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Abstract: Common requirements for associating time tags with data items recorded or transmitted
by Intelligent Electronic Devices (IEDs) are established in this standard. Time tag attributes and
requirements for describing time tag accuracy are specified in this standard.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on
request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use,
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standards through a consensus
development process, approved by the American National Standards Institute (“ANSI”), which brings
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards
are documents developed through scientific, academic, and industry-based technical working groups.
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security, environmental,
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

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

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards
Coordinating Committees are not able to provide an instant response to comments or questions except in
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the
promotion of engineering practices and methods. By making these documents available for use and adoption
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy
portions of any individual standard for company or organizational internal use or individual, non-commercial
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at 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.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore at http://iceexplore.icee.org or
contact IEEE at the address listed previously. For more information about the IEEE SA or IEEE’s standards
development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://
standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
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.
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C37.237™-2018, IEEE Standard for Requirements for Time Tags Created by
Intelligent Electronic Devices—COMTAG.

Event recorders have been standard equipment in many industries, such as commercial aviation, for many
years. They have also been used by utilities to analyze events that happened in facilities or on the power
system. One of many common substation intelligent electronic devices (IEDs) is a sequence of events (SOE)
recorder, which records the status of the different equipment by monitoring binary inputs.

With the introduction of new technologies, IEDs rely on data exchanged by communication systems in addition
to physical stimuli. This has made it more challenging to monitor the SOE in the substation automation system.
One way to overcome this problem is to use the advanced processing capabilities of the IEDs to record and
report the events in more detail, especially internal processing events.

Event data collected by the IEDs meeting this standard will be used to help reduce the potential probability
of future incidents in cases where equipment design, maintenance practices, training, or procedures can be
modified based on such data.

Events that should be captured by the IEDs for the substation engineer are all the stimuli received or sent from/
to other IEDs (such as IEC 61850 GOOSE messages) or from physical measurements, for example:

— Digital status
— Analog values that exceed a predetermined threshold
— Control messages

— Internally generated device events

This standard also addresses the sources of error that can cause the recorded time tag value to be different from
the time when the event actually occurred or when the analog quantity was equal to the reported value. Many
IEDs in power systems generate records of power system events and time-varying analog quantities. These
records generally include time tags.

This standard defines event time. This is the actual point in time, with theoretically perfect accuracy, when
some event occurs on the power system or when an analog quantity measurement is taken that is reported as
part of an event record. This time will not be the same as the time that a substation IED detects or measures
the item. It may, however, be the only meaningful time to the user of data recorded by a substation IED. To
enable the classification of when the event of interest occurred, methods are required to report events and
analog quantities with time tags that represent the event time as accurately as possible and to state its residual
uncertainty.

The accuracy of the measured values themselves is not addressed because this is broadly covered in the
literature. Inaccuracy in measured values impacts the apparent accuracy of time tags: for example, both a
comparator threshold error and an IED clock offset will affect the reported instant in time when a signal (with
finite slew rate) crosses a nominal threshold. Without careful measurement, the effects of these errors are
indistinguishable and result in the incorrect interpretation of the time tag.

After measurement, all of the processes used to record or report power system events and measurements add
delay. This delay consists of an average value and an uncertainty. The average delay can be characterized
and compensated for to correct the reported time tag so that it better matches the event time. Uncertainties,
by their nature, cannot be compensated, but it should be possible to tell the user of the data how large these
uncertainties might be. This can help the user to evaluate the usefulness of the data and compare it to other
sources that might have more or less uncertainty.
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IEEE Standard for Requirements
for Time Tags Created by Intelligent
Electronic Devices—COMTAG

1. Overview
1.1 Scope

This standard establishes common requirements for associating time tags with data items recorded or
transmitted by intelligent electronic devices (IEDs). The standard specifies time tag attributes and requirements
for describing time tag accuracy.

1.2 Purpose

This standard establishes consistent requirements for time tagging data items in a power system. This allows
information from different sources to be more easily compared, thereby simplifying the process of event
reconstruction and IED/system performance evaluation. This will lead to better power system reliability,
gained through improved understanding of system operation under stressed conditions and a reduction in the
cost of event analysis.

2. Definitions, acronyms, and abbreviations
2.1 Definitions

For the purposes of this document, the following terms and definitions apply. The /EEE Standards Dictionary
Online should be consulted for terms not defined in this clause.'

absolute time: Time referred to that international time standard comprising an ensemble of precise atomic
clocks maintained by recognized national laboratories.

data item: Sampled analog or digital value, a transition of a digital value, or other designated event with a
precisely defined data pattern.

data set: A collection of one or more data items to which a single time tag is associated.

daylight saving time: Time as adjusted to achieve longer evening daylight, especially in summer, by setting
the clocks an hour ahead of the standard time.

'IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org.
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digitized: Represented in a digital form, most often by means of an analog to digital converter.

event record: A compilation of data, man or machine readable, which includes information describing one or
more events and/or analog quantities. Event records include a time tag and data for a period of time.

event time: That time when an event occurred or when a reported quantity was measured on the actual power
system.

intelligent electronic device (IED): Any device incorporating one or more processors with the capability
to receive or send data/control from, or to, an external source (e.g., electronic multifunction meters, digital
relays, controllers).

intended use: Use of a product in accordance with specifications, instructions, and information provided by
the supplier.

local offset: Difference, in hours and sometimes fractions of hours, between universal coordinated time (UTC)
and a local time zone. Example: Pacific Standard Time (PST) is UTC-0800. Central European Time (CET) is
UTC+0100.

local time: Time expressed in the custom of the local time zone. Local times are based on UTC and include a
local offset, which may depend on the season. See also: summer time; time zone.

locked: Tracking a reference signal within acceptable limits.

on-time mark: A signal that indicates the beginning of a second, minute, hour etc. The most common on-time
mark is 1 pulse per second (PPS).

sampled value(s): One of a sequence of digitized values, representing an analog quantity, not necessarily
complying with, nor used with the same meaning as IEC 61850 [B1].?

summer time: Local time, which is advanced in summer, generally by one hour, compared to local time during
the rest of the year. For example, Pacific Daylight Time (PDT) is (UTC)-07h; Central European Summer
Time (CEST) is UTC+02h. Not all parts of a time zone may adopt summer time uniformly, which can cause
problems when comparing event records from different locations. The specific day and hour when time is
advanced during summer, and set back again during fall, is determined by local law and subject to change for
political convenience. See also. daylight saving time; local time; time zone.

time quality: A statement of the estimated uncertainty of the internal clock in an IED used to generate time
tags. Time quality includes the effects of inherent performance limits of the time distribution system, holdover
when “master” sync is lost, and degradations caused by IEDs or other devices used to process or transmit the
time signal.

NOTE—Time tags compliant with this standard are required to have a time quality field.?

time scale: A well-known universal system of time, used by a community of persons.

NOTE—Examples: UTC, TAI Central European Time.

time tag: A collection of data that uniquely identifies a specific instant in time associated with a single
measured or derived value.

*The numbers in brackets correspond to those of the bibliography in Annex I.
’Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement this
standard.

Documents

10 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UniveRRYSENR:2848 JrFEnANNSIS 5868kve19:35 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.237-2018


http://www.avadocuments.com/doc/ieee-c37-237-2018
http://www.avadocuments.com/doc/ieee-c37-237-2018

IEEE Standard for Requirements for Time Tags Created by Intelligent Electronic Devices—COMTAG

IEEE Std C37.237-2018

time tag accuracy: The error or uncertainty of the time tag, relative to the actual time, resulting from the event
detection and generation process.

time zone: A geographic area that uses a common definition for local time. See also: local time; summer

time.

window: A time interval, containing several samples of point-on-wave data, which is used in estimating a
derived analog quantity.

2.2 Acronyms and abbreviations

BCD
CF
COMFEDE
COMTRADE
CT
CTQ
CVT
DSP
DST
GMT
GNSS
GOOSE
IED
IRIG
IRIG-B
LS

LSP
oul
PMU
PPS
PTP
PTQ
RTU
SBS
SCADA
SER

SI

SOE

binary coded decimal

control function

common format for event data exchange
common format for transient data exchange
current transformer

continuous time quality

capacitive voltage transformer

Daylight Saving Pending

Daylight Saving Time

Greenwich Mean Time

global navigation satellite system

Generic Object-Oriented Substation Event
intelligent electronic device

Inter-Range Instrumentation Group

IRIG Serial Time Code B

leap second

leap second pending

organization unique identifier

phasor measurement unit

pulse per second

Precision Time Protocol

precise time quality

remote terminal units

straight binary second

supervisory control and data acquisition
sequence-of-events recorder

International System of Units [Systéme international (d’unités)]

sequence of events
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TAI international atomic time
TDM time division multiplexed
TQ time quality

UTC universal coordinated time
VT voltage transformer

3. Events

Figure 1 shows the different event categories addressed by this standard.
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Figure 1—Categories of events

The lightning cloud at the left and transformer at the right of Figure 1 represent physical things in the power
system. These may include signals being measured, events detected, status of equipment, and outputs for
control or monitoring. The bulbs in this drawing represent IED internal processing. It is very important to
record a piece of information when the IED has detected an event. This standard addresses the following three
event classifications:

Physical events. These are when an IED activates a physical output or measures a physical input or
somehow detects when an event actually happened and an event record is generated (see 3.1).

