statement. For software, semantick is the
relationghips of symbols and their meaning, independent of the manner of their interpretation and juse. For
meta-lajguages, semantics is the discipline for expressing the meanings of computer-language congtructs in
a meta-language.

sensor: |A transducer that converts a test parameter to a form suitable for measurement.

SignalF llLt;Ullc T‘llC gCllCli\/ I1alrtic fUl aﬂ bldbbcb tllat IJlUViL‘lC biéllalb.
Subclass: A class that inherits attributes or properties from a base class.

static signal: A signal whose definition does not change over time. All basic signal components (BSCs)
and test signal framework (TSF) models are static signals.

syntax: The grammatical arrangement of words in a language statement.

system: A set of interconnected hardware and/or software components that achieves a defined objective by
performing specified functions.
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system architecture: The structure of and relationship between the components of a system. A system
architecture may include the system interface with its operational environment.

template: A pattern or design that establishes the outline, dimensions, or process for subsequent users or
implementers.

test: (A) An action or group of actions that are performed on a unit under test (UUT) to evaluate its
parameter(s) or characteristic(s). (Derived from IEEE Std 771-1998). (B) An observed activity that may be
caused to occur (e.g., stimulus-response) in order to obtain information about the behavior of a test subject.
(Derived from IEEE Std 1671-2010). (C) A set of stimuli, either applied or known, combined with a set of
observed responses and criteria for comparing these responses to a known standard. (Derived from IEEE
Std 1232-2002).

test reqLirement: A definition of the tests and test conditions required to be performed on a unjtupder test
(UUT) tp verify conformance with its performance specification.

test spgcification: A definition of the tests to be performed on a unit under stest (UUT) tp verify
confornjance with its performance specification, with or without fault diagnostics, @nd without refdrence to
any spegific test equipment.

test procedure: A description of the tests, test methods, and test sequences'to’be performed on a unit under
test (UYT) to verify conformance with its test specification, with or without fault diagnostics, and| without
referencl to specific test equipment.
test program: An implementation of the tests, test methods,.and-test sequences to be performed ¢n a unit
under tgst (UUT) to verify conformance with its test specification, with or without fault diagnosif. A test

progran] is configured for execution on a specific test system.

transducer: A device that converts a physical magnitude of one form of energy into anoth¢r form,
generallly on a one-to-one correspondence or according to a specified mathematical formula.

unit unfer test (UUT): An entity that cah.be tested and that may range from a single comporfent to a
completp system.

value: The quantitative size of a signal attribute.

2.2 Abbreviations and acronyms

ARB auxiliary reference burst

ARINC Aeronautical Radio, Inc.

ASCII American Standard Code for Information Interchange
ATC air tratfic control

ATE automatic test equipment

ATLAS Abbreviated Test Language for All Systems

ATS automatic test system

BSC basic signal component

C/ATLAS Common/Abbreviated Test Language for All Systems (IEEE Std 716™-1995 [B13]'9)
DME distance measuring equipment

DTIF Digital Test Interchange Format

19 The numbers in brackets correspond to the numbers of the bibliography in Annex M.
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IDL interface definition language
IFF identification, friend, or foe
ILS instrument landing system
MRB main reference burst
PRF pulse repetition frequency
RF radio frequency
rms root mean square
SML signal modeling language
SSR secondary surveillance radar
STANAG NATO Standardization Agreements
STD signal and test definition
TACAN tactical air navigation
trms true root mean square
TPL test procedure language
TSF test signal framework
UHF ultrahigh frequency
uuT unit under test
VHF very high frequency
VOR VHF omnidirectional range
XSD XML Schema Definition
XML extensible markup language

3. Structure of this standard

3.1 Layers

This stapdard has a layered format\depicted in Figure 1. Each layer builds on items defined in
layers. This format does not require that each layer use only items in its immediate lower level,
imply tHat each layer has to be,fillly defined in terms of its lower level layers.

brevious
but does
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Test Requirement Layer

J L

Test Signal Framework

J L

Basic Signal Components q

J L

Signal Modeling Language

N7,

Figure 1—Standard Layers

This standard provides the capability to describe and centrol signals and allows the user to chpose the
operatinig environment, including the choice of programing language. The STD test requirements|take the
form of| signal model definitions, which can be written in any programming or declarative lgnguage,
includinig XML or object-oriented environment.

The link to Abbreviated Test Languagexfor All Systems (ATLAS) and Common/Abbreviaed Test
Language for All Systems (C/ATLAS) standards is preserved as part of the test requirements layel and are
mapped|to signals that have formal-definitions tied to the test signal framework (TSF) and basjc signal
compongnt (BSC) layers. This link ‘eomprises an example TSF library for ATLAS (see Annex E) and an
annex slhowing how ATLAS NOUNS and NOUN MODIFIERS may be supported (see Annex J).

3.2 Signal Modeling Language (SML) layer

The SML layer>provides the mathematical definitions that support the description of BS(s. This
mathemptical underpinning provides evidence that the signals defined by BSCs can be fungtionally
compargdiand simulated. The SML signal definitions form the basis for reuse that is essentigl to the
extension of STD capabilities without a corresponding explosion in nomenclature and complexity.

3.3 BSC layer

The BSC layer provides reusable, formally described, fundamental signal classes. These classes define the
lowest level of signal building blocks available to the STD environment. Each BSC is described by its class
name, class type, properties and default values, XML Schema definitions (XSDs), interface definition
language (IDL) description, and SML signal definition.
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34TS

F layer

The TSF layer identifies how libraries of reusable, formally described signal classes are defined. The
content of a TSF library is a collection of domain-specific signal model definitions made up from other
TSF signals and/or BSCs.

The TSF layer provides for TSF libraries, which are the extendibility mechanism that allows the creation of
additional signal class definitions. Each TSF class within a TSF library is described by its class name, class
type, properties and default values, XSD schema description containing an interface definition, a static
signal model definition, and a textual description. The IDL interface can be created by taking each TSF
property in turn and creating an equivalent runtime attribute of the same type to define the TSF
programming interface. The TSF Library XSD can be derived to validate XML signals using TSF signals,

by conc

A TSF
order th

3.5 Test requirement layer

The test
to be f

requirements (see Annex G).

Test spd
differen
required

Tests ar

the STD
stylized

3.6 Us

A user peed only refer torthe/layers that are required to directly support a signal or test that neg

defined.
descript
when rd
destroyq

htenating each of the XSD schema interface definitions into a single file.

ibrary contains a collection of TSF classes, which themselves may refer to other T'SF cl
t the library definition is complete, any TSF classes so referenced shall be provided.

brmally described by combining STD signals with featufes that satisfy the carrier 1

cifications and signal libraries conforming to the requiréments of this layer may be ported
ATSs with the same functional capability and-carrier language. Minimal translation W
to convert between different carrier languages:

d signals may be described using XML, @atrier language procedural calls to the IDL inte
-specific test procedure language (TPL:)) The TPL allows test actions to be formally descr
textual format suitable for preprocessing into a target carrier language.

ng the layers

In many casesy.only BSCs and TSFs are required to describe a signal using, for exampl
ons. Signal.descriptions may be reused as required with different attribute values. They arg
quired agdydestroyed when their function is complete, e.g., a signal used in a measur
d when-thé measurement is complete (unless otherwise determined in the test).

hsses. In

requirement layer allows test descriptions (e.g., test requirements, test procedures, test pfjograms)

anguage

between
ould be

-face, or
bed in a

ds to be
e, XML
created
ment is

All nam

es.used for entities defined in this standard are case sensitive, e.g., signal names, attributs

names.

However, names of elements within the same scope shall not be differentiated solely by case.

4. Signals and SignalFunctions

4.1 Introduction

Throughout all the layers, there exists the concept of signals. Signals are the outputs from SignalFunctions,
where SignalFunctions can be interconnected and built up as required to provide the required signal
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characteristics. A signal model is regarded as the collection of these built up SignalFunctions used to
generate a signal.

The signal is considered “physical” only when it is applied to a UUT pin interface via a connection. By
definition all BSCs and TSFs are SignalFunctions. SignalFunctions are characterized by their type, which
may be typeless, generic, abstract or more commonly map onto a physical type e.g. Constant(Voltage).
Examples of typeless SignalFunctions are events. Generic SignalFunctions (such as Sum) inherit their type
from their inputs. Abstract SignalFunctions provide typeless value information (such as RMS sensor). An
example of a type that maps onto a physical type is Voltage, such as in a Sinusoidal signal of type Voltage.
The type of a SignalFunction also includes the reference type; most signals encountered in this standard
have the reference type Time. Therefore, a Sinusoidal(Voltage, Time) signal describes how the signal’s
voltage changes with respect to time, in a sinusoidal manner.

The usq of types is such that SignalFunctions can be combined to build signals only whén ‘they have
compatiple types such as when one or more of the types are typeless, abstract, or generic.or where the
different signal types can be provided independently. Types that appear different and. that represent a
transforpn are allowed, as they represent a different method of specifying the samie signal, e.g., Pulse
(Voltag¢, Frequency) with Sinusoid (Voltage, Time). An example of an illegal signal definition is one in
which poth current and voltage are specified because both cannot be. controlled indepdndently.
Extendibility is served by providing the capability to formally describe newrsignals by creating them from
the exisfing signals from either the TSF or BSC layer. SignalFunctions are d€scribed in detail in Anpex B.

NOTE—{The standard does allow a voltage to be specified together with-a\eurrent limit (or vice versa) becduse limit
signals afe generic types.!!

A physital signal, event, or digital stream element may be active or inactive and at the same time i} may be
gated or] or off. Thus, there are four possible states that may be adopted: active & gated on, active|& gated
off, inaqtive & gated on, or inactive & gated off. Not all\four states are applicable to all signals, ev¢nts, and
digital elements. The states that can be adopted by-&ach may be illustrated diagrammatically (see Higure 2,
Figure 3, and Figure 4). These figures provide asimplified indication of the states that can be attaiped by a
sources.| The states attained by conditioners shall also depend upon the signals on their inputs.

4.2 Physical signal states

Figure 3 shows the states available to a signal. Before a signal exists, it may be considered to He in the
“No Signal” (Z) state. When it is invoked, it passes into the active state and, in the simplest case,|appears
e signal

! Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement this standard.
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(Changing values)

Figure 2 —Signal states

Generally, the signal cannot be switched into the “Inactive Signal” or “No Signal” states by any action on
the signpl. The signal is returned to the “No Signal” state only when it is destroyed, e.g., when| it is no
longer fequired. At that time, the signal may\be considered to have passed momentarily thrdqugh the
“Inactivp Signal” state.

The output of a signal carries its own'gvent information: an active signal is equivalent to “Event Active,”
and “Nq Signal” is equivalent to “Eyent Inactive.”

4.3 Event states

Figure 3 shows the states available to an event. Before an event exists, it may be considered to be in the
“No Ev¢nt” (Z) state. When it is invoked, it passes into the gated on state, but may be active or inadtive. An
event mpy change between active and inactive while gated on. Signals may be gated on and off by pn event
as expldined in 4.2. Other events may be gated on and off by an event, and as shown in Figure|3, these
other events-are-switehed-betweenthe—P entstate-and-etther-the—FEventinaetive rt Active”
state, as appropriate.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024
-21- IEEE Std 1641 ™-2022

No Event Event Inactive
I ﬁ
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Thactve |

Active

Event Off Event Active

X A

Off On

Figure 3 —Event states

When uped to gate a signal, there is very little difference between an event in the “No Event” statd and the
“Event |nactive” state; either of these shall effectively gate the signal off. Only the “Event Actiye” state
shall gate the signal on. The difference is apparent when gating an event such as a NotEvent. A NotEvent
changes|an “Event Active” state at its inpit.to an “Event Inactive” state at its output, and vice versg. Gating
a NotEvyent shall change its output_between “No Event” and the appropriate “Event Active” of “Event
Inactive|” state.

The foufth state, “Event Off/*may be considered not to exist for an event source.

4.4 Digital stream states

Figure 4 sholws the states available to elements of a digital stream. When there is no digital signal, it may

be cons{dered to be in the “Digital Off” state. A digital stream, whether serial or parallel, may comprise a
series of H, L, X, and Z characters, which represent the usual digital states as snown in Figurc 4.
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B

=

(High Impedance & not monitored ) (Logic-One)
Off On
Figure 4 —Digital stream states

A “Digital Off” (Z) state indicates that there is. no,signal. The “Digital High” (H) and “Digital Ljow” (L)
states represent the normal two digital states (0-and 1). The “Unknown State” (X) represents the f4ct that a
digital signal is present, but it is not possible_to know what it is. It is not driving a 1 or 0 when Used as a
stimulug, and it is not monitored when u$ed as response information (a “do not care”). Both the X and Z
states shall be represented by an X (Sighal with No Value) state when converted into a physicall signal,
usually n the form of a high impedance output.

It is important to note that Figure 4 applies only to digital stream information. After a digital strgam has
been comverted into a phygical signal, the description in 4.2 applies.

5. SML layer

The SML\layer provides the definition of the behaviors of signals, both analog and digital, as well as their
functions in any number of domains. It provides this capability by giving a number of predefined signal
behaviors that can be combined as necessary to produce the desired BSC behavior definition. Annex A
describes the use of SML to define signals, the measurement of signal parameters, and the conditions that a
signal shall meet.

The SML provides an exact mathematical definition for each BSC, in terms of dependent and independent
variables, by using the de-facto functional programming concepts of Haskell [B7]. Each definition
represents the functioning of a component, which is a requirement for use and reuse. This representation is
accomplished by giving a formal definition of the syntax and predefined signals. The SML Layer provides
for simulating the modeled signal, plotting against its definition domain, and measuring its various
properties. Within the SML layer, the type of a signal is known as the dependent variable, and the reference
type is known as the independent variable.
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6. BSC layer

This Clause describes the methodology adopted to define signals with BSCs and the mechanisms by which
they may be combined and synchronized.

6.1 BSC layer base classes

All BSC classes used to define signals are derived from the SignalFunction class. BSC classes define their
properties using one of the base classes shown in Table 1 or using traditional programming types. This
class approach is useful for categorizing BSCs according to their characteristics, behavior, and interfaces.

Table 1—BSC base classes

Base class Description

SignalFunction | The base class of all BSCs

Signal Allows BSCs to exchange information
PulseDefns Defines a group of pulses
Physical Real, dimensioned signal values

6.2 General description of BSCs

BSCs ate the fundamental components of this standard=Fhe BSCs are the building blocks used to define
more complex signals and cannot be decomposed into simpler components.

BSCs ate used to build signal models, which define the required signal. A signal model can contain|a single
BSC to flefine a simple signal or combined BSCs to define a more complex signal.

BSCs cpn be used to either definesstatic signal models or perform dynamic signal programming by
progranfmatically changing signal models through a programming language.

Signal models represent static,signal descriptions, where the signal model does not change over time. The
BSC coptrol interface (i.€.,,the IDL description) can also be used to define dynamic signal deffinitions,
where the value of the dttributes or the signal model changes while the signal is being used.

The sighal described by a signal model can be used to create a source signal or to measure fa signal
charactdristic attribute.

Unless ptherwise stated, the default reference type for a BSC is Time; and where required, th¢ default
signal type is Voltage.

Each BSC is described using object orientation terminology as follows:

a) A class derived from SignalFunction base class (or subclass)
b) Class type and reference type description

c) Attributes and default values

d) A control interface (defined using an IDL description)

e) A formal SML description
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f)

The foll

In the ev
annex th

definitions shall take precedence.

NOTE—Annex D and Annex I are normative annexes in that they provide the normative desctiptions for thg

IDL and

6.3 SignalFunction template

A template is used as document shorthand to define types of deriyed/classes of SignalFunction, wh
class hap similar behavior and supports the same IDL description, but describes signals of differe
Note thdt the class name shall remain the same; only the class type changes.

The use

been wrjtten using “cut & paste” and replacing the keyword “type” with any physical class defing]
this starjdard. Substituting <type:...[,ref:...]> withleach alternative creates the class type that the

defines.
classes;

The formpat for the template header is"as follows:

Where no explicit types are provided, the default type is Voltage, and the default reference typg

Time.

For example, Sinusoid<type:Voltage||Current||Power> defines the following classes, where ea
supporty the Sinusoid interface, through the IDL definition:

a)
b)

¢)

An XSD entry

owing annexes describe BSC features:

Annex A gives details of the BSC formal SML descriptions.
Annex B gives details of the BSC classes and attributes.
Annex C gives details of the dynamic signal model behavior.
Annex D gives a list of the IDL descriptions for each BSCs.

Annex I gives a list of the XML descriptions for mapping signal models.

bnt of conflict between descriptions within these annexes of the standard or their associated files;)Thg
higher the precedence. As such the XML descriptions described in Annex I and provided in-theyXM

XML, respectively. BSCs may also be described in other interface languages.

The specific type alternatives provided'in the template identify the more commonly usg
once the template is defined, any type or reference can be used.

ClassName<type:typeName[||typeName]*[,ref:typeName[||typeName]*]>

later the
. schema

BSCs in

ere each
1t types.

of the template defines alternative class types, where each derived class name could equdlly have

d within
emplate
d signal

(ref) is

ch class

Sinusoid (Voltage) tull type: Sinusoid (Voltage, Time)
Sinusoid (Current) full type: Sinusoid (Current, Time)
Sinusoid (Power) full type: Sinusoid (Power, Time)

NOTE 1—Alternatives are separated by the double-bar characters (|| ).

NOTE 2—This template convention is adopted in the remainder of this standard.
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7. TSF layer

The TSF layer describes how BSCs are combined into more complex signals and packaged for reuse in
TSF libraries.

The TSF layer also provides a packaging mechanism for grouping signal models into library elements.
These libraries are constructed from individual TSF classes where each class defines an interface, a signal
model, and textual description. A TSF library shall generally be a collection of domain-specific signal
definitions.

All TSF classes shall exist in an XML TSF library conforming to Annex I. Additional support
documentation and interface files may also be provided.

7.1 TSF classes

A TSF IDL library shall be defined in terms of an IDL library module, shall contain an entry for ehch TSF
class within the library domain, and shall be derived from the XML TSF library,

A TSF ¢lass shall be defined with a valid XML TSF element utilizing thénatttibute model and degcription
elements.

A TSF plass model shall be described only as a static signal model and may contain elements from the
followirlg:
—  PBSCs
—  Pther TSF classes
— Reference to the TSF class being defined
A TSF dlass’s signal description utilizing\a.TSF component is identical to a signal description incorporating
the complete TSF static signal model.~As-such, the following statements are generally true:
— A TSF component output.is available only when its Gate (see Annex B) event is on.
— A TSF componentrestarts its operation when its Sync (see Annex B) event arrives.

TSFs prpvide the extendibility mechanism that allows the user community to create additional sigpal class
definitigns.

There iy ng’ difference between a TSF class built from BSCs only and a TSF class built from BS(s and/or
isti ¢ e I¢ i i ine ¢ operation pf all its

When a TSF signal model makes references to itself, it creates a recursive signal model definition. In this
case, the TSF is regarded as a signal transform, where each iteration is providing a more accurate signal.
The actual number of iterations required is reflected by the accuracy of the signal required or uncertainty of
the measurement. To be a proper signal model definition, the TSF signal transform should be convergent.

Use of self-referencing models that contain a reference to themselves and are not convergent (e.g., RS232)

is deprecated and maintained for support of the earlier edition of this standard. Such TSF definitions should
now be defined by an external reference (see 7.3).
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7.2 TSF signals defined by a model

Each signal described in a TSF may have the following information:

Title, which indicates the syntax of the TSF class name.
Definition of the signal.

Model diagram, which shows the component parts of the signal and their relationship. This

diagram

is provided to give a convenient pictorial representation of the signal model. In the event of any
conflict between the model diagram and the model description table, the model description table

takes precedence.

[nterface properties table listing the TSF interface properties.

Notes as needed for any additional explanations.

lement in the model is supported by a definition in the BSC.
Fquations as needed to define the operation of the model.

Rules as needed relating to the operation of the model.

7.2.1 Interface properties table

The interface properties table shall comprise the following five celumns:

Table 2
that the

Description. The descriptive name of the attribute;
Vame. The syntactical name of the attribute as defined in the BSC.

ype. The attribute type as defined in the.BSC. If the type is given as physical, the actual ty
be chosen from the list provided with.the signal title. If more than one attribute has the ty
bs physical, then all attributes shall be of the same type.

hot specifically defined. If ne-default value is given, then the user shall provide a value.
Range. If a range is given, it indicates the valid range for the attribute. The attribute value §
within this range.

shows an interface property table for a sample signal (in this example, AC_SIGNAL). It 1
user shouldyprovide the physical type, amplitude, and frequency as a minimum. The phys

is usually determined from the units given with the value; for example, an amplitude of 10 V indic
the phydical type is Voltage. If no DC Offset or initial phase angle is defined, each attribute shall
the defgult‘values given in the table. Note that the DC Offset is of the same type as the A(

amplitu

Model description table, which lists the component parts of the signal and theif.relationshjp. Each

pe shall
be given

Default. If a value is provided,the default is the value that the attribute shall take if the atfribute is

hall fall

ndicates
cal type
htes that
assume

Signal

c.

Table 2—Example of TSF interface property table

Description Name Type Default Range
AC Signal amplitude ac_ampl Physical — —
DC Offset dc_offset Physical 0 —
AC Signal frequency freq Frequency — —
AC Signal phase angle | phase PlaneAngle 0 rad 0—2nrad
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An attribute of a TSF class that is subsequently not used in the signal model description cannot be used to
change or control the signal. It may be used to describe the capabilities required from the signal; for
example, if an attribute Distortion Max 3% were added to the interface, it would mean that distortion needs
to be less than (or equal to) 3%. As such, all such capability attributes are optional.

7.2.2 Model description table

The model description table describes the signal model using a network list format. The model description
table shall comprise the following six columns:

— Name _The given name of the BRSC or TSFE within the model

— [Dype. The type of the BSC or TSF.

— [erminal. The terminal names of the BSC or TSF, usually in the order of outputs follpwed by
nputs.

—  Inputs. The signal or attribute that is connected to the terminal listed in the “Terminal” column.

—  Putput. The output(s) of the BSC or TSF. Some BSC or TSF signal oGtputs shall be inputs|to other
BSCs or TSF signals within the model, and at least one shall be the.ottput from the model.

—  Formula. An optional mathematical definition (or constant valie) of the function or inpuf. Where
the formula references another attribute from within the TSE model, the formula value should be
evaluated every time the reference value changes. The implicit translation from one type td another
shall be the natural translation between the types supported by the expression handler defingd.

Table 3| shows a signal model for AC_SIGNAL. A BSC of type Sinusoid (named AC Compdnent) is
summed with a BCS of type Constant (named DC Offset) to create the AC_SIGNAL.

Table 3—Example of TSF model description table

Name Type Terminal Inputs Output Formula
AC Signal Sum Signal [Out] — AC SIGNAL —
Signal [In] DC Offset — —
Signal [In] AC Component — —
AC Component- \Sinusoid | Signal [Out] — AC Signal —

amplitude ac_ampl — —

frequency freq — —

phase phase — —
PC Offset Constant | Signal [Out] — AC Signal —
amplitude dc_offset — —

7.2.3 TSF figures

Each TSF figure provides a pictorial description of the model description and interface properties.
These figures give an intuitive representation of a signal model, which is based on the BSC diagram
(see Figure B.1). They do not infer the use of any specific signal resources. If the TSF figure is not
consistent with the model description table or the interface properties table, then the tables take precedence.
The external interfaces and properties are illustrated in the same manner as for an individual BSC (see
Figure B.1). The internal structure shows how BSCs and other TSF components are combined to provide
the required signal. See Annex E and Annex F for examples of TSF figures.
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7.2.4 Other properties

A TSF may also have additional properties that are not used directly in the TSF model. They may be used
to describe qualitative properties such as capability attributes, which provide additional information about a
signal (to help select an appropriate instrument) but do not modify the signal.

TSFs may have two attributes that have significance only within a TSF library:

All attri

left und

7.3 TSF signals defined by an external reference

A TSF
method

Any attibute names used shall be defined in the externalreference or fully described in terms of ¢
in the ejternal reference.

8. Test procedure language (TPL)

The TP

textual format. The use of the TPL to_write test requirements is analogous to using ATLAS inasmu
TPL usgs stylized English signal.statements to describe tests and to manipulate signals. It differs fra
ATLAS]in that it does not provide a fully defined programming language. Instead, STD allows
adopt their own preferred programming language in which the signal statements and the un

semanti

8.1 Gaals of the TPL

The goalsofthe TPEarcas fottows:

a)
b)

¢)

Hidden, which indicates that the TSF is available for use only by other TSFs within the library, i.e.,
it is hidden from use and cannot be used directly outside the library. To hide a TSF, set the Hidden

attribute to true.

(broup, which provides the tacility to indicate that a set of 1SFs 1s part ot a single group.

bfined, it shall be assumed to of Type xs:string.

may be defined by an external reference such as an internationally recognized standard
s used to define a TSF, the reference shall be complete and explicit with a full source refer

| (see Annex H) provides asmechanism for users who want to document test requiremg

s of tests can be.written.

SFs are

considered to be in the same group if their Group attributes have the same name. Subgroups can be
ntroduced by using concatenated group names separated by a colon (:), e.g., “grouplisubgroupA.”

putes used within a TSF shall have their Type defined. In the event that the Type of an atfribute is

. If this
Pnce.

lements

nts in a
h as the
m using
users to
derlying

Its keywords have meanings that are normally accepted by the worldwide testing community.

It is an effective means for communicating test information relating to the testing of
between an originator of a test requirement and an implementer of a test requirement.

a UUT

Test requirements written according to the TPL rules shall be portable to implementations on
different designs of test equipment that have the same testing capability no matter how it is

controlled.
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8.2 Elements of the TPL

The TPL requires two elements:

a)  Signal statements, which are used to configure, manipulate, control, and measure signals.

b) Carrier language, which is a programming language in which the signal statements can be written,
sequenced, observed, and generally supported.

8.3 Use of the TPL

To prod[ice test requirements using the 1PL, users shall embed the test statements in thell preielrefl carrier
languagg.

Users n¢ed to recognize that there shall be some translation mechanism to convert from.this/neutrdl format
of the gignal statements into their preferred carrier language format before the te$t) statementy can be
compilefl and executed.

Use of p translator to convert the neutral representation of the test statements into the carrier language
format qffers certain benefits in that parameter type checking and semanti¢s‘chiecks can be conducfed prior
to test execution.

9. Maximizing test platform independence

The use]of this standard allows signal definitions to besefeated without reference to their final apglication.
This approach in turn facilitates the definition of test requirements that provide the ability to achjeve test
applicatjon interchangeability across different, test platforms. Annex K, “Guide for maximiZing test
platforn} independence” provides guidance in.how to write test requirements suitable for test platform
indepenflence.
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Annex A

(normative)

Signa

| modeling language (SML)

A.1 Use of the SML

In general, unless a user needs to generate new keywords for the test methodology, there is no req

irement

for a u
Occasio
some sig
test met
help ens
predefin

standard.

For the
generatg
been ad

NOTE—]
continuo
line leng
continuo
confused

A.2 Infroduction

This ani
conditio
and its
provide
mechani
and me4

This antex provides and builds upon the following:

er to refer to the SML in order to generate test requirements for a unit under tést
hally, a user may need to refer to the SML either for the mathematical justification orsimu|
bnal construct or for the introduction of a new keyword to cover some new test application|
hodology does not embrace. In the latter instance, a user shall need to refer to,théySML in
ure that any new keyword that is introduced into the test methodology is cohererit with the
ed keywords. The purpose of this step would be to submit a proposal fot future releasq

Convenience of using processing software suites that are freely available without any restri
the signal diagrams, a derived version of the functional programming language Haskell
pted.

The blocks of SML code defined in this annex are preceded and followed by a blank line. Ead
s starting at the “>" symbol. Code often appears to flow onto a second or subsequent line due to the
h of a published standard. When the code is used with’a Haskell compiler, the lines should be rei
s starting at the “>" symbol. Care should be taken‘to make sure that the “>” (start of line) symy
with the “->” symbol.

lex describes how the SML-can define the signal characteristics, signal measurements, arj
ns to meet particular applications. A SML signal model is a mathematical definition of th
roperties. The definition.represents the functioning of a signal entity for both its use and

a formal definition)of the syntax and semantics of predefined signal types. An e
sm may be provided for simulating a modeled signal by plotting it against its definition|
suring its various. properties.

Pefinitions for the basic signal components (BSCs)

(UuT).
ation of
that the
order to
existing
s to the

btions to
B7] has

h line is
restricted
stated as
ol is not

d signal
e signal
reuse. It
kecution
domain

—  Definitions for the combining mechanism for piecewise continuous signals and others

As a convention, the reserved words for the SML entities are written in italics in the format descriptions.
The SML uses a consistent naming convention, however within SML type names shall consistenly start
with a capital letter, function and property names shall consistenly start with a lowercase letter, and names

which clash with reserved language words shall have an underscore character (

9

) appended to the name.

Functional programming consists of building definitions that are subsequently used to evaluate expressions.
Expressions represent questions that evaluate to answers or values, generally through symbolic substitution,
using rules or functions that represent the definitions, all of which obey normal mathematical principles.
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Values are partitioned into organized collections called types. Examples of predefined types are Integer and
Float. All type names shall start with a capital letter in the format descriptions. The double colon symbol
(:2) is used to define the type of a function or expression.

Example:
pi :: Float — means pi is of type Float
pi = 3.14159
succ :: Int -> Int — function succ that takes an Int value and returns an Int
value

succ n = n+l

User types can be defined using the keyword data that introduces the name of the type and the type values
by using a type constructor. All type constructor names shall start with a capital Ietter in th¢ format

=

descriptjons.

Example:

data Resistance = OHM Float | KOHM Float | MOHM Float

In other] words, a value of type Resistance is written using one of the three_type constructor kdywords,
OHM, HOHM, MOHM, followed by a value of type Float, e.g., 5 kQ is written KOHM 5.0.

Type classes can be defined using the keyword class that introduc€s the name of the type class|and the
allowed|functions that operate on any type belonging to this type c¢lass. All type class names shall start with
a capita] letter in the format descriptions. The type class definition can also constrain the types|that are
allowed|to belong to the type class by ensuring that they belong-to other type classes.
Examplé¢:
class (Ord a, Show a) => Physical g . where ..
In other]words, a type class Physical is defified so that only types that belong to the type classes [Ord and
Show mjay belong to the new type clas§-Physical. The language word “where” starts the scopg of the
remainifg definition.

A type definition uses the keyword “instance” to declare itself a member of a particular type class.

Example¢:

instance Physical Resistance where ..

A.3 Physical types

All physical types are held in the module Physical:

>module Physical where

Table A.1 defines the physical types used within the SML and the units involved. The column headers of
the units indicate the exponent of 10 that is used for the unit; in other words, if that unit is used, the basic
degree is multiplied by 10 raised to that exponent. The first unit in each list is the basic unit, i.e., the unit in
terms of which other units are defined.
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All of the type names in Table A.1 may appear in type signatures that give the type of a signal. Each of the
unit names may be used with a floating-point number or expression to create a physical constant. The form
in this case is (<unit_name> <expression>), where the expression is given in normal mathematical notation.

The specification in this clause (i.e., A.3) does not include a complete definition of operations on values of
a physical type. Operations are conducted on normal floating-point types and then converted into physical
quantities as necessary. Conversion of a physical value into a floating-point value is accomplished using
the following form:

>class (Ord a, Show a) => Physical a where
> fromPhysical:: a -> Float

Floating-point values may be converted to physical values by prefixing them with one of the|units in
Table Al 1. In some cases, the appropriate unit is not clear (e.g., in a very general signal cfeation fnethod).
In these|cases, a general routine is used to convert the floating-point value into a physicalyalue whise type
is deterthined from the context. This conversion is accomplished by the following form;

> toPhysical:: Float -> a

All physical types are defined with a data declaration and the/instance mapping fromPhys|cal and
toPhysigal and shall also be instances of classes Eq and Ord imple€menting (==) and (<=) functiogs, using
the fronfPhysical function, e.g., OHM 1000 == KOHM 1 and OHM 1100 >= KOHM 1.

In Tablg A.1 and Table A.2, the physical types are declared\in the “SML type” column, and the alfernative
construdtor names are provided in the other SML columns. Standard physical conversions may need to be

used whien multiple units are used.

Exampl

2

>data PlaneAngle = RAD Flgats | MRAD Float| URAD Float |
> DEG fFhoat |

> REVNEloat deriving (Show)

>instance Physical &laneAngle where

> fromPhysidal\* (RAD x) = x

> fromPhysical (MRAD x) = x * 1.0e-3
> fromPhysical (URAD x) = x * 1.0e-6
> fromBhysical (DEG x) = x * (pi/180)
> fremPhysical (REV x) = x * (2%pi)

> tOPhysical x = RAD x

>installce Eq PlaneAngle where
> x\== y = (fromPhysical x) == (fromPhysical y)
xMystance Ord PlaneAngle where

£ D ; 1 ) DL, ; 2 )
O o =+ Ty oy

P4 T

>data Resistance = OHM Float | KOHM Float| MOHM Float deriving (Show)
>instance Physical Resistance where

> fromPhysical (OHM x) = x

> fromPhysical (KOHM x) = x * 1000

> fromPhysical (MOHM x) = x * 1000000
> toPhysical x = OHM x

>instance Eq Resistance where
> x ==y = (fromPhysical x) == (fromPhysical y)
>instance Ord Resistance where
> x <= y = (fromPhysical x) <= (fromPhysical y)
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Table A.1—SML physical types and their units

SML type Unit | Symbol sﬁl sﬁl sﬁl sﬁl 511\041 Sll\(/)l-; slnoq-gL sll(\)/li
PlaneAngle radian rad |RAD — — — MRAD | URAD — —
degree ° DEG — — — — — — —
revolution — REV — — — — — — —
SolidAngle steradian st SR — — — MSR — — —
Capacitance farad F FD — — — — UFD NFD PFD
Charge coulomb C C KC — — — ucC NC —
Conductance siemens S S — — — — — — —
Current ATTPTTT vay yay KA — — MA HA NA —
Distance meter m M KM — — MM UM NM —
inch in IN — — — — — — —
foot ft FT — — — — — — —
stat. mile mi SMI — — — — —— — —
naut.mile nmi | NMI — — — — — — —
Energy joule J J KJ — — MJ — — —
electronvolt eV EV KEV MEV — — — — —
MagneticHlux weber Wb |WB — — — MWB — — —
MagneticlluxDensity tesla T T — — — MT uT — —
Force newton N N KN — — MN UN — —
Frequency hertz Hz |HZ KHZ MHZ GHZ — — — —
Tlluminange lux Ix LX — — — — — — —
Inductanc henry H HEN — — — MH UH NH PH
Luminancg candela per cd/m?> |NT = — — — — — —
square meter
Luminousflux lumen Im LM — — — — — — —
Luminouslntensity candela cd CD — — — — — — —
Mass kilogram kg |KG — — — G MG UQ —
Power watt W W Kw — — MW uw — —
Pressure pascal Pa* |[PA KPA — — MPA UPA — —
millibar mbar | MB — — — — — — —
Resistancg ohm Q OHM KOHM | MOHM — — — — —
Temperatyre kelvin K KEL — — — — — — —
deg. Celsius °C DEGC — — — — — — —
deg. °F DEGF — — — — — — —
Fahrenheit
Time second s SEC — — — MSEC | USEC NSE[LC —
minute min | MIN — — — — — — —
hour h HR — — — — — — —
Voltage volt \Y% \Y KV — — MV uv — —
Volume liter L LITER — — — ML — — —

Table A.2 provides two further special physical types that are provided to support the SML.
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Table A.2—Special physical types and their units

. 10° 10° 10° 10° 103 10°¢ 10° 1012

SML type Unit Symbol| gy, | sML | SML | SML | SML | SML | sML | sMmL
BurstLength cycle — CYCLE — — — — — — —
pulse — PULSE — — — — — — —

Ratio decibel dB DB — — — — — — —
percent % PC — — — — — — —

scalar — Float — — — — — — —

A.4 Signal definitions

All SML primitive signal definitions are held in the module Pure and make use of the previous| module

Physical and the Haskell system modules Complex and FFT.

Pure where
FFT
Data.Complex
System.Random
Physical

71>

>module
>import
>import
>import
>import
>infixr

Any datptype can declare itself as a signal by declaring itself anvinstance of the class Signal.

>class Signal s where

> mapSignal:: (Physical a, Physical ) => (s a b) -> a -> b

> mapSigList:: (Physical a, Physied® b) => (s a b) -> [a] -> [b]
> toSig:: (Physical a, Physical vW)“=> (s a b) -> SignalRep a b
> isInactive:: (Physical a, Physical b) => (s a b)-> a -> Bool
> 1sOff:: (Physical a, Physie€ad b) => (s a b)-> a -> Bool

> 1isZ:: (Physical a, Physic¢al b) => (s a b)-> a -> Bool

> 1isX:: (Physical a, Physital b) => (s a b)-> a -> Bool

> isL:: (Physical a, Physical b) => (s a b)-> a -> Bool

> 1isH:: (Physical a,. Physical b) => (s a b)-> a -> Bool

> mapSignal = mapSignal toSig

> mapSigList = map,”. mapSignal

> toSig = FunetionRep . mapSignal

> isInactive =.isInactive . toSig

> 1sOff =380ff . toSig

> 1isZ s &)=" (isInactive s t) && (isOff s t)

> 1sX 6 tv= not (isInactive s t) && (isOff s t)

> 1sLN\s~t = (isInactive s t) && not (isOff s t)

> [dsHvs t = not (isInactive s t) && not (isOff s t)

An instance of a signal can be observed at a specific point in its domain; in other words, the instance
effectively calls the function associated with the signal by providing an argument to the function. This

capability is referred to as mapping the signal onto a specific point and has the following form:

mapSignal <signal name> <independent value>

A common signal representation is used to define all signals. A signal representation can be represented
any of the following:

— By a function.

—  As piecewise continuous windows made up of other signal representations.
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— By the value not present, as in an inActive event, and detected through the use of the isInactive
method. This represents a signal whose event state is inactive.

— By the signal not being present and detected through the use of the isOff method. This represents a
signal in the tri-state or Z state.

>data SignalRep a b =

> ZRep |

> XRep |

> NullRep |

> FunctionRep (a -> b) |

> PieceContRep (PieceCont a b)

A signa] representation is an instance of the class Signal and an instance of class Calculus, which provides
function| integration and differentiation methods.

>instance Signal SignalRep where

mapSignal ZRep = \t -> toPhysical (-0.0)
mapSignal XRep = \t -> toPhysical 0.0
mapSignal NullRep \t -> toPhysical (-0.0)
mapSignal (FunctionRep f) = f

mapSignal (PieceContRep f) = mapSignal f
mapSigList (FunctionRep f) map £
mapSigList (PieceContRep f) = mapSigList f
toSig = id

isInactive ZRep _ True

isInactive NullRep = True

isInactive (PieceContRep f) t = isInactiveNf t
isInactive _ = False

i1sOff ZRep _ True

1sOff XRep _ = True

isOff (PieceContRep f) t = isOff f ¢

isOff = False

VVVVVVVVVVVVVYVYVY

>class Calculus a where
> i dx :: Float -> a -> a
> d dx :: Float -> a -> a
° L
>instance (Physical a, /Physsical b) => Calculus (SignalRep a b) where
i _dx dx ZRep = ZRep
i dx dx XRep = XRep
1 dx dx NullRepy="‘NullRep
i dx dx s = FunctionRep (\x -> toPhysical § dx * (sum $ map fromPhysical|$
mapSigList s $§ map toPhysical [0,dx..fromPhysicpl x]))
dx ZRep = ZRep
d dx dxyXRep = XRep
d dx,dX¥ NullRep = NullRep
d dx\dx s = FunctionRep (\x -> toPhysical $
(fromPhysical (mapSignal s x) - fromPhysical (mapSlignal s
(toPhysical ( (fromPhysical x)+dx)))) / dx)

VVVVVVVVYVVYVY
Q,
Q,
x

A new signal definition is created by either defining a function that returns a signal representation (e.g.,
SignalRep a b) or creating a new data class that supports the signal class interface. When defining a new
signal, the name may be used twice in the definition:

— First, to give the type of the independent and dependent variables of the signal. This use is optional
and can often be inferred from the use of the parameters in the signal definition.

— Second, to define the signal itself, using the mechanisms provided for basic signal definitions.

SML signals represent single channel, or scalar, signals. Multichannel signals, or vector signals, can be
constructed by using the Haskell array [] or Tuple () collection classes.
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A.5 Pu

re signals

The SML provides a number of mathematically pure signal definitions, which represent the behavior of
Active and On signals without any representation of noise, distortion, or spurious phenomena. The user can
take these signals and build more complex signals with them using the construction techniques. These pure
signals are divided and presented as signals that are nonperiodic (i.e., do not have a given period or
frequency) and signals that are periodic (i.e., have a given period or frequency).

A51N

onperiodic signals

The signals presented in this subclause have no implicit period. They identify specific, one-time events or

functionfs that do not repeat themselves.

A.5.1.1

A const

A.5.1.2

A linear]
standard

A.5.1.3

A rando
paramet]
The san
followin

Constant

nt signal retains its given level for all values of its independent variable. }t'has the followin

>constant:: (Physical a, Physical b) => b -> SignalRep a'b
>constant level = FunctionRep (\t -> level)

Linear

signal forms a line within a plane. The line is definled by its slope and intercept. The equati
y =mx+ b. It has the following form:

>linear:: (Physical a, Physical b) => Float -> b -> SignalRep a b
>linear m b =
> FunctionRep (\x —-> toPhysical (m*(fromPhysical x) + (fromPhysical b)))

Random

m signal consists,of an unbounded number of random levels between zero and one. It t4
ers: an integer seed and a sampling interval, which is of the same type as the independent
e random “signal is given for the same seed; the seed enables deterministic testing. It
g form:

o form:

bn is the

kes two
ariable.
has the

]

Lot L] ],
e e e
>rand 1 = randoms (mkStdGen (fromInteger 1))
>
>random:: (Physical a, Physical b) => Integer -> a -> SignalRep a b
>random seed sample interval = let
waveform:: (Physical a, Physical b) => a -> [b] -> SignalRep a b

waveform samp ampls = let
makeWin (v,v') = Window LocalZero (TimeEvent (fromPhysical samp))
points = cycle ampls

in pieceRep (Windows (map makeWin (zip points (tail points))))
in waveform sample interval (map toPhysical (rand seed))

VVVVVVYVYyV
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Exponential

An exponential is a damping factor, which is equivalent to the following function:

e-t/r

where

t
T

is the time interval
is the damping factor.

An exp
factor:

A.5.2 Periodic signals

The sigf
words, t
A5.21
A sinus
amplitu
a Plane
A * sin(
where

A

®
0

nential allows any signal to be damped over a given time, according to a floating-point

>expc:: (Physical a, Physical b) => Float -> SignalRep a b
>expc damp = FunctionRep (\t->toPhysical (exp (- ((fromPhysicady¥) *damp))))

hals defined in A.5.2.1 and A.5.2.2 have either a period.or'a frequency assigned to them.
hey repeat their values for some fixed value of their independent variable.

Sinusoid
bid is the familiar sine relationship. It'takes an amplitude, a frequency, and a phase an

le has the type of the dependent varidble, the frequency is of type Frequency, and the phase
Angle. The result is given as follows:

i+ 0)

is the amplitude
is the fréqueéncy (multiplied by 27)
is thephase angle

lamping

In other

ble. The
angle is

It has th|

e fellowing form:

>sine:: (Physical a, Physical b) =>

> b -> Frequency -> PlaneAngle -> SignalRep a b
>sine mag omeg phase =

> FunctionRep (\x -> toPhysical ((fromPhysical mag)*
> (sin (2*pi* (fromPhysical omeg) * (fromPhysical x) +
> (fromPhysical phase)))))

A sinusoid is a simpler form of a more complex function, whose amplitude, phase angle, and frequency are
functions rather than scalars. This has the same format as that above:
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where

>sineFunc:: (Physical a, Physical b)=>

> SignalRep a b->SignalRep a b->SignalRep a b->SignalRep a b
>sineFunc mag omeg phase =

> FunctionRep (\x-> toPhysical ((fromPhysical (mapSignal mag x))*

> (sin (2*pi* (fromPhysical (mapSignal omeg x))* (fromPhysical x)
> + (fromPhysical (mapSignal phase x))))))

the type of all three signals is from the independent to the dependent type

A.5.2.2 Waveform

A wave
values {
window

A wave

A.6 Pu

Clause

mechani

A.6.1 Piecewise continuous. signals

A piecey
the wing

A.6.1.1

An evel

form is defined by a sampling interval and a list of values. The waveform cycles thtou.
equentially and infinitely, starting from zero. The width of each window is thefsame, 4
consists of a line segment.

orm has the following form:

>waveform:: (Physical a, Physical b) => a -> [b] -> Signa¥Rep a b
>waveform samp lev =

> let s = fromPhysical samp

> stepSlope y y' = ((fromPhysical y') - (fremPhysical y)) / s

> makeWin (v,v') = Window LocalZero (TimgBvent s) (linear (stepSlope Vv 1
> points = cycle lev

> in pieceRep (Windows (map makeWin (zip, points (tail points))))

re signal-combining mechanisms

A5 established a number of ways(to create signals, and this clause (i.e., A.6) presen
sms of combining signals togethef. Each mechanism shall be handled separately.

vise continuous signal is made up of a number of windows, each with its own signal define
ow. Window boundaries are defined by events.

Window events

bh those
nd each

') v)

ts some

d within

it ‘marks the transition from one window to another. An event can be an amount of tinje either

relative or absolute (i.e., a time event or fixed event), a function of another signal (i.e., function event), the
moment when another signal becomes active (i.c., active event), or a fixed number of event occurrences
(i.e., a burst event). Each type of event has a distinct form.

>data Event a b=

A time event is either a specified relative period of time or a fixed absolute point in time. The

window lasts for the duration of time given within the immediate scope of the outer signal. It has
the following form:
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> TimeEvent Float
> FixedEvent Float

Although the type of event is called a time event, it may be of any physical type, thus, the u
floating-point expression.

se of the

A function event is when the argument of this function is a function that, in turn, takes a signal and

produces a boolean result. It takes the following form:

> FunctionEvent (Float -> Bool) |

An active event is when a signal representation transitions from a ZRep or NullRep repteg
0 a non-ZRep or non-NullRep representation, i.e., islnactive transitions to Falsex It t
following form:

> ActiveEvent (SignalRep a b) |

A burst event is triggered by a given number of triggers of anqtherdefined event. It t
following form:

> BurstEvent Int (Event a b)

>inf = (1/0)::Float

may determine the absolute time (orvthe value of the independent variable) when a giv

>timeOccurs:: (Physical~a, Physical b) => (Event a b) -> a
>timeOccurs e = toPhysical (eventOccurs e 0.0)

>eventOccurs: : ~(Rhysical a, Physical b)=>(Event a b) -> Float -> Float
>eventOccurs, (TimeEvent t) x = x+t
>eventOccuns \\FixedEvent t) x = if (t>x) then t
> else error ((show x) ++ ">" ++ (sh
>eventO€curs (FunctionEvent f) x = stepEval f x
>eventOccurs (BurstEvent 1 e) x =
if i == 1 then
eventOccurs e x

entation
hkes the

hkes the

Pn event

w t))

else

eventOccurs (Burstkvent (1-1) e) st
where st = eventOccurs e x
>eventOccurs (ActiveEvent ges) x = let {
;isInactive NullRep = True
;isInactive ZRep = True
;isInactive XRep = False
;isInactive = False
sactive True st x w@((Window z e NullRep):ws) = active False st x w
sactive True st x w@((Window z e ZRep):ws) = active False st x w
;active True 0.0 x _ = 1.0e-38 -- must not be zero (0.0)
sactive True st x = st
;active False st x [] = inf
sactive False st x ((Window z e s):ws) = let {
;et = eventOccurs e st
} in active ((isInactive s)&&(et>x)) et x ws

VvV VlwV v

VVVVVVVVVVYVYV
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> }in active (0.0>=x) 0.0 x (functionWindows ges)

>stepEval:: (Float -> Bool) -> Float -> Float
>stepEval f x = 1f not (f x) && f x' then x' else stepEval f x'
> where x' = x + epsilon x

>epsilon:: Float -> Float
>epsilon x | IiInf==x = x

> | 0==x = epsilon 1

> | otherwise = encodeFloat (a+l) b - x where (a,b)=decodeFloat x
>—-epsilon x = let eps = abs (x/1000) in if (1.0e-5 < eps || eps == 0.0)
>-= then 1.0e-5 else eps

The boolean function above may be any sort of function that takes physical value and produces a boolean

value. A
point, a
perform|
and the
produce
these fu

A.6.1.2

A wind
the valu

There is

(e.g., th
purpose

points o
zero of the outer piecewise continuous sighal). Therefore, a flag is included that determines the zer

s an example, the transition functions are given below. The transition functions take a.t

the test; and they produce the value true if the signal has crossed that value sincethe las

nctions are as follows:

hilo <transition point> <signal name> <test point>
lohi <transition point> <signal name> <test-point>

Windows

w is specified by an event, which gives the width of\thie window, and a function, which
e of the signal within the window.

an additional complication when determining the signal value within a window. In son
b normal use of a time window), the begioning of the window is to be regarded as time 0.
5 of evaluating the signal. In other cases (e.g., selecting between two different signals
h a time line), it may be required te'evaluate the signal against the global time zero (i.c.,

the event defining the value of the signal-within that window.

The form of a window definitiofinis, therefore, as follows:

A Zerolhdicator'flag is one of two identifiers, LocalZero or GlobalZero, as follows:

>ddta ZeroIndicator = LocalZero | GlobalZero deriving (Eg, Show)

>data FunctienWindow a b = Window ZeroIndicator (Event a b) (SignalRep a b)

ansition

signal, and a time (or value of the type of the independent variable of the signal) at Wwhich to

sample

value false otherwise. The function hilo produces true on a falling edge, andthe funcfion lohi
5 true on a rising edge. The transition cannot be detected prior to time zero (e,g.5/0.0). The forms of

pecifies

e cases
for the
ht given
the time
against

A helper functionWindows is provided to extract any FunctionWindow component from a SignalRep:

>functionWindows:: (Physical a, Physical b) =>

> (SignalRep a b) -> [FunctionWindow a b]
>functionWindows (PieceContRep (Windows ws)) = ws
>functionWindows s = [Window LocalZero (TimeEvent inf) s]
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The splice function combines multiple FunctionWindows by splicing them into a single FunctionWindow
with each segment bounded by the next event and having their SignalRep determined by the first
parameter:

>splice :: (Physical a, Physical b)=>

> (SignalRep a b -> SignalRep a b -> SignalRep a b) ->

> [FunctionWindow a b] -> [FunctionWindow a b] -> Float -> [FunctionWindow a b]
>splice £ [] [] x =[]

>splice £ ((w@(Window z e s)):wl) [] x =

> (Window z e (f s ZRep)): (splice f wl [] x)
>splice £ [] ((w@(Window z e s)):wl) x =
> (Window z e (f ZRep s)): (splice f [] wl x)

>splice f ((w@(Window z e s)):wl) ((w'@(Window z' e' s')):wl') x = let {

The def;
the cond

A.6.1.3

A piecey
instance
the wing

VA" ——TveIlrcoccur =

> ;nt = et-et'’

> ;win = Window z e (f s s')

> ;dw = Window z (TimeEvent nt) s

> ;et'! = eventOccurs e' x

> ;nt'= et'-et

> ;win'= Window z' e' (f s s')

> ;dw' = Window z' (TimeEvent nt') s'

> } in if abs (nt)<epsilon et then win : (splice f wl wN' )et) else
> if et<et' then win : (splice £ wl (dw':wl'), lety

> else win': (splice f (dw:wl) Wwd! et')

hult behavior of conditioners is described by the helper funetion stdConditioner. When the|input of
itioner is not active, no operation occurs.

>stdConditioner:: (Physical a, Physical b).=>

> (SignalRep a b -> SiggalRep a b) ->

> [FunctionWindow a bh.,'-> [FunctionWindow a b]

>stdConditioner fn (fw@ (Window z e ZRep) :fws) =

> (Window z e ZRep): stdConditioner fn|fws

>stdConditioner fn (fw@ (Window z~g& NullRep):fws)= fw: stdConditioner fn fws
>stdConditioner fn (fw@ (Window( 2 e XRep):fws)= fw: stdConditioner fn fws
>stdConditioner fn ((Window z ‘e (PieceContRep (Windows fws'))) :fws) =

> (Window z @ N(PieceContRep (Windows (stdConditioner fn fws')))):
> stdConditioner fn fws

>stdConditioner fn ((Whindow z e s):fws) =

> (Window z e (fn s)): stdConditioner fn|fws

Piecewise.continuous functions

vise continuous function is represented by the PieceCont datatype, is built from windows, gnd is an
of a(signal. The function getWindow is available to retrieve the local time and first window where

ow(event happens after the required time.

>getWindow:: (Physical a, Physical b) =>

> Float -> Float -> [ FunctionWindow a b ] ->

> (Float, FunctionWindow a b, [ FunctionWindow a b ])
>getWindow st t [] = (t, Window LocalZero (TimeEvent (2*t)) ZRep, [])
>getWindow st t (w:wl) = if t < et then (t', w, wl)

> else getWindow et t wl

> where et = eventOccurs e st

> (Window z e s) = w

> t' = 1if z == LocalZero then t-st else t
>

>data PieceCont a b = Windows [FunctionWindow a b]

>instance Signal PieceCont where
> mapSignal (Windows []) t = mapSignal ZRep t
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mapSignal (Windows wl) t = (mapSignal s) (toPhysical t')
where (t', (Window z e s), wl') = getWindow 0.0 (fromPhysical t) wl
toSig = pieceRep
isInactive (Windows []) t = True
isInactive (Windows wl) t = (isInactive s) (toPhysical t')
where (t', (Window z e s), wl') = getWindow 0.0 (fromPhysical t) wl

VVVVVvVyVv

called nullWindow.

This op
form of

[ cycleWindows (] <window> << [> <window> >> |> nullWindow [ ) ]
The prgceding piecewise continuous signal, cycleWindows, is used¢when the piecewise coptinuous
function| is intended to repeat infinitely for all time; otherwise, after(the last window, the signal value

returns fo zero. Of course, the closing parenthesis is needed only ifithe signal specification is prededed by
cycleWindows and the opening parenthesis.

