IEC 62541-13:2020-06 RLV(en)

IEC 62541-13

Edition 2.0 2020-06
REDLINE VERSION

INTERNATIONAL
STANDARD

e
o>
P
RCR
b‘\
2
34
<&
&

OPC Unified Architecture — <<
Part 13: Aggregates QQ



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2020 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch

CH-1211 Geneva 20 www.iec.ch

Switzerland
About the IEC
The |nternational Electrotechnical Commission (IEC) is the leading global organization that prepares apd-publishes
Interrjational Standards for all electrical, electronic and related technologies.
Aboyt IEC publications
The tpchnical content of IEC publications is kept under constant review by the IEC. Please make sure that you haye the
latest] edition, a corrigendum or an amendment might have been published.
IEC publications search - webstore.iec.ch/advsearchform Electropedia - www.electropédia.org
The gdvanced search enables to find IEC publications by a  The world's leading onling dictionary on electrotechnplogy,
variety of criteria (reference number, text, technical containing more than 22-000 terminological entries in Ehglish

comnyittee,...). It also gives information on projects, replaced

and French, with equivalent terms in 16 additional langy

ages.

and withdrawn publications. Also known as the-international Electrotechnical Vocapulary
(IEV) online.

IEC Just Published - webstore.iec.ch/justpublished

Stay pp to date on all new IEC publications. Just Published IEC Glossary:- std.iec.ch/glossary

details all new publications released. Available online and 67 000 electrotechnical terminology entries in English and

once p month by email. French_extracted from the Terms and Definitions clayse of
IEC publications issued since 2002. Some entries have] been

IEC Qustomer Service Centre - webstore.iec.ch/csc collected from earlier publications of IEC TC 37, 77, 86 and

If yoJ wish to give us your feedback on this publication or  CISPR.

need ffurther assistance, please contact the Customer Service

Centrp: sales@iec.ch.



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.electropedia.org/
http://std.iec.ch/glossary
https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

INTERNATIONAL
STANDARD

IEC 62541-13

Edition 2.0 2020-06
REDLINE VERSION

“ colour
inside

OBRC Unified Architecture —

Pa

INT

It 13: Aggregates

ERNATIONAL

ELECTROTECHNICAL
COMMISSION

ICS

25.040.40; 35.100.05

ISBN 978-2-8322-8530-5

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

-2- IEC 62541-13:2020 RLV © IEC 2020

CONTENTS

FOREWORD ... e 7
1 ST e o] o 1Y OO SPRPRN 9
2 NOIrMALIVE FEIEIENCES . oeiiiiie e e e e e aas 9
3  Terms, definitions, and abbreviated terms ..o 9
3.1 Terms and definitioNS. ... 9
3.2 AbDreviated terMS ... 12

4 |Aggregate information model ... ... .13
411 GBNEIAl. . N .13
442 Aggregate ObJecCtS ... OV .13
4.2.1 GeNEral .. O .13
4.2.2 AggregateFunction Object ... M .14

413 Monitoredltem AggregateFilter........cooooiii i N .16
4.3.1 Monitoredltem AggregateFilter Defaults ... et .16
4.3.2 Monitoredltem Aggregates and Bounding Values....f0) .+ oooiiiiii. .16

414 Exposing Supported Functions and Capabilities........«..0 i .16

5 |Aggregate specific usage of Services ..o S A7
5{1 GBNEIAl. . T e .17
5|2 Aggregate data handling ........cooooiiiiiii 0 .18
5.2.1 OVEIVIEBW e e, .18
5.2.2 ReadProcessedDetails structure OVerview ............ccoviiiiiiiiiiiiiiiiiicieeeeen .18
5.2.3 AggregateFilter structure OVerView ..........ccoooiiiiiiiii e .18

5|3 Aggregates StatusCodes . ... K .19
5.3.1 (O 1T V= PP .19
5.3.2 Operation level result-GOdes ........c.oiiiiiiiiii e .19
5.3.3 Aggregate Information Bits ....... ..o ..20

5{4 Aggregate details . .o i .21
5.4.1 GENErAl . .21
5.4.2 Commontcharacteristics .......cooiiiiiii .21
5.4.3 Specificyaggregated data handling ... .24
Annex A (informative) Aggregate Specific examples — Historical Access.........c.ccovevvneennnee. ..67
A1 Historical Aggregate specific characteristics ............ocoviiiiiiiiii ..67
A.1.1 Example Aggregate data — Historian 1.............cooiiiiiiiiiiii e ..67

A 12 Example Aggregate data — Historian 2.........cccooiiiiiiiiii ..68
A3 Example Aggregate data — Historian 3. ..69
A.1.4 Example Aggregate data — Historian 4 ... 70

A.2 INtErPOlatIVE ... 71
A.2.1 LY=o o 1 o Lo 1S 71
A.2.2 Interpolative data ... ... 71

A.3 F V=T = T L= PP UPPRPPRN 73
A.3.1 LY=o o 1 o Lo 1S 73
A.3.2 AVEIagE At ..o 73

A.4 LI L=Y AN V=Y - T = S 74
A4A1 DS i P O e 74
A.4.2 TimeAVEerage data ..o 75

A.5 LI L=Y AN V=Y = T = S 76

A.5.1 DS i P O e 76


https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

IEC 62541-13:2020 RLV © IEC 2020 -3-
A.5.2 TIimMeAVEerage2 data .....o.oiuiii i
A.6 1Ko ] - | PPN
A.6.1 DS i P O e
A.6.2 TOtal data ..o e
A.7 T oAl .o
A.7.1 L= o o 1 o Lo S
A.7.2 Total2 data ... s
A.8 T T L0 P
A.8.1 L= o o 1 o Lo S
A.8.2 Minimum data ... e A ..
A.9 = D q T .4 U o PP\ N I
A.9.1 DesCription ... O
A.9.2 Maximum data ......cooooiii e ..
A. 10 MininumMACIUAITIME ..o M e ..
A.10.1 DeSCriptioN ..o N e
A.10.2 MinimumActualTime data..........ccoooi i B ..
A.11 MaximumActualTime . .......ooooiiii e W L ..
A.11.1 D L=T=T o 1 o 4 Lo o 1. PP I
A.11.2 MaximumActualTime data.........cooooiii ..
ALT2  REANGE oo e et ea e enn e
A.12.1 DesCription ..o e
A.12.2 Range data.......cooooiiiiiii e
o TG TR |V T 110 10 0 2 PP
A.13.1 DeSCriptioN .. N e
A.13.2 MIiNImMUumM2 data ... e ..
o S |V = 3 0 10 2 2 PP
A.14.1 LY o] T ] £ [0 o e P I
A.14.2 Maximum2 data ..ol e ..
A 15 MinimMUumMACTUAITIME 2 . e ..
A.15.1 [T =T=T o o 4 o] I PP
A.15.2 MinimumActualTime2 data.........ccoooiiii i ..
A.16 MaximumACTUal TIMEZ ... e ..
A.16.1 [T =T= o ] 4 Lo o PP I
A.16.2 MaximumActualTime2 data.........coooii i ..
o A ¥ |4 Y =52
A17H DS CriPHION e e
AL T2 RaANGE2 data....cceniiiiii ..
A.18.1 DS i P O e
A.18.2 AnnotationCount data ...
AT G OUNT . e e e
A.19.1 LY=o o 1 o Lo 1S
A.19.2 CoUNT At
A 20  DUrationInStateZero. ... oo e
A.20.1 LY=o o 1 o Lo 1S
A.20.2 DurationInStateZero data...........cooiiiiiii
A.21  DurationInStateNONZEr0 .....ouiieiiii e

A.21.1 Description

A.21.2 DurationInStateNonZero data ..o


https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

-4 - IEC 62541-13:2020 RLV © IEC 2020

A.22  NUMDErOfTranSitiONS ... e e e et eas 94
A.22.1 DS i P O e 94
A.22.2 NumberOfTransitions data ... 94
A T - 1 (P 95
A.23.1 DS i P O e 95
A.23.2 T 2= o e - ) - P 95
S = o Vo PP 95
A.24 1 LY=o o 1 o Lo 1S 95
A.24.2 ENd data. oo 96
AL25  StartBoOUNG.....o el L ..96
A.25.1 DS i PlION e T N ..96
A.25.2 StartBound data..........cooiiii e N .97
A26  ENdBOUNG ... .97
A.26.1 DeSCriPlioN oo .97
A.26.2 EndBound data..........ooiiiii e N e ..98
AL27  Delta. e DN ..98
A.27.1 Description ..o L) ..98
A.27.2 Delta data.. ..o T T e .99
A28 DeltaBounds ... S ..99
A.28.1 [T o] 1 ] £ [0 o [ ..99
A.28.2 DeltaBounds data ..........coveiiiiiiiiii 100
A.29  DurationGood ... O 100
A.29.1 [T =T=T o o o 4 [o o 1 P 100
A.29.2 DurationGood data ... ..o N 101
A0 DurationBad........c.ouiei s 102
A.30.1 DS i PlION o e 102
A.30.2 DurationBad data....... 8 s 102
AL3T  PercentGo0od. .. ..o s e 103
A.31.1 LT o] T o] €0 T 103
A.31.2 PercentGood @ata.......ccou i 103
AL32  PercentBad . .. oo 104
A.32.1 LY o] 17 A Lo o 104
A.32.2 PerCentBad data..... ... 104
AL33  WOTSHQUAITY ooveieeii e 105
A.33.1 DS P I ON L. 105
A.33.2 WorstQuality data ..o 105
AL34, WOrStQUATITYZ oo 106
A-344 Beseripto-rrrmmmmmmmm—m— —m—m 106
A.34.2 WorstQuality2 data .......cooiiiiii e 106
A.35 StandardDeviationSample........cooiiiiii 107
A.35.1 LY o] T ] £ [0 o P 107
A.35.2 StandardDeviationSample data...........coooeiiiiiii 107
A.36  VarianCeSamMPI. . e i 107
A.36.1 LY o] T ] £ [0 o P 107
A.36.2 VarianceSample data.........coiiiiiii 108
A.37 StandardDeviationPopulation ....... ... 108
A.37.1 DS O P ON e 108
A.37.2 StandardDeviationPopulation data ... 108

A.38 VariancePopulation ... 109


https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

IEC 62541-13:2020 RLV © IEC 2020 -5-

A.38.1 L= o o 1 o 1 4 [o o 109

A.38.2 VariancePopulation data...........oooi i 109
B O graP Y o
Figure 1 — Representation of Aggregate Configuration information in the AddressSpace....... 17
Figure 2 — Variable with Stepped = False and Simple Bounding Values ...................c.oeeaii. 25
Figure 3 — Variable with Stepped = True and Interpolated Bounding Values.......................... 26
Figure AT — Historian .o e 68
Figure A.2 — HISTOIIAN 2 .o.oeei e e e e e et e e e e e atnenennenenneneenees s ..69
Figure A.3 — Historian 3 ... e N .70
Table 1 — Interpolation eXamples ... e e e ..10
Table 2 — AggregateConfigurationType Definition ...........ccooooeviin W50, .13
Table 3 — Aggregate Functions Definition............cc.cooiiiiiiiii W BN, .14
Table 4 — AggregateFunctionType Definition. ... .14
Table 5 — Standard AggregateType Nodes........c.oooiviviiiiivieinnn o .15
Table 6 — ReadProcessedDetails ...l T .18
Table 7 — AggregateFilter StrUuCtUre ... ... e e .19
Table 8 — Bad operation level result codes..........oooo i .19
Table 9 — Uncertain operation level result codes.... o . ..20
Table 10 — Data [0CatioN . ... A e e ..20
Table 11 — Additional information.............c.o ..20
Table 12 — History Aggregate interval infoxmation ..., .22
Table 13 — Standard History AggregateData Type information ...l .23
Table 14 — Aggregate table desSCriplioN ........coiiiiiii e .27
Table 15 — Interpolative Aggregate summary ... ..30
Table 16 — Average Aggredgatle SUMMAIY .....c..oiuiiiiii e .31
Table 17 — TimeAverage rAggregate SUMMAIY ... ..ot .32
Table 18 — TimeAverage2 Aggregate SUMMAIY ........oiuiiiiiie e ee e e .33
Table 19 — Total AQgregate SUMMIAIY ......cc.i i e e e e e .34
Table 20 — Total2 Aggregate SUMMAIY ........oiuiii e .35
Table 21 =Minimum Aggregate SUMMArY ..o ..36
Table 22— Maximum Aggregate SUMMAIY ..........couiiiiiiiii e e e enees .37
Table 23 — MinimumActualTime Aggregate SUMMArY ........c.oooviiiiiiiiie e e eeae e 38
Table 24 — MaximumActualTime Aggregate SUMMArY ........ooouiiiiiiiiieiee e 39
Table 25 — Range Aggregate SUMMAIY ... 40
Table 26 — Minimum2 Aggregate SUMMAIY ........ooiii e e e e 41
Table 27 — Maximum2 Aggregate SUMMaAIY .......cciiieiie e e ee e e 42
Table 28 — MinimumActualTime2 Aggregate SUMMArY ........c.oviiiiiiiiii e 43
Table 29 — MaximumActualTime2 Aggregate SUMMATY .......c.oviiuiiiiiiiie e 44
Table 30 — Range2 Aggregate SUMMATY ... e e e e e 45
Table 31 — AnnotationCount Aggregate SUMMArY........ccc.oviiiii i 46

Table 32 — Count Aggregate SUMMATY ........oouii e 47


https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

-6 - IEC 62541-13:2020 RLV © IEC 2020

Table 33 — DurationInStateZero Aggregate SUMMAry ........cccooiiiiiiiiiie e 48
Table 34 — DurationInStateNonZero Aggregate Summary .........cocooviiiiiiiiiini e, 49
Table 35 — NumberOfTransitions Aggregate summary .........ccoocoiiiiiiiiiin i 50
Table 36 — Start Aggregate SUMMAIY .......ii e e e e 51
Table 37 — End Aggregate SUMMAIY ... e e e e e 52
Table 38 — Delta Aggregate SUMMIAIY .........iiuii et 53
Table 39 — StartBound Aggregate SUMMATY .......ocouiiiiiie e 54
Table 40 — EndBound Aggregate SUMMAIY .......coiiiiniiii e e e ee e e 55
Table 41 — DeltaBounds Aggregate SUMMaArY.........ooiiuiiiiiiiie e e e e e ..56
Table 42 — DurationGood Aggregate SUMMAary .........cccooeivieiiiiiiiiiiiiiieiieeceee e L .57
Table 43 — DurationBad Aggregate summary ..........oooovviiiiiiiiiiiccce e ..58
Table 44 — PercentGood Aggregate SUmMmary .........cccoeevveeieieinieneeneeeeeeeeeee e ) e, ..59
Table 45 — PercentBad Aggregate summary .........cccoviiiiiiiiiiiiieieeeee e B e ..60
Table 46 — WorstQuality Aggregate SUMMAry ..o e N ..61
Table 47 — WorstQuality2 Aggregate summary..........cccooovieviiinen e 0 e ..62
Table 48 — StandardDeviationSample Aggregate summary ...... ... ..63
Table 49 — VarianceSample Aggregate summary ...........coooe 50 Zuiiiiiiiii e ..64
Table 50 — StandardDeviationPopulation Aggregate summary .........cc.ccovveiiiiiiiiieiieieeenns ..65

Table 51 — VariancePopulation Aggregate summary .yt e ..66



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

IEC 62541-13:2020 RLV © IEC 2020 -7-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPC UNIFIED ARCHITECTURE -

Part 13: Aggregates

FOREWQRD

T

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization_eomp
| national electrotechnical committees (IEC National Committees). The object of IEC is€to-"prg

is end and in addition to other activities, IEC publishes International Standards, Technjcal Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International, jgovernmental and
bvernmental organizations liaising with the IEC also participate in this preparation.,IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance with ‘conditions determing
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as(heafly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for internatiofal™use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made(to ensure that the technical content o
blications is accurate, IEC cannot be held responsible fotsthe way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National\Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in their\national and regional publications. Any diverd
btween any |IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confg
Esessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have the latest edition of this publication.

p liability shall attach to IEC or its_directors, employees, servants or agents including individual expert
embers of its technical committées and IEC National Committees for any personal injury, property dama
her damage of any nature/whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the “publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawn to (the*Normative references cited in this publication. Use of the referenced publicatig
dispensable for the correct application of this publication.

tention is drawn“o the possibility that some of the elements of this IEC Publication may be the subjg
htent rights |[EC shall not be held responsible for identifying any or all such patent rights.

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and electronic fields. To

ions,
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psted
non-
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IEC 62541-13 has been prepared by subcommittee 65E: Devices and integration in enterprise
systems, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This second edition cancels and replaces the first edition of IEC 62541-13, published in 2015.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) natechnical changes but numerous clarifications. Also some corrections to the examples.

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

FDIS Report on voting
65E/697/FDIS 65E/712/RVD

Fulllinformation on the voting for the approval of this standard can bg'found in the repoift on
voting indicated in the above table.

This| publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

Thrqughout this document and the other Parts of the sefies, certain document convenfions
are pised:

Itali¢s are used to denote a defined term or.definition that appears in the “Terms |and
defipition” clause in one of the parts of the series.

Itali¢s are also used to denote the name of\a service input or output parameter or the nanje of
a stjucture or element of a structure thatare usually defined in tables.

Thelitalicized terms and names are also often written in camel-case (the practice of wrjting
compound words or phrases in-which the elements are joined without spaces, with g¢ach
elenment's initial letter capitalized within the compound). For example the defined teri is
AddlessSpace instead of Address Space. This makes it easier to understand that therelis a
sing|e definition for AddressSpace, not separate definitions for Address and Space.

A ligt of all parts (ofy the |IEC 62541 series, published under the general title OPC Unjfied
Architecture, can'be found on the IEC website.

The|committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the {Hata
reIa‘ed to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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Normative references

following documents are referred to in the text in such a way that semé or all of

content constitutes requirements of this document. For dated references; only the ed

cited
any

IEC

IEC

IEC

IEC

IEC

IEC

3.1

For
IEC

ISO
add

applies. For undated references, the latest edition of the referenced document (inclu
amendments) applies.

TR 62541-1, OPC Unified Architecture — Part 1: Overview and Concepts
62541-3, OPC Unified Architecture — Part 3: AddressSpace Model
62541-4, OPC Unified Architecture — Part 4: Setvices

62541-5, OPC Unified Architecture — Part 5:Information Model
62541-8, OPC Unified Architecture —Part 8: Data Access

62541-11, OPC Unified Architecture — Part 11: Historical Access

Terms, definitions, and abbreviated terms

Terms and definitions

the purposes ‘of this document, the terms and definitions given in IEC TR 6254
62541-3, IEC\62541-4, and IEC 62541-11 and the following apply.

and [EC~maintain terminological databases for use in standardization at the follo
esses;

and

heir
ition
ding

& L

o~ n 'H H | Py L 1 n H L
O LICULUTUPTUIA. avdliladulT alt TIUpP./7Www.TlIcULIr'UpPTUIa.UTyr

SO Online browsing platform: available at http://www.iso.org/obp

3.1.1
Processinglnterval

time

Note

span for which derived values are produced based on a specified Aggregate

1 to entry: The total time domain specified for ReadProcessed is divided by the Processinginterval. For
example, performing a 10-minute Average over the time range 12:00 to 12:30 would result in a set of three
intervals of Processinglinterval length, with each interval having a start time of 12:00, 12:10 and 12:20 respectively.
The rules used to determine the interval Bounds are discussed in 5.4.2.2.

3.1.2
interpolated data
data that is calculated from data samples
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Note 1 to entry: Data samples may be historical data or buffered real time data. An interpolated value is
calculated from the data points on either side of the requested timestamp.

3.1.3
EffectiveEndTime
time immediately before endTime

Note 1 to entry: All Aggregate calculations include the startTime but exclude the endTime. However, it is
sometimes necessary to return an Interpolated End Bound as the value for an Interval with a timestamp that is in
the interval. Servers are expected to use the time immediately before endTime where the time resolution of the
Server determines the exact value (do not confuse this with hardware or operating system time resolution). For
example, if the endTime is 12:01:00, the time resolution is 1 second, then the EffectiveEndTime is 12:00:59. See
5.4.24-

If time is flowing backwards, Servers are expected to use the time immediately after endTime where the|time
resolption of the Server determines the exact value.

3.1.
extrppolated data
datd constructed from a discrete data set but is outside of the discrete datd set

Note |1 to entry: It is similar to the process of interpolation, which constructs new. points between known pgpints,
but itp result is subject to greater uncertainty. Extrapolated data is used in cases-where the requested time period
falls farther into the future than the data available in the underlying system. See(gxample in Table 1.

3.1.%5
Slopedinterpolation
simple linear interpolation

Note |1 to entry: Compare to curve fitting using linear polynomials? See example in Table 1.

3.1.6

Ste{pedlnterpolation
intepolation holding the last data pointxgonstant or interpolating the value based gqn a
horizontal line fit

Note |1 to entry: Consider the following Table 1 of raw and Interpolated/Extrapolated values:

Table 1 — Interpolation examples

Timestamp Raw Value Sloped Interpolation Stepped Interpolation
12:00:00 10

12:00:05 15 10

1200108 18 10

12:00:10 20

12:00:15 25 20

12:00:20 30

SlopedExtrapolation SteppedExtrapolation

12:00:25 35 30

12:00:27 37 30

3.1.7
bounding values
values at the startTime and endTime needed for Aggregates to compute the result
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Note 1 to entry: If Raw data does not exist at the startTime and endTime a value shall be estimated. There are
two ways to determine Bounding Values for an interval. One way (called Interpolated Bounding Values) uses the
first non-Bad data points found before and after the timestamp to estimate the bound. The other (called Simple
Bounding Values) uses the data points immediately before and after the boundary timestamps to estimate the
bound even if these points are Bad. Subclauses 3.1.8 and 3.1.9 describe the two different approaches in more
detail.

In all cases the TreatUncertainAsBad (see 4.2.1.2) flag is used to determine whether Uncertain values are Bad or
non-Bad.

If a Raw value was not found and a non-Bad bounding value exists the Aggregate Bits (see 5.3.3) are set to
‘Interpolated’.

When ne
valug portlon is not used in any calculatlon and a null is returned |f the raw value is returned. The status port on is
deterined by the rules specified by the bound or Aggregate.

The Interpolated Bounding Values approach (see 3.1.8) is the same as what is used in Classic OPCHistorical|Data
Acceps (HDA) and is important for applications such as advanced process control where having useful values|at all
timeg is important. The Simple Bounding Values approach (see 3.1.9) is new in this standard..and‘is importapt for
appli¢ations which shall produce regulatory reports and cannot use estimated values in place of Bad data.

3.1.8
intefpolated bounding values
boupding values determined by a calculation using the nearest Good‘value

Note |1 to entry: Interpolated Bounding Values using Slopedinterpolation are.calculated as follows:
L if a non-Bad Raw value exists at the timestamp then it is the boeunding value;

L find the first non-Bad Raw value before the timestamp;

L find the first non-Bad Raw value after the timestamp;

o draw a line between before value and after value;

L use point where the line crosses the timestamp as\an estimate of the bounding value.

The dalculation can be expressed with the following foarmula:

- T,

before)

+7,

bound (bound before) ( after ~ before)/( after before

where ¥ is a value at X’ and T, is the timestamp associated with 7.
If nq non-Bad values exist before (the timestamp the StatusCode is Bad_NoData. The StatusCode is
Unceftain_DataSubNormal if any Bad yalues exist between the before value and after value. If either the before

valug or the after value are Uncertain the StatusCode is Uncertain_DataSubNormal. If the after value doeps not
exist|the before value shall be extrapolated using SlopedExtrapolation or SteppedExtrapolation.

The period of time that ,s\searched to discover the Good values before and after the timestamp is Server
depefpdent, but if a Good value is not found within some reasonable time range then the Server will assume it|does
not ekist. The Server as.a’ minimum should search a time range which is at least the size of the Processinglntdrval.
Interpolated Bouriding Values using SlopedExtrapolation are calculated as follows:
L find the.first non-Bad Raw value before timestamp;

L findythe second non-Bad Raw value before timestamp;

L draw a line between these two values;

. extend the line to where it crosses the timestamp;

. use the point where the line crosses the timestamp as an estimate of the bounding value.
The formula is the same as the one used for SlopedInterpolation.

The StatusCode is always Uncertain_DataSubNormal. If only one non-Bad raw value can be found before the
timestamp then SteppedExtrapolation is used to estimate the bounding value.

Interpolated Bounding Values using Steppedinterpolation are calculated as follows:
. if a non-Bad Raw value exists at the timestamp then it is the bounding value;
. find the first non-Bad Raw value before timestamp;

e use the value as an estimate of the bounding value.
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The StatusCode is Uncertain_DataSubNormal if any Bad values exist between the before value and the timestamp.
If no non-Bad Raw data exists before the timestamp then the StatusCode is Bad_NoData. If the value before the
timestamp is Uncertain the StatusCode is Uncertain_DataSubNormal. The value after the timestamp is not needed
when using Steppedinterpolation; however, if the timestamp is after the end of the data then the bounding value is
treated as extrapolated and the StatusCode is Uncertain_DataSubNormal.

SteppedExtrapolation is a term that describes Steppedinterpolation when a timestamp is after the last value in the
history collection.

