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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 Publlcat|on(s) ). Thelr preparatlon is entrusted to technlcal committees; any
IEC
Interpational, governmental and non- governmental organlzatlons liaising with the IEC also pattigipate in
this preparation.

IEEE] Standards documents are developed within IEEE Societies and Standards Coordinating Comnmittees
of the IEEE Standards Association (IEEE-SA) Standards Board. IEEE develops its standards through a
consensus development process, which brings together volunteers representing varied viewpojnts and
inter¢sts to achieve the final product. Volunteers are not necessarily members of-|[EEE and servg without
compensation. While IEEE administers the process and establishes rules tg.promote fairnesg in the
consgnsus development process, IEEE does not independently evaluate, test,“or verify the acquracy of
any ¢f the information contained in its standards. Use of IEEE Standards/decuments is wholly vpluntary.
IEEE| documents are made available for use subject to important notices and legal disclaimprs (see
http://standards.ieee.org/IPR/disclaimers.html for more information).

IEC ¢ollaborates closely with IEEE in accordance with conditions{determined by agreement betyeen the
two qrganizations.

The |formal decisions of IEC on technical matters expressy as nearly as possible, an intefnational
consgnsus of opinion on the relevant subjects since each technical committee has representation| from all
interested IEC National Committees. The formal decisionsef IEEE on technical matters, once cgnsensus
withih IEEE Societies and Standards Coordinating Committees has been reached, is determirfed by a
balapced ballot of materially interested parties who.indicate interest in reviewing the proposed gtandard.
Finall approval of the IEEE standards document is dgiven by the IEEE Standards Association (IEEE-SA)
Stanfards Board.

IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC
Natignal Committees/IEEE Societies in that sense. While all reasonable efforts are made to engure that
the technical content of IEC/IEEE Publications is accurate, IEC or IEEE cannot be held responsible for the
way |n which they are used or for anymisinterpretation by any end user.

In orfer to promote international unjformity, IEC National Committees undertake to apply IEC Publlications
(inclyding IEC/IEEE Publications) transparently to the maximum extent possible in their natignal and
regignal publications. Any divergence between any IEC/IEEE Publication and the corresponding|national
or repgional publication shallbe clearly indicated in the latter.

IEC Jand IEEE do not\ provide any attestation of conformity. Independent certification bodies| provide
confgrmity assessment-services and, in some areas, access to IEC marks of conformity. IEC and |EEE are
not responsible fon any services carried out by independent certification bodies.

All ugers should eénsure that they have the latest edition of this publication.

No l|ability shall attach to IEC or IEEE or their directors, employees, servants or agents including
indiv|dual 'experts and members of technical committees and IEC National Committees, or volunteers of
IEEH Saqeieties and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board, for any personal Injury, property damage or other damage of any nature whatsoever,
whether direct or indirect, or for costs (including legal fees) and expenses arising out of the publication,
use of, or reliance upon, this IEC/IEEE Publication or any other IEC or IEEE Publications.

Attention is drawn to the normative references cited in this publication. Use of the referenced publications
is indispensable for the correct application of this publication.

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.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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International Standard IEC 62529 / IEEE Std 1641-2010 has been processed through IEC
technical committee 93: Design automation, under the IEC/IEEE Dual Logo Agreement.

This second edition cancels and replaces the first edition, published in 2007, and
constitutes a technical revision.

The text of this standard is based on the following documents:

IEEE Std FDIS Report on voting
IEEE Std 1641-2010 93/322/FDIS 93/329/RVD

Full inflormation on the voting for the approval of this standard can be found innthég report
on votihg indicated in the above table.

The IHC Technical Committee and IEEE Technical Committee have-~decided that the
contenfs of this publication will remain unchanged until the stability.daté indicated|on the
IEC wegb site under "http://webstore.iec.ch" in the data related to,the“specific publication.
At this |[date, the publication will be
» recdnfirmed,

» withfrawn,

» replaced by a revised edition, or

* amgnded.

IMPORJTANT - The 'colour inside' logo-on the cover page of this publication indicars
that Ijt contains colours whichtare considered to be useful for the corré¢ct
understanding of its contents-"Users should therefore print this document using a
colour printer.
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Abstract: This standard provides the means to define and describe signals used in testing. It also
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IEEE Introduction

This introduction is not part of IEEE Std 1641-2010, 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 will be the same regardless of the equipment is used to create it. The standard
supports the implementation of new technologies by providing users with the ability to describe their own

signals rb—l_l—ﬁﬂ_l_m_m'm_y combining cxisting signals. 1nus, any desited signal may be described, and there 15 nojlimit on
the extepsibility of signals supported by this standard.

Signals |defined using this standard can be used in a programming environment of-the”user’s choice
provided that that environment fulfills the minimum requirements defined in this standard:-"This uniyersality
enables |the user to take full advantage of modern program structures and development envirgnments,
including graphical programming environments.

This standard was developed by the Test and ATS Description Subcomnittee (of the IEEE Spandards
Coordinpating Committee 20 (SCC20) on Test and Diagnosis for Electronie Systems), which has prgpared a
companjon guide, IEEE Std 1641.1™, to explain how to implement signal definitions and test requjrements
in confofmance with STD.

Notice to users

Laws jand regulations

Users of these documents should cofisult all applicable laws and regulations. Compliance ith the
provisiops of this standard does(net imply compliance to any applicable regulatory requifements.
Implemg¢nters of the standard ,are, responsible for observing or referring to the applicable rejgulatory
requirements. IEEE does nofiiby the publication of its standards, intend to urge action that i not in
compliaphce with applicable laws, and these documents may not be construed as doing so.

Copyrights

This dofument,is copyrighted by the IEEE. It is made available for a wide variety of both puplic and
private pses.,These include both use, by reference, in laws and regulations, and use in private self-
regulatidss dardizath and—the—premeot o He—practices—an etheds—By—making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012
-X- IEEE Std 1641-2010

a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all
http://stqndards.icee cadimpricee

other standards can be accessed at the following URL:
for errath periodically.

is URL

Interpretations

Current [interpretations can be accessed at the following URL: http://standard§.ieee.org/reading/iee/interp/
index.html.

Patents

Attentiop is called to the possibility that implementation of<this standard may require use of subje¢t matter
covered|by patent rights. By publication of this standard{f0 position is taken with respect to the gxistence
or Valiity of any patent rights in connection theréwith. The IEEE is not responsible for idgntifying
Essentiall Patent Claims for which a license may be-fequired, for conducting inquiries into the legal validity
or scopg of Patents Claims or determining whether any licensing terms or conditions proyided in
connectjon with submission of a Letter of Assurance, if any, or in any licensing agreements are rejsonable
or nond{scriminatory. Users of this standard are expressly advised that determination of the validitly of any
patent rjghts, and the risk of infringement of such rights, is entirely their own responsibility.| Further
information may be obtained from the JEEE Standards Association.
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Standard for
Signal and Test Definition

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, he
environinental protection. Implementers of the standard are responsible forcdetermining app
safety, security, environmental, and health practices or regulatory requirements.

This IBEE document is made available for use subject to important notices and legal disd

With, or
ropriate

Jaimers.

These potices and disclaimers appear in all publications containing this document aphd may

be foupd under the heading “Important Notice” or ‘Important Notices and Dis{
Concerning IEEE Documents.” They can also be obtained on request from IEEE or vi
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scppe

This stapdard provides the means to'define and describe signals used in testing. It provides a set of
basic signal definitions, built upen formal mathematical specifications, so that signals can be com|
form copplex signals usablg across all test platforms. The standard provides support for structura
languages and programminglanguage interfaces for interoperability.

1.2 Purpose

tlaimers
ewed at

ommon
bined to
| textual

This stahdard provides a common reference for signal definitions, which may be used throughout

the life

cycle of a unit under test (UUT) or test system. Such a reference will in turn facilitate information

transfer,

test reuse, and broader application of test information—accessible through commercially available

development tools.

1.3 Application

This signal and test definition (STD) standard provides the capability to describe and control signals, while

permitting a choice of operating environment, including the choice of carrier language. STD permi

ts signal

operations to be embedded in any object-oriented environment and thus to be used by the architecture

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |
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standards of various automatic test systems (ATSs). STD may be used to create truly portable test
requirements. It will allow test information to pass more freely between the design, test, and maintenance
phases of a project and enable the same information to be used directly across project phases. This more

efficient

1.4 An

use of information will lead to reduced life-cycle costs.

nexes

This standard also contains annexes that describe various elements of the standard in detail. The normative
annexes include definitions of the basic signals (in words and with reference to an extensible markup
language (XML) format), supporting mathematical definitions for these signals, dynamic model

informa
languag

Informa
XML dsg

2. Defjnitions, abbreviations, and acronyms

2.1 Definitions

For the
Dictiond

Abbreyv
the prey

either m

argume

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

automa
equipmg

M raat ot daleo i | Tt d dalio i £41 M 4 L s,
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h
L.

ive annexes are provided to present examples of signal libraries together with their as
finition.

purposes of this document, the following termssand definitions apply. The [EEE S
ry: Glossary of Terms & Definitions should be referenced for terms not defined in this clau

ated Test Language for All Systems (ATEAS): A stylized, abbreviated English languagg
aration and documentation of test requiréments and test programs, which can be impl

hnually or with automatic or semi-automatic test equipment.

nt: Input values that can be passed to a function.

Lic test system (ATS): A system that includes the automatic test equipment (ATE) and all
nt, support software), test programs, and interface adapters.

base cl

basic signal component (BSC): The lowest level of building block used to define signals.

. o PR 1
class: A ECIICTIC SCT Ol preutimet aosiract test o0 eTts:

ss: A class-ftom which another class inherits attributes or properties.

mputer

sociated

andards
se. !

used in
bmented

support

component: A part of a system, which may be hardware or software and which may be subdivided into

other co

mponents. Components communicate their functionality through their interface definitions.

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

! The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
? 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.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



http://shop.ieee.org/
https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012
IEEE Std 1641-2010 -3-

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 must be initiated with one of the signal method calls or by changing the interconnections of a
signal model.

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

interface definition language (IDL): A machine-compilable language that is used to describe the
interfaces that software objects call and object implementations provide. The language provides a neutral
way to define software interfaces.

method} Syn: function.

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

physical: Pertaining to the natural characteristics of the universe according to,the natural laws of scjence.

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

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

reservegl word: A keyword whose meaning and use ate.fixed by the semantics of a language. In cprtain or
all contgxts, a reserved word cannot be used for anypurpose other than as defined for that language]

semantics: A branch of linguistics concerned” with meaning. For the test procedure languagd (TPL),
semanti¢s is the connotative meaning of “words in an TPL statement. For software, semantigs is the
relationghips of symbols and their meaning, independent of the manner of their interpretation and juse. For
meta-la)jguages, 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.

SignalFunction: Themame of the base class, for all classes that provide signals.

Subclask: A class'that inherits attributes or properties from a base class.

static sigrial; A signal whose definition does not change over time. All basic signal components (BSCs)

d : 16 1 (TQ 1.1 o : 1
and test STgar IrameworK (T ST MoaCTS arc-statrcSTgnars:

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.

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.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |
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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 771-1989). (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 1671-2006). (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 requirement: A definition of the tests and test conditions required to be performed on a unit under test
(UUT) to verify conformance with its performance specification.

test specification: A definition of the tests to be performed on a unit under test (UUT) to verify
conformance with its performance specification, with or without fault diagnostics, and without reference to
any spedific test equipment.

test procedure: A description of the tests, test methods, and test sequences to be performeghon a utit under
test (UYT) to verify conformance with its test specification, with or without fault diagnostics, and|without
referenck to specific test equipment.

test program: An implementation of the tests, test methods, and test sequences o’ be performed ¢n a unit
under tast (UUT) to verify conformance with its test specification, with or without fault diagnosip. A test

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

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

unit unfler test (UUT): An entity that can be tested andthat may range from a single comporent to a
completp system.

value: The quantitative size of a signal attribute.

2.2 Abpreviations and acronyms

ARB auxiliary reference.burst

ARINC Aeronautical Radio, Inc.

ASCII American'Standard Code for Information Interchange
ATC air trafficcontrol

ATE aufomatic 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 [B12]%)
DME distance measuring equipment

DTIF Digital Test Interchange Format

IDL interface definition language

IFF identification, friend, or foe

ILS instrument landing system

MRB main reference burst

PRF pulse repetition frequency

* The numbers in brackets correspond to the numbers of the bibliography in Annex L.
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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. Strycture of this standard

3.1 Layers

This stagndard has a layered format depicted in Figufér1. Each layer and its purpose are desd
Clause 3. Each layer builds on items defined in previgus layers. This format does not require that ea
use only items in its immediate lower level, but-does imply that each layer has to be fully defined
of its loyver level layers.

Test Requirement Layer

J L

Test Signal Framework

J L

«\N\

ribed in
ch layer
in terms

Basic Signal Components

J L

Signal Modeling Language

Figure 1—STD layers
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This standard provides the capability to describe and control signals and allows the user to choose the
operating environment, including the choice of programming language. The STD test requirements take the
form of signal definitions, which can be written in any programming or declarative language, including
XML or object-oriented environment.

The link to Abbreviated Test Language for All Systems (ATLAS) and Common/Abbreviated Test
Language for All Systems (C/ATLAS) standards is preserved as test requirements are mapped to signals
that have formal definitions tied to the test signal framework (TSF) and basic signal component (BSC)
layers. This link comprises an example TSF library for ATLAS (see Annex E) and an annex showing how
ATLAS NOUNS and NOUN MODIFIERS may be supported (see Annex J).

3.2 Signal Modeling Language (SML) layer

The SMIL layer provides the mathematical definitions that support the description- of BS(s. This
mathemptical underpinning provides evidence that the signals defined by BSCs caf’ be fungtionally
compargd and simulated. The SML signal definitions form the basis for reusethat”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, fundamentalsignal classes. These classes d¢fine the
lowest lgvel of signal building blocks available to the STD envitonment. Each BSC is described bylits class
name, dlass type, properties and default values, XML Sehema definitions (XSDs), interface dpfinition
languagg (IDL) description, and SML signal definition,

3.4 TSF layer

The TSF layer identifies how libraries-'of reusable, formally described signal classes are defirfed. The
content jof a TSF library is a collgetion of domain-specific signal definitions made up from other TSF
signals gnd/or BSCs.

The TSK layer provides for TSF libraries, which are the extendibility mechanism that allows the cr¢ation of
additionpl signal class definitions. Each TSF class within a TSF library is described by its class nathe, class
type, prpperties and default values, XML description containing an interface definition in XML/ a static
signal nfodel definifion; and a textual description from which an IDL interface and XSD can be derived.

A TSF library may contain TSF classes, which themselves refer to other TSF classes. In order|that the
library definition is complete, any TSF classes so referenced shall be provided.

3.5 Test requirement layer

The test requirement layer allows test descriptions (e.g., test requirements, test procedures, test programs)
to be formally described by combining STD signals with features that satisfy the carrier language
requirements (see Annex G).

Test specifications and signal libraries conforming to the requirements of this layer may be ported between
different ATSs with the same functional capability and carrier language. Minimal translation would be
required to convert between different carrier languages.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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The signals may be described using XML, calls to the IDL interface, or the STD-specific test procedure
language (TPL). The TPL allows test actions to be formally described in a stylized textual format suitable
for preprocessing into a target carrier language

3.6 Using the layers

A user need only refer to the layers that are required to directly support a signal or test that needs to be
defined. In many cases, only BSCs and TSFs are required to describe a signal using, for example, XML
descriptions. Signal descriptions may be reused as required with different attribute values. They are created

when re
destroyq
signals,
normati

All nam
Howeve

4. Sig

4.1 Int

Througli
where
characte
interface
may be
SignalF
Abstract
that maj
SignalF
referenc
with res
to build
abstract
differen
same Sig
signal d
indepen

quired and destroye

an take are outlined

events, and digital streams c in Clause 3 and explained in deta

yc anncxes.

es used for entities defined in this standard are case sensitive, e.g., signal names, attributg
r, names of elements within the same scope shall not be differentiated solely, by case.

hals and SignalFunctions

roduction

out all the layers, there exists the concept of signals. Signals are the outputs from SignalFy
bignalFunctions are interconnected and built\up as required to provide the require
ristics. The signal is considered “physical”’wonly when it is used, e.g., when applied to a
. By definition BSCs are SignalFunctions? SignalFunctions are characterized by their typ
typeless, generic, or abstract or.may map onto a physical type. Examples of

inctions are events. Generic SignalFunctions (such as Sum) inherit their type from thei
SignalFunctions provide typeless-value information (such as RMS sensor). An example

bs onto a physical type is Yoltage, such as in a Sinusoidal signal of type Voltage. The t
inction also includes the reference type; most signals encountered in this standard }
e type Time. Thereforejha Sinusoidal Voltage signal describes how the signal’s voltage
bect to time, in a sinuspidal manner. The use of types is such that SignalFunctions can be ¢
signals only when_they have compatible types such as when one or more of the types are
or generic or.where the different signal types can be provided independently. Types thal
and that répresent a transform are allowed, as they represent a different method of specif
rnal, e.g.,\Sinusoid (Voltage, Frequency) with Sinusoid (Voltage, Time). An example of a
bfinition.is one in which both current and voltage are specified because both cannot be ¢
Hently.” Extendibility is served by providing the capability to describe new signals forn

creating

d when their function is complete, e.g., a signal used in a measure
renrtiscomplete—{tmiessotherwisedetermined—rthetest—TFhe—stples that

ment is

| in the

names.

nctions,
| signal
JUT pin
e, which
typeless
- inputs.
f a type
ype of a
ave the
changes
mbined
ypeless,
t appear
ying the
n illegal
ntrolled
nally by

them from the Pyicﬁng Qignq]c in either the TSE or BSC laver Qignalpnnr‘ﬁnnq are desd

ribed in

detail in Annex B.

NOTE—The standard does allow a voltage to be specified together with a current limit (or vice versa) because limit
signals are generic types.”

A physical signal, event, or digital stream element may be active or inactive and also may be controlled by
events, i.e., it may be gated on or off. Thus, there are four possible states that may be adopted: active &
gated on, active & gated off, inactive & gated on, or inactive & gated off. Not all four states are applicable
to all signals, events, and digital elements. The states that can be adopted by each may be illustrated
diagrammatically (see Figure 2, Figure 3, and Figure 4). These figures provide a simplified indication of

4 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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the states that can be attained by a sources. The states attained by conditioners will also depend upon the
signals on their inputs.

4.2 Physical signal states

Figure 2 shows the states available to a signal. Before a signal exists, it may be considered to be in the
“No Signal” (Z) state. When it is invoked, it passes into the active state and, in the simplest case, will
appear with its specified value (V), i.e., the “Signal with Value” state in Figure 2. The value may be
changed while the signal exists, as indicated in Figure 2 by the value changing from Vx to Vy and so on. If
the signal is provided with a gate, the signal may be gated on and off by external events. When the signal is
gated on—the—stgnattis—e tth—tts—speetfred—vatte—Whemr—pgated— re—stenat-hasne—vaktenic., the
signal i active but nothing is known about its value. When subsequently gated on again, the signall appears
with its |current value. In other words, the value may have changed while it was gated off(but cgnnot be
determifed until is it gated on again.

No Signal (Inactive Signal)

0 Z

Inactive

AN Active
Signal with No Valuée Signal with Value

VX va@vy

= >

(Changing values)

Off On

Figure 2—Signal states

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

The output of a signal carries its own event information: an active signal is equivalent to “Event Active,”
and “No Signal” is equivalent to “Event Inactive.”

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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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 Event” (Z) state. When it is invoked, it passes into the gated on state, but may be active or inactive. An
event may change between active and inactive while gated on. Signals may be gated on and off by an event
as explained in 3.2. Other events may be gated on and off by an event, and as shown in Figure 3, these
other events are switched between the “No Event” state and either the “Event Inactive” or “Event Active”

state, as

appropriate.

When u

“Event InactiveX state; either of these will effectively gate the signal off. Only the “Event Active”

gate thg

No Event Event Inactive
| ﬁ

7 I

Inactive

Active

Event Off Event Active

X A

Off On

Figure 3—Event states

sed to gate a signal, there is very little difference between an event in the “No Event” statd

signal on. The difference is apparent when gating an event such as a NotEvent. A N

and the
tate will
otEvent

changes

anv“Event Active” state at its input to an “Event Inactive” state at its output, and vice versa

. Gating

a NotEvent will change its output between “No Event” and the appropriate “Event Active” or “Event
Inactive” state.

The fourth state, “Event Off,” may be considered not to exist for an event source.

4.4 Digital stream states

Figure 4 shows the states available to elements of a digital stream. When there is no digital signal, it may
be considered 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 shown in Figure 4.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |
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Digital Off Digital Low

| < >

) Z L &

A “Digi
states re
digital s
stimulug
states W
usually

It is imy
been col

5. SM

I
i (No Signal or (Logic Zero)
. ogic Zero
; High Impedance) TECIVE
i Active
Unknown State Digital High

=

=

(High Impedance & not monitored ) (Logic-One)

Off On

Figure 4—Digital stream states

tal Off” (Z) state indicates that there is\no signal. The “Digital High” (H) and “Digital L
present the normal two digital states((0 and 1). The “Unknown State” (X) represents the 4
jgnal is present, but it is not possible to know what it is. It is not driving a 1 or 0 when u
, and it is not monitored when.used as response information (a “do not care”). Both the
ill be represented by an X\(Signal with No Value) state when converted into a physica
n the form of a high impedance output.

ortant to note that Figure 4 applies only to digital stream information. After a digital sty
wverted into a physical signal, the description in 3.2 applies.

| layer

ow” (L)
ct that a
sed as a
X and Z
| signal,

cam has

The SML Tayer provides the definition 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 behaviors that can be
combined as necessary to produce the desired signal definition. This clause describes the use of SML to
define signals, the measurement of signal parameters, and the conditions that a signal must meet.

The SML provides an exact mathematical definition for each BSC, in terms of dependant 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. An execution mechanism
may be provided 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 dependant variable, and
the reference type is known as the independent variable.
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6. BSC layer

Clause 6 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 tradional 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 atfe the fundamental components of this standard. The.BSCs are the building blocks used tp define
more complex signals and cannot be decomposed into simplet‘components.

BSCs are used to build signal models, which define the'required signal. A signal model can containfa single
BSC to flefine a simple signal or combined BSCs t¢-define a more complex signal.

BSCs chn be used to either define static Signal models or perform dynamic signal programmning by
progranjmatically 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.e., thenJDL description) can also be used to define dynamic signal definitions,
where the value of the attributes 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
charactgyristic attribute,

Unless ptherwise*stated, the default reference type for a BSC is Time; and where required, thq default
signal t)lpe 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

f)  An XSD entry

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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The following 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.

NOTE—Annex D and Annex I are normative annexes in that they provide the normative descriptions for the BSCs in

IDL and

6.3 Si

A templ
class ha
Note thd

The use
been wrf
this stan
defines.
classes;

Tibed T other imterface targrages:

nalFunction template

ate is used as document shorthand to define types of derived classes of SignalKunction, wh
5 similar behavior and supports the same IDL description, but describessignals of differe
t the class name is always the same; only the class type changes.

tten using “cut & paste” and replacing the keyword “type” withiany physical class define
dard. Substituting <type:...[,ref:...]> with each alternative-cfeates the class type that the
The specific type alternatives provided in the template identify the more commonly use
once the template is defined, any type or reference can'be used.

The forrpat for the template header is as follows:

Where 1
Time.

For exal
supports

a)

b)

c)
NOTE 1

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

lo explicit types are provided, the default type is Voltage, and the default reference typg

nple, Sinusoid<type:Voltage|[Current||Power> defines the following classes, where ed|
the Sinusoid interface,through the IDL definition:

Sinusoid (Voltage) full type: Sinusoid (Voltage, Time)

Sinusoid (Curtent) full type: Sinusoid (Current, Time)

Sinusoid (Power) full type: Sinusoid (Power, Time)

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

ere each
Nt types.

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

d within
emplate
d signal

(ref) is

ch class

NOTE 2

| This template convention is adopted in the remainder of this standard.

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 will generally be a collection of domain-specific signal
definitions.
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All TSF classes shall exist in an XML TSF library conforming to Annex I. Additional support
documentation and interface files may also be provided.

71TS

F classes

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

A TSF class shall be defined with a valid XML TSF element utilizing the attribute model and description
elements.

A TSF
followin

A TSF d
the com

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

There iy no difference between a TSF clags built from BSCs only and a TSF class built from BSC
other exfisting TSF classes. The resultant’signal from a TSF class is determined by the operation

compon|

When a
case, thi

The actyal number of iterations required is reflected by the accuracy of the signal required or uncerf

the mea

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

is depre
now be

7.2TS

2:

BSCs
Dther TSF classes

Reference to the TSF class being defined

lass’s signal description utilizing a TSF component is identical te’a signal description incor
blete 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 component restarts its operation when its Sync (see Annex B) event arrives.

ents down to the lowest level (i.e., BSCs).

TSF signal model makes references to itself, it creates a recursive signal model definitio
TSF is regardedras-d signal transform, where each iteration is providing a more accurat

urement. To)bea proper signal model definition, the TSF signal transform should be conve

tatedand maintained for support of the earlier edition of this standard. Such TSF definition

tlass model shall be described only as a static signal model and may contain elements }rom the

porating

hal class

s and/or
bf all its

. In this
e signal.
fainty of
rgent.

RS232)
5 should

jefined by an external reference (see 7.3).

F 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
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conflict between the model diagram and the model description table, the model description table

takes precedence.

Interface properties table listing the TSF interface properties.

Notes as needed for any additional explanations.

element in the model is supported by a definition in the BSC.

Equations as needed to define the operation of the model.

Rules as needed relating to the operation of the model.

Model description table, which lists the component parts of the signal and their relationship. Each

terface properties table

rface properties table shall comprise the following five columns:

Pescription. The descriptive name of the attribute.

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

be chosen from the list provided with the signal title. If more thah one attribute has the ty
hs physical, then all attributes shall be of the same type.

hot specifically defined. If no default value is given, then the user shall provide a value.

Wwithin this range.

user should provide the physical type, ‘amplitude, and frequency as a minimum. The phys
y determined from the units given with the value; for example, an amplitude of 10 V indic
ical type is Voltage. If no DC Offset or initial phase angle is defined, each attribute will asg
alues given in the table. Note'that the DC Offset is of the same type as the AC Signal ampl

Table-2=Example of TSF interface property table

Description Name Type Default Range
AC.Signal amplitude ac_ampl Physical — —
D Offset dc_offset Physical 0 —
AC Signal frequency freq Frequency — —
AC Signal phase angle | phase PlaneAngle 0 rad 0—2mn rad

ype. The attribute type as defined in the BSC. If the type is given.as physical, the actual type shall

be given

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

Range. If a range is given, it indicates the valid range for the attribute. The attribute value fnust fall

shows an interface property table for a sample signal (in this example, AC_SIGNAL). It indicates

cal type
ptes that
ume the
tude.

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 must

be less than (or equal to) 3%. As such, all such capability attributes are optional.

722 M

odel 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:
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Table 3

7.2.3 TBF figures

Each TPF figure provides( a) pictorial description of the model description and interface pr
These figures give an intuitive representation of a signal model, which is based on the BSC
(see Fig

The ext
Figure

the requjredssignal. See Annex E and Annex F for examples of TSF figures.

Name. The given name of the BSC or TSF within the model.
Type. The type of the BSC or TSF.

Terminal. The terminal names of the BSC or TSF, usually in the order of outputs followed by

inputs.

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

Output. The output(s) of the BSC or TSF. Some BSC or TSF signal outputs will be inputs to other

BSCs or TSF signals within the model, and at least one will be the output from the model.

Formula. An optional mathematical definition (or constant value) of the function or input. Where
the formula references another attribute from within the TSF model, the formula value should be

shall be the natural translation between the types supported by the expression handler defin

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 Compornent — —
AC Component | Sinusoid | Signal [Out] — AC Signal —

amplitude ac_@mpl — —

frequency freq — —

phase phase — —
DC Offset Constant | Signal [Qut] — AC Signal —
amplitude dc_offset — —

.1). Mhe internal structure shows how BSCs and other TSF components are combined to

Evatuated cvery fimc the relerence valuc clianges. The 1mleclf franslation Irom onc Eype Td another

bd.

shows a signal model for AC_SIGNAL. A BSC of type Sinusoid (named A€.Compgnent) is
summed with a BCS of type Constant (named DC Offset) to create the AC_SIGNAL;

bperties.
diagram

ire B.1). They.\do not infer the use of any specific signal resources. If the TSF figure is not
consistept with the.model description table or the interface properties table, then the tables take pre

bedence.

rnal interfaces and properties are illustrated in the same manner as for an individual BSC (see

provide

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:
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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.

Group, which provides the facility to indicate that a set of TSFs is part of a single group. TSFs are
considered to be in the same group if their Group attributes have the same name. Subgroups can be
introduced by using concatenated group names separated by a colon (), e.g., “groupl:subgroupA.”

All attributes used within a TSF shall have their Type defined. In the event that the Type of an attribute is

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

7.3 TSF signals defined by an external reference

A TSF jmay be defined by an external reference such as an internationally recognized.'standard
method s used to define a TSF, the reference must be complete and explicit with a fullsotrce refer

Any attfibute names used must be defined in the external reference or fully desctibed in terms of ¢
in the ejternal reference.

8. Test procedure language (TPL)

The TPL (see Annex H) provides a mechanism for users who want to document test requiremg
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 frq
ATLAS]in that it does not provide a fully defined programming language. Instead, STD allows
adopt their own preferred programming languagéiin which the signal statements and the un|
semanti¢s of tests can be written.

8.1 Gaals of the TPL

The goals of the TPL are as follows:

a) [ts keywords hayesmeanings that are normally accepted by the worldwide testing communit]

b) [t is an efféétive means for communicating test information relating to the testing of]
between, an priginator of a test requirement and an implementer of a test requirement.

c) [lest(requirements written according to the TPL rules shall be portable to implementa

. If this
ENCe.

lements

nts in a
h as the
m using
users to
derlying

y.
a UUT

ions on
bw 1t 1S

Hiff€rent designs of test equipment that have the same testing capability no matter h

AR |
CUIILIUTICU,

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
sequenced, observed, and generally supported.
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8.3 Use of the TPL

To produce test requirements using the TPL, users shall embed the test statements in their preferred carrier
language.

Users must recognize that there must be some translation mechanism to convert from this neutral format of
the signal statements into their preferred carrier language format before the test statements can be compiled
and executed.

Use of a translator to convert the neutral representation of the test statements into the carrier language
format offers certain benefits in that parameter type checking and semantics checks can be conducted prior
to test execution.

9. Maximizing test platform independence

The use|of this standard allows signal definitions to be created without reference t0) their final appllication.
This approach in turn facilitates the definition of test requirements that provide'the ability to achjeve test
applicatjon interchangeability across different test platforms. This best practiee.is encapsulated in Annex K,
where alset of rules that should be followed when developing test applications s defined.
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Annex A

(normative)

Signa

I modeling language (SML)

A.1 Use of the SML

In gene

1, unless a user needs to generate new kevwords for the test methodology, there is no req

irement

for a u
Occasio
some sig
test met

er to refer to the SML in order to generate test requirements for a unit under test
hally, a user may need to refer to the SML either for the mathematical justification or.simu
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 will need to refer to théySML in

ensure that any new keyword that is introduced into the test methodology is coherent with the

predefin

standard.

For the
generatg
been ad

NOTE—
continuo
line leng|
continuo
with the

ed keywords. The purpose of this step would be to submit a proposal fot future releasg

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 precéded 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’Haskel compiler, the lines should be reii
s starting at the “>" symbol. Care should be taken,t¢ ensure that the “>" (start of line) symbol is not
->” symbol.

A.2 Infroduction

This anpex describes how the SML can _define the signal characteristics, signal measurements, an

conditio
and its [
provide
mechan]
and me3

This an

ns to meet particular applidations. A SML signal model is a mathematical definition of th
roperties. The definition fepresents the functioning of a signal entity for both its use and

a formal definition®ef 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.

ex provides, and builds upon the following:

Pefinitions for the basic signal components (BSCs)

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

Ctions to
B7] has

h line is
estricted
stated as
confused

d signal
e signal
reuse. It
kecution
domain

CHTIHONS foT the COMDITIITE TECTATISIT fOT PICCEWIST COIMITIUOUS SIgNats and Otiers

As a convention, the reserved words for the SML entities are written in italics in the format descriptions.

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.

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

(::)isus

ed to define the type of a function or expression.
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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 letter in the format
descriptions.

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 construetor kqywords,
OHM, HOHM, MOHM, followed by a value of type Float, e.g., 5 kQ is written KOHM)5:0.

Type cliisses can be defined using the keyword class that introduces the name'\0f'the type class|and the
allowed|functions that operate on any type belonging to this type class. All type ¢lass names shall sfart with

a capita] letter in the format descriptions. The type class definition can al$o’constrain the types|that are
allowed|to belong to the type class by ensuring that they belong to other type classes.

Exampleg:
class (Ord a, Show a) => Physical a where ..
In other]words, a type class Physical is defined so thatrenly types that belong to the type classes Ord and
Show njay belong to the new type class 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.

Examplg:

instance Physical Resistance where ..

A.3 Physical types

All phydical types ate held in the module Physical:

xmodule 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.

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.
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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 A.1. In some cases, the appropriate unit is not clear (e.g., in a very general signal creation method).
In these cases, a general routine is used to convert the floating-point value into a physical value whose type
is deterrhined from the context. This conversion is accomplished by the following form:

> toPhysical:: Float -> a

All phygsical types are defined with a data declaration and the instance mappihg fromPhys{cal and
toPhysidal and shall also be instances of classes Eq and Ord implementing (=) 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 “SME-type” column, and the al{ernative
construdtor names are provided in the other SML columns. Standard ‘physical conversions may need to be

used whien multiple units are used.

Examplq

]

>data PlaneAngle = RAD Float | MRAD.¥Wiloat| URAD Float |
> DEG Float |

> REV Float deriving (Show)

>instance Physical PlaneAngle Wwhere

fromPhysical (RAD x) =vXx

fromPhysical (MRAD~X) x * 1.0e-3
fromPhysical (URAD. x) = x * 1.0e-6
fromPhysical (BEG x) = x * (pi/180)
fromPhysicad (REV x) = x * (2%pi)
toPhysicalsx™= RAD x

VVVVVyVv

>instance Eq BlanéAngle where
> x ==y = ($fromPhysical x) == (fromPhysical y)
>instance O¥xd PlaneAngle where
> x <= y.= (fromPhysical x) <= (fromPhysical y)

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

X fromPhysical (OHM x) = x
fromDPhusical (KOHM 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

0 3 6 9 -3 -6 -9 -12
SML type Unit | symbol| o0 | GV | omp | sML | sML | sMmL | swmL | sw
PlaneAngle radian rad |RAD — — — MRAD | URAD — —
degree ° DEG — — — — — — —
revolution — REV — — — — — — —
SolidAngle steradian sr SR — — — MSR — — —
Capacitance farad F FD — — — — UFD NFD PFD
Charge coulomb C C KC — — — ucC NC —
Conductance siemens S S — — — — — — —
Current aTTpeTe A A A — — MA BA 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 — = — — —
Magneticllux weber Wb |WB — — —£ MWB — — —
MagneticlluxDensity tesla T T — — = MT UT — —
Force newton N N KN — — MN UN — —
Frequency hertz Hz |HZ KHZ MHZ GHZ — — — —
[lluminange lux Ix LX — o — — — — —
Inductancg henry H HEN — — — MH UH NH PH
Luminancg candela per cd/m* |NT — — — — — — —
square meter
Luminousf lux lumen Im LM — — — — — — —
Luminous[ntensity candela cd CD — — — — — — —
Mass kilogram kg |KG — — — G MG ug —
Power watt w w Kw — — MW uw — —
Pressure pascal Pa, PA KPA — — MPA UPA — —
millibar mbar | MB — — — — — — —
Resistanc ohm Q OHM KOHM | MOHM — — — — —
Temperatyre kelvin K KEL — — — — — — —
deg. Celsius °C |DEGC — — — — — — —
deg. °F | DEGF — — — — — — —
Fahrenheit
Time second s SEC — — — MSEC | USEC NSE[C —
minute min | MIN — — — — — — —
hour h HR — — — — — — —
Voltage volt \% KV — — MV uv — —
Volume liter L LITER — — — ML — — —
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Table A.2 provides two further special physical types that are provided to support the SML.

Table A.2—Special physical types and their units

0 3 6 9 3 -6 -9 12

SML type Unit Symbol S}\(/}L S}\(/}L sﬁL sﬁL Sll\(/)[L Sll\(/)[L slﬁL Sll(\)/IL
BurstLength cycle — CYCLE — — — _ _ _ _
pulse — | PULSE — — — — — — —
RatioInOut decibel dB DB — — — — — — _

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.

>module Pure where
>import FFT
>import Complex
>import Random
>import Physical
>infixr 7 |>

Any dathtype can declare itself as a signal by declaring itself an.instance of the class Signal.

>class Signal s where

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

> mapSigList:: (Physical a, Physieal b) => (s a b) -> [a] -> [b]
> toSig:: (Physical a, Physical~b) => (s a b) -> SignalRep a b
> isInactive:: (Physical a, Rhysical b) => (s a b)-> a -> Bool
> 1sOff:: (Physical a, Physical b) => (s a b)-> a -> Bool

> isZzZ:: (Physical a, Phys4cal b) => (s a b)-> a —> Bool

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

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

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

> mapSignal = mapSignal . toSig

> mapSigList = map' . mapSignal

> toSig = FunctidonRep . mapSignal

> isInactive = isInactive . toSig

> 1sOff =.1s0ff . toSig

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

> 1sX.'s t = not (isInactive s t) && (isOff s t)

> 1isL=s t = (isInactive s t) && not (isOff s t)

> ,4isH s 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.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012
IEEE Std 1641-2010 -23 -
— As piecewise continuous windows made up of other signal representations.