A similgr form is used when a set of windows is\to be repeated N times:

[ repNWindows ( ] <count> <window> << |>"<window> >> |> nullWindow [ ) ]

where ¢

>nullWindow = Windows []

>(|>)::(Physical a, Physical b) =>
FOTCt oI IO W D= P T e T e Ot =P teTeeortla b

>(|>) w (Windows wl) = Windows (w:wl)

A piecewise continuous signal is, therefore, as follows:

>cycleWindows:: (Physical a, Physical b) ,&>“PieceCont a b -> PieceCont a b
>cycleWindows (Windows wl) = Windows (eycde wl)

unt represents the number of times the windows are to be replicated.

>repNWindows:: (Physical a, Physical b) => Int -> PieceCont a b -> PieceCont a

>repNWindows il (Windows wl) = let

> repN::(Physical a, Physical b)=>
Int -> [FunctionWindow a b] -> [FunctionWindow 4 b]

repNA6X = []

repN\x/ 1s = 1s ++ (repN (x-1) 1s)

in\Windows (repN i wl)

vV VvV VvV

The function pieceRep is used as a generator for normalized, or flattened, windows within piecewise
continuous signals and is used in preference to the constructor PieceContRep to allow for optimization of

windows behavior

>pieceRep:: (Physical a, Physical b) => PieceCont a b -> SignalRep a b
>pieceRep (Windows wl) = PieceContRep (Windows wl)

or an optimized version

pieceRep (Windows wl) = PieceContRep (Windows (flattenWindows 0.0 wl))

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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A.6.2 Sum and Diff

Another mechanism of making signals from other signals is to sum or diff them together. This mechanism

is identified by simply naming the signals to be summed, in the following form:

>sumSig, diffSig:: (Physical a, Physical b, Signal s, Signal s') =>
> (s a b) -=> (s' a b) -> SignalRep a b
>sumSig £ £' =
pieceRep $ Windows $ splice sigState
(functionWindows (toSig f)) (functionWindows (toSig £'))
where
sigState s ZRep =
sigState ZRep s
sigState s NullRep = s
sigState NullRep s = s
sigState s XRep = s
sigState XRep s = s
sigState s s' =
let sl t = fromPhysical (mapSignal s t)
s2 t = fromPhysical (mapSignal s' t)
in FunctionRep (\t -> toPhysical ((sl t) + (s2 t)))
>diffSig f f' =
pieceRep $§ Windows $ splice sigState
(functionWindows (toSig f)) (functiomWindows (toSig f'))

S
S

VVVVVVVVIVYVYVYVYV

where

sigState s ZRep = s
sigState ZRep s s
sigState s NullRep =
sigState NullRep s =
sigState s XRep = s
sigState XRep s = s
sigState s s' =

let sl t = fromPhysical (mapSigfal s t)

s2 t = fromPhysical (mapSigmal s' t)
in FunctionRep (\t -> toPhysi¢al ((sl t) - (s2 t)))

[}
)

VVVVVVVVVVVYVYV
0}

An entire list of signals may be summed with-a function of the following form:

>sumSigList, diffSigLists: (Physical a, Physical b, Signal s) =>

> [ s a b ] -> SignalRep a
>sumSigList [] = ZRep

>sumSigList 1s = fpldll sumSig (map toSig 1s)

>diffSigList [{] ZRep

>diffSigListWls = foldll diffSig (map toSig 1s)

f

A.6.3 Product

Two signals may be multiplied together via an operation of the following form:

>mulSig:: (Physical a, Physical b, Signal s, Signal s') =>
> (s a b) => (s' a b) -> SignalRep a b

>mulSig £ £' =

> pieceRep $§ Windows $ splice sigState

> (functionWindows (toSig f)) (functionWindows (toSig £')) 0.0
> where

> sigState s ZRep = s

> sigState ZRep s = s

> sigState s@NullRep =
> sigState  s@NullRep =
> sigState s@XRep =
> sigState _ s@XRep =

[
0 0

S
S
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> sigState s s' =
> let f1 t = fromPhysical (mapSignal s t)
> f2 t = fromPhysical (mapSignal s' t)
> in FunctionRep (\t -> toPhysical ((fl t) * (f2 t)))

A.7 Pure function transformations

Transformations take a signal and transform it, e.g., converting it from the time domain to the frequency
domain. These transformations are pure in the sense that they are defined here in English.

A.7.1 Flourier transform

The Foyrier transform converts time domain signals to frequency domain signals using ardiscretd Fourier
Transfofm conversion. It is, therefore, more restricted than other signal combination me¢hanisms. It takes a
number jof samples (which are rounded up to the nearest power of two), the amount of time over which the
signal shall be sampled, a frequency zero-offset and a function that can be-magnitude, realPart or
imagPalt plus the signal to be converted. It has the following form:

>fourTrans:: (Physical a, Physical a', Physical b)=>

> Int -> a -> a' -> (ComplexF->Float) -> SignalRep a b -> SignalRep a' b
>fourTrans sam t o cfn f =

> et

> waveform:: (Physical a, Physical b) => a_-% [b] -> SignalRep a b

> waveform samp ampls =

> let stepSlope y y' = (/) ((fromPhysical y') - (fromPhysical y))

> (fromPhysical/samp)

> makeWin (v,v') = Window LocdlZero (TimeEvent (fromPhysical samp)
> (linear (stépSlope v v') v)

> points = ampls ++ (cycley,™f (toPhysical 0.0)])

> in pieceRep (Windows (map wnakeWin (zip points (tail points))))

> s = 2%ceiling(logBase 2 S$_.fromIntegral sam)

> si = toPhysical (1.0 / (£roémPhysical t))

> trl = pointsCount (toRhysical 0.0) t s f

> z t = cos(2*pi*t*fromPhysical o) :+ sin(-2*pi*t*fromPhysical o)

> mc x = ((fromPhysical $§ fst x) :+ 0.0) * (z (fromPhysical $ snd x))

> til = map mc trl

> fil = fft til

> frl = map cfANFil

> in waveformgsi./(map toPhysical frl)

where the functiops fft'and fftinv are imported from the module FFT. The function fft provides the fomplex
coeffici¢nts of a‘Feurier transform of a sample, and the function fftinv provides the complex coeffigients of
the original sample, as follows:

e fftrinw:. - [ mp7m Lloatl] — /'f‘ﬁmph:: Eloatl]

NOTE—The way by which SML defines the Fourier transform inherently utilizes a sampling technique. This technique
is not rigorously identical to the Fourier transform, but tends towards the true transform as the number of samples is
increased and when the time over which the samples are taken is the period of the signal.

A.8 Measure, limiting, and sampling signals

The signals produced may be checked and their attributes measured. Two levels of checking are provided: a
check upon the signal parameters and a check upon the signal itself. In addition to these checks, a number
of measurements can be applied to the signals. Signals may also be sampled to return a list of values upon
which functions may be defined.
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Signal measurements are made on samplings of the signal over values of the independent variable. In other
words, a window shall be specified and either an interval or the number of samples shall be given, just as
with the sampling functions. The user may use the sampling functions given above as inputs into the
measurement functions.

Measurements are performed on samplings of a signal. These samplings return a list of tuples consisting of

signal values (extracted using the Haskell function fst) and independent values (extracted using the Haskell
function snd).

A.8.1 Confining parameters to a limit

A paranpeter of any physical type may be limited to a particular range. In other words, if the given|value is
lower than the low value of the range, the parameter is made equal to that low value. If the(parameter is
greater than the high value of the range, the value is made equal to that parameter. No erroris'signajed.

The formp of the limiting function is as follows:

limit <Iqw_value> <high value> <parameter value>

>limit:: Physical a => a -> a -> a -> a
>1limit low high val = let

rlow = fromPhysical low

rhigh = fromPhysical high

rval = fromPhysical val
in if rval <= rlow then low

else if rhigh <= rval then high

else val

vV VVVyVvyVv

A.8.2 Sampling signals

Signals pre sampled within a window, given as a low and a high value of the same type as the indgpendent
variable|of the signal. Given this windew and the signal, there are two ways to specify how the signals are
to be sampled:

a) [Che user can specify_the number of points (i.e., signal value, independent variable) to be drawn
from within the,window:

>pointsCount:: (Physical a, Physical b, Signal s) =>

> a ->a -> Int -=> s ab -> [ (b, a) ]
>points€ount low high count sig = let
> rlow = fromPhysical low
Py rhigh = fromPhysical high
toffe (rhiagh — +]1ouz) fromlntaecral = 1)

roff = toff - (toff / (2 * (fromIntegral count)))
crelList low high off = if low <= high then
(low : creList (low + off) high off)
else []
appSig t = (mapSignal sig (toPhysical t), toPhysical t)
in map appSig (creList rlow rhigh roff)

vV VVVVvyVv

b) The user can also specify the number of samples (i.e., signal value) to be drawn from within the
window:

>sampleCount:: (Physical a, Physical b, Signal s) =>
> a ->a ->Int -=>s ab ->[b]
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>sampleCount low high count sig = map fst (pointsCount low high count sig)

NOTE—Substitute function snd for function fst to return the independent value.

A.9 Digital signals

A digital signal is a signal where information is represented in one of two values, which are sometimes
called by names such as true and false, low and high, 1 and 0, etc. They also support the additional states
where the values represent unknown (X) and tri-state (Z)

A digitaf-stgmatTsamabstract Tepresemntatiom ot thevatuestiatareencoumnteredrengimeermgdesign; these

enumery

Digital
they tak]

tion values are defined more precisely in A.9.1 through A.9.4.

ignals are distinct from analog signals in that their values do not take on physicalivalue
e on enumeration values that represent physical values. Definitions shall be previded of

means tp operate on digital signals and what it means to convert a digital signal into-afi’analog signz

A91D

efining Digital

>module Digital where

>import Physical
>import Data.List
>import Pure
>import Data.Char

The definitions of the digital values that shall be;used are as follows:

Several

X represents the fact that the signal“is in transition and, therefore, cannot be said to be
alue.

V. represents the fact that the-digital signal is providing very little current and shall sink v
current. [t represents a.signal at high impedance.

[ corresponds to false‘or 0; it translates to 0 in a control signal (but see below).

H corresponds:to'true or 1; it translates to 1 in a control signal (but see below).

>data Digital = X | Z | L | H deriving (Eq, Show)

; rather,
what it
1.

ht either

pry little

sh them

dieital operations are defined for digital values, using an asterisk or the letter d to distingu

from standard boolean functions:

notd 1is the digital function not.

&* is the digital function and.

|* is the digital function or.

1* is the digital function xor (equivalent to not equals).
=* is the digital equality (i.e., equals).

+* is the equivalent to states provided by Sum.
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** is the equivalent to states provided by Prod.

>class DigitalOpers a where
> (&F), (1K), (%), (=X), (%), (**)::a -> a > a
> notd:: a -> a

>instance DigitalOpers Digital where

> notd x = case x of { L->H; H->L; X->X; Z->7Z }
> X &% Z = x

>  &* L =1L

> x &% y = case x of { Z->y; X->y; H->x; L->x }
> x |* y = notd ((notd x) &* (notd y))

> zZ l*y =y

> x It Z =x

> x 1* vy = (x|*y) &* notd(x&*y)

> x =* y = notd(( notd x) !* (notd y))

> Z +*y =y

> H+* =H

> x +* y = case y of { Z->x; X->y; H->y; L->x;}
> X ** y = notd ((notd x) +* (notd y))

efining DigitalSignal

| values (i.e., Digital). A digital signal also supports the digital operation.

nition for a digital signal is as follows:

>data DigitalSignal = Dig Float [ Digitad+~] deriving (Egq, Show)
>instance DigitalOpers DigitalSignal where

signal is specified as a time (which represents the transition period of the digital signal) 3

nd a list

> dl1@(Dig tl1 11) &* d2@(Dig t2 12).=
> let doAnd (x,y) = x &* y
> t = 1if tl == t2 then tl-else
> error "Attemptihg to AND two signals with different times"
> in Dig t (map doAnd (zip 11 12))
> dIl@(Dig tl1 11) |* d2@(Dig t2 12) =
> let doOr (x,y) = %~NNy
> t = 1if tl == t2/then tl else
> errQr !"Attempting to OR two signals with different times"
> in Dig t (mapydoOr (zip 11 12))
> notd (Dig t dl))= Dig t (map notd dl)
> dil@(big t1 @1y !* d2@(Dig t2 12) =
> let doXor.(x,y) = x !*y
> ty=Mf tl == t2 then tl else
> error "Attempting to XOR two signals with different times"
> in\Dig t (map doXor (zip 11 12))
> dil@(big tl1 11) =* d2@(Dig t2 12) =
> let doCompare (x,y) = X =%y
= t = 1f tl == t2 then tl else
i LLVEx mpi—w’vx:’ = QMDRADRL o v'jw L PRI N A~ E it = S g
> in Dig t (map doCompare (zip 11 12))
> dl1@(Dig tl1 11) +* d2@(Dig t2 12) =
> let doSum (x,y) = x +* y
> t = if tl == t2 then tl else
> error "Attempting to COMPARE two signals with different times"
> in Dig t (map doSum (zip 11 12))
> dl@(Dig tl1 11) ** d2@(Dig t2 12) =
> let doProd (x,y) = x Digital.** y
> t = 1if tl1 == t2 then tl else
> error "Attempting to COMPARE two signals with different times"
> in Dig t (map doProd (zip 11 12))
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The conversion functions digitalString and digitalList are provided to help turn digital strings into digital
arrays suitable for Serial and Parallel data.

Examples:
digitalString "HL; LLX, ; H" ==> [H,L,L,L,X,H]
digitallist "HL; LLX, ; H" ==> [[H,L,%,H],[L,L,Z,2],[%,X,%2,2]].

>digitalString:: String -> [Digital]
>digitalString xs = map char2dig (filter (ignoreChars) xs) where

> ignoreChars ¢ = filter (==c) "LHXZ10" /= []
> char2dig 'L' = L
> char2dig 'H' = H
harldiog T ¥
> char2dig 'z' = Z
> char2dig '0' = L
> char2dig 'l1' = H
>
>digitalList :: String -> [[Digitall]]
>digitallist xs = transposeZ (map digitalString § split xs) whéere
> split "" =[]
> split s = a : split (drop 1 b) where (a, b) = break (\c-%C5=';'|lc==',"] s
> transposeZ xxs = let
> len = maximum (map length xxs)
> in take len (transpose (map (\xs->xs++cycle[Z]) xxs)Y)
>

Digital pignals can be generated using the function str2dig ‘that allows digital strings contaifiing the
charactdrs H, L, Z, and X and whitespace to be converted into.digital signals.

>str2dig:: Float -> String -> DigitalSignal
>str2dig t s = Dig t (digitalString_s)

A.9.3 Qonversion routines
Convergion routines convert from, analog control signals to digital signals and vice versa. Digita] signals
can be gombined with other digital signals, but need to be converted in order for them to be used wjth other
SML signals. An analog cortrol signal is an analog signal that uses the threshold low and high vajues and
where the no signal value(is used to detect tri-state Z values.

Two comversion routines are defined:

— hnalag to digital (a2d)

—  Higital to analog (d2a)

The conversion routines use physical threshold values to convert to and from low and high states.

The format of the conversion from analog signals to digital signals is as follows:

a2d <low_threshold> <high threshold> <sample rate> <analog signal> <

Digital signals have distinct states, whereas their analog values are arbitrary, depending on the logic family
thresholds:

— The Z digital state represents a high impedance signal with little or no current and is converted
from the no signal, NullRep, SignalRep.
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The H digital state represents a logic high and is converted from values equal to or greater than the
high threshold value.

The L digital state represents a logic low and is converted from values equal to or less than the low
threshold value.

The X digital state represents all other values, i.e., values within the low-high thresholds.

NOTE—The description assumes that the high threshold is greater than the low threshold.

The signal has two thresholds; between the two thresholds, the X value is used. The representation ZRep
signifies the presence of a Z; it is controlling in the sense that if there is no signal, then no current flows and
it does not matter what the voltage level is. The sample rate simply gives the rate at which analog samples

are take

n and digital outputs prodnced

>a2d:: (Physical a, Physical b, Signal s) =>
> b -> b -> Float -> (s a b) -> DigitalSignal
>a2d lowth highth sampRate s =

let 1t = fromPhysical lowth
ht = fromPhysical highth
mt = (ht+lt)/2

dt = (ht-1t)/2
h = if dt<0 then L else H
sr = sampRate
val:: Float -> Digital
val x = let dv = fromPhysical (mapSignal s {(toPhysical x)) - mt
in if isInactive s (toPhysical x){then Z
else if abs dv < abs dt thendX
else if dv > 0 then h elseN(notd h)
sl x = x : sl (x + sr)
in Dig sampRate (map val (sl 0.0))

VVVVVVVVVYVYVYVYV

The foripat of the conversion from digital to analog-signal is as follows:

The dig

In addit

d2a <low threshold > <high threshold > <digital signal>

tal-to-analog conversion provid€san analog signal as follows:

A value of Z maintains the previous digital value.
A value of X producesia tri-state gated Off digital signal.
A value of L praduces a low threshold analog value.

A value of Hiproduces a high threshold analog value.
on, whenthe signal goes to X, the level of the voltage signal tends to “float” as follows:

e Phystoat =, Phystcat—br—

> b -> b -> DigitalSignal -> (SignalRep a b)

>d2a lowth highth s@(Dig clock ds) =

> et

> win s = Window LocalZero (TimeEvent clock) s

> makewin Z = win ZRep

> makewin X = win XRep

> makewin H = win (constant highth)

> makewin L = win (constant lowth)

> makewin' (d:Z:ds) = (makewin d) : (makewin' (d:ds))
> makewin' ds@(d:[]) = (makewin d) : (makewin' ds )
> makewin' [] = makewin' (Z:[])

> makewin' (d:ds) = (makewin d): (makewin' ds )

> in pieceRep (Windows (makewin' ds))
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A.9.4 Patterns

Digital signals are often used in sets that represent related signals; for example, a set of 32 digital signals
can represent a single, changing integer. Specifying sets of such digital signals is inconvenient using the
form given above. In addition, such sets of digital signals usually share a common clock so that repeated

specification of the time parameter is redundant.

A pattern is a convenient mechanism for specifying a number of parallel digital signals. It specifies the
clock time once and then gives the digital values as a number of strings. An example of a parallel digital

string utilizing whitespace is as follows:

Pattern (fromPhysical (USEC 1)) "HLHL LLLL, LHLH HHHH, HHHH LLLL"

The definition for a pattern is as follows:

Given a|pattern, it may be converted into a list of digital signals:

>pat2diglist:: Pattern -> [ DigitalSignal ]

A.10 Basic component SML

The BSC SML is defined in the module BSC

>module BSC where
>import Data.Complex
>import FFT

>import Data.Bits
>import Data.List

making [use of the previously defined types Physical, Pure, and Digital (see A.3, A.5, A.6, A.7,

respectiyely)

>impowétnPure
>imporxt Digital
>import Physical

>data Pattern = Pattern Float String deriving (Eq,

>pat2diglist (Pattern t xs) = map (Dig t) (digitalist xs)

ind A.9,

by the following SML BSC definitions: Source, Conditioner, EventFunction, Sensor, Control, Digital, and

Connection, and using the following type aliases.

>type PulseDefn = (Float, Float, Float)
>type PulseDefns = [PulseDefn]
>instance Show (a->b) where

> showsPrec _ = showString "<function>"
>

>data BSC a b =

> Null |

>--Source
>---Non Periodic
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Constant {amplitude::b} |
Step {amplitude::b , startTime::a} |
SingleTrapezoid {amplitude::b,
startTime::a, riseTime::a, pulseWidth::a, fallTime::a} |
Noise f{amplitude::b, seed::Integer, frequency::Frequency}
SingleRamp {amplitude::b, riseTime::a, startTime::a} |
>-—-Periodic

VVVVVyVv

> Sinusoid {amplitude::b, frequency::Frequency, phase::PlaneAngle} |

> Trapezoid {amplitude::b,

> period::a, riseTime::a, pulseWidth::a, fallTime::a} |

> Ramp {amplitude::b, period::a, riseTime::a} |

> Triangle {amplitude::b, period::a, dutyCycle::Ratio} |

> SquareWave {amplitude::b, period::a, dutyCycle::Ratio}

> wWaveformRamp {amplitude::b, period::a,

> samplingInterval::a, points::[Float]} |
I £, +F{F7’+/J L\,F =) -

> samplingInterval::a, points::[[Elpat]} |

>--Conditioner
>-—-—-Filter

> BandPass {centerFrequency::Frequency, frequencyBand::Frequency,

> gain::Ratio, rollOff::Ratio, passBandRipple::Ratio, stopBamrdRipple:|:Ratio,
> fInterval::Float, samples::Int, signdl::(BSC kg b)} |
> LowPass {cutoff::Frequency, gain::Ratio, rollOff::Ratio,

> passBandRipple::Ratio, ‘§topBandRipple:|:Ratio,
> fInterval::Float, samples::Int, signal::(BSC g b)} |
> HighPass {cutoff::Frequency, gain::Ratio, rollOff::Ratio,

> passBandRipple: :Ratl®, stopBandRipple:|:Ratio,
> fInterval::Float, samples::Int, signal::(BSC g b)} |
> Notch {centerFrequency::Frequency, frequencyBand?:Frequency,

> gain::Ratio, rollOff::Ratio, passBandRipple:|:Ratio,
> stopBandRipple:|:Ratio,
> fInterval::Float,s» samples::Int, signal:: (BSC kg b)} |
>---Combiner

> Sum {signals::[(BSC a b)]} |

> Product {signals::[(BSC a b)]} |

> Diff {signals::[(BSC a b)]} |

>---Modulator

> FM {amplitude::b, carrierFrequency: :Frequency,

> fxequencyDeviation: :Frequency, signal::(BSC g b)} |

> AM {modIndex::Ratio, carrier::(BSC a b), signal::(BSC a b)} |

> PM {amplitude::b, carriexFrequency ::Frequency,

> phaseDeviation::PlaneAngle, signal::(BSC g b)} |

>---Transformation

SignalDelay {accelemation::Frequency,
delay::a, rate::Ratio, signal::(BSC g b)} |

Exponential {dampingFactor::Float, signal::(BSC a b)} |

E {signal::(BSC a b)} |

Ln {signad™»~BSC a b)} |

Negate {sighal:: (BSC a b)} |

Inversel\fsignal:: (BSC a b)} |

Pulsefrain {pulses::PulseDefns, repetition::Int, signal::(BSC a b)} |

Atftenuator {gain::Ratio, signal::(BSC a b)} |

Load {resistance::Resistance, reactance::Resistance, signal::(BSC a b) |

Limit {limit::b, signal::(BSC a b)} |

FFT {samples::Int, interval::a, signal::(BSC a b)} |

>s~Event Function

YV VVVVVVVVYVYVYVY

>---FEvent Source

> Clock {clockRate::Frequency} |

> TimedEvent {delay::a, duration::a, period::a, repetition::Int}
> PulsedEvent {pulses::PulseDefns, repetition::Int} |
>---FEventConditioner

> EventedEvent {events::[(BSC a b)]} |

> EventCount {count::Int, event:: (BSC a b)} |

> ProbabilityEvent {seed::Integer, propability::Ratio, event::(BSC a b)} |
> NotEvent {event::(BSC a b)} |

>----Logical

> OrEvent {events::[(BSC a b)]} |

> XOrEvent {events::[(BSC a b)]} |

> AndEvent {events::[(BSC a b)]} |

>--Sensor
> Counter {readings::[(a,b)]} |
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Interval {readings::[(a,b)]} |

Instantaneous {readings::[(a,b)]} |

RMS {readings::[(a,b)]} |

Average {readings::[(a,b)]} |

PeakToPeak {readings::[(a,b)]} |

Peak {readings::[(a,b)]} |

PeakPos {readings::[(a,b)]} |

PeakNeg {readings::[(a,b)]} |

MaxInstantaneous {readings::[(a,b)]} |
MinInstantaneous {readings::[(a,b)]} |

>--Measure

> Decode {datatype::String, encoding::String} |
>--Control

> SelectIf {selector::(BSC a b), signals::[(BSC a b)]} |
> SelectCase {mask::Int, selectors::[(BSC a b)], signals::[(BSC a b)]} |

VVVVVVVVVYVY

hnd <L {/J = o S
> width::Int, repetition::Int, datatype::String, encodings:|String,
> signal:: (BSC a b), chapnel:|:Int} |
> Transform {mapping::String, as::(Maybe (BSC a b->BSC a b)),
> signal:/(BSC kb b)} |
> InverseTransform {mapping::String, as'::(BSC a b), signal::(BSC’a b)} |
> Channels {channelNames::String, ass:: (Maybe ([BSC a b]->BSC{a. b)),
> signals::[(BSC alh)9, channel:|:Int} |
>--Digital

> SerialDigital {data ::String, period::a,
> logic H value::b, logic L valué€y:p, pulseClass::Stlring}
> ParallelDigital {data ::String, period::a,
> logic H value::b, logic Lgwalue::b, pulseClass::String,
> channel:|: Int} |
>--Connection {channelWidth::Int, signals::[(BSC/ab)], channel::Int} |
TwoWire {hi::String, lo::String, channelWidbhv':Int,
signals::[(BSC a b)], channel:|:Int}
TwoWireComp {true::String, comp::String,\ehannelWidth::Int,
signals::[(BSC a b)], channel:|:Int} |
ThreeWireComp {true::String, comp::Sttring, lo::String, channelWidth::Int,
signals::[(BSC a b)], channel:|:Int}
SinglePhase {a::String, n::Stringy channelWidth::Int,
signals::[(BSC a b)], channel:|:Int} |
TwoPhase {a::String, b::Stringy n::String, channelWidth::Int,
signals::[(BSC a b)], channel:|:Int} |
ThreePhaseDelta {a::String,” b::String, c::String, channelWidth::Int,
signals::[(BSC a b)], channel:|:Int} |
ThreePhaseWye {a::Stxing, b::String, c::String, n::String,
channelWidth::Int, signals::[(BSC a b)], channel:|:Int} |
ThreePhaseSynchro* {x::String, y::String, z::String, channelWidth::Int,
signals::[(BSC a b)], channel:|:Int} |
FourWireResodwer (sl::String, s2::String, s3::String, s4::String,
channelWidth::Int, signals::[(BSC a b)], channel:|:Int} |
SynchroResodver {rl::String, r2::String, r3::String, r4::String,
channelWidth::Int, signals::[(BSC a b)], channel:|:Int} |
Series/~{tvia::String, channelWidth::Int,
signals::[(BSC a b)], channel:|:Int}
FeuxWire {hi::String, lo::String, hiRef::String, loRef::String,
channelWidth::Int, signals::[(BSC a b)], channel:|:Int} |
NonElectrical {to::String, from::String, channelWidth::Int,
signals::[(BSC a b)], channel:|:Int} |
DigitalBus {pins::String, channelWidth::Int,
signals::[(BSC a b)], channel::Int}

VVVIwyVvVVyVVyVvVyVyVvyVvVvVyvVvVyVvVyVvyVVyVVVVYVYVVYVVYV

deriving Show

>instance Signal BSC where
> toSig Null = ZRep
>--Source
>---Non Periodic
toSig (Constant amplitude) = bscConstant amplitude
toSig (Step amplitude startTime) = bscStep amplitude startTime
toSig (SingleTrapezoid amplitude startTime riseTime pulseWidth fallTime) =
bscSingleTrapezoid amplitude startTime riseTime pulseWidth fallTime
toSig (Noise amplitude seed frequency) =
bscNoise amplitude seed frequency
toSig (SingleRamp amplitude riseTime startTime) =

VVVVyVvyVvy
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> bscSingleRamp amplitude riseTime startTime
>---Periodic
toSig (Sinusoid amplitude frequency phase) =
bscSinusoid amplitude frequency phase
toSig (Trapezoid amplitude period riseTime pulseWidth fallTime) =
bscTrapezoid amplitude period riseTime pulseWidth fallTime
toSig (Ramp amplitude period riseTime) =
bscRamp amplitude period riseTime

bscTriangle amplitude period dutyCycle
toSig (SquareWave amplitude period dutyCycle) =
bscSquareWave amplitude period dutyCycle
toSig (WaveformRamp amplitude  samplingInterval points) =
bscWaveformRamp amplitude samplingInterval points
toSig (WaveformStep amplitude samplingInterval points) =

N I £ fop F7'+ =) r'7' aases 1 pOthS

>
>
>
>
>
>
> toSig (Triangle amplitude period dutyCycle) =
>
>
>
>
>
>

>--Conditioner
>---Filter

toSig (BandPass centerFrequency frequencyBand gain rollOff passBandRippld
stopBandRipple fInterval samplés signal) =
bscBandPass centerFrequency frequencyBand gain rollOff passBangRipple
stopBandRipple fInteftvad samples| signal
toSig (LowPass passband gain rollOff passBandRipple stopBarldRipple
fInte¥val samples sifgnal) =
bscLowPass passband gain rollOff passBandRipple stopBandRipple
fInterval samples| signal
toSig (HighPass passband gain rollOff passBandRipple ‘stopBandRipple
fInterval samples sifgnal) =
bscHighPass passband gain rollOff passBandRippl& stopBandRipple
fInterval samples| signal
toSig (Notch centerFrequency frequencyBand daiw rollOff
passBandRipple stopBandRipple fInterval samples sifgnal) =
bscNotch centerFrequency frequencyBand\gain rollOff
passBandRippleNstopBandRipple fInterval samples| signal

VVVVVVVVVVVVYVYVYVY

>---Combiner

> toSig (Sum signals) = bscSum signals

> toSig (Product signals) = bscProdiuct signals

> toSig (Diff signals) = bscDiff gignals

>---Modulator

> toSig (FM amplitude carrierfFrequency frequencyDeviation signal) =
> bscFM dmplitude carrierFrequency frequencyDeviation| signal
> toSig (AM modIndex carrier signal) = bscAM modIndex carrier signal

> toSig (PM amplitude cax¥ierFrequency phaseDeviation signal) =

> bscPM amplitude carrierFrequency phaseDeviation| signal

>---Transformation

> toSig (SignalDeldy acceleration delay rate signal) =

> bscSignalDelay acceleration delay rate| signal
> toSig (Expomential dampingFactor signal) =

> bscExponential dampingFactor| signal
> toSig (Bwsignal) = bscE signal

> toSig €{(&m’ signal) = bscLn signal

> toSig YNegate signal) = bscNegate signal

> toSi1g (Inverse signal) = bscInverse signal

> toSig (PulseTrain pulses repetition signal) =

> bscPulseTrain pulses repetition| signal
>\VtoSig (Attenuator gain signal) = bscAttenuator gain signal

> toSig (Load resistance reactance signal) =

> bscLoad resistance reactance signal
> toSig (Limit limit signal) = bscLimit limit signal

> toSig (FFT samples samplelnterval signal) =

> bscFFT samples samplelInterval (toPhysical 0) signal

>--Fvent Function

>---EventSource

> toSig (Clock clockRate) = bscClock clockRate

> toSig (TimedEvent delay duration period repetition) =

> bscTimedEvent delay duration period repetition
> toSig (PulsedEvent pulses repetition) = bscPulsedEvent pulses repetition
>---EventConditioner

> toSig (EventedEvent events) = bscEventedEvent events

> toSig (EventCount count event) = bscEventCount count event
> toSig (ProbabilityEvent seed propability event) =
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> bscProbabilityEvent seed propability event
> toSig (NotEvent event) = bscNotEvent event
>----Logical
> toSig (OrEvent events) = bscOrEvent events
> toSig (XOrEvent events) = bscXOrEvent events
> toSig (AndEvent events) = bscAndEvent events

>--Sensors

>--Control

> toSig (SelectIf selector signals) = bscSelectIf selector signals

> toSig (SelectCase mask selectors signals) =

> bscSelectCase mask selectors signals
> toSig (Transform mapping as signal) = bscTransform mapping as signal

> toSig (InverseTransform mapping as' signal) =

> bscInverseTransform mapping as' signal
> toSig (Encode data width repetition datatype encoding signal channel) =

b . =) /J%»i I ot iid chasato ding 5 b hannel
> toSig (Channels channelNames ass signals channel) =
> (bscChannels channelNames ass signals)t '] fthannel
>--Digital
> toSig (SerialDigital data period logic H value logic L value pulse€lass) =
> bscSerialDigital data period logic H value logic Invalue pulseClass
> toSig (ParallelDigital
> data period logic H value logic L value pulseClass chapnel) =
> (bscParallelDigital data period logic\H 'value logic | value
> pulseClass) !! kchannel
>--Connections
> toSig (TwoWire hi lo channelWidth signals channel) &
> (bscTwoWire hi lo chamhelWidth signals) !! channel
> toSig (TwoWireComp true comp channelWidth signads Channel) =
> (bscTwoWireComp true compN\channelWidth signals) !! fkhannel
> toSig (ThreeWireComp true comp lo channelWidbhvsignals channel) =
> (bscThreeWireComp true cqomp Mo channelWidth signals) !! khannel
> toSig (SinglePhase a n channelWidth signails' channel) =
> (bscSinglePhasSe a n channelWidth signals) !! fhannel
> toSig (TwoPhase a b n channelWidth sighals channel) =
> (bscTwePhase a b n channelWidth signals) !! fchannel
> toSig (ThreePhaseDelta a b ¢ channelWidth signals channel) =
> (bscThreePhdseDelta a b ¢ channelWidth signals) !! khannel
> toSig (ThreePhaseWye a b ¢ n cJchannelWidth signals channel) =
> (bscThxeePhaseWye a b ¢ n channelWidth signals) !! fhannel
> toSig (ThreePhaseSynchro x\y’ z channelWidth signals channel) =
> (bscFhreePhaseSynchro x y z channelWidth signals) !! fhannel
> toSig (FourWireResolvex~sl s2 s3 s4 channelWidth signals channel) =
> (bscFougWireResolver sl s2 s3 s4 channelWidth signals) !! fhannel
> toSig (SynchroResolver sl s2 s3 s4 channelWidth signals channel) =
> (bscSynchroResolver sl s2 s3 s4 channelWidth signals) !! fhannel
> toSig (SeriesfWwha channelWidth signals channel) =
> (bscSeries via channelWidth signals) !! channel
> toSig (FourWire hi lo hiRef loRef channelWidth signals channel) =
> (bscFourWire hi lo hiRef 1loRef channelWidth signals) !! khannel
> toSig {(NehElectrical to from channelWidth signals channel) =
> (bscNonElectrical to from channelWidth signals) !! fhannel
> toSig (DigitalBus pins channelWidth signals channel) =
> (bscDigitalBus pins channelWidth signals) !! fhannel
>&7SEéction Ends

A.10.1 Source ::SignalFunction

A.10.1.1 NonPeriodic ::Source

A.10.1.1.1 Constant ::NonPeriodic

>bscConstant:: (Physical a, Physical b) => b -> SignalRep a b
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>bscConstant =
> (\amplitude -> constant amplitude)

A.10.1.1.2 Step ::NonPeriodic

>bscStep:: (Physical a, Physical b) => b -> a -> SignalRep a b
>bscStep =

> (\amplitude startTime -> let

> st = fromPhysical startTime

> zero = constant (toPhysical 0.0)

> 1lvl = constant amplitude

WITl = WIINAdOWwW LOoCdlzzer O (l11HmeLvellt SU) ero |
> Window LocalZero (TimeEvent inf) 1vl |>
> nullWindow
> in pieceRep wins
> )

A.10.1.11.3 SingleTrapezoid ::NonPeriodic

>bscSingleTrapezoid:: (Physical a, Physical b) => bs>acra->a->a->SignalRep a
>pbscSingleTrapezoid =

> (\amplitude startTime riseTime pulseWidth fallTime ->let

> startTime' = fromPhysical startTime

> riseTime' = fromPhysical riseTime

> pulseWidth' = fromPhysical pulseWidth

> fallTime' = fromPhysical fallTime

> wins = Window LocalZero (TimeEvent startTime') (constant (toPhysical 0))
> Window LocalZero (TimeEvent riseTime')

> (linear ((fromPhysical“amplitude)/riseTime') (toPhysical 0))
> Window LocalZero (TimeEvent puUlseWidth') (constant amplitude) |>

> Window LocalZero (TimeEvent~fallTime')

> (linear (- (fromlPhysical amplitude)/fallTime') amplitude) |>
> Window LocalZero (TimeEveht inf) (constant (toPhysical 0)) |>

> nullWindow

> in pieceRep wins

> )

A.10.1.1.4 Noise ::NonPeriodic

>bscNoise”: : (Physical a, Physical b) => b->Integer->Frequency->SignalRep a b
>bseNQise =

>/ (VYamplitude seed frequency -> let

3 pfive = constant (toPhysical (- 0.5))

amp = constant (toPhysical (2.0 (fromPhysical amplitude)))
> per = toPhysical ( 1.0 / (fromPhysical frequency))
> in mulSig amp (sumSig pfive (random seed per))
>

)

A.10.1.1.5 SingleRamp ::NonPeriodic

>bscSingleRamp:: (Physical a, Physical b) => b->a->a->SignalRep a b

>bscSingleRamp =
> (\amplitude riseTime startTime -> let
> amplitude' = fromPhysical amplitude
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> startTime' = fromPhysical startTime
> riseTime' = fromPhysical riseTime
> wins = Window LocalZero (TimeEvent startTime') (constant (toPhysical 0))
> Window LocalZero (TimeEvent riseTime')
> (linear (amplitude'/riseTime') (toPhysical 0)) |>
> Window LocalZero (TimeEvent inf) (constant amplitude) |>
> nullWindow
> in pieceRep wins
> )

A.10.1.2 Periodic ::Source

A.10.1.

A.10.1.

2.1 Sinusoid ::Periodic

.2 Trapezoid ::Periodic

>pbscSinusoid:: (Physical a, Physical b) => b->Frequency->PlaneAngle~2>5ignalR{
>bscSinusoid =

> (\amplitude frequency phase ->

> sine amplitude frequency phase
> )

>bscTrapezoid:: (Physical a, Physical b) =>{k3>a->a->a->a->SignalRep a b
>bscTrapezoid =
> (\amplitude period riseTime pulseWidtinfallTime -> let
period' = fromPhysical period
riseTime' = fromPhysical riseTime
pulseWidth' = fromPhysical pudl§éwWidth
fallTime' = fromPhysical falilime
trapezoid = pieceRep $
Window LocalZero (TimeEvent 0.0) (ZRep) |>
Window LocalZero (TiméBvent riseTime')
(linear ((fpemPhysical amplitude)/riseTime') (toPhysical 0) ) |>
Window LocalZero (IimeEvent pulseWidth') (constant amplitude) |>
Window LocalZego (TimeEvent fallTime')
(lineaf(~ (fromPhysical amplitude)/fallTime') amplitude ) |>
Window LocdlZero (TimeEvent (period'- (riseTime'+pulseWidth'+fallTime')
(constant (toPhysical 0)) |>
nullWindow
in pigeeRep $ cycleWindows §

\%

VVVVVVVVVVVVVYVYVY

A.10.1.2.3 Ramp ::Periodic

>bscRamp:: (Physical a, Physical b) => b->a->a->SignalRep a b
>bscRamp =

> (\amplitude period riseTime -> let

> per = fromPhysical period

> rt = fromPhysical riseTime

> v = fromPhysical amplitude

> rsl = (v / rt)

> fsl = (- v /(per - rt))

> wins = Window LocalZero (TimeEvent rt) (linear rsl (toPhysical 0.0)) |>
> window LocalZero (TimeEvent (per - rt)) (linear fsl amplitude) |>
> nullWindow
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> ramp = pieceRep wins
> in pieceRep $ cycleWindows $
> Window LocalZero (TimeEvent per) ramp |> nullWindow
>)

A.10.1.2.4 Triangle ::Periodic

A.10.1.

A.10.1.

>pbscTriangle:: (Physical a, Physical b) => b->a->Ratio->SignalRep a b
>bscTriangle =

> (\amplitude period dutyCycle -> let

> per = fromPhysical period

Vo= ILromrilysicdl dilplltude

gper = per *(fromPhysical dutyCycle) / 2.0

sl = (v / gper)

nsl = 2.0*% (-v) / (per - 2.0%*gper)

wins = Window LocalZero (TimeEvent gper) (linear sl (toPhysical~0.0)) |

Window LocalZero (TimeEvent (per - 2.0*gper)) (linear @isl) amplit
Window LocalZero (TimeEvent gper) (linear sl (toPhysiecal (- v)))
nullWindow

in pieceRep (cycleWindows wins)

VVVVVVVYVYVY

.5 SquareWave ::Periodic

>bscSquareWave: : (Physical a, Physical b) =%\b->a->Ratio->SignalRep a b
>bscSquareWave =

> (\amplitude period dutyCycle -> let

> per = fromPhysical period

> 1lvl = fromPhysical amplitude

> trans = per * (fromPhysical dutyCycle)

> slvl = constant amplitude

> nslvl = constant (toPhysidal (- 1vl1))

> wins = Window LocalZerq((TimeEvent trans) slvl |>
> Window LocalZeno, (TimeEvent (per-trans)) nslvl |>
> nullWindow

> in pieceRep (cycleWindows wins)

> )

2.6 WaveformRamp ::Periodic

>bseWaveformRamp: : (Physical a, Physical b) => b->a->[Float]->SignalRep a b
>HscWaveformRamp =

A ANamplitude samplingInterval points -> let

pts = map ((*) (fromPhysical amplitude)) points
> in waveform samplingInterval (map toPhysical pts)
>)

A.10.1.2.7 WaveformStep ::Periodic

>bscWaveformStep: : (Physical a, Physical b) => b->a->[Float]->SignalRep a b
>bscWaveformStep =

> (\amplitude samplingInterval points -> let

> pts = map ((*) (fromPhysical amplitude)) points

> in FunctionRep (\t->cycle (map toPhysical pts) !!
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floor (fromPhysical t / (fromPhysical samplingInterval)))

A.10.2 Conditioner ::SignalFunction

A.10.2.1 Filter ::Conditioner

A.10.2.1.1 BandPass ::Filter

A.10.2.

>bscBa
>
>
>bscBa
> (\ce

v

t

VVVVVVYV
o NN X

ma

>bscLo
>
>bscLo
> (\pa
>

> t
> X

ct

> ++ take (y-x+1) o ++ takel fxV z

>--Remember only good for 0.5 sample freq

>--The top freqg half is need to get good response. add padding to middle
> times = zipWith (*)

> til = sampleCount (toPhysical 0.0) t' s signal

> fil = fft § map (\x->(fromPhysical{x):+0.0) til

> frl = map realPart § fftinv § I1fix*2<s then mask times ™ fil
> else take s z

> in waveform (toPhysical ((fremPhysical t)/(fromIntegral s)))
> (map tobhysical frl)

> )

1.2 LowPass ::Filter

ndPass:: (Physical a, Physical b, Signal s) =>
Frequency->Frequency->Ratio->Ratio->Ratio->Ratio->
Float->Int->s a b~+>84ignalRep a b
ndPass =
nterFrequency frequencyBand gain
rollOff passBandRipple stopBandRipple fInterval samples sfgnal -> le
= toPhysical (fInterval);s=2"ceiling(logBase 2 $ fromInfégral samples
= fromPhysical centerFrequency,; fb = fromPhysical firequencyBand
= truncate((cf-fb/2) * (fromPhysical t))
= truncate ((cf+fb/2) * (fromPhysical t))
cycle [0:+0]
cycle [1:+0]
sk = take (x) z ++ take (y-x+1) o ++ take {sy2*y-1) z

wPass:W(Physical a, Physical b, Signal s) =>
Freguency-> Ratio-> Ratio-> Ratio->Ratio-> Float->Int->s a b->SignalR¢p a b
wkasls ®~ =
s'sband gain rollOff passBandRipple stopBandRipple

fInterval samples signal -> let
= toPhysical (fInterval);s=2"ceiling(logBase 2 $§ fromIntegral samples
= truncate ((fromPhysical passband) * (fromPhysical t))

= le [0:201

>--Remember only good for 0.5 sample freq

>--The
ti
fi

in

VVVVVVVYV

~

top freq half is need to get good response. add padding to middle
1 = sampleCount (toPhysical 0.0) t s signal
1 = fft $ map (\x->(fromPhysical x):+0.0) til

frl = map realPart $ fftinv § if x*2<s

then (take (1+x) fil) ++ (take (s-x*2-1) z) ++ (drop (s-x) fil)
else fil
waveform (toPhysical ((fromPhysical t)/(fromIntegral s)))
(map toPhysical frl)
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A.10.2.1.3 HighPass ::Filter

>bscHighPass:: (Physical a, Physical b, Signal s) =>
> Frequency-> Ratio-> Ratio-> Ratio->Ratio->Float->Int->s a b->SignalRep a b
>bscHighPass =
> (\passband gain rollOff passBandRipple stopBandRipple
> fInterval samples signal -> let
> t toPhysical fInterval;s=2"ceiling(logBase 2 $ fromIntegral samples)
> X truncate ( (fromPhysical passband) * (fromPhysical t))
> z = cycle [0:+0]
>--Remember only good for 0.5 sample freq
>--The top freq half is need to get good response. add padding to middle
til = sampleCount (toPhysical 0.0) t s signal
fil = fft § map (\x->(fromPhysical x):+0.0) til
frl = map realPart § fftinv § if x*2<s
then (take (1+x) z) ++ drop (l+x) (take (s-x) fil) ++ (take\ () z)
else take s z
in waveform (toPhysical ((fromPhysical t)/(fromIntegral s)))
(map toPhysical frl)

VvV VVVvVV]|vyVv

~

A.10.2./1.4 Notch ::Filter

>bscNotch:: (Physical a, Physical b, Signal s) =>

> Frequency->Frequency->Ratio->Ratio->Ratig®>Ratio->

> Float->Int->s a b->SignallRep a b
>bscNotch =

> (\centerFrequency frequencyBand gain rollQff passBandRipple stopBandRippld

> fInterval samples signal -> let

t = toPhysical (fInterval);s=2"ceiding(logBase 2 $ fromIntegral samples
cf = fromPhysical centerFrequencyy fb = fromPhysical frequencyBand
= truncate((cf-fb/2) * (fromPhysical t))
truncate ((cf+fb/2) * (fromRPhysical t))
= cycle [0:+0]
= cycle [1:+0]
mask = take (x) o ++ take (y-x+1) z ++ take (s-2*y-1) o
++ také (y-x+1) z ++ take (x) o
>--Remember only good for“0.5 sample freq
>--The top freq half is nheed to get good response. add padding to middle
times = zipWith\ (*)
til = sample@oiit (toPhysical 0.0) t s signal
fil = fft S~map (\x->(fromPhysical x):+0.0) til
frl = map kealPart $ fftinv § if x*2<s then mask ' times’ fil
else take s z
in waweform (toPhysical ((fromPhysical t)/(fromIntegral s)))
(map toPhysical frl)

VVVVVVYV
o NN X
I

\%

VVVVVVVYyV

~

A.10.2.2 Combiner ::Conditioner

A.10.2.2.1 Sum ::Combiner

>pscSum: : (Signal s, Physical a, Physical b) => [s a b]->SignalRep a b
>bscSum =
> (\signals -> foldll sumSig ((map toSig signals)++[ZRep]))
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A.10.2.2.2 Product ::Combiner

>bscProduct:: (Signal s, Physical a, Physical b) => [s a b]->SignalRep a b
>bscProduct =
> (\signals -> foldll mulSig ((map toSig signals)++[ZRep]))

A.10.2.2.3 Diff ::Combiner

>bscDiff:: (Signal s, Physical a, Physical b) => [s a b]->SignalRep a b
hscDiff =
> (\signals -> foldll diffSig ((map toSig signals)++[ZRep]))

A.10.2.8 Modulator ::Conditioner

A.10.2.3.1 FM ::Modulator

>bscFM:: (Signal s, Physical a, Physical b) =>

> b->Frequency->Frequency-> (s a b)-»SignalRep a b

>bscFM =

> (\amplitude carrierFrequency frequencyDeviation signal -> let

> phsfnc = mulSig (constant (toPhysical ,J[fxomPhysical frequencyDeviation*X*pi)))
(i dx (1/(l16*fromPhysical carrierFrequency)) $ toSig si¢nal)

freqFn = constant (toPhysical (fromPRyisical carrierFrequency))

in sineFunc (constant amplitude) fregFn phsfnc

)

vV Vv VvV

A.10.2.3.2 AM ::Modulator

>bscAM: : (Physical a, Physical b, Signal s, Signal s') => Ratio->(s a b)->(s| a b)-
>SignalRep a b

>bscAM =

> (\modIndex cariier signal -> let

> one = comstdnt (toPhysical 1.0)

> modsig.=~mulSig (constant (toPhysical (fromPhysical modIndex))) signal
> in mu¥Stg carrier (sumSig one modsig)

>

)

A.10.2.3.3 PM ::Modulator

>bscPM:: (Physical a, Physical b, Signal s) =>

> b->Frequency->PlaneAngle-> (s a b)->SignalRep a b
>bscPM =
> (\amplitude carrierFrequency phaseDeviation signal -> let

> phsfnc = mulSig (constant (toPhysical (fromPhysical phaseDeviation))) signal
> freqFn = constant (toPhysical (fromPhysical carrierFrequency))

> in sineFunc (constant amplitude) freqFn phsfnc
>
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A.10.2.4 Transformation ::Conditioner

A.10.2.4.1 SignalDelay ::Transformation

>pscSignalDelay:: (Signal s, Physical a, Physical b) =>

> Frequency->a->Ratio->s a b->SignalRep a b
>bscSignalDelay =

> (\acceleration delay rate signal -> let

> acceleration' = fromPhysical acceleration

> delay' = fromPhysical delay

> rate' = fromPhysical rate

> dt t = delay' + rate'*t + acceleration'*t*t/2

> t'" t = max 0 (t-(dt t))

> delaySigInit s =

> FunctionRep (\t ->mapSignal s (toPhysical (t' (fromPhysicald\t))
>

>-- The above function creates a functional signal delay but does fot.maintd
>-- states. The code below maintains states for models where time does not (
>-- negative. Currently user needs to select simulation model best suited t
>-- Use case

VVVVVVVVVVVVVVVVVYVYVYVYVYVY

vV vV VvVv
- |

delaySigInit alt s = pieceRep § Windows $
(Window LocalZero (TimeEvent\¥t/' 0)) ZRep)
delayWin 0.0 (functionWindows 's)

delaySig  ZRep = ZRep
delaySig _ XRep = XRep
delaySig _ NullRep = NullRep
delaySig gt (FunctionRep fn) =
FunctionRep (\t ->fn (toPhysice3i ) (kt gt (fromPhysical t))))
delaySig _ (PieceContRep (Windows xs))=PieceContRepsWindows $ delayWin
st t =t - delay' - rate'*t - accelfxdtion'*t*t/2
kt gt t = st ((t'' gt)+t) - gt

delayWin gt ((Window z e s) :xXs8)J=
(Window z (TimeEvent “((t'' (ec e gt))-(t'' gt))) (delaySig gt s)
(delayWin (ec e gt)l xs)

delayWin gt [] = []

sqge ¢ 0 0 t = -c

sge ¢ b 0 t = -¢c/b

sge ¢ b a t = (sb + (sqrt ((b*b-4*a*c))))/(2%a)

t'" t = max 0 Ntsge (-delay'-t) (1.0-rate') (-acceleration'/2.0) t)

t'' inf = inf
ec e gt = leventOccurs e gt
in delay$igInit $ toSig signal

A.10.2.|4.2 Exponential ::Transformation

>bscExponential:: (Physical a, Physical b, Signal s) => Float ->

>

s a b->SignalRep a b

>bscExponential =
> (\dampingFactor signal-> mulSig (expc (dampingFactor)) signal)

A.10.2.4.3 E ::Transformation

>bscE:: (Physical a, Physical b, Signal s) => s a b->SignalRep a b
>bscE =
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> (\f ->
> let f1 t = fromPhysical (mapSignal f t)
> in FunctionRep (\t -> toPhysical (exp (fl t)))
> )

A.10.2.

A.10.2.

A.10.2.

A.10.2.