Virtual or logical events. For system debugging, it is often useful to know the sequence of events (SOE)
inside the IED for virtual or logical value changes. Therefore, recording these internal processing
events is important (see 3.2).

Communication-based events. These are recorded when the IED has decoded the actions received
from another IED or when the IED sends a message to another IED. This can be used, for instance, to
ensure that [IEC 61850 GOOSE messages [B1] are sent and received within the required time limits
(see 3.3).

IED configuration provides settings that are used to define and select the events that will actually be recorded
or transmitted (in general, generated). These events are thought to be important for some purpose by the
configurator (see Annex B).

3.1 Physical events

Physical events are measured values obtained by directly sampling physical inputs (perhaps after being
converted to an electrical quantity by a transducer) or driving physical outputs, whether analog or discrete.
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These events may be recorded or transmitted either in some continuous fashion (such as synchrophasor data,
or sampled measured values in a process bus), or on a threshold-driven basis, when some characteristic of the
signal crosses a threshold; for instance, when current exceeds a relay setting, or a status value changes (see
Annex D).

3.1.1 Analog

Analog events may be related to either input or output signals. Analog input signals are generally first
converted to digital format (sampled values) using an analog-to-digital converter and then processed in the
IED. This processing may include calculations to express the measured information as a real physical quantity,
such as the voltage or current applied to the IED input terminals. The processing may include corrections for
scaling, errors, and calibration offsets. The processing may include deadbands or detection of triggers, which
may generate an event record.

This information might also be used to calculate a derived quantity. For example, voltage and current data can
be multiplied to calculate power. Derived quantities may be further processed, in the same way as measured
quantities, including detection of triggers. These derived quantities are addressed by 3.2.

Analog outputs from IEDs, for example 4 mA to 20 mA values used to control the position of an actuator, can
also generate events for their change in value. Data analysis can be more challenging if the data come from
different IEDs at different rates (see Annex G).

3.1.2 Digital

Digital input events are defined by the digital (status) value reaching a defined threshold, generally after a
debounce period, which can be zero (none). Digital input events result from a physical input to the IED.

The threshold value of a digital input may or may not be user-programmable, but all digital inputs are basically
analog inputs with signal processing (either analog, digital, or both) whose function is to detect when the
applied signal has changed status (crossed the threshold) indicating either “on” or “off.” All digital inputs
must have a threshold value, which is used internally to make that decision. That value is usually based upon a
voltage range defined by the IED manufacturer as the “on range” and another corresponding range of voltage
for the “off range.”

Digital output events can be the result of an IED’s internal process (such as internal logic or commanded
control from outside the IED), such as from a supervisory control and data acquisition (SCADA) master that
initiates a change in state of an output of the IED. Digital outputs can include low-level (logic) signals intended
for connection to another IED, as well as high-power contacts intended to control power system equipment
(such as switchgear). Output events are defined as a change in the commanded state of the output. If the output
has significant delay and means are provided to determine the actual state of the output, after a commanded
change, another event may be defined as the actual time the state of the output changed.

3.2 Internal IED events

Internal IED events are non-physical events that are triggered internally by an IED and not initiated by
communications (see 3.3). Examples are timers, internal alarms, logical inputs, logical outputs, calculated
values (excluding measured values), derived values, triggers, deadbands, process results, etc.

In any I[ED a myriad of potential internal events exist. Some events may always be generated, as defined in the
basic design of the IED.
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3.3 Communication-based events

Communication-based events are non-physical and non-internal events that are triggered based upon the
transmission or receipt of data in a communications message using a protocol such as IEEE Std 1815™ (DNP3)
[B7], IEC 61850 GOOSE [B1], MODBUS Application Protocol Specification [B14], etc. Communication-
based events can be the result of an internal process that initiates the sending of a communications message
indicating a change in state of a physical or logical output.

A communication-based event may carry analog or digital data.

An IEC 61850 GOOSE message [B1] with any combination of analog and digital in the defined data set is
one example of a communication event. An IEEE Std 1588™ Precision Time Protocol event message [B6] is
another.

4. General requirements
4.1 Time tag association requirements

IEDs that associate time tags with data sets in a manner compliant with this standard shall meet the following
requirements:

— Provide event records that include a time tag associated with each data set in the record.