— 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 signal] representation is an instance of the class Signal and an instance of class Calculus, Which provides
function| integration and differention 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 f
mapSigList (PieceContRep f) = mapSigList f
toSig = id

isInactive ZRep _ = True

isInactive NullRep _ = True

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

1sOff ZRep _ True

isOff XRep _ = True

isOff (PieceContRep f) t = isOffJ)f t

isOff = False

VVVVVVVVVVVYVYVYVYVYVY

>class Calculus a where

> i dx :: Float ->.a 7 a
> d dx :: Float 7>'a -> a
>

>instance (Physicalga,.Physical b) => Calculus (SignalRep a b) where
i dx dx ZRep =\ZRep
i dx dx XRep, =) XRep
i dx dx NullRep = NullRep
i dx dx $ = FunctionRep (\x -> toPhysical § dx * (sum § map fromPhysical $
mapSigList s $ map toPhysical [0,dx..fromPhysical X]))
d dx=dx ZRep = ZRep
d dx_dx XRep = XRep
d\dx dx NullRep = NullRep
d/dx dx s = FunctionRep (\x -> toPhysical §
(fromPhysical (mapSignal s x) - fromPhysical (mapSignal s
vl

PR LY N q k] F-ONE 1N s ) sl
TS Ca{ L x4 = =

YV VVVVVVVYV

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.
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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.

A.5 Pure 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).

A.5.1 Nonperiodic signals

The sigtals presented in this subclause have no implicit period. They identify specific,One-time gvents or
functions that do not repeat themselves.

A.5.1.1|Constant

A constgnt signal retains its given level for all values of its independent Variable. It has the followinlg form:

>constant:: (Physical a, Physical b) => b ->.SignalRep a b
>constant level = FunctionRep (\t -> level)

A.5.1.2|Linear

A linear|signal forms a line within a plane. Theg line is defined by its slope and intercept. The equatipn is the
standard y = mx+ b. It has the following form:

>linear:: (Physical a4 Physical b) => Float -> b -> SignalRep a b
>linear m b =
> FunctionRep (\&~*> toPhysical (m*(fromPhysical x) + (fromPhysical b)))

A.5.1.3|Random

A randgm signal consists of an unbounded number of random levels between zero and one. It tdkes two
parametpis;‘an integer seed and a sampling interval, which is of the same type as the independent Yariable.
The same random signal 1s given for the same seed; the seed enables deterministic testing. It has the
following form:

>rand:: Integer -> [Float]

>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 stepSlope y y' =

> ((fromPhysical y') - (fromPhysical y))/(fromPhysical samp)
> makeWin (v,v') = Window LocalZero (TimeEvent (fromPhysical samp))
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> (linear (stepSlope v v') v)
> points = cycle ampls
> in pieceRep (Windows (map makeWin (zip points (tail points))))
> 1in waveform sample interval (map toPhysical (rand seed))

A.5.1.4

Exponential

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

-tlt

(S

where

An exp
factor:

A5.2 P

is the time interval
is the damping factor.

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

>expc:: (Physical a, Physical b) => Float -> SignalRepya b
>expc damp = FunctionRep (\t->toPhysical (exp (- ((fromPhysical t)*damp))))

eriodic signals

The sigmals defined in A.5.2.1 and A.5.2.2 have eitherva period or a frequency assigned to them.

words, t|

A.5.21
A sinus
amplitu
a Plane/

A *

where

A

hey repeat their values for some fixed value-of their independent variable.

Sinusoid
bid is the familiar sine relatiénship. It takes an amplitude, a frequency, and a phase an
le has the type of the dependent variable, the frequency is of type Frequency, and the phase

Angle. The result is given as follows:

sin(wt+ 6)

is'the-amplitude

w

lamping

In other

ble. The
angle is

is.the frequency (multiplied by 27)

0

is the phase angle

It has the following 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)))))
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A sinusoid is a simpler form of a more complex function, whose amplitude, phase angle, and frequency are

function

where

s rather than scalars. This has the same format as that above:

>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 ty|

A.5.2.2
A wave
values s

window

A wave

A.6 Pu

Clause
mechani

A.6.1 Pliecewise continuous signals

A piecey
the wind

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

Waveform

form is defined by a sampling interval and a list of values. The waveforny cycles throu
equentially and infinitely, starting from zero. The width of each window is the same, g
consists of a line segment.

orm has the following form:

>waveform:: (Physical a, Physical b) => a ->s[b} -> SignalRep a b

>waveform samp lev =

> let s = fromPhysical samp
stepSlope y y' = ((fromPhysical %" - (fromPhysical y)) / s
makeWin (v,v') = Window LocalZexo (TimeEvent s) (linear (stepSlope v 1}
points = cycle lev

in pieceRep (Windows (map makefiin (zip points (tail points))))

>
>
>
>
re signal-combining mechanisms

A.5 established a number-of ways to create signals, and this clause (i.e., A.6) presen
sms of combining sjgnals together. Each mechanism will 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.

bh those
nd each

') v)

ts some

d within

A.6.1.1

Window events

An event marks the transition from one window to another. An event can be an amount of time 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.e., active event), or a fixed number of event occurrences
(i.e., a burst event). Each type of event has a distinct form.

>data (Physical a, Physical b) => Event a b=
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a)

b)

d)

A user thay use the following inf expression with TimeEvent to specify an infinite period:

A user

occurs Hy the following expressions:

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:

> TimeEvent Float |
> FixedEvent Float |

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

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

,1 1 1 e Joe o1 41 L£o11 M £
PIOTOCCS A UU0TCAIT TCSUTT TU TaR TS HICTOTTUO WIITETOTIIT.

> FunctionEvent (Float -> Bool) |

An active event is when a signal representation transitions from a ZRep or-NullRep repregentation
0 a non-ZRep or non-NullRep representation, i.e., isInactive transitionsito False. It thakes the
following form:

> ActiveEvent (SignalRep a b) |

A burst event is triggered by a given number of triggersvof another defined event. It thkes the
following form:

> BurstEvent Int (Event a b)

>inf = (1/0)::Float

may determine the absglite time (or the value of the independent variable) when a givgn event

>timeOccursgi\™(Physical a, Physical b) => (Event a b) -> a
>timeOccurs-e = toPhysical (eventOccurs e 0.0)

>eventO¢Curs:: (Physical a, Physical b)=>(Event a b) -> Float -> Float
>evéntOccurs (TimeEvent t) x = X+t
>éyvenitOccurs (FixedEvent t) x = 1f (t>x) then t
> else error ((show x) ++ ">" ++ (sh¢w t))
>eventOccurs (FunctionEvent f) x = stepEval f x
>eventOccurs (BurstEvent 1 e) x =
if i == 1 then
eventOccurs e x
else
eventOccurs (BurstEvent (i-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
sactive True 0.0 x _ = 1.0e-38 -- must not be zero (0.0)

\%

vV VvV VvV

VVVVyVvyVvyVy
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> sactive True st x = st
> sactive False st x [] = inf
> ;active False st x ((Window z e s):ws) = let {
> set = eventOccurs e st
> } in active ((isInactive s)é&&(et>x)) et x ws
> }in active (0.0>=x) 0.0 x (functionWindows ges)

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

>epsilon:: Float -> Float

>epsilon x | x == inf = x
> | otherwise = encodeFloat (a+l1) b - x where (a,b)=decodeFloat x
>epsilon x = let eps = abs (x/1000) in if (1.0e-5 < eps || eps == 0.0)
E20 2 1 fal I~ L
=
The bodlean function above may be any sort of function that takes physical value and produces a

value. A

s an example, the transition functions are given below. The transition functiohs)take a ti

9:2012
1-2010

boolean
ansition

point, a|signal, and a time (or value of the type of the independent variable of the, signal) at Wwhich to
perform|the test; and they produce the value true if the signal has crossed that value since the lasf sample
and the|value false otherwise. The function hilo produces true on a falling-edge, and the funcfion lohi
producep true on a rising edge. The transition cannot be detected prior to tinie zero (e.g., 0.0). The forms of
these fupctions are as follows:

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

lohi <transition point> <signal name> <test-point>,
A.6.1.2(Windows
A windgw is specified by an event, which gives the‘width of the window, and a function, which §pecifies

the valul

There i
(e.g., th
purpose
points 0

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

the even

The forth of a window.definition is, therefore, as follows:

e of the signal within the window.

b normal use of a time window), the beginning 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 to evaluate the signal against the global time zero (i.e.,

t defining the value ©fithe signal within that window.

>datasunctionWindow a b = Window ZeroIndicator (Event a b) (SignalRep a b)

an additional complication when*determining the signal value within a window. In sorhe cases

for the
pt given
the time
against

A Zerol

gicator fiag 15 -omne of two [demitiers, LocatZero or GobatZero, as f011ows:

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

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 =

The def;
the cond

A.6.1.3

A piece
instance]
the wind

> (Window z e (f s ZRep)): (splice f wl [] Xx)

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

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

>splice £ ((w@(Window z e s)):wl) ((w'@(Window z' e' s')):wl') x = let {
cTt———=vertoTTurs—<

> ;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 f wl (dw':wl'), lety

> else win': (splice f (dw:wl) @wd! 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 -> SigualRep a b) ->

> [FunctionWindow a bh,*-> [FunctionWindow a b]

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

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

>stdConditioner fn (fw@ (Window z<k 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 @ \(PieceContRep (Windows (stdConditioner fn fws'))})):
> stdConditioner fn fws

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

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

Piecewise. continuous functions

vise contindous 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
owlevent 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

The operator for combining Windows is [>. A window that has no duration and is completely empty is
called nullWindow.

>nullWindow = Windows []
>(|>)::(Physical a, Physical b) =>

This op
form of

[ cyclen
The prg
function

returns {4
cycleWi

A similg
[ repN W

where ¢

.E'UUL/L_LUUVV_LUUUW a o= L‘_LC'L/C'&/UUL a o= L‘_LC'L/C'bUUL
>(|>) w (Windows wl) = Windows (w:wl)

rator, as well as the nullWindow, allows the specification of the piecewise confinuous sig
n piecewise continuous signal is, therefore, as follows:

indows (] <window> << [> <window> >> [> nullWindow [ ) ]

ceding piecewise continuous signal, cycleWindows, is used ¢<whén the piecewise co
is intended to repeat infinitely for all time; otherwise, after(the last window, the signi
o zero. Of course, the closing parenthesis is needed only ifithe signal specification is preg
ndows and the opening parenthesis.

>cycleWindows:: (Physical a, Physical b) ,&>‘PieceCont a b -> PieceCont a b
>cycleWindows (Windows wl) = Windows (eycte wl)

r form is used when a set of windows is\to-be repeated N times:
indows ('] <count> <window> <g [>*<window> >> > nullWindow [ ) ]

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

>repNWindows:: (Physical a, Physical b) => Int -> PieceCont a b -> PieceCon
>repNWindows il (Windows wl) = let
> repN:: (Physical a, Physical b)=>

Int -> [FunctionWindow a b] -> [FunctionWindow 4
repNAOAX = []
repN\x/ 1s = 1s ++ (repN (x-1) 1s)
in\Windows (repN i wl)

vV vV VvVv

ab

nal. The

htinuous
hl value
eded by

b]

The function pieceRep 1s 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))
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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 £ f£' =
pieceRep $§ Windows $§ splice sigState
(functionWindows (toSig f)) (functionWindows (toSig f')) 0.0
where
sigState s ZRep = s
sigState ZRep s = 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£')) 0.0

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 (mapSigftal s t)

s2 t = fromPhysical (mapSigwnal s' t)
in FunctionRep (\t -> toPhysical ((sl t) - (s2 t)))

9]

VVVVVVVVVVYVYVYV
9}

An entire list of signals may be summed withra function of the following form:

>sumSigList, diffSigLists: (Physical a, Physical b, Signal s) =>
> [ s a b ] -> SignalRep al|b
>sumSigList [] = ZRep

>sumSigList 1s = fpldll sumSig (map toSig 1s)
>diffSigList [{] ¥ ZRep

>diffSigListWls = foldll diffSig (map toSig 1s)

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 f')) 0.0
> where

> sigState s ZRep = s

> sigState ZRep s = s

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

> sigState  s@XRep = s

I
0 «
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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)))

vV VvV Vv

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.

AT7A1 urier transform

The Fourier transform converts time domain signals to frequency domain signals. It is, therefofe, more
restrictefl than other signal combination mechanisms. It takes a number of samples (which ard always
rounded up to the nearest power of two), the amount of time over which the signal will be sampled| and the
signal td be converted. It has the following form:

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

> Int -> a -> SignalRep a b -> SignalRegk a' b

>fourTrans sam t 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 LocalZero (TimeEvent (fromPhysical samp)
> (linear (stepSlope v v') v)

> points = ampls ++ (cycle [ (toPhysical 0.0)])

> in pieceRep (Windows (map mak&Win (zip points (tail points))))

> s = 2 » ((truncate (logBase 2¢{ (fromInteger (toInteger sam)) - 1.0))) {1 1)
> si = toPhysical (1.0 / (fromPhysical t))

> trl = sampleCount (toPhwsical 0.0) t s f

> mc x = (fromPhysical x) :+ 0.0

> til = map mc trl

> fil = fft til

> frl = map magnitude’/ fil

> in waveform si (map+ toPhysical frl)

where the functions fft and-fftinv are imported from the module FFT. The function fft provides the fomplex
coeffici¢nts of a Fousieritransform of a sample, and the function fftinv provides the complex coeffigients of
the original sampleas follows:

ffty fftinv:: [Complex Float] -> [Complex Float]

NOTE—HFhreswway-by-which-Shdefinesthe Fourtertransforminherentyatthresasamphneteehmgre—Frsdechnique
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 Measuring, 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.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012

IEEE S

td 1641-2010 -33-

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 giyen
lower tHan the low value of the range, the parameter is made equal to that low value. If the para

greater

The forth of the limiting function is as follows:

limit <lqw_value> <high value> <parameter value>

A.8.2 Sampling signals

Signals
indepen

signals gre to be sampled:

a)

b)

an the high value of the range, the value is made equal to that parameter. No errorissignal

>]limit:: Physical a => a -> a -> a -> a
>1imit 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

are always sampled within a window, given as a low and a high value of the same typ
ent variable of the signal. Given this window and the signal, there are two ways to specify

The user can specify_the number of points (i.e., signal value, independent variable) to b
from within the window:

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

value is
meter is
ed.

e as the
how the

e drawn

> a ->a -> Int -=> s ab -> [ (b, a) ]
>points€ount low high count sig = let
> rlow = fromPhysical low
P rhigh = fromPhysical high
totff= ‘/whv'rvh ——rlanr) ‘/‘/Fw Lot e 1)
> roff = toff - (toff / (2 * (fromIntegral count)))
> creList 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)

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 ->1Int -=>sab->1[Db]
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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. This representation, however, is
complicated by the necessity to represent aspects of the behavior of digital signals within the electronic

devices

A digitall signal is an abstract representation of the values that are encountered in engineering desig
enumergtion values are defined more precisely in A.9.1 through A.9.4.

Digital

enumerdtion values that represent physical values. Definitions must be provided of whatlit means tq
on digit

A.9.1 Defining Digital

The definitions of the digital values that will be uséd are as follows:

Several

that operate on them.

signals are unique in that their values do not take on physical values; rather, they

1 signals and what it means to convert a digital signal into an analog signal

>module Digital where
>import Physical
>import List

>import Pure
>import Char

X represents the fact that the sighal is in transition and, therefore, cannot be said to be
value.

V. represents the fact that the digital signal is providing very little current and will sink v
Current. It represents.a'sighal at high impedance.

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

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

>dataeDigital = X | Z | L | H deriving (Egq, Show)

n; these

take on
operate

ht either

pry little

sh them

MY | 4a dals d_L e crtal 1 + fagaral 4] laots S dacts
Tt A O P T AtTOTS Al CUCTIIIC U TOTUTETtdT v aTaCS T USTITE T dSTUT TSR OT tHICTUTICT U tO—UTS TSt

from standard boolean functions:

notd is 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), (L), (1), (=F), (+%), (**)::a ->a -> a
> notd:: a -> a

>instance DigitalOpers Digital where

> notd x = case x of { L->H; H->L; X->X; Z2->Z }
> 7 &% Z = x

> &% L =1

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

> zZ !ty =y

> x It Z =x

> x I+ y = (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))

A.9.2 Defining DigitalSignal

A digita] signal is specified as a time (which represents the transition period of the digital signal) gnd a list

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

The definition for a digital signal is as follows:

>data DigitalSignal =
>instance DigitalOpers DigitalSignal where

Dig Float [ Digitad~] deriving (Eq,

Show)

> dil@(Dig tl 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 t1 11) |* d2@(Dpig t2 12) =
> let doOr (x,y) = NNy
> t = 1if tl1 == 82/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 dIl)
> dl@(Dig tl1 U1y !* d2@(Dig t2 12) =
> let doXor.(x,y) = x I*y
> tn=f tl == t2 then tl else
> error "Attempting to XOR two signals with different times"
> in\Dig t (map doXor (zip 11 12))
> dI@(big tl1 11) =* d2@(Dig t2 12) =
> let doCompare (x,y) = x =%y
B t = if tl == t2 then tl else
I r+‘ & £ OMDRARL - & 1 el £ P s"
> in Dig t (map doCompare (zip 11 12))
> dl@(pig tl1 11) +* d2@(Dig t2 12) =
> let doSum (x,y) = x +* y
> t = 1if tl == t2 then tl else
> error "Attempting to COMPARE two signals with different times"
> in Dig t (map doSum (zip 11 12))
> dil@(pig tl1 11) ** d2@(Dig t2 12) =
> let doProd (x,y) = x Digital.** y
> t = 1if tl == 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]
digitallList "HL; LLX, ; H" ==> [[H,L,%,H],I[L,L,2,2],I[%2,X,2,Z]].

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

> ignoreChars ¢ = filter (==c) "LHXZ10" /= []
> char2dig 'L' = L
> char2dig 'H' = H

harl2dia ! L

Digital
characte

A9.3C

Convers
can be ¢
SML sig
where tli

Two conversion routines are defined:

> char2dig 'Z' = Z

> char2dig '0' = L

> char2dig '1' = H

>

>digitallList :: String -> [[Digital]]

>digitallist xs = transposeZ (map digitalString § split xs) whére

> split "" =[]

> split s = a : split (drop 1 b) where (a, b) = break (\c-%C5=';'||c==","
> transposeZ xxs = let

> len = maximum (map length xxs)

> in take len (transpose (map (\xg->x&5++cycle[Z]) xxs)
>

Kignals can be generated using the function str2dig ‘that” allows digital strings contaif
rs H, L, Z, and X and whitespace to be converted into.digital signals.

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

onversion routines

ion routines convert from analog control signals to digital signals and vice versa. Digital
ombined with other digital Signals, but need to be converted in order for them to be used w|
rnals. An analog control signal is an analog signal that uses the threshold low and high va
e no signal value(s used to detect tri-state Z values.

hnalag to digital (a2d)

ning the

signals
th other
ues and

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:

az2d <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:
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— The Z digital state represents a high impedance signal with little or no current and is converted

from the no signal, NullRep, SignalRep.

— 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 sig

al has two thresholds; between the two thresholds the X value is nsed The representati

n ZRep

signifies
it does 1
are take

the presence of a Z; it is controlling in the sense that if there is no signal, then no currentf]
ot matter what the voltage level is. The sample rate simply gives the rate at which analeg
h and digital outputs produced.

>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+1t) /2
dt = (ht-1t)/2
h = if dt<0 then L else H
Ssr = sampRate
val:: Float -> Digital
val x = let dv = fromPhysical (mapSigral s (toPhysical x)) - mt
in if isInactive s (toPhysicel x) then Z
else 1if abs dv < abs_d&then X
else 1if dv > 0 then“h\else (notd h)
sl x = x : sl (x + sr)
in Dig sampRate (map val (sl Q.0),)

VVVVVVVVVVVYVYV

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

The dig

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

tal-to-analog conversion\provides an analog signal as follows:

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

Asvalue of H produces a high threshold analog value.

ows and
samples

In addition, when the signal goes to X, the level of the voltage signal tends to “float” as follows:

>d2a:: (Physical a, Physical b) =>
> 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))
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> makewin' ds@(d:[]) = (makewin d) : (makewin' ds )
> makewin' [] = makewin' (Z:[])
> makewin' (d:ds) = (makewin d): (makewin' ds )
> in pieceRep (Windows (makewin' ds))

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 patte

is a convenient mechanism for specifying a number of parallel digital signals. It sped

clock time once and then gives the digital values as a number of strings. An example of a,parallg

string u

The defi

Given a

A10 B

The BS

ilizing whitespace is as follows:

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

nition for a pattern is as follows:

>data Pattern = Pattern Float String deriving (Egs¥Show)

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

>pat2diglist:: Pattern -> [ DigitalSignal ]
>pat2diglist (Pattern t xs) = map (Pig t) (digitallList xs)

asic component SML

" SML is defined in the module BSC

>module BSC wherk
>import Complex
>import EFT
>importysBits
>importNLAst

ifies the
1 digital

making

use ‘of the previously defined tvpes Physical, Pure, and Digital (see A.3, A5, A6, A7

nd A.9,

respectively)

>import Pure
>import Digital
>import Physical

by the following SML BSC definitions: Source, Conditioner, EventFunction, Sensor, Digital, and
Connection.
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>data BSC a b =
>-- Source
>---Non Periodic
Constant {amplitude::b} |
Step {amplitude::b , startTime::a} |
SingleTrapezoid {amplitude::b,
startTime::a, riseTime::a, pulseWidth::a, fallTime::a} |
Noise {amplitude::b, seed::Integer, freq::Frequency}
SingleRamp {amplitude::b, riseTime::a, startTime::a} |
>-—-—Periodic
> Sinusoid {amplitude::b, frequency::Frequency, phase::PlaneAngle}

vV VVVyVvyVv

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

Ll 4 L L lataadl L. 4 =i gt L il el L

3 i 7 E 4 DA S 7 T

> SquareWave {amplitude::b, period::a, dutyCycle::Float}
> WaveformRamp {amplitude::b, samplingInt::a, points::[Float]}
> WaveformStep {amplitude::b, samplingInt::a, points::[Float] j~}

>--Conditioner
>---Filter

> BandPass {centerFrequency::Float, frequencyBand::Floaty

> gain::Float, rollOff::Float, passBandRipplte::Float,
> stopBandRipple: :Float, interval::Float(

> samples::Int, signal::(BSC a b)} |

> LowPass {passband::Float, gain::Float, rollOff::Fldat,

> passBandRipple: :Float, stopBandRigple::Float,

> interval::Float, samples::Int,~signal:: (BSC a b)} |
> HighPass {passband::Float, gain::Float, n6llOff::Float,

> passBandRipple: :Float, stopBandRipple::Float,

> interval::Float, sampleg):¥nt, signal::(BSC a b)} |
> Notch {centerFrequency::Float, frequeneyBand::Float,

> gain::Float, rollOff:sFloat, passBandRipple::Float,
> stopBandRipple: :Float, interval::Float,

> samples::Int, sighal:: (BSC a b)} |

>---Combiner

> Sum {signals::[(BSC a b)]} 4

> Product {signals::[(BSC .ack)]} |

> Diff {signals::[(BSC a D)V} |

>---Modulator
FM {carAmpP::b,

carFreq::Fleat, freqgDev::Float, signal::(BSC a b)} |
AM {modIndex::Flweat,

carriek:3(BSC a b), signal::(BSC a b)} |
PM {carAmpP:«=b,

carkxeq: :Float, phaseDev::Float, signal::(BSC a b)} |
>---Transformation
SignadDeday {acceleration::Float,

delay::Float, rate::Float, signal:: (BSC a b)} |
Exponential {dampingFactor::Float, signal::(BSC a b)} |
E/+45ignal:: (BSC a b)} |
Lh {signal::(BSC a b)} |
Negate {signal:: (BSC a b)} |
Inverse {signal:: (BSC a b)} |
PulseTrain {pulses::[(Float, Float, Float)],
repetition::Int, signal:: (BSC a b)} |
Attenuator {gain::Float, signal::(BSC a b)} |
Load {resistance::Resistance,
reactance::Resistance, signal::(BSC a b)} |

Limit {lim::Float, signal::(BSC a b)} |
FFT {samples::Int, samplelInterval::a, signal::(BSC a b)} |
>--Event Function
>---FEvent Source

VVVVVyVv

VVVVVIVWwYVVVYVYVYVYVY

> Clock {clockRate::Frequency} |

> TimedEvent {delay::Float,

> duration::Float, fPeriod::Float, repetition::Int} |
> PulsedEvent {pulses::[(Float, Float, Float)], repetition::Int}
>---EventConditioner

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

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

> ProbabilityEvent {seed::Integer,
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> propability::Float, 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)]} |
> 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)]} |
i) 77\7j l[ ,J‘j Ll'\ 1’\‘]] :
> 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)]} |
--Digital
Encode {datas::String,
width::Int, repetition::Int, datatype:Stxing, encoding::String,
signal:: (BSC a b), channel::Int} |
SerialDigital {datas::String, period::a,
logic H value::b, logic L value::b,\pulseClass::String} |
ParallelDigital {datas::String, periods day
logic H value::b, logic L valpe:»b, pulseClass::String,
channel::Int} |
Connection {channelWidth::Int, signals::N{BSC a b)], channel::Int} |
TwoWire {hi::String, lo::String,\ChannelWidth::Int,
signals::[(BSC a b)] mehannel::Int} |
TwoWireComp {true::String, cemp::String, channelWidth::Int,
signals::[(BSC a b),], channel::Int} |
ThreeWireComp {true::Strivlg, comp::String, lo::String, channelWidth]:Int,
signals::[(BSG.a b)], channel::Int} |
SinglePhase {a::String,” n::String, channelWidth::Int,
signals::[NBSC a b)], channel::Int} |
TwoPhase {a::Strime, b::String, n::String, channelWidth::Int,
signalss:[(BSC a b)], channel::Int} |
ThreePhaseDelta {a::String, b::String, c::String, channelWidth::Int
signals::[(BSC a b)], channel::Int} |
ThreePhasellye {a::String, b::String, c::String, n::String,
e¢hannelWidth::Int, signals::[(BSC a b)], channel::Int} |
ThregePha'seSynchro {x::String, y::String, z::String, channelWidth::Ift,
signals::[(BSC a b)], channel::Int} |
FourWireResolver {sl::String, s2::String, s3::String, s4::String,
channelWidth::Int, signals::[(BSC a b)], channel::Int} |
SynchroResolver {rl::String, r2::String, r3::String, r4::String,
channelWidth::Int, signals::[(BSC a b)], channel::Int} |
Series {via::String, channelWidth::Int,
signals::[(BSC a b)], channel::Int} |

FourWire {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} |

Channels {channelNames::String, channelWidth::Int,
signals::[(BSC a b)], channel::Int} |

DigitalBus {pins::String, channelWidth::Int,
signals::[(BSC a b)], channel::Int}

VVVVVVVVIWYVVVVVVVVVVVVVVVVVVVVVVVVVVYVYVYVYVYVY

>-- deriving Show

>instance Signal BSC where

>-- Source

>---Non Periodic

> toSig (Constant amplitude) = bscConstant amplitude

> toSig (Step amplitude startTime) = bscStep amplitude startTime
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toSig (SingleTrapezoid
amplitude startTime riseTime pulseWidth fallTime)
bscSingleTrapezoid
toSig (Noise amplitude seed freq) = bscNoise amplitude seed freqg
toSig (SingleRamp amplitude riseTime startTime)

amplitude startTime riseTime pulseWidth fallTime

bscSingleRamp amplitude riseTime startTime

>-——Periodic

VVVVVVVVVVVVVVVVYVVYVYVYVYVYVY

>
>
>

>--Conditioner
>---Filter

toSig (BandPass centerFrequency frequencyBand
gain rollOff passBandRipple stopBandRipple
interval samples signal)
bscBandPass centerFrequency frequencyBand
gain rollOff passBandRipple stopBandRipple
interval samples signal
toSig (LowPass passband
gain rollOff passBandRipp¥e stopBandRipple
interval samples sigpal)
bscLowPass passband
gain rollOff passBandRipple stopBandRipple
interval samples_signal
toSig (HighPass passband
gain rollOfif\ passBandRipple stopBandRipple
interval gamples signal)
bscHighPass passband
gain rodlOff passBandRipple stopBandRipple
interval’ samples signal
toSig (Notch centgwFrequency frequencyBand
gain~rollOff passBandRipple stopBandRipple
intérval samples signal)
centerFrequency frequencyBand
gain rollOff passBandRipple stopBandRipple
interval samples signal

bscNotch

>---Combiner

toSig™¢fSum signals) = bscSum signals
toSig (Product signals) = bscProduct signals
toSig (Diff signals) = bscDiff signals

>-—--Modulator

oints

oints

> 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

> toSig (Triangle amplitude period dutyCycle) =

> bscTriangle amplitude period dutyCycle
= & v < irva L"’7 ;= <L » . =l 4—1 L ) —

> bscSquareWave amplitude period dutyGyc.

> toSig (WaveformRamp amplitude samplingInt points) =

> bscWaveformRamp amplitude samplinglnt j

> toSig (WaveformStep amplitude samplingInt points) =

> bscWaveformStep amplitude sampldingInt j

> toSig (FM carAmpP carFreq fregDev signal) =

> bscFM carAmpP carFreq fregDev signal

> toSig (AM modIndex carrier signal) = bscAM modIndex carrier signal
> toSig (PM carAmpP carFreqg phaseDev signal) =

> bscPM carAmpP carFreq phaseDev signal
>---Transformation

> toSig (SignalDelay acceleration delay rate signal) =

> bscSignalDelay acceleration delay rate signal
> toSig (Exponential dampingFactor signal) =

> bscExponential dampingFactor signal

> toSig (E signal) = bscE signal

> toSig (Ln signal) = bscLn signal

> toSig (Negate signal) = bscNegate signal

> toSig (Inverse signal) = bscInverse signal

> toSig (PulseTrain pulses repetition signal) =

> bscPulseTrain pulses repetition signal
> toSig (Attenuator gain signal) = bscAttenuator gain signal

> toSig (Load resistance reactance signal) =

> bscLoad resistance reactance signal
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> toSig (Limit 1l1im signal) = bscLimit 1lim signal
> toSig (FFT samples samplelnterval signal) =
> bscFFT samples samplelnterval signal
>--Event 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) =
bscProbabilityEvent seed propability event
toSig (NotEvent event) = bscNotEvent event
4 I

\%

> toSig (OrEvent events) = bscOrEvent events
> toSig (XOrEvent events) = bscXOrEvent events
> toSig (AndEvent events) = bscAndEvent events
>-—-—--Sensors
>----Control
> toSig (SelectIf selector signals) = bscSelectIf selectdr, signals
> toSig (SelectCase mask selectors signals) =
> bscSelectCase mask selecfors signals
>----Digital
toSig (Encode datas width repetition datatype eheoding signal chanfel) =
(bscEncode datas width repetition datatype, en€oding signal) !! ¢hannel
toSig (SerialDigital
datas period logic H value logic/L Value pulseClass) =
bscSerialDigital datas period logic/H\value logic L value puls¢Class
toSig (ParallelDigital
datas period logic H valuedlogic L value pulseClass channgl)
(bscParallelDigital datas peripod\logic H value logic L value
pulseClass) !! channel

VVVVVVVYVYV

>----Connections
toSig (TwoWire hi lo channelWddth signals channel) =
(bscTwoWire hi lo channedWidth signals) !! channel
toSig (TwoWireComp true ,comp channelWidth signals channel) =
(bscTwoWireComp true \Comp channelWidth signals) !! channel
toSig (ThreeWireComp grue comp lo channelWidth signals channel) =
(bscThreeWireComp\ttue comp lo channelWidth signals) !! channel
toSig (SinglePhasgva n channelWidth signals channel) =
(bscSinglePhase’ a n channelWidth signals) !! channel
toSig (TwoPhaSej)a b n channelWidth signals channel) =
(bscTwoPhase a b n channelWidth signals) !! channel
toSig (Thre&ePhaseDelta a b c¢ channelWidth signals channel) =
(bscThreePhaseDelta a b ¢ channelWidth signals) !! channel
toSigr (FhreePhaseWye a b ¢ n channelWidth signals channel) =
(bseThreePhaseWye a b ¢ n channelWidth signals) !! channel
toSig (ThreePhaseSynchro x y z channelWidth signals channel) =
(bscThreePhaseSynchro x y z channelWidth signals) !! channel
t0Sig (FourWireResolver sl s2 s3 s4 channelWidth signals channel) F
(bscFourWireResolver sl s2 s3 s4 channelWidth signals) !! channgl
toSig (SynchroResolver sl s2 s3 s4 channelWidth signals channel) =
(bscSynchroResolver sl s2 s3 s4 channelWidth signals) !! channel
toSig (Series via channelWidth signals channel) =

(bscSeries via channelWidth signals) !! channel
toSig (FourWire hi lo hiRef loRef channelWidth signals channel) =
(bscFourWire hi lo hiRef loRef channelWidth signals) !! channel
toSig (NonElectrical to from channelWidth signals channel) =
(bscNonElectrical to from channelWidth signals) !! channel
toSig (DigitalBus pins channelWidth signals channel) =
(bscDigitalBus pins channelWidth signals) !! channel
toSig (Channels channelNames channelWidth signals channel) =
(bscChannels channelNames channelWidth signals) !! channel
>----Section Ends

VVVVVVVVVIWYVVVVVVVVVVVYVYVYVYVYVYVYVY
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A.10.1 Source ::SignalFunction

A.10.1.

A.10.1.

A.10.1.

A.10.1.

1 NonPeriodic ::Source

1.1 Constant ::NonPeriodic

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

1.2 Step ::NonPeriodic

>bscStep:: (Physical a, Physical b) => b -> a -> SignalRep a b
>bscStep =
> (\amplitude startTime -> --Step amplitude startTime

> let st = fromPhysical startTime

> zero = constant (toPhysical 0.0)

> lvl = constant amplitude

> wins = Window LocalZero (TimeEvent st) zere’/ |>
> Window LocalZero (TimeEvent inf)NIvl |>
> nullWindow

> in pieceRep wins

> )

1.3 SingleTrapezoid ::NonPeriodic

>bscSingleTrapezoid: : (Physicala, Physical b) => b->a->a->a->a->SignalRep a
>bscSingleTrapezoid =

> (\amplitude startTime iséTime pulseWidth fallTime ->let

> startTime' = fromPhysictal startTime

> riseTime' = fromPhysical riseTime

> pulseWidth' = fromPhysical pulseWidth

> fallTime' = fromPhysical fallTime

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

> (linear ((fromPhysical amplitude)/riseTime') (toPhysical 0))
> Window.lLocalZero (TimeEvent pulseWidth') (constant amplitude) |>

> Winhdew LocalZero (TimeEvent fallTime')

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

> nullWindow

>\1In pieceRep wins

> )

A.10.1.1.4 Noise ::NonPeriodic

>bscNoise:: (Physical a, Physical b) => b->Integer->Frequency->SignalRep a b
>bscNoise =
> ((\amplitude seed freq ->

> let pfive = constant (toPhysical (- 0.5))

> amp = constant (toPhysical (2.0 * (fromPhysical amplitude)))
> per = toPhysical ( 1.0 / (fromPhysical freq))

> in mulSig amp (sumSig pfive (random seed per))
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> )::(Physical a, Physical b)=>( b -> Integer -> Frequency -> (SignalRep a b))

A.10.1.1.5 SingleRamp ::NonPeriodic

A.10.1.

A.10.1.

A.10.1.

>bscSingleRamp: : (Physical a, Physical b) => b->a->a->SignalRep a b
>bscSingleRamp =
> (\amplitude riseTime startTime ->let {
> ;wins = Window LocalZero (TimeEvent startTime') (constant (toPhysical 0))
Window LocalZero (TimeEvent riseTime')

(linear (amplitude'/riseTime') (toPhysical 0)) |>
wWwindow LocalZero (TimeEvent inf) (constant amplitude) |>

VvV VvV Vv

MULTWITIAOW
;amplitude' = fromPhysical amplitude
;startTime' = fromPhysical startTime
;riseTime' = fromPhysical riseTime
} in pieceRep wins

vV VVVvyVv

P Periodic ::Source

2.1 Sinusoid ::Periodic

>bscSinusoid:: (Physical a, Physical b) => bs3Frequency->PlaneAngle->SignalRé¢p
>bscSinusoid =

> (\amplitude frequency phase ->

> sine amplitude frequency phase
> )

.2 Trapezoid ::Periodic

>bscTrapezoid:: (Physical a, Physical b) => b->a->a->a->a->SignalRep a b
>bscTrapezoid =
(\amplitude period riseTime pulseWidth fallTime -> let
period' = fromPhysical period
riseTime'\=+*fromPhysical riseTime
pulseWddth' = fromPhysical pulseWidth
fallrime' = fromPhysical fallTime
trapez0id = pieceRep $
Window LocalZero (TimeEvent 0.0) (ZRep) |>
Window LocalZero (TimeEvent riseTime')

VVVVVVVYVYVY

(linear ((fromPhysical amplitude)/riseTime') (toPhysical 0) ) |>

WITIOW LOCa1Zer0 (T1MEEVENT PUlSeWIatiT ) (Constant ampltrcuds) 1
Window LocalZero (TimeEvent fallTime')
(linear (-(fromPhysical amplitude)/fallTime') amplitude ) |>
Window LocalZero (TimeEvent (period'-(riseTime'+pulseWidth'+fallTime')))
(constant (toPhysical 0)) |>
nullWindow
in pieceRep $ cycleWindows §
Window LocalZero (TimeEvent period') trapezoid |> nullWindow

VVVVVVVYyV

)
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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

> ramp = pieceRep wins

> in pieceRep $ cycleWindows $

> Window LocalZero (TimeEvent per) ramp |> nullWindow

> )

A.10.1.R.4 Triangle ::Periodic

>bscTriangle:: (Physical a, Physical b) => b->a->Float—->SignalRep a b

>bscTriangle =

> (\amplitude period dutyCycle-> --Triangle {period=period, level=amplitude
> let per = fromPhysical period

> v = fromPhysical amplitude

> gper = per *dutyCycle / 2.0

> sl = (v / gper)

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

> wins = Window LocalZero (TiméEvent qgper)

> (linear sl w(toPhysical 0.0)) |>

> Window LocalZero \(TimeEvent (per - 2.0%*qgper))
> (lineargs1sl amplitude) |>

> Window LocalZérd (TimeEvent gper)

> (linpear sl (toPhysical (- v))) |>

> nullWindow

> in pieceRep (cycleWindows wins)

> )

A.10.1.R.5 SquareWave.::Periodic

>bscSquareWave: : (Physical a, Physical b) => b->a->Float->SignalRep a b

>bscSquareWave =

> (\ampilitude period dutyCycle -> --Square {period=period, level=amplitude}
> let per = fromPhysical period

> 1lvl = fromPhysical amplitude

> trans = per * dutyCycle

> slvl = constant amplitude

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

> wins = Window LocalZero (TimeEvent trans) slvl |>

> Window LocalZero (TimeEvent (per-trans)) nslvl |>
> nullWindow

> in pieceRep (cycleWindows wins)

> )
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A.10.1.2.6 WaveformRamp ::Periodic

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

> (\amplitude samplingInt points ->

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

> waveform samplingInt (map toPhysical pts)
>

A.10.1.2.7 WaveformStep ::Periodic

A.10.2

A.10.2.