4.4 Ln ::Transformation

>pscLn:: (Physical a, Physical b, Signal s) => s a b->SignalRep a b
>bscLn =

> (\f ->
> let f1 t = fromPhysical (mapSignal f t)

T TUNCCIONRED (V¢ — tornystcal (109 (I1 C)J)7)
> )

#.5 Negate ::Transformation

>bscNegate: : (Physical a, Physical b, Signal s) => s a b->SighalRep a b
>bscNegate =
> (\signal -> diffSigList [signal, signal, signal])

1.6 Inverse ::Transformation

>bscInverse:: (Physical a, Physical b, ySignal s) => s a b->SignalRep a b
>bscInverse =

> (\f ->

> let f1 t = fromPhysical (mapSignal f t)

> in FunctionRep (\t -> toPhysital (1.0 / (f1 t)))

> )

}.7 PulseTrain ::Transformation

>bscPulseTrains»/(Physical a, Physical b, Signal s) =>

> PulseDefns -> Int -> s a b->SignalRep a b
>bscPulselrain =

> (\pulfses* repetition ->let

>

> rpt = let

> {

> pt ps= let

> {

> pulse (a, b, c) = let

> {

> zero = constant (toPhysical 0.0)

> ;level = constant (toPhysical c)

> ;wins = Window LocalZero (TimeEvent a) zero |>
> Window LocalZero (TimeEvent (b)) level |>
> nullWindow

> }

> in pieceRep (wins)

> }

> in sumSigList (map pulse ps)

>

> ;width (a, b, ) =a + b

> ;maxWidth ps = foldl (\v p->max v (width p)) 0 ps
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;win2 ps= Window LocalZero (TimeEvent (maxWidth ps)) (pt ps) |>
nullWindow
;repN 0 [] = nullWindow
;repN 0 pts = cycleWindows (winZ2 pts)
;repN rep pts = repNWindows rep (win2 pts)
}
in pieceRep (repN repetition pulses)
}
in mulSig rpt )

VVVVVVVVVYVY

A.10.2.4.8 Attenuator ::Transformation

>bscAttenuator:: (Physical a, Physical b, Signal s) => Ratio ->

> s a b -> SignalRepia-b
>bscAttenuator =

> (\gain -> mulSig (constant (toPhysical (fromPhysical gain))))

A.10.2.4.9 Load ::Transformation

>bscLoad:: (Physical a, Physical b, Signal s) =>
> Resistance -> Resistance -> s a b -> SignalR¢p a b
>bscLoad =

> id.toSig

A.10.2.4.10 Limit ::Transformation

>bscLimit:: (Physical a, Physicad b, Signal s) => b -> s a b -> SignalRep a
>bscLimit =

> (\limit signal ->

> FunctionRep (\t->P@revlimit (toPhysical (- fromPhysical limit ))

> (toPhysical (fromPhysical limit )) (mapSignal signal t)))

A.10.2.4.11 FFT ::Transformation

>bscEET:T (Physical a, Physical a', Physical b, Signal s) =>

> Int -=> a -> a' -> s a b -> SignalRep a' b
>USCFFT =

>\ (\samples interval zoom signal ->

> fourTrans samples interval zoom (\z->2*magnitude z) (toSig signal))
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A.10.3 EventFunction ::SignalFunction

A.10.3.1 EventSource ::EventFunction

A.10.3.1.1 Clock ::EventSource
>pbscClock:: (Physical a, Physical b) => Frequency -> SignalRep a b
>bscClock =
> (\clock rate->
> let |
> ;per = 0.5 (fromPhysical clock rate)
> ;one = constant (toPhysical 1.0)
> ;zer = NullRep
> ;wins = Window GlobalZero (TimeEvent per) one |>
> Window GlobalZero (TimeEvent per) zer |>
> nullWindow
> }in pieceRep (cycleWindows wins))

A.10.3.11.2 TimedEvent ::EventSource
>bscTimedEvent:: (Physical a, Physical b) =>
> a -> a-> a -> Int -> SignalRep a h
>bscTimedEvent =
> (\delay duration period repetition -> let\{
> ;delay' = fromPhysical delay
> ;duration' = fromPhysical duratiagn
> ;period' = fromPhysical period
> ;sone = constant (toPhysical 1)
> ;zero = NullRep
> ;repNX 0 0 1s = cycleWindows®1ls
> ;repNX delay 0 1s = Window/)GlobalZero (TimeEvent delay) zero |>
> cyéleWindows 1s
> ;repNX 0 x 1s = repNiiindows x 1s
> ;repNX delay x 1s(= Window GlobalZero (TimeEvent delay) zero |>
> repNWindows x 1s
> } in pieceRep \(repNX delay' repetition
> (Window- GlobalZero (TimeEvent duration') one |>
> Window GlobalZero (TimeEvent (period'-duration')) zero |>
> nulilWindow) )
> )

A.10.3./1.3 PulsedEvent ::EventSource

>bscPulsedEvent:: (Physical a, Physical b) =>

> [ (Float, Float, Float)]-> Int -> SignalRep a b

>bscPulsedEvent =

> (\pulses repetition -> let {

> pt ps = let

> {

> pulse (a, b, ) = let

> {

> zero = NullRep

> ;sig = constant (toPhysical 1)

> ;funcwins = Window GlobalZero (TimeEvent (a)) zero
> Window GlobalZero (TimeEvent (b)) sig :
> []

> } in funcwins
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;x0r ZRep s = s

;x0r s ZRep = s

;XOr NullRep s = s

;x0r s =5

;sumEvnts a b = splice xOr a b 0.0
}
in Windows $ foldll sumEvnts (map pulse ps)
;repN 0 [] = nullWindow
;repN 0 ps = cycleWindows ( pt ps)
;repN rep ps = repNWindows rep ( pt ps)

} in pieceRep (repN repetition pulses))

VVVVVVVVVVYVY

2 EventConditioner .:EventEunction

2.1 EventedEvent ::EventConditioner

>bscEventedEvent:: (Signal s, Physical a, Physical b) => [s a bP]r-5 SignalRep
>bscEventedEvent =
> (\events -> letf{

> ;one = constant (toPhysical 1)

> ;ebe e d = let

> {

> ;enable = e

> ;disable = d

> ;wins = Window GlobalZero (ActiveEvVent enable) NullRep |>
> Window GlobalZero (ActivéEvent disable) one |>

> nullWindow

> }

> in pieceRep § cycleWindowsiwins

> ;SglEvt e = let

> {

> ;wins = Window Glob@lZero (ActiveEvent e) NullRep |>

> Window GlobalZero (TimeEvent inf) one |> nullWindow
> }

> in pieceRep $ wins

> } in case (map toSig events) of

> (e:[]) -> sglEvt\a

> (es) -> foldll ebe es)

2.2 EventCount:EventConditioner

>bscEventCount:: (Physical a, Physical b, Signal s) =>

> Int -> s a b -> SignalRep a b
>bseEventCount =
2N Ycount event -> let {
+ [] — [r' <L L L. L \f'ﬂ' il e . £ v ») 1"]
> ;ec ((w@(Window z e ZRep)):wl) x = w:ec wl x
> ;ec ((w@(Window z e NullRep)):wl) x = w:ec wl x
> sec ((w@(Window z e s)):wl) x = 1f (x<=0) then w:ec wl (x+count)
> else (Window z e NullRep):ec wl (x-1)
> } in pieceRep $ Windows $ ec (functionWindows (toSig event)) count
> )

2.3 ProbabilityEvent ::EventConditioner

>bscProbabilityEvent:: (Physical a,
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w:pbe wl xs True True
= w:pbe wl xs True True

= pbe ws x1 False (x<=fromPhysical propability)

(rand seed) True True

> Physical b, Signal s)

>bscProbabilityEvent =

> (\seed propability event -> let {

> pbe [] = [Window GlobalZero (TimeEvent inf) ZRep]
> ,;pbe ((w@(Window z e ZRep)):wl) xs =

> ;pbe ((w@(Window z e NullRep)):wl) xs _

> ;pbe ws (x:x1) True _

>  ;pbe ((w@(Window z e s)):wl) xs False notNull =

> (if notNull then w else (Window z e NullRep)):pbe wl xs False notNull
> } in pieceRep $ Windows $

> pbe (functionWindows (toSig event))

> )

=> Integer -> Ratio -> s a b -> SignalRep a b

A.10.3.2.4 NotEvent ::EventConditioner

A.10.3.2.5 Logical ::EventConditioner

A.10.3.2.5.1 OrEvent ::Logical

>bscOrEvent:: (Signal s,
>bscOrEvent =
> (\events ->
let |
;x0r s ZRep =
;x0r ZRep s =
;x0r s XRep
;x0Or XRep.s
;xX0r ANulllRep s = s
;XORNS = s
Iin/ pieceRep § Windows $

foldll (\a b->splice xOr a b 0.0)

Physical a,

\%
IR
0 u 0L

VVVVVVVYVYVY

>bscNotEvent:: (Physical a, Physical b, Signal s)
>bscNotEvent =

> (\event ->

> let {

> ;xNot ZRep = ZRep

> ;xNot XRep = XRep

> ;xNot NullRep _ = constant (toPhysical 1.0)
> ;xNot = NullRep

> } in pieceRep $ Windows $

> (\a b->splice xNot a b 0.0)

>)

Physical b)

=> s a b -> SignalRep’a b

(funct@enWindows (toSig event))

=> [s a b] -> SignalRep a b

(map (functionWindows.toSig) ey

fents)

A.10.3.2.5.2 XOrEvent ::Logical

>bscXOrEvent:: (Signal s, Physical a,

>bscXOrEvent =

> (\events ->

> let {

> ;xXOr s ZRep = s

> ;xXOr ZRep s = s

> ;xXOr s@XRep XRep = s
> ;xXOr XRep _ = NullRep
> ;xXOr _ XRep = NullRep

Physical b)

=> [s a b]
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;xXOr s NullRep = s
;xXOr NullRep s = s
;XXOr = NullRep

} in pieceRep § Windows $

VVVVVvVyVv

A.10.3.2.5.3 AndEvent ::Logical

foldll (\a b-> splice xXOr a b 0.0)

IEC 62529:2024 © IEC 2024
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(map (functionWindows.toSig) events)

nts)

>bscAndEvent:: (Signal s, Physical a, Physical b) => [s a b] -> SignalRep a b
>bscAndEvent =
events —
> let {
> ;xAnd s ZRep = s
> ;xAnd ZRep s = s
> ;xAnd s@NullRep = s
> ;xAnd _ s@NullRep = s
> ;xAnd s XRep = s
> ;xAnd XRep s = s
> ;xAnd s = s
> } in pieceRep § Windows $
> foldll (\a b->splice xAnd a b 0.0) (map (functiehWindows.toSig) eve
> )

A.10.4 Sensor ::SignalFunction

A.10.4./1 Counter ::Sensor

>bscCounter:: s> Int
>bscCounter

> \points ->
>bscCounter':
>bscCounter'

> \points ->

(Physical a)=> [a]

length points
: (Physical.a)s> [a] -> Int

length poiats

A.10.4.R2 Interval ::Sensor

>bscInterval::
>bseginterval

>/A\peints->snd (head points)
Sbsé¢Interval':: (Physical a,

(Physical a,

Physical b)=> [(a, b)]

Physical b)=> [(a, b)]

-> b

> b

DSCINTELIval
> \points->toPhysical §
> (fromPhysical (snd (last points))) -

A.10.4.3 Instantaneous ::Sensor

>bscInstantaneous: :
>bscInstantaneous
> \points -> fst (head points)

>bscInstantaneous':: (Physical a,
>bscInstantaneous’

(Physical a,

Physical b)=> [(a, b)]

Physical b)=> [(a, b)]

(fromPhysical (snd (head points)))

-> a

-> b
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> \points -> snd (head points)

A.10.4.4 RMS ::Sensor

>bscRMS:: (Physical a, Physical b)=> [(a, b)] -> a
>bscRMS =
> \points -> toPhysical $§ sqrt $ (foldl (+) 0 $ map

A.10.4.5 Average ::Sensor

A.10.4.

A.10.4.

> ((\x->x*x).fromPhysical.fst) points) / fromIntegral (length points)
>bscRMS':: (Physical a, Physical b)=> [(a, b)] -> b
>bscRMS' =
> \points -> toPhysical $ sqrt $ (foldl (+) 0 $ map
((\VX— ) . Lronrilysicdl.Sd) pPOLIICS) Lromnrntegrdrl (Lellgltll PpOL tS)

>bscAverage:: (Physical a, Physical b)=> [(a, b)] -> a
>bscAverage =
> \points -> toPhysical §

> (foldl (+) 0 (map (fromPhysical.fst) points)) / fremIntegral (length poi]
>bscAverage':: (Physical a, Physical b)=> [(a, b)] ~>X._b
>bscAverage' =

> \points -> toPhysical $
> (foldl (+) 0 (map (fromPhysical.snd) points)W// fromIntegral (length poin{

b PeakToPeak ::Sensor

>bscPeakToPeak:: (Physical a, Physical b)=> [(a, b)] -> a
>bscPeakToPeak =

> \points -> let {

> ;h = fromPhysical.fst S maximum points

> ;1 = fromPhysical.fst gvminimum points

> } in toPhysical S W' - 1

>bscPeakToPeak':: (Rhysical a, Physical b)=> [(a, b)] -> b
>bscPeakToPeak' =

> \points -> let\ [

;h = fromPhysical.snd $ maximum points

;1 = fromPhysical.snd $ minimum points

} in toPhysical $ h - 1

VvV Vv Vv

7°Peak ::Sensor

>bscPeak:: (Physical a, Physical b)=> [(a, b)] -> a
>bscPeak =
> \points -> let {
> ;peakNeg = fromPhysical (bscPeakNeg points)
;peakPos = fromPhysical (bscPeakPos points)
} in if abs peakNeg < abs peakPos
then bscPeakPos points
else bscPeakNeg points
>bscPeak':: (Physical a, Physical b)=> [(a, b)] -> b
>bscPeak' =
> \points -> let {
> ;peakNeg = fromPhysical (bscPeakNeg points)
> ;peakPos = fromPhysical (bscPeakPos points)

vV Vv VvVv
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> } in if abs peakNeg < abs peakPos
> then bscPeakPos' points
> else bscPeakNeg' points

A.10.4.8 PeakPos ::Sensor

A.10.4.

A.10.4.

A.10.4.

>bscPeakPos:: (Physical a, Physical b)=> [(a, b)] -> a

>bscPeakPos =

> \points -> toPhysical §

> (fromPhysical (bscMaxInstantaneous points)) - (fromPhysical (bscAverage points))
>bscPeakPos':: (Physical a, Physical b)=> [(a, b)] -> b

DSCTPEIRED =
> \points -> toPhysical § (fromPhysical
> (bscMaxInstantaneous' points)) - (fromPhysical (bscAverage' pointg))

D PeakNeg ::Sensor

>bscPeakNeg:: (Physical a, Physical b)=> [(a, b)] -> a

>bscPeakNeg =

> \points -> toPhysical $

> (fromPhysical (bscMinInstantaneous points)) - (fwbmPhysical (bscAverage p¢ints))
>bscPeakNeg':: (Physical a, Physical b)=> [(a, B)\])-> b

>bscPeakNeg' =

> \points -> toPhysical $§ (fromPhysical

> (bscMinInstantaneous' points)) - (fromRhysical (bscAverage' points))

10 MaxInstantaneous ::Sensor

>bscMaxInstantaneous:: (Phwdical a, Physical b)=> [(a, b)] -> a
>bscMaxInstantaneous =

> \points -> fst $§ maximum points

>bscMaxInstantaneous'; :™(Physical a, Physical b)=> [(a, b)] -> b
>bscMaxInstantaneous, =

> \points -> snd~s\maximum points

11 Minlnstantaneous ::Sensor

>pscMinInstantaneous:: (Physical a, Physical b)=> [(a, b)] -> a
>pscMinInstantaneous =

> \points -> fst $§ minimum points

>bscMinInstantaneous':: (Physical a, Physical b)=> [(a, b)] -> b
>bscMinInstantaneous' =

> \points -> snd § minimum points

A.10.4.12 Measure ::Sensor

>-- Implements ONLY specific Physical BSC Generic Measurement attributes
>pbscMeasure:: (Physical a, Physical b, Physical c)=>

> String -> ¢ -> (BSC a b) -> ¢
>bscMeasure "amplitude" nominal signal =
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> toPhysical (fromPhysical (BSC.amplitude signal))
>bscMeasure "fallTime" nominal signal =
> toPhysical (fromPhysical (BSC.fallTime signal))
>bscMeasure "frequency" nominal signal =
> toPhysical (fromPhysical (BSC.frequency signal))
>bscMeasure "period" nominal signal =
> toPhysical (fromPhysical (BSC.period signal))
>bscMeasure "phase" nominal signal = toPhysical (fromPhysical (BSC.phase signal))
>bscMeasure "pulseWidth" nominal signal =
> toPhysical (fromPhysical (BSC.pulseWidth signal))
>bscMeasure "riseTime" nominal signal =
> toPhysical (fromPhysical (BSC.riseTime signal))
>bscMeasure "startTime" nominal signal =
> toPhysical (fromPhysical (BSC.startTime signal))
>-—- Users Add as necessary

A.10.4./13 Decode ::Sensor

A.10.5

A.10.5.

>-- Implements ONLY specific BSC Encoder / Decoder
>pbscDecode: : (Physical a, Physical b )=>

> String -> String -> ((BSC a b) -> Stripg
>bscDecode _  (Encode data width repetition datatype €nCoding signal chanpel) =
> data

Control ::SignalFunction

1 Selectlf ::Control

>bscSelectIf:: (Physical a, Physieal b, Signal s, Signal s')=>

> (s ab) -> [(s'" a b)LE> SignalRep a b
>pscSelectIf selector inputs ="let {
> ; makewin s k ((w@(Window,z e _)):wl) [] = (Window z e s): makewin s k wl|[]
> ; makewin s k [] (i:isNN=
> tWindow GlobalZero (TimeEvent inf) s): makewin s k []|(i:is)
> ; makewin s k ((w@ (Window z e ZRep)):wl) (i:is) =
> (Window GlobalZero e s): makewin s k wl|(i:is)
> ; makewin s k (((w@ (Window z e XRep)):wl) is = w:makewin XRep k wl 1is
> ; makewin s False ((w@ (Window z e NullRep)):wl) (i:is) =
> (Window GlobalZero e (toSig 1)): makewin (toSig i) False wl|(i:is)
> ; makewin\s* True ((w@ (Window z e NullRep)):wl) (i':i:is) =
> (Window GlobalZero e (toSig 1)): makewin (toSig i) False wl|(i:is)
> ; makewin s False ((w@(Window z e _)):wl) (i':i:is) =
> (Window GlobalZero e (toSig 1i)): makewin (toSig i) True wl ([i:is)
> s \makewin s True ((w@(Window z e )):wl) (i:is) =
x (Window GlobalZero e (toSig 1i)): makewin (toSig i) True wl ([i:is)
1 . . i») (<2 V== (el
7 ad I hd T

\%

makewin ZRep False (functionWindows (toSig selector)) $ cycle inputs

A.10.5.2 SelectCase ::Control

>--Simple mapping ignoring input states
>bscSelectCase:: (Physical a, Physical b, Signal s', Signal s)=>

> Int -> [(s' a b)] -> [(s a b)] -> SignalRep a b
>bscSelectCase mask selectors inputs = let |
> ; inputs' = (map toSig inputs) ++ cycle [ZRep]

> ; toNum x y = if y then 2*x+1 else 2%*x
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; active t = foldl toNum 0 §
reverse $ map (\s -> not § isInactive s t) selectors
; maskl = if mask==0 then (-1) else mask
} in FunctionRep (\t->mapSignal (inputs'!! (maskl .&. active t)) t)

vV vV VvVv

3 Encode ::Control

>pbscEncode: : (Physical a, Physical b, Signal s)=>

> String -> Int -> Int -> String -> String ->

> (s a b) -> [SignalRep a b]

>bscEncode data width repetition datatype encoding signal = [ZRep]

>bscEncodeDigital:: (Physical a, Physical b, Signal s)=>
> [[Digital]] -> Int -> Int -> String ->
> (s a b) -> [SignalRep a b]
>bscEncodeDigital data width repetition encoding signal = let
makeDigSignal Z = ZRep
makeDigSignal X = XRep
makeDigSignal L = NullRep
makeDigSignal H = constant (toPhysical 1)
makeSigWindows digit =
Window GlobalZero (ActiveEvent (toSig signdidd) (makeDigSignal d{igit)
makeSignals digits = pieceRep $ Windows $
Window GlobalZero (ActiveEyent (toSig signal)) J4Rep:
map makeSigWindows diglts
in map makeSignals data

VVVVVVVVYVVYVY

>bscEncodeBits:: (FiniteBits n, Physical a, Phwsical b, Signal s)=>
> [n] => Int -> Int -> String ->
> (s a b) -> [SignalRep a b]
>bscEncodeBits data width repetition endoding signal = let
makeSigWindows nBit n = Window GlebalZero (ActiveEvent (toSig signal))| $
if (testBit n nB%t) then constant (toPhysical 1) else N§llRep
makeSignals nBit = pieceRep «S(MWindows $
WindowGlobalZero (ActiveEvent (toSig signal)) ZR4p:
map ((makeSigWindows nBit) data
in map makeSignals [0..finlteBitSize (head data )-1]

VVVVyVvy

B Transform ::Control

>bscTransform : (Physical a, Physical b)=>

> String->Maybe (BSC a b->BSC a b)->BSC a b->SignalRep a b
>bscTrapsform _ Nothing signal = toSig § bsc signal

>bscTransform _ (Just as) signal = toSig § bsc $ as signal

>

>pseis (Physical a, Physical b)=>BSC a b->BSC a b

»bse = id

5 InverseTransform ::Control

>bscInverseTransform:: (Physical a, Physical b)=>

> String->BSC a b->BSC a b->SignalRep a b
>bscInverseTransform _ as' signal = toSig § bsc' as' signal
>

>psc':: (Physical a, Physical b)=>BSC a b->BSC a b->BSC a b
>psc' (Null) s = s
>bsc' ((BandPass as)) (BandPass s)= bsc' (as) s

>bsc' ((LowPass as)) (LowPass s)= bsc' (as) s
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>bsc' ((HighPass as)) (HighPass

>bsc' ((Notch as)) (Notch

>bsc' ((FM as)) (FM s)= bsc' (as) s

>psc' ((AM _ Null as)) (AM _ _ s)= bsc' (as) s

>bsc' ((PM as)) (PM _ s)= bsc' (as) s

>bsc' ((SignalDelay ~  as)) (SignalDelay s
>psc' ((Exponential as)) (Exponential  s)= bsc'

>bsc' ((E as)) (E s)= bsc' (as) s

>bsc' ((Ln as)) (Ln s)= bsc' (as) s

>bsc' ((Negate as)) (Negate s)= bsc' (as) s

>bsc' ((Inverse as)) (Inverse s)= bsc' (as) s

>bsc' ((PulseTrain as)) (PulseTrain s)= bsc

>bsc' ((Attenuator as)) (Attenuator E); bsc' (a

>bsc' ((Load _ asj) (Load _ _ s)= bsc' (as) s

>bsc' ((Limit as)) (Limit s)= bsc' (as) s
L LA bl iyl _ L) bk malsal _ e LA 1

s)=

)= bsc' (as)
(as) s

' (as) s
s) s

bsc' (as)
c' (as) s

S

S

=t t t

>bsc' ((Evenzcgunt __as)) 7E;entCount s)= bsc' (a

>bsc' ((NotEvent as)) (NotEvent s)= bsc' (as) s
>bsc' ((Encode as )) (Encode

>bsc' ((InverseTransform _ as' as )) (InverseTrans
>bsc' as' (Transform _ (Just as) s) = bsc' as' § bs
>bsc' as' (Transform _ (Nothing) s) = bsc' as' $ bs
>

>bscs':: (Physical a, Physical b)=>(BSC a b)->BSC a
>bscs' (Null) s = [s]

>bscs' ((Sum [Null])) (Sum s) = s
>bscs' ((Diff [Null])) (Diff s) = s

>bscs' ((Product [Null])) (Product s) = s

>bscs' ((EventedEvent [Null])) (EventedEvent s )=Vvs
>bscs' ((OrEvent [Null])) (OrEvent s) = s

>bscs' ((XOrEvent [Null])) (XOrEvent s) = s

>bscs' ((AndEvent [Null])) (AndEvent s) = S

>bscs' ((SelectIf Null [Null])) (SelectI®) s) = s
>bscs' ((SelectCase [Null] [Null])) %(SelectCase

>bscs' ((Channels [Null] )) (Channels s 7

>bscs' ((TwoWire  [Null] )). (AwoWire s

>bscs' ((TwoWireComp  [Null]\\)) (TwoWireComp
>bscs' ((ThreeWireComp _~[Null] )) (ThreeWir

>bscs' ((TwoPhase [Null] )) (TwoPhase

>bscs' ((ThreePhaseSynchro ~ [Null] )) (Thre
>bscs' ((FourWireReselver [Null] _)) (Four

>bscs' ((SynchroResolver [Null] _)) (Sync

>bscs' ((Serieg” ~/ [Null] _)) (Series s ) = s

>bscs' ((FougrWire [Null] _)) (FourWire

>bscs' ((NonBlectrical [Null] )) (NonElectri

>bscs' ((DigitalBus _ _ [Null] )) (DigitalBus _

A.10.5.p Channels ::Control

>bsc' ((ProbabilityEvent _  as)) (ProBabilityEvent o

>bscs' ((SinglePhase _ [Nu31] )) (SinglePhase _

>bscs' ((ThreePhaselWye [Null] _)) (ThreePhaselye

s) s
s)= bsc'

s ) = bsc' (

>bsc' ((Transform _  as)) 7Transform s) = bsc' 7as) s

form _ as'' &

c $ as s
c s

b->[BS€ a b]

s) = s
s

)

eComp B

>bscs' ((ThreePhaseDelta\\~ [Null] _)) (ThreePhaseDeEta o

ePhaseSynchro

WireResolver

(as) s

as). s

) & bsc'

hroResolver

cal s
s ) =s

(aj

>bscChannels:: (Physical a, Physical b)=>

> String->Maybe ([BSC a b]->BSC a b)->[BSC a b]->[SignalRep a b]

>bscChannels channelNames (Nothing) = map toSig

>bscChannels channelNames (Just ass) = map (\x -> toSig (ass [x]))
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A.10.6 Digital ::SignalFunction

A.10.6.1 SerialDigital ::Digital

>bscSerialDigital:: (Physical a, Physical b)=>

> String -> a -> b -> b -> String -> SignalRep a b
>bscSerialDigital =

> (\datas period logic H value logic L value pulseClass ->

> d2a logic H value logic L value (str2dig (fromPhysical period) datas))

A.10.6.R ParallelDigital ::Digital

>bscParallelDigital:: (Physical a, Physical b)=>

> String -> a -> b -> b -> String -> [SignalRep a b]
>bscParallelDigital =

> (\datas period logic H value logic L value pulseClass ->

> map (d2a logic H value logic L value)

> (pat2diglist § Pattern (fromPhysical period) datas))

A.10.7 Connection ::SignalFunction

A.10.7.1 TwoWire ::Connection

>bscTwoWire hi lo channelWidth =
> (\xs -> let {

> ;£ s@(s':[]) = s

> ;f [] = error "No Channels”’ (hi)defined"
> ;f (x:xs) = error "Toolmany channels"

> } in £ § map toSig s

> )

A.10.7.2 TwoWireComp.::Connection

>bscTwollireComp true comp channelWidth =

> (\xs=%> let |

> 3f s@(s':[]) = s

;f [] = error "No Channel (true) defined"
(L (X: ) = error "Too manv channels'

} in f $ map toSig xs

\YARYA \YV4

A.10.7.3 ThreeWireComp ::Connection

>bscThreeWireComp true comp lo channelWidth =
> (\xs -> let {
> ;f s@(s':s'':[]) = s

> ;£ [] = error "No Channels (true,comp)defined”
> ;f (s:[]) = error "No channel (comp) defined"
> ;f (x:xs) = error "Too many channels"
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> } in £ $ map toSig xs
> )
A.10.7.4 SinglePhase ::Connection

A.10.7.

A.10.7.

A.10.7.

A.10.7.

>bscSinglePhase a n channelWidth =
> (\xs -> let {

> ;£ s@(s':[]) = s

> ;f [] = error "No Channel (n) defined"
> ;f (x:xs) = error "Too many channels"
> } in £ $ map toSig xs

b TwoPhase ::Connection

>bscTwoPhase a b n channelWidth =

> (\xs -> let {

> ;f s@(s':s'"':[]) = s

;f [] = error "No Channels (a,b) defined"
;f (s:[]) = error '"No channel (b) defined"
;f (x:xs) = error "Too many channels"

} in f $ map toSig xs

vV VVVvyv

b ThreePhaseDelta ::Connection

>bscThreePhaseDelta a b ¢ channelWidth =

> (\xs -> let {

;f s@(s':s'':s'""":[])NFS

;f [] = error "No Chdnnels (a,b,c) defined"

;f (s:[]) = error( '"No channels (b,c)defined"
;f (s:s':[]) = error "No channel (c) defined"
;f (x:xs) = er¥vor® "Too many channels"

} in £ $§ map~toSig xs

\%

VvV VVyVvyVv

7 ThreePhaseWye ::Connection

>pscThreePhaselWye a b ¢ n channelWidth =

> (\xs -> let {

> ;£ s@(s':s'':s'"""':[]) = s

> ;f [] = error "No Channels (a,b,c) defined"

> ;f (s:[]) = error "No channels (b,c) defined"
> ;f (s:s':[]) = error "No channels (c) defined"
> ;f (x:xs) = error "Too many channels"

> } in £ $ map toSig xs

> )

8 ThreePhaseSynchro ::Connection
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>bscThreePhaseSynchro x y z channelWidth =

> (\xs -> let {

> ;f s@(s':s'':s''"":[]) = s

;f [] = error "No Channels (x,y,x) defined"

;f (s:[]) = error "No channels (y,z)defined"
;f (s:s':[]) = error '"No channel (z) defined"
;f (x:xs) = error "Too many channels"

} in f $ map toSig xs

vV VVVyVvyVv

A.10.7.9 FourWireResolver ::Connection

IEEE Std 1641 ™-2022

>bscFourWireResolver sl s2 s3 s4 channelWidth =
> (\xs -> let {

> ;£ s@(s':s'':s'":s! " []) = s

> ;f [] = error "No Channels (sl,s2,s3,s4) defined"

> ;f (s:[]) = error "No channels (s2,583,s54)defined"”

> ;f (s:s':[]) = error "No channels (s3,s4) defined"
> ;f (s:s':s'':[]) = error "No channels (s4) defined"
> ;f (x:xs) = error "Too many channels"

> } in f $ map toSig xs

> )

A.10.7.110 SynchroResolver ::Connection

>bscSynchroResolver rl r2 r3 r4 channelWidth =
> (\xs -> let {

> ;£ s@(s':s'':s'":s? " []) = s

> ;f [] = error "No Channels (rlsx2,r3,r4) defined"

> ;f (s:[]) = error '"No chanriels (r2,r3,r4)defined"”

> ;f (s:s':[]) = error "No channels (r3,r4) defined"
> ;f (s:s':s'"':[]) = erron.( YNo channels (r4) defined"”
> ;f (x:xs) = error "To@ mahy channels"

> } in £ $§ map toSig xd

> )

A.10.7./11 Series ::Connection

>bscSergéssvia channelWidth =

> (\xs\= let {

> N s@(s':[]) = s

> 2f [] = error "No Channels (via) defined"
> ;f (x:xs) = error "Too many channels"

T 111 I 5 map tosig xS
> )

A.10.7.12 FourWire ::Connection

>bscFourWire hi lo hiRef loRef channelWidth =
> (\xs -> let {

> ;£ s@(s':s'':s'":s! " []) = s

> ;f [] = error "No Channels (hi,lo,hiRef,loRef) defined"”

> ;f (s:[]) = error '"No channels (lo,hiRef,loRef)defined"
> ;f (s:s':[]) = error "No channels (hiRef,loRef) defined"
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> ;f (s:s':s'"':[]) = error "No channels (loRef) defined"
> ;f (x:xs) = error "Too many channels"
> } in £ $ map toSig xs
> )

A.10.7.13 NonElectrical ::Connection

>bscNonElectrical to from channelWidth =
> (\xs -> let {
> ;£ s@(s':[]) = s

A.10.7.

A11F

In A.7.1

> ;f [] = error "No Channel (to) defined”
7L ( . ] — €eIror 100 mdily Clidirners

> } in f § map toSig xs

> )

14 DigitalBus ::Connection

>bscDigitalBus pins channelWidth =
> id.map toSig

ast Fourier analysis support

, the need is discussed for a FFT module exporting/type Complex Float and functions fft an

d fftinv.

The following is provided as a default implementation, but may be substituted by more pfficient
alternatives.

> module FFT

> (ComplexF, fft, fftinv)

> where

> import Data.Complex

> import Data.List(txanspose)

> type ComplexfF" =-Complex Float

> rootsOfUniby:: Int -> [ComplexF]

> rootsOfUnity n = zipWith (:+) (map cos (thetas n))

> (map sin (thetas n))

> thetas:: Int -> [Float]

>{trhétas n = [(2*pi/fromIntegral n)*fromIntegral k | k<-[0 .. n-1]]

> fft:: [ComplexF] ->

> [ComplexF] -- Warning: works only for n=2"km, time=0(n log(n)) algorithm

> fft xs = map((1/(fromIntegral n))*) (ffth xs us) where

> us = map conjugate (rootsOfUnity n)

> n = length xs

> fftinv:: [ComplexF] =->

> [ComplexF] -- Warning: works only for n=2"km, time=0(n log(n)) algorithm

> fftinv xs = ffth xs us where

> us = rootsOfUnity n

> n = length xs

> ffth:: [ComplexF] -> [ComplexF] -> [ComplexF]

> ffth xs us

> | n>I = (cycle fftEvn) ‘plus’
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(us “times' (cycle fftodd))

| n==1 = Xs
where
fftEvn = ffth (evns xs) uEvns

frftodd = ffth (odds xs) uEvns

uEvns = evns us

evns = everyNth 2

odds = everyNth 2 . tail

n = length xs

everyNth n = (map head). (takewhile (/=[])). (iterate (drop n))
plus = zipWith (+)

times = zipWith (*)
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Annex B
(normative)

Basic signal components (BSC) layer

B.1 BSC layer base classes

The basg classes shown in Table B.1 are used to define BSC class properties (see 6.1)

Table B.1—Signal function base classes

Base class Description
SignalFunction The base class of all BSCs
Signal Allows BSCs to exchange information
PulseDefns Defines a group of pulses
Physical Real, dimensioned signal values

B.2 BSC subclasses

The BS[C classes are derived from the SignalFunction base class as subclasses, where each Igvel is a
further ferivation from the base class. The hierarchical structure of the base class and subclasses is

illustrat¢d in Table B.2, in which a column has been*included to indicate the attributes associated W
BSC class.

NOTE—{The use of boldface denotes a class; subclass, or attribute in the text of this annex.

Table B.2—BSC subclasses (Derived from SignalFunction base class)

ith each

Subclasses Attributes
1st level 2nd level 3rd/4th level
Source — — —
NonPeriodic — —
Constant amplitude :: Physical
Step amplitude :: Physical
startTime :: Time
SinpteTrapezoid amptitode Physicat

startTime :: Time
riseTime :: Time
pulseWidth :: Time
fallTime :: Time

Noise amplitude :: Physical
seed :: int
frequency :: Frequency
SingleRamp amplitude :: Physical

riseTime :: Time
startTime :: Time

Periodic — —
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Subclasses

1st level

2nd level

3rd/4th level

Attributes

Sinusoid

amplitude :: Physical
frequency :: Frequency
phase :: PlaneAngle

Table B.2—BSC subclasses (derived from SignalFunction base class)

(continued)

Subclasses

1st level

2nd level

3rd/4th level

Attributes

Trapezoid

amplitude :: Physical

PCliUL‘l .. TilllC
riseTime :: Time
pulseWidth :: Time
fallTime :: Time

Ramp

amplitude ::Physical
period :: Time
riseTime :: Tinle

Triangle

amplitude . Physical
period :» Time
dutyCycle”:: Ratio

SquareWave

amplitude :: Physical
period :: Time
dutyCycle :: Ratio

WaveformRamp

amplitude :: Physical
period :: Time
samplingInterval :: Time
points :: list double

WaveformStep

amplitude :: Physical
period :: Time
samplingInterval :: Time
points :: list double

Conditioner

Filter

BandPass

centerFrequency :: Frequency
frequencyBand :: Frequency
gain :: Ratio

rollOff :: Ratio
passBandRipple :: Ratio
stopBandRipple :: Ratio

LowPass

cutoff :: Frequency
gain :: Ratio

rollOff :: Ratio
passBandRipple :: Ratio
stopBandRipple :: Ratio

HighPass

cutoff :: Frequency

gain :: Ratio

rollOff :: Ratio
passBandRipple :: Ratio
stopBandRipple :: Ratio

Notch

centerFrequency :: Frequency
frequencyBand :: Frequency
gain :: Ratio

rollOff :: Ratio
passBandRipple :: Ratio
stopBandRipple :: Ratio

Combiner

Sum

Product
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Table B.2—BSC subclasses (derived from SignalFunction base class)

(continued)
Subclasses .
It level 2nd level 3rd/4th level Attributes

Diff —

Modulator — —

M amplitude :: Physical
carrierFrequency :: Frequency
frequencyDeviation :: Frequency

AM modIndex :: Ratio
Carrier :: Signal

PM amplitude :: Physical
carrictFrequency :; Frequency
phaseDeviation :: PlaneAngle

Transformation — —

SignalDelay acceleration :: Frequeney
delay :: Time
rate :: Ratio

Exponential dampingFacter.:L.double

E A

Ln —

Negate —

Inverse —

PulseTrain pulses :: PulseDefns
repetition :: int

Attenuator gain :: Ratio

Load resistance :: Resistance
reactance :: Reactance

Limit limit :: Physical

FFT samples :: int
interval :: Time

EventFunction — — —
EventSource — —

Clock clockRate :: Frequency

TimedEvent delay :: Time
duration :: Time
period :: Time
repetition :: int
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Table B.2—BSC subclasses (derived from SignalFunction base class)

(continued)
Subclasses .
Ist level 2nd level 3rd/dth level Attributes
PulsedEvent pulses :: PulsesDefns
repetition :: int
EventConditioner — —
EventedEvent —
EventCount count :: int
ProbabilityEvent seed :: int
probability :: Ratio
NotEvent —
Logical —
OrEvent
XOrEvent —
AndEvent —
Sensor — — measuredVariable:{ énum

measurement::any
measurementS=list any
samples::ift

count;:ifit
gateT'ime::Physical
nominal::Physical
condition:: enumCondition
GO::int

NOGO::int

HI::int

LO:int

UL::Physical
LL::Physical
As::SignalFunction
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Table B.2—BSC subclasses (derived from SignalFunction base class)

(continued)
Subclasses .

Ist level 2nd level 3rd/4th level Attributes
Counter — —
Interval — —
Instantaneous — —

RMS — —
Average — —
PeakToPeak — —
Peak — —
PeakPos — —
PeakNeg — —
MaxInstantaneous — —
MinInstantaneous — —
Measure — attribute :: string
Decode — datatype ::string
encoding :: string
stepsize:: Physical
offset :: Physical
Control — — —
SelectIf — Seleetor':: Signal
SelectCase — Seleetor :: Signal
mask :: int
Encode — data :: any
width :: int
repetition :: int
datatype :: string
encoding :: string
stepsize :: Physical
offset :: Physical
Transform mapping ::string
As :: SignalFunction
InverseTransform mapping :: string
As ::SignalFunction
Channels — channelNames :: pinString
As :: SignalFunction
Digital o — —
SerialDigital — data :: digitalString
period :: Time
logic H value :: Physical
logic L value :: Physical
pulseClass :: enumPulseClass
ParallelDigital — data :: digitalString
period :: Time
logic H_ value :: Physical
togic T vatue Physicat
pulseClass :: enumPulseClass
Connection — — channelWidth :: int
TwoWire — (channelWidth = 1)
hi :: pinString
lo :: pinString
TwoWireComp — (channelWidth = 1)
true :: pinString
comp : pinString
ThreeWireComp — (channelWidth = 1)
true :: pinString
comp :: pinString
lo :: pinString
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Table B.2—BSC subclasses (derived from SignalFunction base class)

(continued)

Subclasses

1st level

2nd level

3rd/4th level

Attributes

SinglePhase

(channelWidth = 1)
a :: pinString
n :: pinString

TwoPhase

(channelWidth = 2)
a :: pinString
b :: pinString
n :: pinString

ThreePhaseDelta

(channelWidth = 3)

a.. piuSuius
b :: pinString
¢ :: pinString

ThreePhaseWye

(channelWidth = 3)
a :: pinString
b :: pinString
¢ :: pinString
n :: pinString

ThreePhaseSynchro

(channelWidth = 3)
X 11 pihString
y i pinString
7,:: pinString

FourWireResolver

(ehannelWidth = 2)
sl :: pinString
s2 :: pinString
s3 :: pinString
s4 :: pinString

SynchroResolver

(channelWidth = 2)
rl :: pinString
r2 :: pinString
3 :: pinString
r4 :: pinString

Series

(channelWidth = 1)
via :: pinString

FourWire

(channelWidth = 1)
hi :: pinString

lo :: pinString
hiRef :: pinString
loRef :: pinString

NonElectrical

(channelWidth = 1)
to :: pinString
from :: pinString

DigitalBus

(channelWidth = 0)
pins :: pinString

B.3 Description of a BSC

Clause B.3 describes the generic characteristics of BSCs without stating the detail of the physical
characteristics of any particular signal. This approach provides the prototype for all signal building blocks
without supplying details or methods.
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B.3.1 Diagrammatic representation of a BSC

Figure B.1 represents a generalized form of a BSC and shows all possible interfaces and properties.

Attributes

conn > ClassName
In Out
ﬁ )

SignalName
Sync VI

N
Gate
Values

Figure B.1—BSC diagram

In Figurg B.1, the following naming conventions are used.,

a) [ClassName is the name of the class that the template represents, e.g., Constant.

b) PignalName is the name of the specific.signhal being modeled, e.g., dcSignal.

B.3.2 BSC attributes

A BSC |describes specific signal characteristics described through their attributes. BSCs can be [grouped
together| into models, calledsignal models, to describe complex signals. A signal model comprises|a group
of inter¢onnected BSCs\that describes one or more signals. BSCs are interconnected through thejr signal
propertigs of In, Qut;*Sync, Gate, or Conn. Control of a signal, defined by such a signal njodel, is
achieved through(the use of the Signal interface obtained through the Out property, commonly cilled the
Out Sigpal intetface.

The BSCs describe their behavior in term of their Signal properties and attributes, For testing purposes,
what happens with signals at the UUT or test interface is of ultimate interest. When a signal is defined by a
BSC model and passes through a Connection subclass or when a signal is associated with a specific pin
name (e.g., pinsln), it becomes such a signal. It may be described in terms such as physical signal or real
signal; however, these items are nothing more than the signals used to perform the testing of the test
subject. The corollary of this statement is that the items described as Signal are in some way virtual and
become a physical entity that can be used for testing only when they are connected to something. The effect
of this distinction in the following text is that it describes what would happen if the Signal was connected
to the test subject as well as what the internal signals need to do. As a convention, the term Signal (in
boldface) refers to the BSC Signal whereas the term signal (in normal typeface) refers to the physical entity
that is used to interact with the test subject.

A BSC has the following common properties for Signal interfaces:

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

— 85—

IEC 62529:2024 © IEC 2024
IEEE Std 1641 ™-2022

a)  Out—of type Signal and represents the signal interface(s) of the BSC, through which the signal
can be controlled

b) In—of type reference(s) to Signal(s)

¢) Sync—of type reference to Signal
d) Gate—of type reference to Signal

e) Conn—of type reference(s) to Signal(s)

f)  pinsIn—of type pinString

g) pinsOut—of type pinString

h) insSyne—of

Brpa-PiRStriag
t PH>HHY

JPY

i)  pinsGate—of type pinString

In additfon to these common properties, a BSC may also have attributes, which are used to)define thie signal
charactdristics of the output signal, and values, which represent measurable charaCteristics of apy input

signals.

The statg of any BSC is affected by both the state of its inputs and by its @ut-Signal interface. This state
affects gny Out signal that the BSC defines, and this scope in turn can affect other connected BSCs. This
state coptrol is designed to allow a collection of BSCs in a signal médel to be controlled together as a
single enmtity (see Annex C for further description).

The BS({’s In property consists of signal inputs that the BSCluses. Where multiple In signals are| defined
for BS¢s such as Sum, Diff, Product, Or, And, Xori<and EventedEvent, the behavior off a BSC
with mulltiple In signals shall be the same as multiple, dGal-input BSCs chained together with thefr output
being the first input of the next BSC and with their second input being the next input signal as shown in

Figure B.2.
BSC X
) > In(1) BSC X
n2) P In(2) »{ In(1) BSC X
In(3) > In(2) >
In(4) >

Figure B.2—Multiple inputs semantics

Signals may comprise one or more signal channels. A BSC’s behavior is described in terms of single
channel inputs. A BSC’s behavior for multichannel input is defined as applying the single channel behavior

to each input channel.
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@E

Ei

Where signals contain multiple inputs, all inputs are coerced into a multiple channel signal by the/fpllowing
rules:

a)  [f the input signal has a single channel, this channel is repeated multiple times; equal to the number
bf channels in the signal with the most channels.

b) [f the input signal has multiple channels, additional tri-state signals,channels may be add¢d to the
end so that the total number of channels for that signal equal the nufmber of channels in the signal

with the most channels.

The actipn of the BSC is then applied to each corresponding set of single channel inputs.

E@_

Figure B.4—Multiple Channel, Multiple Inputs semantics

Examplgs:

Attenuating 4 ThreePhaseWye signal attenuates each channel of the ThreePhaseWye signal.

Summing a thrce-phase signal (A) with @ two-phase signal (B) would result in the folfowing:

— First phase of A and B being summed and output
— Second phase of A and B being summed and output

— Third phase of A being summed with tri-state, i.e., third phase of A is output

Where a BSC is defined for use with a single In signal, e.g., Not, Filter. The use of multiple inputs is
considered to be a single input containing multiple channels.
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The BSC uses the Sync property to initiate its operation. When the Syne’s Signal first becomes active, the
BSC starts its operation. When the Sync’s Signal subsequently becomes active again, the BSC restarts its
operation. As an example for a Source, the signal becomes phase-locked on the event; for a Sensor, it
rearms the measurement. (See subclass descriptions in B.3.5 for more examples.)

The BSC uses the Gate property to control its operation. When the Gate’s Signal is active, the BSC is
operating; and when the Gate’s Signal is not active, the BSC is not operating. As an example for a Source,
this action would be outputting a signal or not outputting a signal value (tri-state). For a Sensor, this action
would be taking a measurement or not taking a measurement. For a Connection, the action would be
becoming connected or disconnected (open circuit). (See subclass descriptions in B.3.5 for more examples).

A multichannelled signal used as an input to either Sync or Gate is considered inactive when all its
channel$ are in the No Signal (Z) state.

The Conn property allows a user to specify connectivity of BSCs without any implied activation, which is
implicit| with the In property. Conn is used for a dynamic model, where the user wants fo show
connectfvity of signals without any implied activation. All BSCs connected solely |through the Conn
propertyl exist in separate time frames and have no implicit synchronization -between thdm. The
Conn rdference is an alternative to using the In reference. Unlike a connection) made through [a Conn
referencle, a BSC’s behavior is affected by any In connection. All In signal’s'states are monitored and the
In signal is controlled by the BSC.

Propertips that relate directly to the independent variable take the hame appropriate to the usecgse, e.g.,
riseTimle for a Ramp is the time interval taken for the signal to rise, In addition, a property of type|Time is
regarded as the independent variable and as such should consistently match the type of the ind¢pendent
variable|as provided by the RefType.

Examplg:
—  Ptep (Voltage, Frequency) startTime="100-kHz" (white noise with a low pass filter of 100 KHz)

B.3.3 Tlypes of BSC’s

The typ¢ of a BSC can be one of the.following:

a) [l'ypeless—A typeless'BSC represents signals, such as events, and can be combined with ahy other
kignal of any typel

b) Abstract—Am abstract BSC can have a different type from its inputs and can represent ¢ither an
pvent streanivor an abstract signal. For example, the type of the sensor Average may be Yoltage;
howevernits values do not represent any real signal, but rather a stream of measured values.

c) [Genetic—A generic BSC is one that inherits its type from its inputs. For example, the tyge of the
conditioner Sum is the type of the signals being summed together Generic fypes can gengrally be

used only when their input types are all of the same physical type.

d) Physical—A physical BSC defines the type of a signal, e.g., a voltage signal, defined with respect
to time.

The complete type of a physical BSC is expressed by post-fixing the BSC name with its physical type and
reference type, separated by commas and set within parentheses ().

Example:
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—  Constant (Voltage, Time)

Where no types are provided in the signal definition, either explicitly or through a unit of a Physical
attribute, the default type is Voltage and the default reference type is Time. Where a Physical attribute
mapping in Table B.4 exists (such as between Time and Frequency or between Power and Voltage), the
type shall be the default type after the mapping has been applied, as illustrated by the following examples:

— <Sinusoidal amplitude="2 mV".../> is a (Voltage, Time) signal

— <Constant amplitude="1 MOhm" .../> is a (Resistance, Time) signal

— <SquareWave amplitude="2 mV" period="1 MHz" .../> is a (Voltage, Time) signal

To expr

Example:

NOTE—]
make suf

B.3.4B

Every B
the defa)
BSCis {
many inj

Step refType="Frequency" startTime="1 MHz" .../> is a (Voltage, Frequency) signal
Constant (Power) is equivalent to Constant (Power, Time).
Constant is equivalent to Constant(Voltage) and Constant (Voltage, Time).

Constant amplitude="1 kOhm" is equivalent to type Constant (Resistance, Time)

ss a signal whose reference type is not the default type, the complet€type definition shall §

WaveFormStep (Voltage, Frequency) samplelnterval="1\kHz"

[t is possible to express a signal using any BSC with ‘any specified reference type. Care needs to bg
e that any defined signal is valid and realizable in thie context of the environment in which it is used.

SC attribute default values

plt value provided is meaningful“in that it may be a reasonable value in many situations w
1sed. For example, a sinusoid-has a default value for phase of zero, and this value shall be ¢
stances.

This sityation shall not be(tru€ for many of the default values. Using the same example of a sinusoi

be seen
The use

NOTE—
uncertair

that the default'value for frequency is 1 Hz. In most cases, this value is unlikely to be app
shall check that the correct value is provided for each use of a BSC.

e used.

taken to

SC described in this annex is provided with a default value for each of its attributes. In sonfe cases,

here the
prrect in

|, it may
fopriate.

ty ‘of Show accurate the required signal needs to be” is not defined. In the case of sinusoid phase,

Althduglr the default value is specified, the uncertainty is not. Therefore, although a value is de%ined, the

ny phase

shall do.

B.3.5 SignalFunction subclass descriptions

B.3.5.1

Subclass description: Source

A Source is used to produce a signal that is based on the value of its attributes. A Source shall create an
Out Signal interface and generally possess at least one attribute; Source supports both Gate and Sync
events. A Source does not possess values. Sources possess, but do not use, any In signals.
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The type of a Source shall be specified; and unless otherwise stated, the default type of a source is voltage
with respect to time (Voltage, Time).

B.3.5.2 Subclass description: Conditioner

A Conditioner combines and conditions one or more input signals into an associated output signal, based
on its attribute values. A Conditioner shall have at least one In signal and shall create an Qut Signal

interface. It supports Gate and Sync events, may possess attributes, but does not possess values.

The type of a Conditioner, unless otherwise stated, is generic.

Where 4 Conditioner contains multiple inputs, the Conditioner is operational when the first inpyit signal
becomes active (see Annex C) and remains operational while any input signal is active.

B.3.5.3|Subclass description: EventFunction
The EvpntFunction class is the base class for EventSources and EventCeonditioners. EventfSources
define epents while EventConditioners allow event definitions to be modificd-based on the action|of other
events and signals. An EventFunction shall create an Out Signal interface "and may possess attriputes. It

may have In signals, shall support Gate and Sync events, but does not possess values.

The typ¢ of an EventFunction is typeless unless otherwise stated:

NOTE—The output of an EventFunction that uses a Gate event hasthe semantics of a tri-state signal (digital |Z value).
This has fhe same effect as an Inactive signal when applied te a.Gate or Syne, or no signal when applied as an|input.

Events dan originate from either signals or other events.

B.3.5.4/Subclass description: Sensor
A Sensgr observes the In signal and\generates values for the specified characteristic of that sjgnal. A
Sensor fhall have an In signal and provide a measurement value. It supports Gate and Sync evpnts and
creates gn Out event signal when'the measurement is made or the condition is met.

The typ¢ of a Sensor, unless otherwise stated, is abstract.

Sensors| are used tomonitor signals and to take measurement values. In all cases, their resultant signals are
streamedl as abstraet signals that contain both event and value information.

B.3.5.5'Sﬂ'b’¢'|ﬂ$‘3‘03‘d‘est.al;pt;uu. €ontrot
A Control class allows various signals to be combined or sequenced together and controlled by the signal
state. This capability allows a signal model to describe the different signals required in responses to events
or digital signals.

The type of a Control, unless otherwise stated, is generic.

A Control may have Out properties and may possess attributes. It may have In properties, shall support
Gate and Sync events, but does not possess values.
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B.3.5.6

Subclass description: Digital

A Digital is used to produce an analog control signal that represents digital information that is based on the
value of its attributes. A Digital shall create an Out Signal interface and generally possess at least one
attribute; Digital supports both Gate and Sync events. A Digital does not possess values. Digital uses the

In signa

Is as an external clock overriding any internal digital clock.

The type of a Digital, unless otherwise stated, is Voltage.

B.3.5.7

Subclass description: Connection

A Conn
signals

attribute
any valy

An impl
BSC be
standard
switchin
time.

The typ

The prir
the char
signal p
Connec

The usg
therefor

Table B
names.

ection represents a collection of pins, through which the In signals pass or from which
low through channels. A Connection has both In and Out signals and supports Gate, 'S
s identifying the names of the pins through which the signals pass. A Connection does nof
es.

ementer may wish to indicate that a signal is hot-switched or cold-switched|by gating a co
fore or after the signal appears on its input. However, the implementer ‘should be aware
does not define how the signal is created or connected. A valid implementation may
g at all. All that is required is that the signal described is applied\té the UUT at the apy
b of a Connection, unless otherwise stated, is typeless.

cipal purpose of a Connection is to identify the names of the pins, such as PL1-1, associd

hase information is lost between different Connections but maintained within channels of]
tion.

of pinsIn, pinsOut, pinsSync, and pinsGate is incompatible with any Connection
b, strongly deprecated.

.3 shows an overview of the other derived Connection classes and their associated pin

iny Out
nc, and
possess

hnection
that the
not use
ropriate

ted with

nels. A signal is considered an external quantitycenly where it passes through a Connectipn. Any

a single

and is,

httribute
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Connection class Description Pin attribute names
TwoWire Two wire hi, lo
TwoWireComp Two-wire complement true, comp
ThreeWireComp Three-wire complement true, comp, lo
SinglePhase Single phase a,n
TwoPhase Two phase a,b,n
ThreePhaseDelta Three-phase delta a, b, c
ThreePhaseWye Three-phase wye a,b,c,n
ThreePhgseSynehre Fhree-phase-synchro Y5
FourWir¢Resolver Four wire resolver sl, s2,s3,s4
SynchroResolver Synchro-resolver rl, 12,13, 4
Series Series Via
FourWir Four wire hi, lo, hiRef{loR€f
NonElecfrical Nonelectrical to, from
DigitalByis Data, address, or control bus Ping

B.3.5.8|Connection subclass attributes

The attrjbute type for most connection class attributes is <pinString>. This character string may represent
one or more UUT pins. A UUT pin name shall not contain a whitespace character; thus the whitespace

charactdrs represents a delimiter between multiple UUT pin names.

A singlp pin attribute containing more than -ofi¢ UUT pin name indicates multiple instance§ of the
connectjon class where each connection has one set of pin attributes with a single UUT pin for each
attributg. This has the effect of simplifying the’process of listing connections and pins for any given| signal.

B.4 Physical class

B.4.1 General

The Phpsical base Class (see Table B.1) is used to describe real physical values. It has a vplue, an
associatpd dimensien described by its units, and an uncertainty. Its value may be constrained. All physical
types, elg., time,voltage, are derived from the Physical class. These derived Physical classes can afso offer
other inferfaces, e.g., a Period may be expressed as both Frequency and Time.