3.1.9
simple bounding values
bounding values determined by a calculation using the nearest value

Note
o
9
9
o
9

1 to entry: Simple Bounding Values using Slopedinterpolation are calculated as follows:
if any Raw value exists at the timestamp then it is the bounding value;
find the first Raw value before timestamp;
find the first Raw value after timestamp;
if the value after the timestamp is Bad then the before value is the bounding value;
draw a line between before value and after value;

use point where the line crosses the timestamp as an estimate of the bounding:value.

The fprmula is the same as the one used for Slopedinterpolation in Clause 3.1.5,
If a Raw value at the timestamp is Bad the StatusCode is Bad_NoData. {fthe value before the timestamp ig Bad
the |[StatusCode is Bad_NoData. If the value before the timestamp is Uncertain the StatusCode is
Unceftain_DataSubNormal. If the value after the timestamp is~'Bad or Uncertain the StatusCode is
Unceftain_DataSubNormal.
Simple Bounding Values using SteppedIinterpolation are calculated’as follows:

o if any Raw value exists at the timestamp then it is the'bounding value;

L find the first Raw value before timestamp;

L if the value before timestamp is non-Bad then.it is the bounding value.
If a Raw value at the timestamp is Bad the StatusCode is Bad_NoData. If the value before the timestamp i Bad
the [StatusCode is Bad_NoData. If the-\Vvalue before the timestamp is Uncertain the StatusCode is
Unceftain_DataSubNormal.
If aithar hounding time of an intarvglesa™havaond tha last data noint then extranolation mav ha usad if tha rvar
H-either bounding-tim fan-intervalis-beyond-the last data int-then-extrapolation-may -be-us 7y
If either bounding time of an interval is beyond the last data point then the Server may use extrapolation or return
an efror. If extrapolationSis\*used by the server the type [SteppedExtrapolation or SloppedExtrapolatign] of
extrapolation is server specific.
In some Historians, the<last Raw value does not necessarily indicate the end of the data. Based on the Histofian's
knowjedge of thesdata collection mechanism, i.e. frequency of data updates and latency, the Historian may ekxtend
the l@st value fo,"a time known by the Historian to be covered. When calculating Simple Bounding Valuep the
Histofian will ‘act-as if there is another Raw value at this timestamp.
In th¢ same“way, if the earliest time of an interval starts before the first data point in history and the latest time is
after the first data point in history, then the interval will be treated as if the interval extends from the first data|point
in history to the Tatest time of the Inierval and the StatusCode of the Interval will have the Partial bit set
(see 5.3.3.2).

The period of time that is searched to discover the values before and after the timestamp is Server dependent, but
if a value is not found within some reasonable time range then the Server will assume it does not exist. The Server
as a minimum should search a time range which is at least the size of the Processinglnterval.

3.2
DA
HA

Abbreviated terms
Data Access
Historical Access (access to historical data or events)

HDA Historical Data Access

UA

Unified Architecture
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4 Aggregate information model

4.1 General

IEC 62541-3 and IEC 62541-5 standards define the representation of Aggregate historical or
buffered real time data in the OPC Unified Architecture. This includes the definition of
Aggregates used in processed data retrieval and in historical retrieval. This definition includes
both standard Reference types and Object types.

4.2 Aggregate Objects

4.2. General
4211 Overview
OPQ UA Servers can support several different functionalities and capabilities:\Fhe following

standard Objects are used to expose these capabilities in a common fashiony and there are
sevgral standard defined concepts that can be extended by vendors.

4.2.1.2 AggregateConfigurationType

The|AggregateConfigurationType defines the general characteristics of a Node that defines
the |Aggregate configuration of any Variable or Property., AggregateConfiguration Object
represents the browse entry point for information on how theServer treats Aggregate spgcific
functionality such as handling Uncertain data. It is formally-defined in Table 2.

Table 2 — AggregateConfigurationType Definition

Attribute Value

BroywseName | AggregateConfigurationType

IsAbstract False

Refprences | NodeClass | BrowseName DataType TypeDefinition | ModellingRule
Subtype of the BaseObjectType defined,if JEC 62541-5

HaslProperty Variable TreatUncertainAsBad Boolean PropertyType Mandatory
HasIProperty Variable PéercentDataBad Byte PropertyType Mandatory
HasIProperty Variable PercentDataGood Byte PropertyType Mandatory
HasIProperty Variable UseSlopedExtrapolation Boolean PropertyType Mandatory
The| TreatUncertainAsBad Variable indicates how the Server treats data returned with a

StatusCodexseverity Uncertain with respect to Aggregate calculations. A value of Jrue
indigates the Server considers the severity equivalent to Bad, a value of False indicateq the
Server{eonsiders the severity equivalent to Good, unless the Aggregate definition says
otherwiseThe defaultvatue 15 1 rue. Note thatthe vatue s stitttreated—as Uncertaimwhen the
StatusCode for the result is calculated.

The PercentDataBad Variable indicates the minimum percentage of Bad data in a given
interval required for the StatusCode for the given interval for processed data request to be set
to Bad. (Uncertain is treated as defined above.) Refer to 5.4.3 for details on using this
Variable when assigning StatusCodes. For details on which Aggregates use the
PercentDataBad Variable, see the definition of each Aggregate. The default value is 100.

The PercentDataGood Variable indicates the minimum percentage of Good data in a given
interval required for the StatusCode for the given interval for the processed data requests to
be set to Good. Refer to 5.4.3 for details on using this Variable when assigning StatusCodes.
For details on which Aggregates use the PercentDataGood Variable, see the definition of
each Aggregate. The default value is 100.
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The PercentDataGood and PercentDataBad shall follow the following relationship
PercentDataGood = (100 — PercentDataBad). If they are equal the result of the
PercentDataGood calculation is used. If the values entered for PercentDataGood and
PercentDataBad do not result in a valid calculation (e.g. Bad = 80; Good = 0) the result will
have a StatusCode of Bad_Aggregatelnvalidinputs The StatusCode
Bad_Aggregatelnvalidinputs will be returned if the value of PercentDataGood or
PercentDataBad exceed 100.

The UseSlopedExtrapolation Variable indicates how the Server interpolates data when no
boundary value exists (i.e. extrapolating into the future from the last known value). A value of
False_indicates that the Server will use a SteppedExtrapolation format, and hold the last
known value constant. A value of True indicates the Server will project the value \using
UsefSlopedExtrapolation mode. The default value is False. For SimpleBounds thissvalye is
ignofred.

4.2.2 AggregateFunction Object
4.2.2.1 General

This| Object is used as the browse entry point for information about the*Aggregates suppqrted
by g Server. The content of this Object is already defined by its type definition. All Instapces
of the FolderType use the standard BrowseName of “‘AggregateFunctions’. |The
HasComponent Reference is used to relate a ServerCapabilities Object and/or [any
HistpricalServerCapabilities HistoryServerCapabilitiesType ‘Object to an AggregateFungtion
Objact. AggregateFunctions is formally defined in Table 3

Table 3 — Aggregate Functions Definition

Attribute Value

BroywseName AggregateFunctions

Refprences Node BrowseName DataType TypeDefinition Modelling

Rule

Class

HagTypeDefinit | Object FolderType Defined in IEC 62541-5

ion
Type

Each ServerCapabilities and—HistericalServerCapabilities HistoryServerCapabilitiesType
Objact shall reference-an AggregateFunction Object. In addition, each HistoricalConfiguration

Objact belongingwto~a HistoricalDataNode may reference an AggregateFunction Object using
the HasComponent Reference.

4.2.2.2 AggregateFunctionType

This| @bjectType defines an Aggregate supported by a UA Server. This Object is formally
defined in Table 4.

Table 4 — AggregateFunctionType Definition

Attribute Value

BrowseName | AggregateFunctionType

IsAbstract False
References Node BrowseName DataType Type Mod.
Definition Rule

Class

Subtype of the BaseObjectType defined in IEC 62541-5
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For

the AggregateFunctionType,

15—

the Description Attribute (inherited from the Base

NodeClass), is mandatory. The Description Attribute provides a localized description of the
Aggregate.

Table 5 specifies the BrowseName and Description Attributes for the standard Aggregate
Objects. The description is the localized “en” text. For other locales it shall be translated.

Table 5 — Standard AggregateType Nodes

BrowseName Description
Interpolation Aggregate

Intefpolative At the beginning of each interval, retrieve the calculated value from the data poipts
on either side of the requested timestamp.

Average Retrieve the average value of the data over the interval.

TimeAverage Retrieve the time weighted average data over the interval using Interpolated
Bounding Values.

TimeAverage?2 Retrieve the time weighted average data over the intervahusing Simple Boundinly
Values.

Total Retrieve the total (time integral) of the data over thé interval using Interpolated
Bounding Values.

Total2 Retrieve the total (time integral) of the data gyer-the interval using Simple Boundling
Values.

Min|mum Retrieve the minimum raw value in the interval with the timestamp of the start of{ the
interval.

Maximum Retrieve the maximum raw valué.in the interval with the timestamp of the start of
the interval.

MinjmumActualTime Retrieve the minimum value'in the interval and the timestamp of the minimum

value.

Ma)imumActualTime Retrieve the maximum value in the interval and the timestamp of the maximum
value.

Range Retrieve the difference between the minimum and maximum value over the interpal.

Min|mum2 Retrieve theminimum value in the interval including the Simple Bounding Value$.

Maximum2 Retrieve-the maximum value in the interval including the Simple Bounding Valugs.

Min|mumActualTime2 Retrieve the minimum value with the actual timestamp including the Simple

Bounding Values.

MaximumActualTime2 Retrieve the maximum value with the actual timestamp including the Simple
Bounding Values.

Range2 Retrieve the difference between the Minimum2 and Maximum2 value over the
interval.

Count Retrieve the number of raw values over the interval.

DurptignInStateZero Retrieve the time a Boolean or numeric was in a zero state using Simple Boundipng

Values.

DurationInStateNonZero

Retrieve the time a Boolean or numeric was in a non-zero state using Simple
Bounding Values.

NumberOfTransitions

Retrieve the number of changes between zero and non-zero that a Boolean or
numeric value experienced in the interval.

Start Retrieve the value at the beginning of the interval-using-trterpolated Bounding
Madee,

End Retrieve the value at the end of the interval-using-/nterpolated-Bounding-\Values.

Delta Retrieve the difference between the Start and End value in the interval.

StartBound Retrieve the value at the beginning of the interval using Simple Bounding Values.

EndBound Retrieve the value at the end of the interval using Simple Bounding Values.

DeltaBounds

Retrieve the difference between the StartBound and EndBound value in the interval
using Simple Bounding Values.
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BrowseName Description

Interpolation Aggregate

DurationGood Retrieve the total duration of time in the interval during which the data is Good.
DurationBad Retrieve the total duration of time in the interval during which the data is Bad.
PercentGood Retrieve the percentage of data (0 to 100) in the interval which has Good
StatusCode.
PercentBad Retrieve the percentage of data (0 to 100) in the interval which has Bad
StatusCode.
WorstQuality Retrieve the worst StatusCode of data in the interval.
WovlstQuaIityZ Retrieve the worst StatusCode of data in the interval including the Simple Bounding
Values.
AnnlotationCount Retrieve the number of Annotations in the interval (applies to Historical Aggregdtes
only).
StapdardDeviationSample | Retrieve the standard deviation for the interval for a sample of the population (n{1).
VarfanceSample Retrieve the variance for the interval as calculated by the
StandardDeviationSample.
StapdardDeviation Retrieve the standard deviation for the interval for a complete population (») which
Population includes Simple Bounding Values.
Var{ancePopulation Retrieve the variance for the interval as calculated by the
StandardDeviationPopulation which includes,/Simple Bounding Values.
4.3 | Monitoredltem AggregateFilter
4.3. Monitoreditem AggregateFilter Defaults
The| default values used for Monitoredltem~>Aggregates are the same as those used for
historical Aggregates. They are defingd> in 4.2.1.2. For additional information| on
Monlitoredltem AggregateFilter see IEC 62541-4.
4.3.2 Monitoreditem Aggregates and Bounding Values
Whgn calculating Monitoreditem Aggregates that require the use of Bounding Values, the
boumnds may not be known/The calculation is done in the same manner as a historical fead
with|the Partial Bit set. The historian may wait some amount of time (normally no more than
one | processing interval). before calculating the interval to allow for any latency in {ata
collgction and reduce_the use of the Partial Bit.
A historical read:*done after data collection and the data from the Monitoredltem over| the

samg intervalhmay not be the same.

4.4

Exposing Supported Functions and Capabilities

Figure T oullines a possible representation of Aggregate information in the AddressSpace. In
this example, although the Server at the highest level may support Aggregate functionality for
Interpolative, Total, Average, and others, DataVariable X only supports Interpolative, Total
and Average, while DataVariable Y supports Average, a vendor defined Aggregate and other

(uns

tated) Aggregates.
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Server Capabilities
(Part 5 — Information Model) HasHistorical Configuration
DataVariable X
HistoryServer Capabilities HA Configuration
(Part 11 — Historical Access) (Part 11 — Historical Access)
AggregateFunctions Jri
AggregateFunctions AggregateFunctions
Organizes
Interpolative AggregateConfiguration
T Total # [ TreatUneertainAsBad j
Organizes
| Average PercentDataGood j
iy b [ PercentDataBad j
TimeAverage
H [SteppedSIopedExtrapoIation]
...others...
DataVariable Y
Vendor
Aggregate
Organi - -
rgenizes HA Configuration
(Part 11 — Historical Access)
— AggregateFunctions H—
v v
v v
AggregateFunctionType Aggregate Configuration Type
IEC
Figure 1 — Representation of Aggregate Configuration information in the AddressSpjace
5 Addregate specific usage of Services

5.1 General
IEC 62541-4 specifies all Services needed for OPC UA Aggregates. In particular:
e The Browse Service Set or Query Service Set to detect Aggregates and their

configuration.

e The HistoryRead Service of the Attribute Service Set to read the aggregated history of
the HistoricalNodes.

e The CreateMonitoreditems Service allows specifying a filter for each Monitoredltem to
read aggregated data.
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5.2 Aggregate data handling
5.2.1 Overview

The HistoryRead service defined in IEC 62541-4 can perform several different functions. The
historyReadDetails parameter is an Extensible Parameter that specifies which function to
perform. The ReadProcessedDetails structure is used to read aggregated data for
HistoricalDataNodes.

The CreateMonitoreditems Service allows specifying a filter for each Monitorediltem. The
MonitoringFilter is an extensible parameter whose structure depends on the type of item being
monffored. The AggregaleFilter structure 1s used to obtain aggregated data for a subscripijon.

5.2.2 ReadProcessedDetails structure overview

ReapProcessedDetails structure is formally detailed in IEC 62541-11. Table(6“outlines| the
components of the ReadProcessedDetails structure for the purposes of_discussion in|this
docyment.

Table 6 — ReadProcessedDetails

Name Description
ReddProcessedDetails Specifies the details used to performia “processed” history read.
tartTime Beginning of period to read.
endTime End of period to read.
rocessinglnterval Interval between returned Aggregate values.
hggregateTypel] The Nodelds of théAggregateFunction Objects. AggregateFunction

Objects indicate the list of Aggregates to be used when retrieving
processed history:

hggregateConfiguration Aggregate_canfiguration structure.
useServerDefaults If True the Server's default values are used and any values specified fgr
the other parameters are ignored.
treatUncertainAsBad See 4.2.1.2.
percentDataBad See 4.2.1.2.
percentDataGood See 4.2.1.2.
useSlopedExtrapolation See 4.2.1.2.

5.2.3 AggregateFilter structure overview

The| AggregateFilter defines the Aggregate function that should be used to calculate| the
valups/to” be returned. The AggregateFilter is formally defined in IEC 62541-4. Table 7
outlines’the components of the AggregateFilter structure for the purposes of discussion in| this
document.
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Table 7 — AggregateFilter structure

Name

Description

AggregateFilter

startTime

Beginning of period to calculate the Aggregate the first time.

aggregateType

The Nodelds of the AggregateFunction Objects that indicates the list of
Aggregates to be used when retrieving processed data.

processinglinterval

The period to be used to compute the Aggregate.

aggregateConfiguration

This parameter allows Clients to override the Aggregate configuration
:nffing: :ulnlnlinr{ hy an Aggrngafn(‘nnfigurgﬁnn nhjnnf onaper maonitared

item basis.

useServerDefaults

If True the Server's default values are used and any values specified.for fthe
other parameters are ignored.

treatUncertainAsBad See 4.2.1.2.
percentDataBad See 4.2.1.2.
percentDataGood See 4.2.1.2.
useSlopedExtrapolation See 4.2.1.2.

5.3 | Aggregates StatusCodes

5.3. Overview

Subg¢lause 5.3 defines additional codes and rules that apply to the StatusCode when used for

Aggregates.

The|general structure of the StatusCode ispspecified in IEC 62541-4. It includes a set of

common operational result codes which also.apply to Aggregates.

5.3.2 Operation level result codes

In OPC UA Aggregates the StatusCode is used to indicate the conditions under which a vjlue
or Hvent was stored, and thereby can be used as an indicator of its usability. Due to| the

nee

natLere of aggregated data, @dditional information beyond the basic quality and call result ¢ode
s to be conveyed to the client. For example, whether or not the result was Interpolgted,
werg all data inputs to«a calculation of Good quality, etc.

In the following,. Table 8 contains codes with Bad severity indicating a failure; Tabje 9
confgins codesywith Uncertain severity indicating that the value has been retrieved under pub-
normal conditions. It is important to note that these are the codes that are specifiq for
OPQ UA Aggregates and that they supplement the codes that apply to all types of data; fhey

are theréfore defined in IEC 62541-4, IEC 62541-8 and IEC 62541-11.

Table 8 — Bad operation level result codes

Symbolic Id

Description

Bad_AggregateListMismatc
h

The requested number of Aggregates does not match the requested number of
Nodelds. When multiple Aggregates are requested, a corresponding Nodeld is
required for each AggregateFunction.

Bad_AggregateNotSupport
ed

The requested AggregateFunction is not supported by the Server for the specified
Node.

Bad_Aggregatelnvalidlnput
s

The Aggregate value could not be derived due to invalid data inputs, errors
attempting to perform data conversions or similar situations.



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

- 20 - IEC 62541-13:2020 RLV © IEC 2020

Table 9 — Uncertain operation level result codes

Symbolic Id Description

Uncertain_DataSubNormal The value is derived from raw values and has less than the required number of
Good values.

5.3.3 Aggregate Information Bits

5.3.3.1 General

Thesge bits are set only when obtaining Aggregate data. They indicate where the data\vglue
camg from and provide information that affects how the client uses the data value._Table 10
lists|the bit settings which indicate the data location (i.e. is the value stored in the underlying
data repository, or is the value the result of data aggregation). These bits~are mutually
exclpsive.

v

Table 10 — Data location

YtatusCode Description
Ra A Raw data value.
Calgulated A data value which was calculated.
Intefpolated A data value which was interpolated.

In the case where Interpolated data is requested, and there is an actual raw value for|that
timestamp, the Server should set the ‘Raw’ bit in‘the StatusCode of that value.

Table 11 lists the bit settings which indicate’ additional important information about the data
valugs returned.

Table11 — Additional information

StatusCode Description
Partial A calculated-value that is not based on a complete interval. See 5.3.3.2.
Extja Data If a Server chooses to set this bit, it indicates that a Raw data value supersedes other data

at the)same timestamp.

Muljiple Values Multiple values match the Aggregate criteria (i.e. multiple minimum values or multiple wqrst
quality at different timestamps within the same Processinginterval).

The|conditions under which these information bits are set depend on how the data has keen
requested and state of the underlying data repository.

5.3.3.2 Partial Information Bit

Partial bit is used to indicate that the interval is not a complete interval and that a client may
receive a different value for the Aggregate if it re-fetches the interval with the same
parameters.

The Partial bit will be set in the following examples:

Assume for these examples the first stored point in the collection is 1:01:10 and the last
stored point in the collection is 1:31:20. Older data may exist but is unavailable or offline at
the time of the query. Newer data may be available but has not yet been stored in the history
collection.
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The interval that overlaps the beginning of the history collection. If the start time is
1:00:00 and end time is 1:10:00 and the interval is 2 minutes then the first interval
would have a partial bit set since it has no data for the first 70 seconds. The Partial bit
will always be set for the first interval with data if the start time of the interval is before
the first data value of the data collection. For intervals prior to the interval with a
partial bit, these intervals will be flagged Bad_NoData.

The interval that overlaps the latest point stored in the history collection. The last point
in the collection is 1:31:20 and the historian was not shut down and is still running. A
6-minute interval that started at 1:30:00 would have the Partial bit set because the
historian is expecting data, but just has not yet received anything. The Partial bit will

always be set for the last interval with data if the end time of the interval is after the

The
speq

5.4
5.4.

The
Sery

last data value stored in the data collection. Intervals entirely after the interval with a
Partial bit will be flagged Bad_NoData. For those Aggregates with extrapolation, the
Partial bit may be set. See the Aggregate specific characteristics for more details.

If the start/end time does not result in an even interval and there iscadditional Hata
beyond the end time then the last interval will have a Partial bit. If'the start time is
1:00:00 and end time is 1:20:00 and the interval is 6 minutes then the last intervpl is
just 2 minutes long and will have the partial bit set. Extrapolation_does not apply in|this
case.

Partial bit may be set with the Calculated bit when the Calculated bit is always set fof the
ific Aggregate.

Aggregate details
General

purpose of Subclause 5.4 is to detail thexrequirements and behaviour for OPC| UA
ers supporting Aggregates. The intent ist0 standardize the Aggregates so users|can

reliably predict the results of an Aggregate.computation and understand its meaning. If users

requ
ven

The

beh

ire custom functionality in the Aggregates, those Aggregates should be written as cugtom
or defined Aggregates.

standard Aggregates shall belas consistent as possible, meaning that each Aggregate’s
viour shall be similar to eyvery other Aggregate’s behaviour where input parameters, Raw

data, and boundary conditions-are similar. Where possible, the Aggregates should deal with

input and preconditions in.a*similar manner.

Subglause 5.4 is_.divided up into two parts. Subclause 5.4.2 deals with Aggrepate
characteristics and\behaviour that are common to all Aggregates. Subclause 5.4.3 deals |with

the ¢haracteristics*and behaviour of Aggregates that are aggregate-specific.

5.4.

5.4.

Comimon characteristics

A Description

Subclause 5.4.2 deals with Aggregate characteristics and behaviour that are common to all
Aggregates.

5.4.2.2 Generating intervals

To read Historical Aggregates, OPC clients shall specify three time parameters:

— startTime (Start)
— endTime (End)
— Processinglinterval (Int)
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The OPC Server shall use these three parameters to generate a sequence of time intervals
and then calculate an Aggregate for each interval. Subclause 5.4.2.2 specifies, given the
three parameters, which time intervals are generated. Table 12 provides information on the
intervals for each Start and End time combination. The range is defined to be |End — Start|.

All Aggregates return a timestamp of the start of the interval unless otherwise noted for the
particular Aggregate.

Table 12 — History Aggregate interval information

StartiEnd—TFime aterval Resutting-rtervale—————
Start = End Int = Anything No intervals. Returns a Bad_InvalidArgument
StatusCode, regardless of whether there is data\dat the
specified time or not.
Staft < End Int = 0 or Int 2 Range One interval, starting at Start and ending at End.
Includes Start, excludes End, i.e., [Starty End).
Staft < End Int # 0, Int < Range, Int Range/Int intervals. Intervals are.[Start, Start + Int),
divides Range evenly. [Start + Int, Start + 2 x Int),..., [End — Int, End).
Staft < End Int # 0, Int < Range, Int does | [ Range/Int]intervals. Intetvals are [Start, Start + Int),
not divide Range evenly. [Start + Int, Start + 2 x [fit):-.., [Start + ( [Range/Int /|-
1) x Int, Start + /[Rangé/int/x Int), [Start + [Range/Int /
x Int, End).
In other words, the’last interval contains the “rest” thHat
remains in the'xange after taking away | Range/Int|
intervals of size Int.
Staft > End Int = 0 or Int 2 Range One interval, starting at Start and ending at End.
Includes Start, excludes End, i.e.,[Start, End). @
Staft > End Int # 0, Int < Range, Int Rarnge/Int intervals. Intervals are [Start, Start- Int),
divides Range evenly. [Start— Int, Start — 2 x Int),..., [End + Int, End). 2@
Staft > End Int # 0, Int < Range, Int does I—Range/lnt—l intervals. Intervals are [Start, Start — Int),
not divide Range evenly: [Start —Int,Start — 2 x Int),..., [Start — ( [Range/Int/-|1)
x Int , Start — [Range/Int/x Int), [Start — [Range/Int | x
Int , End).
In other words, the last interval contains the “rest” that
remains in the range after taking away | Range/Int|
intervals of size Int starting at Start. @
@ In this case time is running backwards on the intervals.

The|calculation of alf Aggregates when time flows backwards is the same as when time flows
forwprds with the'exception that the ‘early time’ is excluded from the interval and the flate
timef is includéd. In most cases this means the value will be the same except the timestamps
are phiftedby one Processinginterval. E.g. when time flows forward the value at 7= » ig the
samg as the value at T=n + 1 when time flows backward.

Note that when determining Aggregates with Monitoreditem, the interval is simply the
Processinginterval parameter as defined in the AggregateFilter structure. See IEC 62541-4 for
more details.