A.10.2.

>bscWaveformStep: : (Physical a, Physical b) => b->a->[Float]->SignalRep a\b
>bscWaveformStep =
> (\amplitude samplingInt points ->

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

> FunctionRep (\t->cycle (map toPhysical pts) !!

> floor (fromPhysical t / (fromPhysical sampylingInt)))
> )

Conditioner ::SignalFunction

1 Filter ::Conditioner

1.1 BandPass ::Filter

>bscBandPass:: (Physical a, Physical b, Signal s) =>
> Float->Float->Float-> Float~>Float->Float->Float->Int->s a b->SignalRep|a b
>bscBandPass =
> (\centerFrequency frequentyBand gain
> rollOff passBan@Ripple stopBandRipple interval samples signal -> let|{ t =
toPhysical (intexrval);s=samples

;cf = centerFxequency,; fb = frequencyBand

;x = truncape((cf-fb/2)* (fromPhysical t))

;v = trpmneate ((cf+fb/2)* (fromPhysical t))

;z = cyede [0:+0]

;0 ==gycle [1:+0]
smask =_take (x) z ++ take (y-x+1) o ++ take (s-2*y-1) z

++ take (y-x+1) o ++ take (x) z

>--Remember only good for 0.5 sample freqg
>--Thestop freq half is need to get good response. add padding to middle
;times = zipWith (*)
;til = sampleCount (toPhysical 0.0) t s signal

VVVVVVyVYyV

;fil = fft § map (\x->(fromPhysical x):+0.0) til
;frl = map realPart $§ fftinv $§ if x*2<s then mask times™ fil
else take s z
} in waveform (toPhysical ((fromPhysical t)/(fromIntegral s)))
(map toPhysical frl)

vV VvV VvV VYV Viwy

~

A.10.2.1.2 LowPass ::Filter

>bscLowPass:: (Physical a, Physical b, Signal s) =>
> Float-> Float-> Float-> Float->Float-> Float->Int->s a b->SignalRep a b
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>bscLowPass =
> (\passband gain
> rollOff passBandRipple stopBandRipple interval samples signal ->let { t
> toPhysical (interval);s=samples
> ;x = truncate (passband* (fromPhysical t))
> ;z = cycle [0:+0]

A.10.2.

A.10.2.

>--Remember only good for 0.5 sample freqg
>--The top freq half is need to get good response. add padding to middle

VVVVVYVYyVy

;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 (l1+x) fil) ++ (take (s-x*2-1) z) ++ (drop (s-x) fil)

else fil
} in waveform (toPhysical ((fromPhysical t)/(fromIntegral s)))
(map toPhysical frl)

VVVVVVYVYV

1.3 HighPass ::Filter

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

> Float-> Float-> Float-> Float->Float-> Float->Int->5 a b->Signall
>bscHighPass =

> (\passband gain

> rollOff passBandRipple stopBandRipple intervalfsamples signal -> le
> toPhysical interval;s=samples

> ;X = truncate (passband* (fromPhysical t))

> ;z = cycle [0:+0]

>--Remember only good for 0.5 sample freqg
>--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->(fromPhysica}, x):+0.0) til
;frl = map realPart $ fftinv § JENX*2<s
then (take (l1+x) z) ++ drop (l+x) (take (s-x) fil) ++ (take (3
else take s z
} in waveform (toPhysicals\{{fromPhysical t)/(fromIntegral s)))
(map toPhysical frl)
)

1.4 Notch ::Filter

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

> Float->Fl®at-> Float-> Float-> Float->Float-> Float->Int->s a b->SignalkR{
>bscNotch, =
> (\cente¥rrequency frequencyBand gain
> rollOff passBandRipple stopBandRipple interval samples signal -> le
> tOPhysical (interval);s=samples
> ;cf = centerFrequency,; fb = frequencyBand
> ;X truncate ((cf-fb/2) * (fromPhysical t))
'1 P = o Lt ’)\*\F T)Lwl ' L))
> ;z cycle [0:40]
> ;o0 = cycle [1:40]
> ;mask = take (x) o ++ take (y-x+1) z ++ take (s-2*y-1) o
> ++ take (y-x+1) z ++ take (x) o

>--Remember only good for 0.5 sample freqg
>--The top freq half is need to get good response. add padding to middle

VVVVVYVYVYV

;times = zipWith (%)

;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 mask times® fil

else take s z
} in waveform (toPhysical ((fromPhysical t)/(fromIntegral s)))
(map toPhysical frl)
)
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A.10.2.2 Combiner ::Conditioner

A.10.2.2.1 Sum ::Combiner

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

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
>bscDiff =
> (\signals -> foldll diffSig ((map toSig signdlsy++[ZRep]))

A.10.2.3 Modulator ::Conditioner

A.10.2.3.1 FM ::Modulator

>bscFM:: (Signal s, Physie€al’ a, Physical b) =>

> b->Floats>Float-> (s a b)->SignalRep a b

>bscFM =

> (\carAmpP carFreg\fregDev signal->

> let |

> ; phsfnc & mdlSig (constant (toPhysical (fregDev*2*pi)))

> (i dx (1/(lé*carFreq)) § toSig sigpal)
> ; fregEn,'= constant (toPhysical carFreq)

> ; fnN&=sineFunc (constant carAmpP) freqFn phsfnc

> } . in) fm

> )

A.10.2.3.2 AM ::Modulator

>bscAM: : (Physical a, Physical b, Signal s, Signal s') => Float->(s a b)->(s' a b)-
>SignalRep a b
>bscAM =
> (\modIndex carrier signal ->
> let one = constant (toPhysical 1.0)
;modsig = mulSig (constant (toPhysical modIndex)) signal
in mulSig carrier (sumSig one modsig)

\YARVARY]
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3.3 PM ::Modulator

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

> b->Float->Float-> (s a b)->SignalRep a b
>bscPM =

> (\carAmpP carFreq phaseDev signal ->

> let {phsfnc = mulSig (constant (toPhysical phaseDev)) signal

> ; fregFn = constant (toPhysical carFreq)

> ; pm = sineFunc (constant carAmpP) freqgFn phsfnc
> } in toSig pm

> )

|4 Transformation ::Conditioner

#.1 SignalDelay ::Transformation

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

> Float->Float->Float->s a b->8igmalRep a b
>bscSignalDelay =

> (\acceleration delay rate signal -> let {

> ;dt t = delay + rate*t + acceleration*t*t/2

> st t = max 0 (t-(dt t))

> ;delaySigInit s =

> FunctionRep (\t ->mapSignal s (toPhy¥sical (t' (fromPhysical t))
>

>-- The above function creats a functional®signal delay but does not maintal
>-- states. The code below maintains statés for models where time does not
>-- negative. Currently user needs tosselect simulation model best suited t
>-- Use case

>
> ;delaySigInit s = pieceRep SNWindows $
>
(Window LocalZero (Timekvent (t'' 0)) ZRep)
> delaywin 0.0 (functionWindows s)
>
> ;delaySig  ZRep # 4Rep
> ;delaySig _ XRep, =“XRep
> ;delaySig  NullRép = NullRep
> ;delaySig gg~FunctionRep fn) =
> FupctionRep (\t ->fn (toPhysical (kt gt (fromPhysical t))))
> ;delaySig\_) (PieceContRep (Windows xs))=PieceContRep$Windows$ delayWin
> ;st t &\t~ delay - rate*t - acceleration*t*t/2
> Jkt gLt = st ((t'' gt)+t) - gt
>
> ;dedayWin gt ((Window z e s):xs) =
> (Window z (TimeEvent ((t'' (ec e gt))-(t'' gt))) (delaySig gt s)
> (delayWin (ec e gt) xs)
> sdelayWin gt [] = []
> ;sqe ¢ 0 0 t =0
> ;sge ¢ b 0 t = -c/b
> ;sqge ¢ b at = (-b + (sqrt ((b*b-4*a*c))))/(2*a)
> ;t'!" inf = inf
> ;t'' t = max 0 (sqge (-delay-t) (1.0-rate) (-acceleration/2.0) t)
> ;ec e gt = eventOccurs e gt
> } in delaySigInit $ toSig signal)
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A.10.2.4.2 Exponential ::Transformation

>bscExponential:: (Physical a,

>

>bscExponential

Physical b, Signal s)
s a b->SignalRep a b

IEC 62529:2012
IEEE Std 1641-2010

=> Float ->

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

A.10.2.4.3 E ::Transformation

hsch .- (Physical Aa Physical b Signal ) = a b->SignalRep a b
>bscE =
> (\f ->
> let f1 t = fromPhysical (mapSignal f t)
> in FunctionRep (\t -> toPhysical (exp (fl t)))
> )

A.10.2.4.4 Ln ::Transformation

>bscLn:: (Physical a,

Physical b, Signal s)

>bscLn =

> (\f ->

> let f1 t = fromPhysical (mapSignal f t)

> in FunctionRep (\t -> toPhysical (log (fiNt)))
> )

A.10.2.4.5 Negate ::Transformation

A.10.2.4.6 Inverse

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

::Transformation

=> s a Hr>SignalRep a b

=> s a b->SignalRep a b

>bscInvwerse:: (Physical a, Physical b, Signal s) => s a b->SignalRep a b
>bseinverse =
> /(N >
> let f1 t = fromPhysical (mapSignal f t)
‘Lll full(,l,lull[‘b‘p (‘\L LOULrIry ‘L(,a‘L (L. U (L L c) )]
> )
A.10.2.4.7 PulseTrain ::Transformation
>bscPulseTrain:: (Physical a, Physical b, Signal s) =>
> [ (Float, Float, Float)] -> Int -> s a b->SignalRep a b
>bscPulseTrain =
> (\pulses repetition ->let
> A
> rpt = let
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> {
> 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)
>
AP E N { - Ir\, ) — RN
> smaxWidth ps = foldl (\v p->max v (width p)) 0 ps
>
> ;win2 ps= Window LocalZero (TimeEvent (maxWidth ps)) (pt ps)~t>
> 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 )
#.8 Attenuator ::Transformation

>bscAttenuator:: (Physical a, Physical bmp$Signal s) => Float ->

> s a b -> SignalRep a b
>bscAttenuator =

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

B1.9 Load ::Transformation

>bscLoad: : (Physical-\d, Physical b, Signal s) =>

> Resistance -> Resistance -> s a b -> SignalR{
>bscLoad =

> id

B#.10'Limit ::Transformation

P

a

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

>bscLimit =
> (\1im sig -> FunctionRep (\t->limit (toPhysical (-1l1im))
> (toPhysical 1im) (mapSignal sig t)))

4.11 FFT ::Transformation

>bscFFT:: (Physical a, Physical a', Physical b, Signal s) =>
> Int -> a -> s a b -> SignalRep a' b
>bscFFT =
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> (\samples interval signal ->
> fourTrans samples interval (toSig (mulSig (constant (toPhysical 2)) signal)))

A.10.3 EventFunction ::SignalFunction

A.10.3.1 EventSource ::EventFunction

A.10.3.1.1 Clock ::EventSource

>bscClock:: (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.10.3.1.2 TimedEvent ::EventSource

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

> Float -> Float-> Float ->\Int -> SignalRep a b
>bscTimedEvent =

> (\delay duration period repetition -> let {

> ;one = constant (toPhysical 1)

> ;zero = NullRep

> ;repNX 0 0 1ls = cycleWindows 1s

> ;repNX delay 0 1s,=N\wmindow GlobalZero (TimeEvent delay) zero |>
> cycleWindows 1s

> ;repNX 0 x ls & repNWindows x 1s

> ;repNX delay «x\ls = Window GlobalZero (TimeEvent delay) zero |>
> repNiWingdows x 1s

> } in piedeRep (repNX delay repetition

> (Wéndow GlobalZero (TimeEvent duration) one |>

> Window GlobalZero (TimeEvent (period-duration)) zero |>

> AullWindow) )

> )

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
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window GlobalZero (TimeEvent (b)) sig :
[]
} in funcwins
;x0r ZRep s = s
;x0r s ZRep = s
;x0r 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))

VVVVVVVVVVYVYVYVY

P EventConditioner ::EventFunction

2.1 EventedEvent :: EventConditioner

>bscEventedEvent:: (Signal s, Physical a, Physical b) =>4&,a b]-> SignalRep
>bscEventedEvent =
> (\events -> let{

> ;one = constant (toPhysical 1)

> ;ebe e d = let

> {

> senable = e

> ;disable = d

> ;wins = Window GlobalZero (AetiveEvent enable) NullRep |>

> Window GlobalZero~(ActiveEvent disable) one |>

> nullWindow

> J

> in pieceRep $ cycleWindows wins

> ;SglEvt e = let

> {

> ;wins = Window“\GlobalZero (ActiveEvent (toSig e)) NullRep |>
> Windew GlobalZero (TimeEvent inf) one |> nullWindow
> }

> in pieceRép $§ wins

> } in case (map toSiyg,k events) of

> (e:[]) —->4«sglEvt e

> (es) - foldll ebe es)

.2 EventCount ::EventConditioner

xbSeEventCount: : (Physical a, Physical b, Signal s) =>
N .

Lot

= 7”1" b

>bscEventCount =

> (\count event -> let {

> sec [] _ = [Window GlobalZero (TimeEvent inf) ZRep]

sec ((w@(Window z e ZRep)):wl) x = w:ec wl x

sec ((w@(Window z e NullRep)):wl) x = w:ec wl x

sec ((w@(Window z e s)):wl) x = if (x<=0) then w:ec wl (x+count)
else (Window z e NullRep):ec wl (x-1)

} in pieceRep $ Windows S ec (functionWindows (toSig event)) count

vV VVVVvyVv
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2.3 ProbabilityEvent ::EventConditioner

>bscProbabilityEvent:: (Physical a,

> Physical b, Signal s) => Integer -> Float -> s a b -> SignalRep a b

>bscProbabilityEvent =

(\seed propability event -> let {

;pbe [] = [Window GlobalZero (TimeEvent inf) ZRep]
_ w:pbe wl xs True True
;pbe ((w@(Window z e NullRep)):wl) xs _ = w:pbe wl xs True True

>

>

>

> —
> ,pbe ws (x:x1) True = pbe ws xl1 False (x<=propability)
>

>

>

>

>

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

;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)) (rand seed) True True

.4 NotEvent ::EventConditioner

>bscNotEvent: : (Physical a, Physical b, Signal s) => s a b >, SignalRep a b
>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 0.0RMfunctionWindows (toSig event))
> )

P.5 Logical ::EventConditioner

2.5.1 OrEvent ::Logical

>bscOrEvent:: (Signal s, Physical a, Physical b) => [s a b] -> SignalRep a b
>bscOrEvent =

> (\events -2

let |

;X0 S=ZRep =
;X0Or\y ZRep s
7x0r s XRep =
7%X0r XRep s =
;x0Or NullRep s = s
;x0r s = S

\%

n nh n h

} in pieceRep $ Windows $

VvV VvV VIvwy VvV VvV Vv Vv

A.10.3.2.5.2 XOrEvent ::Logical

>bscXOrEvent:: (Signal s, Physical a, Physical b) => [s a b] -> SignalRep a b
>bscXOrEvent =

> (\events ->

> let |

> ;xXOr s ZRep = s
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} in pieceRep § Windows $

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

> ;xXOr ZRep s = s

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

> ;xXOr NullRep s = s

> ;xXO0r = NullRep

>

>

>

A.10.3.2.5.3 AndEvent ::Logical

(map (functionWindows.

toSig) events)

>bscAndEvent:: (Signal s, Physical a,

>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)
> )

A.10.4 Bensor ::SignalFunction

A.10.4./1 Counter ::Sensor

>bscCounter: : -> Int
>bscCounter =

> \points -> lengthypodints
>bscCounter':: (PhAystcal a)=> [a] -> Int
>bscCounter' =
> \points ->

(Physical~a)=> [a]

length points

A.10.4.R Interval ::Sensor

Physical b)

=> [s a b]

(mapl (ftunctionWindows,

-> SignalRep ‘a

toSig) events)

DSCINTeIval
>bscInterval =
> \points->snd (head points)
>bscInterval':: (Physical a,
>bscInterval' =

> \points->toPhysical $

> (fromPhysical (snd (last points))) -

(ranysical a, Flysical D)=

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

(fromPhysical (snd

rta, bJj;r == 0D

-> b

(head points)))
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A.10.4.3 Instantaneous ::Sensor

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

> \points -> fst (head points)

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

> \points -> snd (head points)

A.10.4.4 RMS ::Sensor

A.10.4.

A.10.4.

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

>bscRMS =

> \points -> toPhysical $ sqrt S (foldl (+) 0 $ map

> ((\x->x*x) .fromPhysical.fst) points) / fromIntegral (lemgth poifts)
>bscRMS':: (Physical a, Physical b)=> [(a, b)] -> b

>bscRMS' =

> \points -> toPhysical $§ sqrt $ (foldl (+) 0 $ map

> ((\x->x*x) .fromPhysical.snd) points) / fromInt€gral (length poipts)

b Average ::Sensor

>bscAverage:: (Physical a, Physical b)=> [J(an™b)] -> a
>bscAverage =

> \points -> toPhysical $

> (foldl (+) 0 (map (fromPhysical.fst) points)) / fromIntegral (length pojnts)
>bscAverage':: (Physical a, Physicalwb)=> [(a, b)] -> b
>bscAverage' =

> \points -> toPhysical $

> (foldl (+) 0 (map (fromPhysieal.snd) points)) / fromIntegral (length points)

b PeakToPeak ::Sensor

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

> \points ~3<let {

> ;h = fremPhysical.fst $§ maximum points

> ;1 =ftromPhysical.fst $ minimum points

> ¥=%n toPhysical $§ h - 1
>bsePg¢akToPeak':: (Physical a, Physical b)=> [(a, b)] -> b
xbSgPeakToPeak' =
\pv'ru# = let—i
> ;h = fromPhysical.snd $§ maximum points
> ;1 = fromPhysical.snd $§ minimum points
> } in toPhysical $§ h - 1

A.10.4.7 Peak ::Sensor

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

>bscPeak =
> \points -> let {
> ;peakNeg = fromPhysical (bscPeakNeg points)
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> ;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)
> } in if abs peakNeg < abs peakPos

> then bscPeakPos' points

> else bscPeakNeg' points

B PeakPos ::Sensor

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

>bscPeakPos =

> \points -> toPhysical $S

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

>bscPeakPos' =

> \points -> toPhysical $§ (fromPhysical

> (bscMaxInstantaneous' points)) - (fromPhysidal™ (bscAverage' point

P PeakNeg ::Sensor

>bscPeakNeg:: (Physical a, Physical b)=>\T1(a, b)] -> a

>bscPeakNeg =

> \points -> toPhysical $

> (fromPhysical (bscMinInstantanéeus points)) - (fromPhysical (bscAverage p
>bscPeakNeg':: (Physical a, Physieal b)=> [(a, b)] -> b

>bscPeakNeg' =

> \points -> toPhysical $ {(fromPhysical

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

10 MaxInstantaneous ::Sensor

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

> \poihts’ -> fst $§ maximum points

>bse¢MaxInstantaneous':: (Physical a, Physical b)=> [(a, b)] -> b
>PscMaxInstantaneous' =

2 \Woints -> snd § maximum points

11 MinInstantaneous ::Sensor

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

> \points -> fst $ minimum points

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

> \points -> snd § minimum points
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A.10.4.12 Measure ::Sensor

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

> String -> ¢ -> (BSC a b) -> ¢
>bscMeasure "amplitude" nominal signal =

> toPhysical (fromPhysical (BSC.amplitude signal))
>bscMeasure "fallTime" nominal signal =

> toPhysical (fromPhysical (BSC.fallTime signal))

>bscMeasure '"freq" nominal signal = toPhysical (fromPhysical (BSC.freq 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 sid¢nal))
>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

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

> String”-> String -> (BSC a b) -> Stripg
>bscDecode _  (Encode datas width repetitjion datatype encoding signal chanpel) =
> datas

A.10.5 Control ::SignalFunction

A.10.5./1 Selectlf ::Control

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

> (s asb)="~> [(s' a b)] -> SignalRep a b

>bscSelectf\selector inputs = let {

> ; makewin-s k ((w@(Window z e )):wl) [] = (Window z e s): makewin s k wl|[]

> ; makewin s k [] (i:is) =

> (Window 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)
>N\ makewin s k ((w@ (Window z e XRep)):wl) is = w:makewin XRep k wl is

> ; 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 1i)): makewin (toSig 1) False wl (i:is)
> ; makewin s False ((w@(Window z e _)):wl) (i':i:is) =

> (Window GlobalZero e (toSig 1)) : makewin (toSig i) True wl (i:1is)
> ; makewin s True ((w@(Window z e )):wl) (i:is) =

> (Window GlobalZero e (toSig 1)): makewin (toSig i) True wl (i:1is)
> } in pieceRep $ Windows $

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

> ; 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'!! (mask .&. active t)) t)

3B Encode ::Control

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

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

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

>bscEncode datas width repetition datatype encoding signal("=, [ZRep]
>

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

> [[Digital]] -> Int -> Int -> String ->

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

>bscEncodeDigital datas width repetition encoding~Signal = let

> makeDigSignal Z = ZRep

> makeDigSignal X = XRep
> makeDigSignal L = NullRep
> makeDigSignal H = constant (toPhysical 1)
> makeSigWindows digit =
Window GlobalZero (ActiveByent (toSig signal)) (makeDigSignal dj
> makeSignals digits = pieceRep $ Windows $
> window GiobalZero (ActiveEvent (toSig signal)) ZR4
> map makeSigWindows digits
> 1in map makeSignals datas
>
>bscEncodeBits:: (Bits n, Physical a, Physical b, Signal s)=>
> [n] => Int ->\MAat -> String ->
> (s a b) ->([SignalRep a b]
>bscEncodeBits datas width repetition encoding signal = let

makeSigWindows\wBit n = Window GlobalZero (ActiveEvent (toSig signal))
if (testBit n nBit) then constant (toPhysical 1) else N
makeSignals\nBit = pieceRep $ Windows $
Window GlobalZero (ActiveEvent (toSig signal)) ZR{
map (makeSigWindows nBit) datas
in map{ makeSignals [0..bitSize (head datas)-1]

vV VVVVvyv

f'Channels ::Control

>bscChannels channelNames channelWidth =
> id.map toSig
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A.10.6 Digital ::SignalFunction

A.10.6.1 SerialDigital ::Digital

A.10.6.

A.10.7

A.10.7.

A.10.7.

>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))

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 (dZ2a logic H value logic L value)

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

Connection ::SignalFunction

1 TwoWire ::Connection

>bscTwoWire hi lo channelWidth =

> (\xs -> let {

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

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

} in £ S map toSig s

vV vV Vv Vv

P TwoWireComp.::Connection

>bscTwolWireComp true comp channelWidth =

> (\xg=%> let {

> Jf s@(s':[]) = s

;f [] = error "No Channel (true) defined"

(L (Xexs) = error "Too mapny chappnels'

} in £ S map toSig xs

ARV \VV4

A.10.7.3 ThreeWireComp ::Connection

>bscThreeWireComp true comp lo channelWidth =
> (\xs -> let {

> ;£ s@(s':s'':[]) = s

> ;£ [] = error "No Channels (true,comp)defined”
> ;£ (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

>bscSinglePhase a n channelWidth =

> (\xs -> let {

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

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

A.10.7.p TwoPhase ::Connection

>bscTwoPhase a b n channelWidth =

> (\xs -> let {

> ;£ 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 £ § map toSig xs

vV VVVvyVv

A.10.7.p ThreePhaseDelta ::Connection

>bscThreePhaseDelta a b c¢ channelWidth =

> (\xs -> let {

> ;£ s@(s':s'':s" i []) NFus

;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) = erwor® "Too many channels"

} in £ § map~toSig xs

VVVVVvVyVy

A.10.7.f ThreePhaseWye ::Connection

>bscThreePhaseWye 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

> )
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A.10.7.8 ThreePhaseSynchro ::Connection

>bscThreePhaseSynchro x y z channelWidth =

> (\xs -> let {

> ;£ s@(s':s'':s""' ' []) = s

;f [] = error "No Channels (x,y,x) defined"

;£ (s:[]) = error "No channels (y,z)defined"”
;f (s:s':[]) = error '"No channel (z) defined"
;f (x:xs) = error "Too many channels"

} in £ $ map toSig xs

vV VVVVvyVv

A.10.7.L) FourWireResolver ::Connection

>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,s53,s4)defined"”

> ;f (s:s':[]) = error '"No channels (s3,s4) defined”
> ;f (s:s':s'':[]) = error '"No channels (s4) definéed¥
> ;f (x:xs) = error "Too many channels"

> } in £ $ map toSig xs

> )

A.10.7.10 SynchroResolver ::Connection

>bscSynchroResolver rl r2 r3 r4 chagnnelWidth =
> (\xs -> let {

> ;f s@(s':s'"':s" s i 4y = s

> ;f [] = error "No Channels (rl,r2,r3,r4) defined"

> ;f (s:[]) = error '"Neovechannels (r2,r3,r4)defined"

> ;f (s:s':[]) = errdx\~'No channels (r3,r4) defined"
> ;f (s:s':s'':[]) = érror '"No channels (r4) defined"
> ;f (x:xs) = error "Too many channels"

> } in £ § map (QSig xs

> )

A.10.7./11 SerieS ;:Connection

xb&gSeries via channelWidth =

A — lot

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

> ;f [] = error "No Channels (via) defined"
> ;f (x:xs) = error "Too many channels"

> } in £ § map toSig xs

> )

A.10.7.12 FourWire ::Connection

>bscFourWire hi lo hiRef loRef channelWidth =
> (\xs -> let {
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> ;f 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"
> ;£ (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

A.10.7.

A11F
In A.7.]

alternati

OSCNOINEIeCclricdl CO Lroll Cidrinelwidtll =

> (\xs -> let {

;£ s@(s':[]) = s

;£ [] = error "No Channel (to) defined"
;f (x:xs) = error "Too many channels"

} in £ § map toSig xs

vV VVyVvyVv

14 DigitalBus ::Connection

>bscDigitalBus pins channelWidth =
> id.map toSig

ast Fourier analysis support

VES.

> module FFT
> (ComplexF, frft,\f£ftinv)
> where

> import Complésx--1.3
> import Litsd (transpose)--1.3

> type ComplexF = Complex Float
> rpotsOfUnity:: Int -> [ComplexF]

rootsOfUnity n = zipWith (:+) (map cos (thetas n))
> (map sin (thetas n))

%

| the need is discussed for a FFT modulg exporting type Complex Float and functions fft ar}
The foljowing is provided as a default_ implementation, but may be substituted by more

d fftinv.
efficient

v

thetas:: Int -> [Float]

v

fft:: [ComplexF] ->

fft xs = map((l/(fromIntegral n))*) (ffth xs us) where
us = map conjugate (rootsOfUnity n)
n = length xs

vV VVVvyv

fftinv:: [ComplexF] ->

fftinv xs = ffth xs us where
us = rootsOfUnity n
n = length xs

vV VVVvyVv

thetas n = [(2*pi/fromIntegral n)*fromIntegral k | k<-[0 .. n-1]]
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> ffth:: [ComplexF] -> [ComplexF] -> [ComplexF]
> ffth xs us
> | n>1 = (cycle fftEvn) “plus’
> (us ‘times’ (cycle fftodd))
> | n==1 = X8
> where
> fftEvn = ffth (evns xs) uEvns
> frftodd = ffth (odds xs) uEvns
> ukEvns = evns us
> evns = everyNth 2
> odds = everyNth 2 tail
> n = length xs
> everyNth n = (map head). (takeWhile (/=[]))
> plus = zipWith (+)

= = NS X))
t

IEC 62529:2012
IEEE Std 1641-2010

. (iterate (drop n))

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012
IEEE Std 1641-2010

Annex B

(normative)

— 65 -

Basic signal components (BSC) layer

B.1 BSC layer base classes

The base classes shown in Table B.1 are used to define BSC class properties (see 6.1)

Table B.1—Signal function base classes

B.2 BS

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

C subclasses

The BS[C classes are derived from the SignalFunction bas¢.class as subclasses, where each 14
further ferivation from the base class. The hierarchical¢stiucture of the base class and subc
illustrat¢d in Table B.2, in which a column has been included to indicate the attributes associated W

BSC clafss.

NOTE—{The use of boldface denotes a class, subclas$, 0¥ attribute in the text of this annex.

Table B.2—BSC subclasses (derived from SignalFunction base class)

vel 1s a
asses is
ith each

Subclasses

1st level

2nd level

3rd/4th level

Attributes

Source

NonPeriodic

Constant

amplitude

Step

amplitude
startTime

SingleTrapezoid

amplitude
startTime
riseTime
pulseWidth

fallTime

Noise

amplitude
seed
frequency

SingleRamp

amplitude
riseTime
startTime

Periodic

Sinusoid

amplitude
frequency
phase
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Table B.2—BSC subclasses (derived from SignalFunction base class)

(continued)

Subclasses

1st level

2nd level

3rd/4th level

Attributes

Trapezoid

amplitude
period
riseTime
pulseWidth
fallTime

Ramp

amplitude
period
riseTime

= ai} 1
1TIdllgIv

alll})‘li‘tudc
period
dutyCycle

SquareWave

amplitude
period
dutyCycle

WaveformRamp

amplitude
period
samplinglnterval
pdints

WaveformStep

amplitude
period
samplingInterval
points

Conditioner

Filter

BandPass

centerFrequency
frequencyBand
gain

rollOff
passBandRipple
stopBandRipple

LowPass

cutoff

gain

rollOff
passBandRipple
stopBandRipple

HighPass

cutoff

gain

rollOff
passBandRipple
stopBandRipple

Notch

centerFrequency
frequencyBand
gain

rollOft
passBandRipple
stopBandRipple

Combiner

Sum

Product

Diff

Modulator

FM

amplitude
carrierFrequency
frequencyDeviation

modIndex
Carrier
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Table B.2—BSC subclasses (derived from SignalFunction base class)

(continued)
Subclasses .
Ist level 2nd level 3rd/4th level Attributes
PM amplitude
carrierFrequency
phaseDeviation
Transformation — —
SignalDelay acceleration
delay
rate
Exponential dampingFactor
T —
Ln —
Negate —
Inverse —
PulseTrain pulses
repetition
Attenuator gain
Load reSistance
reactance
Limit limit
FFT samples
interval
EventFunction — — —
EventSource = —
Clock clockRate
TimedEvent delay
duration
period
repetition
PulsedEvent pulses
repetition
EventConditioner, — —
EventedEvent —
EventCount count
ProbabilityEvent seed
probability
NotEvent —
Logical — —
OrEvent —
XOrEvent —
AndEvent —
Sensor — — measuredVariable
measurement
measurements
samples
count
gateTime
nominal
condition
GO
NOGO
HI
LO
UL
LL
As
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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
Decode — datatype
encoding
Control — — —
SelectIf — Selector
SelectCase — Selector
mask
Encode — data
width
repetition
datatype
encoding
Channels — channelNames
Digital — — —
SerialDigital — data
period
logic H value
logic L value
pulseClass
ParallelDigital — data
period
logic H value
logic L value
pulseClass
Connection — — channelWidth
TwoWire — (channelWidth = 1)
hi
lo
TwoWireComp — (channelWidth = 1)
true
comp
ThreeWireComp — (channelWidth =T)
true
comp
lo
SinglePhase — (channelWidth = 1)
a
n
TwoPhase — (channelWidth = 2)

a
b
n
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Table B.2—BSC subclasses (derived from SignalFunction base class)
(continued)

Subclasses

1st level

2nd level

3rd/4th level

Attributes

ThreePhaseDelta

(channelWidth = 3)
a
b
c

ThreePhaseWye

(channelWidth = 3)
a
b
c

T

ThreePhaseSynchro

(channelWidth = 3)
X

y
z

FourWireResolver

(channelWidth = 2)
sl
s2
s3
s4

SynchroResolver

(channelWidth = 2)
rl
r2
r3
4

Series

(channelWidth = 1)

via

FourWire

(channelWidth = 1)
hi

lo

hiRef

loRef

NonElectrical

(channelWidth = 1)
to
from

DigitalBus

(channelWidth = 0)
pins

B.3 D¢

Clause
characte

scription'of a BSC

B.3 ‘describes the generic characteristics of BSCs without stating the detail of the
ristie§ of any particular signal. This approach provides the prototype for all signal buildin

physical
b blocks

without supplying defails or methods.

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.
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Conn
> ClassName

In Out
ﬁ )

SignalName
Sync 7'

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) PBignalName is the name of the specific signal beilig 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, called signal mod¢ls,-to describe complex signals. A signal model comprises|a group
of inter¢onnected BSCs that describesione or more signals. BSCs are interconnected through thejr signal
propertips of In, Out, 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 cglled the
Out Sigpal interface.

The BS{s 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 defihed by a
BSC mgqdel and, passes through a Connection subclass or when a signal is associated with a spefific pin
name (e]g., pirsin), 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 viftual 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:

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)

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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¢)  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)  pinsSync—of type pinString
i)  pinsGate—of type pinString
In additi

characte
signals.

The stat
affects 4
state coptrol is designed to allow a collection of BSCs in a signal model to be ‘controlled together as a
single emtity (see Annex C for further description).

The BSC’s In property consists of signal inputs that the BSC uses. Where'multiple In signals are| defined
for BS(s such as Sum, Diff, Product, Or, And, Xor, and EventedEvent, the behavior off a BSC
with mulltiple In signals shall be the same as multiple, dual-input BSCs chained together with thefr output
being the first input of the next BSC and with their second inpit being the next input signal as shown in
Figure B.2.

BSEX
o > In(1) BSC X
In(2) > In(2) $Lin(1) BSC X
In(3) > In(2) > In(1) BSC X
In(4) > In(2)

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 can be inferred by applying the single channel
behavior to each input channel. Where signals contain multiple inputs, all inputs are coerced into a multiple
channel signal by the following rules:

a) If the input signal has a single channel, this channel is repeated multiple times, equal to the number
of channels in the signal with the most channels.
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b) If the input signal has multiple channels, additional tri-state signals channels may be added to the

end so that the total number of channels for that signal equal the number of channels in the signal
with the most channels.

The action of the BSC is then applied to each corresponding set of single channel inputs.
Examples:
Attenuating a ThreePhaseWye signal attenuates each channel of the ThreePhaseWye signal.

Summing a three-phase signal (A) with a two-phase signal (B) would result in the following:

—  First phase of A and B being summed and output
— Becond 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 3 BSC is defined for use with a single In signal, e.g., Not, Filter. The‘use of multiple fnputs is
consideted to be a single input containing multiple channels.

The BSC uses the Syne property to initiate its operation. When the Syne?s Signal first becomes adtive, the
BSC starts its operation. When the Sync’s Signal subsequently becomes active again, the BSC reptarts its
operatiop. As an example for a Source, the signal becomes phase-locked on the event; for a S¢nsor, it
rearms the measurement. (See subclass descriptions in B.3.5 for more examples.)

The BS{C uses the Gate property to control its operation:, When the Gate’s Signal is active, thel BSC is
operatinjg; and when the Gate’s Signal is not active, the. BSC is not operating. As an example for a|Source,
this actipn would be outputting a signal or not outpufting a signal value (tri-state). For a Sensor, th|s action
would He taking a measurement or not taking.d/measurement. For a Connection, the action would be
becomirg connected or disconnected (open circuit). (See subclass descriptions in B.3.5 for more expmples).

A multighannelled signal used as an input:ito Sync or Gate is considered inactive when all its charjnels are
in the Np Signal (Z) state.

The Conn property allows a userto specify connectivity of BSCs without any implied activation, which is
implicit| with the In propérty. 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
property 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
reference, a BSC's behavior is affected by any In connection. All In signal’s states are monitored] and the
In signall is controlled by the BSC.

Properties—tha ate_dire o-the independent variable take the name appropriate to the usecdse, e.g.,
riseTime 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 always match the type of the independent variable

as provided by the RefType.

Example:
— Step (Voltage, Frequency) startTime="100 kHz" (white noise with a low pass filter of 100 kHz)

B.3.3 Types of BSCs

The type of a BSC can be one of the following:
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a)

b)

d)

Typeless—A typeless BSC represents signals, such as events, and can be combined with any other
signal of any type.