B.4.2 Properties

A Physical value comprises of a list the following elements:

a)  Qualifier e.g. trms

b)  Quantities e.g. 10 mV

¢)  Errlmt or uncertainty e.g. errlmt +- 5% conf 99.96%

d) Ranges of expected values e.g. range 0V to 25V
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e) Resolutione.g. res 1 uV

f) Loade.g. load 50Q

A quantity represents dimensioned and dimensionless values containing a magnitude and an associated
unit with prefix, e.g., "10 mV". Physical uncertainty quantity extends the basic quantity and associates a
qualifier, uncertainty (errlmts), resolution (res), and confidence (conf) values with the quantity, e.g.,
"pk pk 10 mV errlmt +- 5% conf 99.96% res 1 uV". Multiple errlmt and res values can be provided, in
which case they are added together, e.g., "errlmt 5% errlmt 1 uV". If multiple confidence values are
provided for a quantity, the least confidence value is assumed.

Ranges can be either single values (range) or bounded pairs using (range, to). The value of a range is

defined
signal a
"range 1
and resq

Load (Iq
voltage

B.4.21
The strit

physi

qualid
qualii
quant]
uncert
error]

ST @ qUaItity description g, 'range TV to 5V —The Tange defimestheexpected-vatm
ttributes and the default characteristics of the physical value when it is within thatran
V to 5V errlmt 5% res 1 uV" implies that a value between 1 V and 5 V shall have(an'‘tin
lution given by "errlmt 5% res 1 uV".

ad) represents a basic quantity value to be applied when converting betwegn) different un
hnd power. The load is a single value and is associated with the Physical ¢lass.

Format

g format of the physical value is described as follows:

fal:= [qualifiedQuantity]* [rangingInformation]* [loading]
fiedQuantity:= [qualifier] uncertainQuantity

fier:= trms|pk pk|pk|pk pos|pk neglav|inst|inst max|inst min
 ty:= <numeric expression> <unit>

fainQuantity:= quantity (errerlimit [confidence] [resolution]
limit:= (errlmt +quantity =quantity) | ([errlmt] (£|+-) quantit

resolytion:= res quantity

confi

ence:= conf quantity

rangifpgInformation:=

loadirt

where

(range uncertainQuantity [ (to]:) uncertainQuantity 1*) |
([range] (MAX{MIN) uncertainQuantity )
g = load quantity

Al the occurrences of <unit> shall belong to the same quantity (see Table B.4) or, where s
nay be'expressed as a ratio quantity.

The <unit> is made up of the <Unit Symbols> and optionally one of any associated

s of the

oe, e.g.,
ertainty

its, e.g.,

Y)

pecified,

<Metric

refixes> or <binary Prefixes>. 1he unit shall not be omitied unless the quantity 18 dimensionless.

— The errlmt shall be expressed as a relative range to the value either as a ratio or as plus and/or
minus a fixed amount (e.g., “10 V + 10 mV” or “10 V £ 0.1%”) and represents the uncertainty of
the value.

— The res property shall be held as an absolute value, identifying the granularity of the value.

— The conf property shall be held as an absolute value, as a ratio, and represents the level of
confidence associated with the uncertainty (errlmt).

—  The load property shall be held as an absolute value.
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— The range property shall be held as absolute values, identifying the range of values that may be
used, e.g., “10 V range 11 V to 9 V.” The value syntax allows for relative range values to be
specified (e.g., “10 V range + 1 V” or “10 V range 1%”) where these values are converted to
absolute values.

—  The asterisk symbol (*) indicates that there may be zero or more occurrences of the preceding
element.

Multiple properties such as errlmt, res, and conf are associated with the current quantity or range. The first
occurrence of errlmt, res, and conf defines the default value that shall be used if not explicitly specified.

The syntax allows for a string containing a keyword followed by a value, any number of times. Using a
keyword without a value implies the default value for that item should be used. The format defined
provide mWWnes the
meaning of any physical value string, adhering to the specified format provides clarity in the meahing and
precludgs the possibility of unintentional errors caused by unusual string formats.

A Physjcal class object value does not have to be written with any dimensional quantity. The ynits are
derived [from the unit property that shall be initialized to the default attribute type.

The valye property assigns the complete physical value as a whole. Any missing/property values imply that
the property is not of interest, and any resource selection shall not considenthe missing property. (Jhanging
propertyl values does not affect other property values, except where thereis a need to confirm consistency
of dimepsions. Specifying an uncertainty of zero implies that any résource selection shall choose|the best
resourcq available.

For rela}ive values, a single-ended, positive or negative, uncettainty value is interpreted as a double-ended
less both positive and negative values are specified. For example, “300 mV errlmt 10|mV” is
interprefed as “300 mV + 10 mV,” which is the same(as “300 mV errlmt +10 mV —10 mV.” Sjmilarly,
errlmt +10 mV” is also interpreted as “300\mV + 10 mV,” which is the same as “300 m} errlmt
—10 mV” and “300 mV errlmt —10 mVZ* If different positive and negative values are fequired,
they shalll be specifically stated, even if one of the'values is zero, e.g., “300 mV errlmt +10 mV -0 faV.”

The err]mt and range propertics.refer to the value including the qualifier. For example, in a valuq such as
V range MAX 100ymV,” the MAX 100 mV refers to the maximum average value,| not the
instantaneous value.

When gssigning pHysical types to each other, the complete value of the referenced physical type is

A qualifier is defined to be one of the following:

a) trms (true root mean square)
b) pk_pk (peak-peak)

c) pk(peak)

d) pk_pos (positive peak)

e) pk_neg (negative peak)

f)  av (average)
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g) inst (instantaneous)

h) inst_max (instantaneous maximum value)

i)  inst_min (instantaneous minimum value)

The way in which the default qualifier may be determined from the signal attribute is illustrated in the
following example:

<Average nominal="100 V" />

This is equivalent to the following:

<Aver
<Meas

In a cas
followin

<ampl]

B.4.2.3

The inc
change

simplifi
identifig

B.4.2.4

The ung
this is o
a coverg
associat

B.4.2.5

The incl
range of
range M

hge nominal="av 100 V" />
ire nominal="av 100 V" />

e where the qualifier cannot be determined by the context, it is assumed toCbe ‘inst, g
g

| tude="45 V" />

Use of resolution

usion of a resolution property (res) describes the expected/granularity of the value, but
r constrain the model. The use of the resolution property is intended for, but not restricte
ation of the process of resource selection for signals\and measurements, where the resoluti
s the smallest amount of signal change that can reliably be obtained.

Use of errimt and level of confidence

ertainty property (errlmt) describes-the permissible uncertainty of the value. For measu
ten referred to as expanded unc€rtainty, which is obtained by the combined standard uncert
ge factor. The inclusion of & confidence property (conf) describes the expected level of co
bd with the expanded uncertainty of the value, but does not change or constrain the model. !

Use of range

usion of ardnge does not change or constrain the model. The range property (range) desc
values.that'the attribute is expected to take over the life of the signal. For example, the valy

s in the

loes not
d to, the
bn value

Fements,

ainty by
hfidence

ibes the
e“10V

AX 12)V” indicates that the amplitude is 10 V and that during the life of this signal, the amplitude

may var|

y-and is expected to take values up to 12 V.

If the specified magnitude is outside of the given range, then that magnitude takes precedence and is not
constrained within the range. It is equivalent to providing two ranges, one at the actual value and one at the
given range. For example, the value “12 V range MAX 10 V” indicates that the amplitude is 12 V and that
during the life of this signal, the amplitude may vary and may be expected to take other values up to 10 V.

A complete Physical value may include multiple ranges, and these ranges may have different error limits.
In this case, the order of range, errlmt, and res properties does have significance. An errlmt that precedes
any range or res properties is global in scope and applies to any amplitude value unless otherwise defined.
An errlmt or res following a range applies only to amplitude values in that range.

12 For additional information on level of confidence of expanded uncertainty, refer to NIST Technical Note 1297.
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These multiple ranges can be extracted by enumerating through the Physical class range property and
extracting each entry’s Physical components.

Example:
range 1V to 10V errlmt 0.1% range 15V to 30V errlmt 0.2V
This example describes two ranges: 1 V to 10 V with errlmt + 0.1% and 15 V to 30 V with errlmt £ 0.2 V.

Where overlapping ranges are specified, the smaller uncertainty applies to amplitude values in the
overlapping region.

Exampleg:
errlmf +-1V range 0V to 12V errlmt +-0.1% range MAX 30V errlmt \+-0{2V

This exgmple indicates that, in the range 0 V to 12 V, the uncertainty is £ 0.1%; between 12 V amd 30V,
the uncdrtainty is + 0.2 V; and for all other values (less than 0 V and greater than 30V), the unceftainty is
+1V.

Where the overlapping region has the same uncertainty but different errlmt values, the range with the
lower miagnitude is assumed.

Example:

range|l V to 10 V errlmt +0.1 V -0.2 V¢xahge 5 V to 20 V errlmt 0.2 V
0.1V

In this gxample, the range between 0 V and 10 V has an uncertainty of +0.1 V -0.2 V, the range petween
10 V and 20 V has an uncertainty of +0.2 V 0;1V, and no uncertainty is specified for values oytside of
those ranges.

B.4.3 Permissible physical types and their units
The phygical type can represent @xdimensionless value or dimensioned quantity.

Dimensfonless physical typés can be any computer type whose representation can be held in a VARIANT
and whse value cantbe represented as a string. Where the dimensionless quantity represents a [numeric
type, e.g. double, byte or Integer, the Resolution and Range shall be defaulted according to the [numeric
type. THe value of-the numeric type shall be coerced to be the closest numeric value. E.g. for scalar types
the conyersieni would be <real>=»<numeric type> as a worked example assigning real value (-1.41) to an
unsignegl byte (VT _UI1) the closest value is (0). Assigning the same vale to a signed byte (VT _Ifl) value
would Be—2—(orOxFEE)}—The magnitnde—ofthephysical numeric—type—shallreturn—a—validalue of the
numeric type.

Dimensioned values in Table B.4 lists the allowed quantities, physical types, unit symbols, and their units.
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Table B.4—Physical types

Unit symbol Other
Quantity Physical type Unit SI unit (See mappings
NOTES 1, 2) and notes
Acceleration Acceleration meter per second Derived m/s? —
squared
Admittance Admittance — — — See NOTE 3
Amount of AmountOfinformation | bit? — b See NOTES
information byte? _ B 4,5
Amount of AmountOfSubstance mole Base mol —
substanc
Angular AngularAcceleration radian per second Derived rad/s? —
acceleratjon squared
Angular pelocity | AngularSpeed radian per second Derived rad/s Ffequency
Area Area square meter Derived m? —
Capacitapce Capacitance farad Derived F —
Concentation Concentration mole per cubic meter | Derived mol/m’ —
Current density CurrentDensity ampere per square Derived A/m? —
meter
Dynamig DynamicViscosity pascal second Defived Pass —
viscosity|
Electric ¢harge Charge coulomb Derived C —
Electric ¢gharge ElectricChargeDensity | coulomb per cubic Derived C/m? —
density meter
Electric Conductance siemens Derived S Rpsistance
conductahce S¢e NOTE 3
Electric qurrent Current ampere Base A —
Electric fiield ElectricFieldStrength velt per meter, Derived V/m S¢e NOTE 6
strength néwton per coulomb | Derived N/C
Electric flux ElectricFluxDensity, coulomb per square Derived C/m? —
density meter
Electric potential | Voltage volt Derived v Ppwer (where
differencp Idad is
specified by
the load
ploperty)
Electric fesistance |~ Resistance ohm Derived Ohm Aldmittance
S¢e NOTES
3]7
Electromptive Voltage volt Derived v Ppwer (where
force Toad is
specified by
the load
property)
Energy Energy joule Derived J See NOTE 4
electronvolt In use eV
Energy density EnergyDensity joule per cubic meter | Derived J/m3 —
Entropy Entropy joule per kelvin Derived J/K —
Exposure Exposure coulomb per kilogram | Derived C/kg —
Force Force newton Derived N —
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Table B.4—Physical types (continued)

Unit symbol Other
Quantity Physical type Unit SI unit (See mappings
NOTES 1, 2) and notes
Frequency Frequency hertz Derived Hz Time
Heat Heat joule Derived J —
Heat capacity HeatCapacity joule per kelvin Derived J/K —
Heat flux density | HeatFluxDensity watt per square meter | Derived W/m? —
Illuminance Illuminance lux Derived Ix —
Impedance Impedance — — — See NOTES
37
Inductange Inductance henry Derived H —
Irradiancp Irradiance watt per square meter | Derived W/m? —
Kinemat{c KinematicViscosity square meter per Derived m?/s —
viscosity second
Length Distance meter Base m S¢e NOTES
inch — in 48
foot — Jt
mile (statute) — mi
nautical mile Indise nmi
Luminanfe Luminance candela per square Betived cd/m? The use of nit
meter is|deprecated
Luminous flux LuminousFlux lumen Derived Im —
Luminous LuminousIntensity candela Base cd —
intensity
Magnetid field MagneticFieldStrength | ampere per'meter Derived A/m —
strength
Magnetid flux MagneticFlux weber Derived Wb —
Magnetiq flux MagneticFluxDensity tesla Derived T —
density
Mass Mass kilogram kg (Base) g S¢e NOTE 9
Mass derfsity MassDensity kilogram per square Derived kg/m? —
meter
Mass Flgw MassFlow kilogram per second Derived kg/s —
Molar energy MolatEnergy joule per mole Derived J/mol —
Molar entropy MolarEntropy joule per mole kelvin | Derived J/(mol*K) —
Molar hept MolarHeatCapacity joule per mole kelvin | Derived J/(mol*K) —
capacity
Moment pf\force MomentOfForce newton meter Derived Nem —
Moment of inertia | MomentOflnertia kilogram meter Derived kgem? —
squared
Momentum Momentum kilogram meter per Derived kgem/s —
second
Permeability Permeability henry per meter Derived H/m —
Permittivity Permittivity farad per meter Derived F/m —
Plane angle PlaneAngle radian Derived rad See NOTES
degree In use °, deg 4,10
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Unit symbol Other
Quantity Physical type Unit SI unit (See mappings
NOTES 1,2) and notes
Power Power watt Derived w Voltage (is
decibel watt® — dBW, dB(1 W) flll’e‘ilﬁzd by
e loa
decibel milliwatt® — dBm, dB(1 mW) property)
Also see
NOTE 11
Power density PowerDensity watt per square meter | Derived W/m? —
Pressure Pressure pa scal Derived Pa See NOTES
millibar In use mbar 412
Radiance Radiance watt per square meter | Derived W/(m?esr) —
steradian
Radiant intensity | RadiantIntensity watt per steradian Derived W/sr —
Ratio Ratio decibel® — dB S¢e NOTES
percent?® — Y%, pc 13, 14
octave — octave
decade — decade
Reactancge Reactance ohm Detived Ohm Stisceptance
Allso see
NOTES 3, 7
Solid angle SolidAngle steradian Derived st —
Specific gnergy SpecificEnergy joule per kilogram Derived J/kg —
Specific gntropy SpecificEntropy joule per kilogram Derived J/(kg*K) —
kelvin
Specific heat SpecificHeatCapacity jouleper’kilogram Derived J/(kg*K) —
capacity kelvin
Specific yolume SpecificVolume cubic meter per Derived m’/kg —
kilogram
Speed Speed meter per second Derived m/s S¢e NOTES
mile per hour — mi/h 48
knot In use nmi/h, kn
kilometer per hour — km/h
Surface tension SutfaceTension newton per meter Derived N/m —
Susceptahce Stsceptance siemens Derived S Rpactance
Allso see
NOTE 3
Thermal ThermalConductivity watt per meter kelvin | Derived W/(m*K)
conductivity
Thermodynamic Temperature kelvin® Base K See NOTES
temperature degree Celsius Derived °C, degC 8,15
degree Fahrenheit — °F, degF
Time Time second® Base ] See NOTE 4
minute® In use min
hour® In use h
day® In use d
year® In use ¥

(Table continues)
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Table B.4—Physical types (continued)

Unit symbol Other
Quantity Physical type Unit SI unit (See mappings
NOTES 1, 2) and notes
Volume Volume cubic meter Derived m’ See NOTE 4
liter In use L
Volume flow VolumeFlow liter per second Derived L/s —

NOTE 1—It is preferred practice to leave one space between the numeric value and the unit symbol when defining a value.
(See NOTE 7 below).

NOTE 2—The preferred symbol for the power of 2 (i.e.,%) may be replaced by the symbol 2 where the character set does
not allow the 2 symbol, e.g., W/m? may be written as W/m2. The symbol for the power of 2 (?) is an ASUII character.
Similarly, the preferred symbol for the power of 3 (i.e., *) may be replaced by the symbol 3. The symbol forthg power of 3
(®) is notfan ASCII character.

NOTE 3{-Following electrical engineering convention, the term resistance is used to mean the real:part of impedance, and
the term freactance is used to mean the imaginary part of impedance. Similarly, conductance ‘and’susceptancg are the real
and imaginary parts of admittance. Impedance and admittance are not currently supported as complex typep. The terms
impedange and admittance are reserved for future use as physical type names.

NOTE 4{—For convenience, certain non-SI units are acceptable for use with SI.

NOTE 5{—The units for amount of information, b and B, may be used with beth metric and binary prefixes. C4re should be
exercised to make sure that any prefix used is the correct one, e.g., 10 MiB\is'not the same as 10 MB.

NOTE 6{—Certain derived units have special names and symbols.. For convenience, derived units are often pxpressed in
terms of pther derived units. There are frequently alternative ways to express a derived unit using other derivgd units (e.g.,
electric fleld strength).

NOTE 74-The preferred symbol for the ohm (i.e., Q) isnormally replaced by the term Ohm where the character set does
not allow Greek letters. By custom, this convention. is‘normally used in test requirements. The ohm symbol {Q) is not an
ASCII claracter.

NOTE 8{—A limited number of other (non-SL) units have been included. These units were in customary use|in some test
requirempnts and have been included fof purposes of compatibility.

NOTE 9{—For historical reasons,«although the SI unit of mass is the kilogram (kg), the SI prefixes are attached to the gram

(o)

NOTE 1)—When the degtee symbol (°) is used for degrees of plane angle, the symbol is normally placed adjacent to the
number, p.g., 45°. When-a'degree of plane angle symbol is required to follow a variable, it is recommended thdt the symbol
deg be uped, e.g., bearing deg. Using the degree symbol (°) with a variable may give rise to confusion if it|were placed
adjacent fo the vartable name.

NOTE 1|—~<These units of power are equivalent to a level (in decibels) above a reference power of 1 W (iff the case of
dBW) or TmW (in the case of dBm). These equivalents are included to support Iegacy test requirements. New test
requirements should be written with the reference level in parentheses following the ratio unit. For example, 7 dBm should
be written as 7 dB (1 mW).

NOTE 12—The use of the bar as a unit of pressure is strongly discouraged. The use of the millibar (mbar) is retained for
limited use in meteorology (i.e., for barometric pressure). The value 1 mbar is equal to 100 Pa.

NOTE 13—Ratio is not a quantity. It has been included in this table due to its customary use in test requirements, e.g., as
in the case of the specification of amplifier gain. In addition to the unit symbols (dB, %, and pc) shown, ratio values may
be dimensionless. The unit symbol pc is included for carrier language implementations that do not support the percent
symbol (%).

(Table continues)
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Table B.4—Physical types (continued)

NOTE 14—Following customary use in electrical engineering, the terms octave and decade are used as units of ratio for
the particular cases of 2:1 and 10:1, respectively. The unit to which the ratio refers is determined by the context, e.g., when
used with filters, the term octave refers to a ratio in frequencies of 2:1.

NOTE 15—The preferred symbols for the degree Celsius (i.e., °C) and the degree Fahrenheit (i.e., °F) may be replaced by
the symbols degC and degF where the character set does not allow the degree symbol (°). The degree symbol (°) is an
ASCII character.

?In this standard, a bit (b) is a basic unit of measurement of information storage in computer science. It represents a binary
unit, which can denote a value of 1 or 0. The byte (B) is an ordered, contiguous collection of 8 bits.

"These ufits are not used with the SI prefixes.

°This unif is not used with the SI prefixes representing positive powers.

B.4.4 Unit prefixes
A unit symbol may be prefixed by one of the metric prefixes from Table B.5

The p symbol is not supported by some carrier languages. In those cases|_it is permissible to use u.

Table B.5—Metric prefixes

Prefix Name Value Comments
y yocto 1024 —
z zepto 102! —
a atto 10-18 —
f femto 1013 —
P pico 1012 —
n nano 10° —
W, 4 micro 106 See NOTE 1
m milli 107 —
c centi 102 See NOTE 2
d deci 107! See NOTE 2
h hecto 1072 See NOTE 2
k kilo 1073 —
M mega 10"6 —
G giga 10*° —
T tera H=2 —
P peta 10%15 —
E exa 10718 —
Z zetta 10721 —
Y yotta 10724 —
NOTE 1—The preferred symbol for the prefix micro (i.e., p) is normally replaced by the symbol u where
the character set does not allow Greek letters. By custom, this convention is often used in test requirements.
NOTE 2—By custom, the prefixes for units used in test requirements representing powers of less than 3
(or —3) are not used in test requirements (except for decibel, dB, which is used exclusively).
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B.4.5 Unit prefixes for binary multiples

This standard provides for the use of binary prefixes, which may be used with the symbols for amount of
information (b and B). The binary prefixes are listed in Table B.6.

Table B.6—Binary prefixes

Prefix Name Value Example
Ki kibi 210 1 KiB =1.024 kB
M Hebt 220 FVHB—=1-048576-MB
Gi gibi 230 1 GiB =1.073741824 GB
Ti tebi 240 1 TiB=1.099511627776 TB
Pi pebi 250 1 PiB = 1.125899906842624 PB
Ei exbi 260 1 EiB = 1.152921504606846976 EB
NOTE—These prefixes are defined in IEEE Std 1541™-2002 [B16].

B.4.6 Runtime properties
The runfime properties of the Quantity and Physical classes are described as follows:

Quantity Class <Quantity>

a) palue <string> contains the full textual deseription (e.g., “trms 3 V errlmt 100 mV rangg 1V to
10 V™).

b) magnitude <real> is the value of the(physical type, e.g., 3.0.
¢)  pnit <string> is the read-only umt'Symbol of the value, e.g., V, Hz, A.

d) withUnit (qualifiedunit <strihg>) <Quantity> returns an accessor reference for interrogafing and
betting the value of the quantity with the specified qualifier and unit, e.g., “dBm” or “trms mV”

Physica] Class <Physical>* derived from <Quantity>

e) fualifier.<enum> provides different ways of observing the value and contains ond of the
following:

| )\.trms (true root mean square)

2)  pk_pk (peak-peak)

3)  pk(peak)

4)  pk_pos (positive peak)

5) pk_neg (negative peak)

6) av (average)

7)  inst (instantaneous)

8) inst_max (instantaneous maximum value)

9) inst_min (instantaneous minimum value).
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f)

2)

h)

)

k)

D

unit, q
Physic

As the default unit of a Physical property or attribute is determined by the type of the SignalFur
which if belongs, withUnit is;ptevided to obtain a Physical reference with alternative units. For ¢
the statgment “mySin.amplitude.withUnits("dBm").magnitude = 15.849” provides the magnitude
whereas|the base unit for power is watt (W). The unit of the base property or attribute is not change

The Qu

numeric| value e:g..amplitude[“trms mV”| returns the numeric value of the property in millivolts t

frequen
has the

withUnts(qualifiedunit)magnitude

The va}e property of the Quantity and Physical class and is internally parsed to complete the ma

errlmt (<enum:UL,LL>) <Quantity>

1)  magnitude <real> is the value of the UL or LL error limit, e.g., 0.10.

2)  units <enum> is the unit symbol of the UL or LL error limit, e.g., pc.

range (<enum:MAX ,MIN>) <Quantity>

1) magnitude <real> is the value of the maximum or minimum range, e.g., 10.
2)  units <string™> is the unit symbol of the maximum or minimum range, e.g., V.
resolution <Quantity>

1) magnitude <real> is the value of the resolution, e.g., 25.

D) units <string> is the unit symbol of the resolution, e.g., uV.
confidence <Quantity>

[) magnitude <real> is the value of the level of confidence associated with -the un
(errlmt), e.g., 95.

D) units <string> is the unit symbol of the level of confidence, e.g., pc 6r-%.
oad_ <Quantity>

[) magnitude <real> is the value of the load to be used for translation to and from pow
50.

D) units <string> is the unit symbol of the load, e.g., Qhm,

hame <String> is the read-only name of the Physicalvobject. The name can be used to ¢
specific property from a Signal Function.

fype <String> is the read-only type of the Physical Type of the quantity.

class properties shall also change the complete value property.

lntity and Physical class support the default this property indexor for getting and setti

cy/ “kHz] = 10 sets the frequency value to 10 kHz. The string value of the this property

ertainty

er, e.g.,

xtract a

pnitude,

alifier, errlmt, resolution, confidence, load, and range properties. Explicitly changing any

ction to
xample,
in dBm,
.

ng their
'ms, and
indexor
ction of

satne, format as the withUnits qualified unit parameter and represents the equivalent fun

The Physical class represents a collection class and supports the following standard enumeration methods
and properties Add, Count, Item, Remove and _NewEnum. The object returned as an item of the collection
supports also the Physical interface, but has no collection, and returns a Count of zero.

NOTE—The value for the unit property never contains the metric prefix, e.g., if the string value “300 mV” is assigned
to attribute value, then magnitude returns SI magnitude 0.3 and unit returns V. The default value for the qualifier is
determined by the associated signal attribute. For example a Physical value “pk_pk 600 mV” is equivalent to qualifier
magnitude unit “pk pk 0.6 V” and equivalent to a Quantity magnitude of 0.3 and unit V.
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B.5 PulseDefns class

The PulseDefns base class (see Table B.1) is used to define BSC signal properties that consist of a set of
pulses. The PulseDefns is a collection of pulse definitions can be enumerated through.

All pulses defined with the PulseDefns class start from the same time frame (i.e., T(0)). All BSCs that use
PulseDefns superimpose each pulse on top on each other to obtain a complete PulseDefns. See Figure B.3.

Pulse 1

Pulse 2

Pulse 3

Pulse 4

Combined Pulse
Definition

T(0)

Figure B.5-<Pulses using PulseDefns
The complete value of the PulseDefns can be defined by using a list of individual PulseDefn (as| defined
by the sfring format in B.5.1)

Runtimg Properties

— | NewEnum® returns an object that supports [IEnumVARIANT. This property is not vjsible to
hsers, but allows native languages to iterate through the PulseDefns.

— [Item (index VARIANT) (default indexor) is of type PulseDefn. An individual pulse defihition is
retrigved using the item property, using a numeric index (0-indexed), or using the name of gulse.

— Count is of type Long; number of PulseDefns in the collection.

— value is of type String [i.e., a string list of all the pulses, e.g., “(1ms, 0.5ms, 1) (30us, 2ms, 1)”].
Runtime Methods

— Add (name string) is of type PulseDefn and adds a PulseDefn identified by name. If name is not
unique to PulseDefns, the Add method retrieves the existing PulseDefn.

— Remove (index VARIANT) removes the index PulseDefn from the collection. If index does not
exist, the Remove method returns.

13 The name "_NewEnum" is predefined as part of the language interfaces used by IDL[B5]
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B.5.1 PulseDefn class
The PulseDefn class defines an individual pulse.

The string format of the complete value of the PulseDefn class is defined as follows:

'('<numeric expression> <unit> ',' <numeric expression> <unit> ',
<numeric expression> [pc|%] ")'

—AIl the occurrences of <unit> shall belong to the same quantity (see Table B.4). In most cases, these
shall be units of time.

—The <unit> is made up of the <Unit Symbols> and optionally one of any associated <Metric Prefixes>

or <Biary Prefixes). The unit shall not be omitted unless the quantity 1s dimensionless,

Runtimd Properties

— palue is of type String (i.e., a string containing the pulse, e.g., “(30 us, 2 ms, 4)2’).
—  ptart <Physical> is the point where the pulse occurs. (default 0]s)
— pulseWidth <Physical> is the duration of the pulse. (default 0s)

— JevelFactor <double> is the multiplication factor that the pulse applies to an input signal.
(default 110)

— pame <String> is the name of the pulse. The name can be’used to extract a specific PulseD¢fn from
h collecton of pulses (PulseDefns).

B.6 SignalFunction class

All BSCs originate from classes derived from the SignalFunction base class (see Table B|1). The
SignalFunction class is described as a puréyvirtual class as it can only be used to derive classes rather than
to creatg test objects.

Properties

—  Put is of type Signal.
— In [(at=0)] is of\type reference to Signal.
— Pynec is of type reference to Signal.

— [Gateis of type reference to Signal.

— [Conn[(at=0)] is of type reference to Signal.

— pinsln is of type pinString.
— pinsQOut is of type pinString.
— pinsSync is of type pinString.
— pinsGate is of type pinString.
The In and Conn properties may both contain multiple signals.

The extensible markup language (XML) defines SignalFunction property channels as a list of input
channel identifiers (numbers or names), e.g., channels="1 3 2 4". Negative channel numbers can be used to
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exclude input channels, e.g., channels="-1 -2". The parameter values 0 or "" implies all signal channels.
The special value ‘-> or ‘-0’ indicates all signal channels in reverse order; and can be mixed with channel
exclusions. Channel identifiers are read left to right.

Examples using channels a,b,c,d

— channels=“1324"=>» ‘acbd’
— channels = “-0” =» ‘d ¢ b a’ (all channels reversed)
— channels =“-0-1” =» ‘d ¢ b’ (all channels reversed ‘d ¢ b a’ after excluding ‘a’)

— channels =“-1 1” = ‘b ¢ d a’ (all channels ‘a b ¢ d’ excluding ‘a’ plus ‘a”)

—  fhannels = “-2 -3” =» a d (all channels ‘a b ¢ d” after excluding ‘b’ and excluding ‘¢’ )
—  fhannels =“1 -2” =» ‘aac d’ (channel ‘a’ plus channels ‘ab ¢ d” after excluding ‘b”)
—  fhannels=“1 -2 -3” =» ‘aad’ (‘a’ plus all channels ‘a b ¢ d’ after excluding,d! and excludling ‘c’)

— fhannels=“1 111" =» aaaa(channel ‘a’ plus channel ‘a’ plus channel /a’|plus channel ‘3”)

The Out Signal is an interface to a Signal object that the SignalFunction . creates as part of its function.
The beHavior between the output Signal and the SignalFunction is private and depends entirely on the
behaviof of the SignalFunction.

The pingIn, pinsOut, pinsSync, and pinsGate properties provide the means to connect at the levgl of the
signal without reference to a separate connection class. Although these properties are inherited by|all STD
classes gdnd subclasses, their use with connection classes should be avoided (see B.3.5.7).

Using the pinsIn, pinsOut, pinsSync, and pinsGate ‘properties to connect to a signal is restrictdd to the
two-wirg (hi, lo) style of connection, e.g., they cannot be used where true, comp, phase, or neutral pin types
are requjred. Refer to B.6.7 for a definition of pinString.

Subclauges B.6.1 through B.6.7 describe_all of the BSCs available to the standard covering $ources,
Conditipners, Sensors, EventFunctiehs, Control, Digital, and Connections. The description generally
takes th¢ form of describing the sighal in terms of generating a signal. However, a signal descripti¢n in the
form of]a signal model can equally be used as a means of measuring a signal characteristic attjibute or
signal sjmulation. The signaldescriptions defined by this standard describe the signal, but do ngt define
how the|signals are to be used-

Where the followingydéscriptions use the SignalFunction template, their type is shown as Physikal. The
BSC caih describeany signal based on any physical type listed in Table B.4. Each BSC defines an Interface
plus thg names-of the objects that support those interfaces, e.g., Constant(Voltage,Time) supports the
ConstaTt type interface (see Annex D).

NOTE—AII BSC behavior to Gate and Sync events is as described in B.3 unless explicitly changed in the following
text. In general, this behavior is consistent across all BSCs and avoids special meanings being invented for these terms.

See C.2.3.3 for description of runtime properties.

B.6.1 Source ::SignalFunction

a)  Definition—Sources are the only BSCs from where signals can originate.

b)  Attributes—Not applicable
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¢) Description—A Source produces a signal based on its attribute values. The signal is continuously
provided, unless gated off, and can be restarted by use of the Sync event. Once started, a Source
generates the signal until explicitly turned off through the Out Signal interface.

B.6.1.1 NonPeriodic ::Source

a)  Definition—NonPeriodic signals have no implicit period. They identify signals that do not repeat
themselves.

b)  Attributes—Not applicable

c) Description—NonPeriodic Sources are continuous signals, where their final value may be
PR ba A ha o H o H Snreo ccantc o ; -rsingle

B.6.1.1{1 Constant<type: Physical> ::NonPeriodic

a) Pefinition—A Constant signal retains its given level. See Figure B.6.
b) Attributes
amplitude <Physical>—the level of the signal (default 5 0)

c) Pescription

1.0

0.6+

0.4+

0.2+

0.0 .
Time

Figure B.6—Constant (amplitude=1 V)

B.6.1.1{2 Step<type: Physical> ::NonPeriodic

a) PDefinition—A Step signal makes a transition from zero to a given level. See Figure B.7.

b)  Attributes

amplitude <Physical>—final value of Step signal (default = 0)
startTime <Time>—definition of when the step transition starts (default = 0.5 s)

¢) Description—A Step signal has two properties: the start time of the transition and the final
amplitude level. The step transition is regarded as instantaneous. Before start time, the value is 0;
after start time, the value is the amplitude.
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0.8+

0.6+

0.4+

0.2+

Time
Figure B.7—Step (amplitude=1 V, startTime=0.5 s)

B.6.1.1{3 SingleTrapezoid<type: Physical> ::NonPeriodic

a)  Pefinition—A SingleTrapezoid is a NonPeriodic signal defined by, the geometric trapezoid shape.
See Figure B.S.

b)  MHrttributes

hmplitude <Physical>—value of pulse amplitude (default 5 0)
ptartTime <Time>—time at which trapezoid starts reldtive to it initialization (default 50 s)
riseTime <Time>—time taken to reach amplitude (default 90.25 s)
pulseWidth <Time>—time that trapezoid is stable at amplitude (default 0.5 s)
fallTime <Time>—time taken to fall backto quiescent state (default 9 0.25 s)

¢) Pescription—A SingleTrapezoid may, have zero values for any of its properties. The tragjezoid is
Fegarded as its geometric shape.

ts properties are defined by-its amplitude and the times that bound each signal segment of start
ime, rise time, pulse width, and fall time.

1.0+

0:8%

0.6

0.2+

0.0

Time
Figure B.8—SingleTrapezoid (amplitude=1 V)
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B.6.1.1.4 Noise ::NonPeriodic

a)  Definition—Noise may be considered as unwanted disturbances superimposed upon a useful signal,
which tend to obscure the signal’s information content. Noise may be genuinely random (as in
white noise) or may be pseudorandom. Noise occurs across a range of frequencies and can be
characterized by amplitude; it may take the form of a Sensor or Source signal. Pseudorandom noise
is only of interest as a Source signal. In addition to amplitude, it also allows a frequency and an
optional seed to be defined. See Figure B.9.

b)  Attributes
amplitude <Physical>—the peak noise amplitude (default = 0)
geed<Im>—-used Tor pSeudorandonT Noise (defauir= 0)
frequency <Frequency>—upper bound frequency bandwidth for transient disturbances

(default 4 50 Hz)
¢) Pescription—Noise is the term most frequently applied to the limiting case, Whete the nymber of

ransient disturbances per unit time is large.
Noise has amplitude, frequency, and seed as parameters, of the type ofthe"dependent varigble, and
has a recurring pattern as determined by the generating algorithms dnd-the seed. These pafameters
Hefine the mean frequency and amplitude of the transient disturbances.
Che pseudorandom effect applies only to multiple sequences of the same implementatjon, and
Hifferent implementations shall give different pseudorandgm)values. A seed value of 0 implies true
fandom noise. Therefore, it could be generated from( a thermal noise generator and is not
hecessarily repeatable.
Che frequency attribute provides the bandwidth of the frequency spectrum of the noise. THe use of
vero (0 Hz) implies noise is independent of frequencies, i.e., white noise.

0.5+

0.4+

0.3+

0.277 A /\

0.1+ f\ A

V o0 Ll

01] \J | U \/

-0.24

-0.34

0.4

-0.51 .

Time
Figure B.9—Noise (seed=1, amplitude=0.5 V, frequency=50 Hz)
B.6.1.1.5 SingleRamp<type: Physical> ::NonPeriodic

a)  Definition—A SingleRamp represents a linear transition from 0 to the defined amplitude level
during a defined time period. See Figure B.10.

b)  Attributes
amplitude <Physical>—final value of ramp signal (default = 0)
riseTime <Time>—time for signal to reach final value (default=15s)
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startTime <Time>—defines when the step transition starts (default=0s)

¢) Description—A SingleRamp takes the form of a linear signal with the transition time defining the
event window of that signal. The slope of the linear signal is defined by the difference between the
amplitudes divided by the transition time. In a high-to-low transition, the gradient is negative; and
in a low-to-high transition, the gradient is positive.

0.6+

0.4+

0.2

0.0 -
Time

Figure B.10—SingleRamp (amplitude=1V, riseTime=1 s)

B.6.1.2|Periodic ::Source

a)  Pefinition—Periodic signals are signals in which\the amplitude value (a dependent Yyariable)
Changes as a periodic function of time (an independent variable). These signals have an|implicit
beriod and frequency.

b)  Hitributes—Not applicable

¢) Pescription—The behavior of any Reriodic signal defined with a period is that of a single signal
hat is being synchronized with.fa clock event equivalent to the period. Therefore, each signal
Festarts from its initial start €timé at the start of each period. Periodic signals are equiyalent to
synchronized NonPeriodic signals.

B.6.1.2{1 Sinusoid<type: Physical> ::Periodic

a)  Pefinition—A:Sinusoid is a signal where the amplitude of the dependent variable is giveh by the
formula in-Equation (B.1):

= Asin(wtte) (B.1)
where

A is the amplitude

w is 21 x frequency

1) is the initial phase angle

b)  Attributes

amplitude <Physical>—amplitude (default = 0)
frequency <Frequency>—frequency (default = 1 Hz)
phase <PlaneAngle>—initial phase angle (default = 0 rad)
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c) Description—Sinusoid has amplitude, frequency, and phase as parameters. The amplitude has the
type of the dependent variable, the frequency is of type Frequency, and the initial phase angle is a
PlaneAngle. See Figure B.11.

1.0+
0.8+
0.6+
0.4+

0.2+
V oo

02
-0.4+
-0.6+
-0.8+
-1.0-

Time
Figure B.11—Sinusoid (amplitude=1 V, frequency=30-Hz)

B.6.1.2(2 Trapezoid<type: Physical> ::Periodic

a) Pefinition—A Trapezoid is a Periodic signal that.sequentially repeats the SingleTrapezpid. The
beriod is defined by the duration of the SingleTrapezoid. All event times are referenced|to local
ime, which is reset at the start of each pulse. Sc¢e Figure B.12.

b) MHttributes

amplitude <Physical>—value of pulse amplitude (default 50)
period <Time>—time in which the signal repeats itself (defaultq1 s)
riseTime <Time>—time takeén\to reach amplitude (default 90.25 s)
pulseWidth <Time>—time that Trapezoid is stable at amplitude (default 590.5 s)
fallTime <Time>—time taken to fall back to quiescent state (default 90.25 s)

c) Pescription—A\Trapezoid signal represents the trapezoidal geometric shape. The coptinuous
Kignal starts/on‘the rising edge, and the trapezoid is repeated every period even if the trapefoid has
hot been ¢ompleted.
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1.0+

0.6+

0.4+

0.2+

Time
Figure B.12—Trapezoid (amplitude=1 V, pulseWidth=0.5 s)

B.6.1.2{3 Ramp<type: Physical> ::Periodic

a) Pefinition—A Ramp signal is a Periodic signal whose instantaneoils value follows [a linear
ransition from zero to the defined amplitude during the riseTimé.dnd back to zero during the
emainder of the period. In the case that the period is less than-the riseTime, the linear tyansition
from zero shall stop when the period is reached. See Figure B13.

b) Mutributes

amplitude <Physical>—final level of the signal (default 5 0)
period <Time>—time in which signal repeats itsélf (defaultq1 s)
riseTime <Time>—rise time of Ramp signal (default g1 s)

c) Pescription

1.0+

0.4

0.2+

Q0

Time
Figure B.13—Ramp (amplitude=1 V)

B.6.1.2.4 Triangle<type: Physical> ::Periodic

a)  Definition—A Triangle signal is a Periodic signal whose instantaneous value varies linearly and
equally about 0. Duty cycle is a ratio between the time for which it increases to its positive value
and the time for which it decreases to its negative value. Its parameters are defined by its
amplitude, period, and duty cycle. See Figure B.14.
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b)  Attributes
amplitude <Physical>—maximum amplitude level of the signal (default = 0)
period <Time>—time in which signal repeats itself (default=1s)

dutyCycle <Ratio>—ratio between time taken to increase from its minimum to its maximum value
and the time for one period (default = 50%)

Description—Triangle has amplitude and period as parameters. The amplitude has the type of the
dependent variable; the period is of type Time.

NOTE—The value of the attribute dutyCycle is a ratio, which can include values outside of the range of 0% to 100%

H Ot 10 TL £ 1 PR | £l £0!
i.e., 0 torh—FHhretse-of-valtes-outstde-of therange-of o

B.6.1.2|5 SquareWave<type: Physical>_:Periodic

b)

c)

0/ 4 1.000 1. ot dad-aflaat 41 - 1
T O TUU /T Iy na v e e aC o OrreeTsap o e—STEng L.

1.0+
0.81
0.6+
0.41
0.21
V oo
0.21
0.4+
-0.61-
0.8
-1.0-

Time
Figure B.14—Triangle (amplitude=1 V)

Definition—A SquareWaye\is a Periodic signal whose amplitude (a dependent Yyariable)
hlternately assumes one of two fixed values of amplitude. The amplitudes are equal to pbout 0,
which is the reference base line. Duty cycle is a ratio between the time for which it remajns at its
bositive value and the'time for which it remains at its negative value. Its parameters are deffined by
ts amplitude, period, and duty cycle. See Figure B.15.

Uttributes

hmplitude sPhysical>—amplitude of signal (default 5 0)
period <Time>—period of signal (defaultq1 s)
HutyCycle <Ratio>— ratio between time at its positive value and the time for one period

(default = 50%)

Description—SquareWave has amplitude and period as parameters. The amplitude has the type
of the dependent variable; the period is of type Time.

NOTE—The value of the attribute dutyCycle is a ratio, which can include values outside of the range of 0% to 100%
(i.e., 0 to 1). The use of values outside of the range of 0% to 100% may have unintended effects upon the signal.
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Figure B.15—SquareWave (amplitude=1 V)

6 WaveformRamp<type: Physical> ::Periodic

WaveformRamp cycles through those values sequentially and ‘nfinitely, starting from

Uttributes

amplitude <Physical>—amplitude of the output signal where the level factor (in points) is [
(default 5

period <Time>—the time between each sequencé (default 5

samplingInterval <Time>—the time betwegn successive (points) outputs (default 5

points <list double>—Ievel factor of ea¢lir-waveform sample (default 5

h nonzero period value sets samplingInterval to 0.

Continuouslys

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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Definition—A WaveformRamp is defined by a sampling interyal_and a list of valyes. The

0. The

width of each window is the same, and each window consists of @ Ramp signal. See Figure|B.16.

1y
15s)
05s)

empty)

f the attribute samplingInterval is.0, the complete waveform described by the points is fepeated
per period. Otherwise, the period:is calculated as (sampleInterval x number of points). Aksigning

Description—WaveformRamp takes the form of a sequence of linear signals with the ampling
nterval defining the &vent window. The slope of the linear signal is defined by the difference
between the previeus_point and the current point divided by the sampling interval. In a high-to-low
ransition, the slope’is negative; and in a low-to-high transition, the slope is positive. The [offset is
Hefined by theprevious point. WaveformRamp cycles through the points sequentiglly and
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B.6.1.2

b)

©)

Time
Figure B.16—WaveformRamp (points=[0, 1, 3, 2, 4, 5, 2, 1], period=Hs)

7 WaveformStep<type: Physical> ::Periodic

Definition—A WaveformStep is defined by a sampling interval\and a list of valy

bf each window is the same, and each window consists of a line'segment (i.c., a step sigt
Figure B.17.

Uttributes

hmplitude <Physical>—amplitude of the output signal'where the level factor (in points) is
(default 5

period <Time>—the time between each sequehce (default 5

samplingInterval <Time>—the time between successive (points) outputs (default 5

points <list double>—Ievel factor of-each waveform sample (default 5

f the attribute samplingIntervaklis 0, the complete waveform described by the points is
ber period. Otherwise, the period is calculated as (samplelnterval x number of points). A
h nonzero period value sets samplingInterval to 0.

Description—WaveformStep takes the form of a sequence of constant signals. The lev

sampling interval. ' WaveformStep cycles through the points sequentially and continuously.

es. The

WaveformStep cycles through those values sequentially and infinitély, starting from 0. The width

jal). See

1s)
05s)
empty)

Fepeated
Esigning

] of the

Constant signal is,defined by the points, and a transition in level occurs at each increment of the

fi I I

L
1,

Time
Figure B.17—WaveformStep (points=[0, 1, 3, 2, 4, 5, 2, 1], period=1s)
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B.6.2 Conditioner ::SignalFunction

a)  Definition—Conditioners take one or more signal inputs and transform them to other signals or, as
do Product or Sum, take multiple input signals and operate on these to produce a single signal
output.

b)  Attributes—Not applicable

¢) Description—Conditioners act on signals, e.g., Sources, but not on events (e.g., EventFunctions).
Conditioners can be restarted using the Sync property and/or when the input signals become
active. Restarting a BSC is where its behavior reverts back to when it first started, i.e., time=0

B.6.2.1Filter—GConditioner

a) Pefinition—A Filter is a Conditioner that passes a defined set of frequencies from,an Inpft signal
o produce an output signal.

b)  Hitributes—Not applicable

¢) Pescription—Filters have attributes that allow a basic filter shape to beddctined. If no vdlues are
brovided for gain, rolloff, passBandRipple, and stopbandRipple, the ‘Filters default to pufe filters
with instantaneous frequency cutoff across their bandwidths.

B.6.2.1]11 BandPass ::Filter

a) PDefinition—A BandPass filter passes frequencies within the pass band from an input signal and
filters out all frequencies outside of the band. The BandPass filter is a symmetrical filter fn which
he rollOff values for the highpass and lowpass transition slopes are equal and oppodite. The
BandPass filter illustrated in Figure B.18 représents a perfect bandpass filter.

b) Huributes
tenterFrequency <Frequency>—center frequency of the filter’s band (default 40 Hz)
frequencyBand <Frequency>—bandwidth of filter; zero implies narrowest band (default < 0 Hz)
bain <Ratio>—ratio defining the scaling factor for the signal in the pass band  (default <0 dB)

FollOff <Ratio>—the rate at which the amplitude of the output signal shall alter over frequgncy
(default H0)

passBandRipple <Ratio>—the maximum allowable variation in the amplitude of the passband
bignal (default 90 dB)

stopBandRipple <Ratio>—the maximum allowable variation in the amplitude of the stopbpnd
fignal (default 5 0 dB)

Ch&values for passBandRipple and stopBandRipple are given as a proportion of the valjie of the
T signal alter aly change imparted Dy the gain attribute.

The value for rollOff may be given with units of dB/decade or dB/octave in line with customary
practice. A value of O indicates a pure filter, as defined below, in which case the values for
passBandRipple and stopBandRipple have no meaning.

¢) Description—In the case of the pure filter, the output (eow) is given as defined in Equation (B.2)
and Equation (B.3).
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B.6.2.1

b)

Cout = €in for > (f—fpw/2) and f< (fetfou/2) (B.2)

eou =0 for £< (fifin/2) and f> (fifin/2) (B.3)

where

€in is the input

f is the frequency of the input signal

fe is the center frequency

Jfow  1s the absolute value of the frequency band
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Figure B.18—BandPass (response of Filter to TrapezoidVoltage)

2 LowPass ::Filter

Definition—The LowPass~filter suppresses all frequencies above the cutoff frgquency.
Frequencies below the cutoff frequency are passed to the output signal. The LowPass filter
llustrated in Figure B.19represents a perfect step filter.

Uttributes
butoff <Frequency>—cutoff frequency of the filter; zero implies dc only passed (default <0 Hz)
bain <Ratio>—ratio defining the scaling factor for the signal in the pass band  (default <0 dB)

ollOff <Ratio>—the rate at which the amplitude of the output signal shall alter over frequgncy
(default 5 0)

passBandRipple <Ratio>—the maximum allowable variation in the amplitude of the passband
signal (default = 0 dB)

stopBandRipple <Ratio>—the maximum allowable variation in the amplitude of the stopband
signal (default = 0 dB)

The values for passBandRipple and stopBandRipple are given as a proportion of the value of the
In signal after any change imparted by the gain attribute.

The value for rollOff may be given with units of dB/decade or dB/octave in line with customary
practice. Only a single value for magnitude is required. A value of 0 indicates a pure filter, as
defined below, in which case the values for passBandRipple and stopBandRipple have no
meaning.
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¢)  Description—In the case of the pure filter, the output (e,.) is given as defined in Equation (B.4)
and Equation (B.5).

Cout = €in for f<f. (B.4)
eowr = 0 for f>f1. (B.5)
where

Cin is the input
f is the frequency of the input signal
1. is the absolute value of the cutoff frequency
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Figure B.19—LowPass (response of Filter to TrapezoidVoltage)

B.6.2.1{3 HighPass ::Filter

a) Pefinition—The HighPass filter suppresses all frequencies below the cutoff frequefcy. All
frequencies above and inc¢luding the cutoff frequency are passed (with equal gain] to the
butput signal. The HighPass filter illustrated in Figure B.20 represents a perfect step filter. See
Figure B.20.

b)  Hitributes
tutoff <Frequency>—start frequency of the filter; zero implies ac coupled (default 50 Hz)
bain <Rafio>—ratio defining the scaling factor for the signal in the pass band  (default 50 dB)

rollOff)<Ratio>—the rate at which the amplitude of the output signal shall alter over frequgncy
(default 5 0)

passBandRipple <Ratio>—the maximum allowable variation in the amplitude of the passband
signal (default = 0 dB)

stopBandRipple <Ratio>—the maximum allowable variation in the amplitude of the stopband
signal (default = 0 dB)

The values for passBandRipple and stopBandRipple are given as a proportion of the value of the
In signal after any change imparted by the gain attribute.

The value for rollOff may be given with units of dB/decade or dB/octave in line with customary
practice. Only a single value for magnitude is required. A value of 0 indicates a pure filter, as
defined below, in which case the values for passBandRipple and stopBandRipple have no
meaning.
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Description—In the case of the pure filter, the output (e..) is given as defined in Equation (B.6)

and Equation (B.7).
for /> f.

Cout = E€in

=0 for f<f.

Cout

where

is the input

is the frequency of the input signal

is the absolute value of the cutoff frequency

€Cin
S
1.

1.04
0.8+
0.6+
0.4+
0.2+
0.0
-0.24
-0.4+
-0.6-

Time

Figure B.20—HighPass (response-of Filter to TrapezoidVoltage)

4 Notch ::Filter

Definition—A Notch filter blocks frequencies within the pass band from an input signal an
h1] frequencies outside of the band. The Notch is a symmetrical filter in which the rollOf
for the highpass and lowpass transition slopes are equal and opposite. The Notch filter illus
Figure B.21 represents:a\perfect notch (bandstop) filter.

Uttributes
Center Frequency <Frequency>—center frequency of the Filter’s notch (default 5
frequencyBand <Frequency>—stop band of Filter; zero implies minimum band (default =

bain <Ratio>—ratio defining the scaling factor for the signal in the pass band  (default

(B.6)

(B.7)

d passes
f values
trated in

0 Hz)
0 Hz)
0 dB)

rolOff <Ratio>—the rate at which the amplitude of the output signal shall alter over frequd

ncy

(default =

passBandRipple <Ratio>—the maximum allowable variation in the amplitude of the passb
signal (default =

0)

and
0 dB)

stopBandRipple <Ratio>—the maximum allowable variation in the amplitude of the stopband

signal

(default =0 dB)

The values for passBandRipple and stopBandRipple are given as a proportion of the value of the

In signal after any change imparted by the gain attribute.
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The value for rollOff may be given with units of dB/decade or dB/octave in line with customary
practice. Only a single value for magnitude is required. A value of 0 indicates a pure filter, as
defined below, in which case the values for passBandRipple and stopBandRipple have no
meaning.

¢) Description—In the case of the pure filter, the output (e..) is given as defined in Equation (B.8)
and Equation (B.9).

Cour = in for f<(fe—pn/2) and 2> (ftfouw/2) (B.8)
eou = 0 for > (f—fp/2) and f<(fetfpu/2) (B.9)
Wwhere

€in is the input

f is the frequency of the input signal

fe is the center frequency

ﬁw is the absolute value of the frequency band

021/

0ol O
Time

Figure B.21—Notch/(response of Filter to TrapezoidVoltage)

B.6.2.2|Combiner ::Conditioner

a)  Pefinition—Combiners take multiple input signals and combine them into a single output gignal.
b) Hitributes—Not\applicable

c) PDescription

B.6.2.2|11Sum ::Combiner

a)  Definition—Sum makes signals from other signals by summing them together.
b)  Attributes—Not applicable

¢) Description—Figure B.22 shows the sum of two sinusoidal signals, one with an amplitude of 1 V
and a frequency of 30 Hz and the other with an amplitude of 1 V and a frequency of 960 Hz.
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B.6.2.2

a)
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B.6.2.2

V oo

2 Product ::

1.0+
0.8+
0.6+

il

Combiner

Uttributes—Not applicable

Figure B.22—Sum

m

Time

w

M

Definition—Product makes signals from other signals by multiplying thém together.

Description—Figure B.23 shows the product of two sinusoidal signals, one with an amp
| V and a frequency of 30 Hz and the other with an amplitude of 1 V and a frequency of 96

0

-1.0-

-0.4+
-0.6+
-0.8+

_OZZVUU

3 Diff’::Combiner

o

Figure B.23—Product

i}

Time

"

|

itude of
) Hz).

a)  Definition—Diff makes a signal from other signals by subtracting the second and subsequent

b)
c)

signals from the first signal.