5.4.2.3 Data types

Table 13 outlines the valid DataType for each Aggregate. Some Aggregates are intended for
numeric data types — i.e. integers or real/floating point numbers. Dates, strings, arrays, etc.
are not supported. Other Aggregates are intended for digital data types — i.e. Boolean or
enumerations. In addition some Aggregates may return results with a different DataType than
those used to calculate the Aggregate. Table 13 also outlines the data type returned for each
Aggregate .
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Table 13 — Standard History Aggregate Data Type information
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BrowseName

Valid Data Type

Result Data Type

Interpolation Aggregate

Interpolative

Numeric

Raw Data Type

Data Averaging

Aggregates
Average Numeric Double
TimeAverage Numeric Double
TimeAverage?2 Numeric Double
Total Numeric Double
Total2 Numeric Double

Data Variation

Aggregates
Minimum Numeric Raw data type
Maximum Numeric Raw data type
MinimumActualTime Numeric Raw data type
MaximumActualTime Numeric Raw datartype
Range Numeric Raw datatype
Minimum2 Numeric Raw data type
Maximum2 Numeric Raw data type
MinimumActualTime2 Numeric Raw data type
MaximumActualTime2 Numeric Raw data type
Range2 Numeric Raw data type

Counting Aggregates
AnnotationCount All Integer
Count All Integer
DurationInStateZero Numeéric or Boolean Duration
DurationInStateNonZero Numeric or Boolean Duration
NumberOfTransitions Numeric or Boolean Integer

Time Aggregates

Start All Raw data type
End All Raw data type
Delta Numeric Raw data type
StartBound All Raw data type
EndBound All Raw data type
DeltaBounds Numeric Raw data type

Data Quality Aggregates

DurationGood All Duration
DurationBad All Duration
PercentBad All Double
WorstQuality All StatusCode
WorstQuality2 All StatusCode
Statistical Aggregates
StandardDeviationSample Numeric Double
VarianceSample Numeric Double
StandardDeviationPopulati | Numeric Double
on
VariancePopulation Numeric Double
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5.4.2.4 Time calculation issues

The following issues may come up when calculating Aggregates that include time as part of
the calculation.

o All Aggregate calculations include the startTime but exclude the endTime. However, it is
sometimes necessary to return an Interpolated End Bound as the value for an Interval with
a timestamp that is in the Interval. Servers are expected to use the time immediately
before endTime where the time resolution of the Server determines the exact value (do not
confuse this with hardware or operating system time resolution). For example, if the
endTime is 12:01:00, the time resolution is 1 second, then the EffectiveEndTime is

19.00.L0 e Ll 4
<.UU.JJ. LIl Luic \JGI vClT lIIIIU IUDUIULIUII Ib I IIIIIIIDU\;UIIU lIIC l_llcbllVGl_llulllll, |S

12:00:59.999.

If time is flowing backwards, Servers are expected to use the time immediately after
éndTime where the time resolution of the Server determines the exact value.

e |If there is one data point in the Interval and it falls on the StartTime the time-duration dyised
in calculations is one unit of the time resolution of the Server.

5.4.3 Specific aggregated data handling
5.4.3.1 General

Whgn accessing aggregated data using the HistoryRead,“or the CreateMonitoredliems
Service, the following rules are used to handle specific Aggregate use cases.

If Processinginterval is 0, the Server shall create oné Aggregate value for the entire fime
rande. This allows Aggregates over large periods ©f time. A value with a timestamp equal to
endfime will be excluded from that Aggregate, just as it would be excluded from an intgrval
with| that ending time. If the Processinginterval-of 0 is passed in the MonitoredltemFilfer it
shall be revised to a suitable non-zero value.

The|timestamp returned with the Aggregate shall be the time at the beginning of the intefval,
excgpt where the Aggregate specifies\a different timestamp.

If alrequested timestamp is set-to anything but the source timestamp the operation shall
retufn the Bad_TimestampToReturninvalid StatusCode. If a requested timestamp is| not
supported in any other,k way for a HistoricalDataNode, the operation shall return] the
Bad| TimestampNotSupported StatusCode. For Monitoredltem the Server shall not return past
datq if a requested timestamp is not supported by the history collection.

5.4.3.2 StatusCode calculation
5.4.3.2.1 General

StathCodes for an Aggregate value shall take mto account the values used to calcylate
llow

the client to control how this calculation is done if supported by the Server.

If an Aggregate operates on raw values (e.g. Average) the calculation is done by counting
values. If an Aggregate operates on raw values but can also return a Bounding Value then the
Bounding Values are included in the count when computing the StatusCode. If an Aggregate
does any sort of a time weighted calculation (e.g. TimeAverage or TimeAverage2) then the
StatusCode calculation shall also be time weighted.

For purposes of calculating time weighted StatusCodes each interval shall be divided into
regions of Good or Bad data. Creating these regions requires that the bounding values be
calculated for each interval and the type of bounding value depends on the Aggregate.
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If TreatUncertainAsBad = False then Uncertain regions are included with the Good regions
when calculating the above ratios, if the TreatUncertainAsBad = True then the Uncertain
regions are included as Bad regions. The StatusCode of the value is still treated as Uncertain
when the StatusCode for the result is calculated. If no Bad regions are in the interval then the
StatusCode for the interval is Good. For any intervals containing regions where the
StatusCodes are Bad, the total duration of all Bad regions is calculated and divided by the
width of the interval. The resulting ratio is multiplied by 100 and compared to the
PercentDataBad parameter. The StatusCode for the interval is Bad if the ratio is greater than
or equal to the PercentDataBad parameter. For any interval which is not Bad, the total
duration of all Good regions is then calculated and divided by the width of the interval. The
resulting ratio is multiplied by 100 and compared to the PercentDataGood parameter. The
StatflsCode for the Interval 1s Good | € rauo 1s greater than or equal 10| the
PergentDataGood parameter. If for an interval neither ratio applies then that intérval is
Uncertain_DataSubNormal.

If there is no data in the interval and the interval is inside the range [StartOfRatal-EndOfData
star{ of data, end of data] and the Aggregate return data type is raw data’ type then| the

StatysCodes for the interval will be Bad_NoData unless-the-Aggregate-specific-characteristics
detdrmine otherwise an alternate status code is defined for a specific Aggregate.

The|width of an interval is the Processinginterval unless it is acpartial interval (i.e. hag the
Partjal bit set). In these cases, the width is the time used whenscalculating the partial interpyal.

Subg¢lauses 5.4.3.2.2 and 5.4.3.2.3 include diagrams that illustrate a request and data series.
The|colour of the time axis indicates the status for different regions. Red indicates Bad, gfeen
indigates Good and orange indicates UnCertain. These examples assume
TregtUncertainAsBad = False.

5.4.3.2.2 Sloped Interpolation and Simple'Bounding Values

Figure 2 illustrates a data series for Varjiable with Stepped = False and an Aggregate |that
useg Simple Bounding Values. The request being processed has a Start Time that falls bgfore
the first point in the series and an End Time that does not fall on an integer multiple of the
Progessinginterval.

Interpotated bounds Simple bounds
Initial point Final point
]

e Stepped

) extrapolation
4
o
Q /

a) =) Y Clomant

JL éj ~ UIUPC\J.
extrapolation

Start time Bad point End time IEC

Figure 2 — Variable with Stepped = False and Simple Bounding Values

The first interval has four regions:

o the period before the first data point;
o the period between the first and second where Slopedinterpolation can be used;

o the period between the second and third point where Steppedinterpolation is used;
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e the period after the Bad point where no data exists.

A region is Uncertain if a region ends in a Bad or Uncertain value and Slopedinterpolation is
used. The end point has no effect on the region if Steppedinterpolation is used.

The second interval has three regions:

o the period before the first Good data point where no data exists;
e the period between the first and second where Slopedinterpolation can be used;

e the period between the second point and the bound calculated with
Slopedinterpolation.

Thelthird interval has three regions:

4 the period between the simple bound and the first data point;
4 the period between the first point and an interpolated point that falls-on‘the end timle;
4 the period after the end time which is ignored.
This| is a partial region and the data after the end time is not used, however, if slgped

interpolation is used and the point after the endpoint is Uncertain(th€n the region betweer| the
last point and the end time will be Uncertain.

5.4.3.2.3 Stepped Interpolation and Interpolated Bounding Values

Figure 3 illustrates a data series for Variable with Stepped = True and an Aggregate that lises
Intefpolated Bounding Values. The request being.processed has a Start Time that falls bgfore
the first point in the series and an End Time that*does not fall on an integer multiple of the
Progessinglnterval.

Interpolated bounds ~ Simple bounds

Bad point
Initial point
(- Final point
o b\
) 1
) § O—~Q@<— Sloped
extrapolation

Start time End time

Figure 3 — Variable with Stepped = True and Interpolated Bounding Values

The first interval has three regions:

e the period before the first data point;
e the period between the first and second where Steppedinterpolation is used;
e the period between the second and the interpolated end bound.
The Bad point is ignored because of the interpolated end bound but this does create

Uncertain regions. If Slopedinterpolation was used the Uncertain region would start at the
second point. In this case, it only starts when the first Bad value is ignored.
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The second interval has three regions:

o the period between the start bound and the first data point;

e the period between the first and second where Steppedinterpolation is used,;
o the period between the second and the interpolated end bound.

The third interval has three regions:

e the period between the interpolated bound and the first data point;

o the period between the first point and an interpolated point that falls on the end time;

4 the period after the end time which is ignored.

This|is a partial region and the data after the end time is not used.

5.4.3.3 Description

Subg¢lause 5.4.3.3 deals with Aggregate specific characteristics and behaviour that is sp€

to a|particular Aggregate.

Each subclause has a table which formally expresses the Aggregate behaviour (including
excgptions). The meaning of each of the fields in the table is described in Table 14.

Desgription of Table 14:

of valid selections.

4 The first column is the common name for the~item.

4 The second part of the table describés how the status associated with the Aggre
calculation is computed.

4 The last part of the table lists.what behaviour is expected from the Aggregate for s
common special cases. These behaviours require text descriptions so there is ng

Table 14 — Aggregate table description

cific

any

4 The second column includes a descriptionvof the item and a list of the valid selecffons
with for the item including a description ‘@f‘each selection.

gate

pme
list

Aggregate Characteristics

()

Typ

The type of Aggregate.

<Interpolated | Calculated | Raw>

Interpolated: See definition for Interpolated.

Calculated: Computed from defined calculation.

Raw: Selects a raw value trom within an interval.

Data Type

The data type of the result.

<Double | Int32 | Same as Source>

Use Bounds

How the Aggregate deals with bounds.

<None | Interpolated | Simple>

None: Bounds do not apply to the Aggregate.
Interpolated: Uses Interpolated Bounds.

Simple: Uses Simple Bounds.
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Aggregate Characteristics

Timestamp

What is the time stamp of the resulting Aggregate value:

<startTime | endTime | Raw>

startTime: The time at the start of the interval.
endTime: The time at the end of the interval.

Raw: The time associated with a value in the interval.

StafusCode Calculations

Calgulation Method

How the status code is calculated:

<PercentValues | PercentTime | Custom>

PercentValues: Based on percentage of value counts.
PercentTime: Based on percentage of time interval.

Custom: Specific to the Aggregate (description included).

Partial For partial intervals does the Aggregate set this 'bit

<Set Sometimes | Not Set>

It may also describe any special cases)for setting this bit
Calgulated Describes the usage of the calculated bit.

<Set Always | Set Sometimes'{ Not Set>

Set Always: The bit is‘always set.
Set Sometimes: The"bit is sometimes set (describes when).

Not Set: The'bitsiis never set.

Intefpolated

Describes-the usage of the interpolated bit.

<Set*Always | Set Sometimes | Not Set>

Set Always: The bit is always set.
Set Sometimes: The bit is sometimes set (describes when).

Not Set: The bit is never set.

Ra

Describes the usage of the Raw bit.

<Set Always | Set Sometimes | Not Set>

Set Always: The bit is always set.

Set Sometimes: The bit is sometimes set (describes when).

Not Set: The bit is never set.

Multi Value

Describes the usage of the multi value bit.

<Set Sometimes | Not Set>

Set Sometimes: The bit is used (see IEC 62541-11).

Not Set: The bit is never set.
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Aggregate Characteristics

StatusCode Common Special Cases

Before Start of Data

If the entire interval is before the start of data.

After End of Data

If the entire interval is after the end of data (as determined by the Historian).

Start Bound Not Found

If the starting bound is not found for the earliest interval and it is not partial,
then what, if any, special processing should be done.

End Bound Not Found

If the ending bound is not found for the latest interval and it is not partial, then
what, if any, special processing should be done.

Bound Bad

If the Bounding value is Bad, then what, if any, special processing should be

done.

Bound Uncertain

If the Bounding value is uncertain, then what, if any, special processingsshould
be done.

5.4.3.4 Interpolative

The|lnterpolative Aggregate defined in Table 15 returns the Interpolated Bounding Value [see

3.1.8) for the startTime of each interval.

Whegn searching for Good values before or after the bounding yalue, the time period sear¢hed
is Server specific, but the Server should search a time rangé which is at least the size of the

Progessinglinterval.
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Table 15 - Interpolative Aggregate summary

Interpolated Aggregate Characteristics

Type Interpolated
Data Type Same as Source
Use Bounds Interpolated
Timestamp StartTime
StatusCode Calculations

Calculation Method Custom

Good if no Bad values skipped and Good values are used, Uncertain if Bad
values skipped or if Uncertain values are used. If no starting value then
Bad_NoData. See description of Interpolated Bounds (see 3.1.8) for more

details
Parfial bit Not Set
Calgulated bit Not Set

Intefpolated bit

Set Sometimes
Always set except for when the Raw bit is set

Raw bit Set Sometimes

If a value exists with the exact time of interval Start
Mulji Value bit Not Set
StajusCode Common Special Cases

Befpre Start of Data

Return Bad_NoData

Aftdr End of Data

Return extrapolated value (se€, 3.1.8) (sloped or stepped according to settings)
Status code is Uncertain_DataSubNormal.

Staft Bound Not Found

Bad_NoData.

End Bound Not Found

See “After End of Data”

Bound Bad

Does not returp;asBad bound except as noted above

Bound Uncertain

Returned Ungertain_DataSubNormal if any Bad value(s) was/were skipped to
calculate the bounding value.

5.4.3.5 Average

The|Average Aggregate:defined in Table 16 adds up the values of all Good Raw data for ¢ach
inteqval, and dividesthe sum by the number of Good values. If any non-Good values| are
ignored in the twcomputation, the Aggregate StatusCode will be determined using| the
StatysCode Calculation (see 5.3). This Aggregate is not time based so |the
PergentGood/PercentBad applies to the number of values in the interval.
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Table 16 — Average Aggregate summary

Average Aggregate Characteristics

Type Calculated
Data Type Double
Use Bounds None
Timestamp StartTime

StatusCode Calculations

Calgulation Method

PercentValues

Partial Not Set
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Bounds not used

No End Bound

Bounds not used

Bound Bad

Bounds not used

Bound Uncertain

Bounds not used

5.4.3.6 TimeAverage

The|TimeAverage Aggregate defined in Table 17 uses Interpolated Bounding Values
3.1.8) to find the value of a.point at the beginning and end of an interval. Starting af
starfing bounding value a straight line is drawn between each value in the interval endin
the ¢nding bounding value (see examples for illustrations). The area under the lines is div|

see
the
g at
ded

by the length of the Pfecessinglnterval to yield the average. Note that this calculation always
useg a sloped line between points; TimeAverage2 uses a stepped or sloped line depending on

the yalue of the Stepped Property for the Variable.

If orle or mare Bad Values exist in the interval then they are omitted from the calculation
the |StatusCode is set to Uncertain_DataSubNormal. Sloped lines are drawn between
Goof yalues when calculating the area.

The time resolution used in this calculation is Server specific.

and
the
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Table 17 — TimeAverage Aggregate summary
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TimeAverage Aggregate Characteristics

Type

Calculated

Data Type

Double

Use Bounds

Interpolated

Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom

Good if no Bad values skipped and Good values are used, Uncertain4f/Bad
values are skipped or if Uncertain values are used

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Value extrapolated, Uncertdin status

No Btart Bound

Calculate Partial Interval

No End Bound Extrapolate data, Uncertain status
Bound Bad NA
Bound Uncertain NA

5.4.3.7

The|TimeAverage2 Aggregate defined in Table 18 uses Simple Bounding Values (see 3
to find the value of a“point at the beginning and end of an interval. Starting at the sta
bounding value_a straight line is drawn between each value in the interval ending at
ending boundifgalue (see examples for illustrations). The area under the lines is divide
the |ength af the Processinginterval to yield the average. Note that this calculation us
stepjped ,orsloped line depending on what the value of the Stepped Property for the Varig

TimeAverage2

TimeAverage always uses a sloped line between points.

1.9)
rting
the
d by
BS a
ble;

The time resolution used in this calculation is Server specific.

If any non-Good data exists in the interval, this data is omitted from the calculation and the
time interval is reduced by the duration of the non-Good data; i.e. if a value was Bad for 1
minute in a 5-minute interval then the TimeAverage2 would be the area under the 4-minute
period of Good values divided by 4 minutes. If a sub-interval ends at a Bad value then only
the Good starting value is used to calculate the area of sub-interval preceding the Bad value.

The Aggregate StatusCode will be determined using the StatusCode Calculation (see 5.3).
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Table 18 — TimeAverage2 Aggregate summary

TimeAverage2 Aggregate Characteristics

Type Calculated
Data Type Double
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Bound is Bad_NoData and tréated as any other Bad value in the interval
No End Bound Bound is Bad_NoData and‘treated as any other Bad value in the interval
Bound Bad Treated as any other Bad value in the interval

Bound Uncertain Treated as any other Uncertain value in the interval

5.4.3.8 Total

The|Total Aggregate definedin-Table 19 performs the following calculation for each interv
Totgl = TimeAverage x.Rrocessinglnterval (seconds)

where: TimeAverage is the result from the TimeAverage Aggregate, using
Progessingintetval supplied to the Total call.

The|resulting units would be normalized to seconds, i.e. [TimeAverage Units] x seconds.

Al

the

Thel _Aggregate StatusCode will be determined using the StatusCode Calcula
(see 5.3).

ition
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Table 19 — Total Aggregate summary

Total Aggregate Characteristics

Type

Calculated

Data Type

Double

Use Bounds

Interpolated

Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom

Good if no Bad values are skipped and Good values are used, Uncertain-if B
values are skipped or if Uncertain values are used

Ad

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Value extrapolated, Uncertdin status

No Btart Bound

Calculate Partial Interval

No End Bound

Extrapolate data, Uncertain status

Bound Bad

NA

Bound Uncertain

NA

5.4.3.9 Total2

The

Total2 Aggregate défined in Table 20 performs the following calculation for each inter

Totgl2 = TimeAverage2 x Processinglnterval of Good data (seconds)

whe
Prod

The

re TimeAverage?2 is the result from the TimeAverage2 Aggregate, using
essinglaterval supplied to the Total2 call.

interval of Good data is the sum of all sub-intervals where non-Bad data exists; i.e.

val:

the

if a

value was Bad for 1 minute in a 5-minute interval then the interval of Good data would be the

4-mi
The

The
(see

nute period.

resulting units would be normalized to seconds, i.e. [TimeAverage2 Units] x seconds.

Aggregate StatusCode will be determined using the StatusCode Calculation

5.3).
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Table 20 — Total2 Aggregate summary

Total2 Aggregate Characteristics

Type Calculated
Data Type Double
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentTime
Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befopre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Value for Bound is Bad_NoData and is treated like any other Bad quality valy
in the calculation (ignored)

[)

No End Bound Value for Bound is Bad_NoData and is treated like any other Bad quality valye
in the calculation (ignotéd)
Bound Bad Value is treated like any other Bad quality value in the calculation (ignored)

Bound Uncertain

Value is treated’like any other non-Good quality value in the calculation
(ignored)

5.4.3.10 Minimum

The|Minimum Aggredate defined in Table 21 retrieves the minimum Good raw value within
intefval, and returns jthat value with the timestamp at-which-that-value-occurs the start o
intefval. Note that\if the same minimum exists at more than one timestamp;—the-cldestos
retripved-and the MultipleValues bit is set.

Unlgss, 6therwise indicated, StatusCodes are Good, Calculated. If the minimum value i
stacitime the status code will be Good, Raw. If only Bad quality values are available

the

the
the

then

b : " ! = T W D
the SlAlUS 1S TCWITTICU d5 Dau_INULDJdld.

The timestamp of the Aggregate will

Processinglinterval.

always be the start of the

interval for every
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Table 21 — Minimum Aggregate summary
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Minimum Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

If no Bad values then the Status is Good. If Bad values exist then the{Status
Uncertain_SubNormal. If an Uncertain value is less than the minimtim Good
value the Status is Uncertain_SubNormal.

is

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Sometimes

If the Minimum value is not on the StartTime of the interval or if the Status w.
set to Uncertain_SubNormal because of non-Geod values in the interval

AS

Intefpolated

Not Set

Raw Set Sometimes
If Minimum value is on the StartTime of the interval
Mulji Value Set Sometimes

If multiple Good values exist\with the Minimum value

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

Start Bound

Not Applicable

End Bound

NetApplicable

Bound Bad

Neot Applicable

Bound Uncertain

Not Applicable

5.4.3.11 Maximum

The
the
the

Maximum Aggregate defined in Table 22 retrieves the maximum Good raw value w,
nterval, and returns that value with the timestamp at-which-that-value-ocecurs the start of
ni€val. Note that if the same maximum exists at more than one timestamp,—the—ol

ithin

oot

onpetsrethevedaana the NMUItiplevalues DIT IS Set.

Unless otherwise indicated, StatusCodes are Good, Calculated. If the minimum value is on

the interval start time the status code will be Good, Raw.

available then the status is returned as Bad_NoData.

The timestamp of the Aggregate will

Processinginterval.

always be the start of the

If only Bad quality values are

interval for every
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Table 22 — Maximum Aggregate summary

Maximum Aggregate Characteristics

Type Calculated
Data Type Same as Source
Use Bounds None
Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom
If no Bad values then the Status is Good. If Bad values exist then the{Status |is
Uncertain_SubNormal. If an Uncertain value is greater than the maximum Ggod
value the Status is Uncertain_SubNormal
Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Sometimes
If the Maximum value is not on the startTime of the.nterval or if the Status whs
set to Uncertain_SubNormal because of non-Geod values in the interval
Intefpolated Not Set
Ray Set Sometimes
If Maximum value is on the startTime of the interval
Mulji Value Set Sometimes
If multiple Good values exist\with the Maximum value
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Not Applicable
No End Bound NetApplicable
Bound Bad Neot Applicable
Bound Uncertain Not Applicable
5.4.3.12 MinimumActualTime
The| MinimumActualTime Aggregate defined in Table 23 retrieves the minimum Good |raw
value within the interval, and returns that value with the timestamp at which that value ocgurs.

Nots

that if the same minimum exists at more than one timestamp, the oldest one is retriefved

and

the Aggregate BItS are set to MultiplevVatues.
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Table 23 — MinimumActualTime Aggregate summary

MinimumActualTime Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp Time of Minimum

StatusCode Calculations

Calgulation Method Custom

If no Bad values then the Status is Good. If Bad values exist then the{Status [is
Uncertain_SubNormal. If an Uncertain value is less than the minimtim Good
value the Status is Uncertain_SubNormal

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Sometimes
If the Status was set to Uncertain_SubNormal because of non-Good values i
the interval

Intefpolated Not Set

Ray Set Sometimes

If a Good minimum value is returnéd

Mulji Value Set Sometimes

If multiple Good values exist\with the Minimum value

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Not Applicable
No End Bound NetApplicable
Bound Bad Neot Applicable
Bound Uncertain Not Applicable

5.4.3.13 MaximumActualTime

The| MaximumActualTime Aggregate defined in Table 24 is the same as |the
MinimumActualTime Aggregate, except that the value is the maximum raw value within the
inteqval.Note that if the same maximum exists at more than one timestamp, the oldest one is
1S are setto Multipte Vaiues:
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Table 24 — MaximumActualTime Aggregate summary

MaximumActualTime Aggregate Characteristics

Type

Calculated

Data Type

Same as Source

Use Bounds

None

Timestamp

Time of Maximum

StatusCode Calculations

Calgulation Method Custom
If no Bad values then the Status is Good. If Bad values exist then the{Status |is
Uncertain_SubNormal. If an Uncertain value is greater than the maximum Gdgod
value the Status is Uncertain_SubNormal
Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Sometimes
If the Status was set to Uncertain_SubNormal betause of non-Good values i
the interval
Intefpolated Not Set
Ray Set Sometimes
If a Good maximum value is returped
Mulji Value Set Sometimes
If multiple Good values exist\with the maximum value
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Not Applicable
No End Bound NetApplicable
Bound Bad Neot Applicable
Bound Uncertain Not Applicable
5.4.3.14 Range
The|RangerAggregate defined in Table 25 finds the difference between the maximum|and
minimum_Good raw values in the interval. If only one Good value exists in the interval| the
bred
S IS

Uncertain_DataSubNormal.
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Table 25 — Range Aggregate summary
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Range Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

If no Bad values then the Status is Good. If Bad values exist then the{Status
Uncertain_SubNormal. If an Uncertain value is greater than the maximum or
less than the minimum Good value the Status is Uncertain_SubNormal

is

Partial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ray Not Set

Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Not Applicable

No End Bound Not Applicable

Bound Bad Not Applicable

Bound Uncertain Not Applicable

5.4.