Abstract—An abstract BSC can have a different type from its inputs and can represent either an
event stream or an abstract signal. For example, the type of the sensor Average may be Voltage;
however, its values do not represent any real signal, but rather a stream of measured values.

Generic—A generic BSC is one that inherits its type from its inputs. For example, the type of the
conditioner Sum is the type of the signals being summed together. Generic types can generally be
used only when their input types are all of the same physical type.

Physical—A physical BSC defines the type of a signal, e.g., a voltage signal, defined with respect
to time.

The corllplete type of a physical BSC is expressed by post-fixing the BSC name with its physical fype and

referencg type, separated by commas and set within parentheses ().

Exampleg:

Where

Constant (Voltage, Time)

o types are provided in the signal definition, either explicitly;, or through a unit of a Physical

attributg, the default type is Voltage and the default reference type is.Time. Where a Physical pttribute
mapping in Table B.4 exists (such as between Time and Frequeney<or between Power and Voltdge), the
type shalll be the default type after the mapping has been appliedsas\illustrated by the following exaples:

To expr

Exampleg:

Sinusoidal amplitude="2 mW".../> is a (Voltage, Time) signal

Constant amplitude="1 MOhm" .../> is a (Resistance, Time) signal

SquareWave amplitude="2 mW" period="1' MHz" .../> is a (Voltage, Time) signal
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 whaosereference type is not the default type, the complete type definition shall He used.

WaveEormStep (Voltage, Frequency) samplelnterval="1 kHz"

NOTE—TIt is possible to express a signal using any BSC with any specified reference type. Care must be taken to
ensure that any defined signal is valid and realizable in the context of the environment in which it is used.

B.3.4 BSC attribute default values

Every BSC described in this annex is provided with a default value for each of its attributes. In some cases,
the default value provided is meaningful in that it may be a reasonable value in many situations where the
BSC is used. For example, a sinusoid has a default value for phase of zero, and this value will be correct in
many instances.
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This situation will not be true for many of the default values. Using the same example of a sinusoid, it may
be seen that the default value for frequency is 1 Hz. In most cases, this value is unlikely to be appropriate.
The user shall check that the correct value is provided for each use of a BSC.

NOTE—Although the default value is specified, the uncertainty is not. Therefore, although a value is defined, the
uncertainty or “how accurate the required signal needs to be” is not defined. In the case of sinusoid phase, any phase
will do.

B.3.5 SignalFunction subclass descriptions

B.3.5.1 bcl ription: r

A Sour¢e is used to produce a signal that is based on the value of its attributes. A Source must dreate an
Out Signal interface and generally possess at least one attribute; Source supports both‘Gate apd Sync
events. A Source does not possess values. Sources possess, but do not use, any In signals!

The typ¢ of a Source shall be specified; and unless otherwise stated, the default type-of a source i voltage
with respect to time (Voltage, Time).
B.3.5.2[Subclass description: Conditioner
A Conditioner combines and conditions one or more input sigdalsvinto an associated output signgl, based
on its aftribute values. A Conditioner must have at least one In signal and will create an Ouf Signal
interfacg. It supports Gate and Sync events, may possess attributes, but does not possess values.
The typ¢ of a Conditioner, unless otherwise stated, is ‘generic.

Where 4 Conditioner contains multiple inputs,\the Conditioner is operational when the first inpfit 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 js.the base class for EventSources and EventConditioners. EventfSources
define epents while Event€onditioners allow event definitions to be modified based on the action|of other
events and signals. An EventFunction must create an Out Signal interface and may possess attriputes. It
may have In signalsswill support Gate and Sync events, but does not possess values.

The typ¢ of an<EventFunction is typeless unless otherwise stated.

NOTE—{Th&ettput of an EventFunction that uses a Gate event has the semantics of a tri-state signal (digital|Z value).
This has The same eifect as an Inactive signal when applied 10 @ Gate of Sync, Of 10 signal when applied as an input.

Events can originate from either signals or other events.

B.3.5.4 Subclass description: Sensor
A Sensor observes the In signal and generates values for the specified characteristic of that signal. A
Sensor must have an In signal and provide a measurement value. It supports Gate and Sync events and

creates an Out event signal when the measurement is made or the condition is met.

The type of a Sensor, unless otherwise stated, is abstract.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012
IEEE Std 1641-2010 -75-

Sensors are used to monitor signals and to take measurement values. In all cases, their resultant signals are
streamed as abstract signals that contain both event and value information.

B.3.5.5 Subclass description: Control

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 Contfol may have Out properties and may possess attributes. It may have In properties, willl support
Gate anfd Sync events, but does not possess values.

B.3.5.6|Subclass description: Digital

A Digital is used to produce an analog control signal that represents digital infermation that is basgd on the
value of its attributes. A Digital must create an Out Signal interface and/gencrally possess at lgast one
attributg; Digital supports both Gate and Sync events. A Digital does not possess values. Digital juses the
In signalls as an external clock overriding any internal digital clock.

The typ¢ of a Digital, unless otherwise stated, is Voltage.

B.3.5.7[Subclass description: Connection

A Connection represents a collection of pins, thretigh which the In signals pass or from which fny Out
signals flow through channels. A Connection has-both In and Out signals and supports Gate, Sync, and
attributes identifying the names of the pins through which the signals pass. A Connection does nof possess
any valyes.

An implementer may wish to indicafe that a signal is hot-switched or cold-switched by gating a copnection
BSC before or after the signal appears on its input. However, the implementer should be aware|that the
standard does not define how-the signal is created or connected. A valid implementation may|not use
switchirlg at all. All that is'required is that the signal described is applied to the UUT at the apgropriate
time.

The typ¢ of a Connection, unless otherwise stated, is typeless.

The prigcipal prirpose of a Connection is to identify the names of the pins, such as PL1-1, associated with
the charnéls through which the physical signal must flow. A signal is considered an external quanfity only
where it PasscTs Liuuugh aCommrection: Au_y biguai phabc Trformmationr s tostbetweemrdifferemt-Comections
but maintained within channels of a single Connection.

The use of pinsln, pinsOut, pinsSync, and pinsGate is incompatible with any Connection and is,
therefore, strongly deprecated.

Table B.3 shows an overview of the other derived Connection classes and their associated pin attribute
names.
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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
ThreePhaseSynchro Three-phase synchro X,Y,Z
FourWir¢Resolver Four wire resolver sl, s2,83,s4
SynchroResolver Synchro-resolver rl, 2,13, 4
Series Series Via
FourWir Four wire hi, lo, hiRef, J6Ref
NonElecfrical Nonelectrical to, from
DigitalByis Data, address, or control bus Pins

B.3.5.8|Connection subclass attributes

The attrjbute type for most connection class attributes is <pinString>. This character string may rgpresent
one or fnore UUT pins. A UUT pin name shall not contain-a whitespace character; thus the whitespace

charactdrs represents a delimiter between multiple UUT pinn names.

A singlg pin attribute containing more than oneSUUT pin name indicates multiple instance
connectfon class where each connection has on¢’set of pin attributes with a single UUT pin

of the
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 Physical basesclass (see Table B.1) is used to describe real physical values. It has a vplue, an

associatpd dimension' described by its units, and an uncertainty. Its value may be constrained. All
types, ejg., time;-voltage, are derived from the Physical class. These derived Physical classes can a

other inferfaces) e.g., a Period may be expressed as both Frequency and Time.

physical
Iso offer

B.4.2 Properties

A Physical value comprises the following elements:

a)  Quantities
b) Ranges
c¢) Load

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012
IEEE Std 1641-2010 -77 -

Quantities can be either basic quantities or uncertain quantities. A quantity represents dimensioned values
containing a qualifier magnitude and an associated unit with prefix, e.g., "pk pk 10 mV". An uncertainty
quantity extends the basic quantity and associates uncertainty (errlmts), resolution (res), and confidence
(conf) values with the quantity, e.g., "pk_pk 10 mV errlmt +- 5% res 1 uV conf 99.96%". 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 using a quantity description, but without reference to a qualifier, e.g., "range 1 V to 5 V". The
range defines the expected values of the signal attributes and the default characteristics of the physical
value when it is within that range, e.g., "range 1 V to 5 V errlmt 5% res 1 uV" implies that a value between
1 V and 5 V will have an uncertainty and resolution given by "errlmt 5% res 1 uV".

Load (Iqad) represents the basic quantity value to be applied when converting between different uits, e.g.,
voltage aind power. The load is a single value and is associated with the Physical class.

B.4.2.1|Format

The stripg format of the physical value is described as follows:

physi¢al := [qualifiedQuantity]* loading [rangingInformation]*
qualifiedQuantity:= qualifier anyQuantity

qualifier := trms|pk pk|pk|pk pos|pk neg|av|inst|inst max|inst min
anyQugntity := quantity|uncertainQuantity

quant]lty:= <numeric expression> <unit>

uncertainQuantity := quantity ((erroflimit [confidence]} |
resolfition) *

errorlimit := (errlmt +quantity =quantity) |

([errlmt] (£]|+-) quantity)

resolytion:= res quantity

confidlence:= conf quantity

rangipgInformation := (range anyQuantity [ (tol|:) quantity]l*) |
([range] (MAX|MINY quantity)

loadimpg = load quantity

where

— Al the occurrences of <unit> must belong to the same quantity (see Table B.4) or, where specified,
nay be expressed as a ratio quantity.

— [Che <unit> is made up of the <Unit Symbols> and optionally one of any associated [<Metric
Prefikes> or <Binary Prefixes>. The unit shall not be omitted unless the quantity is dimensionless.

— The errlmt is always 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 is always held as an absolute value, identifying the granularity of the value.

— The conf property is always held as an absolute value, as a ratio, and represents the level of
confidence associated with the uncertainty (errlmt).

— The load property is always held as an absolute value.

— The range property is always 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
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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 will be used if not explicitly specified.

The syntax allows for a string containing a keyword followed by a value, any number of times. The format
defined provides the expected or recommended structure for a physical value. Although the standard
defines the meaning of any physical value string, adhering to the specified format provides clarity in the

meaning

A Phys
taken fr

AT preciudes e possibiity of TItemioTat eITors caused by s tat String formmats

cal class object value does not have to be written with any dimensional quantity! The {
m the unit property that shall be initialized to the default attribute type.

Inits are

The valye property assigns the complete physical value as a whole. Any missing property values iniply that

the valul
property
dimensi
resource

For relal

value ufpless both positive and negative values are specified. For example, “300 mV errlmt 10

interpre
“300 m)
+10 mV

they shalll be specifically stated, even if one of the values is zero, e.g., “300 mV errlmt +10 mV -0

The qu4
pk pk5

The err
“av 65
maximul

When a
transferi

B.4.2.2

c is not of interest, and any resource selection will not consider the missing property. C
values do not affect other property values, except where there is a,nieed to ensure consis
bns. Specifying an uncertainty of zero implies that any resource, Selection will choose
available.

ive values, a single-ended, positive or negative, uncertainty value is interpreted as a doub
ed as “300 mV £ 10 mV,” which is the same as 300 mV errlmt +10 mV —10 mV.” S

V errlmt +10 mV” is also interpreted as “300 mV_£10 mV,” which is the same as “300 m
—10 mV” and “300 mV errlmt —10 mV.” If\different positive and negative values are

V).
mt and range properties referto'the value including the qualifier. For example, in a valug
mV range MAX 100 mV,%-the MAX 100 mV refers to the maximum average value,
m instantaneous value.

ssigning physical types to each other, the complete value of the referenced physical

ed, e.g., “pk_pos—~8 V errlmt + 5% res 0.1 uV range —10 Vto -5 V.”

Use-of qualifier

A qualifierys defined to be one of the following:

hanging
tency of
the best

e-ended
mV” is
imilarly,
NV errlmt
equired,
v.”

lified quantity of the physical quantity\also carries any attribute qualifier, such as pk_pk (e.g.,

such as
not the

type is

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)

g) inst (instantaneous)
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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:

<Average nominal="av 100 V" />

Z11

<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 coverd
associat

B.4.2.5

The incl]
range off
range M
may var

: 2 1 2
LT TIVIIMILIIal= d 1 UU

e where the qualifier cannot be determined by the context, it is assumed to be (inst, a
o

L 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 anddneasurements, 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 uncertainty, which is obtained by the combined standard uncert
ge factor. The inclusion of a 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 a range\does not change or constrain the model. The range property (range) desc
values thatdheattribute is expected to take over the life of the signal. For example, the valt

s in the

oes not
d to, the
bn value

Fements,
ainty by
hfidence

'ibes the
e“10V

AX 12 W indicates that the amplitude is 10 V and that during the life of this signal, the amplitude

y and-iS.expected to take values up to 12 V.

If the s

ecified magnitude is outside of the given range, then that magnitude takes precedence ai

d is not

constrained within the range. It is equivalent to providing two ranges, one at the spot 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 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.

* 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.

Examplé¢:

errlmg

+-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 afpd 30 V,
the uncdrtainty is = 0.2 V; and for all other values (less than 0 V and greater than 30 V), the unceftainty is

+1V.

Where the overlapping region has the same uncertainty but different errlmt values, the range with the
lower magnitude is assumed.

Examplg:

range
0.1V

1V to 10 V errlmt +0.1 V -0.2 V range 5 V to 20 V errlmt +0}2 V

In this gxample, the range between 0 V and 10 V hds an uncertainty of +0.1 V -0.2 V, the range petween
10 V and 20 V has an uncertainty of +0.2 V 0:1¥, and no uncertainty is specified for values oytside of

those rapges.

B.4.3 Permissible physical typesand their units

Table BJ4 lists the allowed quaatities, physical types, unit symbols, and their units.

Table B.4—Physical types

Unit symbol Other
Quahtity Physical type Unit SI unit (See mappings
NOTES 1, 2) and notes
Acceleration Acceleration meter per second Derived m/s’ —
Sqorared
Admittance Admittance — — — See NOTE 3
Amount of AmountOfinformation | bit* — b See NOTES
information byte" — B 4,5
Amount of AmountOfSubstance mole Base mol —
substance
Angular AngularAcceleration radian per second Derived rad/s’ —
acceleration squared
Angular velocity | AngularSpeed radian per second Derived rad/s Frequency
Area Area square meter Derived m’ —
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Table B.4—Physical types (continued)
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Unit symbol Other
Quantity Physical type Unit SI unit (See mappings
NOTES 1, 2) and notes
Capacitance Capacitance farad Derived F —
Concentration Concentration mole per cubic meter | Derived mol/m’ —
Current density CurrentDensity ampere per square Derived A/m? —
meter
Dynamic DynamicViscosity pascal second Derived Pass —
viscosity
Electric {harge Charge coulomb Derived C —
Electric ¢harge ElectricChargeDensity | coulomb per cubic Derived C/m® —
density meter
Electric Conductance siemens Derived S Resistance
conductahce S¢e NOTE 3
Electric qurrent Current ampere Base A —
Electric fiield ElectricFieldStrength volt per meter, Derived V/m S¢e NOTE 6
strength newton per coulomb | Derived N/C
Electric flux ElectricFluxDensity coulomb per square Derived C/m? —
density meter
Electric potential | Voltage volt Derived \% Ppwer (where
differencp Idad is
specified by
the load
pfoperty)
Electric ffesistance | Resistance ohm Derived Ohm Aldmittance
S¢e NOTES
3]7
Electromptive Voltage volt Derived v Ppwer (where
force ldad is
spjecified by
the load
pjoperty)
Energy Energy joule Derived J S¢e NOTE 4
electronvolt In use eV
Energy density EnergyDensity joule per cubic meter | Derived Jm’ —
Entropy Entropy joule per kelvin Derived J/K —
Exposurg Exposure coulomb per kilogram | Derived C/kg —
Force Force newton Derived N —
Frequendy Frequency hertz Derived Hz Tlme
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
3,7
Inductance Inductance henry Derived H —
Irradiance Irradiance watt per square meter | Derived W/m? —
Kinematic KinematicViscosity square meter per Derived m*/s —
viscosity second
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Unit symbol Other
Quantity Physical type Unit SI unit (See mappings
NOTES 1, 2) and notes
Length Distance meter Base m See NOTES
inch — in 4.8
foot — ft
mile (statute) — mi
nautical mile In use nmi
Luminance Luminance candela per square Derived 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 —
Magnetid flux MagneticFluxDensity tesla Derived T —
density
Mass Mass kilogram kg{(Base) g S¢e NOTE 9
Mass derfsity MassDensity kilogram per square Detived kg/m? —
meter
Mass Flgw MassFlow kilogram per second Derived kg/s —
Molar energy MolarEnergy joule per mole Derived J/mol —
Molar engropy MolarEntropy joule per mote 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 pf inertia | MomentOfInertia kilogram meter Derived kgem? —
squared
Momentym Momentum kilogram meter per Derived kgenv/s —
second
Permeabllity Permeability henry per meter Derived H/m —
Permittivlity Permittivity farad per meter Derived F/m —
Plane angle PlaneAngle radian Derived rad S¢e NOTES
degree In use °, deg 4410
Power Power watt Derived w Voltage (is
decibel watt® — dBW, dB(1 W) | Sfecified by
PP b - . the load
UCCIOCT HIITITWAatt —_— dbl, db(1 prOperty)
mW) Also see
NOTE 11
Power density PowerDensity watt per square meter | Derived W/m? —
Pressure Pressure pascal Derived Pa See NOTES
millibar In use mbar 4,12
Radiance Radiance watt per square meter | Derived W/(m?ssr) —
steradian
Radiant intensity | RadiantIntensity watt per steradian Derived W/sr —
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Unit symbol Other
Quantity Physical type Unit SI unit (See mappings
NOTES 1, 2) and notes
Ratio Ratio decibel® — dB See NOTES
percent® — %, pc 13,14
octave — octave
decade — decade
Reactance Reactance ohm Derived Ohm Susceptance
Also see
NOTES 3, 7
Solid angle SolidAngle steradian Derived sr —
Specific gnergy SpecificEnergy joule per kilogram Derived J/kg —
Specific gntropy SpecificEntropy joule per kilogram Derived J/(kg*K) —
kelvin
Specific heat SpecificHeatCapacity joule per kilogram Derived Ji(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 H3
knot In use nmi/h, kn
kilometer per houit — km/h
Surface tnsion SurfaceTension newton per metep Derived N/m —
Susceptahce Susceptance siemens Derived S Rpactance
Also see
NOTE 3
Thermal ThermalConductivity watt per meter kelvin | Derived W/(m*K)
conductiyity
Thermodynamic Temperature kelvin® Base K S¢e NOTES
temperatpre degree Celsius Derived °C, degC 8415
degree Fahrenheit — °F, degF
Time Time second® Base ] S¢e NOTE 4
minute” In use min
hour” In use h
day® In use d
yearb In use y
Volume Volume cubic meter Derived m’ S¢e NOTE 4
tter trose T
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 > symbol, e.g., W/m® may be written as W/m2. The symbol for the power of 2 (*) is an ASCII character.
Similarly, the preferred symbol for the power of 3 (i.e., *) may be replaced by the symbol 3. The symbol for the power of 3
(®) is not an ASCII character.

NOTE 3—Following electrical engineering convention, the term resistance is used to mean the real part of impedance, and
the term reactance is used to mean the imaginary part of impedance. Similarly, conductance and susceptance are the real
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Table B.4—Physical types (continued)

Quantity Physical type Unit SI unit (See

Unit symbol

NOTES 1, 2)

Other
mappings
and notes

and imaginary parts of admittance. Impedance and admittance are not currently supported as complex types. The terms
impedance 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 both metric and binary prefixes. Care should be
exercised to ensure 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 expressed in

terms of
electric f]

NOTE 7
not allow
ASCII cHi

NOTE 8
requirem

NOTE 9]
(8)-

NOTE 1
number,
deg be u|
adjacent

NOTE 1
dBW) o1
requirem
be writte

NOTE 1

limited upe in meteorology (i.e., for barometric pressure). The value 1 mbar is equal to 100 Pa.

NOTE 1
in the ca
be dimei]
symbol (

NOTE 1
the partid
used witl

NOTE 1
the symH
ASCII cHf

eld strength).

Greek letters. By custom, this convention is normally used in test requirements. The ehm Symbol
aracter.

—A limited number of other (non-SI) units have been included. These units wefein’ customary use
bnts and have been included for purposes of compatibility.

—For historical reasons, although the SI unit of mass is the kilogram (kg), the’SI prefixes are attacheq

—When the degree symbol (°) is used for degrees of plane angle; the symbol is normally placed ad
b.g., 45°. When a degree of plane angle symbol is required to fellow a variable, it is recommended thg
bed, e.g., bearing deg. Using the degree symbol (°) with a.vartable may give rise to confusion if it
o the variable name.

| —These units of power are equivalent to a level (in'decibels) above a reference power of 1 W (i
1 mW (in the case of dBm). These equivalents®are included to support legacy test requiremen
ents should be written with the reference level in‘parentheses following the ratio unit. For example, 7
h as 7 dB (1 mW).

P—The use of the bar as a unit of pressure is strongly discouraged. The use of the millibar (mbar) ig

—Ratio is not a quantity. It has'been included in this table due to its customary use in test requiren]
e of the specification of amplifier gain. In addition to the unit symbols (dB, %, and pc) shown, rati
sionless. The unit symbolk pc-is included for carrier language implementations that do not supporf

0).

l—Following customary use in electrical engineering, the terms octave and decade are used as unit
ular cases of 2:1 ‘and 10:1, respectively. The unit to which the ratio refers is determined by the contey
filters, the tetin‘octave refers to a ratio in frequencies of 2:1.

—The preferred symbols for the degree Celsius (i.e., °C) and the degree Fahrenheit (i.e., °F) may bg
ols degC. and degF where the character set does not allow the degree symbol (°). The degree sym
aracter:

bther derived units. There are frequently alternative ways to express a derived unit using other deriyed units (e.g.,

—The preferred symbol for the ohm (i.e., Q) is normally replaced by the term Ohm where.the charagcter set does

Q) is not an

in some test

to the gram

jacent to the
t the symbol
were placed

) the case of
s. New test
dBm should

retained for

ents, €.g., as
values may
the percent

b of ratio for
t, e.g., when

replaced by
bol (°) is an

“In this standard, a bit (b) Is a basic unit oI measurement ol Information storage I 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 units are not used with the SI prefixes.

°This uni

t is not used with the SI prefixes representing positive powers.
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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 102 —
z zepto 10 —
T atto o —
f femto 101 —
p pico 107" —
n nano 10” —
i, u micro 1076 See NOTE 1
m milli 107 —
c centi 107 See NOTE 2
d deci 10" See NQTE2
h hecto 10" See NOTE 2
k kilo 107 —
M mega 10" —
G giga 10" —
T tera 10712 —
P peta 1072 —
E exa 193! —
Z zetta 10*! —
Y yotta 10" —
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
i, test requirements (except for decibel, dB, which is used
exclusively).
B.4.5 Unitprefixes for bimary muitiptes

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.
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Table B.6—Binary prefixes

Prefix Name Value Example
Ki kibi 210 1 KiB = 1.024 kB
Mi mebi 2% 1 MiB = 1.048576 MB
Gi gibi 230 1 GiB = 1.073741824 GB
Ti tebi 240 1 TiB = 1.099511627776 TB
Pi pebi 2% 1 PiB = 1.125899906842624 PB
Ei exbi 260 1 EiB = 1.152921504606846976 EB
NOTE—These prefixes are defined in IEEE Std 1541™-2002 [B15].

IEC 62529:2012
IEEE Std 1641-2010

B.4.6 Runtime properties

The pro

a)

b)

©)
d)

e)

2

b.g., dBm.

following:

[) trms (true root mean square)

berties of a Physical class are described as follows:

magnitude <real> is the value of the physical type, e.g., 3.0.

D) pk_pk (peak-peak)

B)  pk (peak)

1) pk_pos (positive peak)

5)  pk_neg (negative peak)

b)  av (average)

/) inst (instantaneous)

B)  inst/max (instantaneous maximum value)
D) nst_min (instantaneous minimum value).

erclmt <enum:UL,LL>

value <string>(default) contains the full textual description (e.g., “trmis, 3V errlmt 100 m
| Vto 10 V”).

it <string> is the read-only unit symbol of the value, e.g5 Vs Hz, A.

withUnit (unit <string>) <Physical> returns a referencé.to this Physical, with the specif]

qualifier <enum> provides different ways of<observing the value and contains ong

V range

ed unit,

of the

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.
res

1) magnitude <real> is the value of the resolution, e.g., 25.

2)  units <string> is the unit symbol of the resolution, e.g., uVv.
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h) conf

1) magnitude <real> is the value of the level of confidence associated with the uncertainty

(errlmt), e.g., 95.
2)  units <string> is the unit symbol of the level of confidence, e.g., pc or %.

i) load

1) magnitude <real> is the value of the load to be used for translation to and from power, e.g.,

50.
2)  units <string> is the unit symbol of the load, e.g., Ohm.

j)  range <enum:MAX MIN>

)  magnitude <real> is the value of the maximum or minimum range, e.g., 10.

) units <string> is the unit symbol of the maximum or minimum range, e.g., V.

The valpe property is the default property of the Physical class and is internally parsed to comyj

lete the

magnityde, unit, qualifier, errlmt, res, conf, load, and range properties. Explicitly changing any

sical class represents a collection class and supports the standard methods and propert
tem, Remove and NewEnum. The object refurned as an item of the collection supports
Physcial interface.

NOTE—{The enumeration value for the units preperty never contains the metric prefix, e.g., 300 mV, an
magnitufle 0.3 and unit V. The default value for'the qualifier is determined by the associated signal attribute.

B.5 PulseDefns class

The PulseDefns base class (see Table B.1) is used to define BSC signal properties that consist of
pulses. The PulseDefns isa collection of pulse definitions can be enumerated through.

All pulsps defined with*the PulseDefns class start from the same time frame (i.e., T(0)). All BSCs
PulseDgfns superimpose each pulse on top on each other to obtain a complete PulseDefns. See Fig

ction to
xample,
in dBm,
.

es Add,
also the

d has SI

a set of

that use
ire B.3.
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Pulse 1

Pulse 2

Pulse 3

Combined Pulse
Definition

T(0)

Figure B.3—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)

Runtimd Properties

— | NewEnum returns an object that supports IEnumVARIANT. This property is not visible fo users,
but allows native languages to iterate-through the PulseDefns using the For,Each mechanisin.

— jtem (index VARIANT) is of'type PulseDefn. An individual pulse definition is retrieved ysing the
tem property, using a numeric¢ index (0-indexed), or using the name of pulse.

— fount is of type Long;snumber of PulseDefns in the collection.

— palue is of type String [i.e., a string list of all the pulses, e.g., “(1ms, 0.5ms, 1) (30us, 2ms, |)”].
Runtimd Methods

— Add'(name string) is of type PulseDefn and adds a PulseDefn identified by name. If nanpe is not
pnigue 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.

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:
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'('<numeric expression> <unit> ',' <numeric expression> <unit> ',
<numeric expression> [pc|%] '")'

—All the occurrences of <unit> must belong to the same quantity (see Table B.4). In most cases, these
will be units of time.

—The <unit> is made up of the <Unit Symbols> and optionally one of any associated <Metric Prefixes>
or <Binary Prefixes). The unit shall not be omitted unless the quantity is dimensionless.

Runtime Properties

— value is of type String (i.e., a string containing the pulse, e.g., “(30 us, 2 ms, 1)”).

w2

)
)

—  ptart<physical>"13the poinm Where the puise occurs. tdefautt o

w2

—  pulseWidth <Physical> is the duration of the pulse. (default 0

— levelFactor <Ratio> is the multiplication factor that the pulse applies to an input-signal.
(default 1]0)

— hame is of type String and is the name of the pulse. The name can be(used to extract a|specific
PulseDefn from a 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 pure virtual class as, it'¢can only be used to derive classes ragher than
to creatq test objects.

Propertles

—  Put is of type Signal.

— In [(at=0)] is of type reference t0.Signal.
— PBynec is of type reference to(Signal.

— [Gate is of type reference\to Signal.

— [Conn[(at=0)] is of type reference to Signal.
—  pinsln is of type pinString.

—  pinsOut is of type pinString.

— pinsSyne 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 5 4". Negative channel numbers can be used to
exclude channels, e.g., channels="-1". The parameter values 0 or "" implies all signal channels.

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
behavior of the SignalFunction.
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The pinsIn, pinsOut, pinsSync, and pinsGate properties provide the means to connect at the level of the
signal without reference to a separate connection class. Although these properties are inherited by all STD
classes and 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 restricted to the
two-wire (hi, lo) style of connection, e.g., they cannot be used where true, comp, phase, or neutral pin types
are required. Refer to B.6.7 for a definition of pinString.

Subclauses B.6.1 through B.6.7 describe all of the BSCs available to the standard covering Sources,
Conditioners, Sensors, EventFunctions, Control, Digital, and Connections. The description generally
takes the form of describing the signal in terms of generating a signal. However, a signal description in the
form of a signal model can equally be used as a means of measuring a signal characteristic attribute or

signal s
how the

Where
BSC ca
plus thg

Constant type interface (see Annex D).

NOTE—
text. In g

See C.2

B.6.1 Source ::SignalFunction

a)
b)

b)
©)

mulation. The signal descriptions defined by this standard describe the signal, but do.nd
signals are to be used.

describe any signal based on any physical type listed in Table B.4. Each BSC défines an
names of the objects that support those interfaces, e.g., Constant(Volfage,Time) supy

All BSC behavior to Gate and Sync events is as described in B.3 unless‘explicitly changed in the
eneral, this behavior is consistent across all BSCs and avoids special meanings being invented for the

3.3 for description of runtime properties.

Definition—Sources are the only BSCs from\where signals can originate.
Uttributes—Not applicable

Description—A Source produces a. §ignal based on its attribute values. The signal is cont
brovided, unless gated off, and edn be restarted by use of the Sync event. Once started, g
benerates the signal until explicitly turned off through the Out Signal interface.

NonPeriodic ::Source

PDefinition—NonPeriodic signals have no implicit period. They identify signals that do n
hemselves.

Uttributes—Not applicable

Description—NonPeriodic Sources are continuous signals, where their final value
Constant, but they do not have a period. A NonPeriodic Source represents a transient

t define

e following descriptions use the SignalFunction template, their type is shownyas Physiral. The

nterface
orts the

ollowing
e terms.

nuously
Source

t repeat

may be
r single

B.6.1.1

b laala tad 41 - 1 £ 1. 4+
TASTOTS - WITCIT TS TP TatCU O tieaiiTvar OT CatTmI yIrC U VeI

.1 Constant<type: Physical> ::NonPeriodic

a)  Definition—A Constant signal retains its given level. See Figure B.4.

b) Attributes

amplitude <Physical>—the level of the signal

c) Description

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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B.6.1.1

b)

B.6.1.1

a)

b)

1.0

0.8+

0.6+

0.4+

0.2+

Time
Figure B.4—Constant (amplitude=1 V)

2 Step<type: Physical> ::NonPeriodic

Definition—A Step signal makes a transition from zero to a given leyel. See Figure B.5.

Uttributes
hmplitude <Physical>—final value of Step signal (default 5
startTime <Time>—definition of when the step transitig starts (default 5

hmplitude level. The step transition is regarded as instantaneous. Before start time, the vaj
hfter start time, the value is the amplitude.

1.0+

0.6+

0.4+

0.27;

0.0

Time

0)
0.55)

Description—A Step signal has two properties:  thesstart time of the transition and the final

lue is 0;

.3 SingleTrapezoid<type: Physical> ::NonPeriodic

Definition—A SingleTrapezoid is a NonPeriodic signal defined by the geometric trapezoid shape.

See Figure B.6.

Attributes

amplitude <Physical>—value of pulse amplitude (default = 0)

startTime <Time>—time at which trapezoid starts relative to it initialization (default =0 s)

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

B.6.1.1]14 Noise ::NonPeriodic

b)

IEC 62529:2012

-92 - IEEE Std 1641-2010
riseTime <Time>—time taken to reach amplitude (default = 0.25 s)
pulseWidth <Time>—time that trapezoid is stable at amplitude (default = 0.5 s)
fallTime <Time>—time taken to fall back to quiescent state (default = 0.25 s)

Description—A SingleTrapezoid may have zero values for any of its properties. The trapezoid is
regarded as its geometric shape.

Its properties are defined by its amplitude and the times that bound each signal segment of start
time, rise time, pulse width, and fall time.

0.6+

0.4+

0.2+

0.0

Time
Figure B.6—SingleTrapezoid (amplitude=1 V)

Definition—Noise may be considered asunwanted disturbances superimposed upon a usefyl signal,
which tend to obscure the signal’s information content. Noise may be genuinely random (as in
white noise) or may be pseudoranidom. Noise occurs across a range of frequencies and can be
Characterized by amplitude; it may: take the form of a Sensor or Source signal. Pseudorandqm noise
s only of interest as a Sourc¢\signal. In addition to amplitude, it also allows a frequency and an
bptional seed to be defined. See Figure B.7.

Uttributes
hmplitude <Physical>—the peak noise amplitude (default 50)
peed <int>—used for pseudorandom noise (default 50)

frequeney-<Frequency>—upper bound frequency bandwidth for transient disturbances
(default 550 Hz)

Peseription—Noise is the term most frequently applied to the limiting case where the ngymber of
transient disturbances per unit time is large.

Noise has amplitude, frequency, and seed as parameters, of the type of the dependent variable, and
has a recurring pattern as determined by the generating algorithms and the seed. These parameters
define the mean frequency and amplitude of the transient disturbances.

The pseudorandom effect applies only to multiple sequences of the same implementation, and
different implementations will give different pseudorandom values. A seed value of 0 implies true
random noise. Therefore, it could be generated from a thermal noise generator and is not
necessarily repeatable.

The frequency attribute provides the bandwidth of the frequency spectrum of the noise. The use of
zero (0 Hz) implies noise is independent of frequencies, i.e., white noise.
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Figure B.7—Noise (seed=1, amplitude=0.5 V, frequency=50 Hz)

B.6.1.1{5 SingleRamp<type: Physical> ::NonPeriodic

a) Pefinition—A SingleRamp represents a linear transition from 0 to\the defined amplitude level
Huring a defined time period. See Figure B.8.

b)  MHrttributes

hmplitude <Physical>—final value of ramp signal (default 50)
riseTime <Time>—time for signal to reach final value (default 91 s)
ptartTime <Time>—defines when the step transition starts (default 50 s)

c) Pescription—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 betyeen the
hmplitudes divided by the transition timé.In a high-to-low transition, the gradient is negafive; and
n a low-to-high transition, the gradient is positive.

0.8+

0.6+

0.4

0.0

Time
Figure B.8—SingleRamp (amplitude=1V, riseTime=1 s)

B.6.1.2 Periodic ::Source

a)  Definition—Periodic signals are signals in which the amplitude value (a dependent variable)
changes as a periodic function of time (an independent variable). These signals have an implicit
period and frequency.
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Attributes—Not applicable

Description—The behavior of any Periodic signal defined with a period is that of a single signal

that is being synchronized with a clock event equivalent to the period. Therefore, eac

h signal

restarts from its initial start time at the start of each period. Periodic signals are equivalent to

synchronized NonPeriodic signals.

B.6.1.2.1 Sinusoid<type: Physical> ::Periodic

a)

b)

c)

Definition—A Sinusoid is a signal where the amplitude of the dependent variable is give
formula in Equation (B.1):

n by the

b = Asin(wttg)

vhere

A is the amplitude

w is 2x x frequency

7] is the initial phase angle

ttributes
hmplitude <Physical>—amplitude (default 5
frequency <Frequency>—frequency (default 5
phase <PlaneAngle>—initial phase angle (default 5

Description—Sinusoid has amplitude, frequency;yand phase as parameters. The amplitudg
ype of the dependent variable, the frequency*5.0f type Frequency, and the initial phase a
PlaneAngle. See Figure B.9.

1.0+
0.8+
0.6+
0.4+
0.2+
V oo
0.21
040
L0.6+
0.8
-1.0L

(B.1)

0)
1 Hz)
0 rad)

has the
hgle is a

Time

Figure B.9—Sinusoid (amplitude=1 V, frequency=30 Hz)

B.6.1.2.2 Trapezoid<type: Physical> ::Periodic

a)

Definition—A Trapezoid is a Periodic signal that sequentially repeats the SingleTrapezoid. The

period is defined by the duration of the SingleTrapezoid. All event times are referenced
time, which is reset at the start of each pulse. See Figure B.10.
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b)  Attributes
amplitude <Physical>—value of pulse amplitude (default = 0)
period <Time>—time in which the signal repeats itself (default =1 s)
riseTime <Time>—time taken to reach amplitude (default = 0.25 s)
pulseWidth <Time>—time that Trapezoid is stable at amplitude (default = 0.5 s)
fallTime <Time>—time taken to fall back to quiescent state (default = 0.25 s)

c) Description—A Trapezoid signal represents the trapezoidal geometric shape. The continuous

signal always starts on the rising edge, and the trapezoid is repeated every period even if the

trapezoid has not been completed.

1.0+

0.8+

0.6+

0.4+

0.2+

0.0

Time
Figure B.10—Trapezoid (amplitude=1 V, pulseWidth=0.5 s)

B.6.1.2|3 Ramp<type: Physical> ::Periodic

b)

Definition—A Ramp signal .is”a Periodic signal whose instantaneous value follows

ransition from zero to the/defined amplitude during the riseTime and back to zero du
Femainder of the period. In the case that the period is less than the riseTime, the linear t
from zero will stop when'the period is reached. See Figure B.11.

a linear
ring the
ansition

ttributes

amplitude <Physical>—final level of the signal (default 5
period <Time>—time in which signal repeats itself (default 5
FiseTime <Time>—rise time of Ramp signal (default 5
Peseription
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B.6.1.2

b)

NOTE—
(i.e., 0 to|

Time
Figure B.11—Ramp (amplitude=1 V)

4 Triangle<type: Physical> ::Periodic

Definition—A Triangle signal is a Periodic signal whose instantaneous value varies line
bqually about 0. Duty cycle is a ratio between the time for whichutlincreases to its positi
hnd the time for which it decreases to its negative value. Ms. parameters are define
hmplitude, period, and duty cycle. See Figure B.12.