Attributes—Not applicable
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Figure B.24—Diff

B.6.2.3|Modulator ::Conditioner

a)  Pefinition—Modulator provides facilities to create a modulated signalwhere the modufation is
proportional to the input signal.

b)  Httributes—Not applicable

c) Pescription—Where there is no In signal (or the In sigdal is Gated Off (tri-state)), the Out
Fepresents the carrier signal without modulation.

B.6.2.3{1 FM<type: Physical> ::Modulator

a)  Pefinition—FM is a modulator where the instantaneous frequency of the sinusoidal carri¢r varies
with the amplitude of the modulating input:signal.

b)  Hitributes

hmplitude <Physical>—peak amplitude of sinusoidal carrier wave (default=1] V)
barrierFrequency <Frequency>—frequency of sinusoidal carrier wave (default = 1 kHz)
frequencyDeviation <Erequency>—frequency deviation (default =100 Hz)

c) Pescription—The idstantaneous frequency of a signal is defined as rate of change of ¢ (d¢{dt). For
FM, the general s@lution is given as defined in Equation (B.10):

b = E.sinda/d) (B.10)

where

dy/dt = fc + frequencyDeviation x m(t).

the general solution for dg/dt = fc + frequencyDeviation x m(%) is given as
¢ + frequencyDeviation (Jo-2x m(1)d)

and

Ec s the carrier amplitude (unmodulated)
is the phase angle

m(t) is the modulating signal

do/dt is the instantaneous frequency

fe is carrier frequency

foox s the integral
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B.6.2.3|2 AM ::Modulator

b)

¢)

As an example, the output for a FM-modulated cosine waveform is given by Equation (B.11

e = Esin(wct + msinwnt)

where

We is 27f.
o, 18 21 X modulating frequency
my  deviation ratio (= modulation index)

):

(B.11)

In order that the output signal has the defined deviation ratio, this BSC requires that the amplitude

bf the modulating input signal has a value of 1 (unity).

Figure B.25 shows frequency modulation where the carrier has a frequency of 960, Hz
hmplitude of 1 V and the modulating signal has a frequency of 30 Hz.

1.0
0.8
0.6
044
0.2
V oo
0.2/
041
06/

-1.041 L
Fime

Figure B.25—FM

Definition—AM is amodulator where the amplitude of the carrier varies with the amplitu
modulating input gignal.

Uttributes
modIndex <Ratio>—modulation index (depth of modulation) (default 5

Carrier<SignalFunction>—sinusoidal signal to be modulated

with an

le of the

0.3)

Peseription—The formula for AM signal is given in Equation (B.12):

e = E/(1+modIndex m(f))sinw.t

where

E. is the carrier amplitude (unmodulated)
m(ft) is the modulating signal
w. 18 2w X carrier frequency
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As an example, the output for an AM-modulated sinusoid signal is given by Equation (B.13):

e = E(1+mgsinw,f)sinw.t

where
E. is the carrier amplitude (unmodulated)
m, is the depth of modulation (= modulation index)
o, 18 21 X modulating frequency
e is 2w x carrier frequency

hmplitude of the modulating input signal has a value of 1 (unity).
hmplitude of 1 V and the modulating signal has a frequency of 30 Hz.
1.5+

1.04

0.5+

vz:% LAl

-1.04

1.5+ )
Time

Figure B.26—AM

bf the modulatifig input signal.

(B.13)

n order that the output signal has the defined modulation index, the BSC requires [that the

Figure B.26 shows amplitude modulation where the carrier has a frequency of.960 Hz|with an

Definition—PM iS a'modulator where the phase of the sinusoidal carrier varies with the afnplitude

Uttributes

hmplitude <Physical>—amplitude of sinusoidal carrier wave (default =1 V)
barrierFrequency <Frequency>—frequency of sinusoidal carrier wave (default 51 kHz)
phaseDeviation <PlaneAngle>—phase deviation (default = /4 rad)
Description—The formula for a PM signal is given in Equation (B.14):

e = Essin(w t+phaseDeviation m(f)) (B.14)

where

E. is the carrier amplitude (unmodulated)
wn, 18 21 X modulating frequency
m(f) is the modulating signal
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As an example, the output PM-modulated cosine signal is given by Equation (B.15):

e = E.sin (o + @ cos wut)

where

E. is the carrier amplitude (unmodulated)
. 18 2m X carrier frequency

0d is phase deviation (= modulation index)
o, 1s 21w X modulating frequency

(B.15)

bf the modulating input signal has a value of 1 (unity).

Figure B.27 shows phase modulation where the carrier has a frequency of 960 Hz
hmplitude of 1 V and the modulating signal has a frequency of 30 Hz.

Time
Figure B.27—PM
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B.6.2.4| Transformation ::Conditioner

Definition—Transformation takes a signal and transforms it (e.g., converting it from
Homain to the ffequency domain).

Uttributes—Not applicable

Description

B.6.2.4l4 SignalDelay ::Transformation

a)

b)

n order that the output signal has the correct phase deviation, the BSC requires that the aplitude

with an

he time

Definition—With SignalDelay, the In signal is delayed to become the Out signal, where the delay

is defined by an initial fixed delay and where the delay may change over time.

Attributes

acceleration <Frequency>—the rate at which the rate shall alter over time (default=0s)

delay <Time>—the fixed delay that signal shall be delayed (default =05s)

rate <Ratio>—the rate at which the delay shall alter over time (default = 0)
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Description—SignalDelay can be applied to both signals and events. The SignalDelay can
for two distinct operations on the input signal:

1) Delay signals (delay)
2)  Change the time base (rate, acceleration)

Both these operations can be combined into a single SignalDelay.

be used

The delay at time ¢ (¢7) between the input and output is calculated from the initialization time (#)) as

defined in Equation (B.16):

ts = SignalDelay = Delay + (Rate x £) + (Acceleration x £%/2)

(B.16)

When the signal delay time (#;) is greater than the current time (#), signal delay presén
butput signal.

A signal delay time that is negative refers to events that shall happen in thefuture. This v
valid signal specification and represents a change in the time base of the signal. For examp
bf 1 has the effect of doubling the frequency (i.e., halving the period) of any input signal.

Fxample:

An example of SignalDelay is radar, the delay for a signal to tfavel to a moving target, v
broperties are defined with respect to distance (meters) and the speed of light (meters/secon|

[he delay for a signal to travel to a moving target is defihed ‘as follows:
— Delay is the fixed delay (due to distance from target-to the observer), m/(m/s)=s.

— Rate is the velocity at which the target is meying away from the observer,
(m/s)/(m/s)=dimensionless.

— Acceleration is the rate at which the velocity of the target (from the observer) is changin
(m/s?)/(m/s)=s".

[Using the SignalDelay for radardefines both the radar pulse delay for the target plus any

pffect, due to the target movement, through changes to the signal time base.

Figure B.28 shows the effect’of a SignalDelay on a waveform ramp. In this example, the
D.1 s, the accelerationis 0.1 s7', and the rate is —0.1.

s a null
hlue is a

€, a rate

here all

).

e

=

S

Doppler

delay is

Time
Figure B.28—SignalDelay
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B.6.2.4.2 Exponential ::Transformation

a)  Definition—Exponential is a transformation that multiplies the input signal with a coefficient that
decays exponentially over time. See Figure B.29.

b)  Attributes
dampingFactor <double>—value of damping factor (default = 1.0)

¢) Description—Any signal may be damped over a given time, according to a floating-point damping
factor. An Exponential is determined by the damping factor, using the expression %, where 7 is
equal to the damping factor.

Time

Figure B.29—Exponential (constant amplitude = 1 V)

B.6.2.4/3 E ::Transformation

a)  Pefinition—E is an exponential opétation on a signal. See Figure B.30.
b)  Hitributes—Not applicable
c) Pescription—The output of the signal may be expressed by Equation (B.17):

(B.17)

where

y 1s the signal output
X is the signal input

NOTE—In Equation (B.17), the symbol e refers to the mathematical constant, the base of the natural
logarithm. The equation could also have been expressed as y=exp(x).
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Figure B.30—E (constant amplitude =1 V)

B.6.2.4{4 Ln ::Transformation
a) Pefinition—Ln is a natural logarithmic (inverse exponential) operation on a sigfgal. See

Figure B.31.

b) Hitributes—Not applicable

¢)  Pescription—The output of the signal may be expressed by-Equation (B.18):

} = In(x) (B.18)
vhere

y is the signal output
X is the signal input

3.0
25

20 1

o
o1
I
T

P
e

Time
Figure B.31—Ln (constant amplitude = 3 V)
B.6.2.4.5 Negate ::Transformation

a)  Definition—Negate modifies a signal so that its amplitude is the negative of the In signal
amplitude. See Figure B.32.

b)  Attributes—Not applicable
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¢)  Description—The output of the signal may be expressed by Equation (B.19):

y is the signal output
X is the signal input

1.0

B.6.2.4

b)
¢)

0.8+
0.6+
0.4+
0.2+

-0.2+
0.4+
-0.6+

-1.0

Time
Figure B.32—Negate (constant.amplitude =1 V)

6 Inverse ::Transformation

Definition—Inverse is the mathematical reciprocal of a signal. See Figure B.33.
Uttributes—Not applicable
Description—The output of the signal may be expressed by Equation (B.20):

by =1

where
y is the'signal output
x i5"the signal input

NQTE=The value of y is indeterminate when the value of x is 0.
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Figure B.33—Inverse (constant amplitude = 1 V)

B.6.2.4/7 PulseTrain ::Transformation

a)  PDefinition—PulseTrain creates a train of pulses of the In signal by\multiplying the inpfit signal
with the amplitude of the pulses.

b) Mttributes
pulses <PulseDefns>—a list defining the shape of the pulses to be created

Fepetition <int>—the number of times the list of pulses.s output; zero indicates that the sequence
s repeated indefinitely (default 5 0)

¢) Pescription—Figure B.34 shows the creation,of*a PulseTrain where the In signal is a sinjusoid of
hmplitude 1 V with a frequency of 30 Hz and the pulses are defined by the PulseDefns [([0.2, 0.5,
D.5), (0.4, 0.3, 0.5)]. The default repetitiowvalue of 0 is assumed.

1.0
0.8+
0.6+

cs8 gl i Il
& MM W

0.6+
-0.8-+
-1.0+-

l'ime
Figure B.34—PulseTrain

B.6.2.4.8 Attenuator ::Transformation

a)  Definition—Attenuator scales the amplitude (a dependent variable) of the In signal and allows
both the increase and decrease of the signal. See Figure B.35.

b)  Attributes

gain <Ratio>—ratio defining the scaling factor for the signal (default=1)

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024
IEEE Std 1641™-2022 -130 -

B.6.2.4|9 Load ::Transformation

b)

©)

Description—The output of the signal may be expressed by Equation (B.21):

y = mx
where
y is the signal output
X is the signal input
m is the gain

bhase shift.

1.0

0.5+

0.0 _
Time

Figure B.35—Attenuator (gain‘= 1.5, constant amplitude = 1 V)

Definition—Load provides ‘anyimpedance to load a signal. See Figure B.36.

U ttributes

Fesistance <Resistanee>—the impedance (in ohms) of the resistive part of the load
(default 5

reactance <Reactance>—the impedance (in ohms) of the reactive part of the load
(default 5

Description—Load provides an impedance, defined in terms of resistance and reactance, wi

(B.21)

NOTE—If the value of gain is negative, a dc signal shall also be negated, and an ac signal shall acquire a 180°

0Q)

0Q)

hich can

oad.a signal.

The Load does not modify a signal but is used to indicate an impedance required to set out the
correct operation of a signal at its point of connection. It is not to be used as a circuit element, in

which case a Constant of type Impedance may be used.
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Figure B.36—Load (resistance=50 Q, constant amplitude=1 V)

B.6.2.4{10 Limit<type: Physical> ::Transformation

a)  Pefinition—Limit restricts the values of the signal to = the limit valye!
b)  Hitributes
imit <Physical>—the absolute value of the maximum or miymum signal (defaultq1)

¢) Pescription—Limit has a generic type. Therefore, using“a Limit(Voltage) on a voltage signal
imits the signal voltage. Using a Limit(Current) on‘awvoltage signal restricts the voltage|to limit
he current using the equation V=IR. Using Limit(Pewer) restricts the voltage to limit the power
1sing the expression . V.

Figure B.37 shows the effect of a limit 0of 0.90 V on a sinusoid of amplitude 1 V and figquency
B0 Hz.

0.8+
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Figure B.37—Limit

B.6.2.4.11 FFT ::Transformation

a)  Definition—FFT (i.e., Fourier transform) characterizes time domain signals in the frequency
domain at discrete time intervals. It is more restricted than the other BSC signal combination
mechanisms. It uses a number of samples (which is rounded up to the nearest power of 2), the time
over which the signal shall be sampled, and the signal to be converted into a waveform representing
the frequency domain.
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b)  Attributes
samples <int>—number of samples to be used (before rounding) (default = 1023)
interval <Time>—time to sample signal (default=1s)
¢)  Description—The number of samples used shall be the next power of 2.

B.6.3 EventFunction\::SignalFunction

b)
¢)

FFT provides a Discrete Fourier Transform to convert time to frequency domain signals, u:

seful for

measuring frequency characteristics or performing signal analysis. The FFT returns the magnitude
of the value of the signal within each frequency band, where the frequency band is defined by
1/interval, and the axis defined from 0 Hz to the Nyquist frequency defined by half of the sampling

frequency (samples/(2 x interval)).

brovide any complex components.

An inverse FFT is available using the InverseTransform BSC (Ref B.6.5.5) and with the FH
s reference.

NOTE—The use of the FFT as a method of providing the different characteristics pf'a signal in the f
lomain at sample intervals. Signal transformation is also inherent in the standard fes ¥€lated physical
eference types (see B.3.3).

Figure B.38 shows the FFT of a phase-modulated signal wherte ‘the carrier has a frequ
D60 Hz with an amplitude of 1 V and the modulating signal has a frequency of 30 Hz.

1.07
0.8+
0.6+
0.4
0.2+
U,
Frequency
Figure B.38—FFT of PM signal

Definition—An EventFunction creates and manipulates events. Events are signals witho
nformation, where the important information is when they become active and inactive.

d—oes not

T as the

requency
ypes and

ency of

ut value

Mttributes—Not applicable

Description—A signal can be used as an event, but an event cannot be used as a signal. In
EventFunctions can be combined to create complex events that are used to synchronize
other BSCs.

B.6.3.1 EventSource ::EventFunction

a)
b)

¢)

Definition—EventSources generate events.
Attributes—Not applicable

Description

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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B.6.3.1.1 Clock ::EventSource
a)  Definition—Clock generates an event at regular intervals. Each event is active for the first half of
the clock period. See Figure B.39.
b)  Attributes
clockRate <Frequency>—frequency of the clock (default = 1 Hz)

¢)  Description

1.0

0.8+

0.2+

0.0

Time
Figure B.39—Clock (clockRate = 20 Hz)

B.6.3.1]12 TimedEvent ::EventSource

a) Pefinition—TimedEvent generates an ‘Qut event at regular intervals. Each event is active for a
specific duration. If the duration is longer than the event interval, the Out event is signaled pctive at
bach interval, but never becomes paused. See Figure B.40.

b) MHrttributes

elay <Time>—the delay time before the first event shall start (default =0 s)
Huration <Time>—the:duration for which each event is active (defaultq1 s)
period <Time>—'the time interval between the start of each successive event (defaultq1 s)

Fepetition <int>>—the number of events to be output; zero indicates that events are generated
ndefinitely (default H0)

c) Pescription
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B.6.3.1

a)

b)

1.0+

0.8

0.6+

0.4+

0.2

00

Time
Figure B.40—TimedEvent (delay = 0.1 s, duration = 0.7 s)

3 PulsedEvent ::EventSource

Definition—PulsedEvent generates an Out event in the form of a_sequence of timin
brimarily intended for use in generating Source signals. The seguiefice consists of a trg
bulses (where N may be any integer greater than 0). Where N is greater than 1, the pulses n
inequal duration and spacing. The pulse train may be either{output once or repeated infini
Continuously for a periodic timing sequence. See Figure B4 1)

Uttributes
pulses <PulseDefns>—a list defining the shape of.the pulses to be created

Fepetition <int>—the number of times the list'of pulses is output; zero indicates that the se
s repeated indefinitely (default 5

Description—Changes in state (e.g., pulse start and stop) are specified from ¢ = 0. Cy
facilitated by resetting the time (¢) te 0!
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Figure B.41—PulsedEvent (pulses = (0.3, 0.7, 1) )

B.6.3.2 EventConditioner ::EventFunction

a)

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.

Definition—EventConditioner takes a signal or event and outputs the event when the event
conditions occur. EventConditioner allows events to be created and modified, based on the action
of the events and signals.
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b)  Attributes—Not applicable

c)  Description
B.6.3.2.1 EventedEvent ::EventConditioner

a)  Definition—EventedEvent conditioner allows events to be combined to produce complex event
streams.

b)  Attributes—Not applicable

c) Description—EventedEvent uses multiple inputs to successively enable and disable its own
output. The first input (In(at=1)) is regarded as the enable event; subsequent inputs are regarded as
Hisable inputs.

he output is enabled (i.e., active) when the input goes active.

f a second input is assigned, the output is disabled (i.e., inactive) when the(Second input goes
hctive. The output is then enabled (i.e., active) when the first input goes active again, and sq forth.

f multiple inputs are assigned, the behavior is determined by cascading the,inputs through multiple
FventedEvent pairs.

Figure B.42 shows an event stream as created by the combination oftwo clocks, one with a clock
fate of 20 Hz and the other with a clock rate of 15 Hz.
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Figure B.42—EventedEvent

B.6.3.2|2 EventCount ::EventConditioner

a) PDéfinition—EventCount filters out input events to only allow every count input event. See

. Rn_42
15u1c D.5J.

b)  Attributes

count <int>—identifies the number of events that shall occur before a event is generated
(default = 0)

¢) Description—The EventCount counts events and produces an event when count events are
received. The EventCount acts as an event divider in which the divider is dependent on the value
of the count property.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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B.6.3.2
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Figure B.43—EventCount (count = 1)

3 ProbabilityEvent ::EventConditioner

Definition—ProbabilityEvent conditioner generates an event stream based upon the even
bresent at the In event. It shall replicate the same timing informatidn, but shall randomly
In pulses. Conceptually, the ProbabilityEvent comprises a tandom number generato
Comparator. At each event, the comparator compares the random number with the valu
httribute probability to determine whether to generate an evént in the Out event stream. 4
ncluded so that the user can reliably reproduce test resulfs. See Figure B.44.

Uttributes
peed <int>—for pseudorandom probabilities (default 5
probability <Ratio>—value for comparison with random number (default 5

Description—ProbabilityEvent filters out-a proportion of input events. The number it lets
s determined by the probability event. The bigger the ratio, the more events pass thro
ower the ratio, the more events, are filtered out. ProbabilityEvent filters out complet
kections regardless of their length;

NOTE—The value of probability is a ratio, which can include values outside of the range of 0%
i.e.,, 0 to 1). The use of values outside of the range of 0% to 100% may have unintended effects
ignal.
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Figure B.44—ProbabilityEvent
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B.6.3.2.4 NotEvent ::EventConditioner

a)  Definition—The NotEvent conditioner is active when the In signal is not active. See Figure B.45.

b)  Attributes—Not applicable

c¢) Description

B.6.3.2

B.6.3.2

a)
b)
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Figure B.45—NotEvent

5 Logical ::EventConditioner

Definition—Logical event conditioners take multiple.input event streams and combine the|
bingle event stream.

Uttributes—Not applicable

Description
5.1 OrEvent ::Logical

Definition—OrEvent is active when any In events are active.
Uttributes—Not applicable

Description—Figlre B.46 shows an event stream as created by the combination of two cloj
with a clock rateof 15 Hz and the other with a clock rate of 20 Hz.
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Figure B.46—OrEvent
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B.6.3.2.5.2 XOrEvent ::Logical

a)  Definition—XOrEvent is active when an odd number of In events is active.
b)  Attributes—Not applicable

¢) Description—Figure B.47 shows an event stream as created by the combination of two clocks, one
with a clock rate of 15 Hz and the other with a clock rate of 20 Hz.
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Figure B.47—XOrEvent

B.6.3.2{5.3 AndEvent ::Logical

a) Pefinition—AndEvent is active when all In eyénts are active.
b)  Hitributes—Not applicable

c) Pescription—Figure B.48 shows an event stream as created by the combination of two clocks, one
with a clock rate of 15 Hz and the other with a clock rate of 20 Hz.
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Figure B.48—AndEvent

B.6.4 Sensor ::SignalFunction

a)  Definition—Sensors allow signal characteristics to be measured, monitored, and compared. A
Sensor takes an input signal and generates measurement values. Any Sensor can be applied to any
signal; however, the resultant value only has meaning when applied to the correct type of signal.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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Attributes

measuredVariable <enumMeasuredVariable>—whether the measurement made is of the
dependent or independent variable.

measurement <any attribute type>—read-only, most recent value(s) measured.

measurements <any attribute type)>—read-only, multi dimensional array of measurements made.

samples <int>—number of discrete consecutive measurements to be made;

zero indicates no measurement is to be taken and indicates the Sensor is acting as a monitor only;

negative value indicates continious discrete consecutive measurements where the last set of
samples measurements, are available. (default=1)

o 1 to currontly mado
Mﬂt&nmd-ea%mbepef-measuﬁema'w - Hy G-

bateTime <Physical>—continuous range of independent variable (Time) over which measy
s made.

hominal <Physical>—primary value against which any condition is checked; ¢an’be either
hbsolute value (e.g., 5 V) or a ratio value (e.g., 50%) representing the percenfage’value betw
ow-peak and high-peak values as defined in IEEE Std 181™.

tondition <enumCondition>—test made between measurement and nominal value.
(default =

GO <int>—read-only variable indicating the number of measurément that passed; if no
measurement is taken, GO is zero.

NOGO <int>—read-only variable indicating the number of measurements that failed; if no
measurement is taken, NOGO is zero.

HI <int>—read-only variable indicating the number of measurement with high status; if no
measurement is taken, HI is zero.

[.O <int>—read-only variable indicating.fhe number of measurement with low status; if ng
measurement is taken, LO is zero.

UL <Physical>—upper limit value against which condition is checked.
L. <Physical>—lower limit-value against which condition is checked.

As <SignalFunction>—teference to a Signal representing a signal model of the expected inj
signal.

Description—Sensors are used to measure physical characteristics of signals, which can
Fead back threugh' measurement(s) values. Sensors are primarily used to take measureme
hs root medn’square (rms) or average. The output abstract signal value of the Sensor is g
he last measurement(s) or the current monitored value. When the inputs contain multiple
bach measurement represents an array, where each array item is a measured value for each|
hnd where measurements is the collection of these measured arrays.

rement

n
een the

NONE)

but

then be
nts such
rimarily
hannels,
channel

The Sensor generates an oufput value that is held in the attributes measurement and

measurements. By combining various Sensors into a signal model, the compound
characteristics of a signal can be defined, e.g., signal-to-noise ratio or average rms value.

physical

A Sensor can take multiple measurements. The number of measurements required is defined by the
attribute samples. A value of zero indicates that the measurement values are never required and the
Sensor is a monitor only. A negative value of samples indicates that measurements are made
continuously where the absolute value of samples represents the maximum number of previous

measurements that can be retrieved. The number of measurements currently taken is hel

d in the

read-only attribute count. In measurement mode, the Out abstract signal of the Sensor is active
after all of the measurement(s) have been taken and has the value of the last measurement made. In

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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Monitor mode, the Out signal of a Sensor is active while the monitor condition is being met and
has the current monitored value, e.g., rms or average value.

The condition and nominal value can also be used to define the window over which the
measurement is taken. For example, take 10 peak measurements (samples) when the input signal
value is GT (condition) trms 100mV (nominal), as defined by IEEE Std 181.

The attribute gateTime defines the explicit measurement window over which the signal is
monitored or the measurement is taken. If the value of gateTime is zero (0.0), the measurement
window is implementation dependent. If the value of gateTime is negative (<0.0), the measurement
window is the width of the event on the Gate.

If no Gate is provided (i.e. unassigned), the measurement value is evaluated whenever the input

i e ate i i e i eisevaluated
rements
continue to be taken until the number in attribute samples have been taken;\ whdre each
measurement is taken after the gate time elapses, and if a Gate is assigned, whenever the npxt Gate
Bvent arrives.

Fach Sync event restarts the measurement operation from the beginning $o-that the Syme event
Clears the count, (count = 0) and resets the measurement.

A Sensor is operational only while it is taking measurements. When’the number of measyrements
n the attribute samples has been made, the Sensor calls Change{see Annex C) on the inpyt signal.
A monitor where the attribute samples is zero never implicitly calls Change on the input.

[he attribute measuredVariable may contain one of the jenumerated values DEPENDENT or
NDEPENDENT.

[he attribute condition may contain one of the enumerated values NONE, GT, GE, LE, L1, EQ, or
NE.

Che GO, NOGO, HI, and LO variables arg, set or updated by one of the following (in prder of
precedence):

[) As aresult of a comparison between a measured value (or series of measured values) and the
specified limits (UL and LL).

D) As a result of an equivalence comparison between a measured value (or series of measured
values) and the nominal-value.

B)  As a result of afitequivalence comparison between a measured value (or series of njeasured
values) and thewvalue of the appropriate property in the As signal.

NOTE—A sensor shall output an Active Event at any time that the value of the monitored signal safisfies the
onditionwith respect to the nominal value.

B.6.4.1 Counter ::Sensor

a)

b)

Definition—For all Sensors, every time a measurement is taken, the attribute count is incremented.
Counter is a Sensor that counts when a measurement would be taken, but does not take any specific
measurement.

Attributes—Not applicable

Description

NOTE—When measuring the independent variable, the measurement value is the same as for the dependent
variable.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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B.6.4.2 Interval ::Sensor

a)  Definition—Interval measures the interval between the In/Sync event going active and the Gate
event going active.

b)  Attributes—Not applicable

¢) Description—The measurement is taken only when the In event is active and Gate event goes
active. The counter is set to 0 every time the In or Sync signal becomes active.

If no Gate is present (i.e., unassigned), the interval is measured between consecutive In events
going active (e.g., period). If the Gate is present (i.e., assigned), the interval is recorded when the
Gate event becomes active. The measurement is reset when the In event goes active.

[he Sync event clears the count (count = 0) and resets the measurement.

NOTE—The independent measurement value corresponds to the width of the active signal-being nfonitored.
[herefore, if no Gate is assigned, the value is the width of the Active state of the In signak

B.6.4.3[Instantaneous<type: Physical> ::Sensor

a)  Pefinition—Instantaneous measures the amplitude (i.e., value)«0f the signal in the dijnension
‘type” at specified instances in time.

b)  Httributes—Not applicable

c) Pescription—The instantaneous type value of the signall with respect to the independent [variable
e.g., time) is returned. The signal is not sampled overa gate time or Gate. The Gate is uped only
o indicate when the Instantaneous measurement should be made.

NOTE—When measuring the independent variablé, the measurement value is the value of the independent
ariable at the instant that the measurement was-faken.

Figure B.49 shows the instantaneous value of the sum of two signals: a sinusoid with an afnplitude
bf 1 V and a frequency of 1 Hz and*a’eonstant with an amplitude of 1.5 V.

0.0

Time

Figure B.49—Instantaneous

B.6.4.4 RMS<type: Physical> ::Sensor

a)  Definition—RMS measures the root-mean-square (rms) value of a signal.

b)  Attributes—Not applicable

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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¢) Description—The default rms gate time should be a whole number of periods of the input signal to
achieve maximum accuracy.
NOTE—When measuring the independent variable, the measurement value is the RMS value of the
independent variable while the measurement was taken.
Figure B.50 shows the rms value of the sum of two signals: a sinusoid with an amplitude 1 V and a
frequency of 1 Hz and a constant with an amplitude of 1.5 V.
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Figure B.50—RMS
B.6.4.5(Average<type: Physical> ::Sensor
a)  PDefinition—Average is the arithmetic mean of all the'signal values during the gate time.
b)  Httributes—Not applicable
¢) Pescription—The default average gate, time should be a whole number of periods of t

bignal to achieve maximum accuracy.

NOTE—When measuring the independént variable, the measurement value is the average of the ind
bariable while the measurement. was taken, e.g., average time when measurement was made,
requency of the bandwidth.

Figure B.51 shows the dverage value of the sum of two signals: a sinusoid with an amplitud
hind a frequency of 1'Hz and a constant with an amplitude of 1.5 V.
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Figure B.51—Average
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B.6.4.6 PeakToPeak<type: Physical> ::Sensor

a)  Definition—PeakToPeak is the difference between the highest value and the lowest value during
the gate time.

b)  Attributes—Not applicable
c¢) Description

NOTE—When measuring the independent variable, the measurement value is the difference in the values of
the independent variable when the (last) maximum and the (first) minimum values of the dependent variable
occurred.

plitude

bf 1 V and a frequency of 1 Hz and a constant with an amplitude of 1.5 V.
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Figure B.52—PeakToPeak

B.6.4.7|Peak<type: Physical> ::Sensor

a)  PDefinition—Peak is the measuredivalue that is furthest away from the mean value.
b)  Hitributes—Not applicable

c) Pescription—Peak returns’ either the PeakNeg or PeakPos, whichever has the largest pbsolute
alue.

NOTE—When measuting the independent variable, the measurement value is the difference in the values of
he independentivariable when the (last) peak and the average (center) values of the dependent variable
ccurred, e-g.‘how far the peak is from the center.

Figure B.54 shows the peak value of the sum of two signals: a sinusoid with an amplitud¢ of 1 V
hind.a frequency of 1 Hz and a constant with an amplitude of 1.5 V.
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Figure B-53—Peak——————

B.6.4.8|PeakPos<type: Physical> ::Sensor

a) Pefinition—PeakPos is the value obtained by subtracting the mean value~ffom the maximum
measurement of the signal during the gate time.

b)  Httributes—Not applicable
c) Pescription

NOTE—When measuring the independent variable, the measurement value is the difference in the values of
he independent variable when the (last) peak and the average, (center) values of the dependent variable
ccurred, e.g., how far the peak is from the center.

Figure B.54 shows the positive peak value of the sunt of two signals: a sinusoid with an afnplitude
bf 1 V and a frequency of 1 Hz and a constant with’an amplitude of 1.5 V.
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Figure B.54—PeakPos

B.6.4.9 PeakNeg<type: Physical> ::Sensor

a)  Definition—PeakNeg measurement is the value obtained by subtracting the mean value from the
minimum measurement of the signal during the gate time.

b)  Attributes—Not applicable

c)  Description

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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NOTE—When measuring the independent variable, the measurement value is the difference in the values of
the independent variable when the average (center) and the (last) minimum values of the dependent variable

occurred, e.g., how far the peak negative point is from the center.

Figure B.55 shows the peak negative value of the sum of two signals: a sinusoid with an amplitude

of 1 V and a frequency of 1 Hz and a constant with an amplitude of 1.5 V.
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Figure B.55—PeakNeg

B.6.4.1p MaxInstantaneous<type: Physical> ::Sensor

a)  PDefinition—MaxInstantaneous measurement is the maximum measurement of the signgl during

he gate time.
b)  Httributes—Not applicable

c) Pescription

bariable at the instant that the maximum peakioccurred.

NOTE—When measuring the independent vadriable, the measurement value is the value of the ind

Figure B.56 shows the maximum instantaneous value of the sum of two signals: a sinusoid
hmplitude of 1 V and a frequency’of 1 Hz and a constant with an amplitude of 1.5 V.
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Figure B.56—MaxInstantaneous

B.6.4.11 MinInstantaneous<type: Physical> ::Sensor

a)  Definition—MinInstantaneous measurement is the minimum measurement of the signal during

the gate time.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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B.6.4.1R2 Measure ::Sensor
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Attributes—Not applicable

Description

NOTE—When measuring the independent variable, the measurement value is the value of the independent

variable at the instant that the minimum peak occurred.

Figure B.57 shows the minimum instantaneous value of the sum of two signals: a sinusoid
amplitude of 1 V and a frequency of 1 Hz and a constant with an amplitude of 1.5 V.
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Figure B.57—MinInstantaneous

Definition—The Measure BSC measures any, control attribute, as opposed to a capability §
pbf a BSC or TSF, or input signal value of a BSC or TSF.

Uttributes

Description—Provides the ability: to measure any attribute of any TSF or BSC. The Si
broperties referenced by A§ and attribute are used to indicate the measurement requit
method of measurement is not defined by this standard, however the standard does p
method of validation that'the correct measurement process has been met.

he Measure BSC,conceptually compares the actual input signal against all possible
reference signals.and selects a resultant reference signal that provides the best match. The
values are thg corresponding values of the identified resultant reference signal. The best
lefined & the minimum rms value of the difference between the actual input signal
referencesignal defined by As.

attribute <string>—name of the signal attribute that is to be measured, e.g., car_ampl or In.

with an

ttribute,

pnal and
ed. The
ovide a

allowed
returned
match is
and the

e attribute property can be represented by one or more of four distinct cases:

1)  Not present or empty

2)  Control attribute name, e.g., amplitude

3) Input Signal name, e.g., In

4)  Non-Control attribute such as value or Capability, e.g., measurement

If no attribute property is defined, the value returned is the minimum rms difference between the
reference source signal and the input signal. This is equivalent to the signal’s standard deviation

error from the reference signal, and represents the RMS error value.

When the value of the attribute property is a control attribute name the returned value represents

the value of the control attribute that provides the best match to the input signal.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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When the value of the attribute property represents an input signal name, the Out abstract Signal
represents the input signal that, when applied to the Reference signal, best matches the input signal
being observed; this provides an inverse transform function as defined by InverseTransform. Any
measurements made are made on that waveform.

For example, when the As signal represents a conditioner, this has the equivalent effect of applying
an inverse conditioner to the input signal. For example, the following two models are equivalent,
but only because of the behavior of Negate, i.e., InverseTransform(Negate) = Negate:

—  <Measure As="Negate" In="..." />

—  <Measure In="InverseNegate" /><Negate name="InverseNegate" In="..." />

When the attribute properties represent a NonControl attribute name such as a measured [value or
Capability, e.g., measurement, that value or Capability shall be returned based on thé actyal input
fignal.

[he attribute property, if provided, shall be the name of a property of the reference signal defined
by As.

f the As property is not specified, the attribute property is ignored,-and the Measure BSC
measures the value indicated by the nominal value as illustrated by the'fellowing examples:

<Measure nominal="5 V" /> implies <Instantaneous nominal="5 V" />

<Measure nominal="trms 10 V" /> implies <RMS nominal="tcms 10 V" />
<Measure nominal="av 5 V" /> implies <Average nomipal<"av 5 V" />

<Measure nominal="pk pk 5 V" /> implies <PeakToReak‘nominal="pk pk 5 V" />
<Measure nominal="pk 5 V" /> implies <Peak nominal="pk 5 V" />

<Measure nominal="pk pos 5 V" /> implies <PeakPos nominal="pk pos 5 V" />
<Measure nominal="pk neg 5 V" /> implies <PeakNeg nominal="pk neg 5 V" />
<Measure nominal="inst max 5 V" /> implies <InstantaneousMax nominal="inst max 5|V" />
<Measure nominal="inst_min 5 V" /> implies <InstantaneousMin nominal="inst min 5 Y" />

[hese examples are considered to hayevan implied As referenced to a corresponding [[ntrinsic
measurement type, e.g., <Measure_nominal="trms 10 V" As="rmsSig"/> (where "rmsSig" is the
hame of an RMS sensor). Where (As”is included in an expression, the signal referenced by the As
efines the specific measurement type, e.g., the expression <Measure nominal="pk pk 10 V"
As="rmsSig" /> defines a_measurement to calculate the peak-to-peak value of the| rmsSig
measurement. This facility is intended for use with multiple measurements and is best descyibed by
hsing an example. Consider the following:

RMS name="rmsSig" samples="5">

Measure ndminal="pk pk 10 V" As="rmsSig" samples="3">

[his multiple’nieasurement provides a set of three results (samples="3") in which the peaktto-peak
yalue of-a.set of five rms measurements (<RMS name="rmsSig" samples="5">) is calculatdd.

[he As)property is used in a different way in an intrinsic measurement (such as RMS) fiom in a
benieric measurement (such as Measure). In intrinsic measurements, it is used to identify [the type
of signal being measured, whereas Il generic measurements, the reference signal 1s used as part of
the measurement of the attribute or signal with the least rms error deviation. The following
examples show the effect of including an As property:

<Measure nominal="trms 10 mV" .../> measures the trms of the signal.

<Measure nominal="trms 10 mV" As="SquareWaveSig" .../> measures the trms of the deviation
of the input signal from a signal named SquareWaveSig.

<RMS As="SquareWaveSig" .../> measures the trms of an input signal that is expected to be the
same as a signal named SquareWaveSig.

NOTE—SquareWaveSig is defining a square wave signal and takes the form <SquareWave
name="SquareWaveSig" ampl="trms 10 mV" .../>.
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B.6.4.1B Decode ::Sensor

b)

The following examples show the use of As in several measurements with different qualifiers. In
these examples, the As refers to the type of signal expected. In practice, the name of a signal would

be used that described a signal of that type:
<Measure As="Sinusoid" attribute="amplitude" /> calculates the amplitude of a sinusoid:
with the least rms error from the input waveform.
<Measure As="Sinusoid" /> provides the “error aberration” between the input waveform
defined As signal.
<Measure As="SQUARE WAVE" nominal="trms"/> returns the value of the rms error.

al wave

and the

<Measure As="SQUARE WAVE" nominal="inst"/> returns the instantaneous error value.
<Measure As="SQUARE WAVE" nominal="inst” samples="1000"/> returns an array of

instantaneous error values. If the error is subtracted from the input, the resul
reference waveform.
<Measure As="SQUARE_ WAVE" nominal="av"/> returns the average error value.
<Measure As="SQUARE_WAVE" nominal="pk"/> returns the peak error value.
<Measure As="SQUARE WAVE" nominal="pk pk"/> returns the peak-to-peaketror va

etermining the least rms value in arriving at a measurement value.

Active, Digital H — 1

nactive, Digital L — 0

[he TriSate/Digital Z is not measured
Uttributes

Hatatype <string>—The base type of the encoded data and the associated measurement’s rg
ariant’s datatype.  (default = Q)

bncoding <string>— Identifiesithe character set to be used to convert the encoded bit strear]
string message. This attribut¢allows alternative character set mappings and code pages to b
hpplied. (default=(

ptepsize <Physical>=Shall specify the size of the encoding step (default =

bffset <Physical>—Shall specify the offset to be applied to the decoded value after decodir
represents.the value of encoded zero(0) (default =

Description—Decodes the digital stream and converts it via a stream of bits into a
datatype). Each measurement is collected in the measurements property and the last valu

t is the

lue.

Where the reference signal (defined by As) utilizes ranges to constrain the allowed valjie of its
ittributes, the generic Measure shall consider only results that are within thefanges of [possible
bignals associated with the constrained attributes, and only these signalsishall be compared in

Definition—Decode converts a stream of bits represented-by events back into data informatjon.

sultant

h into a

N
9

P-1252)
.0)

g. This
)

required
e read 1s
here the

hvailable through the measurement attribute. The UL, LL, or nominal value can be used w

physical value shall be initially converted to measurement type prior to any comparison.

The use of stepsize and offset apply the following expression such that each data value (x) is

decoded from the encoded value e(x).

X = e(X)* stepsize + offset
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B.6.5 Control ::SignalFunction

a)  Definition—Control is a class of signal that modifies the signal model depending on the Select
value. The Control inputs (Im) represent the various signal alternatives available, which are
selected in turn as the selector changes; and, if no Gate is provided, an output corresponding to the
selected input is produced. If a Gate is provided, the output is produced only when the Gate event
becomes Active.

NOTE—The multi-input behavior differs from the default described in B.3.2.

b)  Attributes—Not applicable

c)  Description

B.6.5.1|Selectlf ::Control

a)  Pefinition—SelectIf converts a single channel event stream into a physical sighal:
b) MHrttributes
Relector <Signal>—the digital event stream.

c) Pescription—SelectIf cycles through its In signals starting fromIn(1) on each subsequenf change
bf the selector event state between Low and High. If the selector enters the X state (tri-state), the
butput is gated off. If the selector enters the Z state (no signal), the previous output continug¢s. Once
started, the initial state of selector is considered Inactivesand the initial signal selected for putput is
[n(1). Prior to starting, the output is considered to be inthe ZRep (No Signal) state.

As an example, when there are two Inputs, the seléetor event state Inactive corresponds {o In(1),
hind Active corresponds to In(2).

B.6.5.2|SelectCase ::Control

a)  Pefinition—SelectCase converts a multichannel digital stream into a physical signal.
b)  Hitributes
Relector <Signal>—the digital event stream.

mask <int>—selector'channel mask; identifies which channels of the selector shall be used|to
belect the input. Theyvalue can be expressed as a decimal number (e.g., 13) or a hexadecimal
humber (e.g., 0XE) to identify the binary pattern , e.g., “1101” selects channels 1, 3 & 4. A Yalue
bf 0 impliesall-channels. (default 1)

¢) Pescription—SelectCase selects the Input that corresponds to the masked Selectdr value

Active/Inactive state). The mask is converted into a bit mask and applied (as an And (I;nction)
bvet the Selector digital stream, where channel 1 is LSB. The resulting pattern is convefted to a
OTTC based ImdTX 10 Seiect the CoTTeS pording mput Sigmat:

When the resultant Selector value exceeds the number of inputs, a Z state (tri-state) output signal is
provided. When the selector channel is Active, it is considered '1' and Inactive is considered '0'.

B.6.5.3 Encode ::Control

a) Definition—Encode provides a basic digital signal as a stream of bits derived from the data
information, where the bit value 0 is represented by the event state InActive or digital L and bit
value 1 is represented by the event state Active or digital H. The tri-state/Digital Z/gated Off are all
identical and cannot generally be deduced from the data information.
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b)  Attributes

data <any>—The information to be streamed, or the URI identifying location of information. The
type of the <any> defines the default datatype. When using XML descriptions, the attribute

datatype shall be used. (default = empty)
width <int>—The number of output channels. Zero indicates that the number of outputs is the
minimum required to represents a complete data symbol. (default = 0)
repetition <int>—the number of times the data is output. Zero indicates that the sequence is
repeated indefinitely. (default=1)

datatype <string>—Used to define the base type of the encoded data. (default="")

pReoding<strng dentites-the-character-setused-to-transiate-a-s gnessages-to-charagter
bodes for transmission. This attribute allows alternative character set mappings and code pages to
be applied. (default=CP-]252)
stepsize <Physical>—Shall specify the size of the encoding step (default = 1.0)

bffset < Physical >—Shall specify the offset to be removed before encoding ‘This represents the
value which encodes to zero(0) (default =0)

c) Pescription—Encode allows any data representation to be packaged-and streamed as a seqpence of
parallel bits. It turns messages such as “Hello World” into a bit stréam represented by evenfs where
he event state represents the individual bit state. Since the width-attribute does not necessatily need
o match the data information type, the data are convertéd into a stream of bits and pach bit
hssigned to consecutive channels so that channel l~is)the LSB and the channel |[number
corresponding to the channelWidth is the MSB. In this way, the following are equivalent:

data="11010100" datatype="xs:boolean"
data="HHLHLHLL" datatype="digitalString"

data="C4" datatype="hex"

data="212" datatype="byte"

data="A" datatype="char" encoding="Windows Western"

Cable B.7 shows the different bit streams that the same block of data provides dependinf on the
values selected for the width and repetition attributes.
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Table B.7—Bit streams for the same data with different attributes

Attributes Channel Bit stream
data="11010100" 1 (LSB) 0101 —»
width = "4" 2 1010 —
repetition = "2" 3 0101 —>

4 (MSB) 0101 —»
data="11010100" 1 (LSB) 00 —
width = "8" 2 00 —>
repetition = "2" 3 11—

4 00 —

= H—=>

6 00 —

7 11 >

8 (MSB) 11 >
data="11010100" 1 (LSB) 0111 —»
width = "2" 2 (MSB) 0001 >
data="11010100" 1 (LSB) 00101110 —
Wldﬂ}%3_"3" 2 01110001, %
repetition = 3 (MSB) 100010f1 >
data="11010100" 1 (LSB) 710~
width = "3" 2 60D >

3 (MSB) 011 —»

Fach pattern is delivered when In goes Active (13H), or when the In is in the Active state whenever
he Change notification event is received or, the Gate signal goes Active. This provides [for both
pull and push data operation.

When the data attribute is empty, the.data symbol output value represents the instantaneopis value
it the input signal in SI units converted to the datatype.

A datatype value of “Physical(<unit symbol>)” can be used to convert a Physical signall stream
nto discrete values representéd by the <unit symbol>. Any <unit symbol> allowed by Physical
ban be used appropriate‘to the input signals type.

f the input becomes_tri-state (Z) or Gated Off (X), the output is correspondingly tri-statpd(Z) or
Gated off(X).

Che use of stepsize and offset apply the following expression to each data value (x) such|that the
final encdded value e(x) transmitted represents the closest possible value to

e(x) = (x-offset)/stepsize

Digital signals are slightly different in that their values do not represent physical valued; rather,
they take on event states that can be converted into data type values and thus converted to Physical
values

B.6.5.4 Transform::Control

a)  Definition—Transform allows the signal model to use a “variable” signal definition as a template
parameter. Transform acts like a template where the behavior is replaced with the signal
referenced to the As signal.
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b)

¢)

B.6.5.5|InverseTransform::Control

b)

©)

Attributes

mapping <string> - the mapping attribute provides a user defined mapping represented by an set of

EERNT34

attribute name-value pairs “required attribute name” “instance name, value or expression”
(default=""")

As <SignalFunction>—reference to a signal model to be used within the template model

Description

Transform provides a placeholder for a signal model to provide a variable signal function when
creating a compound signal model. If used in a TSF, any signal defined as part of the “As”,
provides the interface and “shape” of the signals that can be used with the TSF.

n-a-stepal-modelthe4ssianal-functionreplaces-thetransformvwath-the-sameinputs-and-output
-SHIRE e+ -Sha—HHct P t HaHS WA Sa- PSR-t .

Che mapping property is used to identify properties that the 4s signal function shall support and
heir instance values, this is defined in terms of other property attributes or expressions. Alfernative
required properties (and values) can be defined by using the ‘| character e.g. frequency|pgdriod prf
which would indicate the As signal function shall have a firequency or period attribute and it shall
have the value associated with the local prf property. Attribute name-valtie-pairs are whitespace
separated, single ©” or double “’quotes may be used as delimiters of values-which are empty or may
Contain spaces.

Che use of the mapping attribute allows for TSFs to be used which have different interface and
httribute names, and maps the required attribute name to the instance attribute value.

Definition—InverseTransform allows the signalbbmodel to use a “variable” signal definition as a
emplate parameter. InverseTransform acts lik¢ a template where the behavior represpnts the
bseudo inverse transform of the As signal.

Uttributes

mapping <string> - the mapping attribute provides a user defined mapping represented by 4n set of

LRI

httribute name-value pairs “required attribute name” “instance name, value or expression”
(default=[)

As <SignalFunction>—ieference to a signal model component whose inverse is to be used [within
he template model

Description

[nverseTransform provides a placeholder for a signal model to provide a variable signal when
creating @ compound signal model. If used in a TSF, any signal defined as part of the “As”,
pbrovides-the interface and “shape” of the signals that can be used with the TSF. See Transform
eseripfion above.

T'he behavioris desceribed as a nseudaoinverse transform-of the 4¢ sional
] 4 t=]

Inverse Transforms are defined in the same way as the generic measurement using a measurement
the input attribute, such that the output of the Inverse Transform would be the input signal without
the effect of the As signal. When the As signal represents some form of transformation the
following is considered to hold true, and represent the identity or passthrough function.

1) Signal =» Transform (As="x’) =» input =»Inverse Transform (As="x") = Signal

When the As signal represents some source function (with no input) the following is considered to
hold true and represents a signal with no value

i) Transform (As="x") = input = Inverse Transform (As="x") =» No Signal value
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When the Inverse Transform is applied to signal which has a component of the Transform, the
resultant signal is the input signal without the transform component

iii) Signal + Transform (As="x") = input =» Inverse Transform (As="x") = Signal

In these examples the key point to observe is that the 4s signal model shall not fully define the
actual operation, it shall be described with possible ranges of values to be considered. Given an
input signal the properties of both the As signal model and the resultant output Signal are calculated
such that any other set of values would yield a larger rms error when compacted to the actual input.
The RMS error can be calculated by applying the As signal model to the InverseFunction output
Signal, then compare (subtract) the input signal and calculate the RMS value which is considered
as the error. The best result is defined to be solution which provides the minimum RMS error. Note:
There may not be a unique solution.

As an example consider our As signal model to be a Sinusoid, however the input is a SquafeWave.
[his represents InverseFunction described by iii) above. Considering the SquareWave-as/sum of the
bdd harmonics 1,3,5,7 etc the solution shall be a signal without the 1% harmonic and only
tontaining the other harmonics 3, 5, 7 etc, By calculating an RMS error between the injput and
arious Sinusoids the least rms error is obtained when the Sinusoid represents 'the 1 harthonic of
he input signal.

B.6.5.6/Channels ::Control

d) PDefinition—Channels combines multiple signals into a single multiple channel signal, anfl allows
signal functions to operate across input channels rather than, signals.

e) Huribute
thannelNames <pinString>—Ilist of channel names dssociated with the channels.

As <SignalFunction>—reference to a Signal representing a signal model component to be ifiserted
nto the model

NOTE 1—The channel name follows the same syntax as UUT pin names, but is chosen by the| user for
onvenience and is not necessarily related to real UUT pin names, e.g., names may be chosen td indicate
function such as “Reset” or “Enable-"

NOTE 2—If a channel name (is jselected that is the same as a UUT pin name, the UUT pin najme takes
precedence, and the channel then refers to that pin name.

f)  PDescription—Channels allows SignalFunctions to work across channels. For each input Jignal, It
keparates each channel into a single channel signal and then combines them into a linegr set of
Channels, optienally identified by the attribute channels, to form a multiple channel oufput. All
bignal phasédnformation is maintained.

When Asiis provided, each input’s intermediate single channel signal is used as separate inputs into
he As_SignalFunction the outputs of each input signal are then combined. Multiple inpu} signals
creaté multiple channel outputs.

As an example a multi channel input and where As refers to a Sum, the resultant output shall be a
single channel output whose value is the sum across each channel. By contrast If there were two
multi channel inputs the output would be a two channel output with channel one being sum across
input-1’s channels and second channel being the sum across input-2’s channels

Gate and Sync are passed to the As signal, where no As exists Gating off turns all output channels
to the Z state. Prior to the first Sync, there is no value on any channel (Null). Subsequent Syncs
have no effect.
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Figure B.58 Represents an example where the Channels template is using "Sum" SignalFunction. It
has two multi channel inputs, Channel 1 of Sig A is summed with Channel 2 of Sig A, and

Channel 1 of Sig B is summed with Channel 2 of Sig B. e.g.

<Channels As="Sum">

<In name="'A">
<Sinusoid amplitude="1V" frequency="1kHz"/>
<Constant amplitude="1500mV" />

</In>

<In name="B">
<Constant amplitude="750mV" />
<Constant amplitude="-250mV" />

</In>

</Channels>

2.5+ —
201 / \\ / \\
1.54 \

\ / \

1.0+

\ /
\ /
\ /
\\ //

0.0 :
Time

Figure B.58—Channel.Summation example

B.6.6 Digital ::SignalFunction

metimes

a)
balled by names such as true and false, low and high, 1 and 0, etc.) and which can be gated
h tri-state. A digital signal is a collection of one or more event signals, which can be conve
h range of physical-signals.

b) Hitributes—Notwapplicable

c) Pescription-<Digital may have a number of representations. This standard defines twd

Definition—Digital is a cldss,'of signal that represents one of two values (which are so

bignal and-control signal. A digital signal is an abstract representation of the values
encotintered in engineering design; these values are defined more precisely in B.6.5.1 and

off into
Fted into

. digital
that are
B.6.5.2.
Control

A control signal is an analog signal whose value varies between low and high thresholds.

. 1 £l C 4 1t 4+ . 1 LR 1
SISIIALS dalT USTIUL IO U allSIalllls U VAlIOUS TV SIC TalllllIcs.

Digital signals are unique in that their values do not take on physical values; rather, they take on

enumeration values that represent physical values.

B.6.6.1 SerialDigital<type: Physical> ::Digital

a)

Definition—SerialDigital provides a (digital) control signal. These signals may take the form of a
low signal, a high signal, or no signal (i.e., high impedance). They are defined by the characters L,

H, Z, and X (“do not care”) in a character string.
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Attributes

data <digitalString>—string containing characters H, L, Z, which identify digital state, or X as a
“do not care” mask.

period <Time>—internal digital clock rate.

logic H value <Physical>—analog logic high (or logic 1).

logic_L_value <Physical>—analog logic low (or logic 0).

pulseClass <enumPulseClass>—pulse class type. (default = NRZ)
Description—The characters represent the digital signals as follows:

locichich (or lagic 1)
T 102 HEH 010817

| logic high (or logic 1)
. logic low (or logic 0)
D logic low (or logic 0)
V.

high impedance (absence of logic signal)

<

unknown or indeterminate logic level
delimiter between blocks
delimiter between blocks

Che digitalString comprises a list of digital characters séparated with delimiters. Each comjma ',' or
kemicolon ';' is treated as a delimiter between blocks.

[he digitalString may also include whitespace characters (namely, space, new-line, carriagp-return,
ine-feed, and tab). These whitespace characters, are available for formatting purposes to rhake the
Hata more readable. They are ignored when the digitalString is processed.

Where an external clock is provided atIn} this becomes the clock used as the digital clock gate. The
nternal clock defined by the period,aftribute is not used.

[he attribute pulseClass may take one of the following pulse class types:

NRZ nonreturn to zero
R7Z return to zetQ
R1 return to one

RZPulse Pulseiteturn to zero
BiPLevel( Bi*phase Level
BiPMatk Bi-phase Mark pulse 0

BiPSpace Bi-phase Space pulse 1

Figure B.59 illustrates the various pulse class types that may be used with the pulseClass attribute.
At the top of the diagram is the digital data stream that is conveyed by the signal in each pulse
class, i.e., the pattern "HLHHLLHL" or "10110010".
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Figure B.59—Pulse class types used with the attribute pulseClass

[he values on the left of the diagram indicate‘the amplitude that the physical signal takes while
ransmitting the data. In the simplest case,™NRZ or nonreturn to zero, the nonzero amplitude
represents a logic one or High, and the zero amplitude represents a logic 0 or Low. Other pylse
tlasses involve amplitude transitions\or have both positive.