The
inter
Bou
Valy
Stat

Agg
Inte

8.15 Minimum2

polated.

Minimum2 Aggregate defined in Table 26 retrieves the minimum Good value for
val as defined for-Minimum except that Simple Bounding Values are included. The Simple
nding Values\for the interval are found according to the definition of Simple Bounging
es (see /3.1.9). Any Bad values are
ysCode(wijll be determined using the StatusCode Calculation (see 5.3) for time based
regates=>If a bounding value is returned then the status will indicate, Raw, Calculategd or

ignored in the computation.

ach

The Aggregate

If TreatUncertainAsBad is false and an Uncertain raw value

is the minimum then

Uncertain value is used. Uncertain values are ignored otherwise.

that

If sloped interpolation is used and the End bound is the minimum value then End bound is
used as the Minimum with the timestamp set to the startTime of the interval. The End bound is

igno

red in all other cases.
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Table 26 — Minimum2 Aggregate summary

Minimum2 Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Sometimes

Set unless the StartBound is the Minimum

Intefpolated Set Sometimes

If an Interpolated bound is the Minimum

Raw Set Sometimes

If a raw value is the Minimum.

Mulji Value Set Sometimes

If more than one Good values exist’with the same

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning value as Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as Bad_NoData and compute the Aggregate
Bound Bad Use as_value and compute the Aggregate as defined

Bound Uncertain Use\as value and compute the Aggregate as defined

5.4.3.16 Maximum2

The|Maximum2<Aggregate defined in Table 27 retrieves the maximum Good value for ¢ach

inteval as défined for Maximum except that Simple Bounding Values are included.
Simple Bounding Values for the interval are found according to the definition of Si

The
nple

Bouhding Values (see 3.1.9). Any Bad values are ignored in the computation. The Aggre

Interpolated.

If TreatUncertainAsBad is false and an Uncertain raw value is the maximum then
Uncertain value is used. Uncertain values are ignored otherwise.

pate

StatusCaode will be determined using the StatusCode Calculation (see 5.3) for time based
Agg.'%&@@g%&@mdiwmw i il indi d or

that

If sloped interpolation is used and the End bound is the maximum value then End bound is
used as the maximum with the timestamp set to the startTime of the interval. The End bound

is ignored in all other cases.
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Table 27 — Maximum2 Aggregate summary

Maximum2 Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method

PercentTime

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Sometimes

Set unless the StartBound is the Maximum

Intefpolated

Set Sometimes

If an Interpolated bound is the Maximum

Raw Set Sometimes
If a raw value is the Maximum.
Mulji Value Set Sometimes

If more than one Good values exist’with the same

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Treat the beginning value as Bad_NoData and compute the Aggregate

No End Bound

Treat the ending value as Bad_NoData and compute the Aggregate

Bound Bad

Use as_value and compute the Aggregate as defined

Bound Uncertain

Use\as value and compute the Aggregate as defined

5.4.3.17 MinimumiActualTime2

The|MinimumAectualTime2 Aggregate defined in Table 28 retrieves the minimum Good V|
for gach interval-as defined for MinimumActualTime except that Simple Bounding Values
inclyded. The/Simple Bounding Values for the interval are found according to the definitig
Simple Bounding Values (see 3.1.9). Any Bad values are ignored in the computation.
Aggregate StatusCode will be determined using the StatusCode Calculation (see 5.3) for

based~Aggregates If a bounding value is returned then the status will indicate F

alue
are
n of
The
time

Calculated or Interpolated.

If TreatUncertainAsBad is false and an Uncertain raw value is the minimum then
Uncertain value is used. Uncertain values are ignored otherwise.

Raw,

that

If sloped interpolation is used and the End bound is the minimum value then End bound is
used as the minimum with the timestamp set to the EffectiveEndTime of the interval. The End
bound is ignored in all other cases.
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Table 28 — MinimumActualTime2 Aggregate summary

MinumumActualTime2 Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp Time of minimum

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes
If an interval is not a complete interval

Calgulated Not Set

Intefpolated Set Sometimes

If an Interpolated bound is the Minimum

Ra Set Sometimes

If a raw value is the Minimum

Mulji Value Set Sometimes

If more than one Good values exist with the same value

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning'walue as Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as Bad_NoData and compute the Aggregate
Bound Bad Use as value and compute the Aggregate as defined

Bound Uncertain Use ag value and compute the Aggregate as defined

5.4.3.18 MaximumActualTime2

The|MaximumActualTime2 Aggregate defined in Table 29 retrieves the maximum Good vglue
for gach interval ‘as defined for MaximumActualTime except that Simple Bounding Valueq are
inclyded. ThesSimple Bounding Values for the interval are found according to the definitign of
Simple Bouhdihg Values (see 3.1.9). Any Bad values are ignored in the computation. |The
AggtegatesStatusCode will be determined using the StatusCode Calculation (see 5.3) for time
based Aggregates. If a bounding value is returned then the status will indicate, Raw,
Caldulated or Interpolated.

If TreatUncertainAsBad is false and an Uncertain raw value is the maximum then that
Uncertain value is used. Uncertain values are ignored otherwise.

If sloped interpolation is used and the End bound is the maximum value then End bound is
used as the maximum with the timestamp set to the EffectiveEndTime of the interval. The End
bound is ignored in all other cases.
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Table 29 — MaximumActualTime2 Aggregate summary

MaximumActualTime2 Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp Time of maximum

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Not Set

Intefpolated Set Sometimes

If an Interpolated bound is the Maximum

Ra Set Sometimes

If a raw value is the Maximum

Mulji Value Set Sometimes

If more than one value is equal to the Maximum

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning'walue as Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as Bad_NoData and compute the Aggregate
Bound Bad Use as value and compute the Aggregate as defined

Bound Uncertain Use ag value and compute the Aggregate as defined

5.4.3.19 Range2

The|Range2 Aggregate defined in Table 30 finds the difference between the maximum
minimum values %in. the interval as returned by the Minimum2 and Maximum2 Aggrega
Note that the range is always zero or positive.

and
ites.
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Table 30 — Range2 Aggregate summary

Range2 Aggregate Characteristics
Type Calculated
Data Type Same as Source

Use Bounds

Simple (used in Minimum2 and Maximum2 calculations)

Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom

If Minimum2 or Maximum2 are Bad then the status is Bad_NoData. If{Minimu
or Maximum2 are Uncertain then the status is Uncertain_DataSubNormal. Gd
otherwise

m2
od

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set
StajusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData

No Btart Bound

Handled by Minimum2@nd Maximum2

No End Bound

Handled by Minimum2 and Maximum2

Bound Bad

Handled by Minimum2 and Maximum2

Bound Uncertain

Handled, byy Minimum2 and Maximum2

5.4.3.20 AnnotationCount

The|AnnotationCount-Aggregate defined in Table 31 returns a count of all Annotations ir

inteqval.

The|StatusCodes are Good, Calculated.

the
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Table 31 — AnnotationCount Aggregate summary

AnnotationCount Aggregate Characteristics

Type Calculated

Data Type Int32 (negative values are not allowed)
Use Bounds None

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom

Good unless the interval is before the start of data or after the end ofidata

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Does not apply

No End Bound Does not apply

Bound Bad Does not apply

Bound Uncertain Does not apply.

5.4.3.21 Count

The|Count Aggregate defined in Table 32 retrieves a count of all the raw values within an
intenval. If one or more.raw values are non-Good, they are not included in the count, and the
Aggfegate StatusCode)is determined using the StatusCode Calculation (see 5.4.3) for pon-

timelbased Aggregates. If no Good data exists for an interval, the count is zero.

Unlgss otherwise indicated, StatusCodes are Good, Calculated.
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Table 32 — Count Aggregate summary

Count Aggregate Characteristics

Type Calculated

Data Type Int32 (negative values are not allowed)
Use Bounds None

Timestamp StartTime

StatusCode Calculations

Calgulation Method

PercentValues

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befopre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Does not apply

No End Bound Does not apply
Bound Bad Does not apply
Bound Uncertain Does not apply

5.4.3.22 DurationinStateZero

The|DurationInStateZero Aggregate defined in Table 33 returns the time Duration during the
inteval that the Variable was in the zero state. The Simple Bounding Values for the intgrval
are psed to determine initial value (start time < end time) or ending value (if start time >[end
timel). If one or more/raw values are non-Good, they are not included in the Duration, anq the
Aggtegate StatusCode is determined using the StatusCode Calculation (see 5.3) for ftime
based Aggregates.-Duration is in milliseconds. Unless otherwise indicated, StatusCodeg are
Good, Calculated.



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

— 48 —

Table 33 — DurationInStateZero Aggregate summary

IEC 62541-13:2020 RLV © IEC 2020

DurationIlnStateZero Aggregate Characteristics

Type Calculated
Data Type Duration
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method

PercentTime

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befopre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Treat the beginning value as‘Bad_NoData and compute the Aggregate

No End Bound

Treat the ending value as,Bad_NoData and compute the Aggregate

Bound Bad

Use as value and compute the Aggregate as defined

Bound Uncertain

Use as value and\compute the Aggregate as defined

5.4.3.23 DurationinStateNonZero

The|DurationInStateNonZero\Aggregate defined in Table 34 returns the time Duration dy
the finterval that the Variable was in the one state. The Simple Bounding Values for
intefival are used to determine initial value (start time < end time) or ending value (if
time| > end time). If,one or more raw values are non-Good, they are not included in
Duration, and the Aggregate StatusCode is determined using the StatusCode Calculation
5.3)|for time based Aggregates.

Duration issinumilliseconds. Unless otherwise indicated, StatusCodes are Good, Calculated.

ring
the
start
the
see
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Table 34 — DurationInStateNonZero Aggregate Summary

DurationinStateNonZero Aggregate Characteristics

Type Calculated
Data Type Duration
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning value as‘Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as,Bad_NoData and compute the Aggregate
Bound Bad Use as value and compute the Aggregate as defined

Bound Uncertain Use as value and\compute the Aggregate as defined

5.4.3.24 NumberOfTransitions

The|NumberOfTransitions Aggregate defined in Table 35 returns a count of the numbgr of
transition the Variable had during the interval. If one or more raw values are Bad, they arg not
inclyded in the count, and the Aggregate StatusCode is determined using the StatusCGode
Caldulation (see 5.3)/feor non-time based Aggregates.

The|earliest transition shall be calculated by comparing the earliest non-Bad value in| the
intenval to thé¢previous non-Bad value. A transition occurred if no previous non-Bad value
exists or if\the earliest non-Bad value is different. The endTime is not considered part of the
inteqval,(so.a transition occurring at the endTime is not included.

Unlessotherwisemdicated—StatusCodesare Good;Catcutated:
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Table 35 — NumberOfTransitions Aggregate summary
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NumberOfTransitions Aggregate Characteristics

Type

Calculated

Data Type

Int32 (negative values are not allowed)

Use Bounds

Custom, a non-Bad value prior to the interval is used

Timestamp

StartTime

StatusCode Calculations

Calgulation Method

PercentValues

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Treat the beginning value as'Bad_NoData and compute the Aggregate

No End Bound

Treat the ending valug/as Bad_NoData and compute the Aggregate

Bound Bad

Use as value and\compute the Aggregate as defined

Bound Uncertain

Use as value.and compute the Aggregate as defined

5.4.3.25 Start

The|Start Aggregate defined in Table 36 retrieves the earliest raw value within the intefval,
and Jreturns that value«and status with the timestamp at which that value occurs. If no values
are |n the interval then)the StatusCode is Bad_NoData.
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Table 36 — Start Aggregate summary

Start Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None

Timestamp Time of Raw Value

StatusCode Calculations

Calgulation Method Custom

The raw value status is returned

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Not Set
Intefpolated Not Set
Ra Always
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Does not apply

No End Bound Does not apply

Bound Bad Does not apply

Bound Uncertain Does not apply.
5.4.3.26 End

The|End Aggregate defined™in Table 37 retrieves the latest raw value within the interval,
retufns that value and status with the timestamp at which that value occurs. If no values a
the interval then the StatusCode is Bad _NoData.

and
re in
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Table 37 — End Aggregate summary

End Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None

Timestamp Time of Raw Value

StatusCode Calculations

Calgulation Method Custom
The raw value status is returned
Parfial Set Sometimes
If an interval is not a complete interval
Calgulated Not Set
Intefpolated Not Set
Ra Always
Mul}i Value Not Set
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Does not apply
No End Bound Does not apply
Bound Bad Does not apply
Bound Uncertain Does not apply.
5.4.3.27 Delta
The|Delta Aggregate definéd in Table 38 retrieves the difference between the earliest|and
latest Good raw values.lin the interval. The Aggregate is negative if the latest value is |less
than the earliest value. The status is Uncertain_DataSubNormal if non-Good values| are

skip
Bad|

| NoData if noyGood raw values exist.

bed while looking for the first or last values. The status is Good otherwise. The statds is
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Table 38 — Delta Aggregate summary

Delta Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

Uncertain_DataSubNormal if non-Good values are skipped while looking-for
first or last values

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Not Set Always
Intefpolated Not Set
Raw Always
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Does not apply

No End Bound

Does not apply

Bound Bad

Does not apply,

Bound Uncertain

Does not apply

5.4.3.28

The|StartBound Aggregate’ defined in Table 39 returns the value and status at the Start]

StartBound

for the interval by calculating the Simple Bounding Values for the interval (see 3.1.9).
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Table 39 — StartBound Aggregate summary

StartBound Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

The status of the start bound.

Parfial Set Sometimes
If an interval is not a complete interval
Calgulated Not Set

Intefpolated

Set Sometimes

If the bound is interpolated

Raw Set Sometimes
If a value exists at the start time
Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Bad_NoData

No End Bound

Does not apply.

Bound Bad

Same as bound

Bound Uncertain

Same @as bound

5.4.3.29 EndBound

The|EndBound Aggregate defined in Table 40 returns the value and status at the EndTim
the interval by calculating the Simple Bounding Values for the interval (see 3.1.9).

The|timestamp returned is always the start of the interval and Calculated bit is set.

b for
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Table 40 - EndBound Aggregate summary

EndBound Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
The status of the end bound.
Parfial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Does not apply
No End Bound Bad_NoData
Bound Bad Same as bound
Bound Uncertain Same as bound
5.4.3.30 DeltaBounds

The
Star
be ¢
valu
start
Bad|
Unc

DeltaBounds Aggregate defined in Table 41 returns the difference between
{Bound and the EndBound Aggregates with the exception that both the start and end
bood. If the end (value is less than the start value, the result will be negative. If the
e is the same as)the start value the result will be zero. If the end value is greater thar
value, the«esult will be positive. If one or both values are Bad the return status wi
| NoData.>¢—=Iff one or both values are Uncertain the status will
brtain_DataSubNormal.

the
shall
end
the
| be

be
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Table 41 — DeltaBounds Aggregate summary

DeltaBounds Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

Good if both bounds are Good

Bad_NoData if either bound is Bad

Uncertain_DataSubNormal if either bound is uncertain

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Bad_NoData
No End Bound Bad_NoData
Bound Bad Bad_NoData
Bound Uncertain Uncertain_DataSubNormal

5.4.3.31 DurationGood

The
and

DurationGood(Aggregate defined in Table 42 divides the interval into regions of Good
non-Good data. Each region starts with a data point in the interval. If that data point is

Goofd the region-is Good. The Aggregate is the sum of the duration of all Good regdfions

expressed in milliseconds.

The|status of the first region is determined by finding the first data point at or before the

of theinterval If no value exists_the first rpginn is Bad

start

Each Aggregate is returned with timestamp of the start of the interval. StatusCodes are Good,

Calculated.
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Table 42 — DurationGood Aggregate summary

DurationGood Aggregate Characteristics

Type Calculated

Data Type Duration

Use Bounds Uses status of bounding value
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom

StatusCode is always Good, Calculated

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.32 DurationBad

The|DurationBad Aggregate defined in Table 43 divides the interval into regions of Bad|and
non{Bad data. Each region starts with a data point in the interval. If that data point is Bad the
region is Bad. The Aggregate is the sum of the duration of all Bad regions expressed in
milliseconds.

The|status ‘of-the first region is determined by finding the first data point at or before the start
of the interval. If no value exists, the first region is Bad.

Each Aggregate is returned with timestamp of the start of the interval. StatusCodes are Good,
Calculated.
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Table 43 — DurationBad Aggregate summary

DurationBad Aggregate Characteristics

Type Calculated

Data Type Duration

Use Bounds Uses status of bounding value
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom

StatusCode is always Good, Calculated

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.33 PercentGood

The|PercentGood Aggregaté defined in Table 44 performs the following calculation:
PercentGood'=/DurationGood / Processinginterval x 100

whefe:

DurationGood is the result from the DurationGood Aggregate, calculated using| the
Processinglinterval supplied to PercentGood call.

Prnr‘pqqinglnfpr\/nl is the duration of interval

If the last interval is a partial interval then the duration of the partial interval is used in the
calculation. Each Aggregate is returned with timestamp of the start of the interval.
StatusCodes are Good, Calculated.
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Table 44 — PercentGood Aggregate summary

PercentGood Aggregate Characteristics

Type Calculated

Data Type Double (percent)

Use Bounds Simple (used in DurationGood calculation)
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good
Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.34 PercentBad

The|PercentBad Aggregate defined in Table 45 performs the following calculation:

PercentBad=.DurationBad / Processinginterval x 100

whefe:

Processinglnterval supplied to PercentBad call.

Prnr‘pqqinglnfpr\/al is the duration of interval

DurationBad is the result from the DurationBad Aggregate, calculated using

the

If the last interval is a partial interval then the duration of the partial interval is used in the

calculation. Each Aggregate is returned with timestamp of the start of the

StatusCodes are Good, Calculated.

interval.
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Table 45 — PercentBad Aggregate summary

PercentBad Aggregate Characteristics

Type Calculated

Data Type Double (percent)

Use Bounds Simple (used in DurationBad calculation)
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good.
Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.35 WorstQuality

The|WorstQuality Aggregate-defined in Table 46 returns the worst status of the raw valugs in

the finterval where a Bad status is worse than Uncertain, which is worse than Good
distipction is made bétween the specific reasons for the status.

If multiple values:exist with the worst quality but different StatusCodes then the StatusCod
the first valueiis returned and the MultipleValues bit is set.

This| Aggregate returns the worst StatusCode as the value of the Aggregate.

The timestamp is always the start of the interval. The StatusCodes are Good, Calculated.

No

e of
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Table 46 — WorstQuality Aggregate summary

WorstQuality Aggregate Characteristics

Type Calculated
Data Type StatusCode
Use Bounds None
Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom

Always Good
Parfial Set Sometimes

If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Used
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.
The

in tH
disti

The

8.36 WorstQuality2

start bound-calculated using Simple Bounding Values (see 3.1.9) is always included W

determining the worst quality.

If m

IItiple values exist with the worst quality but different StatusCodes then the StatusCod

the firstwalue is returned and the MultipleValues bit is set.

This Aggregate returns the worst StatusCode as the value of the Aggregate.

The timestamp is always the start of the interval. The StatusCodes are Good, Calculated.

WorstQuality2 Aggregaté defined in Table 47 returns the worst status of the raw values
e interval where a_'Bad status is worse than Uncertain, which is worse than Good
nction is made bétween the specific reasons for the status.

No

hen

e of
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Table 47 — WorstQuality2 Aggregate summary

WorstQuality2 Aggregate Characteristics

Type Calculated

Data Type StatusCode

Use Bounds Simple

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good

Parfial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ra Not Set

Mul}i Value Used

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No Btart Bound

No special handing required

No End Bound

No special handing required

Bound Bad

No special handing required

Bound Uncertain

No special handing required

5.4.3.37 StandardDeviationSample

The|StandardDeviationSample Aggregate defined in Table 48 uses the formula:

n

> (x = Avglx))®

1

n—1

where<X is each Good raw value in the interval, Avg(X) is the average of the Good raw values,

and e tha niimbhar of (CAanAd rova yaliinc 1n tha intae ol
et e oo ooty Yoo o trrerree vt

For every interval where n = 1, a value of 0 is returned.
If any non-Good values were ignored, the Aggregate quality is uncertain/subnormal.

All interval Aggregates return timestamp of the start of the interval. Unless otherwise
indicated, qualities are Good, Calculated.

This calculation is for a sample population where the calculation is done on a subset of the
full set of data. Use StandardDeviationPopulation to calculate the standard deviation of a full
set of data (see 5.4.3.39). An example would be when the underlying data is sampled from
the data source versus stored on an exception basis.


https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

IEC 62541-13:2020 RLV © IEC 2020 - 63 -

Table 48 — StandardDeviationSample Aggregate summary

StandardDeviationSample Aggregate Characteristics

Type Calculated

Data Type StatusCode

Use Bounds Simple None

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good

Parfial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ra Not Set

Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No Btart Bound

No special handing required

No End Bound

No special handing required

Bound Bad

No special handing required

Bound Uncertain

No special handing required

5.4.3.38 VarianceSample

The| VarianceSample Aggrégate defined in Table 49 retrieves the square of the stan
deviption. Its behaviournis the same as the StandardDeviationSample Aggregate. Un

Hard
less

otherwise indicated, qualities are Good, Calculated.

This| calculationtis for a sample population where the calculation is done on a subset of the
full |populationt. Use VariancePopulation to calculate the variance of a full set of fata
(5.413.40),
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Table 49 — VarianceSample Aggregate summary

VarianceSample Aggregate Characteristics

Type Calculated

Data Type StatusCode

Use Bounds Simple None

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good

Parfial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ra Not Set

Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No Btart Bound

No special handing required

No End Bound

No special handing required

Bound Bad

No special handing required

Bound Uncertain

No special handing required

5.4.3.39 StandardDeviationPopulation

The|StandardDeviation Poptulation Aggregate defined in Table 50 uses the formula:

n

> (x = Avglx))?

1

n

where<X is each Good raw value in the interval, Avg(X) is the average of the Good raw values,

and e tha niimbhar of (CAanAd rova yaliinc 1n tha intae ol
et e oo ooty Yoo o trrerree vt

For every interval where n = 1, a value of 0 is returned.
If any non-Good values were ignored, the Aggregate quality is uncertain/subnormal.

All interval Aggregates return timestamp of the start of the interval. Unless otherwise
indicated, qualities are Good, Calculated.

This calculation is for a full population where the calculation is done on the full set of data.
Use StandardDeviationSample to calculate the standard deviation of a subset of the full
population (5.4.3.37). An example would be when the underlying data is collected on an
exception basis versus sampled from the data source.


https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

IEC 62541-13:2020 RLV © IEC 2020 - 65—

Table 50 — StandardDeviationPopulation Aggregate summary

StandardDeviationPopulation Aggregate Characteristics

Type Calculated
Data Type StatusCode
Use Bounds Simple None
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good
Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData

No Btart Bound

No special handing required

No End Bound

No special handing required

Bound Bad

No special handing required

Bound Uncertain

No special handing required

5.4.3.40 VariancePopulation

The|VariancePopulation Aggregate defined in Table 51 retrieves the square of the stangard
deviption. Its behaviour\is the same as the StandardDeviationPopulation Aggregate. Unless
otherwise indicated, qualities are Good, Calculated.

This| calculationtis for a full population where the calculation is done on the full set of data.
Use|VarianceSample to calculate the variance of a subset of the full population (5.4.3.38).
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Table 51 — VariancePopulation Aggregate summary

VariancePopulation Aggregate Characteristics

Type Calculated

Data Type StatusCode

Use Bounds Simple None

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good

Parfial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ra Not Set

Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No Btart Bound

No special handing required

No End Bound

No special handing required

Bound Bad

No special handing required

Bound Uncertain

No special handing required
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Annex A

(informative)

Aggregate Specific examples — Historical Access

A.1 Historical Aggregate specific characteristics
A.11 Example Aggregate data — Historian 1
For phrepurposesofHistortamt—examptes—considera—sourcehistortanmwith—the=feHeowingata
givep in Figure A.1:
T|mestamp Value StatusCode Notes
12:00:00 - Bad_NoData First archive entry, Point created
12:00:10 10 Raw, Good
12:00:20 20 Raw, Good
12:90:30 30 Raw, Good
12:00:40 40 Raw, Bad ANNOTATION: Operator 1
Jan-02-2012 8:00:00 Scan failed, Bad data entered
ANNOTATION:
Jan-04-2012 7:10:00 Value cannot be verified
12:00:50 50 Raw, Good ANNOTATION:) Engineer1
Jan-04-2012 7:00:00 Scanner fixed
12:01:00 60 Raw, Good
12:01:10 70 Raw, Uncertain | ANNOTATION: Technician_1
Jan-02-2012 8:00:00 Value flagged as questionable
12:01:20 80 Raw, Good
12:01:30 90 Raw, Gobd
null No Data No more entries, awaiting next scan
The|example historianlalso has Annotations associated with three data points.
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Figure A.1 — Historian 1

For the purposes of all Historian 1 examples:
) TreatUncertainAsBad = False. Therefore Uncertain values are included in Aggrepate

calls.
?) Stepped Attribute = False. Therefore Slopedinterpolation is used between data points.

) UseSlopedExtrapolation = False. Therefore SteppedExtrapolation is used at |end
boundary conditions.