Uitributes
hmplitude <Physical>—maximum amplitude level ofithe signal (default 5
period <Time>—time in which signal repeats itsé€lf (default 5

HutyCycle <Ratio>—ratio between time taken to increase from its minimum to its maximu
ind the time for one period (default 5

Description—Triangle has amplitudesand period as parameters. The amplitude has the tyj
Hependent variable; the period is of type Time.

The value of the attribute dutyCycle is a ratio, which can include values outside of the range of 0%
1). The use of values outside of the range of 0% to 100% may have unintended effects upon the signg

0.8+
06+
0.4+
0.2+

arly and
ve value
I by its

0)
15s)

m value
50%)

e of the

to 100%
1.

-0.2+
-0.4+
-0.6+
-0.81+
1.0+

Time
Figure B.12—Triangle (amplitude=1 V)
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B.6.1.2.5 SquareWave<type: Physical> ::Periodic

a)

b)

¢)

Definition—A SquareWave is a Periodic signal whose amplitude (a dependent variable)
alternately assumes one of two fixed values of amplitude. The amplitudes are equal to about 0,
which is the reference base line. Duty cycle is a ratio between the time for which it remains at its
positive value and the time for which it remains at its negative value. Its parameters are defined by
its amplitude, period, and duty cycle. See Figure B.13.

Attributes
amplitude <Physical>—amplitude of signal (default = 0)
period <Time>—period of signal (default=1s)

JutyCycle <Ratio>— ratio between time at its positive value and the time for one period
(defaultq 50%)

Description—SquareWave has amplitude and period as parameters. The amplitudé has [the type
bf the dependent variable; the period is of type Time.

NOTE—{The value of the attribute dutyCycle is a ratio, which can include values outsideof 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 signgl.

B.6.1.2{6 WaveformRamp<type: Physical> ::Periodic

b)

1.0
0.8+
0.61
0.4+
0.21

V o0

0.21
041
0.6+
-0.8+
-1.06L

Time
Figure B.13—SquareWave (amplitude=1 V)

Definition—A WaveformRamp is defined by a sampling interval and a list of valdes. The
WaveformRamp cycles through those values sequentially and infinitely, starting fron] 0. The
width of each window is the same, and each window consists of a Ramp signal. See Figure|B.14.

Attributes

amplitude <Physical>—amplitude of the output signal where the level factor (in points) is 1
(default =1)

period <Time>—the time between each sequence (default =1 s)
samplingInterval <Time>—the time between successive (points) outputs (default=0s)
points <list_double>—Ievel factor of each waveform sample (default = empty)

If the attribute samplingInterval is 0, the complete waveform described by the points is repeated
per period. Otherwise, the period is calculated as (sampleInterval x number of points). Assigning
a nonzero period value sets samplingInterval to 0.

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |
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Description—WaveformRamp takes the form of a sequence of linear signals with the sampling
interval defining the event window. The slope of the linear signal is defined by the difference
between the previous point and the current point divided by the sampling interval. In a high-to-low

transition, the slope is negative; and in a low-to-high transition, the slope is positive. The

offset is

defined by the previous point. WaveformRamp cycles through the points sequentially and

continuously.

Time
Figure B.14—WaveformRamp (points=[0, 1, 3, 2, 4,(5,'2, 1], period=1 s)

Definition—A WaveformStep is defined by @,sampling interval and a list of valy

bf each window is the same, and each window consists of a line segment (i.e., a step sigt
Figure B.15.

ttributes

hmplitude <Physical>—amplitude of the output signal where the level factor (in points) is
(default 5

period <Time>—the time between each sequence (default 5

samplingInterval <I'imie>—the time between successive (points) outputs (default 5

points <list double>—TIevel factor of each waveform sample (default 5

f the attribute~samplingInterval is 0, the complete waveform described by the points is
ber peried..Otherwise, the period is calculated as (sampleInterval x number of points). A
h nonzero period value sets samplingInterval to 0.

es. The

WaveformStep cycles through those values sequentially and infinitely, starting from 0. The width

jal). See

Is)
05s)
empty)

Fepeated
5signing

Deseription—WaveformStep takes the form of a sequence of constant signals. The levs

1 of the

constant signal 1s defined by the points, and a transition in level occurs at each increment of the

sampling interval. WaveformStep cycles through the points sequentially and continuously.
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f L

B.6.2 G

B.6.2.1

a)

Time
Figure B.15—WaveformStep (points=[0, 1, 3, 2, 4, 5, 2, 1], period=1-s)

onditioner ::SignalFunction

Definition—Conditioners take one or more signal inputs and transform them to other sign4
Ho Product or Sum, take multiple input signals and operate on thés¢ to produce a sing
butput.

Uttributes—Not applicable

Conditioners can be restarted using the Syne property and/or when the input signals
hetive. Restarting a BSC is where its behavior reverts back to when it first started, i.e., time

Filter ::Conditioner

Definition—A Filter is a Conditioner,that passes a defined set of frequencies from an inp
o produce an output signal.

Uttributes—Not applicable

Description—Filters haye” attributes that allow a basic filter shape to be defined. If no v§
provided for gain, rolloff, passBandRipple, and stopbandRipple, the Filters default to pu
with instantaneous-frequency cutoff across their bandwidths.

1 BandPass::Filter

Definition—A BandPass filter passes frequencies within the pass band from an input si

s or, as
e signal

Description—Conditioners act on signals, e.g., Sourcesybut not on events (e.g., EventFunctions).

become
=0

it signal

lues are
e filters

bnal and

filtersout all frequencies outside of the band. The BandPass filter is a symmetrical filter

b)

gain <Ratio>—ratio defining the scaling factor for the signal in the pass band

BandPass filter illustrated in Figure B.16 represents a perfect bandpass filter.

Attributes

n which

the rollOff valnes for the highpass and lowpass fransition slopes are eqnal and oppodite. The

centerFrequency <Frequency>—center frequency of the filter’s band (default = 0 Hz)

frequencyBand <Frequency>—bandwidth of filter; zero implies narrowest band (default = 0 Hz)

(default = 0 dB)

rollOff <Ratio>—the rate at which the amplitude of the output signal will alter over frequency
(default = 0)

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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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. 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.2)
hnd Equation (B.3).

Pour = €in fOI'fZ (ﬁ_ﬁ?w/z) and fS (fc‘+fl‘7w/2) (B2)
ot = 0 for f'< (f—fp/2) and > (fetfpu/2) (B.3)
where

e is the input

f is the frequency of the input signal

fe is the center frequency

Jow is the absolute value of the frequency band

1.0
0.8+ / \
061 / \ \
04l / \ / \

V o2/ ) / \
0 . O / \
0.2}
0.4
0.6l

Time

Figure:B.16—BandPass (response of Filter to TrapezoidVoltage)

2 LowPass ::Filter

Brefimitior—The—TowPass—fiter—suppresses—att—frequencies—above—the—cutoff—frequency.
Frequencies below the cutoff frequency are passed to the output signal. The LowPass filter
illustrated in Figure B.17 represents a perfect step filter.

Attributes
cutoff <Frequency>—cutoff frequency of the filter; zero implies dc only passed (default =0 Hz)
gain <Ratio>—ratio defining the scaling factor for the signal in the pass band  (default = 0 dB)

rollOff <Ratio>—the rate at which the amplitude of the output signal will alter over frequency
(default = 0)

passBandRipple <Ratio>—the maximum allowable variation in the amplitude of the passband
signal (default = 0 dB)
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stopBandRipple <Ratio>—the maximum allowable variation in the amplitude of the stopband
(default = 0 dB)

signal

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.

¢) Description—In the case of the pure filter, the output (e,,,) is given as defined in Equation (B.4)
and Equation (B.5).

B.6.2.1

a)

b)

Poutr = €in fOI' fsﬁ
Pout = O fOI' f >fL'
vhere
Cin is the input
f is the frequency of the input signal
fe is the absolute value of the cutoff frequency

1.0,
08l  / Y

0 . 677 ”’/’ \\\ ”’/’ \\\\

04+ |

0.2+ / X \

00l

Time

Figure B.17—~LowPass (response of Filter to TrapezoidVoltage)

3 HighPass::Filter

Definition—The HighPass filter suppresses all frequencies below the cutoff frequer
frequencies above and including the cutoff frequency are passed (with equal gain
butput signal. The HighPass filter illustrated in Figure B.18 represents a perfect step fi

(B.4)

(B.5)

icy. All
to the

ter. See

Figure B.18.

Attributes

cutoff <Frequency>—start frequency of the filter; zero implies ac coupled

gain <Ratio>—ratio defining the scaling factor for the signal in the pass band

(default = 0 Hz)
(default = 0 dB)

rollOff <Ratio>—the rate at which the amplitude of the output signal will alter over frequency
(default = 0)

passBandRipple <Ratio>—the maximum allowable variation in the amplitude of the passband
(default = 0 dB)

signal
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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.

Description—In the case of the pure filter, the output (e,,,) is given as defined in Equation (B.6)
and Equation (B.7).

Poutr = €in fOI' f>ﬁ (B6)
bout = 0 for f<f. (B.7)
vhere
e, is the input
f is the frequency of the input signal
fe is the absolute value of the cutoff frequency
1.0+ —
/ \ ) \
0.8+ \\ // \\
/ \ y \
0.6+ / \ / \
/ \ / \
0.4+ / \ /
V 02l // \\\ / \
0.0 b /
-0.2+
-0.41
0.6+ )
Time
Figure B.18=~HighPass (response of Filter to TrapezoidVoltage)
4 Notch ::Fiiter
Definition—A Notch filter blocks frequencies within the pass band from an input signal and passes
h1lfrequencies outside of the band. The Notch is a symmetrical filter in which the rollOff values
for the highpass and lowpass transition slopes are equal and opposite. The Notch filter illustrated in

Figure B.19 represents a perfect notch (bandstop) filter.

Attributes

centerFrequency <Frequency>—center frequency of the Filter’s notch (default = 0 Hz)
frequencyBand <Frequency>—stop band of Filter; zero implies minimum band (default = 0 Hz)
gain <Ratio>—ratio defining the scaling factor for the signal in the pass band  (default = 0 dB)

rollOff <Ratio>—the rate at which the amplitude of the output signal will alter over frequency
(default = 0)

passBandRipple <Ratio>—the maximum allowable variation in the amplitude of the passband
signal (default = 0 dB)
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c)

B.6.2.2|Combiner_::€onditioner

a)
b)

¢)

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.

Description—In the case of the pure filter, the output (e,,) is given as defined in Equation (B.8)
and Equation (B.9).

Pout — €in for fs (fL_fl;w/z) and fZ (fLJrﬁ)w/z) (BS)
Lour = 0 for f> (ffp/2) and f<(ftf}/2) (B.9)
where

e, is the input
f is the frequency of the input signal

fe is the center frequency

Jow is the absolute value of the frequency band
1.0+ / \ g \
0.8+ \ /

Time
Figure B-19—Notch (response of Filter to TrapezoidVoltage)

Definition—Combiners take multiple input signals and combine them into a single output dignal.

Uttribiites—Not applicable

Description

B.6.2.2.1 Sum ::Combiner

a)
b)
¢)

Definition—Sum makes signals from other signals by summing them together.
Attributes—Not applicable

Description—Figure B.20 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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Figure B.20—Sum

B.6.2.2|2 Product ::Combiner

a)  Pefinition—Product makes signals from other signals by multiplying thém together.
b)  Hetributes—Not applicable

¢) Pescription—Figure B.21 shows the product of two sinusoidal signals, one with an amplitude of
| V and a frequency of 30 Hz and the other with an amplitade of 1 V and a frequency of 96) Hz).

1.0+
0.8+
0.6

v E%J\M MMM MWM MMM Mﬂvﬂ
Zﬁii\jU wv vw vU UU UUU UUU UU

-0.6+
-0.8+
-1.0-

Time
Figure B.21—Product

B.6.2.2|3 Diff ::Combiner

a)  Definition—Diff makes a signal from other signals by subtracting the second and subsequent
signals from the first signal.

b)  Attributes—Not applicable

c) Description—Figure B.22 shows the difference between 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
0f 960 Hz.
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B.6.2.3|Modulator ::Conditioner

B.6.2.3|1 FM<type: Physical> ::Modulator

2.0+
1.5+

1.04
R
V oo
-0.5J
-1.04

1.5+
=20

L MMM .RMMM I MMMA MM
™ Nl

Time
Figure B.22—Diff

Definition—Modulator provides facilities to create a modulated signal where the moduj
proportional to the input signal.

Uttributes—Not applicable

Pescription—Where there is no In signal (or the In signal is Gated Off (tri-state)),
represents the carrier signal without modulation.

Definition—FM is a modulator where the:instantaneous frequency of the sinusoidal carri
with the amplitude of the modulating input-signal.

Uttributes

amplitude <Physical>—peak afuplitude of sinusoidal carrier wave (default =
barrierFrequency <Frequeney>—frequency of sinusoidal carrier wave (default =
frequencyDeviation <Frequency>—frequency deviation (default = 1|

F'M, the general\solution is given as defined in Equation (B.10):
= E sintdw/df)

vhére

Jation is

the Out

b1 varies

V)
kHz)
00 Hz)

Description—Thé, instantaneous frequency of a signal is defined as rate of change of ¢ (d¢fdt). For

(B.10)

do/dt = fc + frequencyDeviation x m(t).

the general solution for dop/dt = fc + frequencyDeviation x m(¢) is given as
¢ + frequencyDeviation (Jo.o, m(f)df)
and

Ec  is the carrier amplitude (unmodulated)
® is the phase angle

m(t) is the modulating signal

do/dt is the instantaneous frequency

fe is carrier frequency

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

B.6.2.3|2 AM ::Modulator

b)
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fo_z,[ is the integral
As an example, the output for a FM-modulated cosine waveform is given by Equation (B.11):
e = Esin(o.t + mgino,,t) (B.11)
where

oy is 2f.

@, is2n x modulating frequency
my;  deviation ratio (= modulation index)

n order that the output signal has the defined deviation ratio, this BSC requires that the allnplitude
bf the modulating input signal has a value of 1 (unity).

Figure B.23 shows frequency modulation where the carrier has a frequency of-960 Hz|with an
hmplitude of 1 V and the modulating signal has a frequency of 30 Hz.

1.0-
0.8
0.6
0.4
0.2

V oo

0.2
0.4
0.6
0.8
1.0

Time
Figure B.23—FM

Definition—AM is a modulator where the amplitude of the carrier varies with the amplitude of the
modulating input.signal.

Uttributes

modIndex <ratio>—modulation index (depth of modulation) (default 90.3)

[Carrier <SignalFunction>—sinusoidal signal to be modulated

Description—The formula for AM signal is given in Equation (B.12):
e = E/(1+modIndex m(f))sinw .t (B.12)

where
E,. is the carrier amplitude (unmodulated)

m(t) is the modulating signal
[op is 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+mssinw,t)sinwt

where

E,. is the carrier amplitude (unmodulated)

mg is the depth of modulation (= modulation index)
o, 1s2n X modulating frequency

o is 21 % carrier frequency

(B.13)

In order that the output signal has the defined modulation index, the BSC requires that the

B.6.2.3

b)

hmplitude of the modulating input signal has a value of | (unity).

Figure B.24 shows amplitude modulation where the carrier has a frequency of 960, Hz
hmplitude of 1 V and the modulating signal has a frequency of 30 Hz.

1.5+

1.0+

T T

-1.04

-1.51 i
Time
Figure B.24—AM

3 PM<type: Physical> :{Modulator

pf the modulating/input signal.

Uttributes

hmplitude $Physical>—amplitude of sinusoidal carrier wave (default =
barrierFrequency <Frequency>—frequency of sinusoidal carrier wave (default =
phaseDeviation <PlaneAngle>—phase deviation (default =

Description—The formula for a PM signal is given in Equation (B.14):
e = Esin(wt+phaseDeviation m(f))

where
E, is the carrier amplitude (unmodulated)
@, 18 2n x modulating frequency
m(t) is the modulating signal

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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As an example, the output PM-modulated cosine signal is given by Equation (B.15):
e = E_sin (ot + @ c0s w,t) (B.15)

where

E,. is the carrier amplitude (unmodulated)
. is 21 % carrier frequency

Od is phase deviation (= modulation index)
o, 1s2n X modulating frequency

In order that the output signal has the correct phase deviation, the BSC requires that the amplitude
b1 the modulating mput signal has a value of | (unity).

Figure B.25 shows phase modulation where the carrier has a frequency of 960\Hz [with an
hmplitude of 1 V and the modulating signal has a frequency of 30 Hz.

Time
Figure B.25—PM

B.6.2.4|Transformation ::Conditioner

a) Pefinition—Transformation takes a signal and transforms it (e.g., converting it from fhe time
Homain to the frequency domain).

b)  Mutributes—Not\applicable

c) Pescription

B.6.2.4{1.SignalDelay ::Transformation

a)  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.

b)  Attributes

acceleration <Frequency>—the rate at which the rate will alter over time (default=0s™)
delay <Time>—the fixed delay that signal will be delayed (default =0 s)
rate <Ratio>—the rate at which the delay will alter over time (default = 0)

c) Description—SignalDelay can be applied to both signals and events. The SignalDelay can be used
for two distinct operations on the input signal:
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1) Delay signals (delay)
2)  Change the time base (rate, acceleration)
Both these operations can be combined into a single SignalDelay.

The delay at time ¢ (#,;) between the input and output is calculated from the initialization time (#y) as
defined in Equation (B.16):

t; = SignalDelay = Delay + (Rate x 7) + (Acceleration x £//2) (B.16)

When the signal delay time (¢,) is greater than the current time (), signal delay presents a null
output signal.

A signal delay time that is negative refers to events that will happen in the future. Thi$ vplue is a
valid signal specification and represents a change in the time base of the signal. For example, a rate
bf 1 has the effect of doubling the frequency (i.e., halving the period) of any input signal.

F-xample:

An example of SignalDelay is radar, the delay for a signal to travel to aameving target, where all
broperties are defined with respect to distance (meters) and the speed of light (meters/seconfl).

[he delay for a signal to travel to a moving target is defined as follows:
— Delay is the fixed delay (due to distance from target to theobserver), m/(m/s)=s.

— Rate is the velocity at which the target is moving awaysfrom the observer,
(m/s)/(m/s)=dimensionless.

— Acceleration is the rate at which the velocity of thetarget (from the observer) is changing
(m/s?)/(m/s)=s".

[Using the SignalDelay for radar defines both, the radar pulse delay for the target plus any [Doppler
pffect, due to the target movement, through'changes to the signal time base.

Figure B.26 shows the effect of a SignalDelay on a waveform ramp. In this example, the|delay is
D.1 s, the acceleration is —0.1 s'l, and the rate is —0.1.

Time
Figure B.26—SignalDelay

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.27.
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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.

1.0

0.8+

0.6+

0.0

Time

Figure B.27—Exponential (constant amplitude =1 V)

B.6.2.4/3 E ::Transformation

PDefinition—E is an exponential operation on a signal. See Figure B.28.
Uttributes—Not applicable
Description—The output of the signal miaybe expressed by Equation (B.17):

X

=e

where
v is the signal output
X is the signal input

NOTE—In Equation (B.17), the symbol e refers to the mathematical constant, the base of th|
ogarithm. Th€lequation could also have been expressed as y=exp(x).

(B.17)

E natural

2.5+

2.0

1.0

0.5+

0.0
Time

Figure B.28—E (constant amplitude =1 V)
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B.6.2.4.4 Ln ::Transformation

a) Definition—Ln is a natural logarithmic (inverse exponential) operation on a signal. See

Figure B.29.
b)  Attributes—Not applicable
c)  Description—The output of the signal may be expressed by Equation (B.18):

y = In(x)

where

y 1s the signal output
X is the signal input

3.0

25+
20 +
Vis+

1.0 1

0.5 +

0.0
Time

Figure B.29—Ln {¢onstant amplitude = 3 V)

B.6.2.4{5 Negate ::Transformation

(B.18)

a) Pefinition—Negate modifies’ a signal so that its amplitude is the negative of the Ih signal

hmplitude. See Figure By30:
b)  Htributes—Not applicable
c)  Pescription—The-output of the signal may be expressed by Equation (B.19):

= x
ivhere
y is the signal output
X is the signal input
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Figure B.30—Negate (constant amplitude = 1 V)

6 Inverse ::Transformation

Definition—Inverse is the mathematical reciprocal of a signal. See Figure B.31.
Uttributes—Not applicable
Description—The output of the signal may be expressed by Equation (B.20):

= 1/x

Where
v is the signal output
X is the signal input

NOTE—The value of y is indeterminate, when the value of x is 0.

1.0+

0.0

Time
Figure B.31—Inverse (constant amplitude =1 V)
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B.6.2.4.7 PulseTrain ::Transformation

a)

b)

B.6.2.4/8 Attenuator ::Transformation

Definition—PulseTrain creates a train of pulses of the In signal by multiplying the input signal
with the amplitude of the pulses.

Attributes
pulses <PulseDefns>—a list defining the shape of the pulses to be created

repetition <int>—the number of times the list of pulses is output; zero indicates that the sequence
is repeated indefinitely (default = 0)

Description—Figure B.32 shows the creation of a PulseTrain where the In signal is a sinusoid of
mplitude 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 repetition value of 0 is assumed.

1.0+
0.8+
0.6

Dl i <l
eSO 1

-0.64
-0.8+
1.0L

Time
Figure B,32—PulseTrain

Definition—Attenuator scales' the amplitude (a dependent variable) of the In signal angl allows
both the increase and decréase of the signal. See Figure B.33.

ttributes
bain <Ratio>—aatio defining the scaling factor for the signal (default q1)

Description=The output of the signal may be expressed by Equation (B.21):

= fnx (B.21)
where

y is the signal output

X is the signal input

m is the gain

NOTE—If the value of gain is negative, a dc signal will also be negated, and an ac signal will acquire a 180°
phase shift.
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Figure B.33—Attenuator (gain = 1.5, constant amplitude =1 V)

9 Load ::Transformation

Definition—Load provides an impedance to load a signal. See Figure B.34.
Uttributes

resistance <Resistance>—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, w|
oad a signal.

Che Load does not modify a signal buf\is used to indicate an impedance required to er
Correct operation of a signal at its peint of connection. It is not to be used as a circuit ele
vhich case a Constant of type Impedance may be used.

1.0

0.6

0.4+

1-2010

0Q)

0Q)

hich can

sure the
ment, in

0.0 -
Time

Figure B.34—Load (resistance=50 Q, constant amplitude=1 V)

B.6.2.4.10 Limit<type: Physical> ::Transformation

a)

Definition—Limit restricts the values of the signal to + the limit value.
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b)  Attributes
limit <Physical>—the absolute value of the maximum or minimum signal (default = 1)
¢) Description—Limit has a generic type. Therefore, using a Limit(Voltage) on a voltage signal

B.6.2.4{11 FFT ::Transformation (Deprecated, s€e hote)

a)

b)

limits the signal voltage. Using a Limit(Current) on a voltage signal restricts the voltage to limit
the current using the equation V=[R. Using Limit(Power) restricts the voltage to limit the power
using the expression 1. V.

Figure B.35 shows the effect of a limit of 0.90 V on a sinusoid of amplitude 1 V and frequency
30 Hz.

TO,
0.8+
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0.4
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V o0
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_0.8,,
_1 .0,,

Time
Figure B.35—Limit

Definition—FFT (i.e., Fourier transfottn) characterizes time domain signals in the fipquency
Homain. It is more restricted than the other BSC signal combination mechanisms. It uses al number
bf samples (which is rounded up to‘the nearest power of 2), the time over which the signal will be
sampled, and the signal to be converted.

Uttributes
pamples <int>—numbern of samples to be used (before rounding) (default 9 1023)
nterval <Time>-~time to sample signal (default 1 s)

Description—<Fhe number of samples used is always the next power of 2.

FFT conyeits time to frequency domain signals, useful for measuring frequency charactetistics 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 fr¢m 0 Hz
o'the Nyquist frequency defined by half of the sampling frequency (samples/(2 X interval))

FFT loses any signal phase information because it provides only real values and does not provide
any complex components.
NOTE—The use of the FFT as a transform is deprecated, as it is no longer considered to be a transformation

of a signal, but a method of providing the characteristics of a signal in the frequency domain. Signal
transformation is inherent in the standard for related physical types and reference types (see B.3.3).

Figure B.36 shows the FFT of a phase-modulated signal where the carrier has a frequency of
960 Hz with an amplitude of 1 V and the modulating signal has a frequency of 30 Hz.
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Figure B.36—FFT of PM signal

ventFunction ::SignalFunction

Definition—An EventFunction creates and manipulates events. Events afe signals witho
nformation, where the important information is when they become activesand inactive.

Uttributes—Not applicable

Description—A signal can be used as an event, but an event cannot be used as a signal. In
FventFunctions can be combined to create complex event§,that are used to synchronize
bther BSCs.

EventSource ::EventFunction

Definition—EventSources generate events.
Uttributes—Not applicable

Description
1 Clock ::EventSource

Definition—Clock generates an event at regular intervals. Each event is active for the firs
he clock period. Seg-Kigure B.37.

Uttributes
tlockRate <Brequency>—frequency of the clock (default 5

Description

ut value

general,
or gate

t half of

1 Hz)
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Figure B.37—Clock (clockRate = 20 Hz)

B.6.3.1]12 TimedEvent ::EventSource

a) Pefinition—TimedEvent generates an Out event at regular intervals. Each event is active for a
specific duration. If the duration is longer than the event interval, the@ut event is signaled pctive at
bach interval, but never becomes paused. See Figure B.38.

b)  MUttributes
Helay <Time>—the delay time before the first event will'be start (default 50 s)
Huration <Time>—the duration for which each evénts active (default q1 s)
period <Time>—the time interval between the\§tart of each successive event (default q1 s)

Fepetition <int>—the number of events to_be output; zero indicates that events are generatgd
ndefinitely (default 50)

c) Pescription

1.0+

0.8+

0.6

0.4+

0.2+

0.0 \
Time

Figure B.38—TimedEvent (delay = 0.1 s, duration = 0.7 s)

B.6.3.1.3 PulsedEvent ::EventSource

a)  Definition—PulsedEvent generates an Out event in the form of a sequence of timing pulses
primarily intended for use in generating Source signals. The sequence consists of a train of N
pulses (where N may be any integer greater than 0). Where N is greater than 1, the pulses may be of
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b)

c)

B.6.3.2|EventConditioner ::EventFunction

b)
¢)

B.6.3.2|1 EventedEvent-::EventConditioner

a)

b)
c)
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unequal duration and spacing. The pulse train may be either output once or repeated infinitely and

continuously for a periodic timing sequence. See Figure B.39.
Attributes

pulses <PulseDefns>—a list defining the shape of the pulses to be created

repetition <int>—the number of times the list of pulses is output; zero indicates that the sequence

is repeated indefinitely (default =

0)

Description—Changes in state (e.g., pulse start and stop) are specified from ¢ = 0. Cycling is

facilitated by resetting the time (¢) to 0.

1.0+

0.6

0.4+

0.2+

0.0

Time
Figure B.39—PulsedEvent (pulses = (0.3, 0.7, 1) )

Definition—EventConditioner takes a“signal or event and outputs the event when tl
tonditions occur. EventConditionér allows events to be created and modified, based on th
bf the events and signals.

Uttributes—Not applicable

Description

Definition—;EventedEvent conditioner allows events to be combined to produce compl
Streams:.

Uitributes—Not applicable

e event
e action

PX event

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

disable inputs.

The output is enabled (i.e., active) when the input goes active.

If a second input is assigned, the output is disabled (i.e., inactive) when the second input goes
active. The output is then enabled (i.e., active) when the first input goes active again, and so forth.

If multiple inputs are assigned, the behavior is determined by cascading the inputs through
EventedEvent pairs.

multiple

Figure B.40 shows an event stream as created by the combination of two clocks, one with a clock

rate of 20 Hz and the other with a clock rate of 15 Hz.
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B.6.3.2

1.01
0.8+
0.6
4
0.4-
0.2-
00

Time
Figure B.40—EventedEvent

2 EventCount ::EventConditioner
Definition—EventCount filters out input events to only allow every count input ev
Figure B.41.

Uttributes

ount <int>—identifies the number of events that must octup before a event is generated
(default 5

Description—The EventCount counts events and\produces an event when count ev|
Feceived. The EventCount acts as an event dividér in which the divider is dependent on t
bf the count property.

0.6
0.4

0.2y

0.0

Time

bnt. See

0)

ents are
he value

Figure-B-44—EventCount{eount=H——

B.6.3.2.3 ProbabilityEvent ::EventConditioner

a)

Definition—ProbabilityEvent conditioner generates an event stream based upon the event stream
present at the In event. It will replicate the same timing information, but will randomly suppress In
pulses. Conceptually, the ProbabilityEvent comprises a random number generator and a
comparator. At each event, the comparator compares the random number with the value of the
attribute probability to determine whether to generate an event in the Out event stream. A seed is

included so that the user can reliably reproduce test results. See Figure B.42.
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b)

B.6.3.2|/4 NotEvent ::EventConditioner
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Attributes
seed <int>—rfor pseudorandom probabilities (default = 0)
probability <Ratio>—value for comparison with random number (default = 50%)

Description—ProbabilityEvent filters out a proportion of input events. The number it lets through
is determined by the probability event. The bigger the ratio, the more events pass through; the
lower the ratio, the more events are filtered out. ProbabilityEvent filters out complete active
sections regardless of their length.

NOTE—The value of probability 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.

Time
Figure B.42—ProbabilityEvent

Definition—The NotEvent conditioner is active when the In signal is not active. See Figur¢ B.43.
Uttributes—Not applicable

Description

Time
Figure B.43—NotEvent
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B.6.3.2.5 Logical ::EventConditioner

a)  Definition—Logical event conditioners take multiple input event streams and combine them into a
single event stream.

b)  Attributes—Not applicable

¢) Description
B.6.3.2.5.1 OrEvent ::Logical

a)  Definition—OrEvent is active when any In events are active.

b)  Mutributes—Not applicable

c) Pescription—Figure B.44 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.

1.0

0.6+

0.4+

0.0

Time
Figure B:44—OrEvent

B.6.3.2(5.2 XOrEvent ::Logical

a)  Pefinition—XOrEvent is-active when an odd number of In events is active.
b)  Mutributes—Not applicable

c) Pescription—Figure B.45 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.

TOO0 100 N0

0.4+

0.2+

0.0

Time
Figure B.45—XOrEvent
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B.6.3.2.5.3 AndEvent ::Logical

a)
b)
¢)

B.6.4 Sensor ::SignalFunction

a)

b)

Definition—AndEvent is active when all In events are active.

Attributes—Not applicable

Description—Figure B.46 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.

1.0 I ni I M

0.6+

0.4+

0.2+

0.0 .
Time

Figure B.46—AndEvent

Definition—Sensors allow signal characteristics to be measured, monitored, and compared. A
Rensor takes an input signal and generates:mieasurement values. Any Sensor can be appligd to any
signal; however, the resultant value only has meaning when applied to the correct type of signal.

Uttributes

measuredVariable <enumMeaSuredVariable>—whether the measurement made is of the
Hependent or independent variable.

measurement <any attribufe type>—read-only, most recent value(s) measured.
measurements <any-attribute type)>—read-only, multi dimensional array of measurementy made.

samples <int>—number of consecutive measurements to be made; zero indicates no measufement
s to be taken‘and indicates the Sensor is acting as a monitor only. (defaultq1)

Count <-int>—read-only number of measurements currently made.

bateTime <double>—continuous range of independent variable (Time) over which measur¢ment is
made

nominal <Physical>—primary value against which any condition is checked; can be either an
absolute value (e.g., 5 V) or a ratio value (e.g., 50%) representing the percentage value between the
low-peak and high-peak values as defined in IEEE Std 181™.

condition <enumCondition>—test made between measurement and nominal value.
(default = NONE)

GO <int>—read-only variable indicating the number of measurement 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.
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HI <int>—read-only variable indicating the number of measurement with high status; if no
measurement is taken, HI is zero.

LO <int>—read-only variable indicating the number of measurement with low status; if no
measurement is taken, LO is zero.

UL <Physical>—upper limit value against which condition is checked.
LL <Physical>—lower limit value against which condition is checked.

As <SignalFunction>—reference to a Signal representing a signal model of the expected input
signal.

Description—Sensors are used to measure physical characteristics of signals, which can then be

sad-back-throug syvalues—Sensors-are primarily usedto-take ents such
hs root mean square (rms) or average. The output abstract signal value of the Sensor, is) frimarily
he last measurement(s) or the current monitored value. When the inputs contain multiple dhannels,
pach measurement represents an array, where each array item is a measured value for each|channel
hnd where measurements is the collection of these measured arrays.

[he Sensor generates an output value that is held in the attributes~ measureme¢nt and
measurements. By combining various Sensors into a signal model,{the compound physical
Characteristics of a signal can be defined, e.g., signal-to-noise ratio or average rms value.

A Sensor can take multiple measurements. The number of measutements required is defindd by the
ittribute samples. A value of zero indicates that the measurement’'values are never required and the
Rensor is a monitor only. The number of measurements cutrently taken is held in the r¢ad-only
ittribute count. In measurement mode, the Out abstract signal of the Sensor is active affer all of
he measurement(s) have been taken and has the value.of the last measurement made. In [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:

[he condition and nominal value can also be used to define the window over wlhich the
measurement is taken. For example, takel0 peak measurements (samples) when the inpyit signal
alue is GT (condition) trms 100mV (nominal), as defined by IEEE Std 181.

[he attribute gateTime definesthe explicit measurement window over which the dignal is
monitored or the measurement (s taken. If the value of gateTime is zero (0.0), the meagurement
vindow is implementation dependent. If the value of gateTime is negative (<0.0), the meagurement
vindow is the width of the event on the Gate.

f no Gate event iS provided, the measurement value is evaluated whenever the inpyt signal
becomes active. When a Gate event is provided, the measurement value is evaluated whenever the
[Gate event becomes active, provided the input signal is active. Measurements continue to pe taken
intil the nufber in attribute samples have been taken, where each measurement is taken pfter the
bate time ‘eldpses and, if a Gate is allocated, whenever the Gate signal arrives.

Fach(Sync event restarts the measurement operation from the beginning so that the Syme event
tleats the count, (count = 0) and resets the measurement.

A Sensor is operational only while it is taking measurements. When the number of measurements
in the attribute samples has been made, the Sensor calls Change (see Annex C) on the input signal.
A monitor where the attribute samples is zero never implicitly calls Change on the input.

The attribute measuredVariable may contain one of the enumerated values DEPENDENT or
INDEPENDENT.

The attribute condition may contain one of the enumerated values NONE, GT, GE, LE, LT, EQ, or
NE.

The GO, NOGO, HI, and LO variables are set or updated by one of the following (in order of
precedence):
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a)

b)

B.6.4.2|Interval ::Sensor
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1) As aresult of a comparison between a measured value (or series of measured values) and the

specified limits (UL and LL).

2) As aresult of an equivalence comparison between a measured value (or series of measured

values) and the nominal value.

3) As a result of an equivalence comparison between a measured value (or series of measured

values) and the value of the appropriate property in the As signal.

NOTE—A sensor will output an Active Event at any time that the value of the monitored signal satisfies the

condition with respect to the nominal value.

GounterSensor

Definition—For all Sensors, every time a measurement is taken, the attribute count.js incrg
Counter is a Sensor that counts when a measurement would be taken, but does net'take anyj
measurement.

itributes—Not applicable

Description

NOTE—When measuring the independent variable, the measurement value\s the same as for the d
ariable.

event going active.
Uttributes—Not applicable

Description—The measurement is taken“only when the In event is active and Gate ev
hetive. The counter is set to 0 every.time the In or Syne signal becomes active.

boing active (e.g., period).(If the Gate event is present (i.c., allocated), the interval is 1
when the Gate event becomes active. The measurement is reset when the In event goes acti|

Che Sync event clearsithe count (count = 0) and resets the measurement.

Che previous revision of this standard used the name Timelnterval for this BSC. The
Changed to réflect the fact that the measurement may be referenced to any valid indg
ariable. This§ Standard also supports the name Timelnterval, but the use of the name is dep

NOTE—=The  independent measurement value corresponds to the width of the active signal being
[herefore, if no Gate is assigned, the value is the width of the Active state of the In signal.

mented.
specific

ependent

Definition—Interval measures the interval between-the In/Sync event going active and the Gate

et goes

f no Gate is present (i.e., unassigned), the interval is measured between consecutive In events

ecorded
ve.

name 1is
pendent
recated.

onitored.

B.6.4.3 Instantaneous<type: Physical> ::Sensor

a)

b)
¢)

Definition—Instantaneous measures the amplitude (i.e., value) of the signal in the dimension

“type” at specified instances in time.
Attributes—Not applicable

Description—The instantaneous type value of the signal with respect to the independent

variable

(e.g., time) is returned. The signal is not sampled over a gate time or Gate. The Gate is used only

to indicate when the Instantaneous measurement should be made.

NOTE—When measuring the independent variable, the measurement value is the value of the independent

variable at the instant that the measurement was taken.
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Figure B.47 shows the instantaneous 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.

2.5+

1.5

0.5+

0.0

Time

Figure B.47—Instantaneous

B.6.4.4{[RMS<type: Physical> ::Sensor

b)
¢)

Pefinition—RMS measures the root-mean-square (rms) valie/of a signal.
Uttributes—Not applicable

Pescription—The default rms gate time should be a:whole number of periods of the input
hchieve maximum accuracy.

NOTE—When measuring the independent variable, the measurement value is the RMS valy
ndependent variable while the measurement was'taken.