Figure B.60 shows a serial digital sequence where data = "HLLHHLHZZHL" is sent at p digital
Clock rate of 20 Hz. The sequehce is synchronized and repeated periodically.

Signal

Time

Figure B.60—SerialDigital
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B.6.6.2 ParallelDigital<type: Physical> ::Digital

a)

b)

¢)

Definition—ParallelDigital provides parallel streams of [digital] control signals. These signals
may take the form of a low signal, a high signal, or no signal (i.e., high impedance). They are
represented by the characters L, H, Z, and X in an array of character strings. The output is
multichanneled, and the number of channels is defined by the width of digital statements.

Attributes

data <digitalString>—each string String containing characters H, L, Z, which identify digital state,
or X as a “do not care” mask.

period <Time>—internal digital clock rate.

ogic_H_value <Physical>—analog logic high (or logic 1).
ogic_L_value <Physical>—analog logic low (or logic 0).
pulseClass <enumPulseClass>—pulse class type. (default 4 NRZ)
Description—The characters represent the digital signals as follows:
H  logic high (or logic 1)

[ logic high (or logic 1)

. logic low (or logic 0)

=

logic low (or logic 0)

N

high impedance (absence of logic signal)
X unknown or indeterminate logic level
delimiter between blocks

delimiter between blocks

"

Che digitalString comprises a list of digital characters separated with delimiters. Each comma ',' or
semicolon ';' is treated as a delimiter between blocks. Each block represents a separate paralllel step.

[he digitalString may also inc¢lude whitespace characters (namely, space, new-line, carriagp-return,
ine-feed, and tab). These whitespace characters are available for formatting purposes to rhake the
Hata more readable. They.are ignored when the digitalString is processed.

Where an external-clock is provided at In, this becomes the clock used as the digital clock fate. The
beriod attributeqs not used.

[he attributé pulseClass may take one of the following pulse class types:

NRZ nonreturn to zero
RZ, return to zero
T Teturn to one

RZPulse Pulse return to zero
BiPLevel Bi-phase Level
BiPMark Bi-phase Mark pulse 0
BiPSpace Bi-phase Space pulse 1

See B.6.6.1 for a description of the pulse class types.

Figure B.61 shows a parallel digital sequence where data = "[HLHLZH, LHLHHL, LLHHLZ]" is
sent with a period of 30 us.
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B.6.7 Gonnection ::SignalFunction

B.6.7.1

a)

b)

¢)

1) -
‘I

- -
A

Signals

Time
Figure B.61—ParallelDigital

Definition—Connection is the base class that collects signals inte,;multiple channels.
Uttributes

ChannelWidth <int>—maximum number of channels to be connected.  (default = 0, unb

kuch as UUT pins. Connection subclasses are usédito attach real pins names.

nless otherwise stated, pin attributes may eontain multiple pin names. This technique is af
o using multiple Connections, each with@single pin name.

A pinString may comprise one er;more pin names or an expression that provides one or 1
hames.

A pin name shall be a contiguous string of characters that may include alphanumeric, hyp
inderscore charactersiPin names may not include a comma, semicolon, or whitespace d
namely, space, new-line, carriage-return, line-feed, and tab).

Multiple pin nantes are delimited by one or more whitespace, comma, or semicolon charact

NOTE—For \the DigitalBus pins attribute, a comma or semicolon is used as a channel delin
B.6.7.14)-

n the following connection definitions, the attribute value <pinString> is defined as follow$:

bunded)

Description—Connections collect signal channels<and allow them to be mapped onto feal pins

alogous

hore pin

hen, and
haracter

CTS.

iter (see

[ TwoWire :-:Connection

Definition—TwoWire is a two-wire connection in which the hi terminal represents the hot
side of a circuit and the lo terminal represents the cold, or return, side of the circuit.

Attributes
channelWidth = 1
hi <pinString>

lo <pinString>

Description

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.

, or live,


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024
- 159 — IEEE Std 1641 ™-2022

B.6.7.2 TwoWireComp ::Connection

a)  Definition—TwoWireComp is a two-wire connection in which the true terminal represents the true
signal for a differential digital signal and the comp terminal represents the complement signal for
the differential digital signal.

b)  Attributes
channelWidth = 1
true <pinString>

comp <pinString>

c) Pescription
B.6.7.3|ThreeWireComp ::Connection

a)  Pefinition—ThreeWireComp is a three-wire connection in which the true fesnfinal repregents the
rue signal for a differential digital signal, the comp terminal represents theleomplement signal for
he differential digital signal, and the lo terminal represents a ground, or scteen, connection

b)  Hitributes
ChannelWidth = 1
rue <pinString>
fomp <pinString>
0<pinString>

c) Pescription
B.6.7.4|SinglePhase ::Connection

a)  Pefinition—SinglePhase is a ~Awo-wire connection in which terminal a represents the live
connection to one phase of @ ohe-phase (or more) circuit and the terminal n represents th¢ neutral
connection to the circuit.

b) Httributes
thannelWidth =
h <pinString>

h <pinString>

c) Pescription

B.6.7.5 TwoPhase ::Connection

a)  Definition—TwoPhase is a three-wire connection in which terminal a represents the live
connection to one phase of a two-phase (or more) circuit, terminal b represents the live connection
to the second phase of a two-phase (or more) circuit, and terminal n represents the neutral
connection to the circuit.

b)  Attributes
channelWidth =2

a <pinString>
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¢)

b <pinString>
n <pinString>

Description

B.6.7.6 ThreePhaseDelta ::Connection

a)

b)

B.6.7.7|[ThreePhaseWye ::Connection

b)

c)

B.6.7.8| ThreeRhaseSynchro ::Connection

b)

Definition—ThreePhaseDelta is a three-wire connection in which terminal a represents the live
connection to one phase of a three-phase circuit, terminal b represents the live connection to the
second phase of a three-phase circuit, and terminal ¢ represents the live connection to the third
phase of a three-phase circuit. There is no neutral connection to the circuit.

Uttributes
ChannelWidth = 3
h <pinString>

b <pinString>

L <pinString>

Description

Definition—ThreePhaseWye is a four-wire connection*in which terminal a represents [the live
connection to one phase of a three-phase circuit, terthinal b represents the live connectidn to the
second phase of a three-phase circuit, terminal ¢ represents the live connection to the third phase of
h three-phase circuit, and terminal n represents:the neutral connection to the circuit.

Uttributes
thannelWidth = 3
h <pinString>

b <pinString>

L <pinString>

h <pinString>

Description

Definition—ThreePhaseSyncro is a three-wire connection for use with the three-stator outputs of a
NyllbhlU.

Attributes
channelWidth =3
X <pinString>

y <pinString>

z <pinString>

Description—Terminals x, y, and z represent the stator terminals S1, S2, and S3. The stator is
connected in a delta format, and the output voltages are developed between x and y, y and z, and x
and z.
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B.6.7.9 FourWireResolver ::Connection

a)

b)

B.6.7.1

a)

b)

¢)

B.6.7.1

b)

©)

B.6.7.1

a)

© IEC 2024
641™-2022

Definition—FourWireResolver is a four-wire connection for use with the four-stator terminals of

a Resolver.
Attributes
channelWidth =2
s1 <pinString>

s2 <pinString>

$3 <pinString>

84 <pinString>

Description—Terminals s1 and s3 are used for the sine output, and terminals s2 and 's4 are
he cosine output.

D SynchroResolver ::Connection

Definition—SynchroResolver consists of up to four connections-for use with the rotor tern
h Synchro or Resolver.

Uttributes

1 <pinString>
2 <pinString>
I3 <pinString>
4 <pinString>

Description—In many applications, only two terminals (i.e., r1 and r2) are required for thg
R2 excitation connections of a)Synchro or a Resolver unit.

1 Series ::Connection

Definition—AcSeries connection via is used when only one connection is required at
subject.

U ttributes
thannelWidth = 1

ChannelWidth =1 or 2 (default

used for

ninals of

2)

R1 and

the test

via <pinString>

Description—This connection is used for series signals (such as the application or measurement of

current) where only one terminal is connected to the test subject.

2 FourWire ::Connection

Definition—FourWire is a four-wire connection in which the hi terminal represents the hot, or
live, side of a circuit; the lo terminal represents the cold, or return, side of the circuit; hiRef

represents a terminal for a reference associated with the hi terminal; and the loRef repr
terminal for a reference associated with the lo terminal.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.

esents a


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529
IEEE Std 1

b)

¢)

:2024 © |IEC 2024
641™-2022 -162 -

Attributes
channelWidth = 1
hi <pinString>

lo <pinString>
hiRef <pinString>
loRef <pinString>

Description—This connector is intended for use where the UUT requires four pins for what is
effectively a two-wire type of connection, e.g., the UUT has power connections with sense

terminals that need to be identified separately from the force terminals.

B.6.7.1B NonElectrical ::Connection

a)

b)

¢)

B.6.7.1

tonnection of fluids and gasses).
Uttributes

ChannelWidth = 1

0 <pinString>

from <pinString>

subject).
# DigitalBus ::Connection

Definition—DigitalBus is a connection comprising one or more terminals. One terminal is
bach simultaneous (i.c., parallel)‘digital data channel.

Uttributes

bins <pinString>—List@f pin names associated with the digital channels.
Description—The number of parallel connections is specified by the <channelWidth
connections may: be added after the active channel pins. The last ground pin shall be used

hny remaining channels without a specified signal return pin. If no return pin is spe
Commonreturn is assumed.

Definition—NonElectrical is a connection for use with nonelectrical signals (such| as the

Description—The terminals to and from are both used where a fluid flows to and from| the test
kubject. Either terminal may be used on its own if the fluid passes only one way (to or fronj the test

used for

of the

signal. Each pin‘name is associated with its corresponding channel. Ground or signgl return

o return
ified, a

Fach'channel is delimited by a single comma or semicolon character, e.g., for a two channe] system
channelWidth = 2), the pinString “PL1-1, PL1-2 SK1-2, GND” indicates that channe] 1 uses

connection pin PL1-1, channel 2 uses connection pins PL1-1 and SK1-2, and the common return

pin is GND.
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Annex C
(normative)

Dynamic signal descriptions

C.1 Introduction

This annex describes the dynamic interactions of basic signal components (BSCs) in signal models and test
signal ffamework (TSF) components and what happens when they are programmed in any nativg carrier
languagg through their control interface.

Signal descriptions can use both static and dynamic signal definitions. This standard‘defines all actions
availablg through the control interface, using the API defined in the interface defifitien languagp (IDL),
and prqvides actions that are deterministic. In order to provide a consistency to dynami¢ signal
descriptjons, the following concepts are introduced:

a) N signal model defines a signal.

b) Pignal models have a single state. The state attributed to the/signal model shall be the stgte of its
butput Signal.

¢) Pignal models synchronized by different events represent signals that exist in different time|frames.

To allow future implementers the maximum scope, the interactions are described only with rpference
to Sign4l state changes (i.e., events) and method calls (i.e., actions). Any carrier program attemptirlg to use
Signal §tate changes to synchronize shall be non-deterministic because the actual software notjfication
of the Signal state change can only happen afterthe event.

In ordet that multiple BSCs can describe a single signal without ambiguity, this standard deffines the
interactions between the SignalFunetion’ and Signal objects. A signal model consisting of more than one
componpgnt describes one signal, e.g4 a damped sinusoid signal has sinusoidal and “exponential decay”
compongnts, but is only one sighal.'Because the damped sinusoid example defines one signal, the jotion of
having ¢ne of its componentsrunning without the other cannot happen. The dilemma is that, in a flynamic
signal thodel, the test pfogfam via the API can start either component, that is, start the sipusoidal
compongnt or the exponiential decay component. Rather than attempt to forbid certain control act{ons, the
dynamig¢ behavior 4sidefined so that all cases are semantically described. This standard specifies that
starting pny component within a signal model shall start the whole signal model and, therefore, act{vate the
whole signal,

Starting|différent components may lead to transient differences even though the stable signals shall be the

same.

This standard describes dynamic behavior by describing what happens to individual components when
events and actions happen. This approach provides a very low level view of the components’ interaction,
but does not provide an overall description; such big-picture descriptions have to be inferred on a case-by-
case basis. This approach allows the standard to be used to describe more complex and varied scenarios
without considering each action sequence in detail. On the down side, there may be many scenarios that are
undesirable or meaningless to a test system, e.g., having a signal that goes nowhere and is not connected to
any test locations. In these cases, this standard does not make sure such signals have a useful purpose, but
does provide behavior that is deterministic.
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Unlike static signals, dynamic signal descriptions can have their signal model definitions changed via the
API, e.g., changing an attribute value or being connected to another signal model. These changes are
buffered up and become the signal’s next settings; the signal holds the next set of signal characteristic until
the signal is requested to change. At that point, all the changes for the pending settings are applied together,
and the signal has its new characteristics. Any subsequent changes become the next settings, and so on.

C.2 Basic classes

C.2.1 ResourceManager

Resour¢
models,

The Res
number

The use
differen
and autdg

Cc.211

Requirg
compon|

a)

b)

C.21.2

eManagers are resource managers that are used to create either single signal objects, g
using the Require method, within a native carrier program.

ourceManager is the only directly creatable class object specified by this standard. The n
of ResourceManagers that a valid system can have is one.

of different ResourceManagers within a native carrier program allows concurrent su
test environments, e.g., an intermix of ResourceManagers that represent simulation envil
matic test equipment (ATE) subsystem environments all within the ‘same test program.

Runtime method

(SignalDescriptor [,Uniqueld] }—The Require niethod provides the signal components
ent models.

SignalDescriptor is a string with one of the;fellowing:
[) The name of a signal class, optionally followed by a comma separated attribute value

D) An extensible markup language (XML) static signal model description as presc|
Annex [

B)  An XML element derived from the SignalFunctionType defined in Annex I
1) A URL that references a static signal model description as prescribed in Annex [

[Uniqueld is an_optional VARIANT value providing a unique signal identifier that may
nternally by the\underlying implementation.

Comments

The Sig

r signal

jinimum

pport of
ronment

r signal

bair

ribed in

be used

n XML

nalDescriptor is text string that is either a name corresponding to the BSC type or 4

description conforming to Annex I for XML signal schema description. Examples of valid signal
description for a constant voltage are as follows:

"Constant"

"Constant(Voltage)"

"Constant(Voltage, Time)"

"<Signal Out="dc"> <Constant name='dc' amplitude="2V+5%'/></Signal>"
"<Constant name='dc' amplitude=2V+5%"/>"

"Constant amplitude 2V+5%"
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"file://lookhere.xml"

Example 1—signal class name

Set myAM = Std.Require ("urn:IEEE-1641:2022:STDTSFLib\AM SIGNAL")

myAM.car_ ampl.value = "100kHz"
myAM.car freqg.value = "1V"
myAM.mod freqg.value = "660Hz"
myAM.mod ampl.value = "0.5V"

Example 2—XML static signal model description

Set myAM = Std.Require (
"<$ignal Out='amSig’>" &
"<tsf716:AM SIGNAL name=’'amSig’" &
"cqr ampl='lV' car freg='100kHz' mod freg='660Hz' mod ampls"'0.5y'/>"
& T</Signal>")

The Unjqueld is reserved for implementations, e.g., used by a test procedure language (TPL) progessor to
help its funtime system determine which resource is best to supply the signal. It allows helper infgrmation
to be held in a common way.

C.2.2 Signal

The Signal class provides a control interface for all signals.and* events described by BSCs. Thig control
interfac¢ is used to describe signal models and to control¢nput signals. Because TSFs are built §ip using
BSCs, the same rules apply equally to TSFs.

C.2.2.1|Runtime properties

state—The state property reflects the state of the signal or event being described by the associatdd signal
model. The state property of the Signalinterface is a read-only, bindable, and “edit request” property and
cannot Pe changed directly throughthe Signal’s control interface. The values that the state property can
take arefas follows:

htopped—The Stopped state indicates that the signal is in a generalized reset condition] i.e., no
pignal activity is present. Thus a Stopped Signal can represent either no signal at all or[a signal
'rom an allgcated resource that has not been activated or triggered. All Signals initiate to the
htopped state.

Paused=-The Paused signal is waiting to be triggered into the Running state by an externgl event.
A Paused signal does not yet exist, but all the necessary resources have been acquired and prepared

| e 4L il 1 ‘-
I arv aWﬂllllls UIC 111Ial Ul UT EU CVUIIL,

Running—The Running signal is active and exists as a signal or gated event stream. A Running
Signal is measurable and available for use.

Channels—Provides a collection of individual channels, where each channel supports the Signal interface.

SignalFunction—Returns a reference to the SignalFunction object (TSF or BSC) representing the signal
model which is defining the signal.
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C.2.2.2

Runtime methods

Stop([timeout=0])—The Stop method resets, disconnects, or turns off any Paused or Running Signal and
thereby frees any associated signal resources. Following a successful Stop, the state of the Signal shall

become

Stopped.

Run([timeout=0])—The Run method sets up, starts, connects, or turns on a Stopped signal. Following a
successful Run, the state of the Signal is Paused and subsequently becomes Running. The Run method on

an Runn

ing or Paused Signal shall reinitialize the Signal to its value at time t = 0.

Change([timeout=0])—The Change method initiates the Signal to its next setting. If no further settings
are pending, Change() indicates that the current Signal is finished and no longer needed. This knowledge

allows t
availabl

The tim
Signal t
HRES
returns

A meth

NOTE—
waiting fl

C.2.2.3

The Sig
progran

common interfaces. These interactions are charaeterized in two ways:

a)
b)

It is imp
it is Ru
input of]
inactive
other is

he source BSCs to change the signal to the next available setup. If no further signal condi
b, Change() resets the signal to the Stopped state.

eout value indicates the minimum time in milliseconds that the method call shall wait
b enter the expected Signal state. If the signal enters the expected state, the method returns
T success code S_OK (0x00000000L). If the signal does not enter the expected state, the
e IDL HRESULT success code S FALSE (0x00000001L).

d called with a timeout value of zero is asynchronous.

A timeout shall not be included in a signal definition. Waiting fora\UUT response is part of test defir
br an instrument response is a system function.

Comments

nal class is provided to define interactions\between BSCs and defines the control API
s. The way that BSCs use and create Signals is local to the implementation and define

Notification of changes through(Signal state changes

Requests for Signals to altertheir state through Signal method calls

ortant not to confusg the terms Running and active. A Signal or an Event may be active on
ning. This is bestlillustrated with examples. Consider a Clock BSC with its output connect
a NotEvent BSE: While the BSCs are Running, the output of the Clock is alternately ac
while the ‘Qutput of the NotEvent is alternately inactive and active, i.e., one is active W
nactive«(see Figure C.1).

ions are

for the
the IDL
method

ition and

for test
1 by the

ly while
bd to the
tive and
hile the
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- 167 -
[ S r ----- SN Wy QR AU SR (SPU. S «---active
Clock R R (AT R TE e Pt e ML SIS P ME—— (U R BT |
........................................ « - --inactive
(S bodae pan betiais RN I N [PTCFLE W «---active
NotEvent J SN SN U SRR SRR RN FU VN pppy gy
SR SO SR AN SO N NN WO N N «---inactive
- . y,
' "
Stopped Running

Figure C.1—lllustration of Events changing between.active and inactive

Consider a simple Signal producing a sinusoidal output, which is.being gated on and off via its Gafte input.
The Sighal shall be Running and active continuously, but at the sutput there shall be a Signal or np Signal
according to the state of the Gate input (see Figure C.2).

active signal
A
e ™
signal
no signal
Signal
L Vs {5 0ide d 5 g fate THER AN P «=---active
(€ SV | N SN . SN I N S T SO S
LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL -« ---inactive
- AN J
v v
Stopped Running

Figure C.2—Effect of a Gate Event on a Signal
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In general, an analog Signal is regarded as active when it enters the Running state, while an Event is active
when it is Running and its operational state is active.

The Sync reference considers the event occurrence when the Sync Signal becomes active.

The Gate reference considers the event gated active while the Gate Signal is in the active state.

The state property of a Signal may reflect the actual state of the physical event such as Stopped, Paused, or
Running. Provided that both the source and all sinks of the signal can be implemented in hardware, then
the state property of the Signal does not have to reflect the physical Paused and Running states.

The Signal interface also provides an enumeration interface so that a native code program can enumerate

through

Examplé¢:

For E

s

Next

The Sig
enumers
multich?

Example:

For E
's
's
Next

Individy
Channé
C.2.24

Method
Figure (

all of a Signal’s assigned BSCs.

ch sf in SinusoidWave.Out
is an Basic Signal Component where the Out is asg$igned

nal Channels property provides an enumeration interface so that’a native code prog
te through all of a Signal’s individual channels. The channels property is empty if the sign
innel.

ch s in SinusoidWave.Out.Channels
is a Signal representing a single channel
Channels.Count=0

al channels signals can be named previded they have been identified by use of the Conn
Is BSC, e.g., threePhase.Out.Channels.Item(“a”). or threePhase.Out.Channels[“a”].

State diagram

and states are intetdependent. Calling a method indicates an intention for a state to cha

3.
Stop(’%\

fam can
al is not

ector or

hge. See

: Stopped ~_
Ran() Run) Stop0)
Change() Change() P

Paused Stop()

start event ; Run()

v

—»

Change()

Figure C.3—Signal state changes
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For example, when calling the Run method, the state of a Signal may never become Running if the Sync
event never becomes active. The reason is that Run() tells the BSC associated with a Signal that a Running
signal state is required. This knowledge in turn causes the BSC to call Run() on all its inputs and then on
all its input events and returns with the Signal in the Paused or Running state. When the method returns
with the Signal in the Paused state, the BSC is waiting for some internal event to become active. When this
expected event becomes active, the signal becomes Running. Run() does not cause a Signal state to
become Running, but it indicates that a Running signal is required.

All methods are asynchronous. A native test program, therefore, needs to monitor the Signal state or use a
timeout value in the method call to determine when the signal has become Running.

C.2.3 SignalFunctions

The SighalFunction operation is controlled both through its Out Signal interface methodsand thd state of
any In, (Gate, and Sync Signals and provides a two-way control mechanism.

The gengral behavior of a BSC is that the Out Signal state reflects the In Signal reference states.

—  When the input Signal state is Stopped, the output Signal state is Stopped.
— When the input Signal state is Paused, the output Signal state is@Paused.
— MWhen the input Signal state is Running, the output Signalystate is either Running or, iff a Sync

reference is assigned, Paused awaiting a Sync event to become active.

All BS(s have two input event references called Sync and Gate. These events affect the behavior ¢f a BSC
as follows:

— PBync unassigned—starts and then resumes®when the In Signal enters the Running state.
—  PBync assigned—restarted when the:Sync event becomes active while an In Signal is Runnipg.
— [Gate unassigned—is operational while the In Signal is in the Running state.
— [Gate assigned—is operational while the Gate and In event is in the Running state so [that the

kignal’s characteristics are available only while the Gate event is gated active.

When alsignal re-starts, it.arépeats its operation from time zero, when it resumes it continues from where it
was pauped.

Any of the method-calls, Stop(), Change(), or Run(), made on the Out Signal interface of the BSC shall
affect the BSC behavior. The BSC shall in turn make similar calls on its input and event Signal refferences
as folloys

Stop—The Out Signal proceeds to the Stopped state, and the BSC calls the Stop method of all of
its assigned In, Gate, and Sync Signals.

Run—The Out Signal proceeds to the Paused state, and the BSC calls Run() on any unassigned
Signals, then on all its assigned In Signals and then calls Run() on any assigned Gate and Sync
Signals. This sequence allows any signal model to start by calling the Run method to act upon any
on the signal interfaces.

Change—This method causes the Signal’s associated BSC to go on to its next internal function
settings and calls Change() on all its input Signals.
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A BSC may have pending settings that represent different signal characteristics. These characteristics may
have been changes to signal attributes or built-in Control changes. Calling the Change or Run method shall
cause the BSC to change its signal characteristics.

C.2.31

Signal state diagram

As well as the methods affecting the state of a signal, the In and Sync Signal of a SignalFunction may
also change the state of the BSC’s Out Signal. In Figure C.4, the => symbol should be read as “enters the
state,” e.g., In => Paused is read as “In enters the state Paused.”

If a Sync event is unassigned and the Signal becomes Paused, then the Signal represents a co

signal,
synchro
become

When a

C.23.2

The behl

< Stopped >

In=>Paused In=>Stopped

v
C Paused >A In=>Stopped

In==Running
Sync=>Active In=>Paused

v
< Running <>

Figure C.4—In (Event) state changes

hnd the Signal immediately becomes Running. If a Sync event is assigned, it repr
active.

Signal proceeds to a state, it enters each state in turn, e.g., Running -> Paused -> Stopped.

Comments

nvior of all BSGs is’governed by the following rules:

When any BSC is not directly referenced, i.e., nobody is using the BSC, it shall be imnj
estroyed:.

When a BSC is destroyed and prior to its destruction, any Out Signals of the BSCs have

htinuous
bsents a

hized signal, and the Signal becomes_£daused and is then driven Running when the Syme event

lediately

he Stop

meinoda called, an [§] walts unti Cy have a ccome slopped. 1 S O c

unassigned, and the Change method is called if all BSCs have finished with that Signal.

3 SCs are

—  When all assigned BSCs have finished with an In Signal, the Change method of the In Signal is
called.

—  When the output Signal is Running and a BSCs properties are altered, these properties represent its
next signal settings that shall take effect when the Out Signal Change or Run method is next

called.

— If the Sync reference is unassigned, the Out Signal shall enter Running from Paused immediately,
when its Inputs become Running.
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—  If the Sync reference is assigned, then the Out Signal shall enter Running from Paused when the
Sync event becomes active. If the Syne event becomes active again while the Out Signal is
Running, then the Out Signal is synchronized to this Sync event, i.e., it starts again from time zero
(TO). Once Running, the Out Signal state is not affected by the Synec state.

—  Once the Out Signal is Running, the BSCs are operational only while the Gate reference event is
active (gated on). In other words, once triggered, the Out Signal enters the Running state, but the
signal is present only while the Gate event is gated on.

—  When the Out Signal enters the Paused state from the Stopped state, it acquires any necessary
resources and prepares the signal ready for output.

—  When the Out Signal enters Running from Paused, the real signal is activated, and the output
Tgmatstate-becomes Runming:

— [When the Out Signal enters Paused from Running, the real signal is deactivated, and, the output
Signal state becomes Paused.

— MWhen the Out Signal enters Stopped from Paused, the resources are unpreparéd and releasgd.

— [f an attribute does not have a value available and has no default value, the.SignalFunction|waits in
the paused state until a value is available.

The Conn property allows a user to specify connectivity of BSCs withouit,.any implied activation, which is
implicit| with the In property. Conn is used for a dynamic medel;”where the user wants fo show
connectfvity of signals without any implied activation. All BSCS)connected solely through the Conn
property exist in separate time frame and have no implicit synchtenization between them.

The SignalFunction also provides an enumeration propetty (SignalFunctions) so that a native code
progran] can enumerate through all of the contained SignalFunctions of the signal model. BSCs ahd TSFs
contain |no accessible SignalFunctions. This feature” returns accessible SignalFunctions only within
anonympus TSFs or user-defined signal models,yhere the order of the SignalFunctions represepts their
position|in their SignalDescription.

Examplé¢:
For Eqch sf in mySig.SigndlFunctions

sf|name 'sf is asSignalFunction within the mySig model
Next

An anogymous TSF alse supports the interfaces of each of its sub items held within its SignalFunctions.
The interface represents the first sub items within SignalFunctions supporting the interface.

Note: the ordersof the sub items within SignalFunctions is defined by the SignalDescription projvided to
the Reqpuire méthod. This order is important when there are duplicates as it is used to identify poth the
priority pttribute names and interface, and the later duplicates become implicitly hidden.

C.2.3.3 Runtime properties

— SignalFunctions collection of accessable components
— name is of type String

—  Out is of type Signal.

— In [(at=0)] is of type reference to Signal.

— Synec is of type reference to Signal.
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— Gate is of type reference to Signal.

— Conn[(at=0)] is of type reference to Signal.

— attributes [(name=""")]- returns the named attribute or collection of attributes

— pinsln is of type pinString.

— pinsOut is of type pinString.

— pinsSync is of type pinString.

— pinsGate is of type pinString.

The par

The Sig
examplg

The Sig
returns
TSF or

Examplé¢:

For E
atf
Next

Py 1 1 -1 e PECEE T 1 PP ~ 3 X L
HICICT dl Cdll DT USTU 1O TACHULY WIIICIL SIgHdal IIIPUL IS DCIIIE TCICITIICC, ©. 8., 1T 1).

nal Function enumerating sub item SignalFunctions support the Count and Item proper
, in an anonymous TSF.

nal Function attributes property returns the named property or using default value (""
he collection of named properties, where the collection represents all the"attributes of t
nonymous TSF and where the collection supports Count and Item properties.

ch att in sig.attributes
.name att is a named property withim the sig model

C.3 Dynamic signal goals and use cases

The use
between

Using a
of the T|
not char

Calling
that the

Calling
initiated

of BSC or TSF components within-the system is identical. This standard does not diffj
the behavior of BSC and TSF components.

TSF component within a user’signal model is identical to using the internal signal model d|
SF within the same model. This equivalence means that packaging a signal model in a T|

ge the behavior of thesignal model.

Run() on any.Signal component of a signal model shall activate every Signal within the 1
whole signalimodel including any Gate/Sync events becomes Running.

Change() on any Signal component of a signal model does not cause Sync/Gate ever

ties, for

or null)
he BSC,

brentiate

efinition
SF does

hodel so

ts to be

The Run, Change, and Stop methods may return before the Signal state has changed. The time at which
the signal returns may be synchronized with the signal state change by using the timeout.

There is no implied phase relationship across a Connection object. If a connection object connects two
signal models, then the signal models exist in two separate time frames.

An event synchronizing a TSF component has the effect of synchronizing all internal TSF signal model
components.

An event gating a TSF component has the effect of gating the TSF output signal model components.
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When two sub signal models exist in different time frames, activating the first signal model does not call
Run() on the event of the second signal model.

The Run method makes sure that Run() is called on all inputs and Gate and Sync events.

The Change method calls Change() on all inputs, but does not affect any Gate or Sync events.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024
IEEE Std 1641™-2022 —-174 -

Annex D

(normative)

Interface definition language (IDL) basic components

D.1Int

The ref

roduction

renced IDL provides the common interface description for all the basic components

scribed

within this standard. The use of this IDL allows test programs written in native carrier languages
commorjn interface and successfully use basic signal components (BSCs) regardless of ~which

environ
implem

native cqurier language test programs and different BSC implementations.

The stapdard requirement is that the interface used by the native carrier language shall be via us

IDL or 4

names of the classes and attributes used within the carrier language. As an éxample importing the

Visual §

"set " stich that the Physical attribute "range(...)" becomes "get range(...)".

The IDI
describe

NOTE—
this anne]

D.2ID

The IDL BSC library is maintained at the IEEE Standards download site (see IEEE

https://s

ent is use, provided it supports IDL. The IDL can be compiled into a type library to
ntations of BSCs. All implementations should use the same IDL to provide compatibility

ssociated TypeLibrary. The native carrier language syntax and IDL4mp0rt process shall go

tudio shall convert attributes with parameters into equivalent,méthod calls prefixed with "g

| defines the types, interfaces, classes, methods, properties, and attributes used to suppo
d in this standard.

Annex D is a normative annex in that it provides the normative descriptions for the BSCs in IDL. Ind
k as normative does not mean that the BSCs may not be described in other interface languages.

| BSC library

andards.ieee.org/downloads.html.

to use a

carrier
support
between

e of the
vern the
DL into
et " and

it BSCs

lusion of

1641™)
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Annex E
(informative)

Test signal framework (TSF) for C/ATLAS

E.1 Introduction

This annex provides an example TSF representing many of the signals defined in TEEE Std 716-1995 [B13]
for the Common/Abbreviated Test Language for All Systems (C/ATLAS). It is provided so that ayser may
create tg¢st requirements (using this standard) equivalent to the requirements written using the C{ATLAS
standard.

Not evety signal (noun) and attribute (noun modifier) described in the C/ATLAS stafidard is covergd by an
equivaldnt in STD. If a user requires a signal or attribute not described in this annex, that signall may be
created fising the basic signal components (BSCs).

A diagrpm is provided with each signal to illustrate graphically the relationship between the BFCs and
interfac¢ attributes that make up the signal. In order to reduce the amount of information included in each
diagram}, inputs to BSCs that are at zero or the default values are omitted.

E.2 TSF library definition in extensible markup.language (XML)
Where gxamples are given, their static signal description is provided in XML. The information pravided in
Annex I} together with the detailed description of.¢ach TSF model in this annex, may be used to cfeate the

examplq TSF library for C/ATLAS that conforms\to the XML Schema document defined in Annex [.

A complete XML instance document conforming to the requirements of this standard may be obtaijed from
the IEEE Standards download site (seeIEEE 1641™) https://standards.ieee.org/downloads.html

E.3 Interface definition-language (IDL) for the TSF for C/ATLAS

E.3.1 Introduction

The IDL referénced in E.3.2 provides the common interface description for all the TSF modeld for the
C/ATLAS gxample described within this annex. The use of this IDL allows test programs written Jn native
carrier langwages to use a common interface and successfully use TSF components regardless qf which
carrier environment is used, provided it supports IDL. The IDL can be compiled into a type library to
support implementations of TSF for C/ATLAS components. All implementations that use these TSFs
should use the same IDL to provide compatibility between native carrier language test programs and
different BSC implementations.

The IDL defines the types, interfaces, classes, methods, properties, and attributes used to support BSCs
described in this standard.

Where additional TSFs have been created for other test domains, they shall require a new IDL library so

that that they can be used by multiple programming environments. In such cases, the style and layout
shown in the IDL referenced in E.3.2 can be used.
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The IDL for the C/ATLAS TSF library is derived from the corresponding XML library.

E.3.2 IDL for the TSF for C/ATLAS library

The IDL for the example ATLAS TSF library is maintained at the IEEE Standards download site (see

IEEE 1641™) https://standards.ieee.org/downloads.html.

E.4 AC_SIGNAL<type: Current|| Power|| Voltage>

E.4.1 Diefinition

A sinus

E.4.2 Iy

See Tab

ac_ampl freq phase

dc_offset

idal time-varying electrical signal. See Figure E.1.

Sinusoid

Constant

AC_
Component

DC_Offset

Sum

E.4.3N

AC_Signal AC_SIGNAL
Figure E.1—TSF AC_SIGNAL
terface properties
le E.1 fordetails of the TSF AC_SIGNAL interface.
Table- E-4—FSF-AC—SIGNAL-interface
Description Name Type Default Range

AC Signal amplitude ac_ampl Physical — —
DC Offset dc_offset Physical 0 —
AC Signal frequency freq Frequency — —
AC Signal phase angle phase PlaneAngle 0 rad 0—2mrad

otes

There are no special notes for this TSF.
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Name Type Terminal Inputs Output Formula
AC _Signal Sum Signal [Out] — AC _SIGNAL
Signal [In] DC Offset —
Signal [In] AC_Component — —
AC_Component | Sinusoid Signal [Out] — AC Signal —
amplitude ac_ampl — —
frequency freq — —
phase phase — +
DC_Offset Constant Signal [Out] — AC Signal —
amplitude dc_offset — —
E.4.5 Rules

For this|signal, the allowable types are Voltage, Current, and Power. Allytypes need to be consistent. Thus
for examiple, if ac signal amplitude is specified in volts, then the dc offset shall also be specified in yolts.

E.4.6 Example
See Figyre E.2 for an example of AC_SIGNAL.
XML Stqtic Signal Description.

<AC_SIGNAL ac ampl="1 V" dc_offset="0.5 V" freqg="1000 Hz" />

Signal

05_|

0.0

-05 |

Figure E.2—AC_SIGNAL example
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E.5 AM_SIGNAL

E.5.1 Definition

A continuous sinusoidal wave (carrier) whose amplitude is varied as a function of the instantaneous value
of a second wave (modulating). See Figure E.3.

car_ampl car_freq mod_freq mod_ampl mod_depth
Sinusoid
Modulation
Sinusoid | 5 AN AM_SIGNAL
Carrier AM_Signal
Figure E.3—TSF AM_SIGNAL
E.5.2 Interface properties
See Tabje E.3 for details of the TSF AM_SIGNAL interface.
Table E.3—TSF AM_SIGNAL interface
Description Name Type Default Range
Carrier amplitude car_ampl Voltage —
Carrier frequéncey car_freq Frequency —
Modulation-frequency mod_freq Frequency —
Depth of modulation mod_depth Ratio — 0-1
Modulation amplitude mod_ampl Voltage 1V
E.5.3 Notes

There are no special notes for this TSF.

E.5.4 Model description

See Table E.4 for details of the TSF AM_SIGNAL model.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.



https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

-179 -

IEC 62529:2024 © IEC 2024
IEEE Std 1641 ™-2022

Table E.4—TSF AM_SIGNAL model

Name Type Terminal Inputs Output Formula

AM_Signal AM Signal [Out] — AM_SIGNAL —
modIndex mod_depth — —
Carrier [In] Carrier — —
Signal [In] Modulation — —

Carrier Sinusoid Signal [Out] — AM_Signal —
amplitude car_ampl — —
frequency car_freq — —
phase — — 0 rad

Modulation Sinusoid Signal [Out] — AM Signal +
amplitude mod_ampl — +
frequency mod_freq — +
phase — — 0 rad

E.5.5 Rules

The output is given by the following equation:

e = E (1tmEnsin( @nt))sin( @.t) (E.1)

where

E. is the carrier amplitude (unmodulated)
E, | is the modulation amplitude

mg, | is the depth of modulation (= modulationéindex)
@y | 18 27 X modulating frequency
@. | is 27z X carrier frequency

E.5.6 Example

See Figyre E.4 for an exampletof AM_SIGNAL.

XML Stqtic Signal Desaription.

<AM SIGNAL cati ampl="1 V" car freg="40 kHz" mod freqg="1 kHz" />
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" VUUHUUUMUU U 1
Figure E.4—AM_SIGNAL example
E.6 DG_SIGNAL<type: Voltage|| Current|| Power>
E.6.1 Definition
An unvdrying electrical signal with an optional ac component. Figure E.5.
dc_ampl ac_ampl freq phase
Sinusoid
DC_AC_
Component
Genstant SUM DC_SIGNAL
DC_Level DC_Signal

Figure E.5—TSF DC_SIGNAL
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Table E.5—TSF DC_SIGNAL interface

Description Name Type Default Range
DC level dc_ampl Physical — —
AC Component amplitude ac_ampl Physical 0 —
AC Component frequency freq Frequency 0 Hz —
AC Component phase angle phase PlaneAngle 0 rad 0—2mrad
E.6.3 I\Jotes
There age no special notes for this TSF.
E.6.4 Model description
See Tabje E.6 for details of the TSF DC_SIGNAL model.
Table E.6—TSF DC_SIGNAL<{model
Name Type Terminal Inputs Output Fqrmula
DC Sigrfal Sum Signal [Out] — DC SIGNAL —
Signal [In] DC Level — —
Signal [In] AC_Component — —
DC Lev¢l Constant Signal [Oant] — DC_Signal —
amplitude dc_ampl — —
DC_AC |Component Sinusoid Sigtial [Out] — DC Signal —
amplitude ac_ampl — —
frequency freq — —
phase phase — —

E.6.5 Rules

For this|signal, the-allowable types are Voltage, Current, and Power. All types need to be consistent. Thus
for exarpiple, if de-level is specified in volts, then the ac component amplitude shall also be spefified in

volts.

E.6.6 Example

See Figure E.6 for an example of DC_SIGNAL.

XML Static Signal Description.

<DC_SIGNAL name="DC SIGNAL7" ac ampl="0.03" dc_ampl="1" freg="50" />
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Signal

05|

0.0

Figure E.6—DC_SIGNAL example

E.7 DIGITAL_PARALLEL

E.71 finition

A parallel digital source that creates a digital logic signal in which the physical values for logic 1,{logic 0,
and higl) impedance data values are determined by the logic thteshold values specified. See Figure E.7.

c~ane_value

data_value
logi )
logic_zero/ yalue
clock_period

ParallelDigital DIGITAL_PARALLEL

Digital_Stream

Figure E.7—TSF DIGITAL_PARALLEL

E.7.2 Interface properties

See Table E.7 for details of the TSF DIGITAL PARALLEL interface.
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Table E.7—TSF DIGITAL_PARALLEL interface

Description Name Type Default Range
Data value data_value digitalString — HIL|ZIX
Clock period clock period Time — —
Logic One level logic_one_value Voltage — —
Logic Zero level logic_zero_value Voltage — —

E.7.3 Notes

The width of the signal (and hence the minimum associated connection width) is implied by the number of

logic clgments-in-each-array-element:

The defgult condition for clock period (clock period = 0) denotes infinite time for static digitaldatal

E.7.4 Model description

See Tabje E.8 for details of the TSF DIGITAL PARALLEL model.

Table E.8—TSF DIGITAL_PARALLEL model

Narmpe Type Terminal Inputs Output Fqrmula
Digital $tream | ParallelDigital Signal [Out] DIGITAL PARALLEL —
data data value — —
period clock{pperiod — —

logic H value

logic_one_value

logic L value

logic_zero value

E.7.5 Rules

A high impedance is generated whep-the digital signal value character is Z, i.e., no digital signal is present.

A logic|l (output voltage is equal to logic_one value) is generated when the digital signal value dharacter

is H.

A logic [0 (output voltage.is equal to logic_zero value) is generated when the digital signal value dharacter

is L.

An unkijownyvalue cannot be generated by the digital source model. When the digital signal value dharacter
is X, thg model may generate a logic 1 or a logic 0.

The output values are held at the defined levels for the duration of the clock period.

For this signal, the data values are transmitted via the parallel connections. Data received via these
connections shall be available when the signal is used in a measurement.

E.7.6 Example

See Figure E.8 for an example of DIGITAL PARALLEL.
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<DIGITAL PARALLEL data value=’"HLHL","LLHL","HHLH"’

/>
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clock period="1 us"

E.8 DI

Signajs

GITAL_SERIAL

E.8.1 Definition

A serial
high imj

zero_value

Time

[}
=
<
e
[} > ()
S o =
E o o
5 5 -
o] L L ks
© (<) D o
° o o ©
SerialDigital

Figure E.8—DIGITAL_PARALLEL example

digital source that creates a digital logic. signal in which the physical values for logic 1, log
pedance data values are determined by the'logic threshold values specified. See Figure E.9.

Serial_Stream

DIGITAL_SERIAL

Figure E.9—TSF DIGITAL_SERIAL
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E.8.2 Interface properties

See Table E.9 for details of the TSF DIGITAL SERIAL interface.

Table E.9—TSF DIGITAL_SERIAL interface

Description Name Type Default Range
Data value data_value digitalString — HIL|ZIX
Clock period clock period Time — —
Logic One level logic_one_value Voltage — —
Logic Zero level logic_zero_value Voltage — —
E.8.3 I\Jotes

The default condition for clock period (clock period = 0) denotes infinite time for static digital data

The seripl TSF deals only with serial data where the data value is conveyed as the.value of the signpl rather
than any transition of the signal.

E.8.4 Model description

See Tabje E.10 for details of the TSF DIGITAL SERIAL model

Table E.10—TSF DIGITAL “SERIAL model

Name Type Terminal Inputs Output Formula
Serial _Stream SerialDigital Signal [Out] DIGITAL_SERIAL —
data data_value — —
period clock period — —
logiec~H value logic_one_value — —
logic L value logic_zero_value — —
E.8.5 Rules

A high impedance is generated when the digital signal value character is Z, i.e., no digital signal prdsent.

A logic|l (output/Veltage is equal to logic_one value) is generated when the digital signal value dharacter
is H.

A logic 0°(output voltage is equal to logic_zero value) is generated when the digital signal value dharacter
is L.

An unknown value cannot be generated by the digital source model. When the digital signal value character
is X, the model may generate a logic 1 or a logic 0.

The output values are held at the defined levels for the duration of the clock period.

For this signal, the data value supplied is transmitted via the serial connections. Data received via the serial
connections shall be available when the signal is used in a measurement.
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E.8.6 Example
See Figure E.10 for an example of DIGITAL SERIAL.

XML Static Signal Description:

<DIGITAL SERIAL data value="LZHLHHLLHHHLLZL" clock period="1

logic one value="”3.6 V” logic zero value="-2.6 V” />

U.S"

Figure E.10—DIGITAL_SERIAL example

E.9 DIGITAL_TEST

E.9.1 Definition

The digjtal test TSF uses both stimulus-and response data together with the appropriate clock inft

to perfofm a bidirectional digital test-See Figure E.11.

rmation

Figure E.11—TSF DIGITAL_TEST

[}
3C s R
> 2‘ §| E
S z 4 5
o o ! | o
88 8 £ £ 3
-cl n:| EC‘ wl 5I &I
o k=] 5 ] k<] ]
BDIGHFAL—FESH
Measure ParallelDigital
DT_Digital
_bigital_ DT_Source
. Measure
ParallelDigital As
DT_Sense
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Description Name Type Default Range
Clock Period dt_Period Time — —
Logic One level dt Stim H value Physical — —
Logic Zero level dt_Stim_L value Physical — —
Logic One level dt_ Resp H value Physical — —
Logic Zeyo level dt Resp L value Physical — —
Logic Dgta dt Data digitalString — HIL|Z{X|h{l|3]x
E.9.3 Notes

When uping the DIGITAL TEST TSF, the stimulus and response logic levels should’be provided, ffogether
with the|digital clock period to define the characteristics of the signal waveform.

The default conditions for this TSF have no significance other than to provide an example of its use

Stimuluf data is defined using the following syntax:

— H for High or logic 1
— L for Low or logic 0.
—  F for Tri-state or high impedance.

— K for unspecified, usually implemented using the Z state.
Responge data are defined using the following syntax:

—  h for High or logic 1

— | for Low or logic 0.

— [ for Tri-state or high impedance.

— K for “do n@t‘eare,” i.c., the value is not measured.

The DIGITAL ,TEST TSF deals only with data where the data value is conveyed as the value of the signal
rather tharfany transition of the signal.

E.9.4 Model description

See Table E.12 for details of the TSF DIGITAL TEST model.
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Table E.12—TSF DIGITAL_TEST model

Name

Type

Terminal

Inputs

Output

Formula

DT _Source

ParallelDigital

Signal [Out]

DIGITAL TEST

data

dt Data

period

dt_Period

logic H value

dt Stim_H_ value

logic L value

dt Stim L value

DT _Sense

ParallelDigital

Signal [Out]

DT Digital Measure

data

period

dt Period

logic H value

dt Resp H value

logic L _value

dt Resp_L value

DT Digital Measure

Measure

[Out]

measuredVariable

measurement

measurements

sample

count

gateTime

nominal

condition

GO

NOGO

HI

LO

UL

LL

Signal [As]

DT Sense

Signal [In]

DIGITAL_TEST

E.9.5 Rules

A high impedance is generated when the digital signal value character is Z, i.e., no digital signal prgsent.

A logic |l (output.voltage is equal to logic one value) is generated when the digital signal value dharacter

is H.

A logic 0 _(oUtput voltage is equal to logic_zero value) is generated when the digital signal value

haracter

s L.

An unknown value cannot be generated by the digital source model. When the digital signal value character
is X, the model may generate a high impedance, a logic 1 or a logic 0.

The output values are held at the defined levels for the duration of the clock period.

For this signal, the data value supplied is transmitted via the bidirectional connections. Data received via
the bidirectional connections shall be available when the signal is used in a measurement.
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E.9.6 Example

See Figure E.12 for an example of DIGITAL TEST.

XML Static Signal Description:

<DIGITAL TEST dt data="HLLLLHlh, LLZHhlxx, HLzzHZZH" dt period="1 us"

dt Stim H value="5.0 V" dt Stim L value="0.0 V" dt Resp H value="3.5 V"
dt Resp L value="0.5 V"/>

Signals
|
|
|
|
|
|
|
|
|
t
|
|
|
|
|
|
|
|
|

L

Figure E.12—DIGITAL_TEST example

E.10 DME_INTERROGATION

E.10.1 Definition

A radio pid-to-air navigation-that provides distance information by measuring the time of transmissjon from
an interfjogator to a transponder and return. See Figure E.13.

The disfance measuring equipment (DME) system is composed of a transponder in the ground Hase unit
and an |nterrogatoryin the airborne unit. The interrogator on the aircraft emits a pulse signal that, once
received by thesPME transponder on the ground, starts a response sequence that sends a return pulge signal
on a different.(paired) channel to the aircraft. The aircraft equipment receives the response from th¢ ground
station, fcomputes the elapsed time between interrogation and response, subtracts 50 ps (to covef ground
station processing time), and divides the result by 2. This result is then displayed on the DME indicator.

The DME operates on the ultra high frequency (UHF) band in the range of 962 MHz to 1213 MHz with a
step of 1 MHz. The frequencies used by the interrogator are between 1025 MHz and 1150 MHz, and the
transponder on the ground replies using two set frequencies: the first from 962 MHz to 1024 MHz and the
second from 1151 MHz to 1213 MHz. The number of available frequencies is 252; therefore, there are
126 available channels. Each channel has 2 frequencies: one for interrogation and the other for the response
from the ground station. On each pair of frequencies, the difference between the interrogator frequency and
the response frequency is 63 MHz. For the channels between 1 and 63, the interrogator frequency is 63
MHz higher than the response frequency; and for channels from 63 to 126, the response frequency is
63 MHz higher than the interrogator frequency.
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int_rate car_ampl int_freq

pulses =
(O ps, 3.5ps, 1),
(15.5 ps, 3.5 ps, 1)

duration = 20 ps

DME_INTERROGATION

E.10.2

repetition = 1
Sinusoid
Int_Carrier
TimedEvént Pulse Train
Int_Event DME_
Interrogation

Figure E.13—TSF DME_INTERROGATION

nterface properties

See Tabje E.13 for details of the TSF DME_INTERROGATION interface.

Table E.13—TSF DME_INTERROGATION interface

Des¢ription Name Type Default Range
Carrier amplitude car_ampl Voltage — —
Interrogator int_freq Frequency 1025 MHz 1025 MHz - 1150 MHz
frequenc
Interrogagtion rate int_rate Frequency 27 Hz 27 Hz | 150 Hz
E.10.3 Notes
This mqdel has limited functionality. It does not provide for the variation of some of the parametdrs (such
as the pplse timing and lével). The model may be modified by the user to include such parametefs in the
interfac¢ properties.

E.10.4

Model description

See Tab

e E 14 for detatlsofthe FSE DME-INTERROGATON-meodel-
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Table E.14—TSF DME_INTERROGATION model

Name Type Terminal Inputs Output Formula
DME _Interrogation | PulseTrain Signal [Out] — DME
INTERROGATION
pulses — — (O ps, 3.5 us, 1),
(15.5 ps, 3.5 ps, 1)
repetition — — 1
Signal [In] Int_Carrier —
Sync[In] Int Event — —
Int_Carrier Sinusoid Signal [Out] — DME _Interrogation —
aulplitudc bdlidlllpi - ]
frequency int_freq — —
phase — — Orad
Int_Event TimedEvent Event [Out] — DME Interrogation —
delay — — 0s
duration — — 20 us
period — — (1/int_rate
repetition — — 0
E.10.5 Rules
There afje no special rules for this TSF.
E.10.6 Example
See Figyre E.14 for an example of DME_INTERROGATION.
XML Stqtic Signal Description.
<DME_ INTERROGATION name="DME INTERROGATION6" int freg="1050 MHz"
int_ratet"150 Hz" />
1.0
0.8
\
|
.
0.2
Il Il
Tl

-0.2 i
-0.4
-0.6

-0.8

oo (MY

-1.0

Figure E.14—DME_INTERROGATION example
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E.11 DME_RESPONSE

E.11.1 Definition
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A radio aid-to-air navigation that provides distance information by measuring the time of transmission from
an interrogator to a transponder and return. See Figure E.15.

The DME system is composed of a transponder in the ground base unit and an interrogator in the airborne
unit. The interrogator on the aircraft emits a pulse signal that, once received by the DME transponder on
the ground, starts a response sequence that sends a return pulse signal on a different (paired) channel to the
aircraft. The aircraft equipment receives the answer from the ground station, computes the elapsed time
between interrogation and response, subtracts 50 pus (to cover ground station processing time), and divides

the resuft by 2. This result is then displayed on the DME indicator.
The DME operates on the UHF band in the range of 962 MHz to 1213 MHz with a step-0fI"MHz. The
frequengies used by the interrogator are between 1025 MHz and 1150 MHz, and the transponddr on the
ground [eplies using two set frequencies: the first from 962 MHz to 1024 MHz, dnd-the secohd from
1151 MHz to 1213 MHz. The number of available frequencies is 252; therefore,there are 126 4vailable
channels. Each channel has 2 frequencies: one for interrogation and the other for‘the response from the
ground ptation. On each pair of frequencies, the difference between the interrogator frequency|and the
respons¢ frequency is 63 MHz. For the channels between 1 and 63, the intetrogator frequency is p3 MHz
higher than the response frequency; and for channels from 63 to 126, the response frequency is (63 MHz
higher than the interrogator frequency.
g £
& | g c
s % E’ o 5]
g 8 g ® §
pulses =
(0 s, 3.5 ps, 1),
(15.5 ps, 3.5 ps, M.
l repetition = 1 delay = 50 ps
Sinusoid F;ulse Train SignalDelay SignalDelay DME_RESPONSE
Resp_Carrier Response_ > Response_ DME_
Train Delay Response
period = 37°us r
duration = 20 ps probability = 10%
TimedEvent ProbabilityEvent OrEvent
Resp_Event_A Resp_Event_B Resp_Event_
Train
gateTime =10 ns
nominal = 0.1
l delay = 15.5 ps
dme_Interrogation RMS AndEvent
Interrogation_ DME Pulse
Event Detect
Window
SignalDelay
DME_P2_ J
Detect

Figure E.15—TSF DME_RESPONSE
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See Table E.15 for details of the TSF DME RESPONSE interface.