4) PercentBad = 100, PercentGood\="100. Therefore if all values are Good then| the
quality will be Good, or if all values are Bad then the quality will be Bad, but if thefe is
some Good and some Bad thenthe quality will be Uncertain.

A.1.p Example Aggregate data — Historian 2

This| example is included (o  illustrate non-periodic data. For the purposes of Historian 2
examples consider a source historian with the-folowing data shown in Figure A.2:

Timestamp Value StatusCode Notes
12:00:00 - Bad_NoData First archive entry, Point created
12:90:02 10 Raw, Good
12:00:25 20 Raw, Good
12:00:28 25 Raw, Good
12:00-39 30 Raw,Good
12:00:42 - Raw, Bad Bad quality data received, Bad data entered
12:00:48 40 Raw, Good Received Good StatusCode value
12:00:52 50 Raw, Good
12:01:12 60 Raw, Good
12:01:17 70 Raw, Uncertain Value is flagged as questionable
12:01:23 70 Raw, Good
12:01:26 80 Raw, Good
12:01:30 90 Raw, Good

- No Data No more entries, awaiting next Value
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Figure A.2 — Historian 2

For the purposes of all Historian 2 examples:
) TreatUncertainAsBad = True. Therefore Uncertain values are treated as Bad, and not

included in the Aggregate call.
?) Stepped Attribute = False. Therefore Slépedinterpolation is used between data points.

) UseSlopedExtrapolation = False:\ Therefore SteppedExtrapolation is used at |end
boundary conditions.

4) PercentBad = 100, PercentGood = 100. Therefore unless if all values are Good fthen
the quality will be Good, or if all values are Bad then the quality will be Bad, but if
there is some Good and_some Bad then the quality will be Uncertain.

A1 Example Aggregate data — Historian 3

This| example is included to illustrate stepped data. For the purposes of Historian 3 examples
congider a source historian with the-fellowing data given in Figure A.3:

Timestamp Value StatusCode Notes
12:00:00 - Bad_NoData First archive entry, Point created
12:00:02 10 Raw, Good
12:00:25 26 Raw-Sood
12:00:28 25 Raw, Good
12:00:39 30 Raw, Good
12:00:42 - Raw, Bad Bad quality data received, Bad data entered
12:00:48 40 Raw, Good Received Good StatusCode value
12:00:52 50 Raw, Good
12:01:12 60 Raw, Good
12:01:17 70 Raw, Uncertain Value is flagged as questionable
12:01:23 70 Raw, Good
12:01:26 80 Raw, Good
12:01:30 90 Raw, Good
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Figure A.3 - Hjstorian 3

he purposes of all Historian 3 examples:

IEC

) TreatUncertainAsBad = True. Therefore Uncertain values are treated as Bad, and not

included in the Aggregate call:

) UseSlopedExtrapolation~ =
boundary conditions:

) ExampleAggregate data — Historian 4

Stepped Attribute = True. Therefore Steppedinterpolation is used between data points.
False. Therefore SteppedExtrapolation is used at [end

PercentBad = 50,\PercentGood = 50. Therefore data will be either Good or Bad quality.
Uncertain should not happen since a value is either Good or Bad.

This| example_is included to illustrate Boolean data. For the purposes of Historian 4 examjples
congider-asource historian with the following data:
Timestamp Value StatusCaode Notes

12:00:00 - Bad_NoData First archive entry, Point created

12:00:02 TRUE Raw, Good

12:00:25 FALSE Raw, Good

12:00:28 TRUE Raw, Good

12:00:39 TRUE Raw, Good

12:00:42 - Raw, Bad Bad quality data received, Bad data entered

12:00:48 TRUE Raw, Good Received Good StatusCode value

12:00:52 FALSE Raw, Good

12:01:12 FALSE Raw, Good

12:01:17 TRUE Raw, Uncertain Value is flagged as questionable
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Timestamp Value StatusCode Notes
12:01:23 TRUE Raw, Good
12:01:26 FALSE Raw, Good
12:01:30 TRUE Raw, Good
- No Data No more entries, awaiting next Value

For the purposes of all Historian 4 examples:

y—FreattneertaimAsBad—True—Therefore bneertam vatvesaretreated—=asBad;—=1d not
included in the Aggregate call.
?) Stepped Attribute = True. Therefore Steppedinterpolation is used between data-points.
B) UseSlopedExtrapolation = False. Therefore SteppedExtrapolation is.fused at |end
boundary conditions.
4) PercentGood = 100, PercentBad = 100.
For Boolean data interpolation and extrapolation shall always be stepped.
A.2| Interpolative
A.2.A Description
The|following examples demonstrate Interpolative Aggregate scenarios. This Aggregate does
not |apply to Historian 4. Processinginterval: 00:00:05, StartTime: 12:00:00, EndT|me:
12:01:40.
A.2.p Interpolative data
Historian 1
Tithestamp Value StatusCode Notes
12:00:00.000 BadNoData
12:00:05.000 BadNoData
12:¢0:10.000 | 10 Good
12:00:15.000 15 Good, Interpolated
12:00:20.000 | 20 Good
12:00:25.000 | 25 Good, Interpolated
12:00:30.000 | 30 Good
12:00:35.000 .35 UncertainDataSubNormal, Interpolated
12:00:40.000\ 140 UncertainDataSubNormal, Interpolated
12:00:45.000 | 45 UncertainDataSubNormal, Interpolated
12:00:50.000 | 50 Good
12:00:55.000 | 55 Good, Interpolated
12:01:00.000 | 60 Good
12:01:05.000 | 65 UncertainDataSubNormal, Interpolated
12:01:10.000 | 70 Uncertain
12:01:15.000 | 75 UncertainDataSubNormal, Interpolated
12:01:20.000 | 80 Good
12:01:25.000 | 85 Good, Interpolated
12:01:30.000 | 90 Good
12:01:35.000 | 90 UncertainDataSubNormal, Interpolated
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Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData
12:00:05.000 11.304 Good, Interpolated
12:00:10.000 13.478 Good, Interpolated
12:00:15.000 15.652 Good, Interpolated
12:00:20.000 17.826 Good, Interpolated
12:00:25.000 | 20 Good
12:00:30.000 25.909 Good, Interpolated
12:00:35.000 28.182 Good, Interpolated
12:00:40.000 | 31.111 UncertainDataSubNormal, Interpolated
12:00:45.000 36.667 UncertainDataSubNormal, Interpolated
12:00:50.000 | 45 Good, Interpolated
12:00:55.000 51.500 Good, Interpolated
12:01:00.000 54 Good, Interpolated
12:01:05.000 | 56.500 Good, Interpolated
12:01:10.000 59 Good, Interpolated
12:01:15.000 | 62.727 UncertainDataSubNormal, Interpolated
12:01:20.000 67.273 UncertainDataSubNormal, Interpolated
12:01:25.000 | 76.667 Good, Interpolated
12:01:30.000 | 90 Good
12:01:35.000 ;gQ—E,QQ UncertainDataSubNormal, Interpolated
Historian 3
Tithestamp Value StatusCode Notes
12:00:00.000 BadNoData
12:00:05.000 | 10 Good, Interpolated
12:00:10.000 10 Good, Interpolated
12:00:15.000 | 10 Goad, Interpolated
12:(00:20.000 10 Good, Interpolated
12:00:25.000 | 20 Good
12:00:30.000 125 Good, Interpolated
12:00:35,000~| 25 Good, Interpolated
12:00:40.,000 | 30 Good, Interpolated
12:00:45.000 | 30 UncertainDataSubNormal, Tnierpolated
12:00:50.000 | 40 Good, Interpolated
12:00:55.000 | 50 Good, Interpolated
12:01:00.000 | 50 Good, Interpolated
12:01:05.000 | 50 Good, Interpolated
12:01:10.000 | 50 Good, Interpolated
12:01:15.000 | 60 Good, Interpolated
12:01:20.000 | 60 UncertainDataSubNormal, Interpolated
12:01:25.000 | 70 Good, Interpolated
12:01:30.000 | 90 Good
12:01:35.000 | 90 UncertainDataSubNormal, Interpolated
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A.3 Average

A.3.1 Description

The following examples demonstrate Average Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinglnterval: 00:00:05, StartTime: 12:00:00, EndTime: 12:01:40.

A.3.2 Average data

Aistortam 1

Tihestamp Value StatusCode Notes
12:(0:00.000 BadNoData

12:0:05.000 BadNoData

12:00:10.000 | 10 Good, Calculated

12:90:15.000 BadNoData

12:00:20.000 | 20 Good, Calculated

12:00:25.000 BadNoData

12:90:30.000 | 30 Good, Calculated

12:90:35.000 BadNoData

12:(0:40.000 BadNoData

12:(00:45.000 BadNoData

12:90:50.000 | 50 Good, Calculated

12:90:55.000 BadNoData

12:01:00.000 | 60 Good, Calculated

12:91:05.000 BadNoData

12:01:10.000 BadNoData

12:91:15.000 BadNoData

12:01:20.000 | 80 Good, Calculated

12:01:25.000 BadNoData

12:91:30.000 | 90 Good, ‘Calculated

12:01:35.000 BadNoData

Historian 2

Tithestamp Value StatusCode Notes
12:90:00.000 | 10 Good, Calculated

12:007657000 BadiNoData

12:00:10.000 BadNoData

12:00:15.000 BadNoData

12:00:20.000 BadNoData

12:00:25.000 | 22.500 | Good, Calculated

12:00:30.000 BadNoData

12:00:35.000 | 30 Good, Calculated

12:00:40.000 BadNoData

12:00:45.000 | 40 Good, Calculated

12:00:50.000 | 50 Good, Calculated

12:00:55.000 BadNoData
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Historian 2

Timestamp Value StatusCode Notes
12:01:00.000 BadNoData

12:01:05.000 BadNoData

12:01:10.000 | 60 Good, Calculated

12:01:15.000 BadNoData

12:01:20.000 | 70 Good, Calculated

12:01:25.000 | 80 Good, Calculated

12:01:30.000 | 90 Good, Calculated

12:01:35.000 BadNoData

Historian 3

Tithestamp Value StatusCode Notes
12:0:00.000 | 10 Good, Calculated

12:00:05.000 BadNoData

12:00:10.000 BadNoData

12:90:15.000 BadNoData

12:00:20.000 BadNoData

12:90:25.000 | 22.500 | Good, Calculated

12:00:30.000 BadNoData

12:90:35.000 | 30 Good, Calculated

12:(0:40.000 BadNoData

12:00:45.000 | 40 Good, Calculated

12:90:50.000 | 50 Good, Calculated

12:00:55.000 BadNoData

12:91:00.000 BadNoData

12:01:05.000 BadNoData

12:91:10.000 | 60 Good/ Calculated

12:91:15.000 BadNoData

12:91:20.000 | 70 Good, Calculated

12:91:25.000 | 80 Good, Calculated

12:01:30.000 ({90 Good, Calculated

12:91:35.000 BadNoData

A.4 TimeAverage

A.41

Description

The following examples demonstrate TimeAverage Aggregate scenarios. This Aggregate does
not apply to Historian 4. Processinginterval: 00:00:05, StartTime: 12:00:00, EndTime:

12:01:40.
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A.4.2 TimeAverage data
Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData
12:00:05.000 BadNoData
12:00:10.000 | 12.500 | Good, Calculated
12:00:15.000 17.500 | Good, Calculated
12:00:20.000 | 22.500 | Good, Calculated
12:00:25.000 | 27.500 | Good, Calculated
12:90:30.000 | 32.500 | UncertainDataSubNormal, Calculated
12:00:35.000 37.500 UncertainDataSubNormal, Calculated
12:(0:40.000 | 42.500 | UncertainDataSubNormal, Calculated
12:00:45.000 47.500 UncertainDataSubNormal, Calculated
12:00:50.000 | 52.500 | Good, Calculated
12:90:55.000 | 57.500 | Good, Calculated
12:01:00.000 62.500 UncertainDataSubNormal, Calculated
12:91:05.000 | 67.500 | UncertainDataSubNormal, Calculated
12:01:10.000 72.500 UncertainDataSubNormal, Calculated
12:01:15.000 77.500 UncertainDataSubNormal, Calculated
12:91:20.000 | 82.500 | Good, Calculated
12:01:25.000 | 87.500 | Good, Calculated
12:91:30.000 | 90 UncertainDataSubNormal, Caleulated
12:01:35.000 90 UncertainDataSubNormali, Calculated
Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 10.652 UncertainDataSubNormal, Calculated, Partial
12:0:05.000 12.391 Good“Calculated
12:¢0:10.000 14.565 Good, Calculated
12:90:15.000 16.739 Good, Calculated
12:0:20.000 18,918 Good, Calculated
12:0:25.000 23.682 Good, Calculated
12:(0:30.000 27.046 Good, Calculated
12:00:35-000 29.384 UncertainDataSubNormal, Calculated
12:00:40,000 33.889 UncertainDataSubNormal, Calculated
12:00457000 4y UllbelldillUdldDuDNUHlldl, wdlCuldled
12:00:50.000 | 49.450 Good, Calculated
12:00:55.000 | 52.750 Good, Calculated
12:01:00.000 | 55.250 Good, Calculated
12:01:05.000 | 57.750 Good, Calculated
12:01:10.000 60.618 UncertainDataSubNormal, Calculated
12:01:15.000 65 UncertainDataSubNormal, Calculated
12:01:20.000 70.515 UncertainDataSubNormal, Calculated
12:01:25.000 83.667 Good, Calculated
12:01:30.000 gg%@ UncertainDataSubNormal, Calculated
12:01:35.000 108.-750 | UncertainDataSubNormal, Calculated

90
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Historian 3
Timestamp Value StatusCode Notes
12:00:00.000 10.652 UncertainDataSubNormal, Calculated, Partial
12:00:05.000 | 40 12.391 Good, Calculated
12:00:10.000 | 40 14.565 Good, Calculated
12:00:15.000 | 40 16.739 Good, Calculated
12:00:20.000 | 40 18.913 Good, Calculated
12:00:25.000 | 22 23.682 Good, Calculated
12:¢07307000 Zo £1.U40 G004, LalCulaled
12:90:35.000 26 29.384 Geoed UncertainDataSubNormal, Calculated
12:(0:40.000 30 33.889 UncertainDataSubNormal, Calculated
12:(0:45.000 34 40 UncertainDataSubNormal, Calculated
12:90:50.000 46 49.450 Good, Calculated
12:90:55.000 50 52.750 Good, Calculated
12:91:00.000 50 55.250 Good, Calculated
12:01:05.000 | 50 57.750 Good, Calculated
12:01:10.000 56 60.618 Good UncertainDataSubNormal, Calculated
12:01:15.000 60 65 UncertainDataSubNormal, Calculated
12:01:20.000 64 70.515 UncertainDataSubNormal, Calculated
12:01:25.000 | 78 83.667 Good, Calculated
12:01:30.000 90 UncertainDataSubNormal, Calculatéd, Partial
12:91:35.000 90 UncertainDataSubNormal, Calgculated

A.5

TimeAverage2

A.5.1 Description

The
does
12:011:40.

A.5.pR TimeAverage2 data

following examples demonstrate TimeAverage2 Aggregate scenarios. This Aggre
not apply to Historian 4. Processinginterval. 00:00:05, StartTime: 12:00:00, EndT]

gate
me:

Historian 1
T|mestamp Value StatusCode Notes

12:(0:00.000 BadNoData

12:00:05,000 BadNoData

12:90.40,000 12.500 Good, Calculated

12:00:15.000 17.500 Good, Calculated

12:00:20.000 22.500 Good, Calculated

12:00:25.000 27.500 Good, Calculated

12:00:30.000 30 UncertainDataSubNormal, Calculated
12:00:35.000 30 UncertainDataSubNormal, Calculated
12:00:40.000 BadNoData

12:00:45.000 BadNoData

12:00:50.000 52.500 Good, Calculated

12:00:55.000 57.500 Good, Calculated

12:01:00.000 62.500 UncertainDataSubNormal, Calculated
12:01:05.000 67.500 UncertainDataSubNormal, Calculated
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Historian 1
Timestamp Value StatusCode Notes
12:01:10.000 72.500 UncertainDataSubNormal, Calculated
12:01:15.000 77.500 UncertainDataSubNormal, Calculated
12:01:20.000 82.500 Good, Calculated
12:01:25.000 87.500 Good, Calculated
12:01:30.000 90 UncertainDataSubNormal, Calculated, Partial
12:01:35.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 10.652 UncertainDataSubNormal, Calculated, Partial
12:00:05.000 12.391 Good, Calculated
12:¢0:10.000 14.565 Good, Calculated
12:00:15.000 16.739 Good, Calculated
12:0:20.000 18.913 Good, Calculated
12:90:25.000 23.682 Good, Calculated
12:00:30.000 27.046 Good, Calculated
12:90:35.000 29.273 UncertainDataSubNormal, Calculated
12:00:40.000 30 UncertainDataSubNormal, Calculated
12:(0:45.000 42.500 UncertainDataSubNormal, Calc¢ulated
12:00:50.000 49.450 Good, Calculated
12:00:55.000 52.750 Good, Calculated
12:(1:00.000 55.250 Good, Calculated
12:01:05.000 57.750 Good, Calculated
12:91:10.000 59.800 UncertainDataSubNormal, Calculated
12:01:15.000 60 UncertainDataSubNormal, Calculated
12:91:20.000 73.333 UncertainDataSubNormal, Calculated
12:91:25.000 83.667 Good, Calculated
12:01:30.000 90 UncertainDataSubNormal, Calculated, Partial
12:91:35.000 BadNoData
Historian 3
T)mestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:05.000 10 Good, Calculated
12:00:10.000 10 Good, Calculated
12:00:15.000 10 Good, Calculated
12:00:20.000 10 Good, Calculated
12:00:25.000 22 Good, Calculated
12:00:30.000 25 Good, Calculated
12:00:35.000 26 Good, Calculated
12:00:40.000 Bad, Calculated

12:00:45.000

Bad, Calculated
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Timestamp Value StatusCode Notes

12:00:50.000 46 Good, Calculated

12:00:55.000 50 Good, Calculated

12:01:00.000 50 Good, Calculated

12:01:05.000 50 Good, Calculated

12:01:10.000 56 Good, Calculated

12:01:15.000 Bad, Calculated

12:01:20.000 Bad, Calculated

12:01:25.000 78 Good, Calculated

12:91:30.000 90 Good, Calculated, Partial

12:01:35.000 BadNoData
A.6( Total
A.6.1 Description
The|following examples demonstrate Total Aggregate scenafios. This Aggregate does| not
apply to Historian 4. Processinginterval: 00:00:05, Startfime: 12:00:00, EndTime: 12:01:40.
A.6.R Total data

Historian+1
T|mestamp Value StatusCode Notes

12:00:00.000 BadNoData

12:0:05.000 BadNoData

12:0:10.000 62.500 Good, Caleulated

12:00:15.000 87.500 GoodyCalculated

12:0:20.000 112.500 Good, Calculated

12:00:25.000 137.500 Good, Calculated

12:0:30.000 162.500 UncertainDataSubNormal, Calculated

12:90:35.000 187.500 UncertainDataSubNormal, Calculated

12:00:40.000 212.500 UncertainDataSubNormal, Calculated

12:(0:45.000 237.500 UncertainDataSubNormal, Calculated

12:00:50,000 262.500 Good, Calculated

12:90:55/000 287.500 Good, Calculated

12:01:00.000 312.500 UncertainDataSubNormal, Calculated

12:01:05.000 337.500 UncertainDataSubNormal, Calculated

12:01:10.000 362.500 UncertainDataSubNormal, Calculated

12:01:15.000 387.500 UncertainDataSubNormal, Calculated

12:01:20.000 412.500 Good, Calculated

12:01:25.000 437.500 Good, Calculated

12:01:30.000 450 UncertainDataSubNormal, Calculated

12:01:35.000 450 UncertainDataSubNormal, Calculated
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Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 31.957 UncertainDataSubNormal, Calculated, Partial
12:00:05.000 61.957 Good, Calculated
12:00:10.000 72.826 Good, Calculated
12:00:15.000 83.696 Good, Calculated
12:00:20.000 94.565 Good, Calculated
12:00:25.000 118.409 Good, Calculated
12:00:30.000 135.227 Good, Calculated
12:¢0-35-660 467919 YrcertamBataSubNormaCateutated
12:(0:40.000 169.444 UncertainDataSubNormal, Calculated
12:0:45.000 200 UncertainDataSubNormal, Calculated
12:00:50.000 247.250 Good, Calculated
12:90:55.000 263.750 Good, Calculated
12:91:00.000 276.250 Good, Calculated
12:91:05.000 288.750 Good, Calculated
12:91:10.000 303.091 UncertainDataSubNormal, Calculated
12:01:15.000 325 UncertainDataSubNormal, Calculated
12:01:20.000 352.576 UncertainDataSubNormal, Calculated
12:01:25.000 418.333 Good, Calculated
12:01:30.000 481.250 UncertainDataSubNormal, Calculated
12:01:35.000 543.750 UncertainDataSubNormal, Calculated
Historian-3
T|mestamp Value StatusCode Notes
12:00:00.000 30 UncertainDataSubNormal, Calculated, Partial
12:(0:05.000 50 Good, Calculated
12:00:10.000 50 Good, Calculated
12:90:15.000 50 Good, Calculated
12:(0:20.000 50 Good\Calculated
12:00:25.000 110 Good, Calculated
12:0:30.000 125 Good, Calculated
12:00:35.000 130 Good, Calculated
12:(0:40.000 150 UncertainDataSubNormal, Calculated
12:00:45.000 170 UncertainDataSubNormal, Calculated
12:90:50,000 230 Good, Calculated
12:(90:55/000 250 Good, Calculated
12:01:00.000 250 Good, Calculated
12:01:05.000 250 Good, Calculated
12:01:10.000 280 Good, Calculated
12:01:15.000 300 UncertainDataSubNormal, Calculated
12:01:20.000 320 UncertainDataSubNormal, Calculated
12:01:25.000 390 Good, Calculated
12:01:30.000 450 UncertainDataSubNormal, Calculated
12:01:35.000 450 UncertainDataSubNormal, Calculated
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A.7 Total2

A.71 Description

The following examples demonstrate Total2 Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinginterval: 00:00:05, StartTime: 12:00:00, EndTime: 12:01:40.

A.7.2 Total2 data

Historian 1
Timestamp Value StatusCade Nates

12:00:00.000 BadNoData

12:0:05.000 BadNoData

12:00:10.000 62.500 Good, Calculated

12:90:15.000 87.500 Good, Calculated

12:00:20.000 112.500 Good, Calculated

12:00:25.000 137.500 Good, Calculated

12:0:30.000 150 UncertainDataSubNormal, Calculated
12:00:35.000 150 UncertainDataSubNormal, Calculated
12:(0:40.000 BadNoData

12:00:45.000 BadNoData

12:00:50.000 262.500 Good, Calculated
12:00:55.000 287.500 Good, Calculated

12:01:00.000 312.500 UncertainDataSubNormal,.Calculated
12:91:05.000 337.500 UncertainDataSubNormal, Calculated
12:01:10.000 362.500 UncertainDataSubNormal, Calculated
12:91:15.000 387.500 UncertainDataSUbNormal, Calculated
12:01:20.000 412.500 Good, Calculated
12:01:25.000 437.500 Good, \Calculated
12:91:30.000 0.090 UncertainDataSubNormal, Calculated, Partial
12:01:35.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes

12:00:00.000 31.957 UncertainDataSubNormal, Calculated, Partial
12:00:05:000 61.957 Good, Calculated

12:@0-10 000 72 826 Good _Calculated

12:00:15.000 83.696 Good, Calculated

12:00:20.000 94.565 Good, Calculated
12:00:25.000 118.409 Good, Calculated
12:00:30.000 135.227 Good, Calculated
12:00:35.000 146.364 UncertainDataSubNormal, Calculated
12:00:40.000 60 UncertainDataSubNormal, Calculated
12:00:45.000 85 UncertainDataSubNormal, Calculated

12:00:50.000 247.250 Good, Calculated
12:00:55.000 263.750 Good, Calculated
12:01:00.000 276.250 Good, Calculated
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Historian 2
Timestamp Value StatusCode Notes
12:01:05.000 288.750 Good, Calculated
12:01:10.000 299 UncertainDataSubNormal, Calculated
12:01:15.000 120 UncertainDataSubNormal, Calculated
12:01:20.000 146.667 UncertainDataSubNormal, Calculated
12:01:25.000 418.333 Good, Calculated
12:01:30.000 0.090 UncertainDataSubNormal, Calculated, Partial
12:01:35.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 30 Good, Calculated, Partial
12:(0:05.000 50 Good, Calculated
12:00:10.000 50 Good, Calculated
12:90:15.000 50 Good, Calculated
12:0:20.000 50 Good, Calculated
12:00:25.000 110 Good, Calculated
12:0:30.000 125 Good, Calculated
12:00:35.000 130 Good, Calculated
12:(0:40.000 Bad, Calculated
12:00:45.000 Bad, Calculated
12:00:50.000 230 Good, Calculated
12:90:55.000 250 Good, Calculated
12:01:00.000 250 Good, Calculated
12:91:05.000 250 Good, Calculated
12:01:10.000 280 Goody ‘Calculated
12:91:15.000 Bad,“Calculated
12:91:20.000 Bad, Calculated
12:01:25.000 390 Good, Calculated
12:91:30.000 03090 Good, Calculated, Partial
12:01:35.000 BadNoData

A-8 Il'.I;II;IIIuIII

A.8.1 Description

The following examples demonstrate Minimum Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

- 82— IEC 62541-13:2020 RLV © IEC 2020

A.8.2 Minimum data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:16.000 20 Good, Calculated
12:00:32.000 BadNoData
12:00:48.000 50 Good, Calculated
12:01:04.000 BadNoData
12:01:20.000 80 Good, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:16.000 20 Good, Calculated
12:90:32.000 30 UncertainDataSubNormal, Calculated
12:00:48.000 40 Good
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:01:20.000 70 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatedjPartial
12:00:16.000 20 Good, Calculated
12:90:32.000 30 UncertainDataSubNormal, Calculated
12:00:48.000 40 Good
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:91:20.000 70 Good, Calculated, Partial
12:01:36.000 BadNoData
A.9| Maximum

A.9.f*——Description

The following examples demonstrate Maximum Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.9.2 Maximum data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:16.000 30 Good, Calculated
12:00:32.000 BadNoData
12:00:48.000 60 Good, Calculated
12:01:04.000 BadNoData
12:01:20.000 90 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:16.000 25 Good, Calculated
12:90:32.000 30 UncertainDataSubNormal, Calculated
12:00:48.000 50 Good, Calculated
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:01:20.000 90 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatedjPartial
12:00:16.000 25 Good, Calculated
12:90:32.000 30 UncertainDataSubNormal, Calculated
12:00:48.000 50 Goed, Calculated
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:91:20.000 90 Good, Calculated, Partial
12:01:36.000 BadNoData
A.10 MinihumActualTime
A.10-+—Description

The following examples demonstrate the MinimumActualTime Aggregate scenarios. This
Aggregate does not apply to Historian 4. Processinglinterval: 00:00:16, StartTime: 12:00:00,
EndTime: 12:01:40.
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Historian 1
Timestamp Value StatusCode Notes
12:00:10.000 10 Good, Partial
12:00:20.000 20 Good
12:00:32.000 BadNoData
12:00:50.000 50 Good
12:01:04.000 BadNoData
12:01:20.000 80 Good, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:02.000 10 Good, Partial
12:00:25.000 20 Good
12:90:39.000 30 UncertainDataSubNormal
12:00:48.000 40 Good
12:91:12.000 60 UncertainDataSubNormal
12:01:23.000 70 Good, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:25.000 20 Good

12:00:39.000 30

UncertainDataSubNormal

12:(0:48.000 40

Good

12:01:12.000 60

UncertainDataSubNormal

12:01:23.000 70

Good, Partial

12:91:36.000

BadNoData

A.11 MaximumActualTime

A.1tt—Description

The following examples demonstrate MaximumActualTime Aggregate scenarios.