Figure B.48 shows the rms value of the sum of two signals: a sinusoid with an amplitude 1
frequency of 1 Hz and a constant with-an amplitude of 1.5 V.
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Figure B.48—RMS

B.6.4.5 Average<type: Physical> ::Sensor

a)
b)
¢)

Definition—Average is the arithmetic mean of all the signal values during the gate time.

Attributes—Not applicable

Description—The default average gate time should be a whole number of periods of the input

signal to achieve maximum accuracy.
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NOTE—When measuring the independent variable, the measurement value is the average of the independent
variable while the measurement was taken, e.g., average time when measurement was made, or center
frequency of the bandwidth.

Figure B.49 shows the average 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.

RN 7\

/ \ / \
15/ \ / \

Time

Figure B.49—Average

B.6.4.6|PeakToPeak<type: Physical> ::Sensor

a) Pefinition—PeakToPeak is the difference between the“highest value and the lowest valup during
he gate time.

b)  Mutributes—Not applicable

c) Pescription

NOTE—When measuring the independent vafiable, the measurement value is the difference in the values of
he independent variable when the (last) maximum and the (first) minimum values of the dependent variable
ccurred.

Figure B.50 shows the peak-to<peak value of the sum of two signals: a sinusoid with an amplitude
bf 1 V and a frequency of 1 Hz'and a constant with an amplitude of 1.5 V.

NN VRN
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Figure B.50—PeakToPeak

B.6.4.7 Peak<type: Physical> ::Sensor

a)  Definition—Peak is the measured value that is furthest away from the mean value.

b)  Attributes—Not applicable
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value.

Description—Peak returns either the PeakNeg or PeakPos, whichever has the largest absolute

NOTE—When measuring the independent variable, the measurement value is the difference in the values of
the independent variable when the (last) peak and the average (center) values of the dependent variable
occurred, e.g., how far the peak is from the center.

Figure B.52 shows the peak value of the sum of two signals: a sinusoid with an amplitude of 1 V
and a frequency of | Hz and a constant with an amplitude of 1.5 V.

B.6.4.8
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Figure B.51—Peak

PeakPos<type: Physical> ::Sensor

Definition—PeakPos is the value obtained by subtracting the mean value from the m
measurement of the signal during the gate time.

Uttributes—Not applicable

Description

NOTE—When measuring the independent variable, the measurement value is the difference in the
he independent variable when the, (last) peak and the average (center) values of the dependent
ccurred, e.g., how far the peak is ffom the center.

bf 1 V and a frequency.0fi1 Hz and a constant with an amplitude of 1.5 V.
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Figure B.52 shows the positive peak value of the sum of two signals: a sinusoid with an afnplitude
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Figure B.52—PeakPos
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B.6.4.9 PeakNeg<type: Physical> ::Sensor

a)

b)
¢)

B.6.4.1

b)
c)

Definition—PeakNeg measurement is the value obtained by subtracting the mean value from the

minimum measurement of the signal during the gate time.
Attributes—Not applicable

Description

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.53 shows the peak negative value of the sum of two signals: a sinusoid with an amplitude

bf 1 V and a frequency of | Hz and a constant with an amplitude of 1.5 V.
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Figure B.53—PeakNeg

D Maxinstantaneous<type: Physical>-::Sensor

Definition—MaxInstantaneous measurement is the maximum measurement of the signg
he gate time.

Uttributes—Not applicable

Description

NOTE—When measufing the independent variable, the measurement value is the value of the ind
ariable at the instant that the maximum peak occurred.

Figure B.54/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.54—MaxInstantaneous
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1 MinInstantaneous<type: Physical> ::Sensor

a)  Definition—MinInstantaneous measurement is the minimum measurement of the signal during

b)
¢)

B.6.4.1

the gate time.
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.55 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.55—Mininstantaneous

P Measure ::Sensor

Definition—The Measure BSC measures any control attribute, as opposed to a capability &
bf a BSC or TSF, or input signal-value of a BSC or TSF.

ttributes
httribute <string>—Atttibute of the signal that is to be measured, e.g., car_ampl or In.

Description—Thig-subclass provides the ability to measure any attribute for any TSF or B
Signal and properties referenced by As and attribute are used to indicate the meag
Fequired. Theymethod of measurement is not defined by this standard.

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 the corresponding values of the identified resultant reference signal. The best

with an

ttribute,

SC. The
urement

allowed
returned
match is

Hefined as the minimum rms valune of the difference between the actnal inpn‘r Qignnl

and the

reference signal defined by As.

The attribute property can be represented by one or more of four distinct cases:
1)  Not present or empty

2)  Control attribute name, ¢.g., amplitude

3) Input attribute name, e.g., In

4)  Non-Control attribute such as value or Capability, e.g., measurement
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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.

When the attribute properties represent a control attribute of a source or condition signal, the
measurement method is chosen so that the measurement is the value of the attribute that provides
the best match.

When attribute properties represent 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. Any measurements made are made on that
waveform.

For example when the As signal represents a conditioner this has the pr}nivq]pnf effect nf"pp]ying
T 7 =) 7

hn inverse conditioner to the input signal. For example, the following two models are€gpivalent,
but only because of the behavior of Negate, i.e., Inverse(Negate) = Negate:

—  <Measure As="Negate" In="..." />
—  <Measure In="InverseNegate" /><Negate name="InverseNegate" In="(~"/>

When attribute properties represent a NonControl attribute name such‘as a value or Capability,
p.g., measurement, that value or Capability shall be returned based pni\the actual input signhl.

[he attribute property, if provided, shall be the name of a propétty 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 following examples:

<Measure nominal="5 V" /> implies <Instantanegus'nominal="5 V" />

<Measure nominal="trms 10 V" /> implies <RMS nominal="trms 10 V" />
<Measure nominal="av 5 V" /> implies <Average nominal="av 5 V" />

<Measure nominal="pk pk 5 V" /> implies:<PeakToPeak nominal="pk pk 5 V" />
<Measure nominal="pk 5 V" /> implies<Peak nominal="pk 5 V" />

<Measure nominal="pk pos 5 V" /> immplies <PeakPos nominal="pk pos 5 V" />
<Measure nominal="pk neg 5 V"= implies <PeakNeg nominal="pk neg 5 V" />
<Measure nominal="inst max $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 have an implied As referenced to a corresponding [[ntrinsic
measurement type, e.g&;3<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
Hefines the specifie’ 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 descfibed by
hsing an_example. Consider the following:

RMS_hame="rmsSig" samples="5">
Mgdsure nominal="pk pk 10 V" As="rmsSig" samples="3">

This multiple measurement provides a set of three results (samples="3") in which the peak-to-peak
value of a set of five rms measurements (SRMS name="rmsSig" samples="5">) is calculated.

The As property is used in a different way in an intrinsic measurement (such as RMS) from in a
generic measurement (such as Measure). In intrinsic measurements, it is used to identify the type
of signal being measured, whereas in generic measurements, the reference signal is 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.
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<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" .../>.

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 sinusoidal wave
with the least rms error from the input waveform.

<Measure As="Sinusoid" /> provides the “error aberration” between the input waveform and the
defimedAssigmat:

<Measure As="SQUARE_WAVE" nominal="trms"/> returns the value of the rms esror,

<Measure As="SQUARE WAVE" nominal="inst"/> returns the instantaneous erroiyvalye.

<Measure As="SQUARE WAVE" nominal="inst” samples="1000"/> returns/ an grray of
instantaneous error values. If the error is subtracted from the input,~the resu|t is the
reference waveform.

<Measure As="SQUARE_WAVE" nominal="av"/> returns the averagé-erfor value.

<Measure As="SQUARE_WAVE" nominal="pk"/> returns the peak error value.

<Measure As="SQUARE WAVE" nominal="pk pk"/> returns the peak-to-peak error vglue.

Where the reference signal (defined by As) utilizes ranges to eonstrain the allowed valgie of its
httributes, the generic Measure will consider only results that are within the ranges of possible
signals associated with the constrained attributes, and-Only these signals will be compared in
Jetermining the least rms value in arriving at a measuremeént value.

B.6.4.1B Decode ::Sensor

a) Pefinition—Decode converts a stream of-bits represented by events into data informatiop via bit
values.

Active, Digital H — 1

nactive, Digital L — 0

[he TriSate/Digital Z is not measured

b)  Hretributes

Hatatype <string>—'The measurement’s resultant variant’s datatype. (default =0

bncoding <string>—Character set used. This attribute allows alternative character set mappings
hind code pages to be applied. (default = UYTF-8)

c) Pescription—Decode measures the digital stream and converts it via a stream of bitp into a

Fequired (type). Each measurement is collected in the measurements property and the Igst value
baqd ¢ a"ailnkln thravah tha naociiraraon £ rﬂ-h-il-uﬂ-e The UT LI o+ nominalvalue 0 be used

a
Sat—1s TOTC T O T St o TH oAt oo T—attrotrees T O o ar—varat—cair

where the physical value will be initially converted to measurement type prior to any comparison.

If the default encoding (UTF-8) is selected and the data are type string (BSTR), the characters will
be represented as UNICODE across the runtime call and will be dependent on the encoding of the
XML document for XML static models.

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 (In) 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
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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

¢) Description

B.6.5.1

Selectlif ::Control

a)  Definition—SelectIf converts a single channel event stream into a physical signal.

b)

ttributes

c)

B.6.5.2

b)

B.6.5.3

Relector <Signal>—the digital event stream.

Description—SelectIf cycles through its In signals starting from In(1) on each subsequen

started, the initial state of selector is considered Inactive, and the initial signal selected for
[n(1). Prior to starting, the output is considered to be in the ZRep (No Signal) state.

hind Active corresponds to In(2).
SelectCase ::Control

Pefinition—SelectCase converts a multichannel digital stream into a physical signal.
ttributes

Relector <Signal>—the digital event stream:

select the input. The value can be expressed as a decimal number (e.g., 13) or a hexadecimall
humber (e.g., 0xC) to identify the'binary pattern , e.g., “1101” selects channels 1, 3 & 4. A |
bf 0 implies all channels. (default

Active/Inactive state)\The mask is converted into a bit mask and applied (as an And

bne based index.to select the corresponding input signal.

brovided.\When the selector channel is Active, it is considered '1' and Inactive is considered

Encode ::Control

a)

b)

change

bf the selector event state between Low and High. If the selector enters the Xstate (tri-state), the
pbutput is gated off. If the selector enters the Z state (no signal), the previous. dutput continugs. Once
utput is

As an example, when there are two Inputs, the selector event state Inactive corresponds {o In(1),

mask <int>—selector channel mask; identifies which channels of the selector shall be used|to

alue

-1)

Description—SelectCase selects the Input that corresponds to the masked SelectI value

nction)

bver the Selectorydigital stream, where channel 1 is LSB. The resulting pattern is convefted to a

When the réstltant Selector value exceeds the number of inputs, a Z state (tri-state) output pignal is

'0".

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.

Attributes

data <any>—The information to be streamed, or the URI identifying location of information. The
type of the <any> defines the datatype. When using XML descriptions, the attribute datatype shall

be used to define a valid datatype.
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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 in the XML to define the base type of the data. (default="")

encoding <string>—Character set used. This attribute allows alternative character set mappings
and code pages to be applied. (default = UTF-8)

Description—Encode allows any data representation to be packaged and streamed as a sequence of
parallel bits. It turns messages such as “Hello World” into a bit stream represented by events where
the event state represents the individual bit state. Since the width attribute does not necessarily need
o match the data information type, the data are converted into a stream of bits and fach bit
hssigned to consecutive channels so that channel 1 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" type="digitalString"
data="C4" type="hex"

data="212" type="byte"

data="A" type="char"
encoding="Windows Western"

Cable B.7 shows the different bit streams that the same blegk of data provides depending on the
values selected for the width and repetition attributes.

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 —»

5 11>

6 00 —»

7 11>

8 (MSB) 11—
data="11010100" 1 (LSB) 0111 »
width = "2" 2 (MSB) 0001 —
data="11010100" ' (LSB) 00101110 —»
width =3 2 01110001 —
repetition ="3" 3 (MSB) 10001011 —
data="11010100" 1 (LSB) 710 >
width = "3" 2 001 —

3 (MSB) 011 >

Each pattern is delivered when In goes Active (1,H). If the input becomes tri-state (Gated Off), the
output is Gated off.
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Digital signals are unique in that their values do not take on physical values; rather, they take on

event states that can be converted into physical values.

B.6.5.4 Channels ::Control

a)
b)

¢)

B.6.6 Digital ::SignalFunction

a)

b)

B.6.6.1

b)

Definition—Channels combines multiple signals into a single multiple channel signal.
Attribute

channelNames <pinString>—Iist of channel names associated with the channels.

NOTE 1—The channel name follows the same syntax as UUT pin names, but is chosen by the user for
convenience and is not necessarily related to real UUT pin names, e.g., names may be chosen to indicate

Function such as “Reset” or “Enable.”

precedence, and the channel then refers to that pin name.

nformation is maintained.

[Gating off turns all output channels to the Z state. Prior to the first‘Sync, there is no valu
channel (Null). Subsequent Synes have no effect.

Definition—Digital is a class of signal that represents one of two values (which are so
Called 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 on¢\or more event signals, which can be conve
h range of physical signals.

Uttributes—Not applicable

Description—Digital may have a nuimber of representations. This standard defines twg
signal and control signal. A.digital signal is an abstract representation of the values
encountered in engineering design; these values are defined more precisely in B.6.5.1 and
A control signal is an analog signal whose value varies between low and high thresholds.
signals are useful for translating to various logic families.

Digital signals areunique in that their values do not take on physical values; rather, they|
bnumeration valuesthat represent physical values.

SerialDigital<type: Physical> ::Digital

Définition—SerialDigital provides a (digital) control signal. These signals may take the fi

NOTE 2—If a channel name is selected that is the same as a UUT pin name, the UUT (pin*najme takes

Pescription—Channels combines each channel of its input signal into a linear set of dhannels,
bptionally identified by the attribute channels to form a multiple channel ‘output. All signal phase

P on any

metimes
off into
rted into

. digital
that are
B.6.5.2.
Control

take on

rm of a

+h

H, Z, and X (“do not care”) in a character string.

Attributes

1 Lol 1 1 L Lol 2 3Tl dafs d 1 N cters L
oW STEar, o O I STorrar OT O STEar (1. U5 g nnpotanCoy—T oy arc—aCTrmot oy e—orrarat 5

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 =
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Description—The characters represent the digital signals as follows:

H

> N o

logic high (or logic 1)

logic high (or logic 1)

logic low (or logic 0)

logic low (or logic 0)

high impedance (absence of logic signal)
unknown or indeterminate logic level

delimiter between blocks

NRZ
RZ
R 1

[he attribute pulseClass may take one of the following pulsé.class types:

RZPulse Pulse return to zero
BiPLevel Bi-phase Level
BiPMark Bi-phase Mark pulse 0
BiPSpace Bi-phase Space pulse-J

delimiter between blocks

Che digitalString comprises a list of digital characters separated with delimiters. Eachncomma ',' or
kemicolon ';' is treated as a delimiter between blocks.

>

[he digitalString may also include whitespace characters (namely, space, new-line, carriagg-return,
ine-feed, and tab). These whitespace characters are available for formattifg purposes to thake the
ata 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
nternal clock defined by the period attribute is not used.

nonreturn to zero
return to zero

return to one

Figure B.56 illustrates«ithe 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
Plass,

i.e., the patterd "HLHHLLHL" or "10110010".
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1H) OoL) 1(H) 1(H) OL) OL) 1(H) O(L)

Digital data stream

co o LI LML

(a) NRZ

wr 0[] L1

(c) R1 : )

(d) RzPulse : _Jﬂ —l —l
T 1 I O s
() BiPMark 2

(g) BiPSpace

Figure B.56—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 amplitudd
fepresents a logic one or High, and the zer¢’amplitude represents a logic 0 or Low. Other pylse
Classes involve amplitude transitions or have both positive.

Figure B.57 shows a serial digital sequence where data = "HLLHHLHZZHL" is sent at p digital
tlock rate of 20 Hz. The sequence’ is synchronized and repeated periodically.

Signal

Time

Figure B.57—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)

D logic low (or logic 0)
V. high impedance (absence of logic signal)
X unknown or indeterminate logic level

delimiter between blocks

delimiter between blocks

[he digitalString comprises a list of digital characters separated with delimiters. Each comyma ',' or
temicolon ;' is treated as a delimiter between blocks. Each block represents a separate paralllel step.

[he digitalString may also in¢lude whitespace characters (namely, space, new-line, carriagp-return,
ine-feed, and tab). These whitespace characters are available for formatting purposes to rhake the
lata 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
period attribute s net used.

[he attributé pulseClass may take one of the following pulse class types:

NRZ nionreturn to zero
RZ return to zero
1 return 1o 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.58 shows a parallel digital sequence where data = "[HLHLZH, LHLHHL, LLHHLZ]" is
sent with a period of 30 ps.
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o -
T— T
—

Signals

Time
Figure B.58—ParallelDigital

Definition—Connection is the base class that collects signals inte,multiple channels.
Uttributes

thannelWidth <int>—maximum number of channels to'be connected.  (default = 0, unb

such as UUT pins. Connection subclasses are usédito attach real pins names.

[Unless otherwise stated, pin attributes may contain multiple pin names. This technique is ar
o using multiple Connections, each with@single pin name.

A pinString may comprise one or: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 charactersSPih names may not include a comma, semicolon, or whitespace d
namely, space, new~line, carriage-return, line-feed, and tab).

Multiple pin names 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).

TwoWire ::Connection

n the following connection definitions, the attribute value <pinString> is defined as follows:

bunded)

Description—Connections collect signal channels<and allow them to be mapped onto feal pins

alogous

hore pin

hen, and
haracter

CTS.

iter (see

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
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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) |pescriprion
B.6.7.3|ThreeWireComp ::Connection

a)  Pefinition—ThreeWireComp is a three-wire connection in which the true ternfinal repregents the
frue signal for a differential digital signal, the comp terminal represents theleomplement s{gnal for
he differential digital signal, and the lo terminal represents a ground, or screen, connection

b)  Hittributes
ChannelWidth = 1
rue <pinString>
Comp <pinString>
o<pinString>

c) Pescription
B.6.7.4{SinglePhase ::Connection

a) Pefinition—SinglePhase is a Awo-wire connection in which terminal a represents fhe live
Connection to one phase of @ ohé-phase (or more) circuit and the terminal n represents th¢ neutral
Connection to the circuit.

b)  Hitributes
ChannelWidth =
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)

B.6.7.8|ThreeRhaseSynchro ::Connection

a)

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.

ttributes
ChannelWidth = 3
h <pinString>

b <pinString>

P <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, terminal 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 representsithe neutral connection to the circuit.

ttributes
ChannelWidth = 3
h <pinString>

b <pinString>

P <pinString>

h <pinString>

Description

Définition—ThreePhaseSyncro is a three-wire connection for use with the three-stator outputs of a

ol 1
YHCITO.

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)

B.6.7.1

a)

b)

¢)

B.6.7.1

a)

Definition—FourWireResolver is a four-wire connection for use with the four-stator terminals of

a Resolver.
Attributes
channelWidth = 2
s1 <pinString>

s2 <pinString>

s3 <pinString>

b4 <pinString>

Pescription—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 fof use with the rotor tern
h Synchro or Resolver.

Uttributes

ChannelWidth = 1 or 2 (default 3
1 <pinString>

2 <pinString>

I3 <pinString>

4 <pinString>

Description—In many applicationsjonly two terminals (i.e., r1 and r2) are required for thg
R2 excitation connections of a Synehro or a Resolver unit.

1 Series ::Connection

Definition—A Series/connection via is used when only one connection is required at
Subject.

ttributes

thannelWidth = 1

yia <pinString>

used for

hinals of

2)

R1 and

the test

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 represents a

terminal for a reference associated with the lo terminal.
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b)  Attributes
channelWidth = 1
hi <pinString>
lo <pinString>
hiRef <pinString>
loRef <pinString>

c) 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 must be identified separately from the force terminals.

B.6.7.1B NonElectrical ::Connection

a) Pefinition—NonElectrical is a connection for use with nonelectrical signals (such| as the
tonnection of fluids and gasses).

b)  MHrttributes
thannelWidth = |
0 <pinString>
from <pinString>

¢) Pescription—The terminals to and from are both used where a fluid flows to and from|the test
subject. Either terminal may be used on its own if the fluid passes only one way (to or fronj the test
subject).

B.6.7.14 DigitalBus ::Connection

a)  PDefinition—DigitalBus is a connection comprising one or more terminals. One terminal is fused for
pach simultaneous (i.e., parallel)-digital data channel.

b) HUitributes
pins <pinString>—List ©f pin names associated with the digital channels.

c) Pescription—The number of parallel connections is specified by the <channelWidth} of the
signal. Each pin‘ndme is associated with its corresponding channel. Ground or signgdl return
Connections may be added after the active channel pins. The last ground pin will be used fo return
hny remaining channels without a specified signal return pin. If no return pin is spe¢ified, a
Commonireturn is assumed.

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 al] actions
availablg through the control interface, using the interface definition language (IDLj;-and provideg actions
that are| deterministic. In order to provide a consistency to dynamic signal desctiptions, the f¢llowing
concepts are introduced:

a) A signal model defines a signal.

b) PBignal models have a single state. The state attributed to thé\gignal model is always the state of its
butput Signal.

c) 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 Signql state changes (i.e., events) and method calls (i.e., actions). Any carrier program attemptinjg to use
Signal ptate changes to synchronize will be .im~deterministic because the actual software notjfication
of the Signal state change is guaranteed to happen only after the event.

In ordeg that multiple BSCs can describe a single signal without ambiguity, this standard defiines the
interactipns between the SignalFunction’ and Signal objects. A signal model consisting of more than one
compongnt describes one signal, e'g+ a damped sinusoid signal has sinusoidal and “exponential] decay”
compongnts, but is only one sighal.'Because the damped sinusoid example defines one signal, the fotion of
having ¢ne of its components\unning without the other cannot happen. The problem is that, in a flynamic
signal njodel, the user cad start either component, that is, start the sinusoidal component or the exgonential
decay cpmponent. Rather than attempt to forbid certain control actions, this standard defines its flynamic
behaviof so that all{cases are semantically described. This standard specifies that starting any component
within a|signal model will start the whole signal model and, therefore, enable the signal.

Starting|different components may lead to transient differences even though the stable signals will 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. In these cases, this
standard does not ensure such signals have a useful purpose, but does at least provide behavior that is
deterministic.

Unlike static signals, dynamic signal descriptions can have their signal model definitions changed, e.g.,
changing an attribute value or being connected to another signal model. These changes are buffered up and
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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

ResourceManagers are resource managers that are used to create either single signal objects or signal

models,

using the Require method, for use within a native carrier program.

The ReJourceManager is the only directly createable class object specified by this standard. The Tjinimum

number

The usq of different ResourceManagers within a native carrier program allows ¢oncurrent sul

differen

and autdmatic test equipment (ATE) subsystem environments all within the same test program.

C.21.1

Requirg (SignalDescriptor [,Uniqueld] )—The Require method provides the signal components

compon

a)

b)

C.21.2

The SignalDescriptor is text string that is either a name corresponding to the BSC type or &

descript
descript

of ResourceManagers that a valid system can have is one.

test environments, e.g., an intermix of ResourceManagers that represent simulation envi

Runtime method

bnt models.

SignalDescriptor is a string with one of the following:
1) 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.astatic signal model description as prescribed in Annex I

[Uniqueld is an optional VARIANT value providing a unique signal identifier that may
nternally by the underlying implementation.

Comments

on, conforming to Annex I for XML signal schema description. Examples of vali

pport of
ronment

r signal

bair

ribed in

be used

n XML
I signal

onfer 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%"

"file://lookhere.xml"
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Example 1—signal class name
Set myAM = Std.Require ("AM SIGNAL")
myAM.car _ampl = "100kHz"
myAM.car freq = "1V"
myAM.mod freq = "660Hz"
myAM.mod ampl = "0.5V"

Example

2—XML static signal model description

Set myAM = Std.Require (

"<s

ignal out=amSig>" &

LY
"C
&

The Uniqueld is reserved for implementations, e.g., used by a test procedure language)(TPL) prod

help its

to be held in a common way.

C.2.2 Sjignal

The Signal class provides a control interface for all signals and‘events described by BSCs. This

interfacg

using B$Cs, the same rules apply equally to TSFs.

C.2.2.1

state—]

model. The state property of the Signal interface is a read-only, bindable, and “edit request” prop|

cannot |

take arelas follows:

M SIGNAL name=amsig &

r ampl='1V' car freq='100kHz' mod freg='660Hz' mod ampl='Q.5y'/>"

</Signal>")

essor to

untime system determine which resource is best to supply the signal. It altlows helper infgrmation

is used by BSCs to describe signal models and to contrel input signals. Because TSFs are

Runtime properties

control
built up

[he state property reflects the state of the signal or event being described by the associatdd signal
erty and

e changed directly through the-Signal’s control interface. The values that the state property can

btopped—The Stopped ‘state indicates that the signal is in a generalized reset condition
pignal activity is present. Thus a Stopped Signal can represent either no signal at all or

Stopped state.

i.€., no
a signal

from an allocated resource that has not been activated or triggered. All Signals initiate to the

Paused—The Paused signal is waiting to be triggered into the Running state by an externfl event.
A Paused signal does not yet exist, but all the necessary resources have been acquired and prepared
hind are’awaiting the final on or go event.

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.

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 will
become Stopped.
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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 Running or Paused Signal will 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 the source BSCs to change the signal to the next available setup. If no further signal conditions are
available, Change() resets the signal to the Stopped state.

The timeout value indicates the minimum time in milliseconds that the method call will wait for the Signal
to enter the expected Signal state. If the signal enters the expected state, the method returns the IDL
HRESULT success code S_OK (0x00000000L). If the signal does not enter the expected state, the method

returns the IDL HRESULT success code S FALSE (0x00000001L).

A meth

NOTE—]
waiting fl

c.223

progra
commo

a)
b)

An everl
time sin

A signal
represet]
event to

It is imp
it is Run
input of
inactive
other is

d called with a timeout value of zero is asynchronous.

A timeout shall not be included in a signal definition. Waiting for a UUT response is part of test defiq
br an instrument response is a system function.

Comments

s. The way that BSCs use and create Signals is local to-thie implementation and define
interfaces. These interactions are characterized in two ways:

The Si‘qml class is provided to define interactions between different ‘BSCs and between BSCs

Notification of changes through Signal state changes

Requests for Signals to alter through Signal method calls

t represents information at a discrete point“in time. It has no time duration and as such rep}
bularity. An event is when a Signal’s-state changes.

is based on an event and has:characteristics that are additional to any event information.
ts a real physical entity, e.g.,)the current flowing through a wire. Any signal can be us
initiate some activity.

ortant not to confase-the terms Running and active. A Signal or an Event may be active on
ning. This is best ilustrated with examples. Consider a Clock BSC with its output connect
a NotEvent-BSC. While the BSCs are Running, the output of the Clock is alternately ac
while the~output of the NotEvent is alternately inactive and active, i.e., one is active W
nactive{see Figure C.1).

ition and

and test
| by the

fesents a

A signal
bd as an

ly while
bd to the
tive and
thile the
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L. L. ,,,,, [ RSN SR A PN SR SO -« =---3ctive
Clock pees PR o= T IRt Gl oo bty Rt
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -« ---inactive
L s TR booad TR TSR F R S EER Y -« ---active
NotEvent J —————————————————————————————————————————————————————————
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - ---inactive
N N y
Y Y
Stopped Running

Conside
The Sig
accordir

Figure C.1—lllustration of Events changing between.active and inactive

r a simple Signal producing a sinusoidal output, which is.being gated on and off via its Ga

hal will be Running and active continuously, but at the dutput there will be a Signal or n

g to the state of the Gate input (see Figure C.2).

(e input.
Signal

active signal
A
e ™
signal
no signal
Signal
- Ve Ly oo 850540 g fate THER AN P «---active
Gate Event 4 p-e-ecprecacbocmocpomeecponefiecedecna oo oo nd o oo
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA -« ---inactive
- N J
hd '
Stopped Running

Figure C.2—Effect of a Gate Event on a Signal
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In general, a 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 Syne 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/all of a Signal’s allocated BSCs.

Examplé¢:

For Edch sf in SinusoidWave.Out
'sf is an allocated Basic Signal Component
Next

The Signal ‘Channels’ property provides an enumeration interface so, that’a native code progfam can
enumergte through all of a Signal’s individual channels. The channels property is empty if the sigrfal is not
multichgnnel.
Exampleg:
For Ed@ch s in SinusoidWave.Out.Channelsg
's|is a Signal representing a singlé channel
's|Count=0
Next
Individyal channels signals can be named provided they have been identified by use of the Channg¢ls BSC,
e.g., thr¢ePhase.Item(“a”).

C.2.2.4|State diagram

Methods and states are interdependent. Calling a method indicates an intention for a state to chapge. See

Figure ¢.3.
Stopm
: Stopped ~_

Run()
Chan;e( )l @f% Stop()

. Paused Stop()
start event E Run()T
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 methods-and the
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 reférence state.
— When the input Signal state is Stopped, the output Signal state is Stdpped.

—  When the input Signal state is Paused, the output Signal state isPaused.

— [When the input Signal state is Running, the output Signalystate is either Running or, if

All BSC
as folloy

—  PBync unassigned—restarted when the In-Signal enters the Running state.

—  Pync assigned—restarted when the,Sync event becomes active while an In Signal is Runni

When a

Any of
affect th
as folloy

reference is assigned, Paused awaiting a Sync event to become active.

s have two input event references called Sync and Gate. These events affect the behavior d
s:

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
signal’s characteristics dre available only while the Gate event is gated active.

BSC or signal restarts, it repeats its operation from time zero.

he method’ealls, Stop(), Change(), or Run(), made on the Out Signal interface of the H
e BSC behavior. The BSC will in turn make similar calls on its input and event Signal rej
s:

state of

a Sync

faBSC

1g.

that the

SC will
ferences

its assigned In, Gate, an

hton . A

dlof all of

Run—The Out Signal proceeds to the Paused state, and the BSC calls Run() 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 will
cause the BSC to change its signal characteristics.

C.2.3.1

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 Sy
continu
a synch
become

When a

C.23.2

The beh

< Stopped >

In=>Paused In=>Stopped

C Paused > In=>Stopped

In==Running
Sync=>Active In=>Paused

v
< Running <>

Figure C.4—In (Event) state changes

he event is unassigned and the BSC’s Sighal becomes Paused, then the Signal repr|

active.

Signal proceeds to a state, it enters each state in turn, e.g., Running -> Paused -> Stopped.

Comments

hvior of all BSGs 1s“governed by the following rules:

When any BSC is not directly referenced, i.e., nobody is using the BSC, it will be immj
Hestroyed:

When a BSC is destroyed and prlor to its destructlon any Out Slgnals of the BSCs have

una551gned and the Change method is called 1f all BSCS have ﬁnlshed with that Slgnal

Psents a
us signal, and the Signal immediately beceimes Running. If a Sync event is assigned, it represents
onized signal, and the Signal becomes,‘Paused and is then driven Running when the Sync event

ediately

he Stop
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 repr

esent its

next signal settings that will take effect when the Out Signal Change method is next called.

If the Sync reference is unassigned, the Out Signal shall enter Running from Paused immediately.
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If the Syne reference is assigned, then the Out Signal shall enter Running from Paused when the
Sync event becomes active. If the Sync 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
(T0). Once Running, the Out Signal state is not affected by the Sync 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

° I | n. -
S'lg'ﬂal SLALC UOCCULIICS NUTTITITTE .

When the Out Signal enters Paused from Running, the real signal is deactivated, and.thp output
Signal state becomes Paused.

When the Out Signal enters Stopped from Paused, the resources are unpreparéd and releas¢d.

[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 without any implied activation, phich is

implicit
connect

property exist in separate time frame and have no implicit synchfenization between them.

with the In property. Conn is used for a dynamic model;” where the user wants fo show
vity of signals without any implied activation. All BSCSyconnected solely through the Conn

The SigpalFunction also provides an enumeration interface.so that a native code program can erfumerate

through
SignalF
models.

Exampl
For E

st
Next

C.2.3.3|Runtime properties

all of the contained SignalFunctions of the sigtial model. BSCs and TSFs contain no acfessable
inctions. This feature returns signalModels only within anonymous TSFs or user-defineld signal

¢

ch sf in mySig
name 'sf is a SigdalFunction within the mySig model

Dut is of'type Signal.
In [(at=0)] is of type reference to Signal.

Byhe-is-of-typereference-to-Signal-

Gate is of type reference to Signal.

Conn[(at=0)] is of type reference to Signal.
pinsln is of type pinString.

pinsOut is of type pinString.

pinsSync is of type pinString.

pinsGate is of type pinString.
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The parameter “at” can be used to identify which signal input is being referenced, e.g., In(1).

The Signal Function enumerating subitem SignalFunctions support the Count and Item properties, for
example, in an anonymous TSF.

C.3 Dynamic signal goals and use cases

The use of BSC or TSF components within the system is identical. This standard does not differentiate
between the behavior of BSC and TSF components.

Using a TSF component within a user signal model is identical to using the internal signal model definition
of the T|SF within the same model. This equivalence means that packaging a signal model in ayI|SF does
not charjge the behavior of the signal model.

Calling Run() on any Signal component of a signal model will activate every Signal within the rhodel so
that the vhole signal model including any Gate/Sync events becomes Running.

Calling [Change() on any Signal component of a signal model does not cause Sync/Gate everlts to be
initiated|

The Ruh, Change, and Stop methods may return before the Signal stdte has changed. The time §t which
the signgl returns may be synchronized with the signal state change-by using the timeout.

There iy no implied phase relationship across a Connection ebject. If a connection object conngcts two
signal njodels, then the signal models exist in two separate fime frames.

An evenjt synchronizing a TSF component has the effect of synchronizing all internal TSF signgl model
componpnts.

An event gating a TSF component has the effect of gating the TSF output signal model components|

When tyo subsignal models exist in different time frames, activating the first signal model does|not call
Run() oh the event of the second signalmodel.

The Ruh method makes sure that'Run() is called on all inputs and Gate and Sync events.

The Change method calls‘€hange() on all inputs, but does not affect any Gate or Sync events.
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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 t

commoI1 interface and successfully use basic signal components (BSCs) regardless of ~whicl

environ
implemg
native ¢

The IDI
describe

NOTE—]
this anne]

D.2ID

The IDI

his standard. The use of this IDL allows test programs written in native carrier languages
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

prrier language test programs and different BSC implementations.

L defines the types, interfaces, classes, methods, properties, and attributes used to suppo
d in this standard.

IAnnex D is a normative annex in that it provides the normative descriptions for the BSCs in IDL. Ing
Kk as normative does not mean that the BSCs may not be described.inother interface languages.

| BSC library

BSC library is maintained at http://standards.iee¢-org/downloads/1641/1641-2010/.

to use a

carrier
support
between

rt BSCs

lusion of
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Annex E

(informative)

Test signal framework (TSF) for C/ATLAS

E.1 Int

roduction

This annex provides an example TSF representing many of the signals defined in IEEE Std 716-1995 [B12]

for the (
create tg

standard.

Not eve
equivalg
created

A diagr
interfacg
diagram

E.2 TSF library definition in extensible markup-language (XML)

Where ¢
Annex ||
exampld

A comp
http://st

ommon/Abbreviated Test Language for All Systems (C/ATLAS). It is provided so thatca v
st requirements (using this standard) equivalent to the requirements written using the.C

'y signal (noun) and attribute (noun modifier) described in the C/ATLAS statidard is cover
nt in STD. If a user requires a signal or attribute not described in this annex, that signal
hsing the basic signal components (BSCs).

hm is provided with each signal to illustrate graphically the relationship between the B
attributes that make up the signal. In order to reduce the amotnt of information included
inputs to BSCs that are at zero or the default values are omitted.

xamples are given, their static signal description is provided in XML. The information pro
together with the detailed description of each TSF model in this annex, may be used to ¢
TSF library for C/ATLAS that conforms\to the XML Schema document defined in Annex

ete XML instance document conforming to the requirements of this standard may be obtaiy
ndards.ieee.org/downloads/1641/1641-2010/.

E.3 Interface definition-language (IDL) for the TSF for C/ATLAS

E.3.1In

The IDI
C/ATLA

itroduction

| referénced in E.3.2 provides the common interface description for all the TSF model§
\S example described within this annex. The use of this IDL allows test programs written

carrier |

ser may
ATLAS

pd by an
may be

SCs and
in each

vided in
reate the
[.

ed from

for the
n native

hniguages to use a common interface and successfully use TSF components regardless ¢

f 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 will 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 http://standards.ieee.org/downloads/1641/
1641-2010/.

E.4 AC_SIGNAL<type: Current|| Power|| Voltage>

E.4.1 Definition

A sinusg¢idal time-varying electrical signal. See Figure E.1.

ac_ampl freq phase dc_offset
Sinusoid Constant
AC_ DC_Offset
Component

Sum
AC_Signal AC_SIGNAL
Figure E.1—TSF AC_SIGNAL
E.4.2 Interface properties
See Tabje E.1 fordetails of the TSF AC _SIGNAL interface.
Fable- 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—2mn rad

E.4.3 Notes

There are no special notes for this TSF.
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See Table E.2 for details of the TSF AC_SIGNAL model.
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IEEE Std 1641-2010

Table E.2— TSF AC_SIGNAL model

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. All'types must be consistent. [Thus for

examplg, if ac signal amplitude is specified in volts, then the dc offset/must also be specified in volts.

E.4.6 Example

See Figyre E.2 for an example of AC_SIGNAL.