Table E.15—TSF DME_RESPONSE interface
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Description Name Type Default Range
Carrier amplitude car_ampl Voltage — —
Transponder frequency resp_freq Frequency 962 MHz | 962 MHz — 1213 MHz
Slant range range Distance Om —
Range rate rate Speed 0 m/s —
Rate of change-ofRangeRate——aeen Areeeteration O
DME Intprrogation signal dme Interrogation | SignalFunction — —

E.11.3 Notes

Slant rapge of DME is dependent on aircraft height, transponder location and its @ssociated envijonment,

and geographical topography. Maximum range in ARINC 568 [B1] is quoted as up’to 300 nmi (55
to an alfitude of 75 000 ft (23 000 m). The delay range quoted shall allow for.a transponder tran:
approximately 400 nmi (740 km) and its lower value is 0 nmi, (0.km), the default 50 ps
from receipt of an interrogator signal to the transponder responise within the transpondgr itself.

range ol
allowed

These vilues cannot be exceeded.

km) up
mission
usually

This mqddel has limited functionality. It does not provide for thevariation of some of the parametdrs (such
as the pplse timing and level). The model may be modified by the user to include such parametefs in the

interfacs

E.11.4

properties.

Model description

See Tabje E.16 for details of the DME_RESPONSE model.

Table E:16—TSF DME_RESPONSE model

Npme Type Terminal Inputs Output Formula
DME_Rgsponse SignalDelay. Signal [Out] — DME RESPONSE
acceleration — — (dcen*2/3.0e8)
delay — — (thnge*2/3.0e8)
rate — — (rpte*2/3.0e8)
Signal [In] Response Delay — —
Respons¢ Delay SignalDelay Signal [Out] — DME Response —
acceleration — — U Hz
delay — — 50 us
rate — — 0%
Signal [In] Response_Train — —
Response_Train PulseTrain Signal [Out] — Response_Delay —
pulses — — (O ps,3.5us,1),
(15.5 ps, 3.5 ps, 1)
repetition — — 1
Signal [In] Resp_Carrier — —
Sync[In] Resp Event Train — —
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Table E.16—TSF DME_RESPONSE model (continued)

Name

Type

Terminal

Inputs

Output

Formula

Resp_Carrier

Sinusoid

Signal [Out]

Response Train

amplitude

car_ampl

frequency

resp_freq

phase

0 rad

Resp_Event Train

OrEvent

Event [Out]

Response_Train

Signal [In]

Resp_Event B

Signal [In]

DME Pulse Detect

Resp Event B

ProbabilityEven
t

Event [Ouf]

Resp_Event Irain

seed

probability

—_

%

Signal [In]

Resp Event A

DME Pylse Detect

AndEvent

Event [Out]

Resp_Eweft Train

Signal [In]

DME P2 Detect

Signal [In]

Interrogation_Event
~ Window

Resp Event A

TimedEvent

Event [Out]

Resp Event B

delay

duration

us

period

/ us

repetition

SlWwWiN O

DME_PJ Detect

SignalDelay

Signal [Out]

DME_Pulse Detect

acceleration

Hz

S

delay

—_

S s

rate

Signal [In]

Interrogation_Event
_ Window

Interrogation_Event
_Windov

RMS

[Out]

DME_Pulse Detect
, DME P2 Detect

measuredVari
able

measurement

measurements

sample

count

gateTime

nominal

0.1

condition

GE

GO

NOGO

HI

LO

UL

LL

Signal [As]

Signal [In]

dme Interrogation
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E.11.5 Rules

There are no special rules for this TSF.

E.11.6 Example
See Figure E.16 for an example of DME_RESPONSE.
XML Static Signal Description:

<DME RESPONSE name="DME RESPONSE5" range="2

IEC 62529:2024 © IEC 2024
IEEE Std 1641 ™-2022

nmi" rate="600 kt"

In="DYE INTERROGATIONG6"/>

<DME INTERROGATION name="DME INTERROGATIONG"
int freg="1050 MHz" int rate="150 Hz" />

10

0.8_|
0.6_|
04 |
02|

0.0

02 |

-04_|

-06_|

-08_|

-1.0_|

E.12 FM_SIGNAL<type: Voltage|| Power|| Current>

E.12.1 Definition

A contifluous sinusoidal (carrier) wave generated when the frequency of one wave is varied in acq
amplitude of another (modulating) wave (modulating). See Figure E.17.

with the

Figure E:16—DME_RESPONSE example

ordance
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-]
mod_freq mod_ampl ‘g‘ §I §
Sinusoid FM
FM_SIGNAL
Modulating_ FM_Signal
Signal vl
Figure E.17—TSF FM_SIGNAL
E.12.2 Interface properties
See Tabje E.17 for details of the TSF FM_SIGNAL interface.
Table E.17—TSF FM_SIGNAL interface
Diescription Name Type Default
Carrier amplitude car_ampl Physical —
Carrier fijequency car_freq Frequency —
Frequendy deviation freq_dev Frequency —
Modulation frequency mod_freq Frequency —
Modulation amplitude mod-~ampl Physical 1
E.12.3 Notes

There afle no specialynotes for this TSF.

E.12.4 Model description

See Table E.18 for details of the TSF FM_SIGNAL model.
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Table E.18—TSF FM_SIGNAL model

Name Type Terminal Inputs Output Formula
FM_Signal FM Signal [Out] — FM_SIGNAL —
amplitude car_ampl — —
carrierFrequency car_freq — —

frequencyDeviation | freq dev — —

Signal [In] Modulating_Signal — —
Modulating_Signal | Sinusoid Signal [Out] — FM_Signal —
amplitude mod_ampl — —
frequency mod_freq — —
phase — — 0rad

E.12.5 Rules

The output is given by Equation (E.2) and Equation (E.3).

e = Esif( oct+msin( ont)) (E.2)
my= kf{ £,/ @) (E.3)
where

E. is the carrier amplitude (unmodulated)
E, | is the modulation amplitude

w. | is 2z x carrier frequency

my | deviation ratio (= modulation index)
wn | is 2z x modulating frequency

ky is the frequency deviation

E.12.6 Example
See Figyre E.18 for an examplerof FM_SIGNAL.
XML Stqtic Signal Description.

<FM_ SIGNAL name="FM SIGNALO9" car freg="100kHz"
freq dev="1T0kHz"mod freg="1200Hz" />
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E.131L

E.13.1
The vert

At presg
328.6 M

Figure E.18—FM_SIGNAL example

|S_GLIDE_SLOPE<type: Voltage|| Power>
Pefinition
ical guidance portion of an instrument landing system (IKS).

nt, 40 glide slope channels exist with 150 kHz-channel separation in the frequency ran
Hz to 335.4 MHz. The carrier is amplitude-modulated at 90 Hz and 150 Hz in a spatial

with thd
modula

transmifting two beams with equal offset about-the correct glide slope angle. The upper beam is m
to a depth of 40% with a 90 Hz tone, and the’ lower beam is modulated to a depth of 40% with a
tone. The carrier of both beams is phagé-locked so that any receiver shall treat them as a singl

signal W
detect o

90 Hz modulation predominant when the airplane is above the glide path, and the
jon predominant if the airplane is belowjthe glide path. The glide slope signal is achij

ith two modulating tones. If\the aircraft is positioned off the glide slope, the ILS receiy
he signal as stronger than the/other. As a result, the demodulated amplitude (or apparent

ge from
pattern,
150 Hz
cved by
bdulated
150 Hz
b-carrier
er shall
depth of

modulation) of one tone shall be greater than the tone of the other. If the receiver is exactly on the glide

slope, it
exactly
amplitu

shall receive a radig-frequency (RF) carrier where the 90 Hz and 150 Hz modulation depthl
the same. The greater the deviation from the glide slope, the greater shall be the diffe
le of the tones. Figure E.19.

5 appear
rence in
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g g 3 2
& = 3 S
8 8 £ 5
Sinusoid
Glide_Slope_ e
Carrier
Teq — 90 It
amplitude =1V mod_index = 0.4
Sinusoid AM Attenuator Sum
Glide_90Hz_ d Gh'}‘f,i—u?;’@'jz— ™| Glide_Slope_ Glide_Slope LS CUIDE Sore
Tone Signal - Hi
freq = 150 Hz
1 amplitude =1V mod_index = 0.4
Sinusoid AM Attenuator
} —>| Glide_150_H i
GndeT_c:nseOHz_ _,{Ajaulatgdj Gnde_L(S)lope_
Signal
Figure E.19—TSF ILS_GLIDE_SLOPE
E.13.2 Interface properties
See Tabje E.19 for details of the TSF ILS GLIDE SLOPE interface.
Table E.19—TSF ILS_GLIDE_SLOPE interface
Deescription Name Type Default Range
Carrier al’np]ifndp rarﬁamp] Physical 2 m\L —
Frequency car_freq Frequency 328.6 MHz 328.6 MHz - 335.4 MHz
150 Hz attenuation depth onefifty level Ratio 1 0-1
90 Hz attenuation depth ninety level Ratio 1 0-1

E.13.3 Notes

This model has limited functionality. It does not provide for the variation of some of the parameters (such
as the tone frequencies). The model may be modified by the user to include such parameters in the interface

properties.
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See Table E.20 for details of the TSF ILS GLIDE SLOPE model.

Table E.20—TSF ILS_GLIDE_SLOPE model

Name

Type

Terminal

Inputs

Output

Formula

Glide Slope

Sum

Signal
[Out]

ILS_GLIDE_SL
OPE

Signal
[In]

Glide Slope Lo

Signal

Tial

Glide Slope Hi

T

Glide_Slppe Hi

Attenuator

Signal
[Out]

Glide_Slope

gain

ninety level

Signal
[In]

Glide 90 Hz Modulated
Signal

Glide Slppe Lo

Attenuator

Signal
[Out]

GlideSlope

gain

onefifty level

Signal
[In]

Glide 150 Hz Modulated.
_Signal

Signal

Glide 90 Hz Modulated

AM

Signal
[Out]

Glide Slope Hi

modIndex

Carrier
[In]

Glide_Slope Carrier

Signal
[In]

Glide ©O0Hz Tone

_Signal

Glide_140_Hz Modulated

AM

Signal
[Out]

Glide Slope Lo

modIndéx

Carrigr.

[In]

Glide Slope_ Carrier

Signal
[In]

Glide 150Hz_Tone

Glide_Slppe_Carrier

Sinusoid

Signal
[Out]

Glide_150 Hz M
odulated_Signal,
Glide 90 Hz Mo
dulated Signal

amplitude

car_ampl

frequency

car_freq

phase

0 rad

Glide 9(JHz  Tone

Sinusoid

Signal
[Out]

Glide 90 Hz Mo
dulated Signal

amplitude

1 (see
NOTE)

frequency

90 Hz

phase

0 rad

Glide 150Hz_ Tone

Sinusoid

Signal
[Out]

Glide 150 Hz M
odulated Signal

amplitude

1 (see
NOTE)

frequency

150 Hz

phase

0 rad

NOTE—The BSC requires a unity value for the amplitude of the modulating signal.
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E.13.5 Rules

For this signal, the allowable types for carrier amplitudes are Voltage and Power.

E.13.6 Example
See Figure E.20 for an example of ILS_GLIDE SLOPE.
XML Static Signal Description:

<ILS GLIDE SLOPE name="ILS GLIDE SLOPE7" onefifty level="1.1"
ninety level="0.9" />

Signal

il l \» H} I | H | ( ‘ Il \mwmu H ‘ il
I ‘n y ‘ i

0.006

0.005,

003

002

001

0.000

N
|
|
|
i

-0.001

-0.003 ”

-0.004 m

-0.005,

-0.006

Figure E.20—ILS_GLIDE_SLOPE example

E.14 ILS_LOCALIZER<type: Power]|| Voltage>

E.14.1 Definition

The lochplizer is the lateral guidance portion of the ILS, giving azimuth guidance with referenge to the
runway fenter line, dt'operates using the same principles as the glide slope, but with 40 channels in the very
high frequency (VHF) band of 108.0 MHz to 112.0 MHz. Each localizer channel is paired with a glide
slope cHannel: The carrier is modulated with 90 Hz and 150 Hz tones in a spatial pattern that mpkes the
90 Hz tqne/predominant when the aircraft is to the left of the course and the 150 Hz tone predomingnt when
the airciafiris to the right of the course The localizer carrier contains a Morse code signal identiflying the
runway and approach direction and also may carry a ground-to-air communication channel. See Figure
E.21.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024

IEEE Std 1641™-2022 —-202 -
E H
5 - 3 &
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] T < 2
o o [= o
Sinusoid
Localizer_ —frm—
Carrier
meq — 90 I
amplitude =1V mod_index = 0.4
Sinusoid AM Attenuator Sum
| |LS_O0HZ_ el i ILS_LOCALIZHR
ILngr(]):iz_ Modulated_ Localizer_L ILS_Localizer
Signal >
freq = 150 Hz
1 amplitude =1V mod_index = 0.4
Sinusoid AM Attenuator
ILS_150Hz_ > ILS_150Hz_ tocalizer R
T Modulated
one ) -
Signal

Figure E.21—TSF ILS_LOCALIZER

E.14.2 Interface properties

See Tabje E.21 for details of the TSF ILS LOCALIZER interface.

Table E.21—TSF ILS_LOCALIZER interface

D¢scription Name Type Default Ranggd
Carrier a np]ifndp {‘ariamp] Physical 2 mW —
Carrier frequency car_freq Frequency 108.1 MHz 108.1 MHz -111.9

MHz
150 Hz attenuation depth | onefifty level Ratio 1 0-1
90 Hz attenuation depth ninety level Ratio 1 0-1
E.14.3 Notes

This model represents a limited implementation of the signal. It represents only the two-tone directional
signal and does not allow for inclusion of coded information. It does not provide for the variation of some

of the parameters (such as the tone frequencies). The model may be modified by the user to include such
parameters in the interface properties.
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E.14.4 Model description

See Table E.22 for details of the TSF ILS LOCALIZER model.

Table E.22—TSF ILS_LOCALIZER model

Name Type Terminal Inputs Output Formula

ILS Localizer Sum Signal — ILS_ LOCALIZER —
[Out]
Signal Localizer R — —
[In]

Signal Localizer L — —

Tial
T

Localizef R Attenuator | Signal — ILS Localizer —
[Out]
gain onefifty level — —
Signal ILS 150Hz Modulated — —
[In] ~Signal

Localizef L Attenuator | Signal — ILS_Locdlizer —
[Out]
gain ninety level — —
Signal ILS 90Hz Modulated — —
[In] Signal

ILS 150Hz Modulated | AM Signal — Localizer R —
_Signal [Out]
modIndex — — 2

Carrier Localizer Captier — —
[In]
Signal ILS_150Hz Tone — —
[In]

ILS 90Hz Modulated | AM Signal — Localizer L —
Signal [Out]
modIndex — — 2

Carriep Localizer Carrier — —
[In]
Signal ILS 90Hz Tone — —
[Jn]

ILS 150Hz Tone Sinusoid Signal — ILS 150Hz Modulated —
[Out] Signal
amplitude — — (see
note)
frequency — — 50 Hz
phase — rad

ILS 90Hz Tone Sinusoid Signal — ILS 90Hz Modulated —
[Out] Signal
amplitude — — (see
pote)
frequency — — 90 Hz
phase — 0 rad

Localizer Carrier Sinusoid Signal — ILS 90Hz Modulated —
[Out] Signal,
amplitude | car ampl — —
frequency | car freq — —
phase — — 0 rad

NOTE—The BSC requires a unity value for the amplitude of the modulating signal.
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E.14.5 Rules

For this signal, the allowable types for carrier amplitudes are Voltage and Power.

E.14.6 Example
See Figure E.22 for an example of ILS LOCALIZER.

XML Static Signal Description:

<ILS LOCALIZER name="ILS LOCALIZERG" ninety level="0.9"
oneflfty level="1.1" />

Signal

0.005,
0.004.

0.003 M

0.002,

0.001
0.000
-0.001
-0.002
-0.003
-0.004,

-0.005,

Figure E.22—|LS_LOCALIZER example

E.15 ILS_MARKER

E.15.1 Pefinition

Two or three marker beacons operate at 75 MHz to give a range with reference to the touchdown pgint. The
outer marker is modulated with a 400 Hz tone to a depth of 95%. It is located 3% nmi to 6 nmi (6 km to
11 km) from the'end of the runway where the glide slope intersects the procedure turn altitude|+ 15 m
(50 ft) yertically. Tt radiates a fan-shaped pattern vertically and normal to the localizer and acfivates a
marker fec€iver when the aircraft passes through.

The middle marker is a second fan-shaped marker similar to the outer marker. It is located approximately
0.5 nmi to 0.8 nmi (1 km to 1.5 km) from the ILS approach end of the runway and modulated at 1300 Hz.
The inner marker, when used for category II approaches, intercepts the glide path at about the 100 ft (30 m)
height to mark the overshoot decision point (if the runway is still not visible). The marker is recognized by
its 3000 Hz modulation. Category II approaches allow operation down to 100 ft (30 m) and 1300 ft (400 m)
visibility. See Figure E.23.
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car_ampl marker_freq
amplitude =1V
Sinusoid modindex = 0.95

car_freq =75 MHz Marker Tone

i i AM

Sinusoid ILS MARKER

Marker_ Marker_

Carrier Signal

Figure E.23—TSF ILS_MARKER

E.15.2 Interface properties

See Tabje E.23 for details of the TSF ILS_ MARKER interface.

Table E.23—TSF ILS_MARKER interface

Des¢ription Name Type Default Range
Marker ffequency marker freq Frequency, 400 Hz 400 Hz | 1.3 kHz |3 kHz
Carrier apnplitude car_ampl Power 2 mW —
E.15.3 Notes

This mqdel represents a limited implementation of the signal. It does not provide for the variation jof some
of the pprameters (such as the carrier frequency). The model may be modified by the user to inclyde such
parametprs in the interface pfoperties.

E.15.4 Model description

See Tabje E.24 for details of the TSF ILS MARKER model.
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Table E.24—TSF ILS_MARKER model

Name Type Terminal Inputs Output Formula

Marker Signal AM Signal [Out] — ILS MARKER —
modIndex — — 0.95
Carrier [In] Marker Carrier — —
Signal [In] Marker Tone — —

Marker Carrier Sinusoid Signal [Out] — Marker Signal —
amplitude car_ampl — —
frequency — — 75 MHz
phase — — 0 rad

Marker Tone Sinusoid Signal [Out] — Marker Signal +
amplitude — — I(see NOTE)
frequency marker freq — +
phase — — 0 rad

NOTE—The BSC requires a unity value for the amplitude of the modulating signal.

E.15.5 Rules

For this

E.15.6

signal, the carrier amplitudes can be expressed only in termis/of power.

Fxample

See Figyre E.24 for an example of ILS MARKER.

XML St

tic Signal Description:

<ILS NARKER name="ILS MARKERS" />

0001
-0.002_|
-0.003

-0.004,

Signal

0.004.

0.003

0.002 ’

0,001 } |

0.000

Il N o 1. 0Ll il

Figure E.24—ILS_MARKER example
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E.16 PM_SIGNAL

E.16.1 Definition

A continuous sinusoidal wave (carrier) whose phase is varied in accordance with the amplitude of another
wave. See Figure E.25.

E g8
pl SI tl gl
—mod freqg mod am F—5 0
Sinusoid FM
FM_SIGNAL
Modulating_ FM_Signal
Signal
Figure E.25—TSF PM_SIGNAL
E.16.2 Interface properties
See Tabje E.25 for details of the TSF PNMU SIGNAL interface.
Table E.25—TSF PM_SIGNAL interface
Deqcription Name Type Default Range
Carrier amplitude car_ampl Voltage — —+
Carrier fjequency car_freq Frequency — —+
Phase deyiation phase dev PlaneAngle — —+
Modulation fréquency | mod_freq Frequency — —+
Modulationamplitude | mod ampl Voltage 1V —+
E.16.3 Notes

There are no special notes for this TSF.
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See Table E.26 for details of the TSF PM_SIGNAL model.

Table E.26—TSF PM_SIGNAL model

Name Type Terminal Inputs Output Formula

PM_Signal PM Signal [Out] — PM_SIGNAL —
amplitude car_ampl — —
carrierFrequency | car freq — —
phaseDeviation phase_dev — —
Signal [In] PModulating_Signal — —

PModulating_Signal | Sinusoid Signal [Out] — PM_Signal —
amplitude mod_ampl — —
frequency mod_freq — —
phase — o 0 rad

E.16.5 Rules

The output is given by Equation (E.4) and Equation (E.5).

e = Esif oct+k,Esin(wnt)) (E4)

mye= k{ £,/ @) (E.5)

where

E. is the carrier amplitude (unmodulated)

E, | is the modulation amplitude
We is 2z x carrier frequency
wn | 18 2 X modulating frequency
kp is the phase deviation:
E.16.6 Example
See Figyre E.26 foran example of PM_SIGNAL.

XML Static,Signal Description:

<PM_SIGNATL Tame="PM SIGNALY" pnase dcv=
car freg="100 kHz" mod freg="1240 Hz" />

(P170) Car ampl="1
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Figure E.26—PM_SIGNAL example

E.17 PULSED_AC_SIGNAL<type: Current|| Power|| Voltage>

E.17.1 Definition

A signal characterized by short duration periods of (sinusoidal) a€ electrical potential. See Figure E[27.

s 8
% &
g 3 @ ac_ampl  freq dé/offset
d d 5
Constant
PAC_
DC_Offset
\
Sinusoid SUM
PULSED_AC_SIGNAL
PAC_AC_ Pulsed_ ™
Component AC_Signal
TimedEvent
Pulse
I

Figure E.27—TSF PULSED_AC_SIGNAL

E.17.2 Interface properties

See Table E.27 for details of the TSF PULSED AC SIGNAL interface.
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Table E.27—TSF PULSED_AC_SIGNAL interface

Description Name Type Default Range

AC Signal amplitude ac_ampl Physical — —
AC Signal frequency Freq Frequency — —
DC Offset dc_offset Physical 0 —
Initial delay p_delay Time 0s —
Pulse width p_duration Time — —
Pulse repetition frequency Prf Frequency — —
Number of pulses p_repetition int 0 —
E.17.3 Notes

Default fondition (where p_repetition = 0) is for continuously repeating pulses.

This mqdel represents a pulsed ac signal with a permanent dc offset. An alternativesnodel may bg created
where ohly the pulses have a dc offset.

E.17.4 Model description

See Table E.28 for details of the TSF PULSED AC SIGNAL model:

Table E.28—TSF PULSED_AC.SIGNAL model

Name Type Terminal Inputs Output Formula
Pulsed AC Signal Sum Signal — PULSED AC _ SIGNAL —
[Out]

Signal [In].\*"PAC DC Offset — —

Signal{In] | PAC_AC_Component — —

PAC_A{d Component | Sinusoid Signal — Pulsed AC_Signal —
[Out]

amplitude | ac_ampl — —

frequency | freq — —

phase — Orad

Gate [In] Pulse — —

PAC D({ Offset Constant Signal — Pulsed AC_Signal —
[Out]

amplitude | dc_offset — —

Pulse TimedEvent | Event — PAC_AC-Component —
[Ont]

delay p_delay — —

duration p_duration — —

period — — 1/prf

repetition | p_repetition — —

E.17.5 Rules

For this signal, the allowable types are Voltage, Current, and Power. All types need to be consistent. Thus,
for example, if the ac signal amplitude is specified in volts, then the dc offset shall also be specified in
volts.
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E.17.6 Example
See Figure E.28 for an example of PULSED AC SIGNAL.

XML Static Signal Description:

<PULSED_AC_SIGNAL name="PULSED AC SIGNAL11" dc_offset="0.5 A
p_delay="7 ms" p duration="3 ms" p period="5 ms" p repetition="10" />

Signal

Figure E.28—PULSED_AC (SIGNAL example

E.18 PULSED_AC_TRAIN<type: Voltage|| Current|| Power>

E.18.1 Pefinition

A signa] characterized by a train of-pulses of sinusoidal electrical ac activity with different duratjons and
amplitudles. See Figure E.29.

ac_ampl freq pulse_train dc_offset
repetition = 1 Constant
PACT_DC_
Offset
i i PulseTrai | M
Sinusoid ulseTrain SuU PULSED_AC_TRAIN

PACT_AC_ Pulsed_AC Pulsed_
Component AC_Train

Figure E.29—TSF PULSED_AC_TRAIN
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See Table E.29 for details of the TSF PULSED AC TRAIN interface.

Table E.29—TSF PULSED_AC_TRAIN interface

Description Name Type Default Range
AC amplitude ac_ampl Physical —
AC frequency Freq Frequency —
DC Offset dc_offset Physical 0
Pulse train pulse_train PulseDefns —

E.18.3 Notes

This mqdel represents a pulsed ac train with a permanent dc offset. An alternative model -may bq created

where ohly the pulses have a dc offset.

E.18.4 Model description

See Tabje E.30 for details of the TSF PULSED AC TRAIN model.

Table E.30—TSF PULSED_AC_TRAIN model

Name Terminal

Type

Inputs

Output

Formula

Pulsed AC Train Sum Signal

[Out]

PULSED AC_TRAIN

Signal [In]

Pulsed AC

Signal [In]

PACT DC_Offset

Pulsed AC PulseTrain | Signal

[Ouf]

Pulsed AC Train

pulses

pulse_train

repetition

Signal [In]

PACT_AC_Component

PACT QOC Offset Constant Signal

[Out]

Pulsed AC Train

amplitude

dc_offset

PACT_AC Component | Sinusoid Signal

[Out]

Pulsed AC

amplitude

ac_ampl

£
TFOGHERCY

£
peac-y

phase

0 rad

E.18.5 Rules

For this signal, the allowable types are Voltage, Current, and Power. All types need to be consistent. Thus,

for example, if ac amplitude is specified in volts, then the dc offset shall also be specified in volts.
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E.18.6 Example
See Figure E.30 for an example of PULSED AC TRAIN.
XML Static Signal Description:

<PULSED AC TRAIN name="PULSED AC TRAIN9" dc offset="1.1 V" freqg="150
Hz" pulse train="(0.1,0.125,1), (0.2,0.125,1)" />

Signal

Figure E.30—PULSED_AC.TRAIN example

E.19 PULSED_DC_SIGNAL<type: Voltage|| Current|| Power>

E.19.1 Pefinition

A signa] characterized by a train of pulses of electrical dc activity with different durations and anjplitudes
with an pptional ac component. See Figure E.31.

c g
o =
% W3
3 3 9] dc_ampl ac_ampl freq
d a8 J
Sinusoid
PDC_AC_ 1™
Component
Constant SUM
PULSED_DC_SIGNAL
PDC_ Pulsed_
DC_Level DC_Signal
TimedEvent
PDC_Pulse

Figure E.31—TSF PULSED_DC_SIGNAL

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024

IEEE Std 1

E.19.2 Interface properties

See Table E.31 for details of the TSF PULSED DC SIGNAL interface.

641™-2022

—214 -

Table E.31—TSF PULSED_DC_SIGNAL interface

Description Name Type Default Range
DC level dc_ampl Physical — —
AC Component amplitude ac_ampl Physical 0 —
AC Component frequency Freq Frequency 0 Hz —
Delay before first pulse p_delay Time 0s —
Pulse wigthr F_dulaﬁ\)u Fimre —
Pulse repetition frequency Prf Frequency — —
Number pf pulses p_repetition int 0 —
E.19.3 Notes
Default pondition (where p_repetition = 0) is for continuously repeating pulses.
This mqdel represents a pulsed dc signal with a permanent ac component {ripple). An alternative model
may be freated where only the pulses have an ac component.

E.19.4

See Tab)

Model description

le E.32 for details of the TSF PULSED DC SIGNAL model.

Table E.32—TSF PULSED_DC_SIGNAL model
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Name Type Terminal Inputs Output Formula

Pulsed DC_Signal Sum Signal — PULSED DC_ SIGNAL —

[Out]

Signal [In] | PDC DC Level — —

Signal [In] | PDC_AC Component — —
PDC DC Level Constant Signal — Pulsed DC Signal —

[Out]

amplitude | dc_ampl — —

Gate[In] PDC Pulse — —
PDC_AC_Component | Sinusoid Signal — Pulsed DC_Signal —

[Out]

amplitude | ac ampl — —

frequency | freq — —

phase — O rad
PDC Pulse TimedEvent | Event — PDC DC Level —

[Out]

delay p_delay —<£ —

duration p_duration — —

period — — 1Yprf

repetition p_repetition — —
E.19.5 Rules

For this|signal, the allowable types are Voltage, Current, and Power. All types need to be consisteft. Thus,
for exarpple, if a dc level is specified in volts, then the ac component amplitude shall also be spefified in

volts.

E.19.6 Example

See Figyre E.32 for an example of PULSED (DC_SIGNAL.

XML Stqtic Signal Description:

<PULSED DC_ SIGNAL

freg=Y1 kHz"

p_rep¢tition="5"

name="PULSED DC_SIGNALL1"

p_delay="0.02"

/>

p_duration="6

Signal

ac_ampl="0.2"

ms "

dc_amy
p_period="10

1="1"
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E.20 PULSED_DC_TRAIN<type: Voltage|| Current|| Power>

E.20.1 Definition

A signal characterized by a train of different, short-duration periods of dc electrical activity. See
Figure E.33.

dc_ampl pulse_train ac_ampl freq
repetition = 1 Sinusoid
PDCT_AC_
Component
Constant PulseTrain SUM
PULSED_DC_TRAIN
PDCT_ PDCT_ Pulsed_
DC_ Level Pulsed_DC DC_Train

Figure E.33—TSF PULSED_DC_TRAIN

E.20.2 |Interface properties

See Tabje E.33 for details of the TSF PULSED DC TRAIN interface.

Table E.33==TSF PULSED_DC_TRAIN interface

Description Name Type Default Range
DC level de~ampl Physical — —+
Pulse trajn pulse_train PulseDefns — —+
AC Component amplitude ac_ampl Physical 0 —+
AC Component frequiency Freq Frequency 0 Hz —+
E.20.3 Notes

For this signal, the allowable types are Voltage, Current, and Power. All types need to be consistent. Thus,
for example, if dc level is specified in volts, then the ac component amplitude shall also be specified in
volts.

This model represents a pulsed dc train with a permanent ac component (ripple). An alternative model may
be created where only the pulses) have an ac component.

E.20.4 Model description

See Table E.34 for details of the TSF PULSED DC_TRAIN model.
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Table E.34—TSF PULSED_DC_TRAIN model

Name Type Terminal Inputs Output Formula
Pulsed DC Train Sum Signal — PULSED DC TRAI —
[Out] N

Signal [In] PDCT Pulsed DC — —
Signal [In] | PDCT_AC_Component — —

PDCT _Pulsed DC PulseTrain | Signal — Pulsed DC Train —
[Out]

pulses pulse train — —

repetition — 1

o D= RS o=~k ~ ot ] 1
OIgdl TIIT] ol DULCVUL - b

PDCT _AC Componen | Sinusoid Signal — Pulsed DC Train —
t [Out]

amplitude ac_ampl — —

frequency freq “= —

phase — L= rad

PDCT _DOC Level Constant Signal — PDCT, Pulsed DC —
[Out]

amplitude dc_ampl — —

E.20.5 Rules

There afje no special rules for this TSF.

E.20.6 Example
See Figyre E.33 for an example of PULSED D€ TRAIN.

XML Stqtic Signal Description.

<PULSED DC TRAIN name="PULSED DC TRAIN6" ac ampl="100 mV" freg="1 kHz"
pulse|train="(0.1,0.125,1), (0.2,0.125,1)" />

Signal

25

20"

05_|

0.0 )

0.5

Figure E.34—PULSED_DC_TRAIN example
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E.21 RADAR_RX_SIGNAL

E.21.1

Definition

An appropriate delayed signal response to an input radar signal. See Figure E.35.

radar_TK_Signal

reply_eff

atten

range
range_rate
range_accn

=GE

condition

=0.1

nominal

10 ns

gateTime

Attenuator

SignalDelay

Car_Pulse

RADAR_RX_BIGNAL

Radar_RX_
Signal

RMS

ProbabilityEvent

Event_Train

Suppressed_
Event_Train

Figure E.35—TSF RADAR_RX_SIGNAL

E.21.2 Interface properties
See Tabje E.35 for details of the TSF RADAR RX SIGNAL interface.
Table E.35—TSF RADAR_RX_SIGNAL interface

Description Name Type Default Range
Attenuatfon atten Ratio 1 +
Range off simulated target range Distance — +
Rate of change of rate ¢hange range accn Acceleration 0 +
Rate of change of target range range rate Speed 0 +
Proportiqn of Tx/pulses returned reply eff Ratio 100% 0—100%o
Transmitped\Radar Signal radar TX Signal SignalFunction — +
E.21.3 Notes

This annex describes a transmitted signal as a reference. Thus, the TSF library provides a description for

both the transmitted (i.e., Radar TX Signal) and received (i.e., Radar RX Signal) signals.

The Radar RX Signal takes an input radar signal and delays the signal response. In addition, the signal
does not respond to all transmitted radar pulses (a feature that gives rise to a reply efficiency).

To achieve reply efficiency, the Radar RX Signal needs to detect the incoming radar pulses and suppress
some individual pulses. To detect a radar pulse, an RMS monitor is used with a selected gate time. This
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monitoring provides an event while the continuous rms value is greater than a nominal threshold value. The
RMS monitor is used solely to detect a signal.

The default values for range rate and range accn (i.e., range rate = 0 and range accn = 0) represent a

stationary target.

E.21.4 Model description

See Table E.36 for details of the TSF RADAR RX SIGNAL model.

Fable E36—FSFRABARRX-SIGNALmodel

Name

Type

Terminal

Output

Fq

Radar RKX Signal

SignalDelay

Signal [Out]

RADAR _RX_SIGN
AL

acceleration

(ran|
*2/3

delay

(ran
*2/3

rate

(ran
*2/3

Signal [In]

Car Pulse

Car_Pulse

Attenuator

Signal [Out]

gain

atten

Radar RX Signal

Signal [In]

radar TX\Signal

Gate[In]

Suppressed_Event
Train

Table E.36—TSF RADAR-RX_SIGNAL model (continued)

Name

Type

Terminal

Inputs

Output

F(

rmula

Suppressgd Event
Train

ProbabilityEvent

Event {Out]

Car Pulse

seed

probability

reply eff

Signal [In]

Event_Train

Event Tgain

RMS

[Out]

Suppressed_Event
Train

measuredVari
able

measurement

measurements

sample

count

agateTime
O

1. 0¢l

nominal

condition

GO

NOGO

HI

LO

UL

LL

Signal [As]

Signal [In]

radar TX Signal
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E.21.5 Rules

For this signal, the allowable types are Voltage, Current, and Power. However, for this signal, the type is
determined by the RADAR_TX SIGNAL to which it is referenced.

E.21.6 Example
See Figure E.36 for an example of RADAR RX SIGNAL.

XML Static Signal Description:

<RADAR RX SIGNAL name="RADAR RX SIGNAL2" atten="0.6" range="2 nmi"
range[rate="650 kt" In="RADAR TX SIGNAL10"/>
<RADAR TX SIGNAL name="RADAR TX SIGNAL1O" ampl="1" delgqy="0"
duratlon="10 us" freqg="100 MHz" period="120 us" />

Figure E.36—RADAR_RX_SIGNAL example

E.22 RADAR_TX_SIGNAL<type: Current|| Voltage|| Power>

E.22.1 Definition

A pulsed ac signal used as.a‘reference for received radar signals (i.e., Radar RX Signal). See Figure E.37.
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. 2 £
e @ I f
g 358 T
Sinusoid
RADAR_TX_SIGNAL
Radar_TX_
Signal
TimedEvent
RTX_
Event_Train

Figure E.37—TSF RADAR_TX_SIGNAL

nterface properties

Table E.37—TSF RADAR_TX SIGNAL interface

Description Name Type Default Range

Tx signal] amplitude Ampl Physical — +
Tx signal frequency Freq Frequency — +
Initial dejay Delay Time 0s +
Pulse dufation duration Time — +
Pulse repetition frequency Prf Frequency — +
Number pf pulses repetition int 0 +
E.22.3 Notes

Default fondition (where repetition = 0) is for continuously repeating pulses.

E.22.4 Model'description

See Table E.38 for details of the TSF RADAR TX SIGNAL model.
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Table E.38—TSF RADAR_TX_SIGNAL model

Name Type Terminal Inputs Output Formula

RADAR_TX Signal | Sinusoid Signal [Out] — RADAR TX SIGNAL —
amplitude ampl —
frequency freq — —
phase — 0 rad
Gate[In] RTX Event Train —

RTX Event Train TimedEvent | Event [Out] — RADAR_TX Signal —
delay delay — —
duration duration —
period — — Wptf
repetition repetition — —

E.22.5 Rules

For this|signal, the allowable types are Voltage, Current, and Power.

E.22.6 Example

See Figyre E.38 for an example of RADAR TX SIGNAL.

XML Stqtic Signal Description:

<RADAR TX SIGNAL name="RADAR TX SIGNALIO" ampl="1" delay="0"

duratlon="10 us" freqg="100 MHz" prf="120 us" />

Signal

i

E.23 RAMP_SIGNAL<type: Voltage|| Current|| Power>

E.23.1 Definition

Figure E.38—RADAR_TX_SIGNAL example

A periodic wave whose instantaneous value varies alternately and linearly between two specified values
(i.e., initial and alternate). See Figure E.39.
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ampl period rise_time dc_offset
Ramp Constant
Ramp_ Ramp_
Component DC_Offset

Sum
Ramp._Signal RAMP_SIGNAL
Figure E.39—TSF RAMP_SIGNAL
E.23.2 |nterface properties
See Tabje E.39 for details of the TSF RAMP_SIGNAL interface.
Table E.39—TSF RAMP_SIGNAL interface
Diescription Name Type Default Range
Ramp signal amplitude Ampl Physical — —+
DC Offsg¢t dc_offset Physieal 0 —+
Ramp signal period Period TFime — —+
Ramp signal time to rise rise_time Time — -1
E.23.3 Notes
There age no special notes for this TSF.
E.23.4 Model description
See Tabje E.40 for details of the TSF RAMP SIGNAL model.
Table E.40—TSF RAMP_SIGNAL model
Npme Type Terminal Inputs Output F¢rmula
Ramp_Signal Sum Signal [Out] — RAMP_SIGNAL —
Signal [In] Ramp Component — —
Signal [In] Ramp DC_Offset — —
Ramp Component Ramp Signal [Out] — Ramp_Signal —
amplitude ampl — —
period period — —
riseTime rise_time — —
Ramp- DC_Offset Constant Signal [Out] — Ramp_Signal —
amplitude dc offset — —
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E.23.5 Rules
For this signal, the allowable types are Voltage, Current, and Power. All types need to be consistent. Thus,

for example, if the ramp signal amplitude is specified in volts, then the dc offset shall also be specified in
volts.

E.23.6 Example
See Figure E.40 for an example of RAMP_SIGNAL.

XML Static Signal Description.:

<RAMP|SIGNAL name="RAMP SIGNAL7" dc offset="0.5 V" period=#"T1| kHz"
rise time="1 ms" />

Signal

05_|

0.0

Figure E.40—RAMP_SIGNAL example

E.24 RANDOM_NOISE

E.24.1 Definition

Transient disturbances occurring unpredictably, except in a statistical sense. See Figure E.41.

ampl freq seed

Noise

RANDOM_NOISE

Noise

Figure E.41—TSF RANDOM_NOISE

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

E.24.2 Interface properties

— 225 -

See Table E.41 for details of the TSF RANDOM _NOISE interface.

IEC 62529:2024 © IEC 2024
IEEE Std 1641 ™-2022

Table E.41—TSF RANDOM_NOISE interface

Description Name Type Default Range
Noise signal amplitude ampl Physical — —
Pseudo random noise frequency freq Frequency —
Pseudo random noise seed seed int —

E.24.3 Notes

The defhult for random noise is white noise (characterized by a flat frequency spectrum in\the fi

range off interest). White noise needs only noise signal amplitude to be defined.

For repgatable pseudorandom noise, both the frequency upper bound and seed)need to be s
Specifying the frequency upper bound provides noise in the frequency band bounded by the freq

no seed [is specified, this signal may not be repeatable.

E.24.4

odel description

See Tabje E.42 for details of the TSF RANDOM_NOISE model.

Table E.42—TSF RANDOM_NOISE model

equency

pecified.
value. If

Narpe Type Terminal Inputs Output Formula
Noise Noise Signal [Out] — RANDOM_NOISE —
amplitude ampl — —
seed seed — —
fréquéncy freq — —
E.24.5 Rules

For thissignal, the allowablé types are Voltage and Power.

E.24.6 Example

See Figyré\E, 42 for an example of RANDOM_NOISE.

XML Static Signal Description.

<RANDOM NOISE ampl="100 mV" freqg="500 Hz"
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Signal

E.25 RESOLVER

E.25.1

Two ac

Definition

%

|

il

WM

Figure E.42—RANDOM_NOISE example

electronjechanical transducer. See Figure E.43.

sine wave voltages whose relationships of amplitude represent the rotation of a shaft positipn of an

x © o
[} s =
'-E| ) ;I E'
a - —_ (2}
EEE 22k
© += N T © 5
angle
Sinusoid Product
Field1 S1 —
channelWidth = 2
angle + n/2
Sinusoid Product FourWireResolver
RESOLVER
Field2 S2 Four_Wire_
Resolver
Sinusoid
Rotor

Figure E.43—TSF RESOLVER
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E.25.2 Interface properties

See Table E.43 for details of the TSF RESOLVER interface.

Table E.43—TSF RESOLVER interface

Description Name Type Default Range
Shaft angle Angle PlaneAngle 0 —
Reference amplitude | Ampl Voltage 26 V 26 V-119 V
Reference frequency | Freq Frequency 400 Hz 30 Hz - 54 kHz
Zero index zero_index PlaneAngle 0 rad 0—2nrad
Shaft angle rate angle rate Frequency 0 Hz —
Transforper Ratio trans_ratio Ratio 1 —
E.25.3 Notes

This m¢del does not consider the effects of angular velocity of the rotor and-th¢ quadrature oltages
generatdd in the secondaries.

E.25.4 Model description

See Table E.44 for details of the TSF RESOLVER model.

Table E.44—TSF RESOLVER model

Name Type Terminal Inputs Output Fdrmula

Four Wike Resolver | FourWireResolver | Signal [Qut| — RESOLVER —
channelWidth — — 2
Signal [In] S1 — —
Signal [In] S2 — —

S1 Product Signal
Signal

Out] — Four Wire Resolver —

Rotor — —

In]
Signal [In] Fieldl — —

[
[
[
[

S2 Product Signal [Out] — Four_Wire_Resolver —
Signal [In] Rotor — —
Signal [In] Field2 — —

Rotor Sinusoid Signal [Out] — S1S2 —

amplitude ampl — —

frequeney freq

phase zero_index — —

Fieldl Sinusoid Signal [Out] — S1 —

amplitude — — trans_ratio

frequency — — (angle rate)

phase angle — —

Field2 Sinusoid Signal [Out] — S1 —

amplitude — — trans_ratio

frequency — — (angle rate)

phase — — angle+ n/2
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E.25.5

Rules

The outputs of the resolver secondaries are given by Equation (E.6) (for sine) and either Equation (E.7) or
Equation (E.S8) (for cosine).

Sine output

es1 = KE,sin@ sin(2zf,t+¢)

Cosine output

€52 = KH

or

es» = KH

where

sTomx

Thus, th

Sine ouf

es] — (E

Cosine

e =(E

E.25.6

cos@ sin(2zf,t+p)

Lsin(G+7/2)sin(2zf,t+¢)

is the transformer ratio (trans_ratio), assuming K to be the-sdme for both secondaries
is the reference amplitude in the primary (ampl)
is angular displacement of the rotor (angle)
is the reference frequency of the signal in the primary (freq)
is the zero index position of the rotor (zero indéx)
e operation of the resolver may be modeled-as the product of two signals for each output:

put

sin(27f,1+p)) *x (Ksind)

utput

Sin(27f o ) <N Ksin(6+7/2))

Example

See Figure E.44 for an example of RESOLVER.

XML Static Signal Description:

<RESOLVER name="RESOLVER9" angle rate="5 Hz" freg="100 Hz" />

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.
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Figure E.44—RESOLVER example

E.26 RS_232

E.26.1 Pefinition

A serial|databus signal that transmits and receives strings of characters and operates according to TIA-232
[B20].

E.26.2 Interface properties

See Tabje E.45 for details of the TSF RS 232 interface.

Table E.45—TSF RS_232 interface

Description Name Type Default Range
Data Wofd data_word string
Baud Rafe baud_rate Int 9600 75| 110] 134] 150] 300| 600| 1200] 1800| 24(0| 4800|

7200 9600 14400| 19200| 38400] 57600| 115200

Data Bits dataybits Int 8 4/5/6|7|8
Parity parity enumeration | None Even| Odd| None| Mark| Space
Stop Bits stop_bits enumeration | 1 111.5|2
Flow Coptré) flow_control enumeration | None None| Hardware| Xon-Xoff
NOTE—#WWWMW&W@HWWWMS
model.
E.26.3 Notes

When using the TSF RS 232 model, only the active data connection (and its ground) are considered, i.e.,
the connections hi and lo may be used. Some or all of the other control connections required by the
TIA-232 specification may need to physically connected, but are not considered by this TSF.
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E.26.4 Model description

See Table E.46 for details of the TSF RS 232 model.

Table E.46—TSF RS_232 model

Name Type Terminal Inputs Output Formula
TIA_EIA 232 TIA/EIA-232 Signal [Out] — RS 232
baud rate baud rate —
data_bits data_bits — —
parity parity — —
stop_bits stop_bits — -
flow_control flow_control — .
data_word data_word — +
E.26.5 Rules
For this|signal, the data word supplied is transmitted via the serial bus connéctions according to the rules

specifiedl in TIA-232 [B20]. Data received via the serial bus connections shall.be available when thje signal

is used in a measurement.

E.27 SQUARE_WAVE-<type: Current|| Voltage|| Power>

E.27.1 Definition

A perioflic wave that alternately assumes one of @wo fixed values of amplitude for equal lengths [of time.

See Figyre E.45.

ampl period dc_offset
EN
o
w
n
ko)
S Constant
Q
>
_‘g Square_
DC_ Offset
SquareWave Sum
Square_ —1 Square_Wave SQUARE_WAVE
Wave_
Component

Figure E.45—TSF SQUARE_WAVE
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E.27.2 Interface properties

See Table E.47 for details of the TSF SQUARE WAVE interface.

Table E.47—TSF SQUARE_WAVE interface

Description Name Type Default Range
Square wave amplitude Ampl Physical — —
Square wave period Period Time — —
DC offset dc_offset Physical 0 —
E.27.3 Notes

There afle no special notes for this TSF.

E.27.4 Model description

See Tabje E.48 for details of the TSF SQUARE WAVE model.

Table E.48—TSF SQUARE_WAVE model

Name Type Terminal Inputs Output Formula

Square Wave Sum Signal — SQUARE WAVE —
[Out]
Signal Square Wave Component — —
[In]

Signal Square DC_Offset — —
[1n]

Square Wave Component | SquareWave | Signal — Square_ Wave —
[Out]

amplitude | ampl — —

period period — —
dutyCycle — — 50%

Square IPDC Offset Constant Signal — Square Wave —
[Out]

amplitude | dc_offset — —

E.27.5 Rules

For this|signal, the allowable types are Voltage, Current, and Power. All types need to be consistent. Thus,
for example, 1f the square wave amplitude 1S specified in volts, then the dc offset shall also be specified in
volts.

E.27.6 Example
See Figure E.46 for an example of SQUARE WAVE.
XML Static Signal Description:

<SQUARE WAVE name="SQUARE WAVEG6" ampl="1" dc_ offset="500 mV" period="10
us" />

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.


https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024

IEEE Std 1641™-2022

00 | yy gy
RN

—-232 -

Signal

05_|

Figure E.46—SQUARE_WAVE example

E.28 SSR_INTERROGATION<type: Voltage|| Current|| Power>

E.28.1 Pefinition

Seconddry surveillance radar (SSR) provides information to supplement the information obtained from a
primary| radar. Governing documents for civilian air traffiescontrol (ATC) are ARINC 572 [B2] and
ARINC|711-10 [B4] and for the military’s identification, riend or foe, (IFF) system, STANAG 4193
[B19]. An aircraft on-board transponder shall sense anvinferrogation from a ground (or airborne) station on

a speciffc frequency (i.e., 1030 MHz) and shall respond with coded signals on another frequerfcy (i.e.,
1090 MHz). See Figure E.47.

> °© b= ©
g & 2 £ &
ampl B & & e o
€ @ ®» aQ =%
! | [} ] |
1 1 1 ] 1
1 1 ] ] [}
T T T R
freq = 1030 MHz | conversion to SSR pulses 1
. 1
l I repetition = 1
Sinusoid PulseTrain
SSR_Carrier PulseTrain

SSR_INTERROGATION

Figure E.47—TSF SSR_INTERROGATION

E.28.2 Interface properties

See Table E.49 for details of the TSF SSR_INTERROGATION interface.
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Table E.49—TSF SSR_INTERROGATION interface

Description Name Type Default Range

P1 amplitude Ampl Physical — —

Interrogation mode Mode enumeration 1 112|3|/A|B|C|D

P3 start time p3_start Time 3us 3us|Sus|8us|17 us|21 ps|25 pus
P3 level p3_level Ratio 1 —

SLS deviation sls_dev Time 0us —

SLS level sls_level Ratio 1 —

E.28.3 Notes

The intgrrogation signal comprises three pulses, called P1, P2, and P3. See Table E.50. The normal| spacing
between P1 and P2 is 2 ps. Normal spacing between P1 and P3 depends on the choice of mede,

While ipterrogators shall repeat the interrogation sequence approximately every 2 nis|and are capable of
interlacing several modes alternately (most commonly 3-A and C, known as Mode 3+(), the model fis set up
for a sigle interrogation and thus allows each mode to be interrogated individually to verify th¢ correct
responsg.

The intdrface allows for the indirect programming of the pulse information. The pulse attributeqd are not

directly jentered as an array. The interface is used to select various SSR-specific parameters, which[are then
convertd¢d by the interface into the appropriate pulse definitions.

Table E.50—SSR_INTERROGATION pulse descriptions

Pulse Start time (ps) Pulse width (ns) Level factgr
P1 0 0.8 1
P2 2 + SLS Deviation 0.8 SLS Level
P3 Mode 1 3 0.8 P3 Level
Mode 2 5
Mode 3 8
Mode A 8
Mode B 17
Mode G 21
Modé D 25

The output is given by:the following equation:

SSR_pullses £ (0 s, 0.8 us, 1),
({0{000002+sls_dev}, 0. 8 us, {sls_level}),

({ tort) (O Q 22 1 1)
pE—startO8tts—p3-evet

where
sls_dev is the SLS deviation from the interface properties
sls_level is the SLS level from the interface properties
p3_start is the P3 start time as defined by the interrogation mode (see Table E.51)
p3 level is the P3 level from the interface properties

Table E.51—Pulse P3 start times
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Interrogation mode

(mode)

(ns)

P3 start time (p3_start)

1

3

5

8

8

17

21

S|IQ|T|(»>|w|N

25

Table E.52—TSF SSR_INTERROGATION model

Name Type Terminal Inputs Output Formula
PulseTrajn PulseTrain Signal [Out] — SSR_INTERROGATION
pulses — — SSR_pulses
See equation
repetition — — 1
Signal [In] SSR_Carrier — —
SSR_Catrier Sinusoid Signal [Out] — PulseTrain —
amplitude ampl — —
frequency _— — 1030 MHz
phase — — 0 rad
E.28.5 Rules
For this|signal, the allowable types are Voltage, Current, and Power.
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E.28.6 Example
See Figure E.48 for an example of SSR_ INTERROGATION.

XML Static Signal Description:

<SSR _INTERROGATION name="SSR INTERROGATION3"
p3 level="2" />

1.0,

IEC 62529:2024 © IEC 2024
IEEE Std 1641 ™-2022

mode="3" p3 start="8 us"

0.6

1

04

-0.6_M

-0.8

E.29 SSR_RESPONSE<type: Voltage|| Current|| Power>

E.29.1 Definition

Figure E.48—SSR_INTERRQGATION example

The tragsponder response to a valid-SSR interrogation. It consists of an encoded pulse train. Eafh pulse
train copsists of a number of data ‘pulses. The number and position of these data pulses (after the start
pulse) are determined by the_tode selected. There are 16 pulse positions in the pulse train; However,
the codq or (height) information carried by the response shall determine which pulses are present. See

Figure H.49.
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‘ Delay
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: P3_Detect SSR_Mode_

: Detect

1

1

1

1

b-====-=-9q

¥
SignalDelay
P2_Detect

E.29.2

See Tab)

nterface properties

Figure E.49—TSF SSR_RESPONSE

le E.53 for details of the TSF SSR_RESPONSE interface.

Table E.53—TSF SSR_RESPONSE interface

Description Name Type Default Range
Carrier apnplitude Ampl Physical — —
P3 pulse fstactfime p3 start Time 3 us 3us|Sps|8us| 17 us|
21 ps |25 ps
SSR Response pulse train Pulses PulseDefns [ —
Transmitted Interrogation signal ssr_Interrogation SignalFunction — —
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E.29.3 Notes
The response is initiated 3 ps after the third pulse of a valid interrogation is received.

The parameters of the array of pulses are defined in Table E.54. Pulse F1 and pulse F2 have to be present.
Pulse X is not currently used and should be omitted. Other pulses may be specified as required.

Table E.54—SSR_RESPONSE pulse descriptions

Pulse Start PulseWidth LevelFactor
(ns) (ps)
Fl 0 0.45 1
Cl1 1.45 0.45 1
Al 2.9 0.45 1
C2 4.35 0.45 1
A2 5.8 0.45 1
C4 7.25 0.45 1
A4 8.7 0.45 1
X 10.15 0.45 1
B1 11.6 0.45 1
D1 13.05 0.45 1
B2 14.5 045 1
D2 15.95 0.45 1
B4 17.4 0.45 1
D4 18.85 0.45 1
F2 20.3 0.45 1
P1 24.65 0.45 1

E.29.4 Model description

See Tabje E.55 for details of the TSF'SSR_RESPONSE model.