This

Aggregate does not apply to Historian 4. Processinglinterval: 00:00:16, StartTime: 12:00:00,

EndTime: 12:01:40.
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A.11.2 MaximumActualTime data

Historian 1
Timestamp Value StatusCode Notes
12:00:10.000 10 Good, Partial
12:00:30.000 30 Good
12:00:32.000 BadNoData
12:01:00.000 60 Good
12:01:04.000 BadNoData
12:01:30.000 90 Good, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:02.000 10 Good, Partial
12:00:28.000 25 Good
12:90:39.000 30 UncertainDataSubNormal
12:00:52.000 50 Good
12:91:12.000 60 UncertainDataSubNormal
12:01:30.000 90 Good, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:28.000 25 Good
12:90:39.000 30 UncertainDataSubNormal
12:00:52.000 50 Good
12:91:12.000 60 UncertainDataSubNormal
12:91:30.000 90 Good, Partial
12:01:36.000 BadNoData
A.12 Range

A.12.1 Description

The following examples demonstrate Range Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinginterval:. 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

— 86 —

IEC 62541-13:2020 RLV © IEC 2020

A.12.2 Range data
Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:16.000 10 Good, Calculated
12:00:32.000 BadNoData
12:00:48.000 10 Good, Calculated
12:01:04.000 BadNoData
12:01:20.000 10 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
Tlimestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:16.000 5 Good, Calculated
12:90:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 10 Good, Calculated
12:(1:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 20 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:(0:00.000 0 Good, Calculated, Partial
12:00:16.000 5 Good, Calculated
12:90:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 10 Goody*Calculated
12:(1:04.000 0 UncertainDataSubNormal, Calculated
12:91:20.000 20 Good, Calculated, Partial
12:01:36.000 BadNoData
A.13 Minimum2
A.13-+—Description

The following examples demonstrate Minimum2 Aggregate scenarios. This Aggregate does
not apply to Historian 4. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime:
12:01:40.
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A.13.2 Minimum2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 10 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 16 UncertainDataSubNormal, Interpolated
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:00:48.000 50 UncertainDataSubNormal, Calculated
12:01:04.000 64 UncertainDataSubNormal, Interpolated
12:01:20.000 80 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 10 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 16.087 Good, Interpolated
12:00:32.000 26.818 UncertainDataSubNormal, Interpolated
12:00:48.000 40 Good
12:01:04.000 56 UncertainDataSubNormal, Interpolated
12:01:20.000 70 UncertainDataSubNormal, Calculated; Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatediPartial
12:00:16.000 10 Good, Interpolated
12:00:32.000 25 Good, Interpolated
12:00:48.000 40 Good
12:01:04.000 50 Good, Interpolated
12:91:20.000 70 Good, Calculated, Partial
12:01:36.000 BadNoData
A.14 Maximum2

A.14t+—Description

The following examples demonstrate Maximum2 Aggregate scenarios. This Aggregate does
not apply to Historian 4. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime:
12:01:40.
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A.14.2 Maximum2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 16 UncertainDataSubNormal, Interpolated, Partial
12:00:16.000 30 UncertainDataSubNormal, Calculated, MultipleValues
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:00:48.000 64 UncertainDataSubNormal, Interpolated
12:01:04.000 80 UncertainDataSubNormal, Calculated
12:01:20.000 90 UncertainDataSubNormal, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 16.087 UncertainDataSubNormal, Interpolated, Partial
12:00:16.000 26.818 Good, Interpolated
12:90:32.000 40 UncertainDataSubNormal, Calculated
12:00:48.000 56 Good, Interpolated
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:01:20.000 90 UncertainDataSubNormal, Calculated; Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatediPartial
12:00:16.000 25 Good, Calculated
12:90:32.000 30 Good, Calculated
12:00:48.000 50 Goed, Calculated
12:(1:04.000 60 Good, Calculated
12:91:20.000 90 Good, Calculated, Partial
12:01:36.000 BadNoData
A.15 MinimumActualTime2

A.15t—Description

The following examples demonstrate MinimumActualTime2 Aggregate scenarios. This
Aggregate does not apply to Historian 4. Processinglnterval: 00:00:16, StartTime: 12:00:00,
EndTime: 12:01:40.
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A.15.2 MinimumActualTime2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:10.000 10 UncertainDataSubNormal, Partial
12:00:16.000 16 UncertainDataSubNormal, Interpolated
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:00:50.000 50 UncertainDataSubNormal
12:01:04.000 64 UncertainDataSubNormal, Interpolated
12:01:20.000 80 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 2
Tlimestamp Value StatusCode Notes
12:00:02.000 10 UncertainDataSubNormal, Partial
12:00:16.000 16.087 Good, Interpolated
12:00:32.000 26.818 UncertainDataSubNormal, Interpolated
12:00:48.000 40 Good
12:01:04.000 56 UncertainDataSubNormal, Interpolated
12:01:23.000 70 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:16.000 10 Good, Interpolated
12:00:32.000 25 Good, Interpolated
12:00:48.000 40 Good
12:01:04.000 50 Good, Interpolated
12:91:23.000 70 Good, Partial
12:01:36.000 BadNoData
A.16 MaximumActualTime2
A.16-+—Description

The following examples demonstrate MaximumActualTime2 Aggregate scenarios. This
Aggregate does not apply to Historian 4. Processinglinterval: 00:00:16, StartTime: 12:00:00,
EndTime: 12:01:40.
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A.16.2 MaximumActualTime2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:15.999 16 UncertainDataSubNormal, Interpolated, Partial
12:00:30.000 30 UncertainDataSubNormal, MultipleValues
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:01:03.999 64 UncertainDataSubNormal, Interpolated
12:01:19.999 80 UncertainDataSubNormal, Interpolated
12:01:30.000 20 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 2
Tlimestamp Value StatusCode Notes
12:00:15.999 16.087 UncertainDataSubNormal, Interpolated, Partial
12:00:31.999 26.818 Good, Interpolated
12:00:47.999 40 UncertainDataSubNormal, Interpolated
12:01:03.999 56 Good, Interpolated
12:91:12.000 60 UncertainDataSubNormal
12:01:30.000 90 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:28.000 25 Good
12:00:39.000 30 Good
12:00:52.000 50 Good
12:01:12.000 60 Good
12:91:30.000 90 Good, Partial
12:01:36.000 BadNoData
A.1Y Range2

A.17~t—Description

The following examples demonstrate Range2 Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinglnterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.


https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

IEC 62541-13:2020 RLV © IEC 2020 -91 -

A.17.2 Range2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 6 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 14 UncertainDataSubNormal, Calculated
12:00:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 14 UncertainDataSubNormal, Calculated
12:01:04.000 16 UncertainDataSubNormal, Calculated
12:01:20.000 10 UncertainDataSubNormal, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
Tlimestamp Value StatusCode Notes
12:00:00.000 6.087 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 10.731 Good, Calculated
12:90:32.000 13.182 UncertainDataSubNormal, Calculated
12:00:48.000 16 Good, Calculated
12:(1:04.000 4 UncertainDataSubNormal, Calculated
12:01:20.000 20 UncertainDataSubNormal, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:(0:00.000 0 Good, Calculated_Partial
12:00:16.000 15 Good, Calcutated
12:90:32.000 5 Good, Calculated
12:00:48.000 10 Goody Calculated
12:(1:04.000 10 Good, Calculated
12:91:20.000 20 Good, Calculated, Partial
12:01:36.000 BadNoData
A.18 AnnotationCount

A.18: cription

The following examples demonstrate AnnotationCount Aggregate scenarios. This Aggregate
does not apply to current values, since annotations are features of historical data.
Processinglinterval: 00:01:00, StartTime: 12:00:00, EndTime: 12:01:40.

A.18.2 AnnotationCount data

Historian 1

Timestamp Value StatusCode Notes
12:00:00.000 3 Good, Calculated
12:01:00.000 1 Good, Calculated
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Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated
12:01:00.000 0 Good, Calculated
A.19 Count

A.19.1 Description

The| following examples demonstrate Count Aggregate scenarios. Processinginterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
A.19.2 Count data
Historian 1
T|mestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated, Partial
12:90:16.000 2 Good, Calculated
12:00:32.000 Bad
12:00:48.000 2 Good, Calculated
12:91:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 2 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated{Rartial
12:90:16.000 2 Good, Calculated
12:00:32.000 1 UncertainDataSubNormal, Calculated
12:00:48.000 2 Good,\Calculated
12:(1:04.000 1 UncertainDataSubNormal, Calculated
12:01:20.000 3 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated, Partial
12:00:16.000 2 Good, Calculated
12:00:32.000 Bad
12:00:48.000 2 Good, Calculated
12:01:04.000 1 Good, Calculated
12:01:20.000 3 Good, Calculated, Partial
12:01:36.000 BadNoData
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Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated, Partial
12:00:16.000 2 Good, Calculated
12:00:32.000 1 UncertainDataSubNormal, Calculated
12:00:48.000 2 Good, Calculated
12:01:04.000 1 UncertainDataSubNormal, Calculated
12:01:20.000 3 Good, Calculated, Partial
12:01:36.000 BadNoData
A.20 DurationIinStateZero
A.20.1 Description
The| following examples demonstrate DurationinStateZero Aggregate scenarios. |The
Aggregate only applies to Historian 4. Processinginterval: 00:00:;16, StartTime: 12:0Q:00,
End[Time: 12:01:40.
A.2Q0.2 DurationinStateZero data
Historian 4
T|mestamp Value StatusCode Notes
12:(0:00.000 0 UncertainDataSubNormal, Caleulated, Partial
12:00:16.000 3000 Good, Calculated
12:90:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 12000 Good, Calculated
12:01:04.000 13000 UncertainDataSubNormal, Calculated
12:91:20.000 4000 UncertajnDataSubNormal, Calculated, Partial
12:01:36.000 BadNoData
A.21 DurationinStateNonZero
A.21.1 Description
The| following examples demonstrate DurationinStateNonZero Aggregate scenarios.
Progessinginterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
A.21.2 DurationinStateNonZero data
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 14000 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 13000 Good, Calculated
12:00:32.000 10000 UncertainDataSubNormal, Calculated
12:00:48.000 4000 Good, Calculated
12:01:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 3001 UncertainDataSubNormal, Calculated, Partial
12:01:36.000 BadNoData
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A.22 NumberOfTransitions

A.22.1 Description

The following examples demonstrate NumberOfTransitions Aggregate scenarios.
Processinginterval: 00:00:0516, StartTime: 12:00:00, EndTime: 12:01:40.

A.22.2 NumberOfTransitions data

Historian 1
Timestamp Value StatusCade Nates
12:00:00.000 01 Good, Calculated, Partial
12:90:16.000 2 Good, Calculated
12:00:32.000 Bad
12:(0:48.000 2 Good, Calculated
12:01:04.000 1 UncertainDataSubNormal, Calculated
12:01:20.000 12 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 01 Good, Calculated, Partial
12:90:16.000 2 Good, Calculated
12:00:32.000 1 UncertainDataSubNormal, Caleulated
12:(0:48.000 2 Good, Calculated
12:01:04.000 1 UncertainDataSubNormal, Calculated
12:91:20.000 3 Good, Calculated Partial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 01 Good, Calculated, Partial
12:90:16.000 2 Good, Calculated
12:00:32.000 Bad
12:(0:48.000 2 Good, Calculated
12:(1:04.000Q 1 Good, Calculated
12:01:20,0Q0 3 Good, Calculated, Partial
12:01:36-000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 01 Good, Calculated, Partial
12:00:16.000 2 Good, Calculated
12:00:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 1 Good, Calculated
12:01:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 3 Good, Calculated, Partial
12:01:36.000 BadNoData
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A.23 Start
A.23.1 Description
The following examples demonstrate Start Aggregate scenarios. Processinginterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
A.23.2 Start data
Historian 1
Timestamp \Malue StatusCode Notes
12:90:10.000 10 Good, Partial
12:00:20.000 20 Good
12:90:40.000 Bad
12:00:50.000 50 Good
12:01:10.000 70 Uncertain
12:91:20.000 80 Good, Partial
12:01:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:90:02.000 10 Good, Partial
12:00:25.000 20 Good
12:90:39.000 30 Good
12:90:48.000 40 Good
12:01:12.000 60 Good
12:91:23.000 70 Good, Partial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:02.000 10 Good, Partial
12:90:25.000 20 Good
12:00:39.000 30 Good
12:(00:48.000 40 Good
12:01:42.000 60 Good
12:017Z237000 14Y) Good, Parttat
12:01:36.000 BadNoData
A.24 End
A.24.1 Description
The following examples demonstrate End Aggregate scenarios. Processinglinterval.

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.24.2 End data
Historian 1
Timestamp Value StatusCode Notes
12:00:10.000 10 Good, Partial
12:00:30.000 30 Good
12:00:40.000 Bad
12:01:00.000 60 Good
12:01:10.000 70 Uncertain
12:01:30.000 90 Good, Partial
12:91:36.000 BadNoData
Historian 2
Timestamp Value StatusCode Notes
12:00:02.000 10 Good, Partial
12:00:28.000 25 Good
12:00:42.000 Bad
12:00:52.000 50 Good
12:91:17.000 70 Uncertain
12:01:30.000 90 Good, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:28.000 25 Good
12:00:42.000 Bad
12:00:52.000 50 Good
12:91:17.000 70 Uncertain
12:91:30.000 90 Good, Partial
12:01:36.000 BadNoData
A.25 StartBound

A.25t—Description

The following examples demonstrate StartBound Aggregate scenarios. Processinginterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.25.2 StartBound data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData, Partial
12:00:16.000 16 Good, Interpolated
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:00:48.000 BadNoData
12:01:04.000 64 UncertainDataSubNormal, Interpolated
12:01:20.000 80 Good, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 BadNoData, Partial
12:00:16.000 16.087 Good, Interpolated
12:00:32.000 26.818 Good, Interpolated
12:00:48.000 40 Good
12:01:04.000 56 Good, Interpolated
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 BadNoData, Partial
12:00:16.000 10 Good, Interpolated
12:00:32.000 25 Good, Interpolated
12:00:48.000 40 Good
12:01:04.000 50 Good, Interpolated
12:91:20.000 BadNoData, Partial
12:01:36.000 BadNoData
A.26 EndBound

A.26.1 Description

The following examples demonstrate End Aggregate scenarios. Processinginterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 16 Good, Calculated, Partial
12:00:16.000 30 UncertainDataSubNormal, Calculated
12:00:32.000 BadNoData
12:00:48.000 64 UncertainDataSubNormal, Calculated
12:01:04.000 80 Good, Calculated
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 16.087 Good, Calculated, Partial
12:00:16.000 26.818 Good, Calculated
12:90:32.000 40 Good, Calculated
12:00:48.000 56 Good, Calculated
12:(1:04.000 BadNoData
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatediPartial
12:00:16.000 25 Good, Calculated
12:90:32.000 40 Good, Calculated
12:00:48.000 50 Goed, Calculated
12:(1:04.000 BadNoData
12:91:20.000 BadNoData, Partial
12:01:36.000 BadNoData
A.27 Delta
A.27+—Description
The following examples demonstrate Delta Aggregate scenarios. Processinginterval:

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.27.2 Delta data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:16.000 10 Good, Calculated
12:00:32.000 0 BadNoData
12:00:48.000 10 Good, Calculated
12:01:04.000 0 el ety e
Calculatad BadNaoDatg
12:91:20.000 10 Good, Calculated, Partial
12:01:36.000 BadNoData
Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:90:16.000 5 Good, Calculated
12:00:32.000 0 UncertainDataSubNormal, Calculated
12:(0:48.000 10 Good, Calculated
12:01:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 20 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:90:16.000 5 Good, Calculated
12:00:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 10 Good{ Calculated
12:(1:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 20 Good, Calculated, Partial
12:91:36.000 BadNoData
A.Zf DeltaBounds

A.28.1 Description

The following examples demonstrate DeltaBounds Aggregate scenarios. Processinglinterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.28.2 DeltaBounds data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData, Partial
12:00:16.000 14 UncertainDataSubNormal, Calculated
12:00:32.000 BadNoData
12:00:48.000 BadNoData
12:01:04.000 16 UncertainDataSubNormal, Calculated
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 BadNoData, Partial
12:00:16.000 10.731 Good, Calculated
12:90:32.000 13.182 Good, Calculated
12:00:48.000 16 Good, Calculated
12:(1:04.000 BadNoData
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 BadNoData, Partial
12:00:16.000 15 Good, Calculated
12:90:32.000 15 Good, Calculated
12:00:48.000 10 Goed, Calculated
12:(1:04.000 BadNoData
12:91:20.000 BadNoData, Partial
12:01:36.000 BadNoData
A.29 DurationGood

A.29.1 Description

The following examples demonstrate DurationGood Aggregate scenarios. Duration values are
in milliseconds. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.29.2 DurationGood data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 6000 Good, Calculated, Partial
12:00:16.000 16000 Good, Calculated
12:00:32.000 0 Good, Calculated
12:00:48.000 14000 Good, Calculated
12:01:04.000 0 Good, Calculated
12:01:20.000 10001 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 14000 Good, Calculated, Partial
12:00:16.000 16000 Good, Calculated
12:90:32.000 10000 Good, Calculated
12:00:48.000 16000 Good, Calculated
12:(1:04.000 13000 Good, Calculated
12:01:20.000 7001 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 14000 Good, Calculated/Partial
12:00:16.000 16000 Good, Calcutated
12:90:32.000 10000 Good, Calculated
12:00:48.000 16000 Gopd, \Calculated
12:(1:04.000 13000 Good, Calculated
12:91:20.000 7001 Good, Calculated, Partial
12:01:36.000 BadNoData
Historian 4
T|mestamp Value StatusCode Notes
12:000:00.000 14000 Good, Calculated, Partial
12:00:16.000 16000 Good, Calculated
12:00:32.000 10000 Good, Calculated
12:00:48.000 16000 Good, Calculated
12:01:04.000 13000 Good, Calculated
12:01:20.000 7001 Good, Calculated, Partial
12:01:36.000 BadNoData
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The following examples demonstrate DurationBad Aggregate scenarios. Processinglinterval:

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.30.2 DurationBad data
Historian 1
Timestamp Value StatusCade Nates
12:00:00.000 10000 Good, Calculated, Partial
12:90:16.000 0 Good, Calculated
12:00:32.000 8000 Good, Calculated
12:(0:48.000 2000 Good, Calculated
12:01:04.000 0 Good, Calculated
12:01:20.000 0 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 2000 Good, Calculated, Partial
12:90:16.000 0 Good, Calculated
12:00:32.000 6000 Good, Calculated
12:(0:48.000 0 Good, Calculated
12:01:04.000 3000 Good, Calculated
12:91:20.000 3000 Good, Calculated Partial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 2000 Good, Calculated, Partial
12:00:16.000 0 Good, Calculated
12:00:32.000 6000 Good, Calculated
12:(0:48.000 0 Good, Calculated
12:(01:04.000 3000 Good, Calculated
12:91:20:000 3000 Good, Calculated, Partial
12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 2000 Good, Calculated, Partial
12:00:16.000 0 Good, Calculated
12:00:32.000 6000 Good, Calculated
12:00:48.000 0 Good, Calculated
12:01:04.000 3000 Good, Calculated
12:01:20.000 3000 Good, Calculated, Partial
12:01:36.000 BadNoData
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A.31 PercentGood

A.31.1 Description

The following examples demonstrate PercentGood Aggregate scenarios. Processinglnterval:
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.31.2 PercentGood data

Historian 1
Timestamp Value StatusCode Nates
12:00:00.000 37.500 Good, Calculated, Partial
12:90:16.000 100 Good, Calculated
12:00:32.000 0 Good, Calculated
12:(0:48.000 87.500 Good, Calculated
12:01:04.000 0 Good, Calculated
12:01:20.000 100 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 87.500 Good, Calculated, Partial
12:90:16.000 100 Good, Calculated
12:00:32.000 62.500 Good, Calculated
12:(0:48.000 100 Good, Calculated

12:91:04.000 81.250 Good, Calculated

12:01:20.000 70.003 Good, Calculated;Rartial

12:(01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 87.500 Good, Calculated, Partial
12:(00:16.000 100 Good, Calculated

12:0:32.000 62.500 Good, Calculated

12:00:48.000 100 Good, Calculated

12:91:04.000 81.250 Good, Calculated

12:01:20:000 70.003 Good, Calculated, Partial

12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 87.500 Good, Calculated, Partial
12:00:16.000 100 Good, Calculated
12:00:32.000 62.500 Good, Calculated
12:00:48.000 100 Good, Calculated

12:01:04.000 81.250 Good, Calculated

12:01:20.000 70.003 Good, Calculated, Partial

12:01:36.000 BadNoData
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The following examples demonstrate PercentBad Aggregate scenarios. Processinginterval:

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.32.2 PercentBad data

Historian 1
Timestamp Value StatusCode Nates
12:00:00.000 62.500 Good, Calculated, Partial
12:90:16.000 0 Good, Calculated
12:00:32.000 50 Good, Calculated
12:(0:48.000 12.500 Good, Calculated
12:01:04.000 0 Good, Calculated
12:01:20.000 0 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
Timestamp Value StatusCode Notes
12:(00:00.000 12.500 Good, Calculated, Partial
12:00:16.000 0 Good, Calculated
12:00:32.000 37.500 Good, Calculated
12:(00:48.000 0 Good, Calculated
12:01:04.000 18.750 Good, Calculated
12:01:20.000 29.997 Good, Calculated; Rartial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 12.500 Good, Calculated, Partial
12:00:16.000 0 Good, Calculated
12:00:32.000 37.500 Good, Calculated
12:(0:48.000 0 Good, Calculated
12:(01:04.000 18.750 Good, Calculated
12:91:20:000 29.997 Good, Calculated, Partial
12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes

12:00:00.000 12.500

Good, Calculated, Partial

12:00:16.000 0

Good, Calculated

12:00:32.000 37.500

Good, Calculated

12:00:48.000 0

Good, Calculated

12:01:04.000 18.750

Good, Calculated

12:01:20.000 29.997

Good, Calculated, Partial

12:01:36.000

BadNoData
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A.33 WorstQuality

A.33.1 Description

The following examples demonstrate WorstQuality Aggregate

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.33.2 WorstQuality data

scenarios. Processinginterval.