XML Stqtic Signal Description:

<AC SJIGNAL ac_ampl="1 V" dc_offset="0.5 V" freq="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
i i AM
Sinusoid —|—> 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 frequéney car_freq Frequency — —
Modulation-frequency mod_freq Frequency — —
Depth of modulation mod_depth Ratio — 0-1
Medulation 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.
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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(1+m,E,sin( @,t))sin( @,.f) (E.D)

E. is the carrier amplitude (unmodulated)
E, is the modulation amplitude

m, | is the depth of modulation (= modulation index)
w, | is 2z x modulating frequency
. is 27 X carrier frequency

E.5.6 Example

See Figyre E.4 for an example of AM_SIGNAL.

XML Stqtic Signal Description:

<AM S]GNAL caryampl="1 V" car freg="40 kHz" mod freg="1 kHz" />
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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
SUM
Constant DG_SIGNAL
DC_Level DC_Signal

Figure E.5—TSF DC_SIGNAL
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See Table E.5 for details of the TSF DC_SIGNAL interface.

Table E.5—TSF DC_SIGNAL interface

IEC 62529:2012
IEEE Std 1641-2010

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 —2m rad
E.6.3 IJotes
There afe 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 Levgl Constant Signal [Out] — DC_Signal —
amplitude dc_ampl —
DC_AC |Component Sinusoid Sigral [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 must be consistent. [Thus for

exampld

E.6.6 E

, if dc Jevelis specified in volts, then the ac component amplitude must also be specified in|volts.

xampte

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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E.7 DI

E.7.1 Definition

A parallel digital source that creates a digital logic signal in which the physical values for logic 1,
and higl} impedance data values are determined by the logic thteshold values specified. See Figure ]

Signal

05 |

0.0

Figure E.6—DC_SIGNAL example

GITAL_PARALLEL

zero/ yalue

(o}

=

[ k<]
9] i U}
=1 © =
=] o 5
g\ & | o
) X} K]
. 15 [<) <}
k) o o ©

ParallelDigital

DIGITAL_PARALLEL

Digital_Stream

logic 0,
7.

Figure E.7—TSF DIGITAL_PARALLEL

E.7.2 Interface properties

See Tab

le E.7 for details of the TSF DIGITAL PARALLEL interface.
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Table E.7—TSF DIGITAL_PARALLEL interface
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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 cloments-in-cach-array-clement.

The default condition for clock period (clock period = 0) denotes infinite time for static digitaldata|

E.7.4 M

odel description

See Tabje E.8 for details of the TSF DIGITAL PARALLEL model.

Table E.8—TSF DIGITAL_PARALLEL model

Narpe Type Terminal Inputs Output Fqrmula
Digital §tream | ParallelDigital Signal [Out] DIGITAL PARALLEL —
data data_value — —
period clock(period — —

logic H value

logic_one_value

logic L value

logic zero_ value

E.7.5 Rules

A high impedance is generated when-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 unkfownyvalue cannot be generated by the digital source model. When the digital signal value dharacter

is X, thd 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 will 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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XML Static Signal Description.

<DIGITAL PARALLEL data value='"HLHL","LLHL", "HHLH"'

/>

E.8 DI

clock period="1 us"

Time

GITAL_SERIAL

E.8.1 Definition

A serial
high imj

Figure E.8—DIGITAL_PARALLEL example

digital source that creates a digital logic. signal in which the physical values for logic 1, log
edance data values are determined by the'logic threshold values specified. See Figure E.9.

)
)
$ 3
s ]
[}
] o' o S
=
[ S, ﬁl S
m‘ Q L 5
© (<) D o
° o o ©
SerialDigital

DIGITAL_SERIAL

Serial_Stream

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.

IEC 62529:2012
IEEE Std 1641-2010

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 IJotes

The defgult condition for clock period (clock period = 0) denotes infinite time for static digital datal

The seripl TSF deals only with serial data where the data value is conveyed as the.value of the signal rather
than anyf transition of the signal.

E.8.4 Model description

See Table E.10 for details of the TSF DIGITAL SERIAL modek

Table E.10—TSF DIGITAL SERIAL model

Naipe Type Terminal Inputs Output Foymula
Serial _Stream SerialDigital Signal [Out] DIGITAL SERIAL —
data data_value — —
period clock period — —

logie~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 prgsent.

A logic |l (output/Veltage is equal to logic_one_value) is generated when the digital signal value dharacter

is H.

A logic [0n(éutput 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 will 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 us"
logic_one value="”3.6 V” logic zero value="-2.6 V” />

E.9 DI

Figure E.10—DIGITAL_SERIAL example

GITAL_TEST

E.9.1 Definition

The dig
to perfo

tal test TSF uses both stimulusand response data together with the appropriate clock infgrmation
m a bidirectional digital test-See Figure E.11.
3rs g
S5 ER
T - T 4
a o [ 3
3 @ @ £ £ =
S ¢ o 3 & &
5 5 8 5 B B
BIGHALFEST
Measure ParallelDigital
DT_Digital_ DT_Source
. Measure =
ParallelDigital As
DT_Sense

Figure E.11—TSF DIGITAL_TEST
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Table E.11—TSF DIGITAL_TEST interface

IEC 62529:2012

IEEE Std 1641-2010

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 Ddta dt Data digitalString — HIL|ZXh[lz]x
E.9.3 Notes
When ufing the DIGITAL TEST TSF, the stimulus and response logic levels should’be provided, ftogether

with the
The def:

Stimulu

Respons

The DI(
rather th

digital clock period to define the characteristics of the signal waveform.
pult conditions for this TSF have no significance other than to provide an example of its use

5 data is defined using the following syntax:

H for High or logic 1
[ for Low or logic 0.
V. for Tri-state or high impedance.

X for unspecified, usually implemented using the Z state.
e data are defined using the following syntax:

h for High or logic 1
for Low or logic 0,
V. for Tri-state or high impedance.

X for “do nét‘eare,” i.e., the value is not measured.

arfany transition of the signal.

FITAL ;TEST TSF deals only with data where the data value is conveyed as the value of the signal

E.9.4 Model description

See Tab

le 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 Digifal 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 (oGtput 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 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 will 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
|
|
|
|
|
|
|
|
|
iJ
:
|
|
|
|
|
|

D

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 transmissfon from
an interjogator to a transpendet and return. See Figure E.13.

The disfance measyring 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 thesDME transponder on the ground, starts a response sequence that sends a return pul$e signal
on a different.(paired) channel to the aircraft. The aircraft equipment receives the response from th¢ ground
station, computes 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 always of 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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car_ampl int_freq

DME_INTERROGATION

pulses =
,3.5ps, 1),
,3.5ps,1)
duration = 20 ps . ‘ repetition = 1
Sinusoid
Int_Carrier
TimedEvth Pulse Train
Int_Event DME_
Interrogation

Figure E.13—TSF DME_INTERROGATION

E.10.2 Interface properties

See Tabje E.13 for details of the TSF DME INTERROGATION interface.

Table E.13—TSF DME_INTERROGATION interface

Desdription Name Type Default Range
Carrier applitude car_ampl Voltage — —
Interrogator int_freq Frequency 1025 MHz 1025 MHz - 1150 MHz
frequenc
Interrogation rate int_rate Frequency 27 Hz 27 Hz| 150 Hz

E.10.3 Notes

This madel has limited functionality. It does not provide for the variation of some of the paramets
as the pplse timing and level). The model may be modified by the user to include such paramete

interfac¢ properties.

E.10.4 Model description

See Tal

e E 14 for details of the TSE DME _INTERROGATON maodel

rs (such
s in the
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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 us,3.5us, 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 Lal_alll})‘l — ]
frequency int_freq — —
phase — — Onad
Int_Event TimedEvent Event [Out] — DME Interrogation —
delay — — 0s
duration — — 20 pus
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_freq:"1050 MHz"
int_rates"150 Hz" />
1.0
0.8
I
||
M‘
0.2
I |

o.0 [l

Figure E.14—DME_INTERROGATION example
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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 ps (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-0f’l z. The
frequengies used by the interrogator are between 1025 MHz and 1150 MHz, and the transponder on the
ground feplies using two set frequencies: the first from 962 MHz to 1024 MHz, and-the secohd from
1151 MHz to 1213 MHz. The number of available frequencies is 252; therefore,there are 126 4vailable
channel§. 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 always of 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 freqpency is
63 MHA4 higher than the interrogator frequency.
g8
N o S o 5§
pulses =
(0 ps, 3.5 ps,1);
(15.5 ps, 3.5 ps, M.
repetition = 1 delay = 50 ps
Sinusoid Pulse 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
i 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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Interface properties

See Table E.15 for details of the TSF DME RESPONSE interface.

Table E.15—TSF DME_RESPONSE interface

IEEE Std 1641-2010

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 0m —
Range rate rate Speed 0 m/s —
Rate of chtrge-otfRargeRute——seer Arecelerttion O+15
DME Intprrogation signal dme Interrogation | SignalFunction — —
E.11.3 Notes
Slant rapge of DME is dependent on aircraft height, transponder location and its @sseciated envijonment,
and geographical topography. Maximum range in ARINC 568 [B1] is quoted as upto 300 nmi (55( km) up
to an alfitude of 75 000 ft (23 000 m). The delay range quoted will allow for_d transponder trangmission
range of approximately 400 nmi (740 km) and its lower value is 0 nmi, (0.km), the default 50 pg usually
allowed| from receipt of an interrogator signal to the transponder response within the transpondgr itself.
These values must not be exceeded.
This mqgdel has limited functionality. It does not provide for the'variation 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
interfac¢ properties.
E.11.4 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 — — (rhnge*2/3.0e8)
rate — — (rpte*2/3.0e8)
Signal [In] Response Delay — —
Respons¢ Delay SignalDelay Signal [Out] — DME_Response —
acCcclcration — — O Hz
delay — — 50 us
rate — — 0%
Signal [In] Response_Train — —
Response_Train PulseTrain Signal [Out] — Response Delay —
pulses — — (O ps,3.5us, 1),
(155 ps,3.5 s, 1)
repetition — — 1
Signal [In] Resp_Carrier — —
Sync[In] Resp Event Train — —

Published by IEC under license from IEEE. © 2010 IEEE.

Al

rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012

IEEE Std 1641-2010

-173 -

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

ProbabilifyEven
t

Event [Oui]

Resp_Event_Irain

seed

probability

—_

%

Signal [In]

Resp Event A

DME Pylse Detect

AndEvent

Event [Out]

Resp_Ewveft "Train

Signal [In]

DME_P2_Detect

Signal [In]

Interrogation_Event
_Window

Resp Event A

TimedEvent

Event [Out]

Resp Event B

delay

duration

us

period

7us

repetition

OS|W|IN|O

DME_PJ Detect

SignalDelay

Signal [Out]

DME_Pulse Detect

acceleration

S

Hz

delay

—_

S ps

rate

Signal [In]

Interrogation_Event
_Window

Interrogation_Event
_Windoy

RMS

[Out]

DME Pulse Detect
, DME P2 Detect

measuredVari
able

measurement

measurements

sample

count

gateTime

1J0e-8

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 RESPONSES5" range="2 nmi" rate="600 kt"

In="D}
<DME

int fr

lE_INTERROGATIONG6"/>
NTERROGATION name:"DME_INTERROGATION6"
eq="1050 MHz" int rate="150 Hz" />

10__
0s8_|
06_|
04_|
02|

[ RN AR
AR AL

|

I

02| \
'

04_|
-06_|

08|

10|

Figure E16—DME_RESPONSE example

E.12 FM_SIGNAL<type: Voltage|| Power|| Current>

E.12.1 Pefinition

A contiuous sinusoidal (carrier) wave generated when the frequency of one wave is varied in acqordance
with thelamplitude of another (modulating) wave (modulating). See Figure E.17.
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]
mod_freq mod_ampl §I §I gi')_
Sinusoid FM
FM_SIGNAL
Modulating_ FM_Signal
Signal v
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 applitude car_ampl Physical —
Carrier fijequency car_freq Frequency —
Frequendy deviation freq_dev Frequency —
Modulation frequency mod_freq Frequency —
Modulatijon amplitude modampl Physical 1
E.12.3 Notes

There afe no special notes 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

IEC 62529:2012

IEEE Std 1641-2010

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 — — 0 rad
E.12.5 Rules
The output is given by Equation (E.2) and Equation (E.3).
e =|E sin( @.t+msin( w,t)) (E.2)
ms¥ k{ B,/ @) (E.3)

E. is the carrier amplitude (unmodulated)
E, is the modulation amplitude

. | is 2@ x carrier frequency

my deviation ratio (= modulation index)
@, | is 2z x modulating frequency

ky is the frequency deviation

E.12.6 Example

See Figuyre E.18 for an example of FM' SIGNAL.

XML St

<FM_S
freq

tic Signal Description,

GNAL name="FM SIGNAL9" car freqg="100kHz"
ev="10kHz"mod freg="1200Hz" />
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Figure E.18—FM_SIGNAL example

E.13 ILS_GLIDE_SLOPE<type: Voltage|| Power>

E.13.1 Pefinition
The verfical guidance portion of an instrument landing system (TES).

At pres¢nt, 40 glide slope channels exist with 150 kHz channel separation in the frequency range from
328.6 MHz to 335.4 MHz. The carrier is amplitude-modulated at 90 Hz and 150 Hz in a spatial| pattern,
with th¢ 90 Hz modulation predominant when the airplane is above the glide path, and the |150 Hz
modulazon predominant if the airplane is belowrithe glide path. The glide slope signal is achieved by
transmitting two beams with equal offset about-the correct glide slope angle. The upper beam is mpdulated
to a depth of 40% with a 90 Hz tone, and the) lower beam is modulated to a depth of 40% with af 150 Hz
tone. The carrier of both beams is phase-locked so that any receiver will treat them as a single-carripr signal
with tw¢ modulating tones. If the aireraft is positioned off the glide slope, the ILS receiver will ddtect one
signal a$ stronger than the other. Assa’result, the demodulated amplitude (or apparent depth of modulation)
of one tpne will be greater than\the tone of the other. If the receiver is exactly on the glide slop¢, it will
receive p radio frequency (RF)\carrier where the 90 Hz and 150 Hz modulation depths appear exjctly the
same. The greater the deviation from the glide slope, the greater will be the difference in amplitude of the
tones. Flgure E.19.
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_ E B
[ o 2 -
e E O
Sinusoid
Glide_Slope_ =
Carrier
Teq — 90 T
amplitude =1V mod_index = 0.4
Sinusoid AM Attenuator Sum
Glide_90Hz_ d G&ii]?;)@z'z_ ™| Glide_Slope_ Glide_Slope L5 CUIDE Sore
Tone Signal - Hi
freq = 150 Hz
1 amplitude =1V mod_index = 0.4
Sinusoid AM Attenuator
} —>-| Glide_150_H .
Glldeﬁ:n5eOHz_ _IIVI:q_uIate_ d_z GlldeI_-(S)IOpe_
Signal
Figure'E.19—TSF ILS_GLIDE_SLOPE
E.13.2 |nterface 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 alhp]itndp nnr_nmr\] Physical 2 m\. —
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

Glide_Slope Hi

[Tl
| Mt |

Glide_Slppe Hi

Attenuator

Signal
[Out]

Glide Slope

gain

ninety level

Signal
[In]

Glide 90 Hz Modulated
Signal

Glide Slppe Lo

Attenuator

Signal
[Out]

GlidéSlope

gain

onefifty level

Signal
[In]

Glide 150 Hz Modulated,
Signal

Glide 90 Hz Modulated
Signal

AM

Signal
[Out]

Glide_Slope Hi

modIndex

Carrier
[In]

Glide_SlopeCarrier

Signal
[In]

Glide O0Hz Tone

Glide_140_Hz Modulated
_Signal

AM

Signal
[Out]

Glide Slope Lo

modIndéx

Carrigr
[In]

Glide_Slope Carrier

Signal
[n]

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

E.14 1L

E.14.1

The loc
runway
high fre
slope ch
90 Hz tq

; level="0.9" />

Signal

m il

i T

Figure E.20—ILS _GLIDE_SLOPE example

S _LOCALIZER<type: Power|| Voltage>

Definition

hlizer is the lateéral guidance portion of the ILS, giving azimuth guidance with refereng
center line. dt'eperates using the same principles as the glide slope, but with 40 channels in
quency (VHF) band of 108.0 MHz to 112.0 MHz. Each localizer channel is paired with
annel: The carrier is modulated with 90 Hz and 150 Hz tones in a spatial pattern that m

the airclafil he rigl F o] The locali . . le si Lidentif

ne’predominant when the aircraft is to the left of the course and the 150 Hz tone predoming

e to the
the very

a glide
hkes the
nt when

ying the

runway and approach direction and also may carry a ground-to-air communication channel. See Figure

E.21.
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E H
= - 3 2
3 5 = 2
o o f=s o
Sinusoid
Localizer_ — frmm—
Carrier
meq — 90
amplitude =1V mod_index = 0.4
Sinusoid AM Attenuator Sum
| |LS_O0HZ_ ey . ILS_LOCALIZHR
ILS_Fgr?:z_ 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 |nterface 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 Rangg
Carrier a np]itndp nm‘_amr\] 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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See Table E.22 for details of the TSF ILS LOCALIZER model.

IEC 62529:2012
IEEE Std 1641-2010

Table E.22—TSF ILS_LOCALIZER model

Name

Type

Terminal

Inputs

QOutput

Formula

ILS Localizer

Sum

Signal
[Out]

ILS LOCALIZER

Signal
[In]

Localizer R

Signal

Localizer L

[Tl
| Mt |

Localizef R

Attenuator

Signal
[Out]

ILS Localizer

gain

onefifty level

Signal
[In]

ILS 150Hz Modulated
_Signal

Localizef L

Attenuator

Signal
[Out]

ILS Localizer

gain

ninety level

Signal
[In]

ILS 90Hz Modulated
Signal

ILS 150Hz Modulated
_Signal

AM

Signal
[Out]

Localizer R

modIndex

Carrier
[In]

Localizer Cartier

Signal
[In]

ILS 150Hz Tone

ILS 90Hz Modulated
Signal

Signal
[Out]

Localizer L

modIndex

Carrier
[In]

Localizer Carrier

Signal
[In]

ILS_90Hz Tone

ILS 150Hz Tone

Sinusoid

Signal
[Out]

ILS 150Hz Modulated
_Signal

amplitude

(see
pote)

frequency

50 Hz

phase

rad

ILS 90Hz Tone

Sinusoid

Signal
[Out]

ILS 90Hz Modulated
Signal

amplitude

(see
fote)

frequency

90 Hz

phase

0 rad

Localizer Carrier

Sinusoid

Signal
[Out]

ILS 90Hz Modulated
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 LOCALIZER6" ninety level="0.9"
oneflfty level="1.1" />

Signal

Figure E.22—ILS_LOCALIZER example

E.15 ILS_MARKER

E.15.1 Definition

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 Il 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
Sinusoid AV 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
Desdription 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 mddel represents a limited implementation of the signal. It does not provide for the variation
of the pframeters (such as the Carrier frequency). The model may be modified by the user to incly
parametprs in the interface pfoperties.

E.15.4 Model description

See Tabje E.24 for details of the TSF ILS MARKER model.

of some
1de such
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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[signal, the carrier amplitudes can be expressed only in termisS\of power.

E.15.6 Example
See Figure E.24 for an example of ILS MARKER.
XML Stgtic Signal Description:

<ILS MARKER name="ILS MARKERLE" />

Signal

0.004

0.003
l
\‘
i
"“ih I
MH
\\‘H
}\
0.000 |

T

-0.002,

0.002

0.001

-0.003,

-0.004

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.

g g i
mod_freq mod_ampl :I ;I gl
Sinusoid FM
FM_SIGNAL
Modulating_ FM_Signal
Signal
Figure E.25—TSF PM_SIGNAL
E.16.2 |nterface properties
See Tabje E.25 for details of the TSF PM) SIGNAL interface.
Table E.25—TSF PM_SIGNAL interface
Degcription Name Type Default Range
Carrier apnplitude car_ampl Voltage — —+
Carrier fifequency car_freq Frequency — —+
Phase deyiation phase_dev PlaneAngle — —+
Modulation fréquency | mod freq Frequency — —+
Modulation.aniplitude | mod ampl Voltage IY% —+
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 — - 0 rad|
E.16.5 Rules
The output is given by Equation (E.4) and Equation (E.5).
e =|Esin( @,t+k,E,,sin( w,t)) (E.4)
ms¥ k{ B,/ @) (E.5)
where
E. is the carrier amplitude (unmodulated)
E,, | is the modulation amplitude
. | is 2@ x carrier frequency
@, | is 2z x modulating frequency
k, is the phase deviation
E.16.6 Example
See Figyre E.26 for an example of PM_SIGNAL.
XML Stqtic Signal-Description:
<PM_SIGNALj)name="PM SIGNAL9" phase dev="(pi*8)" car ampl="1 V"
car fre9s"100 kHz" mod freq="1240 Hz" />
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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) ae electrical potential. See Figure E|27.

c 5
i<l =
TEF 1
3 3 [ ac_ampl  freq dc/offset
PO
Constant
PAC_
DC_Offset
Sinusoid SuM
PULSED_AC_SIGNAL
PAC_AC_ Pulsed_
Component AC_Signal
JimedEvent
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.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

IEC 62529:2012
IEEE Std 1641-2010 -189 -

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 pondition (where p_repetition = 0) is for continuously repeating pulses.

This mddel represents a pulsed ac signal with a permanent dc offset. An alternative,model may bg created
where only the pulses have a dc offset.

E.17.4 Model description

See Tabje 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 — —

Signab{In] | PAC_AC_Component — —

PAC_A{d Component | Sinusoid Signal — Pulsed AC_Signal —
[OQut]

amplitude | ac_ampl — —

frequency | freq — —

phase — (O rad

Gate [In] Pulse — —

PAC D( Offset Constant Signal — Pulsed AC Signal —
[Out]

amplitude | dc_offset — —

Pulse TimedEvent | Event — PAC_AC-Component —
[Out]

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 must be consistent. Thus, for
example, if the ac signal amplitude is specified in volts, then the dc offset must also be specified in volts.
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See Figure E.28 for an example of PULSED AC SIGNAL.

XML Static Signal Description:

IEC 62529:2012

IEEE Std 1641-2010

<PULSED_AC_SIGNAL name="PULSED AC SIGNALll" dc offset="0.5 V"
p_delay="7 ms" p duration="3 ms" p period="5 ms" p repetition="10" />

Signal

E.18 PULSED_AC_TRAIN<type: Voltage|| Current|| Power>

E.18.1

A signa
amplitu

Definition

les. See Figure E.29.

Figure E.28—PULSED_AC (SIGNAL example

characterized by a train of-puilses of sinusoidal electrical ac activity with different duratjons and

Figure E.29—TSF PULSED_AC_TRAIN

ac_ampl  freq pulse_train dc_offset
repetition = 1 Constant
PACT_DC_
Offset
Sinusoid PulseTrain SuMm
PULSED_AC_TRAIN

PACT_AC_ Pulsed_AC Pulsed_
Component AC_Train
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E.18.2 Interface properties

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 mddel represents a pulsed ac train with a permanent dc offset. An alternative model .mmay bd created
where ohly the pulses have a dc offset.

E.18.4 Model description

See Table E.30 for details of the TSF PULSED AC TRAIN model.

Table E.30—TSF PULSED_AC_TRAIN model

Name Type Terminal Inputs Output Formula

Pulsed AC Train Sum Signal — PULSED AC_TRAIN —
[Out]

Signal [In] Pulsed AC — —

Signal [In] PACT DC_Offset — —

Pulsed AC PulseTrain | Signal — Pulsed AC_Train —
[Out]

pulses pulse_train — —

repetition — — |

Signal [In] PACT_AC_Component — —

PACT [OC_ Offset Constant Signal — Pulsed AC Train —
[Out]

amplitude dc_offset — —

PACT_AC_Component | Sinusoid Signal — Pulsed AC —
[Out]

amplitude ac_ampl — —

freqreney free

phase — — 0 rad

E.18.5 Rules

For this signal, the allowable types are Voltage, Current, and Power. All types must be consistent. Thus, for
example, if ac amplitude is specified in volts, then the dc offset must also be specified in volts.
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See Figure E.30 for an example of PULSED AC TRAIN.
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<PULSED_AC_TRAIN name="PULSED AC TRAIN9" dc offset="1.1 V" freq="150

Hz" pulse train="(0.1,0.125,1),

E.19 PULSED_DC_SIGNAL<type: Voltage||‘Current|| Power>

E.19.1

A signa
with an

Signal

(0.2,0.125,1)"™ />

Definition

Figure E.30—PULSED_AC.TRAIN example

characterized by a train of pulses of electrical dc activity with different durations and anjplitudes
bptional ac component. See Eigure E.31.

Figure E.31—TSF PULSED_DC_SIGNAL

s £
7 E V&
3 3 N [ dc_ampl ac_ampl freq
o &J)8 J
Sinusoid
PDC_AC_
Component
Constant SuMm
PULSED_DC_SIGNAL
PDC_ Pulsed_
DC_Level DC_Signal
TimedEvent
PDC_Pulse
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E.19.2 Interface properties

See Table E.31 for details of the TSF PULSED DC_SIGNAL interface.

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 wigtlr p—duratom Fime

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 mddel represents a pulsed dc signal with a permanent ac component (ripple). An alternative model
may be greated where only the pulses have an ac component.

E.19.4 Model description

See Tabje E.32 for details of the TSF PULSED DC SIGNAL model.

Table E.32—TSF PULSED_DC_SIGNAL model

Name Type Terminal Inputs Output Formula
Pulsed_IPC_Signal Sum Signal — PULSED_DC_SIGNAL —
[Onut]
Signal [In] | PDC_DC Level — —
Signal [In] | PDC_AC_ Component — —
PDC D( Level Constant Signal — Pulsed DC Signal —
[Out]
amplitude | dc_ampl — —
Gate[In] PDC_Pulse — —
PDC_A{ Component<| Sinusoid Signal — Pulsed DC_Signal —
[Out]
amplitude | ac_ampl — —
frequency | freq — —
pitase — rad
PDC _Pulse TimedEvent | Event — PDC _DC Level —
[Out]
delay p_delay — —
duration p_duration — —
period — — 1/prf
repetition | p_repetition — —
E.19.5 Rules

For this signal, the allowable types are Voltage, Current, and Power. All types must be consistent. Thus, for
example, if a dc level is specified in volts, then the ac component amplitude must also be specified in volts.
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See Figure E.32 for an example of PULSED DC_SIGNAL.

XML Static Signal Description:

<PULSED DC_SIGNAL name="PULSED DC_SIGNAL1l" ac ampl="0.2" dc_ampl="1"

IEC 62529:2012
IEEE Std 1641-2010

freg="1 kHz" p delay="0.02" p duration="6 ms" p period="10 ms"
p_repetition="5" />

Signal

E.20 PULSED_DC_TRAIN<type: Voltage|} Current|| Power>

E.20.1

A signa
Figure H

.33.

o IIALAMMLARAAA

mww

Mﬂwm

Il

g

Figure E.32—PULSED_DC;, SIGNAL example

Definition

i

—_—=

Il

HHHMMQ S MMMMW‘M‘
g TR

I characterized by a train-of different, short-duration periods of dc electrical activjty.

dc_ampl pulse_train ac_ampl  freq
repetition = 1 Sinusoid
PDCT AC 1
Component
tant PulseTrai M

Constan ulseTrain SuU PULSED_DC_TRAIN

PDCT_ PDCT_ Pulsed_

DC_ Level Pulsed_DC DC_Train

Figure E.33—TSF PULSED_DC_TRAIN
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See Table 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 dc_ampl Physical — —
Pulse train pulse_train PulseDefns — —
AC Component amplitude ac_ampl Physical 0 —
AC Component frequency freq Frequency 0 Hz —
E.20.3 Notes

For this|signal, the allowable types are Voltage, Current, and Power. All types must be dofsistent. Thus, for
exampld, if dc level is specified in volts, then the ac component amplitude must also\be’specified in|volts.

This model represents a pulsed dc train with a permanent ac component (ripple).) An alternative mddel may
be creatgd where only the pulses) have an ac component.

E.20.4 Model description

See Table E.34 for details of the TSF PULSED DC_TRAINumodel.

Table E.34—TSF PULSED_DC_TRAIN model

Name

Type Terminal

Inputs

Output

Formula

Pulsed I)C Train

Sum Signal

[Out]

PULSED_DC_TRAI

N

Signal [In]

PDCT Pulsed DC

Signal [In]

PDCT_AC_Component

PDCT Pplsed DC

PulseTrain | Signal

[Out]

Pulsed DC_Train

pulses

pulse_train

repetition

Signal [In]

PDCT_DCLevel

PDCT_AC Compenen
t

Sinusoid Signal

[Out]

Pulsed DC Train

amplitude

ac_ampl

frequency

freq

phase

PDCT DC Level

Constant Signal

[Out]

PDCT Pulsed DC

amplitude

dc_ampl

E.20.5 Rules

There are no special rules for this TSF.
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See Figure E.33 for an example of PULSED DC TRAIN.

XML Static Signal Description:

IEC 62529:2012
IEEE Std 1641-2010

<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

E.21 RADAR_RX_SIGNAL

E.21.1 Pefinition

20|

Figure E.34—PULSED_DC.TRAIN example

An apprppriate delayed signal responseto an input radar signal. See Figure E.35.

reply_eff

atten

range_rate
range_accn

L range

=GE
=0.1
=10ns

radar_TX_Signal

confition
nonginal
gat¢Time

Attenuator

SignalDelay

Car_Pulse

Radar_RX_
Signal

RADAR_RX_SIGNAL

RMS

ProbabilityEvent

Event_Train

Suppressed_
Event_Train

Figure E.35—TSF RADAR_RX_SIGNAL
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E.21.2 Interface properties

See Table E.35 for details of the TSF RADAR RX SIGNAL interface.

Table E.35—TSF RADAR_RX_SIGNAL interface

Description Name Type Default Range
Attenuation atten Ratio 1 —
Range of simulated target range Distance — —
Rate of change of rate change range_accn Acceleration 0 —
Rate of change of target range range rate Speed 0 —
Proportidn of Tx pulses returned reply_eff Ratio 100% 0 — 180%o
Transmitfed Radar Signal radar TX Signal SignalFunction — +
E.21.3 Notes
This anfiex 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 signakresponse. In addition, the signal
does nof respond to all transmitted radar pulses (a feature that gives rise to' a reply efficiency).
To achipve reply efficiency, the Radar RX Signal must detect/the incoming radar pulses and puppress
some inflividual pulses. To detect a radar pulse, an RMS mouitor is used with a selected gate time. This
monitorjng provides an event while the continuous rms value'is greater than a nominal threshold vallue. The
RMS m¢nitor is used solely to detect a signal.
The defpult values for range rate and range acca~(i.e., range rate = 0 and range accn = 0) refJresent a

stationa

E.21.4 Model description

See Tab

y target.

le E.36 for details of the, TSF RADAR _RX SIGNAL model.

Table E.36—TSF RADAR_RX_SIGNAL model

Name Type Terminal Inputs Output F¢rmula
Radar RK Signal ("[\SignalDelay Signal [Out] — RADAR RX SIGN —
AL
acceleration — — (ranpe_accn
*2/3.0e8)
detay — — framge
*2/3.0e8)
rate — — (range_rate
*2/3.0e8)
Signal [In] Car_Pulse — —
Car_Pulse Attenuator Signal [Out] — Radar RX Signal —
gain atten — —
Signal [In] radar TX Signal — —
Gate[In] Suppressed_Event — —
_Train
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Table E.36—TSF RADAR_RX_SIGNAL model (continued)

Name

Type

Terminal

Inputs

Output

Formula

Suppressed Event
Train

ProbabilityEvent

Event [Out]

Car_Pulse

seed

probability

reply eff

Signal [In]

Event Train

Event_Train

RMS

[Out]

Suppressed Event
Train

measuredVari
able

measurement

measurements

sample

count

gateTime

1.0e8

nominal

0.1

condition

GE

GO

NOGO

HI

LO

UL

LL

Signal [As]

Signal [In]

radar TX\Signal

E.21.5 Rules

For this|signal, the allowable types are Voltage, Current, and Power. However, for this signal, th¢

determiped by the RADAR TX SIGNAL to whick'it is referenced.

E.21.6 Example

See Figyre E.36 for an example of RADAR RX SIGNAL.

XML Stqtic Signal Description:

<RADAR RX SIGNALShame="RADAR RX SIGNAL2" atten="0.6" range="2 nmi"

range [rate="/650 kt" In="RADAR TX SIGNAL1QO"/>
<RADAR TX SIGNAL name="RADAR TX SIGNAL1O" ampl="1" delay="0"

duratlon="10

uSll

freg="100 MHz" period="120 us"

/>

type is

Figure E.36—RADAR_RX_SIGNAL example
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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.

-
> = =
T ® 5] ampl freq
o Q
3 3 8 @
Sinusoid
inusor RADAR_TX_SIGNAL
Radar_TX_
Signal
TimedEvent
RTX_
Event_Train

Figure E.37—TSF RADAR_TX_SIGNAL

E.22.2 |nterface properties

See Tabje E.37 for details of the TSF RADAR TX SIGNAL interface.

Table E.37—TSF RADAR_TX_SIGNAL interface

Description Name Type Default Range

Tx signa] amplitude ampl Physical — +
Tx signal frequency freq Frequency — +
Initial dejay delay Time 0s +
Pulse dufation duration Time — +
Pulse repfetition frequency prf Frequency — +
Number pf'pudses repetition int 0 +
E.22.3 Notes

Default condition (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 — — Iptf
repetition repetition — —

E.22.5 Rules

For this [signal, the allowable types are Voltage, Current, and Power.

E.22.6 Example
See Figure E.38 for an example of RADAR TX SIGNAL.
XML Stqtic Signal Description:

<RADAR TX SIGNAL name="RADAR TX SIGNALI0" ampl="1" delay="0"
duratlon="10 us" freqg="100 MHz" prf="120 us" />

Signal

I

Figure E.38—RADAR_TX_SIGNAL example

E.23 RAMP_SIGNAL-<type: Voltage|| Current|| Power>

E.23.1 Definition

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 Offs¢t dc_offset Physieal 0 —+
Ramp signal period period Fime — —+
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 Tabjle 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 must be consistent. Thus, for
example, if the ramp signal amplitude is specified in volts, then the dc offset must 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="1 kHz?
rise fime="1 ms" />

Signal

05_|

0.0

Figure E.40—RAMP_SIGNAL example

E.24 RANDOM_NOISE

E.24.1 Definition

Transient disturbanées-Occurring unpredictably, except in a statistical sense. See Figure E.41.

ampl freq seed

Noise

RANDOM_NOISE

Noise

Figure E.41—TSF RANDOM_NOISE
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See Table E.41 for details of the TSF RANDOM_NOISE interface.

Table E.41—TSF RANDOM_NOISE interface

Description Name Type Default Range
Noise signal amplitude ampl Physical — —
Pseudo random noise frequency | freq Frequency 0 —
Pseudo random noise seed seed int 0 —

E.24.3 Notes

The defhult for random noise is white noise (characterized by a flat frequency spectrum jin\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 Model description

See Tabje E.42 for details of the TSF RANDOM_NOISE model.

Table E.42—TSF RANDOM_NOISE model

equency

pecified.
value. If

Nampe

Type

Terminal

Inputs

Output

For

imula

Noise

Noise

Signal [Out]

RANDOM_NOISE

amplitude

ampl

seed

seed

frequency

freq

E.24.5 Rules

For this [signal, the allowablé types are Voltage and Power.

E.24.6 Example

See F ig\rre E 42 for an example of RANDOM NOISE.

XML Static Signal Description:

<RANDOM NOISE ampl="100 mV" freqg="500 Hz"

seed=

"O" />
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E.25 RESOLVER

E.25.1 Definition

i

|

\'Hl

i

M

Figure E.42—RANDOM_NOISE example

Two ac pine wave voltages whose relationships of amplitude represent the rotation of a shaft positipn of an
electronjechanical transducer. See Figure E.43.

x Q o
[} T =
'E| ) ;' E'
- = £ 12
£ g8 2Ps
® = N T ®© =
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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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 26V 26 V-119V
Reference frequency | freq Frequency 400 Hz 30 Hz - 54 kHz
Zero index zero_index PlaneAngle 0 rad 0—2m rad
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

generatdd in the secondaries.

E.25.4 Model description

See Table E.44 for details of the TSF RESOLVER model.

of angular velocity of the rotor and-the quadrature

Table E.44—TSF RESOLVER model

voltages

Name

Type

Terminal

Inputs

Output

Farmula

Four Wike Resolver

FourWireResolver

Signal [Out]

RESOLVER

channelWidth

Signal [In]

S1

Signal [In]

S2

S1

Product

Signal [Out]

Four_Wire Resolver

Signal [In]

Rotor

Signal [In]

Fieldl

S2

Product

Signal [Out]

Four Wire Resolver

Signal [In]

Rotor

Signal [In]

Field2

Rotor

Sinusoid

Signal [Out]

S1 .82

amplitude

£

frequeney

phase

Fieldl

Sinusoid

Signal [Out]

S1

amplitude

trans_ratio

frequency

(angle_rate)

phase

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.8) (for cosine).

Sine output
e,; = KE,sinf sin(2zf,t+¢) (E.6)

Cosine output

es; = KE,cos6 sin(2af,t+¢p) (E.7)
or
es2 ¥ KE,sin(6+7/2)sin(2zf,t+¢) (E.8)
where
K is the transformer ratio (trans_ratio), assuming K to be the same for’both secondaries
E, is the reference amplitude in the primary (ampl)
0 is angular displacement of the rotor (angle)
I is the reference frequency of the signal in the primary (freq)
1] is the zero index position of the rotor (zero_index)

Thus, the operation of the resolver may be modeled as the product of two signals for each output:
Sine output

e F (E,sin2zf,t+¢)) x (Ksinb) (E.9)
Cosine utput

e,: ¥ (E,sinQafit+9)) x (Ksin(0£m/2)) (E.10)

E.25.6 Example
See Figyre E.44 for,an'¢xample of RESOLVER.