Table E.55—TSF SSR_RESPONSE model

Name Type Terminal Inputs Output Formula

Pulse Trpin_Response. §:-RulseTrain Signal [Out] — SSR_RESPONSE —
pulses pulses — —

repetition — — 1
Signal [In] Responder_carrier — —

frequeney
Sync [In] SSR_Response — —
Delay

Responder_carrier Sinusoid Signal [Out] — Pulse Train Response —
frequency amplitude ampl — —

frequency — — 1090

MHz

phase — — 0 rad
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Table E.55—TSF SSR_RESPONSE model (continued)

Name

Type

Terminal

Inputs

Output

Formula

SSR_Response_Delay

SignalDelay

Signal [Out]

Pulse Train Response

acceleration

0 Hz

delay

3 us

rate

0%

Signal [In]

SSR)Mode Detect

SSR_Mode Detect

AndEvent

Event [Out]

SSR_Response Delay

Signal [In]

SSR Detect

Signal [In]

P2 Detect

Sienal [Tn]

P3 Detect

P3 Detegt

SignalDelay

Signal [Out]

SSR Mode Detect

acceleration

delay

p3_start

rate

Signal [In]

SSR Detect

P2 Detegt

SignalDelay

Signal [Out]

SSR Made ~Detect

acceleration

delay

b3 _start -

rate

Signal [In]

SSR Detect

SSR Defect

RMS

[Out]

SSR_Mode Detect,
P2 Detect, P3 Detect

measuredVari
able

measurement

measurements

sample

count

gateTime

nominal

condition

GO

NOGO

HI

LO

UL

LL

Signal [As]

Signal [In]

ssr_interrogation

E.29.5 Rules

For this signat, the affowablie Types arc v oltage, CUITeT, and POWST. 111¢ Type Seiected needs 1o agree with

the type of the SSR_ INTERROGATION signal that triggers the SSR_ RESPONSE.

E.29.6 Example
See Figure E.50 for an example of SSR_RESPONSE.
XML Static Signal Description:

<SSR _RESPONSE name="SSR_RESPONSE4"
pulses="(0,0.00000045,1),

p3 start="8 us"
(0.00000145,0.00000045,1),
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(0.0000029,0.00000045,1), (0.00000435,0.00000045,1),
(0.0000058,0.00000045,1), (0.00000725,0.00000045,1),
(0.0000087,0.00000045,1), (0.00001015,0.00000045,1),
(0.0000116,0.00000045,1), (0.00001305,0.00000045,1),
(0.0000145,0.00000045,1), (0.00001595,0.00000045,1),
(0.0000174,0.00000045,1), (0.00001885,0.00000045,1),
(0.0000203,0.00000045,1), (0.00002465,0.00000045,1)"

In="SSR_INTERROGATION3"/>
<SSR _INTERROGATION name="SSR_ INTERROGATION3" mode="3" p3 start="8 us"
p3 level="2" />

20_

05| |

MWW R U e
FrrrererrrrrtraeT

-05)|

20]/

Figure E.50—SSR_RESPONSE example

E.30 STEP_SIGNAL

E.30.1 Pefinition

A change of dc electrical potential from one level to another, either positive or negative. See Figure|E.51.

ampl  start_time dc_offset
Constant
Step_
DC_Offset
Step Sum
Step Step_Signal STEP_SIGNAL
Component

Figure E.51—TSF STEP_SIGNAL
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E.30.2 Interface properties
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See Table E.56 for details of the TSF STEP_SIGNAL interface.

Table E.56—TSF STEP_SIGNAL interface

Description Name Type Default Range
Step size ampl Voltage —
DC Offset dc_offset Voltage ov —
Step time start_time Time — —
E.30.3 Notes
There afe no special notes for this TSF.

E.30.4 Model description

See Tabje E.57 for details of the TSF STEP_SIGNAL model.

Table E.57—TSF STEP_SIGNAL model
Name Type Terminal Inputs Output Formula

Step_Sighal Sum Signal [Out] — STEP_SIGNAL +
Signal [In] Step — +
Signal [In] Step DC_Offset — +

Step_Component | Step Signal [Out] — Step_Signal +
amplitude ampl — +
startTime start_time — +

Step D Offset | Constant Signal [Out] — Step Signal +
amplitude dc_offset +

E.30.5 Rules

There afje no special rules(for this TSF.

E.30.6 Example

See FigTre E.52 for an example of STEP_SIGNAL.

XML Static Signal Description:

<STEP_ SIGNAL name="STEP SIGNAL4" ampl="1 V" dc offset="1 V"
start time="0.5 s" />
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Signal

2.0+

1.0

0.5+
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Figure E.52—STEP_SIGNAL example

E.31 SUP_CAR_SIGNAL

E.31.1 Pefinition

An amplitude-modulated signal in which the carrier is suppressed See Figure E.53.

car_amp car_freq mod_freq mod_depth
amplitude = 1V
Sinusoid
SUR_Modulation
\ A AM
Sinusoid SUP_
SUP_Canier AM_ Signal
Sum
Negate > Suppressed SUPP_CAR_$IGNAL
SUP_ Carier_Signal
Inverted_Carrier
1

Figure E.53—TSF SUP_CAR_SIGNAL

E.31.2 Interface properties

See Table E.58 for details of the TSF SUP_CAR_SIGNAL interface.
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Table E.58—TSF SUP_CAR_SIGNAL interface

Description Name Type Default Range
Carrier amplitude car_ampl Voltage — —
Carrier frequency car_freq Frequency — —
Modulation frequency mod_freq Frequency — —
Depth of modulation mod_depth Ratio — —
E.31.3 Notes
There are no special notes for this TSF.

E.31.4 Model description
See Tabje E.59 for details of the TSF SUP_CAR_SIGNAL model.
Table E.59—TSF SUP_CAR_SIGNAL model
Name Type Terminal Inputs Output Fofmula
Suppresspd_Carrier Sum Signal — SUP- CAR_SIGNAL —
Signal [Out]
Signal [In] | SUP_Inverted — —
Carrier
Signal [In] | SUP_AM Signal — —
SUP_Inverted Carrier | Negate Signal — Suppressed_Carrier —
[Out] Signal
Signal [In] | SUPICarrier — —
SUP_AM_Signal AM Signal — Suppressed_Carrier —
[Out] Signal
modIndex mod_depth — —
Catrier'[In] | SUP_Carrier — —
Signal [In] | SUP_Modulation — —
SUP_Mqdulation Sinusoid.\| Signal — SUP_AM Signal —
[Out]
amplitude — — 1V (see
NOTE)
frequency mod_freq — —
phase — — 0 rad
SUP_Catrier Sinusoid | Signal — SUP_Inverted Carrier —
T [Out] , SUP_AM_ Signal
amplitude car_ampl — —
frequency car_freq — —
phase — — 0 rad

NOTE—The BSC requires a unity value for the amplitude of the modulating signal.
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E.31.5 Rules
The output is defined by Equation (E.11).
e = (EnE/2)cos(wctwm)tH(EnEd/2)cos(we-wm)t (E.11)

where

E, is the modulation signal amplitude

E. is the carrier amplitude (unmodulated)
wn  1s 27 X modulating frequency

We is 2z x carrier frequency

E.31.6 Example
See Figyre E.54 for an example of SUP_CAR_SIGNAL.

XML Stqtic Signal Description.
<SUP_(¢AR SIGNAL name="SUP CAR SIGNAL8" car ampls"i¥ car freg="10| kHz"
mod freg="1 kHz" mod index="0.3" />

7 Signal

l“nﬂn“l“l“n"‘“l
R

Figure E.54—SUP_CAR_SIGNAL example

E.32 SYNCHRO

E.32.1 Definition

Three ac sinusoid voltages whose relationships of amplitude represent the rotational shaft position of an
electromechanical transducer. See Figure E.55.
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angle — (2n/3)
Sinusoid Product
TPS_Field1 TPS_S1 e
channelWidth = 3
angle
Sinusoid Product ThreePhaseSynchro
SYNCHRO
TPS_Field2 TPS_S2 T hteePhaseSynchro_|
Output
angle + (27/3)
Sinusoid Product
TPS_Field3 TPS_S3 o
Sinusoid
TPS_Rotor
1
Figure E.55—TSF SYNCHRO
E.32.2 Interface-properties
See Tabje E.60jfor details of the TSF SYNCHRO interface.
Table E.60—TSF SYNCHRO interface
Description Name Type Default Range
Shaft angle angle PlaneAngle 0 —
Reference amplitude | ampl Voltage 26V 26V-119V
Reference frequency | freq Frequency 400 Hz 30 Hz - 54 kHz
Zero index zero_index PlaneAngle 0 rad 0—2nrad
Shaft angle rate angle rate Frequency 0 Hz —
Transformer ratio trans_ratio Ratio 1 —
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E.32.3 Notes

This model does not consider the effects of angular velocity of the rotor and the quadrature voltages
generated in the stator windings.

E.32.4 Model description

See Table E.61 for details of the TSF SYNCHRO model.

Table E.61—TSF SYNCHRO model

Name Type Terminal Inputs Output Formula
ThreePhgseSyncro_ | ThreePhaseSyncro | Signal [Out] — SYNCHRO —
Output channelWidth — — B

Signal [In] TPS S1 — —
Signal [In] TPS S2 — —
Signal [In] TPS_S3 = —
TPS_S1 Product Signal [Out] — ThreePhaseSyncro Output —
Signal [In] TPS_Fieldl — —
Signal [In] TPS_Rotor — —
TPS S2 Product Signal [Out] — ThreePhaseSyncro_Output —
Signal [In] TPS Field2 — —
Signal [In] TPSRotor — —
TPS S3 Product Signal [Out] — ThreePhaseSyncro _Output —
Signal [In] TPS Field3 — —
Signal [In] TPS Rotor — —
TPS_Fieldl Sinusoid Signal [Out] — S1 —
amphitude trans_ratio — —
fréquency angle rate — —
phase — — hingle -
2m /3)
TPS_Field2 Sinusoid Signal [Out] — TPS S2 —
amplitude trans_ratio — —
frequency angle rate — —
phase angle — —
TPS_Field3 Sinusoid Signal [Out] — TPS S3 —
amplitude trans_ratio — —
frequency angle rate — —
phase — — angle +
(2n/3)
TPS_Rotor Sinusoid Signal [Out] — TPS_S2, TPS S1, TPS_S3 —
amplitude ampl — —
frequency freq — —
phase zero_index — —
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E.32.5 Rules

The outputs of the synchro stator windings are given by Equation (E.12), Equation (E.13), and
Equation (E.14).

S1

Es; = KE,sin(6-211/3)sin(2zfit+¢)

S2

E; =K1

S3

Eo =K

where

SsTomx

Thus, th

S1

ES1 = (E

S2

Esg = (E

S3

L sind sin(27f,t+¢)

L, sin(G+27/3)sin(2xf t+¢)

is the transformer ratio (trans_ratio), assuming K to be the-sdme for all stator windings
is the reference amplitude in the primary (ampl)

is angular displacement of the rotor (angle)

is the reference frequency of the signal in the primary (freq)

is the zero index position of the rotor (zero indéx)

sin(2zf,t+p)) x (Ksin(6-27/3)

sin(2af ) (Ksin(6))

e operation of the synchro may be modeled-as the product of two signals for each output:

Es; = (E,sinQ2afit+p)) x (Ksin(6+27/3))

E.32.6 Example

See Figure E.56 for an example of SYNCHRO.

XML Static Signal Description:

<SYNCHRO name="SYNCHRO5" angle rate="5" freqg="20 Hz" />
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Signal

Figure E.56—SYNCHRO example

E.33 TACAN

E.33.1 Pefinition

Tactical| air navigation (TACAN) is a complete UHF polar ¢oordinate navigation system usigg pulse
techniqyes. The function operates identically as a DME, and the bearing function is derived by rotating the
ground fransponder antenna to obtain a rotating multilobe pattern for coarse and fine bearing infofmation,
as defingd in MIL-STD-291B [B17]. See Figure E.57.

The mofdel defines a subset of the TACAN X signal concerned with bearing, rather than the domplete
signal, gs test requirements dealing with TACAN\distance can be refined using the DME model.

The trapsponder emits RF pulses that are- amplitude-modulated to provide bearing informatipn. The
amplitude modulation is produced by(rotating a parasitic reflector array about the antenna fadiating
element| The array consists of on€ 15 Hz and nine 135 Hz reflectors. As the pattern from th¢ 15 Hz
reflectot passes through the magnetic east azimuth, a main reference burst (MRB) is transmitted, As the
pattern from the 135 Hz reflectors passes through east, an auxiliary reference burst (ARB) is trarfsmitted,
except when the pattern is-coincident with the 15 Hz pattern. This sequence produces a total of ohe MRB
and eight ARB bursts, per/antenna rotation. The airborne receiving equipment determines the| aircraft
bearing |from the grofind’station by measuring elapsed time, first, from the MRB to the 0° phage of the
15 Hz cpmponent.and, second, from the ARB to 0° of the 135 Hz component.

The TALCAN beacon also generates a two- or three-letter Morse identification signal every 37.5 s.
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E.33.2 Interface properties

Figure E.57—TSF TACAN

See Table E.62 for details of the TSF TACAN interface.
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Table E.62—TSF TACAN interface

Description Name Type Default Range
Transponder frequency freq Frequency 962 MHz 962 MHz — 1213 MHz
Modulation index mod_index Ratio 0.3 0-1
Magnetic bearing bearing PlaneAngle 0° 0°—-360°
Carrier amplitude car_ampl Voltage — —
E.33.3 Notes

The transponder generates 2700 pulse pairs per second, but with a jittered pulse repetition frequency (PRF).

The rotdting antenna modulates this signal at 15 Hz and 135 Hz using the same principles as-the[variable
phase infa VHF omnidirectional range (VOR) signal.

The MRB and ARB comprise 12 and 6 equally spaced pulse pairs, respectively. Spacing-has been fissumed
to be 30fs in the model. MRB and ARB pulse trains take priority over interrogator and)tandomly gpnerated
pulse pafirs; therefore, the model suppresses these pulse pairs at the appropriate tirfie,
This mqdel is a limited implementation to provide the basic TACAN sigfial, Many properties hgqve been
included as fixed parameters and have not been made externally accessible to the user. Some parpmeters,

such as|the beacon identification signal (comprising two or three Morse letters) and speed (i.e., [variable
pulse width and spacing) have not been addressed in model

E.33.4 Model description

See Table E.63 for details of the TSF TACAN model.

Table E.63—TSF TACAN model

Npme Type JTerminal Inputs Output F¢rmula
TACAN|Response | PulseTrain Signal — TACAN —
Train [Out]

pulses — — (0 ps,
3.5 ps, 1),
(15.p ps,
3.5ps, 1)
repetition — — 0
Signal [In] | Tacan_Modulated — —
Carrier
Gate [In] Tacan_Event — —
Train
Tacan_Modulated AM Signal — Tacan_Response —
Carrier [Out] Train
modIndex mod_index — —
Carrier [In] | Tacan Carrier — —
Signal [In] Tacan Modulation — —
Tacan_Event Train | OrEvent Event — Tacan_Response —
[Out] Train
Signal [In] | Random Event B — —
Signal [In] Reference Burst — —
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Table E.63—TSF TACAN model (continued)

Name

Type

Terminal

Inputs

Output

Formula

Tacan_Modulation

Sum

Signal
[Out]

Tacan Modulated
Carrier

Signal [In]

Tacan 135Hz
Modulation

Signal [In]

Tacan_15Hz
Modulation

Reference Burst

TimedEvent

Event
[Out]

Tacan_Event Train

delay

duration

period

repetition

Gate [In]

RB Gate

Random |Event B

ProbabilityEvent

Event
[Out]

Tacan_Event Train

seed

probability

10% (reply
effidiency)

Signal [In]

Random Event A

Gate[In]

RB Mask

Tacan_Chrrier

Sinusoid

Signal
[Out]

Tacan_Modulated
Carrier

amplitude

car_ampl

frequency

freq

phase

0 ragl

Random |Event A

TimedEvent

Event
[Out]

Random_ Event B

delay

0s

duration

20 us

period

37

[

repefition

Tacan 1jHz
Modulation

Sinusoid

Signal
[Out]

Tacan_Modulation

amplitude

0.5V

frequency

15 Hz

phase

bearing

Tacan_135Hz
Modulation

Sinusoid

Signal
[Out]

Tacan_Modulation

amplitude

0.5V

frequency

135[Hz

phase

bearing

RB_Mask

NotEvent

Event
[Out]

Random_ Event B

Signal [In]

RB Gate

RB_Gate

OrEvent

Event
[Out]

RB_Mask,
Reference Burst

Signal [In]

ARB Gate

Signal [In]

MRB Gate

MRB_Gate

TimedEvent

Event
[Out]

RB_Gate

delay

0s

duration

600 ps

period

15 Hz

repetition
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Table E.63—TSF TACAN model (continued)

Name Type Terminal Inputs Output Formula

ARB_Gate TimedEvent Event — RB_Gate —
[Out]
delay — — 0s
duration — — 300 us
period — — 135 Hz
repetition — — 0

E.33.5 Rules

ol loe Lomilie TQL
There agenro Specrarrarcsror-ths—1o1=

E.33.6 Example
See Figyre E.58 for an example of TACAN.
XML Static Signal Description:

<TACAN name="TACAN2" />

05 | H
0.0 HH‘H
T

Figure E.58—TACAN example

E.34 TRIANGULAR_WAVE_SIGNAL<type: Voltage|| Current|| Power>

E.34.1 Definition

A periodic wave whose instantaneous value varies alternately and linearly between two specified values
(i.e., initial and alternate). The interval required to transit from the initial value to the alternate value is
equal to the interval to transition from the alternate value to the initial value. See Figure E.59.
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ampl period dc_offset
Constant
dutyCycle Triangle
- 0, ,
=50% DC_Offset
Triangle Sum
E— Triangular Wave TRIANGULAR_WAVE_SIGNAL

Wave

Sigrrat

Figure E.59—TSF TRIANGULAR_WAVE_SIGNAL

E.34.2 Interface properties

See Tabje E.64 for details of the TSF TRIANGULAR WAVE SIGNAL.interface.

Table E.64—TSF TRIANGULAR_WAVE! SIGNAL interface

Description Name Type Default Range
Triangulgr wave signal amplitude | ampl Physieal — —+
Triangulgr wave signal period period Tinde — —+
DC offset dc_offset Physical —+
E.34.3 Notes
There afle no special notes for this TiSE:

E.34.4 Model description
See Tabje E.65 for details of the TSF TRIANGULAR WAVE SIGNAL model.
Table E.65—TSF TRIANGULAR_WAVE_SIGNAL model
Name Type Terminal Inputs Output Formula
Triangular Wave Sign | Sum Signal [Out] — TRIANGULAR WAVE —
al SIGNAL
Signal [In] Triangle DC Offset — —
Signal [In] Triangular Wave — —
Triangular Wave Triangle | Signal [Out] — Triangular Wave Signal —
amplitude ampl — —
period period — —
dutyCycle — — 50%
Triangle DC_Offset Constan | Signal [Out] — Triangular Wave Signal —
t amplitude dc_offset — —
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E.34.5 Rules

For this

signal, the allowable types are Voltage, Current, and Power. All types need to be consistent. Thus,

for example, if the triangular wave signal amplitude is specified in volts, then the dc offset shall also be
specified in volts.

E.34.6 Example

See Figure E.60 for an example of TRIANGULAR WAVE_SIGNAL.

XML Static Signal Description.:

<TRIA$GULAR_WAVE_SIGNAL name="TRIANGULAR WAVE SIGNALG" ampl="1"

dc_off

E.35 VOR

E.35.1

set="250 mV" period="0.001 s" />

Signal

05_|
0.0

05_|

Figure E.60—TRIANGULAR_WAVE_SIGNAL example

Definition

VHF omnidirectional range (VOR) is a system combining ground and airborne equipment to|provide

bearing

to orfrom a ground station, as defined in ARINC 579-2 [B3]. See Figure E.61. The VOR radiates a

RF carr

modulation

er/in~the band of 108.0 MHz to 117.975 MHZ w1th Wthh are assomated two separat’ 30 Hz
s on (i.e.,

reference phase). The phase of the other modulatlon (variable phase) is such that, at a point of observatlon
it differs from the reference phase by an angle equal to the bearing of the point of observation with respect

to the V

OR. The two separate modulations consist of the following:

— A subcarrier of 9960 Hz, frequency-modulated at 30 Hz, modulating the carrier to a nominal depth

of 30%. This 30 Hz component is fixed independently of the azimuth and is termed the reference
phase.

— A 30 Hz component, modulating the carrier to a nominal depth of 30%. This 30 Hz component is

caused by a rotating antenna that produces a change in phase with azimuth and is termed the
variable phase.
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E.35.2

See Tab)

nterface properties

Figure E.61—TSF VOR

le E.66 for details of the TSF VOR interface.

Table E.66—TSF VOR interface

Description Name Type Default Range
Carrier amplitudé car_ampl Voltage 2 mV —
Carrier fjequency car freq Frequency 107.975 MHz 107.975 MHz — 117.97p MHz
Radial bearing phase PlaneAngle 90° 0°—-360°
E.35.3 Notes

This model has limited functionality. It does not provide for the variation of some of the parameters (such
as the tone frequencies). The model may be modified by the user to include such parameters in the interface
properties.
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E.35.4 Model description

See Table E.67 for details of the TSF VOR model.

Table E.67—TSF VOR model

Name Type Terminal Inputs Output Formula

VOR_Signal Sum Signal [Out] — VOR —
Signal [In] Reference Phase —
Signal [In] Variable Phase —

Reference Phase AM Signal [Out] — VOR —
modIndex — - 03
Carrier [In] VOR_Carrier — -+

Signal [In] Modulated — —+
Subcarrier

Variable| Phase AM Signal [Out] — VOR —+
modIndex — — 0.3
Carrier [In] VOR_Carrier — —+
Signal [In] Var Tone — -+

VOR_Cqrrier Sinusoid | Signal [Out] — Referénce Phase, —+
Variable Phase

amplitude car-ampl — car_amplj2

frequency car_freq — —+

phase — — 0°

Modulat¢d FM Signal [Out] — Reference Phase —+
Subcarrig amplitude -~ — 1V (see NOTE)
carrierFrequency — — 9960 Hz

—

frequencyDeviation — — 480 Hz
Signal [In] Ref Tone — —+

Var_Ton Sinusoid | Signal [Out] — Variable Phase —+
amplitude — — 1V (see NOTE)

frequency. — — 30 Hz

1

phase phase — —+

Ref Tonp Sinusoid | Signal [Out] — Modulated —+
Subcarrier

amplitude — — 1V (see NOTE)
frequency — — 30 Hz

phase — — 0

NOTE—The BSC fequires a unity value for the amplitude of the modulating signal.

E.35.5 Rules

There are no special rules for this TSF.
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Annex F
(informative)

Test signal framework (TSF) library for digital pulse classes

F.1 Introduction

This annex provides a TSF library representing several digital pulse class signals, It illustrates the use of
the digifal stream basic signal components (BSCs) to create typical digital signals using differgnt pulse
classes. |JAn example of a TSF to reference digital files using the Digital Test Interchange Eorma{ (DTIF)
standard (i.e., IEEE Std 1445™-1998 [B15]) is also provided.

F.2 TSF library definition in extensible markup language (XML)

Where gxamples are given, their static signal description is provided in XMl The information pravided in
Annex 1| together with the detailed description of each TSF model in thisannex, may be used to cfeate the
exampld TSF library for the digital pulse classes that conforms to the XML Schema document dg¢fined in
Annex |

A complete XML instance document conforming to the requitements of this standard may be obtairjed from
the IEEE Standards download site (see IEEE 1641™) https://standards.iece.org/downloads.html

F.3 Graphical models of TSFs

A diagrpm is provided with each signal to (llustrate graphically the relationship between the BFCs and
interfac¢ attributes that make up the signal. In order to reduce the amount of information included in each
diagram}, inputs to BSCs that are at zero.er the default values are omitted.

F.4 Pulse class family of TSFs

The Pulse Class TSEs ‘are designed to be used with an event stream. The Encode BSC is used, which
provideg a basic digital'signal as a stream of bits derived from the data information. A Pulse Class TSF may
then be|used to, turn the digital stream into a real physical signal. Similarly, Decode is used fo allow
incominjg digital Signals to be measured and compared to the expected values.

F.4.1 Pulse classes
Figure F.1 illustrates the various pulse classes that are covered by TSFs in this annex. At the top of the

diagram is the digital data stream that is conveyed by the signal in each pulse class, i.e., the pattern
"HLHHLLHL" or "10110010".
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Figure F.1—Digital pulse classes

les on the left of the diagram indicate-the amplitude that the physical signal takes while tran
In the simplest case, Basic NRZ-or basic nonreturn to zero, the nonzero amplitude repfesents a
e or High, and the zero amplitude represents a logic 0 or Low. Other pulse classes
le transitions or have both positive and negative amplitudes within the signal. This is e

smitting
involve

kplained

te types
between

further ip each specific TSF example.
Many of the TSFs in this(annex produce the same pulse class waveform as the pulse class attriby
defined [for use with the digital BSCs (see Annex B). The following table shows the equivalence
the BS{ pulse classéattributes types and the digital TSFs in this annex.

BSC pulse class . - .

attribute types Equivalent digital TSF Description

NRZ RBac T\ID’7 T\I RretuER-to-Zere

RZ BasicRZ Return to zero

R1 — Return to one

RZPulse RZPulse Pulse return to zero

BiPLevel BiPLevel Bi-phase level

BiPMark BiPMark Bi-phase mark (pulse 0)

BiPSpace BiPSpace BiPhase space (pulse 1)

This annex include two TSF models, RZBipolar (return to zero bipolar) and AMI (alternate mark
inversion), which are not available as BSC pulse class types.
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F.4.2 BasicNRZ

F.4.2.1 Definition

A pulse class in which the digital data is carried by two physical signal levels (most often two voltage
levels), in which one level represents a logic one or High and the other represents a logic zero or Low.

See Figure F.1 for a typical waveform and Figure F.2 for a graphical model of the TSF.
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bnrz_data
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Figure F.2—TSF BasicNRZ

F.4.2.2(Interface properties

See Table F.1 fordetails of the TSF BasicNRZ interface.

Table F.1—TSF BasicNRZ interface

Description Name Type Default Range
Logic High Value logic H value Physical — —
Logic Low Value logic L value Physical — —
Digital Stream Input bnrz_data SignalFunction — —

F.4.2.3 Notes

There are no special notes for this TSF.
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F.4.2.4 Model description

See Table F.2 for details of the TSF BasicNRZ model.

Table F.2—TSF BasicNRZ model

Name Type Terminal Inputs Output Formula
BNRZ Selectlf SelectIf Signal [Out] — BasicNRZ —
Selector bnrz_data — —
Signal [In] BNRZ Logic Lo — —
Signal [In] BNRZ Logic Hi — —
BNRZ Iogic Hi Constant Signal [Out] — BNRZ _ Selectlf —
amplitude logic H value — —
BNRZ Togic Lo Constant Signal [Out] — BNRZ_Selectlf —
amplitude logic L value — —

F.4.2.5|Rules

There afle no special rules for this TSF.

F.4.3 BasicRZ

F.4.3.1|Definition

A pulse|class in which each bit period is subdivided\into two subperiods. The binary data is carri¢d in the
first subperiod. A logic one or High is carried by a pulse of one amplitude, and the logic zero of Low is
carried Py a pulse of a different amplitude. The second subperiod contains a “no pulse” condition, phich is
at the same level as the logic zero amplitude.

See Figyre F.1 for a typical waveform'and Figure F.3 for a graphical model of the TSF.
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Figure F.3—TSF/BasicRZ
F.4.3.2|Interface properties
See Tabje F.3 for details of the TSF BasicRZ interface.
Table F.3—TSF BasicRZ interface
Diescription Name Type Default Range
Logic High Value logic H value Physical — —+
Logic Lgw Value fogic L value Physical — —+
Input Clgck brz_clock SignalFunction —+
Digital Spream Input brz_data (In) SignalFunction — —+
F.4.3.3|Notes

The Input Clock needs to have the same period as the data rate from the digital stream.

F.4.3.4 Model description

See Table F.4 for details of the TSF BasicRZ model.
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Table F.4—TSF BasicRZ model

Name Type Terminal Inputs Output Formula
BRZ_SelectIf SelectIf Signal [Out] — BasicRZ —
Selector BRZ Masked — —
Signal [In] BRZ Logic Lo — —
Signal [In] BRZ Logic Hi — —
BRZ Masked AndEvent Signal [Out] — BRZ_ Selectlf —
Signal [In] brz_clock — —
Signal [In] brz_data — —
BRZ Logic Hi Constant Signal [Out] — BRZ SelectIf —
amplitude logic H value — —
BRZ Logic Lo Constant Signal [Out] — BRZ_SelectIf —
amplitude logic L value — —

F.4.3.5|Rules

There afje no special rules for this TSF.

F.4.4 BiPLevel

F.4.4.1|Definition

A pulse|class in which each bit period is subdivided intortwo subperiods. The binary data is carried by the
transitiop of the signal level during each bit peried, i.e., the amplitude is at one level during [the first
subperidd and at another level during the second subperiod.

A logic|one or High is carried by two subperiods in which the first is at the high amplitude levell and the
second gubperiod is at the low (zero) amplitude. A logic zero or Low is carried by two subperiods {n which

the firstis at the low (zero) amplitude e¢vel and the second subperiod is at the high amplitude.

See Figure F.1 for a typical waveform and Figure F.4 for a graphical model of the TSF.
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Figure F.4—TSF BiPLevel
F.4.4.2(Interface properties
See Table F.5 for details of the TSF BiPLgvel interface.
Table F.5—TSF BiPLevel interface
Diescription Name Type Default Range
Logic High Value logic H value Physical — —+
Logic Lgw Value logic L value Physical — —+
Input Clgck bipl clock SignalFunction — —+
Digital Sfream Input bipl data (In) SignalFunction — —+
F.4.4.3|Notes

The Input Clock needs to have the same period as the data rate from the digital stream.

F.4.4.4 Model description

See Table F.6 for details of the TSF BiPLevel model.
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Name Type Terminal Inputs Output Formula
BiPL_SelectIf SelectIf Signal [Out] — BiPLevel —
Selector BiPL Logic — —
Signal [In] BRZ_Logic_Hi — —
Signal [In] BRZ Logic Lo — —
BiPL_Logic SelectIf Signal [Out] — BiPL_SelectIf —
Selector bipl data — —
Signal [In] BiPL_N_Clock — —
Signal [In] bipl_clock — —
BiPL Lqgic Hi Constant Signal [Out] — BiPL SelectIf —
amplitude logic H value — —
BiPL_Ldgic Lo Constant Signal [Out] — BiPL_SelectIf —
amplitude logic L value — —
BiPL_N |Clock Not_Event Signal_Out — BiPL_Logic —
Signal[In] bipl_clock = —

F.4.4.5|Rules

There afle no special rules for this TSF.

F.4.5 BjPSpace

F.4.5.1|Definition

A pulse|class in which each bit period is subdivided into two subperiods. A transition occurs at th¢ start of
each full bit period. The logic one or High i§ represented by a second transition at the start of th¢ second
subperidd. The logic zero or Low has:ne’second transition, and the level remains unchanged for tHe whole

period.

See Figure F.1 for a typical waveform and Figure F.5 for a graphical model of the TSF.
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Figure F.5—TSF BiPSpace
F.4.5.2(Interface properties
See Tabje F.7 for details of the! TSF BiPSpace interface.
Table F.7—TSF BiPSpace interface
Diescription: Name Type Default Range
Logic High Value logic H value Physical — —+
Logic Law Value logic L value Physical — —+
Input Clock bips_clock SignalFunction — —
Input Double Clock bips_clock x2 SignalFunction — —
Digital Stream Input bips_data (In) SignalFunction — —

F.4.5.3 Notes

The Input Clock needs to have the same period as the data rate from the digital stream. The Input Double
Clock needs to have a period of exactly half the period of the Input Clock.

Published by IEC under licence from IEEE. © 2022 |IEEE. All rights reserved.



https://iecnorm.com/api/?name=2ce73c7daf85c12deb029177cb1a1a87

IEC 62529:2024 © IEC 2024
IEEE Std 1641™-2022 — 266 —

F.4.5.4 Model description

See Table F.8 for details of the TSF BiPSpace model.

Table F.8—TSF BiPSpace model

Name Type Terminal Inputs Output Formula
BiPS_Select SelectIf Signal [Out] — BiPSpace —
Selector BiPS_Digital Stream — —

Signal [In] BiPS_Logic Lo — —

Signal [In] BiPS_Logic_Hi — —

BiPS Dipital Stream | EventedEvent | Signal [Out] — BiPS_Select —

Signal [In] BiPS_S Data — —

Signal [In] BiPS_S Data2 — —

BiPS Logic Hi Constant Signal [Out] — BiPS_Select —
amplitude logic H value - —
BiPS_Logic Lo Constant Signal [Out] — BiPS. Select —
amplitude logic L _value — —
BiPS S Data2 OrEvent Signal [Out] — BiPS Digital Stream —
Signal [In] BiPS_S Data — —
BiPS_S |Data OrEvent Signal [Out] — BiPS_Digital Stream, —

BiPS_S_Data2

Signal [In] BiPS_QOne\Data — —

Signal [In] BiPSZero Data — —

BiPS_Zefo Data AndEvent Signal [Out] — BiPS_S Data —
[

Signal [In] BiPS N Data — —

Signal [In] bips_clock — —

BiPS_Orle_Data AndEvent Signak [Out] — BiPS_S_Data —

Signat [In] bips_data — —

Signal [In] bips_clock x2 — —

BiPS N |Data NotEvent Signal [Out] — BiPS Zero Data —

Signal [In] bips_data — —

F.4.5.5|Rules

There afle no specialrules for this TSF.

F.4.6 BjiPMark

F.4.6.1 Definition

A pulse class in which each bit period is subdivided into two subperiods. A transition occurs at the start of
each full bit period. The logic zero or Low is represented by a second transition at the start of the second
subperiod. The logic one or High has no second transition, and the level remains unchanged for the whole

period.

See Figure F.1 for a typical waveform and Figure F.7 for a graphical model of the TSF.
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Figure F.6—TSF BiPMark

F.4.6.2(Interface properties

See Table F.9 for details of the:I'SF BiPMark interface.

Table F.9—TSF BiPMark interface

Diescription Name Type Default Range
Logic High Value logic H value Physical — —+
Logic Law Value logic L value Physical — —+
Input Clack hipm_clock SignalFunction — |
Input Double Clock bipm_clock x2 SignalFunction — —
Digital Stream Input bipm_data (In) SignalFunction — —

F.4.6.3 Notes

The Input Clock needs to have the same period as the data rate from the digital stream. The Input Double
Clock needs to have a period of exactly half the period of the Input Clock.
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Table F.10—TSF BiPMark model

Name Type Terminal Inputs Output Formula
BiPM_Select SelectIf Signal [Out] — BiPMark —
Selector BiPM_Digital Strea — —
m
Signal [In] BiPM_Logic Lo — —
Signal [1n] BiPM_Logic_Hi — —
BiPM_Djgital Stream | EventedEven | Signal [Out] — BiPM_Select —
t Signal [In] BiPM_S Data — —
Signal [In] BiPM_S Data2 S —
BiPM L¢gic Hi Constant Signal [Out] — BiPM_ Select —
amplitude logic H value — —
BiPM_Lggic Lo Constant Signal [Out] — BiPM_Select —
amplitude logic L value — —
BiPM_S|Data2 OrEvent Signal [Out] — BiPM_Digital Stream —
Signal [In] BiPM_S Data — —
BiPM_S|Data OrEvent Signal [Out] N— BiPM_Digital Stream, —
BiPM_S Data2

Signal [In] BiPM_One Data — —
Signal [In] BiPM_Zero Data — —
BiPM_Zg¢ro Data AndEvent Signal [Out] — BiPM_S Data —
Signal [In] BiPM N Data — —
SignaM1In] bipm_clock x2 — —
BiPM_Ope Data AndEvent Signal [Out] — BiPM_S Data —
Signal [In] bipm_clock — —
Signal [In] bipm_data — —
BiPS_N |Data NotEvent Signal [Out] — BiPS Zero Data —
Signal [In] bipm_data — —

F.4.6.5(Rules

There afje no(special rules for this TSF.

F.4.7 RZBipolar

F.4.7.1 Definition

A pulse class in which each bit period is subdivided into two subperiods. Three signal levels are used, and
each bit is represented by the level during the first subperiod. The logic one or High is represented by the
first subperiod at a specified amplitude followed by the second subperiod at zero amplitude. The logic zero
or Low is represented by the first subperiod at second (normally negative) amplitude followed by the

second subperiod at zero amplitude.
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See Figure F.1 for a typical waveform and Figure F.7 for a graphical model of the TSF.
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Figure F.7—TSF RZBipolar
F.4.7.2(Interface properties
See Tabje F.11 for defails of the TSF RZBipolar interface.
Table F.11—TSF RZBipolar interface
Scription ame e efau ange
Deescripti N Typ Default Rang
Logic High Value logic H value Physical — —
Logic Low Value logic L value Physical — —
Input Clock rzb_clock SignalFunction — —
Digital Stream Input rzb_data (In) SignalFunction — —
F.4.7.3 Notes

The Input Clock needs to have the same period as the data rate from the digital stream.
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F.4.7.4 Model description

See Table F.12 for details of the TSF RZBipolar model.

Table F.12—TSF RZBipolar model

Name Type Terminal Inputs Output Formula

RZB_Select Sum Signal [Out] — RZBipolar —

Signal [In] RZB SelectIf 1 — —

Signal [In] RZB_Selectlf 2 — —

RZB_SelectIf 2 SelectIf Signal [Out] — RZB_Select —

Selector RZB Zero Data — —

Signal [In] RZB Zero — —

Signal [In] RZB Logic_Lo — —

RZB_SelectIf 1 SelectIf Signal [Out] — RZB_Select —

Selector RZB One Data S —

Signal [In] RZB Zero — —

Signal [In] RZB_Logic Hi — —

RZB Zeto Data AndEvent Signal [Out] — RZB SelectIf 2 —
Signal [In] RZB N Data — —

rzb_clock — —

RZB Onge Data AndEvent Signal [Out] — RZB_Selectlf 1 —

Signal [In] rzb_clock — —

Signal [In] rzb_data — —

RZB_Logic_Hi Constant Signal [Out] — RZB_Selectlf 1 —
amplitude logic H value — —
RZB_Logic Lo Constant Signal [Out] — RZB SelectIf 2 —
amplitude logic_L_value — —
RZB Zeto Constant Signal [Out] — RZB_Selectlf 1, —

RZB_SelectIf 2

amplitude 0 — —

RZB N |Data NotEyent Signal [Out] — BiPS_Zero Data —

Signal [In] rzb_data — —

F.4.7.5|Rules

There afje no special rules for this TSF.

F.4.8 RZPulse

F.4.8.1 Definition
This pulse class is very similar to BasicRZ as described in F.4.3, but with a duty cycle of 25%.

See Figure F.1 for a typical waveform and Figure F.8 for a graphical model of the TSF.
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Figure F.8-—TSF RZPulse
F.4.8.2(Interface properties
See Tabje F.13 for details of the TSE.RZPulse interface.
Table F.13—TSF RZPulse interface
Diescription Name Type Default Range
Logic High Value logic H value Physical — —+
Logic Lgw Valug logic L value Physical — —+
Input Clgck rzp_clock SignalFunction — —+
Input DopiblerClock rzp_clock x2 SignalFunction — —+
Digital Stream Input rzp_data (In) SignalFunction — —
F.4.8.3 Notes

The Input Clock needs to have the same period as the data rate from the digital stream. The Input Double
Clock needs to have a period of exactly half the period of the Input Clock.
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See Table F.14 for details of the TSF RZPulse model.

Table F.14—TSF RZPulse model

Name Type Terminal Inputs Output Formula
RZP_SelectIf SelectIf Signal [Out] — RZPulse —
Selector RZP_ Masked — —
Signal [In] RZP Logic Lo — —
Signal [In] RZP_Logic Hi — —
RZP_Masked AndEvent Signal [Out] — RZP_SelectIf —
Signal [In] rzp_clock — —
Signal [In] rzp_clock x2 — —
Signal [In] rzp_data — —
RZP Logic Hi Constant Signal [Out] — RZP_Seleotlf —
amplitude logic H value — —
RZP Logic Lo Constant Signal [Out] — RZPSelectlf —
amplitude logic L value — —

F.4.8.5|Rules

There afje no special rules for this TSF.

F.4.9 AMI

F.4.9.1|Definition

The altgrnate mark inversion (AMI)-‘pulse class requires three amplitude levels be defined. In this TSF,
only twgp of the amplitudes are speeified as the inverted logic one or High level is assumed to He of the
same ampplitude as the noninverted logic one or High but with the opposite sign. The logic one anjplitudes
are offs¢t from the amplitudespecified for the logic zero or Low.

See Figyre F.1 for a typical waveform and Figure F.9 for a graphical model of the TSF.
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Figure F.9—TSF AMI
F.4.9.2(Interface properties
See Tabje F.15 for details of the TSF AMI interface.
Table F.15—TSF AMI interface
Diescription Name Type Default Range
Logic High Valug logic H value Physical — —+
Logic LgwValue logic L value Physical — —+
Input Clock ami_clock SignalFunction — —
Digital Stream Input ami_data (In) SignalFunction — —

F.4.9.3 Notes

There are no special notes for this TSF.
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Table F.16—TSF AMI model

Name Type Terminal Inputs Output Formula
AMI_Select Sum Signal [Out] — AMI —
Signal [In] AMI One_Select — —
Signal [In] AMI Logic Lo — —
AMI Logic Lo Constant Signal [Out] — AMI_Select —
amplitude logic L _value — —
AMI Ong Select SelectIf Signal [Out] — AMI_Select —
Selector AMI_Digital Stream — —
Signal [In] AMI N Logic Hi — —
Signal [In] AMI Logic Hi — —
Gate [In] AMI Data 1 — —
AMI Digital Stream | EventedEvent | Signal [Out] — AMPFHOne_Select —
Signal [In] AMI Data 1 — —
Signal [In] AMI Data 2 — —
AMI N [Logic Hi Negate Signal [Out] — AMI_One_Select —
Signal [In] AMI Logie_Hi — —
AMI Logic Hi Constant Signal [Out] > AMI N Logic Hi —
amplitude logic(H wvalue — —
AMI Dafa 2 OrEvent Signal [Out] — AMI_Digital Stream —
Signal [In] ami_data — —
AMI Dafa 1 OrEvent Signal [Out] — AMI Digital Stream, —
AMI One_Select
Signal [In] ami_data — —
F.4.9.5(Rules

There afje no special rules for this TSF.

F.5 DT|IF

F.5.1 DIefinition

The DTIF TSF represents a simple TSF and contains only the “location” of the DTIF files and a definition
of how they shall be used. This TSF allows for the generation of a complete digital signal stream containing
all the digital patterns and necessary timing information.

This TSF provides support for digital data files defined in IEEE Std 1445-1998 [B15].

See Figure F.10 for a graphical model of the TSF.
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Figure F.10—TSF DTIF
F.5.2 Interface properties
See Tabje F.17 for details of the TSF DTIF interface.
Table F.17—TSF DTIF interface
Description Name Type Default Range
Path to dhta file path string C:\TPS\UUT\DTIF
Run mode run_mode enumeration GoyNogo Go_Nogo | Fault_Dictionary
| Guided Probe | GP_FD
F.5.3 Notes
The output from the DTIF TSF represents the.complete digital signal for all channels. The method jof using
a DTIF ['SF would be as follows:
— JAdd a Pulse Class to convert digital stream into the logic logic levels.
— Add a Digital Pins conngetor to identify the unit under test (UUT) pins used for the signals.
F.5.4 Model description
See Tabje F.18 for-détails of the TSF DTIF model.
Table F.18—TSF DTIF model
ame Type Terminal Inputs Output ormula
DTIF_Out DTIF Signal [Out] DTIF
path path —
run_mode run_mode — —
F.5.5 Rules

There are no special rules for this TSF.
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Annex G

(normative)

Carrie

G.1 Ca

This ang

r language requirements

rrier language requirements

ex describes the requirements for a suitable carrier language for mapping data and objects

n to the

signal and test definition (STD) methodology. The requirements address data definition, obj¢cts and

structuryq

G.1.1G

The carfier language shall run on a host system (in a compiled form if necessary). It may be supp
an operpting system (according to the requirements of the carrier language and host systet
statements written in the carrier language shall use the signal TPL statefnents and/or may use the
signal injterfaces to control signal behavior.

G.2 Int

The carrier language shall support the IDL or asseeidgted TypeLibrary as defined in the Di

Comput

G.3 Ds

The datatypes defined in G.3 shall\support the datatypes defined in the IDL. Table G.1 sh

relations
Supports

S.

eneral requirements

erface definition language (IDL)

ng Environment (DCE) Specifications [B5].

tatypes

prted by
n). Test

runtime

tributed

pws the

hip between the datatypeswrequired, their IDL names, and the carrier language datatype that

them.
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Table G.1—Datatypes used in STD

IEC 62529:2024 © IEC 2024
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. . Supported by XML
Name used in STD Reference IDL mapping (See NOTE)
any Datatypes VARIANT #any
boolean Boolean datatype | VARIANT BOOL std:boolean
digitalString Digital datatype BSTR std:digitalString
double Real datatype double std:double
IEEE Std
754™.-2008
[B14] (binary64
format)
enumCondition Enumeration enumCondition std:enumCondition
datatype
enumMepsuredVariable Enumeration enumMeasuredVariable std:enumMgeasured jariable
datatype
enumPulpeClass Enumeration enumPulseClass std:ehumPulseClass
datatype
int Integer datatype long std:int
2231 to —(231-1)
list Physical See Annex B SAFEARRAY (Physical) std:list_ Physical
list_any Datatypes & SAFEARRAY(VARIANT) std:list_any
Array datatype
list_boolgan Boolean datatype | SAFEARRAY(VARIANT BOOL) | std:list boolean
& Array datatype
list doulle Real datatype & SAFEARRAY (deuble) std:list_double
Array datatype
list_int Integer datatype SAFEARRAY (long) std:list_int
& Array datatype
list_string ASCII datatype SAEEARRAY(BSTR) std:list_string
& Array datatype
Physical] see Annex B Physical std:Physical
pinString Connector pin BSTR std:pinString
datatype
PulseDefjn See Annex B PulseDefn std:PulseDefn
PulseDefjns See_Annex B PulseDefns std:PulseDefns
string ASCII datatype BSTR std:string
<enumerftionList> User defined list | long Xs:string
of enumeration
values

NOTE—The namespace prefix “std” used in the “Supported by XML” column represents the namespace of thg STD

basic sighalcemponent (BSC) extensible markup language (XML) Schema.

*The numeric value of any physical type shall be supported by the real datatype (double).

G.3.1 Enumeration datatype

The carrier language shall allow the user to define and label an enumeration datatype, which includes a list
of specified enumeration values. Each enumeration value may comprise a string of one or more characters.

The enumeration value is then referenced (in the IDL interface) as an integer value corresponding to its
position in the enumeration list.
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G.3.2 Integer datatype

To establish, label, and identify decimal integer numbers. A decimal integer number is written as a string of
characters beginning with an optional plus or minus sign, followed by one or more digits (0 through 9).

The coded representation of the int type data shall be in the range of at least —2 147 483 648 to
+2 147 483 647 (i.e., supported by a minimum of 32 bits).

G.3.3 Real datatype

G.3.3.1|General
To establish, label, and identify decimal numbers. Numbers may be written in a fixed point or|floating
point foymat. IEEE Std 754-2008 [B14] defines the recommended formats for storing nimbers usefl as real
datatypgs.
For single-precision real numbers, the minimum precision of the coded representation of real data|shall be
at least |6 significant digits over a magnitude range of + (1-224)x2!28, which-is approximately gqual to
+3.402$235x10% (IEEE 754 format binary32).
For douple-precision real numbers, the precision of the coded representation of real data shall bd at least
15 significant digits over a magnitude range of + ((1-(1/2)>*)2\%4 which is approximately ¢qual to
+1.7976931348623157x10%%® (IEEE 754 format binary64).
G.3.3.2 Fixed-point number

A decinjal fixed-point number is written as a stritig of characters beginning with an optional plus ¢r minus
sign, followed by one or more digits (0 through 9), optionally followed by a decimal point and one|or more
digits (0 through 9).

G.3.3.3| Decimal floating-point number
A decinjal floating point number is written in the form +n.mE+p, where n, m, and p are numericgl strings
consistihg of one or more digits (0 through 9).

G.3.4 Gharacter datatype

To estallish,Aabel, and identify one ASCII 8-bit character or a string of ASCII 8-bit characters (AS{CII).

To establish, label, and identify one ASCII 16-bit character or a string of ASCII 16-bit characters
(UNICODE).

G.3.5 Boolean datatype

To establish, label, and identify the data values TRUE or FALSE.
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G.3.6 Digital datatype

To establish, label, and identify digital data.

Characters are used to represent the digital signals as follows:
— H logic high (or logic 1)
— h  logic high (or logic 1)

— 1 logic high (or logic 1)
— L logic low (or logic 0)

— logic low (or logic 0)

— P logic low (or logic 0)

— ¥ high impedance (absence of logic signal)
— K unknown or indeterminate logic level
— delimiter between blocks

— delimiter between blocks

Full detjils of use with BSCs are provided in Annex B.
The lowercase h (high) and 1 (low) characters are availablefor use with Response data. Care [shall be
exercise(d so that the lowercase L (1) is not confused with“the numeric character 1. When Stimgyilus and
Responge data are included in the same context, it is recommended that the numeric characters (0 apd 1) are
not used.

G.3.7 Qonnector pin string datatype

To estaflish, label, and identify physicalconnector pins. These pins are normally the unit under tegt (UUT)
pins.

A pin rfame shall be a configuous string of characters, which may include alphanumeric, hyplen, and
underscpre characters. Pifi names may not include a comma, semicolon, or whitespace character (namely,
space, new-line, carriage-return, line-feed, and tab).

Multipl¢ pin names are delimited by one or more whitespace, comma, or semicolon characters.

Full detjils are’provided in Annex B.

G.3.8 File datatype
To establish, label, and identify a collection of data items. Each data item has a position in the file.

The distance between two subsequent data items is one space. A file may not be nested within another file.
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G.3.9 Array datatype

To establish, label, and identify either a one-dimensional or a multidimensional ordered collection of data
elements of the same type. An array can have any number of dimensions that are identified by indices that
are bounded by upper and lower limits. All the elements in an array shall be addressed by their indices.

G.3.10 Record datatype

To establish, label, and identify a collection of data elements that need not be of the same type or structure.
Individual fields in a record shall be addressable by a name. Any type except “file” may be specified.

G.3.11 Objects, Variables and constants

To estaljlish, label, and identify objects, variables and constants. A unique datatype shalDbe assigred to an
establislied objects, variable or constant. A facility for initializing objects and variables shall be prdvided.

Any crepted object, variable or constant shall be accessible at the structural level where it is establighed and
at any irner nested structural level.

G.3.12 XML datatypes supported by this standard

Table G}2 provides a list of W3C XML datatypes supported by.this standard. These are listed together with
the IDL|name and the variant type name.

Table G.2—XML datatypes supported by STD

XSD (Soap) Type IDL Variant type
xs:anyURI BSTR VT _BSTR
xs:base64Binary SAFEARRAY (unsigned char) VT ARRAY| VT UIl
xs:boolegn VARIANT BOOL VT _BOOL
xs:byte byte VT_I1
xs:date DATE VT DATE
xs:dateTime DATE VT DATE
xs:decimpl DECIMAL VT _DECIMAL
xs:doubl double VT_R8
xs:duratipn BSTR VT BSTR
xs:ENTITIES BSTR VT_BSTR
xs:ENTITY: BSTR VT BSTR
xs:float float VT R4
xs:gDay BSTR VT BSTR
xs:gMonthDay BSTR VT BSTR
xs:gYear BSTR VT _BSTR
xs:gYearMonth BSTR VT BSTR
xs:hexBinary BSTR VT BSTR
xs:ID BSTR VT BSTR
xs:IDREF BSTR VT BSTR
xs:IDREFS BSTR VT_BSTR
xs:int long VT 14
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Table G.2—XML datatypes supported by STD

XSD (Soap) Type IDL Variant type
xs:integer DECIMAL VT DECIMAL
xs:language BSTR VT BSTR
xs:long DECIMAL VT _DECIMAL
xs:gMmonth BSTR VT _BSTR
xs:Name BSTR VT BSTR
xs:NCName BSTR VT BSTR
xs:negativelnteger DECIMAL VT DECIMAL
xs:NMTQKEN BSTK VI BSTK
xs:NMTOKENS BSTR VT BSTR
xs:nonNg¢gativelnteger DECIMAL VT_DECIMAL
xs:nonPdsitivelnteger DECIMAL VT DECIMAL
xs:normdlizedString BSTR VT BSTR
xs:NOTATION BSTR VT_BSTR
xs:positiyelnteger DECIMAL VT, DECIMAL
xs:QNanje BSTR VT.BSTR
xs:short short VT 12
Xs:string BSTR VT _BSTR
xs:time DATE VT DATE
xs:token BSTR VT BSTR
xs:unsigiiedByte unsigned byte VT Ul
xs:unsigrjedInt unsigned long VT Ul4
xs:unsigijedLong DECIMAL VT DECIMAL
xs:unsigedShort unsigned short VT UI2
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Annex H

(normative)

Test procedure language (TPL)

H.1 TPL layer

The TP

laver provides a mechanism for users who want to specifv test requirements in a textu

] format

and proy

rides a subset of the more traditional behavior expected from signals for test purposes.

H.2 Eléments of the TPL

The TPI

a)

b)

¢)
H.3 St

A test rq

a)
b)
¢)
d)
e)
f)

H.4 C4

The car

| comprises three elements:

Signal statements that are used to configure, manipulate, control, andmieasure signals

A carrier language that is a programming language in which thé_signals statements can be
sequenced, observed, and generally supported

Global variable flags, e.g., GO/NOGO

ructure of test requirements

quirement written using the TPL can include-the following elements:

Pragmas, such as native language includes, defines, and signal and test definition (STD) im
[Jser declarations of variables and‘functions

Program flow statements

[Jser-defined function.calls

[nput-output statements

TPL signal statements

rrier language

fier fanguage may be any programming language. It provides data definition, process

written,

ports

ng, and

control structures in which the signal statements ol the 1PL may be written, embedded and com,
translated.

piled, or

To facilitate portability of test requirements between different carrier languages without extensive manual
recoding, a TPL test requirement shall not include any carrier language constructs beyond the constructs
identified in the carrier language requirements detailed in Annex G.

H.5 Signal statements

The signal statements can be used to specify the signal test operations to be conducted on a unit under test

(UUT).
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