Historian 1
Timestamp Value StatusCade Nates
12:00:00.000 Good Good, Calculated, Partial
12:90:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 Uncertain Good, Calculated
12:01:20.000 Good Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 Good Good, Calculated, Partial
12:90:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 Uncertain Good, Calculated
12:91:20.000 Good Good, Calculated, Partial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 Good Good, Calculated, Partial
12:00:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 Uncertain Good, Calculated
12:91:20:000 Good Good, Calculated, Partial
12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 Good Good, Calculated, Partial
12:00:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:00:48.000 Good Good, Calculated
12:01:04.000 Uncertain Good, Calculated

12:01:20.000 Good

Good, Calculated, Partial

12:01:36.000

BadNoData
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A.34 WorstQuality2

A.34.1 Description

The following examples demonstrate WorstQuality2 Aggregate scenarios.
Processinglinterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.34.2 WorstQuality2 data

Historian 1
Timestamp Value StatusCaode Nates
12:00:00.000 BadNoData Good, Calculated, Partial
12:90:16.000 UncertainDataSubNormal Good, Calculated
12:00:32.000 Bad Good, Calculated, MultipleValues
12:(0:48.000 BadNoData Good, Calculated
12:01:04.000 UncertainDataSubNormal Good, Calculated, MultipleValues
12:01:20.000 BadNoData Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 BadNoData Good, Calculated, Partial
12:90:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 BadNoData Good, Calculated
12:01:20.000 BadNoData Good, Calculated, Partial, MultipleValues
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 BadNoData Good, Calculated, Partial
12:00:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 BadNoData Good, Calculated
12:01:20:000 BadNoData Good, Calculated, Partial, MultipleValues
12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData Good, Calculated, Partial
12:00:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:00:48.000 Good Good, Calculated
12:01:04.000 BadNoData Good, Calculated
12:01:20.000 BadNoData Good, Calculated, Partial, MultipleValues
12:01:36.000 BadNoData
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A.35 StandardDeviationSample

A.35.1 Description
The following examples demonstrate StandardDeviationSample Aggregate scenarios.
Processinglinterval: 00:00:20, StartTime: 12:00:00, EndTime: 12:01:40.
A.35.2 StandardDeviationSample data
Historian 1
Timestamp \Malue StatusCaode Notes
12:00:00.000 0 BadNeData Good, Calculated,
Partial
12:(00:20.000 ] Good, Calculated
7.071
12:00:40.000 0 BadNoData
UncertainDataSubNormal,
Calculated
12:01:00.000 0 Goed
UncertainDataSubNormal,
Calculated
12:01:20.000 ] Good, Calculated, Partial
7.071
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 0 BadNeData Good, Calculatéd;”Partial
12:00:20.000 6250 Good, Calculated
5
12:00:40.000 o UncertainDataSupNormal, Calculated
7.071
12:01:00.000 0 Good UncertainDataSubNormal,
Calculated
12:01:20.000 2510 Goéd,;Calculated, Partial
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 0 BadNeData Good, Calculated, Partial
12:00:20.000 6250 Good, Calculated
5
12:00:407000 o UncertainDataSubNormal, Calculated
7071
12:01:00.000 0 Good UncertainDataSubNormal,
Calculated
12:01:20.000 2510 Good, Calculated, Partial
A.36 VarianceSample
A.36.1 Description
The following examples demonstrate VarianceSample Aggregate scenarios.

Processinglinterval: 00:00:20, StartTime: 12:00:00, EndTime: 12:01:40.
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A.36.2 VarianceSample data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 UnecertainDataSubNermal Good, Calculated,
Partial
12:00:20.000 16-667 | Good, Calculated
50
12:00:40.000 0 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 16.667 Good, Calculated, Partial
50
Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 UnecertainDataSubNermal Good, Calculated,
Partial
12:00:20.000 17720 Good, Calculated
25
12:00:40.000 16.667 UncertainDataSubNormal, Calculated
50
12:01:00.000 60 UncertainDataSubNormal, Calculated
12:01:20.000 50 100 UncertainbDataSubNermal Good, €alculated,
Partial
Historian 3
Timestamp Value StatusCode Notes
12:00:00.000 0 UncertainDataSubNormal Good, Calculated,
Partial
12:(00:20.000 43-750 | Good, Calculated
25
12:00:40.000 50 UncertainDataSubNormal, Calculated
12:01:00.000 16667 UncertainDataSubNormal, Calculated
0
12:(01:20.000 500100 | YneertainDataSubNermal Good, Calculated,
Partial
A.3Y ,StandardDeviationPopulation

A.37.1

The following examples demonstrate StandardDeviationPopulation Aggregate scenarios.
Processinglinterval: 00:00:20, StartTime: 12:00:00, EndTime: 12:01:40.

Description

A.37.2 StandardDeviationPopulation data

Calculated

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 BadNoDBata Good, Calculated, Partial
12:00:20.000 65 Good, Calculated
12:00:40.000 0 BadNebata UncertainDataSubNormal,
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12:01:00.000 0 Gooed UncertainDataSubNormal,
Calculated
12:01:20.000 05 Good, Calculated, Partial
Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 BadNebData Good, Calculated, Partial
12:00:20.000 2500 Good, Calculated
4.082
12:00:40.000 05 UncertainDataSubNormal, Calculated
12:01:00.000 0 Good UncertainDataSubNormal,
Calculated
12:01:20.000 5 Good, Calculated, Partial
8.165
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 0 BadNeData Good, Calculated, Partial
12:00:20.000 2-500 Good, Calculated
4.082
12:00:40.000 05 UncertainDataSubNormal, Calculated
12:01:00.000 0 Good UncertainDataSubNormal,
Calculated
12:01:20.000 5 Good, Calculated, Partial
8.165
A.38 VariancePopulation
A.38.1 Description
The| following examples demonstrate VariancePopulation Aggregate scenarios.
Progessinginterval: 00:00:20, StartTime: 12:00:00, EndTime: 12:01:40.
A.38.2 VariancePopulation data
Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 UnecertainbBataSubNermal Good, Calculated,
Partial
12:00:20.000 4.083 Good, Calculated
25
12:00:40.000 0 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 4.083 Good, Calculated, Partial
25
Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 UnecertainDataSubNermal Good, Calculated,
Partial
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12:00:20.000 4.210 Good, Calculated
16.667
12:00:40.000 4083 UncertainDataSubNormal, Calculated
25
12:01:00.000 24500 UncertainDataSubNormal, Calculated
12:01:20.000 7074 UneertainDataSubNermal Good, Calculated,
66.667 Partial
Historian 3
mestamp Value StatusCode Notes
12:00:00.000 0 UnecertainDataSubNermal Good, Calculated,
Partial
12:(00:20.000 6.614 Good, Calculated
16.667
12:00:40.000 7071 UncertainDataSubNormal, Calculated
25
12:01:00.000 40830 UncertainDataSubNormal, Calculated
12:01:20.000 7071 UncertainbDataSubNermal Good, Calculated,

66.667

Partial
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echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International, jgovernmental and
bvernmental organizations liaising with the IEC also participate in this preparation.,IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance with ‘conditions determing
preement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as(heafly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

C Publications have the form of recommendations for internatiofal™use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are made(to ensure that the technical content o
blications is accurate, IEC cannot be held responsible fotsthe way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National\Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in their\national and regional publications. Any diverd
btween any |IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation of conformity. Independent certification bodies provide confg
Esessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent certification bodies.

| users should ensure that they have the latest edition of this publication.

p liability shall attach to IEC or its_directors, employees, servants or agents including individual expert
embers of its technical committées and IEC National Committees for any personal injury, property dama
her damage of any nature/whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the “publication, use of, or reliance upon, this IEC Publication or any othe
Liblications.

tention is drawn to (the ‘Normative references cited in this publication. Use of the referenced publicatid
dispensable for the ¢orrect application of this publication.

tention is drawn“o the possibility that some of the elements of this IEC Publication may be the subjé
htent rights |[EC shall not be held responsible for identifying any or all such patent rights.

6254 103 has been prepared by subcommittee 65E: Devices and integration in entery
bms,._Jof |IEC technical committee 65: Industrial-process measurement, control
mation.
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This second edition cancels and replaces the first edition of IEC 62541-13, published in 2015.

This

edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

editi

on:

a) no technical changes but numerous clarifications. Also some corrections to the examples.
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The text of this standard is based on the following documents:

FDIS Report on voting
65E/697/FDIS 65E/712/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

Thrqughout this document and the other Parts of the series, certain document Conventl
are ysed:

Itali¢s are used to denote a defined term or definition that appears in thel/Terms
defipition” clause in one of the parts of the series.

Itali¢s are also used to denote the name of a service input or output parameter or the nan
a stucture or element of a structure that are usually defined in tables.

Thelitalicized terms and names are also often written in camel-case (the practice of wr

corrr11round words or phrases in which the elements are jeined without spaces, with g¢ach

ions

and

e of

iting

m is

element's initial letter capitalized within the compound)%For example the defined ter
AddfessSpace instead of Address Space. This makes,it ‘easier to understand that there|is a
sing|e definition for AddressSpace, not separate definitions for Address and Space.
A ligt of all parts of the IEC 62541 series, published under the general title OPC Unjfied
Architecture, can be found on the IEC website,

The|committee has decided that the contents of this publication will remain unchanged ntil
the stability date indicated on the IEG) web site under "http://webstore.iec.ch” in the pata
related to the specific publication. At'this date, the publication will be

e rleconfirmed,

e Wwithdrawn,

e replaced by a revised. edition, or

e 3gmended.

tes
thqt ,it_contains colours which are considered to be useful for the corrpct

IM{ORTANT — The 'colour inside' logo on the cover page of this publication indica

understanding of its contents. Users should therefore print this document using a

colour printer.
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Normative references

following documents are referred to in the text in such a way that semé or all of

content constitutes requirements of this document. For dated references; only the ed

cited
any

IEC

IEC

IEC

IEC

IEC

IEC

3.1

For
IEC

ISO
addi

applies. For undated references, the latest edition of the referenced document (inclu
amendments) applies.

TR 62541-1, OPC Unified Architecture — Part 1: Overview and Concepts
62541-3, OPC Unified Architecture — Part 3: AddressSpace Model
62541-4, OPC Unified Architecture — Part 4: Setvices

62541-5, OPC Unified Architecture — Part 5:*Information Model
62541-8, OPC Unified Architecture —Part 8: Data Access

62541-11, OPC Unified Architecture — Part 11: Historical Access

Terms, definitions, and abbreviated terms

Terms and definitions

the purposes ‘of this document, the terms and definitions given in IEC TR 6254
62541-3, IEC\62541-4, and IEC 62541-11 and the following apply.

and IEC~maintain terminological databases for use in standardization at the follo
esses;

and

heir
ition
ding

bl L

VoS | % 'H H | L 1 % ol L
O LICULUUPYCUIA. avdlladllIT al TTtipP./7wWww.TITULTUPTUTa.UTy/

SO Online browsing platform: available at http://www.iso.org/obp

3.1.1
Processinginterval

time

Note

span for which derived values are produced based on a specified Aggregate

1 to entry: The total time domain specified for ReadProcessed is divided by the Processinginterval. For
example, performing a 10-minute Average over the time range 12:00 to 12:30 would result in a set of three
intervals of Processinglinterval length, with each interval having a start time of 12:00, 12:10 and 12:20 respectively.
The rules used to determine the interval Bounds are discussed in 5.4.2.2.

3.1.2
interpolated data
data that is calculated from data samples
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Note 1 to entry: Data samples may be historical data or buffered real time data. An interpolated value is
calculated from the data points on either side of the requested timestamp.

3.1.3
EffectiveEndTime
time immediately before endTime

Note 1 to entry: All Aggregate calculations include the startTime but exclude the endTime. However, it is
sometimes necessary to return an Interpolated End Bound as the value for an Interval with a timestamp that is in
the interval. Servers are expected to use the time immediately before endTime where the time resolution of the
Server determines the exact value (do not confuse this with hardware or operating system time resolution). For
example, if the endTime is 12:01:00, the time resolution is 1 second, then the EffectiveEndTime is 12:00:59. See
5.4.24-

If time is flowing backwards, Servers are expected to use the time immediately after endTime where the|time
resolption of the Server determines the exact value.

3.1.
extrppolated data
datd constructed from a discrete data set but is outside of the discrete datd set

Note |1 to entry: It is similar to the process of interpolation, which constructs new. points between known pgpints,
but itp result is subject to greater uncertainty. Extrapolated data is used in cases-where the requested time period
falls farther into the future than the data available in the underlying system. See(gxample in Table 1.

3.1.%5
Slopedinterpolation
simple linear interpolation

Note |1 to entry: Compare to curve fitting using linear polynomials? See example in Table 1.

3.1.6

Ste{pedlnterpolation
intefpolation holding the last data pointxgonstant or interpolating the value based gqn a
horizontal line fit

Note |1 to entry: Consider the following Table 1 of raw and Interpolated/Extrapolated values:

Table 1 — Interpolation examples

Timestamp Raw Value Sloped Interpolation Stepped Interpolation
12:00:00 10

12:00:05 15 10

1200108 18 10

12:00:10 20

12:00:15 25 20

12:00:20 30

SlopedExtrapolation SteppedExtrapolation

12:00:25 35 30

12:00:27 37 30

3.1.7
bounding values
values at the startTime and endTime needed for Aggregates to compute the result
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Note 1 to entry: If Raw data does not exist at the startTime and endTime a value shall be estimated. There are
two ways to determine Bounding Values for an interval. One way (called Interpolated Bounding Values) uses the
first non-Bad data points found before and after the timestamp to estimate the bound. The other (called Simple
Bounding Values) uses the data points immediately before and after the boundary timestamps to estimate the
bound even if these points are Bad. Subclauses 3.1.8 and 3.1.9 describe the two different approaches in more
detail.

In all cases the TreatUncertainAsBad (see 4.2.1.2) flag is used to determine whether Uncertain values are Bad or
non-Bad.

If a Raw value was not found and a non-Bad bounding value exists the Aggregate Bits (see 5.3.3) are set to
‘Interpolated’.

When ne
valug portlon is not used in any calculatlon and a null is returned |f the raw value is returned. The status port on is
deterined by the rules specified by the bound or Aggregate.

The Interpolated Bounding Values approach (see 3.1.8) is the same as what is used in Classic OPCHistorical|Data
Acceps (HDA) and is important for applications such as advanced process control where having useful values|at all
timeg is important. The Simple Bounding Values approach (see 3.1.9) is new in this standard..and‘is importapt for
applig¢ations which shall produce regulatory reports and cannot use estimated values in place of Bad data.

3.1.8
intefpolated bounding values
boupding values determined by a calculation using the nearest Good‘value

Note |1 to entry: Interpolated Bounding Values using Slopedinterpolation are.calculated as follows:
L if a non-Bad Raw value exists at the timestamp then it is the boeunding value;

L find the first non-Bad Raw value before the timestamp;

o find the first non-Bad Raw value after the timestamp;

L draw a line between before value and after value;

L use point where the line crosses the timestamp as\an estimate of the bounding value.
The dalculation can be expressed with the following fermula:

bound ( bound — before) ( after ~ before)/( after Tbefore) + Vbefore
where 7, is a value at x’ and T, is the timestamp associated with 7.

If nq non-Bad values exist before (the timestamp the StatusCode is Bad_NoData. The StatusCode is
Unceftain_DataSubNormal if any Bad yalues exist between the before value and after value. If either the before

valug or the after value are Uncertain the StatusCode is Uncertain_DataSubNormal. If the after value doeps not
exist|the before value shall be extrapolated using SlopedExtrapolation or SteppedExtrapolation.

The period of time that ,is\searched to discover the Good values before and after the timestamp is Server
depepdent, but if a Good 'value is not found within some reasonable time range then the Server will assume it|does
not ekist. The Server as.a’minimum should search a time range which is at least the size of the Processinglntdrval.

Interpolated Bourding Values using SlopedExtrapolation are calculated as follows:
o find the first non-Bad Raw value before timestamp;
L findythe second non-Bad Raw value before timestamp;

L draw a line between these two values;

. extend the line to where it crosses the timestamp;

. use the point where the line crosses the timestamp as an estimate of the bounding value.
The formula is the same as the one used for SlopedInterpolation.

The StatusCode is always Uncertain_DataSubNormal. If only one non-Bad raw value can be found before the
timestamp then SteppedExtrapolation is used to estimate the bounding value.
Interpolated Bounding Values using Steppedinterpolation are calculated as follows:

. if a non-Bad Raw value exists at the timestamp then it is the bounding value;

. find the first non-Bad Raw value before timestamp;

e use the value as an estimate of the bounding value.
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The StatusCode is Uncertain_DataSubNormal if any Bad values exist between the before value and the timestamp.
If no non-Bad Raw data exists before the timestamp then the StatusCode is Bad_NoData. If the value before the
timestamp is Uncertain the StatusCode is Uncertain_DataSubNormal. The value after the timestamp is not needed
when using Steppedinterpolation; however, if the timestamp is after the end of the data then the bounding value is
treated as extrapolated and the StatusCode is Uncertain_DataSubNormal.

SteppedExtrapolation is a term that describes Steppedinterpolation when a timestamp is after the last value in the
history collection.

3.1.9
simple bounding values
bounding values determined by a calculation using the nearest value
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1 to entry: Simple Bounding Values using Slopedinterpolation are calculated as follows:
if any Raw value exists at the timestamp then it is the bounding value;
find the first Raw value before timestamp;
find the first Raw value after timestamp;
if the value after the timestamp is Bad then the before value is the bounding value;
draw a line between before value and after value;

use point where the line crosses the timestamp as an estimate of the bounding:value.
prmula is the same as the one used for Slopedinterpolation in Clause 3.1.5,

aw value at the timestamp is Bad the StatusCode is Bad_NoData. {f the value before the timestamp ig
StatusCode is Bad_NoData. If the value before the timestamp is Uncertain the StatusCod
tain_DataSubNormal. If the value after the timestamp is~'Bad or Uncertain the StatusCog
rtain_DataSubNormal.

e Bounding Values using SteppedInterpolation are calculated’as follows:
if any Raw value exists at the timestamp then it is the-bounding value;
find the first Raw value before timestamp;

if the value before timestamp is non-Bad thepn.it is the bounding value.

aw value at the timestamp is Bad the StatusCode is Bad_NoData. If the value before the timestamp is
StatusCode is Bad_NoData. If the.\value before the timestamp is Uncertain the StatusCod
rtain_DataSubNormal.

er bounding time of an interval isbeyond the last data point then the Server may use extrapolation or 1
ror. If extrapolation is used\by the server the type [SteppedExtrapolation or SloppedExtrapolatio
bolation is server specific.

me Historians, the lasttRaw value does not necessarily indicate the end of the data. Based on the Histo
edge of the data collection mechanism, i.e. frequency of data updates and latency, the Historian may e
hst value to a time known by the Historian to be covered. When calculating Simple Bounding Value
Fian will act as ifithere is another Raw value at this timestamp.

same ways,if the earliest time of an interval starts before the first data point in history and the latest ti
the first data point in history, then the interval will be treated as if the interval extends from the first data
Etory ~tonthe latest time of the interval and the StatusCode of the interval will have the Partial b
b.3/3'2).
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The period of tme that Is searched 10 discover the values before and alter the umestamp 1s server dependen
if a value is not found within some reasonable time range then the Server will assume it does not exist. The Server
as a minimum should search a time range which is at least the size of the Processinglnterval.

3.2
DA
HA

Abbreviated terms
Data Access
Historical Access (access to historical data or events)

HDA Historical Data Access

UA

Unified Architecture

t, but
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4 Aggregate information model

4.1 General

IEC 62541-3 and IEC 62541-5 standards define the representation of Aggregate historical or
buffered real time data in the OPC Unified Architecture. This includes the definition of
Aggregates used in processed data retrieval and in historical retrieval. This definition includes
both standard Reference types and Object types.

4.2 Aggregate Objects

4.2. General
4211 Overview
OPQ UA Servers can support several different functionalities and capabilities:\Fhe following

standard Objects are used to expose these capabilities in a common fashiony and there are
sevgral standard defined concepts that can be extended by vendors.

4.2.1.2 AggregateConfigurationType

The|AggregateConfigurationType defines the general characteristics of a Node that defines
the |Aggregate configuration of any Variable or Property., AggregateConfiguration Object
represents the browse entry point for information on how theServer treats Aggregate spgcific
functionality such as handling Uncertain data. It is formally-defined in Table 2.

Table 2 — AggregateConfigurationType Definition

Attribute Value

BroywseName | AggregateConfigurationType

IsAbstract False

Refprences | NodeClass | BrowseName DataType TypeDefinition | ModellingRule
Subtype of the BaseObjectType defined,if JEC 62541-5

HaslProperty Variable TreatUncertainAsBad Boolean PropertyType Mandatory
HasIProperty Variable PéercentDataBad Byte PropertyType Mandatory
HasIProperty Variable PercentDataGood Byte PropertyType Mandatory
HasIProperty Variable UseSlopedExtrapolation Boolean PropertyType Mandatory
The| TreatUncertainAsBad Variable indicates how the Server treats data returned with a

StatusCodexseverity Uncertain with respect to Aggregate calculations. A value of Jrue
indigates the Server considers the severity equivalent to Bad, a value of False indicateq the
Server{econsiders the severity equivalent to Good, unless the Aggregate definition says
otherwiseThe defaultvatue 15 1 rue. Note thatthe vatue s stitttreated—as Uncertaimwhen the
StatusCode for the result is calculated.

The PercentDataBad Variable indicates the minimum percentage of Bad data in a given
interval required for the StatusCode for the given interval for processed data request to be set
to Bad. (Uncertain is treated as defined above.) Refer to 5.4.3 for details on using this
Variable when assigning StatusCodes. For details on which Aggregates use the
PercentDataBad Variable, see the definition of each Aggregate. The default value is 100.

The PercentDataGood Variable indicates the minimum percentage of Good data in a given
interval required for the StatusCode for the given interval for the processed data requests to
be set to Good. Refer to 5.4.3 for details on using this Variable when assigning StatusCodes.
For details on which Aggregates use the PercentDataGood Variable, see the definition of
each Aggregate. The default value is 100.
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The PercentDataGood and PercentDataBad shall follow the following relationship
PercentDataGood = (100 — PercentDataBad). If they are equal the result of the
PercentDataGood calculation is used. If the values entered for PercentDataGood and
PercentDataBad do not result in a valid calculation (e.g. Bad = 80; Good = 0) the result will
have a StatusCode of Bad_Aggregatelnvalidinputs The StatusCode
Bad_Aggregatelnvalidinputs will be returned if the value of PercentDataGood or
PercentDataBad exceed 100.

The UseSlopedExtrapolation Variable indicates how the Server interpolates data when no
boundary value exists (i.e. extrapolating into the future from the last known value). A value of
False_indicates that the Server will use a SteppedExtrapolation format, and hold the last
known value constant. A value of True indicates the Server will project the value \using
UsefSlopedExtrapolation mode. The default value is False. For SimpleBounds thissvalye is
ignofred.

4.2.2 AggregateFunction Object
4.2.2.1 General

This| Object is used as the browse entry point for information about the*Aggregates suppqrted
by a Server. The content of this Object is already defined by its type definition. All Instapces
of [the FolderType use the standard BrowseName of “AggregateFunctions’. [The
HasComponent Reference is used to relate a ServerCapabilities Object and/or [any
HistpryServerCapabilitiesType Object to an AggregateFunction Object. AggregateFuncfions
is formally defined in Table 3.

Table 3 — Aggregate Functions Definition

Attribute Value

BroywseName AggregateFunctions

Refprences Node BrowseName DataType TypeDefinition Modelling

Rule

Class

HagTypeDefinit | Object FolderType Defined in IEC 62541-5

ion
Type

Each ServerCapabilities and HistoryServerCapabilitiesType Object shall reference| an
AggtegateFunction~Object. In addition, each HistoricalConfiguration Object belonging to a
HistpricalDataNode,“may reference an AggregateFunction Object using the HasCompopent
Refarence.

4.2.2.2 AggregateFunctionType

This| @bjectType defines an Aggregate supported by a UA Server. This Object is formally
defined in Table 4.

Table 4 — AggregateFunctionType Definition

Attribute Value

BrowseName | AggregateFunctionType

IsAbstract False
References Node BrowseName DataType Type Mod.
Definition Rule

Class

Subtype of the BaseObjectType defined in IEC 62541-5
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For

the AggregateFunctionType,

15—

the Description Attribute (inherited from the Base

NodeClass), is mandatory. The Description Attribute provides a localized description of the
Aggregate.

Table 5 specifies the BrowseName and Description Attributes for the standard Aggregate
Objects. The description is the localized “en” text. For other locales it shall be translated.

Table 5 — Standard AggregateType Nodes

BrowseName Description
Interpolation Aggregate

Intefpolative At the beginning of each interval, retrieve the calculated value from the data poipts
on either side of the requested timestamp.

Average Retrieve the average value of the data over the interval.

TimeAverage Retrieve the time weighted average data over the interval using Interpolated
Bounding Values.

TimeAverage?2 Retrieve the time weighted average data over the intervahusing Simple Boundinly
Values.

Total Retrieve the total (time integral) of the data over thé interval using Interpolated
Bounding Values.

Total2 Retrieve the total (time integral) of the data gyer-the interval using Simple Boundling
Values.

Min|mum Retrieve the minimum raw value in the interval with the timestamp of the start of{ the
interval.

Maximum Retrieve the maximum raw valué.in the interval with the timestamp of the start of
the interval.

MinjmumActualTime Retrieve the minimum value'in the interval and the timestamp of the minimum

value.

Ma)imumActualTime Retrieve the maximum value in the interval and the timestamp of the maximum
value.