XML Stqtic Signal Description:

<RESOLVER name="RESOLVER9" angle rate="5 Hz" freqg="100 Hz" />
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30__

TN
T T v
LT R

Figure E.44—RESOLVER example

E.26 RS_232

E.26.1 Definition

A serial|[databus signal that transmits and receives strings of characters and operates according to TIA-232
[B19].

E.26.2 |nterface properties

See Table 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| 1155200
Data Bits databits int 8 4156|178
Parity parity enumeration | None Even| Odd| None| Mark| Space
Stop Bitg Stop_bits enumeration | 1 1]1.512
Flow Contrél flow_control enumeration | None None| Hardware| Xon-Xoff

NOTE—Fherangeof-vatuesfor-baud—ratecamd-data—bits ts-for mformatiomronty—Any valre may beused-witirthis

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 [B19]. Data received via the serial bus connections will,be available when the signal
is used in a measurement.

E.27 SQUARE_WAVE<type: Current|| Voltage|| Power>
E.27.1 Pefinition

A perioflic wave that alternately assumes one of ¢wo fixed values of amplitude for equal lengths Jof time.
See Figyre E.45.

ampl period dc_offset

50%

<
S Constant
o
>
é Square_
j DC_ Offset
SquareWave Sum
Squars. > Square_Wave SQUARE_WAVE
Wave_
Component

Figure E.45—TSF SQUARE_WAVE
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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 afe 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 moldel
Name Type Terminal Inputs Output Formula
Square_Wave Sum Signal — SQUARE WAVE —
[Out]
Signal Square_Wave Component — —
[In]
Signal Square DC_Offset — —
[In]
Square_YWave Component | SquareWave | Sigdal — Square Wave —
[Out]
amplitude | ampl — —
period period — —
dutyCycle — — 50%
Square IDC Offset Constant Signal — Square Wave —
[Out]
amplitude | dc_offset — —
E.27.5 Rules
For this[sighal, the allowable types are Voltage, Current, and Power. All types must be consistent. Thus, for

example, 1T the square wave amplitude 1s specified in volts, then the dc offset must 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 WAVE6" ampl="1" dc offset="500 mV" period="10

/>

US"

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved. |
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Figure E.46—SQUARE_WAVE example

E.28 SSR_INTERROGATION<type: Voltage|| Current|| Power>

E.28.1 Definition

Secondqry surveillance radar (SSR) provides information to supplement the information obtained from a
primary| radar. Governing documents for civilian air traffie\control (ATC) are ARINC 572 [B2] and
ARINC|711-10 [B4] and for the military’s identification, Mriend or foe, (IFF) system, STANAG 4193
[B18]. An aircraft on-board transponder will sense an juterrogation from a ground (or airborne) stafion on a

specific| frequency (i.e., 1030 MHz) and will responid with coded signals on another frequercy (i.e.,
1090 MHz). See Figure E.47.

> © = °
e 8 3 § 3
ampl B & & o o
€ ) » Q =%
L} | [} | |
1 1 ] 1 1
L} | [} | |
T T T
freq = 1030 MHz 1 conversion to SSR pulses 1
i 1
1 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 us
P3 level p3_level Ratio 1 —

SLS deviation sls_dev Time 0 us —

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
between| P1 and P2 is 2 ps. Normal spacing between P1 and P3 depends on the choice of mode.

While interrogators will repeat the interrogation sequence approximately every 2 ms|and are ca
interlacipg several modes alternately (most commonly 3-A and C, known as Mode 3+(), the model
for a siggle interrogation and thus allows each mode to be interrogated individually to verify thg

responsg.

The intgrface allows for the indirect programming of the pulse information. The pulse attributes
directly jentered as an array. The interface is used to select various SSR-specific parameters, which
convertdd by the interface into the appropriate pulse definitions.

Table E.50—SSR_INTERROGATION pulse descriptions

spacing

pable of
is set up
correct

are not
are then

Pulse Start time (us) Pulse width (us) Level factor
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 € 21
Modé D 25

The output is given by:the following equation:

SSR_pulsess=(0 ps, 0.8 us, 1),

({0.000002+sls_dev}, 0. 8 us, {sls_level}),
({p3,start}, 0.8 us, {p3_level})

where

sls_dev

sls_level
p3_start
p3 level

is the SLS deviation from the interface properties

is the SLS level from the interface properties

is the P3 start time as defined by the interrogation mode (see Table E.51)
is the P3 level from the interface properties

Table E.51—Pulse P3 start times
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Interrogation mode P3 start time (p3_start)

E.28.4 Model description

(mode)

(ps)

1

3

5

8

8

17

21

gjQ|wm|»|w|N

25

See Tabje E.52 for details of the TSF SSR_INTERROGATION model.

Table E.52—TSF SSR_INTERROGATION model

Name Type Terminal Inputs Outpuit Formula
PulseTra|n PulseTrain Signal [Out] — SSR_INTERROGATION
pulses — — SSR_pulses
See equation
repetition — — 1
Signal [In] SSR_Carrier — —
SSR_Catfrier Sinusoid Signal [Out] — PulseTrain —
amplitude ampl — —
frequency — — 1030 MHz
phase — — 0 rad

E.28.5 Rules

For this [signal, the allowable types are Volfage, 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" mode="3" p3 start="8 us"

p3 level="2" />

1.0

0.8

04
02
00

0.2
-0.4,

-0.6_Ml

-0.8

Figure E.48—SSR_INTERRQGATION example

E.29 SSR_RESPONSE<type: Voltage|| Current|| Power>

E.29.1 Pefinition

The tragsponder response to a valid-SSR interrogation. It consists of an encoded pulse train. Ea
train copsists of a number of data ‘pulses. The number and position of these data pulses (after
pulse) are determined by the_fhode selected. There are 16 pulse positions in the pulse train; K
the codq or (height) information carried by the response will determine which pulses are pres

Figure H.49.

Ch pulse
the start
owever,
ent. See
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p3_start ampl pulses
freq = 1090 MHz
2 repetition = 1
o _ ("'j Sinusoid
:II> 'O" g Responder
% g % carrier_frequency | PulseTrain SSR_RESPONSE
‘g 5 § Pulse_Train_
Response
1 1 1 delay = 3ps p—
RMS Signal Delay
ssr_intgrrogation
SSR_Detect SSR_Response_
Delay
R
1
:
: SignalDelay AndEvent
. P3_Detect SSR_Mode_
: Detect
1
I
1
L------17
¥
SignalDelay
P2_Detect
Figure.E.49—TSF SSR_RESPONSE
E.29.2 |nterface properties
See Tabje E.53 for details of the TSF SSR_RESPONSE interface.
Table E.53—TSF SSR_RESPONSE interface
Description Name Type Default Range
Carrier applitudé Ampl Physical —
P3 pulse [stacttime p3_start Time 3 us 3us|Sus|8us|17 us|
21 ps |25 ps
SSR Response pulse train Pulses PulseDefns [1] —
Transmitted Interrogation signal ssr_Interrogation SignalFunction —
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The response is initiated 3 s 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 must 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_Time Pulse_Width Level Factor

(ps) (ps) -
Fl 0 0.45 1
Cl 1.45 0.45 1
Al 29 0.45 1
C2 4.35 0.45 1
A2 5.8 0.45 1
Cc4 7.25 0.45 1
A4 8.7 0.45 1
X 10.15 0.45 1
Bl 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 — —

freqeney
Sync [In] SSR Response — —
Delay

Responder_carrier Sinusoid Signal [Out] — Pulse Train Response —
frequency amplitude ampl — —

frequency — — 1090

MHz

phase — — 0 rad

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.



https://iecnorm.com/api/?name=b91db663dba9b9255fb31c1d9ea7ca5a

-216 -

IEC 62529:2012
IEEE Std 1641-2010

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

Signal [In]

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

nomiinal

condition

GO

NOGO

HI

LO

UL

LL

Signal [As]

Signal [In]

ssr_interrogation

E.29.5 Rules

For this sigmat; theattowable types are v oitage, CUTTTIt, and POWET. 1 1T¢ type Seiected st agree

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" p3 start="8 us"
pulses="(0,0.00000045,1),

(0.00000145,0.00000045,1),

| Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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.00001885,0.
.00002465,0.
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In="SSR_INTERROGATION3"/>

<SSR_INTERROGATION name="SSR

p3 level="2" />

20__

05|

0.0

-0.5) |

20]/

E.30 S

E.30.1

A chang

00000045,1)
00000045,1)
00000045,1)
00000045,1),
00000045,1)
00000045, 1)
00000045, 1)

4
4
4
4
4

"

TEP_SIGNAL

Definition

ampl

LU
WA

Figure E.50—SSR_RESPONSE example

start_time dc_offset

Constant

e of dc electrical potential from one level to another, either positive or negative. See Figure

Step_
DC_Offset

Step

Step_

Component

Sum

Step_Signal

STEP_SIGNAL

Figure E.51—TSF STEP_SIGNAL
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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

Fxample

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" />

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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Signal

0.5+

0.0

Figure E.52—STEP_SIGNAL example

E.31 SUP_CAR_SIGNAL

E.31.1 Definition

An amplitude-modulated signal in which the carrier is suppressed{ See Figure E.53.

Inverted_Carrier

car_amp car_freq mod_freq mod_depth
amplitude = 1V
\ l
Sinusoid
SUR,_Modulation
A A AM
Si id
nuso SUP_
SUP_Canier AM_ Signal
Sum
Negate Suppressed_
SUP_ Carier_Signal

SUPP_CAR _

IGNAL

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_Invierted Carrier | Negate Signal — Suppressed_Carrier —
[Out] Signal
Signal [In] SUPL Carrier — —
SUP_AM_Signal AM Signal — Suppressed_Carrier_ —
[Out] Signal
modIndex mod_depth — —
Catrier’[In] | SUP_Carrier — —
Sighal [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 —
[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.

Published by IEC under license from IEEE. © 2010 IEEE. All rights reserved.
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E.31.5 Rules
The output is defined by Equation (E.11).

e=(E,E/2)cos(w +w,)t+(E,E/2)cos(w-~w,,)t (E.11)

E,  isthe modulation signal amplitude

E. is the carrier amplitude (unmodulated)
®,, 1s 27 x modulating frequency

.  1s 2z x carrier frequency

E.31.6 Example
See Figure E.54 for an example of SUP_ CAR_SIGNAL.
XML Stqtic Signal Description:

<SUP_CAR SIGNAL name="SUP_ CAR SIGNAL8" car_ ampl="1"/car freq="10 kHz"
mod_ freg="1 kHz" mod index="0.3" />

Signal

l“nﬂn“hl“nwanl
0

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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= oo o
angle — (2n/3)
Sinusoid Product
TPS_Field1 TPS_ST e
channelWidth = 3
angle
Sinusoid Product ThreePhaseSynchro
SYNCHRO
TPS_Field2 TPS_S2 [hteePhaseSynchro_|
Output
angle + (2n/3)
Sinusoid Product
TPS_Field3 TPS_S3 |
Sinusoid
TPS_Rotor
/1
Figure E.55—TSF SYNCHRO
E.32.2 |nterface-properties
See Tabje E.60;for 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—2m rad
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] TPS Rotor — —
TPS S3 Product Signal [Out] — ThreePhaseSyncro_Output —
Signal [In] TPS_Field3 — —
Signal [In] TPS_Rotor — —
TPS_ Fieldl Sinusoid Signal [Out] — S1 —
amplitude trans_ratio — —
frequency angle rate — —
phase — _ ngle -
21 /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 +
(27/3)
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
E,; = KE,sin(60-211/3)sin(2zf,t+¢) (E.12)
S2
E;; = KE,sinf sin(2zf,t+¢) (E.13)
S3
Eg;, F KE,sin(6+27/3)sin(2zft+¢) (E.14)
where
K is the transformer ratio (trans_ratio), assuming K to be the same for’all-stator windings
E, is the reference amplitude in the primary (ampl)
0 is angular displacement of the rotor (angle)
I is the reference frequency of the signal in the primary (freq)
1] is the zero index position of the rotor (zero_index)

Thus, the operation of the synchro may be modeled as the product of two signals for each output:

S1

E, F (EsinQaf,t+)) x (Ksin(6-27/3) (E.15)
S2

E, F (E,sinQaft+¢)) x (Ksin(6)) (E.16)
S3

E,s F (E,sinQaf;t+@)) >(Ksin(0+21/3)) (E.17)

E.32.6 Example

See Figyre E:56 for an example of SYNCHRO.

XML Static Signal Description:

<SYNCHRO name="SYNCHROS5" angle rate="5" freqg="20 Hz" />
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Figure E.56—SYNCHRO example

ACAN

Definition

es. The function operates identically as a DME, and the bearing function is derived by rot
ransponder antenna to obtain a rotating multilobe pattern for coarse and fine bearing info
bd in MIL-STD-291B [B16]. See Figure E.57.

del defines a subset of the TACAN X signal concerned with bearing, rather than the ¢
s test requirements dealing with TACAN\distance can be refined using the DME model.

hsponder emits RF pulses that are-amplitude-modulated to provide bearing informati
The array consists of oné€ 5 Hz and nine 135 Hz reflectors. As the pattern from th
passes through the magnetic east azimuth, a main reference burst (MRB) is transmitted
rom the 135 Hz refleetars passes through east, an auxiliary reference burst (ARB) is tran
it ARB bursts per/antenna rotation. The airborne receiving equipment determines the
from the grofind'station by measuring elapsed time, first, from the MRB to the 0° phas
mponent.and, second, from the ARB to 0° of the 135 Hz component.

" AN(beacon also generates a two- or three-letter Morse identification signal every 37.5 s.

air navigation (TACAN) is a complete UHF polar ¢oordinate navigation system usig pulse

iting the
Fmation,

omplete

pbn. The

le modulation is produced by(rotating a parasitic reflector array about the antenna fadiating

e 15 Hz
As the
smitted,

vhen the pattern is-¢oincident with the 15 Hz pattern. This sequence produces a total of ohe MRB

aircraft
e of the
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Figure E.57—TSF TACAN

E.33.2 Interface properties

See Table E.62 for details of the TSF TACAN interface.
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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
a VHF omnidirectional range (VOR) signal.

phase inj

The MRB and ARB comprise 12 and 6 equally spaced pulse pairs, respectively. Spacing-has been
s in the model. MRB and ARB pulse trains take priority over interrogator andyrandomly g

to be 30

pulse padirs; therefore, the model suppresses these pulse pairs at the appropriate time,

This mddel is a limited implementation to provide the basic TACAN signal,, Many properties ha
as fixed parameters and have not been made externally accessible'to the user. Some par
the beacon identification signal (comprising two or three Morse letters) and speed (i.e.,

includeq
such as

pulse width and spacing) have not been addressed in model

E.33.4

See Table E.63 for details of the TSF TACAN model,

Model description

Table E.63—TSF TACAN model

variable

hssumed
bnerated

ve been
hmeters,
variable

Npme Type Terminal Inputs Output Fgrmula
TACAN|Response | PulseTrain Signal — TACAN —
Train [Out]

pulses — — (0 ps,
3.5 Bs, 1),
(15.5 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]

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

duration

period

repetition

Tacan_1jHz
Modulatijon

Sinusoid

Signal
[Out]

Tacan_Modulation

amplitude

frequency

15 Hz

phase

bearing

Tacan_135Hz
Modulatijon

Sinusoid

Signal
[Out]

Tacan_Modulation

amplitude

0.5y

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 ps
period — — 135 Hz
repetition — — 0

E.33.5 Rules

1ol 1 £ e T QLD
Thel‘e afeho SPLTTarTUTCSTOT tulo TOT .

E.33.6 Example
See Figure E.58 for an example of TACAN.
XML Stqtic 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_
= T% DC_Offset
Triangle Sum
Trangular Triangular Wave TRIANGULAR_WAVE_SIGNAL
Wave— Stomrat
Figure E.59—TSF TRIANGULAR_WAVE_SIGNAL
E.34.2 |nterface 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 Physical — -1
Triangulgr wave signal period period Tinle — —+
DC offset dc_offset Physical —+
E.34.3 Notes
There afe no special notes for this TSE;
E.34.4 Model description
See Table E.65 for details of the TSF TRIANGULAR WAVE SIGNAL model.
Table E.65—TSF TRIANGULAR_WAVE_SIGNAL model
Nae 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 must be consistent. Thus, for
example, if the triangular wave signal amplitude is specified in volts, then the dc offset must also be
specified in volts.

E.34.6 Example

See Figure E.60 for an example of TRIANGULAR WAVE SIGNAL.

XML Static Signal Description:

<TRIAILGULAR7WAVE7$IGNAL name="TRIANGULAR WAVE SIGNAL6" ampl="1"
dc_offset="250 mV" period="0.001 s" />

Signal

05_|
00

-05_|

Figure E.60—TRIANGULAR_WAVE_SIGNAL example

E.35 VOR

E.35.1 Definition

VHF ompnidirectional range (VOR) is a system combining ground and airborne equipment to|provide
bearing fo orfrom a ground station, as defined in ARINC 579-2 [B3]. See Figure E.61. The VOR radiates a
RF carrjer/in~the band of 108.0 MHz to 117.975 MHz, with which are associated two separatp 30 Hz
modulations? The phase of one of these modulations is independent of the point of observation (i.e.,
reference phase). The phase of the other modulation (variable phase) is such that, at a point of observation,
it differs from the reference phase by an angle equal to the bearing of the point of observation with respect
to the VOR. 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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car_ampl car_freq phase
N
> T
-~ o
@
s 1
E g
G = modindex = 0.3
Sinusoid AM
Var_Tone Variable_
Phase
| |
SUM
i \/OH
modindex = 0.3 VOR_Signal
Sinusoid AM
VOR_Carrier Reference_
Phase
oy
8 o
N 3 2
> I > I
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%_ "? ITI:. g\ %‘
£ g E & 8
© = @ [SI
Sinusoid FM
Ref_Tone Modulated_
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Figure E.61—TSF VOR

E.35.2 |nterface properties

See Tabje E.66 for details of the TSF VOR interface.

Table E.66—TSF VOR interface

Description Name Type Default Range
Carrier applitudé car_ampl Voltage 2 mV —
Carrier filequency 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_Cdrrier Sinusoid | Signal [Out] — Referénce Phase, —+
Variable Phase

amplitude car-ampl — car_amply2

frequency car_freq — —+

phase — — 0°

Modulats FM Signal [Out] — Reference Phase —+

Subcarrig amplitude A N — 1V (see NOTE)

carrierFrequency — — 9960 Hz

frequencyDeviation — — 480 Hz

Signal [In] Ref Tone — —+

Var_Ton| Sinusoid | Signal [Out] — Variable Phase —+

w

amplitude — — 1V (see NOTE)

frequency. — — 30 Hz

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

ex provides a TSF library representing several digital pulse class signals. It illustrates t

This an
the digi
classes.
standard

F.2 TSF library definition in extensible markup language (XML)

Where ¢
Annex |
examplg
Annex |

A comp
http:/st3

al stream basic signal components (BSCs) to create typical digital signals using differd
[An example of a TSF to reference digital files using the Digital Test Interchange Format
(i.e., IEEE Std 1445™-1998 [B14]) is also provided.

xamples are given, their static signal description is provided in XML The information pro
together with the detailed description of each TSF model in thi&annex, may be used to ¢
TSF library for the digital pulse classes that conforms to the XML Schema document dg

ete XML instance document conforming to the requirements of this standard may be obtair
ndards.ieee.org/downloads/1641/1641-2010/.

F.3 Gr

A diagr
interfacg
diagram)

F.4 Pu

The Pul
provide
then be
incomin

aphical models of TSFs

hm is provided with each signal to Gllustrate graphically the relationship between the B
attributes that make up the signdl. In order to reduce the amount of information included
inputs to BSCs that are at zeroler the default values are omitted.

Ise class familyof TSFs

se Class TSFs ‘are designed to be used with an event stream. The Encode BSC is useq
a basic digital'signal as a stream of bits derived from the data information. A Pulse Class ]
used to _turn the digital stream into a real physical signal. Similarly, Decode is used
o digital signals to be measured and compared to the expected values.

¢ use of
nt pulse
(DTIF)

vided in
reate the
fined in

ed from

SCs and
in each

, which
SF may
o allow

F4.1P

ulse 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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(a) BasicNRZ
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(c) BiPLevel 2 I-__| ’_ ’__| ’_

(d) BiPSpace

o
]
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(e) BiPMark

0 wasipo o V_LqurL U_JT\_

-a
a
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(@ RePuse 1
a
(h) AMI — PR\
-a

Figure F.1—Digital pulse classes

The valyges on the left of the diagram indicate-the amplitude that the physical signal takes while transmitting
the datal In the simplest case, Basic NRZ-or basic nonreturn to zero, the nonzero amplitude repiesents a
logic one or High, and the zero amplitude represents a logic 0 or Low. Other pulse classes|involve
amplitudle transitions or have both ‘positive and negative amplitudes within the signal. This is ekplained
further ih each specific TSF example.

Many of the TSFs in this{annex produce the same pulse class waveform as the pulse class attribyte types
defined [for use with the digital BSCs (see Annex B). The following table shows the equivalence petween
the BS( pulse classéattributes types and the digital TSFs in this annex.

l:tstf_jﬂl::tl:et;::: Equivalent digital TSF Description
NRZ BacicNRZ Y\Innvnhnm_te_ze;n

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
invertion), 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.

o [}
= >
s ©
> >
II 4‘
.9' }_9‘
g kS
Constant
BNRZ_Logic_Lo
Constant Selectlf
BasicNRZ
BNRZ_Logic_Hi BNRZ_Selectlf
Selector:
1m0
In
In
bnrz_data
~—

Figure F.2—TSF BasicNRZ

F.4.2.2(Interface properties

See Table F.1 for/details 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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Table F.2—TSF BasicNRZ model
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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 Tlogic Hi Constant Signal [Out] — BNRZ_SelectIf —
amplitude logic H value — —
BNRZ TIogic Lo Constant Signal [Out] — BNRZ_Selectlf —
amplitude logic L value — —

F.4.2.5|Rules

There afje no special rules for this TSF.

F.4.3 BasicRZ

F.4.3.1|Definition

A pulsefclass in which each bit period is subdividediinto two subperiods. The binary data is carrigd 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 By a pulse of a different amplitude. Thésecond subperiod contains a “no pulse” condition, which is
at the sajme level as the logic zero amplitude.

See Figure F.1 for a typical waveform'and Figure F.3 for a graphical model of the TSF.
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5 =
Constant
BRZ_Logic_Lo f—
Constant Selectlf
BRZ Logic. Hi BRZ_Selectlf BasicHZ
Selector
In
brz_Elock
brz_clock AndEvent
(Iﬁ BRZ_masked
n
In I
brz_data
-
Figure F.3—TSF/BasicRZ
F.4.3.2(Interface properties
See Table F.3 for details of the TSF BasicRZ.interface.
Table F.3—TSF BasicRZ interface
Diescription Name Type Default Ranhge
Logic High Value logic H value Physical — —+
Logic Lgw Value fogic L value Physical — —+
Input Cldck brz_clock SignalFunction — -
Digital Sfream Input brz _data (In) SignalFunction — -
F.4.3.3|Notes

The Input Clock must 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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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_SelectIf —
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 BjPLevel

F.4.4.1|Definition

A pulsefclass 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
subperigd 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 first|is at the low (zero) amplitude level 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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n bipl_data Selector
Figure F.4—TSF BiPLevel
F.4.4.2|Interface properties
See Tabje F.5 for details of the TSF BiPLevel interface.
Table F.5—TSF BiPLevel interface
Diescription Name Type Default Range
Logic High Value logic H value Physical — —+
Logic Lagw Value logic L value Physical — —+
Input Clgck bipl_clock SignalFunction — —+
Digital Sfream Input bipl_data (In) SignalFunction — -1
F.4.4.3|Notes

The Input Clock must 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 Ldgic 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 afe no special rules for this TSF.

F.4.5 BjPSpace

F.4.5.1|Definition

A pulsefclass 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
subperiqd. The logic zero or Low has:nossecond transition, and the level remains unchanged for tHe whole

period.

See Figyre 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 must have the same period as the data rate from the digital stream. The Input Double
Clock must have a period of exactly half the period of the Input Clock.
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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_Digital Stream | EventedEvent | Signal [Out] — BiPS_Select —

Signal [In] BiPS_S Data — —

Signal [In] BiPS_S Data2 — —

BiPS_Ldgic_Hi Constant Signal [Out] — BiPS_Select —
amplitude logic H value 5= —
BiPS Lodgic 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_Ong\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 Signalk[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 afje no spedialyrules for this TSF.

F.4.6 BjPMark

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 Low Value logic_L_value Physical — —+
Input Clack bipm_clock SignalFunction — 4
Input Double Clock bipm_clock x2 SignalFunction — —
Digital Stream Input bipm_data (In) SignalFunction — —

F.4.6.3

Notes

The Input Clock must have the same period as the data rate from the digital stream. The Input Double

Clock must have a period of exactly half the period of the Input Clock.
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Table F.10—TSF BiPMark model

IEC 62529:2012
IEEE Std 1641-2010

Name Type Terminal Inputs Output Formula
BiPM_Select SelectIf Signal [Out] — BiPMark —
Selector BiPM_Digital Strea — —
m
Signal [In] BiPM_Logic Lo — —
Signat {In] BiPM _Togic_Hi — —
BiPM_Djgital Stream | EventedEven | Signal [Out] — BiPM_Select —
t Signal [In] BiPM_S Data — —
Signal [In] BiPM_S Data2 A= —
BiPM_Lpgic Hi Constant Signal [Out] — BiPM_ Select —
amplitude logic H value — —
BiPM_Lpgic 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_Zgro Data AndEvent Signal [Out] — BiPM_S Data —
Signal [In} BiPM_N Data — —
SignalMIn] 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 Table F.11 for defails of the TSF RZBipolar interface.
Table F.11—TSF RZBipolar interface
Diescription Name Type Default
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 must have the same period as the data rate from the digital stream.
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See Table F.12 for details of the TSF RZBipolar model.

Table F.12—TSF RZBipolar model

IEC 62529:2012
IEEE Std 1641-2010

Name Type Terminal Inputs Output Formula
RZB_Select Sum Signal [Out] — RZBipolar —
Signal [In] RZB_SelectIf 1 — —
Signal [In] RZB_SelectIf 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 — —
Signal [In] RZB_Zero — —
Signal [In] RZB_Logic Hi — —
RZB_Zefo Data AndEvent Signal [Out] — RZB_SelectIf 2 —
Signal [In] RZB N Data — —
rzb_clock — —
RZB One Data AndEvent Signal [Out] - RZB_SelectIf 1 —
Signal [In] rzb_clock — —
Signal [In] rzb_data — —
RZB_Logic Hi Constant Signal [Out] — RZB_SelectIf 1 —
amplitude logic H value — —
RZB_Logic Lo Constant Signal [Out] — RZB_SelectIf 2 —
amplitide logic L _value — —
RZB Zeto Constant Signal [Out] — RZB_SelectIf 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 Tabjle 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 Lagw Valug logic L value Physical — —+
Input Cldck rzp_clock SignalFunction — —+
Input DopibleClock rzp_clock x2 SignalFunction — —+
Digital Stream Input rzp_data (In) SignalFunction — —

F.4.8.3 Notes

The Input Clock must have the same period as the data rate from the digital stream. The Input Double

Clock must 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

IEC 62529:2012

IEEE Std 1641-2010

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] — RZP -SelectIf —
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 altdrnate mark inversion (AML)-'pulse class requires three amplitude levels be defined. In this TSF,
only tw of the amplitudes are speecified as the inverted logic one or High level is assumed to He of the
same anplitude as the noninverted ‘logic one or High but with the opposite sign. The logic one anjplitudes
are offsg¢t from the amplitudespecified for the logic zero or Low.

See Figure F.1 for a typisal 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 Tabjle 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 LowValue 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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F.4.9.4 Model description

See Table F.16 for details of the TSF AMI model.

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] — AMI-One_Select —
Signal [In] AMI Data 1 — —
Signal [In] AMI_Data 2 — —

AMI N [Logic Hi Negate Signal [Out] — AMI One_Select —
Signal [In] AMI_Logic_Hi — —

AMI Logic Hi Constant Signal [Out] > AMI N Logic Hi —
amplitude logic(H value — —

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 DFfinition

The DTIF TSF represents a simple TSF and contains only the “location” of the DTIF files and a definition
of how they will 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 [B14].

See Figure F.10 for a graphical model of the TSF.
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Figure F.10—TSF DTIF

See Table F.17 for details of the TSF DTIF interface.

Table F.17—TS

F 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

a DTIF ['SF would be as follows:

F.5.4 Model description

See Table F.1I8 for details of the TSF DTIF model.

Add a Pulse Class to cenvert digital stream into the logic logic levels.

Add a Digital Pin§ connector to identify the unit under test (UUT) pins used for the signals.

of using

Table F.18—TSF DTIF model

Name Type Terminal Inputs Output Formula
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)

Carrier language requirements

G.1 Carrier language requirements

This an

ex describes the envelope of requirements for a suitable carrier language for the signal

and test

definitig
structuryg
may res

G.1.1C
The cart
operatin|
written
the host

G.1.2 K

The cari

requirerpent may pass instructions for manual interventions. It shall provide support so that the

shall be
human i

G.2 Int

The car
Specific

G.3 D¢

The car

n (STD) methodology. The requirements address data definition, data processing, and
s. Test requirements using carrier language facilities outside of the requirements define
i1t in test requirements that are not portable to other carrier languages.

eneral requirements

ier language will run on a host system (in a compiled form if necessary). It may be support
o system (according to the requirements of the carrier language @nd host system). Test stz
n the carrier language will control the test instrumentation, which may be part of or conn
system, directly or indirectly.

uman interface and communication
ier language shall be able to communicate with'the operator via the host system in order t}
able to provide the input required by_the test requirement (e.g., serial numbers, identifie
hterface may be provided via an operating system.
erface definition language (IDL)

ier language shall support the IDL as defined in the Distributed Computing Environmen|
ations [BS].
tatypes

[ier’ language shall provide either a set of datatypes or a set of language constructs to ¢

label, af

control
 herein

ed by an
tements
ected to

at a test
pperator
rs). The

t (DCE)

stablish,

pd\identify datatypes. Any datatype shall be accessible at the outer structural level wh

ere it is

established and at any inner nested structural level.

The datatypes defined in G.3 shall support the datatypes defined in the IDL. Table G.1 shows the
relationship between the datatypes required, their IDL names, and the carrier language datatype that
supports them.
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Table G.1—Datatypes used in STD

. . 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 IEEE | double std:double
Std 754™-2008
[B13] (binary64
format)
enumCondition Enumeration enumCondition std:enumCondition
datatype |
enumMehsuredVariabl | Enumeration enumMeasuredVariable std:enumMeasifred¥fariable
e datatype
enumPulpeClass Enumeration enumPulseClass std:enurhPulseClass
datatype
int Integer datatype long std:int
230 —(231-1)
list Physical See Annex B SAFEARRAY (Physical) std:list_ Physical
list_any Datatypes & Array | SAFEARRAY(VARIANT) std:list_any
datatype
list_boolgan Boolean datatype & | SAFEARRAY(VARIANT, BOOL) | std:list boolean
Array datatype
list_doulle Real datatype & SAFEARRAY (double) std:list_double
Array datatype
list_int Integer datatype & SAFEARRAY (long) std:list_int
Array datatype
list_string ASCII datatype & SAEFEARRAY(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
PulseDefns See Anniex B PulseDefns std:PulseDefns
string ASCH-datatype BSTR std:string
<enumerptionList> User defined list of | long xs:string

enumeration values

NOTE—The namespace prefix “std” used in the “Supported by XML” column represents the namespace of th:

basic sighal compotient (BSC) extensible markup language (XML) Schema.

STD

*The numgrie{yaliic of any physical type shall be supported by the real datatype (double).

G.3.1 Enumeration datatype

To establish, label, and identify sets of enumerated data.

Annex B lists the various predefined enumeration datatypes used by this standard.

The user may 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.3.31

To estal
point fo
datatypd

For sing
at least
+3.402
For doul
15 signi
+1.797
G.3.3.2

A decinf

sign, followed by one or more digits (0 through 9), optionally followed by a decimal point and one

digits (0

G.3.3.3

A decin

consistifig of one or more digits (0 through 9).

G.34(

To estah

General

lish, label, and identify decimal numbers. Numbers may be written in a fixed point or
'mat. [EEE Std 754-2008 [B13] defines the recommended formats for storing numbers use
S.

le-precision real numbers, the minimum precision of the coded representation of real data
6 significant digits over a magnitude range of + (1-27*)x2'*® which-is approximately ¢
235x10* (IEEE 754 format binary32).
ble-precision real numbers, the precision of the coded representation of real data shall be
ficant digits over a magnitude range of + ((1-(172)2'%*, which is approximately
931348623157x10°" (IEEE 754 format binary64).

Fixed-point number

al fixed-point number is written as a strig of characters beginning with an optional plus

through 9).

Decimal floating-point number

al floating point pumber is written in the form £n.mE+p, where n, m, and p are numericg

haracter-datatype

lish,Aabel, and identify one ASCII 8-bit character or a string of ASCII 8-bit characters.

floating
1 as real

shall be
qual to

at least
bqual to

r minus
or more

| strings

To establish, label, and identify one ASCII 16-bit character or a string of ASCII 16-bit characters.

G.3.5 Boolean datatype

To establish, label, and identify the data values TRUE or FALSE.

G.3.6 Digital datatype

To establish, label, and identify digital data.
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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)
— 1 logic low (or logic 0)
— 0 logic low (or logic 0)
— f—highrimpedance tabsence of togic sigmat)

— K unknown or indeterminate logic level

— delimiter between blocks

— delimiter between blocks

Full detgils of use with BSCs are provided in Annex B.
The lowercase h (high) and 1 (low) characters are available for use with Response data. Care jmust be
exercised so that the lowercase L (I) is not confused with the numeric’character 1. When Stimgyillus 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 datatype

To establish, label, and identify physical connectar pins. These pins are normally the unit under test (UUT)
pins.

A pin rfame shall be a contiguous string-of characters, which may include alphanumeric, hyplen, and
underscre characters. Pin names may not include a comma, semicolon, or whitespace character (namely,
space, npw-line, carriage-return, line-feed, and tab).

Multiplg pin names are delimiited by one or more whitespace, comma, or semicolon characters.

Full detjils are providedin Annex B.

G.3.8 Hile datatype

To estalilish, label and identify a collection of data jtems FEach 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.

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.
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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 Variables and constants

To establish, label, and identify variables and constants. A unique datatype shall be assigned to an
established variable or constant. A facility for initializing variables shall be provided.

Any created variable or constant shall be accessible at the structural level where it is established and at any

inner nepted structural level.
G.3.12 XML datatypes supported by this standard
Table Gf2 provides a list of W3C XML datatypes supported by this standard. These jare 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:anyURT BSTR VT BSTR
xs:base64Binary SAFEARRAY (unsigned char) VT ARRAY| VT UIl
xs:boolegn VARIANT_BOOL VT_BOOL
xs:byte short VT 12
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:hexBipary BSTR VT BSTR
xs:ID BSTR VT BSTR
xs:IDREF BSTR VT BSTR
xs:IDREFS BSTR VT BSTR
xs:int long VT 14
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
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Table G.2—XML datatypes supported by STD (continued)

XSD (Soap) Type IDL Variant type
xs:NCName BSTR VT BSTR
xs:negativelnteger DECIMAL VT DECIMAL
xs:NMTOKEN BSTR VT BSTR
xs:NMTOKENS BSTR VT_BSTR
xs:nonNegativelnteger DECIMAL VT DECIMAL
xs:nonPositivelnteger DECIMAL VT _DECIMAL
xs:normalizedString BSTR VT _BSTR
xs:NOTATION BSTK VI_BSTK
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:unsigijedByte unsigned char VT, UIl
xs:unsigrjedInt DECIMAL VT DECIMAL
xs:unsigijedLong DECIMAL VT _DECIMAL
xs:unsigijedShort int VT Ul4

G.4 Data-processing requirements

To provjide data-processing statements having the «Capability to assign a value to a variable, to
calculatfons on values, and to make comparisong/of values. The data-processing requirements ar

defined jn G.4.1 through G.4.10.

G.4.1 Data manipulation

To do ope of the following:

— [Fo assign a value te’a variable

— [Fo evaluatetan-expression on the right side of an assignment statement and then assign the

hn expression to the variable on the left side

One or Irlore evaluations and assignments may be made.

perform
b further

value of

G.4.2 Arithmetic operators

To perform arithmetic operations on arguments in an expression.

The following arithmetic operators shall be provided:

a) Addition
b)  Subtraction

c)  Multiplication
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f)
g)
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Floating-point division
Exponentiation

Modulo (result remainder)
Integer division

Unary addition

Unary subtraction

G.4.3 Relational operators

To perf

IEC 62529:2012
IEEE Std 1641-2010

be of boplean datatype.

The follpwing relational operators shall be provided:

a)
b)
¢)
d)
e)
f)

Fqual to

Not equal to

Greater than

[_ess than

Greater than or equal to

[_ess than or equal to

G.4.4 Logical operators

To perf]
expressi|

The follpwing logical operators shall be provided:

a)
b)
¢)
d)
e)
f)

g)
h)

[ ogical NOT

[ ogical exclusive OR
[_ogical AND

[ ogical OR
Bitwise.exclusive OR

Bitwise AND

rm relational operations on arguments 1n an €Xpression.

I'ne résult or a reélational operat

prm logical operations on one or moré/arguments of either a bit or boolean datatyp
pbn. The result of a logical operation on"a*boolean datatype shall be a boolean datatype.

TTwise OR

Ones complement (bitwise NOT).

G.4.5 Other operators

The foll

a)
b)

owing additional operators shall be provided:

Concatenation of (two or more) character strings

Concatenation of (two or more) bit strings
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