— Compensate for fixed, known delays both internal and external to the IED to the extent possible and
report the expected magnitude of the residual delay uncertainty, such that any time an event is recorded
with a time tag. The value of the time tag shall match the actual time of occurrence when the event was
in (or transitioned to) the reported state (the event time) with a specified accuracy. All delays in the IED
should be compensated in this process. This includes, for example, measurement transformer delays,
filter delays, isolator delays, and delays in internal logic and other circuits, as far as these delays can be
evaluated.

— Record time tags that correspond to the first rising/falling edge of a qualified event, unless the IED
configuration specifically provides for another point in time, in which case this shall be clearly
documented by the manufacturer. The edge in this clause is the transition from “false” to “true,” or
“Inactive” to “active,” or vice-versa, regardless of the actual electrical polarity of an external signal.

— Provide event records containing unambiguous information that allows each data set in the record to be
correlated to a specific point in time. There shall be a one-to-one correspondence between the data sets
comprising an event record and identifiable points in time.

4.2 Clock synchronization requirements

IEDs that associate time tags with data sets in a manner compliant with this standard shall provide means to
accept an external time signal with accuracy sufficient for the intended use of the IED. Combined accuracy of
the external timing signal and the internal time decoder shall be considered sufficient for the intended use if'it is
at least 10 times better than the specified time tag accuracy class (see 5.1) for the events generated by the IED.
If this is not possible, accuracy shall be no worse than the specified time tag accuracy class, and state of the art
as generally accepted. If the IED manufacturer takes exception to this clause, then the IED manufacturer shall
clearly document this exception using a reasonable explanation.

Regardless of the method used, the time source shall be traceable to international standards. This is generally
provided using a recognized standard time source, distributed to the IED using appropriate time distribution
means. The means of distributing time are outside the scope of this standard, but include (without limitation
or endorsement) time broadcast signals (WWV, DCF77), IRIG-B time code inputs (see Annex A), global
navigation satellite system [GNSS (e.g., GPS, GLONASS, Galileo, BeiDou.)] signals, and IEEE Std 1588
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[B6] messages. For substation applications of IEEE Std 1588, use of IEC/IEEE 61850-9-3 [B4] and
IEEE Std C37.238™ [B11] is recommended. While IEC 61850 [B1] also specifies using SNTP, the available
accuracy may be too low for time-stamping grid events. Traceable time sources for these distribution means
include (without limitation) GNSS, USNO (US), NIST (US), BIPM (France), PTB (Germany), METAS
(Switzerland), NTSC (China), NPL (India), and others.

5. Time tag content requirements

Time tags compliant with this standard shall include the following data elements and be documented by the
manufacturer in the appropriate product documentation available to the user:

a)  The calendar date in either of two forms:

1) Calendar form
1) Year, represented with four or more digits
ii) Month, represented with two digits
iii) Day, represented with two digits

2)  Ordinal form
1) Year, represented with four or more digits
ii) Day of year, represented with three digits

b) The time of day (hour, minute, second, and fractional second with adequate resolution documented by
the IED manufacturer for the intended use of the IED)

c¢) Therelevant time scale [e.g., international atomic time (TAI), UTC, or UTC with local offset]
d) Difference between local time and UTC (if time scale is UTC with local offset)

e) Difference between TAI and UTC at the time signified by the time tag, if known, as a multiple of one
second, positive if UTC lags behind TAIL; if unknown, this fact shall be indicated

f)  Time tag accuracy information (see 5.1)

g)  Time quality information (see 5.2)

NOTE—Refer to Annex C for considerations for IEDs.
Time tags may optionally be extended by including additional information.

Time tags may be generated by including all of this information for every data point. Since this is highly
redundant, other more efficient methods (e.g., placing item ¢) through item g) along with the date and time
of the first data point in a header and providing only a time offset for each individual data point) may also be
implemented. Provided that sufficient information is included to regenerate the complete set of data elements
listed for every data point, any such method is compliant with this standard.

This standard does not specify the required encoding method for the time tag. Commonly used are either
character (ASCII or Unicode) or binary encoding methods. UTF-8 is commonly used in power systems and is
required by some communications standards. Any encoding method that includes the required data elements
may be used. Existing time tag formats are not compliant with this standard if they do not provide all of the
required data elements.

Data elements identified above may be combined, provided that the information listed above can be uniquely
identified from the combined element(s). For instance, the year, date and time of day may be encoded using a
binary second of epoch and a binary fraction of second. A unique, invertible transformation shall be provided to
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