Range Retrieve the difference between the minimum and maximum value over the interpal.

Min|mum2 Retrieve theminimum value in the interval including the Simple Bounding Value$.

Maximum2 Retrieve-the maximum value in the interval including the Simple Bounding Valuds.

Min|mumActualTime2 Retrieve the minimum value with the actual timestamp including the Simple

Bounding Values.

MaximumActualTime2 Retrieve the maximum value with the actual timestamp including the Simple
Bounding Values.

Range2 Retrieve the difference between the Minimum2 and Maximum2 value over the
interval.

Count Retrieve the number of raw values over the interval.

DurptignInStateZero Retrieve the time a Boolean or numeric was in a zero state using Simple Boundipng

Values.

DurationInStateNonZero

Retrieve the time a Boolean or numeric was in a non-zero state using Simple
Bounding Values.

NumberOfTransitions

Retrieve the number of changes between zero and non-zero that a Boolean or
numeric value experienced in the interval.

Start Retrieve the value at the beginning of the interval.

End Retrieve the value at the end of the interval.

Delta Retrieve the difference between the Start and End value in the interval.
StartBound Retrieve the value at the beginning of the interval using Simple Bounding Values.
EndBound Retrieve the value at the end of the interval using Simple Bounding Values.

DeltaBounds

Retrieve the difference between the StartBound and EndBound value in the interval
using Simple Bounding Values.

DurationGood

Retrieve the total duration of time in the interval during which the data is Good.
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BrowseName Description

Interpolation Aggregate

DurationBad Retrieve the total duration of time in the interval during which the data is Bad.

PercentGood Retrieve the percentage of data (0 to 100) in the interval which has Good
StatusCode.

PercentBad Retrieve the percentage of data (0 to 100) in the interval which has Bad
StatusCode.

WorstQuality Retrieve the worst StatusCode of data in the interval.

WorstQuality2

Retrieve the worst StatusCode of data in the interval including the Simple Bounding

vdadlues. I
AnntationCount Retrieve the number of Annotations in the interval (applies to Historical Aggregaltes
only).
StapdardDeviationSample | Retrieve the standard deviation for the interval for a sample of the population (n{1).
VarfanceSample Retrieve the variance for the interval as calculated by the
StandardDeviationSample.
StapdardDeviation Retrieve the standard deviation for the interval for a complete ‘population (n) which
Population includes Simple Bounding Values.
Var{ancePopulation Retrieve the variance for the interval as calculated by the
StandardDeviationPopulation which includes Simpley,Bounding Values.
4.3 | Monitoreditem AggregateFilter
4.3. Monitoredltem AggregateFilter Defaults
The|default values used for Monitoredltem Aggregates are the same as those used for
histgrical Aggregates. They are defined 'in” 4.2.1.2. For additional information| on
Monjtoreditem AggregateFilter see |IEC 62541-4.
4.3.2 Monitoreditem Aggregates-and Bounding Values
Whgn calculating Monitorediltem«Aggregates that require the use of Bounding Values,| the
boumnds may not be known. Thelcalculation is done in the same manner as a historical fead
with|the Partial Bit set. The-historian may wait some amount of time (normally no more than
one | processing interval) before calculating the interval to allow for any latency in {Hata
collgction and reduce the use of the Partial Bit.
A historical read done after data collection and the data from the Monitoredltem over| the
samg interval may not be the same.
4.4 | Exposing Supported Functions and Capabilities
Figureid, outlines a pOSSIb|e representatlon of Aggregate mformatlon in the AddressSpac b, |n
y for

Interpolative, Total, Average, and others, DataVar/ab/e X only supports Interpolative, Total
and Average, while DataVariable Y supports Average, a vendor defined Aggregate and other
(unstated) Aggregates.
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Server Capabilities
(Part 5 — Information Model) HasHistorical Configuration
DataVariable X
HistoryServer Capabilities HA Configuration
(Part 11 — Historical Access) (Part 11 — Historical Access)
AggregateFunctions Jri
AggregateFunctions AggregateFunctions
Organizes
Interpolative AggregateConfiguration
Total # [ TreatUneertainAsBad j
Organizes
| Average PercentDataGood j
iy b [ PercentDataBad j
TimeAverage
H [SteppedSIopedExtrapoIation]
...others...
DataVariable Y
Vendor
Aggregate
Organi - -
rgenizes HA Configuration
(Part 11 — Historical Access)
— AggregateFunctions H—
v v
v v
AggregateFunctionType Aggregate Configuration Type
IEC
Figure 1 — Representation of Aggregate Configuration information in the AddressSpjace
5 Addregate specific usage of Services

5.1 General
IEC 62541-4 specifies all Services needed for OPC UA Aggregates. In particular:

e The Browse Service Set or Query Service Set to detect Aggregates and their
configuration.

e The HistoryRead Service of the Attribute Service Set to read the aggregated history of
the HistoricalNodes.

e The CreateMonitoredltems Service allows specifying a filter for each Monitoredltem to
read aggregated data.
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5.2 Aggregate data handling
5.2.1 Overview

The HistoryRead service defined in IEC 62541-4 can perform several different functions. The
historyReadDetails parameter is an Extensible Parameter that specifies which function to
perform. The ReadProcessedDetails structure is used to read aggregated data for
HistoricalDataNodes.

The CreateMonitoreditems Service allows specifying a filter for each Monitorediltem. The
MonitoringFilter is an extensible parameter whose structure depends on the type of item being
monffored. The AggregateFilter structure 1s used to obtain aggregated data for a subscripijon.

5.2.2 ReadProcessedDetails structure overview

ReapProcessedDetails structure is formally detailed in IEC 62541-11. Table(6“outlines| the
components of the ReadProcessedDetails structure for the purposes of_discussion in|this
docyment.

Table 6 — ReadProcessedDetails

Name Description
ReddProcessedDetails Specifies the details used to performia “processed” history read.
tartTime Beginning of period to read.
endTime End of period to read.
rocessinglnterval Interval between returned Aggregate values.
hggregateTypel] The Nodelds of théAggregateFunction Objects. AggregateFunction

Objects indicate the list of Aggregates to be used when retrieving
processed history:

hggregateConfiguration Aggregate_canfiguration structure.
useServerDefaults If True the Server's default values are used and any values specified fgr
the other parameters are ignored.
treatUncertainAsBad See 4.2.1.2.
percentDataBad See 4.2.1.2.
percentDataGood See 4.2.1.2.
useSlopedExtrapolation See 4.2.1.2.

5.2.3 AggregateFilter structure overview

The| AggregateFilter defines the Aggregate function that should be used to calculate| the
valups/to” be returned. The AggregateFilter is formally defined in IEC 62541-4. Table 7
outlines’the components of the AggregateFilter structure for the purposes of discussion in| this
document.
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Table 7 — AggregateFilter structure

Name

Description

AggregateFilter

startTime

Beginning of period to calculate the Aggregate the first time.

aggregateType

The Nodelds of the AggregateFunction Objects that indicates the list of
Aggregates to be used when retrieving processed data.

processinglinterval

The period to be used to compute the Aggregate.

aggregateConfiguration

This parameter allows Clients to override the Aggregate configuration
:nffing: :ulnlnlinr{ hy an Aggrngafn(‘nnfigurgﬁnn ﬁhjnnf onaper manitared

item basis.

useServerDefaults

If True the Server's default values are used and any values specified.for fthe
other parameters are ignored.

treatUncertainAsBad See 4.2.1.2.
percentDataBad See 4.2.1.2.
percentDataGood See 4.2.1.2.
useSlopedExtrapolation See 4.2.1.2.

5.3 | Aggregates StatusCodes

5.3. Overview

Subg¢lause 5.3 defines additional codes and rules that apply to the StatusCode when used for

Aggregates.

The|general structure of the StatusCode ispspecified in IEC 62541-4. It includes a set of

common operational result codes which also.apply to Aggregates.

5.3.2 Operation level result codes

In OPC UA Aggregates the StatusCode is used to indicate the conditions under which a vjlue
or Hvent was stored, and thereby can be used as an indicator of its usability. Due to| the

nee

natLJire of aggregated data, @dditional information beyond the basic quality and call result ¢ode
s to be conveyed to the client. For example, whether or not the result was Interpolgted,
werg all data inputs to«a calculation of Good quality, etc.

In the following,. Table 8 contains codes with Bad severity indicating a failure; Tabje 9
conffains codesywith Uncertain severity indicating that the value has been retrieved under pub-
normal conditions. It is important to note that these are the codes that are specifiq for
OPQ UA Aggregates and that they supplement the codes that apply to all types of data; they

are theréfore defined in IEC 62541-4, IEC 62541-8 and IEC 62541-11.

Table 8 — Bad operation level result codes

Symbolic Id

Description

Bad_AggregateListMismatc
h

The requested number of Aggregates does not match the requested number of
Nodelds. When multiple Aggregates are requested, a corresponding Nodeld is
required for each AggregateFunction.

Bad_AggregateNotSupport
ed

The requested AggregateFunction is not supported by the Server for the specified
Node.

Bad_Aggregatelnvalidlnput
s

The Aggregate value could not be derived due to invalid data inputs, errors
attempting to perform data conversions or similar situations.
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Table 9 — Uncertain operation level result codes

Symbolic Id Description

Uncertain_DataSubNormal The value is derived from raw values and has less than the required number of
Good values.

5.3.3 Aggregate Information Bits

5.3.3.1 General

Thesge bits are set only when obtaining Aggregate data. They indicate where the data\vglue
camg from and provide information that affects how the client uses the data value._Table 10
lists|the bit settings which indicate the data location (i.e. is the value stored in the underlying
data repository, or is the value the result of data aggregation). These bits~nare mutually
exclpsive.

v

Table 10 — Data location

YtatusCode Description
Ra A Raw data value.
Calgulated A data value which was calculated.
Intefpolated A data value which was interpolated.

In the case where Interpolated data is requested, and there is an actual raw value for|that
timestamp, the Server should set the ‘Raw’ bit in‘the StatusCode of that value.

Table 11 lists the bit settings which indicate’ additional important information about the data
valugs returned.

Table11 — Additional information

StatusCode Description
Partial A calculated-value that is not based on a complete interval. See 5.3.3.2.
Extja Data If a Server chooses to set this bit, it indicates that a Raw data value supersedes other data

at the)same timestamp.

Muljiple Values Multiple values match the Aggregate criteria (i.e. multiple minimum values or multiple wqrst
quality at different timestamps within the same Processinginterval).

The|conditions under which these information bits are set depend on how the data has keen
requested and state of the underlying data repository.

5.3.3.2 Partial Information Bit

Partial bit is used to indicate that the interval is not a complete interval and that a client may
receive a different value for the Aggregate if it re-fetches the interval with the same
parameters.

The Partial bit will be set in the following examples:

Assume for these examples the first stored point in the collection is 1:01:10 and the last
stored point in the collection is 1:31:20. Older data may exist but is unavailable or offline at
the time of the query. Newer data may be available but has not yet been stored in the history
collection.
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The interval that overlaps the beginning of the history collection. If the start time is
1:00:00 and end time is 1:10:00 and the interval is 2 minutes then the first interval
would have a partial bit set since it has no data for the first 70 seconds. The Partial bit
will always be set for the first interval with data if the start time of the interval is before
the first data value of the data collection. For intervals prior to the interval with a
partial bit, these intervals will be flagged Bad_NoData.

The interval that overlaps the latest point stored in the history collection. The last point
in the collection is 1:31:20 and the historian was not shut down and is still running. A
6-minute interval that started at 1:30:00 would have the Partial bit set because the

historian is expecting data, but just has not yet received anything. The Partial bit will
:\Iwayc he set for the last interval with data if the end time of the interval is after the

The
speq

5.4
5.4.

The
Sery

last data value stored in the data collection. Intervals entirely after the interval with a
Partial bit will be flagged Bad_NoData. For those Aggregates with extrapolation, the
Partial bit may be set. See the Aggregate specific characteristics for more details.

If the start/end time does not result in an even interval and there iscadditional Hata
beyond the end time then the last interval will have a Partial bit. If'the start time is
1:00:00 and end time is 1:20:00 and the interval is 6 minutes then the last intervpl is
just 2 minutes long and will have the partial bit set. Extrapolation does not apply in|this
case.

Partial bit may be set with the Calculated bit when the Calculated bit is always set for the
ific Aggregate.

Aggregate details
General

purpose of Subclause 5.4 is to detail thexrequirements and behaviour for OPC| UA
ers supporting Aggregates. The intent is {0 standardize the Aggregates so users|can

religbly predict the results of an Aggregate.computation and understand its meaning. If users

requ
ven

The
beh

ire custom functionality in the Aggregates, those Aggregates should be written as cugtom
or defined Aggregates.

standard Aggregates shall belas consistent as possible, meaning that each Aggregate’s
viour shall be similar to eyery other Aggregate’s behaviour where input parameters, Raw

data, and boundary conditiens-are similar. Where possible, the Aggregates should deal [with

input and preconditions in,a*similar manner.

Subg¢lause 5.4 is__divided up into two parts. Subclause 5.4.2 deals with Aggrepate
characteristics and\behaviour that are common to all Aggregates. Subclause 5.4.3 deals |with

the ¢haracteristics*and behaviour of Aggregates that are aggregate-specific.

5.4.

5.4.

Common characteristics

A Description

Subclause 5.4.2 deals with Aggregate characteristics and behaviour that are common to all
Aggregates.

5.4.2.2 Generating intervals

To read Historical Aggregates, OPC clients shall specify three time parameters:

— startTime (Start)
— endTime (End)
— Processinglinterval (Int)
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The OPC Server shall use these three parameters to generate a sequence of time intervals
and then calculate an Aggregate for each interval. Subclause 5.4.2.2 specifies, given the
three parameters, which time intervals are generated. Table 12 provides information on the
intervals for each Start and End time combination. The range is defined to be |End — Start|.

All Aggregates return a timestamp of the start of the interval unless otherwise noted for the
particular Aggregate.

Table 12 — History Aggregate interval information

StartiEnd—THme aterval Resutting-rtervale—————
Start = End Int = Anything No intervals. Returns a Bad_InvalidArgument
StatusCode, regardless of whether there is data\dat the
specified time or not.
Staft < End Int = 0 or Int 2 Range One interval, starting at Start and ending at End.
Includes Start, excludes End, i.e., [Starty End).
Staft < End Int # 0, Int < Range, Int Range/Int intervals. Intervals are.[Start, Start + Int),
divides Range evenly. [Start + Int, Start + 2 x Int),..., [End — Int, End).
Staft < End Int # 0, Int < Range, Int does | [ Range/Int]intervals. Intetvals are [Start, Start + Int,
not divide Range evenly. [Start + Int, Start + 2 x [fit):-.., [Start + ( [Range/Int /|-
1) x Int, Start + /[Rangé/int/x Int), [Start + [Range/Int /
x Int, End).
In other words, the’last interval contains the “rest” thHat
remains in the'xange after taking away | Range/Int|
intervals of size Int.
Staft > End Int = 0 or Int 2 Range One interval, starting at Start and ending at End.
Includes Start, excludes End, i.e.,[Start, End). @
Staft > End Int # 0, Int < Range, Int Rarnge/Int intervals. Intervals are [Start, Start- Int),
divides Range evenly. [Start— Int, Start — 2 x Int),..., [End + Int, End). 2@
Staft > End Int # 0, Int < Range, Int does I—Range/lnt—l intervals. Intervals are [Start, Start — Int),
not divide Range evenly: [Start —Int,Start — 2 x Int),..., [Start — ( [Range/Int/-|1)
x Int , Start — [Range/Int/x Int), [Start — [Range/Int | x
Int , End).
In other words, the last interval contains the “rest” that
remains in the range after taking away | Range/Int|
intervals of size Int starting at Start. @
@ In this case time is running backwards on the intervals.

The|calculation of alf Aggregates when time flows backwards is the same as when time flows
forwprds with the'exception that the ‘early time’ is excluded from the interval and the flate
timef is includéd. In most cases this means the value will be the same except the timestamps
are ghifted-by one Processinginterval. E.g. when time flows forward the value at 7 = # if the
samg as the value at T=n + 1 when time flows backward.

Note that when determining Aggregates with Monitoreditem, the interval is simply the
Processinginterval parameter as defined in the AggregateFilter structure. See IEC 62541-4 for
more details.

5.4.2.3 Data types

Table 13 outlines the valid DataType for each Aggregate. Some Aggregates are intended for
numeric data types — i.e. integers or real/floating point numbers. Dates, strings, arrays, etc.
are not supported. Other Aggregates are intended for digital data types — i.e. Boolean or
enumerations. In addition some Aggregates may return results with a different DataType than
those used to calculate the Aggregate. Table 13 also outlines the data type returned for each
Aggregate .
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Table 13 — Standard History Aggregate Data Type information

- 23—

BrowseName

Valid Data Type

Result Data Type

Interpolation Aggregate

Interpolative

Numeric

Raw Data Type

Data Averaging

Aggregates
Average Numeric Double
TimeAverage Numeric Double
TimeAverage?2 Numeric Double
Total Numeric Double
Total2 Numeric Double

Data Variation

Aggregates
Minimum Numeric Raw data type
Maximum Numeric Raw data type
MinimumActualTime Numeric Raw data type
MaximumActualTime Numeric Raw datartype
Range Numeric Raw datatype
Minimum2 Numeric Raw data type
Maximum2 Numeric Raw data type
MinimumActualTime2 Numeric Raw data type
MaximumActualTime2 Numeric Raw data type
Range2 Numeric Raw data type

Counting Aggregates
AnnotationCount All Integer
Count All Integer
DurationInStateZero Numeéric or Boolean Duration
DurationInStateNonZero Numeric or Boolean Duration
NumberOfTransitions Numeric or Boolean Integer

Time Aggregates

Start All Raw data type
End All Raw data type
Delta Numeric Raw data type
StartBound All Raw data type
EndBound All Raw data type
DeltaBounds Numeric Raw data type

Data Quality Aggregates

DurationGood All Duration
DurationBad All Duration
PercentBad All Double
WorstQuality All StatusCode
WorstQuality2 All StatusCode
Statistical Aggregates
StandardDeviationSample Numeric Double
VarianceSample Numeric Double
StandardDeviationPopulati | Numeric Double
on
VariancePopulation Numeric Double
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5.4.2.4 Time calculation issues

The following issues may come up when calculating Aggregates that include time as part of
the calculation.

o All Aggregate calculations include the startTime but exclude the endTime. However, it is
sometimes necessary to return an Interpolated End Bound as the value for an Interval with
a timestamp that is in the Interval. Servers are expected to use the time immediately
before endTime where the time resolution of the Server determines the exact value (do not
confuse this with hardware or operating system time resolution). For example, if the
endTime is 12:01:00, the time resolution is 1 second, then the EffectiveEndTime is

19.00.L0 [ 4

£Z.UU.JJ. LI e OUIVUI l.IIIIU IUDUIULIUII IO I IIIIIIIOC\JUIIU lIIU l-llUbllVUl-llUlIlllz |S
4 . B

2:00:59.999.

If time is flowing backwards, Servers are expected to use the time immediately after
éndTime where the time resolution of the Server determines the exact value.

o |If there is one data point in the Interval and it falls on the StartTime the time-duration yised
in calculations is one unit of the time resolution of the Server.

5.4.3 Specific aggregated data handling
5.4.3.1 General

Whgn accessing aggregated data using the HistoryRead, “or the CreateMonitoredliems
Seryice, the following rules are used to handle specific Aggregate use cases.

If Pfrocessinginterval is 0, the Server shall create oné Aggregate value for the entire time
rande. This allows Aggregates over large periods ©f time. A value with a timestamp equal to
endfime will be excluded from that Aggregate, just as it would be excluded from an intgrval
with|that ending time. If the Processinginterval-of 0 is passed in the MonitoredltemFilfer it
shal|] be revised to a suitable non-zero value.

The|timestamp returned with the Aggregate shall be the time at the beginning of the inteyval,
excgpt where the Aggregate specifies\a different timestamp.

If a|requested timestamp is set-to anything but the source timestamp the operation shall
retufn the Bad_ TimestampToReturninvalid StatusCode. If a requested timestamp is| not
supported in any other,k way for a HistoricalDataNode, the operation shall return] the
Bad| TimestampNotSupported StatusCode. For Monitoredltem the Server shall not return past
datq if a requested timestamp is not supported by the history collection.

5.4.3.2 StatusCode calculation
5.4.3.2.1 General

StathCodes for an Aggregate value shall take mto account the values used to calcylate
llow

the client to control how this calculation is done if supported by the Server.

If an Aggregate operates on raw values (e.g. Average) the calculation is done by counting
values. If an Aggregate operates on raw values but can also return a Bounding Value then the
Bounding Values are included in the count when computing the StatusCode. If an Aggregate
does any sort of a time weighted calculation (e.g. TimeAverage or TimeAverage2) then the
StatusCode calculation shall also be time weighted.

For purposes of calculating time weighted StatusCodes each interval shall be divided into
regions of Good or Bad data. Creating these regions requires that the bounding values be
calculated for each interval and the type of bounding value depends on the Aggregate.
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If TreatUncertainAsBad = False then Uncertain regions are included with the Good regions
when calculating the above ratios, if the TreatUncertainAsBad = True then the Uncertain
regions are included as Bad regions. The StatusCode of the value is still treated as Uncertain
when the StatusCode for the result is calculated. If no Bad regions are in the interval then the
StatusCode for the interval is Good. For any intervals containing regions where the
StatusCodes are Bad, the total duration of all Bad regions is calculated and divided by the
width of the interval. The resulting ratio is multiplied by 100 and compared to the
PercentDataBad parameter. The StatusCode for the interval is Bad if the ratio is greater than
or equal to the PercentDataBad parameter. For any interval which is not Bad, the total
duration of all Good regions is then calculated and divided by the width of the interval. The
resulting ratio is multiplied by 100 and compared to the PercentDataGood parameter. The
StatflsCode for the Interval Is Good | € rauo Is greater than or equal 10| the
PergentDataGood parameter. If for an interval neither ratio applies then that intérval is
Uncertain_DataSubNormal.

If there is no data in the interval and the interval is inside the range [start of ddata,”end of data]
and [the Aggregate return data type is raw data type then the StatusCodes forithe interval| will
be Bad_NoData unless an alternate status code is defined for a specific Aggregate.

The|width of an interval is the Processinginterval unless it is a pdrtial interval (i.e. hag the
Partjal bit set). In these cases, the width is the time used when calcutating the partial interjal.

Subglauses 5.4.3.2.2 and 5.4.3.2.3 include diagrams that illisirate a request and data sefies.
The|colour of the time axis indicates the status for different.\regions. Red indicates Bad, gfeen
indigates Good and orange indicates Uncertain. These examples assume
TregtUncertainAsBad = False.

5.4.3.2.2 Sloped Interpolation and Simple.Bounding Values

Figure 2 illustrates a data series for Variable with Stepped = False and an Aggregate |that
useg Simple Bounding Values. The request being processed has a Start Time that falls bgfore
the first point in the series and an End,Time that does not fall on an integer multiple of the
Progessinglinterval.

Interpolated bounds Simple bounds
Initial point Final point
]
\ - e Stepped
SN extrapolation
o

- o /
»

jL 3 ~_ Sloped

exirapolation |

Start time Bad point End time IEC

Figure 2 — Variable with Stepped = False and Simple Bounding Values

The first interval has four regions:

e the period before the first data point;
e the period between the first and second where Slopedinterpolation can be used;
e the period between the second and third point where Steppedinterpolation is used;

e the period after the Bad point where no data exists.
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A region is Uncertain if a region ends in a Bad or Uncertain value and Slopedinterpolation is
used. The end point has no effect on the region if Steppedinterpolation is used.

The second interval has three regions:

o the period before the first Good data point where no data exists;
e the period between the first and second where Slopedinterpolation can be used;

e the period between the second point and the bound calculated with
Slopedinterpolation.

The[third interval has three regions:

4 the period between the simple bound and the first data point;
4 the period between the first point and an interpolated point that falls on the end timle;

4 the period after the end time which is ignored.

This| is a partial region and the data after the end time is not used, however, if slgped
interpolation is used and the point after the endpoint is Uncertain then.the region betweer| the
last point and the end time will be Uncertain.

5.4.3.2.3 Stepped Interpolation and Interpolated Bounding Values

Figure 3 illustrates a data series for Variable with Stepped<= True and an Aggregate that lises

Intefpolated Bounding Values. The request being proce€ssed has a Start Time that falls bdfore
the first point in the series and an End Time that dges not fall on an integer multiple of the
Progessinglnterval.
Interpolated bounds  Simple bounds
Bad point
Initial point
(- Final point
(]
) § . O/.vq\ Sloped
? extrapolation
\
Start time End time b
Figure 3 — Variable with Stepped = True and Interpolated Bounding Values

The first interval has three regions:

e the period before the first data point;
e the period between the first and second where Steppedinterpolation is used;

e the period between the second and the interpolated end bound.

The Bad point is ignored because of the interpolated end bound but this does create
Uncertain regions. If Slopedinterpolation was used the Uncertain region would start at the
second point. In this case, it only starts when the first Bad value is ignored.

The second interval has three regions:
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o the period between the start bound and the first data point;

e the period between the first and second where Steppedinterpolation is used,;

o the period between the second and the interpolated end bound.

The third interval has three regions:

e the period between the interpolated bound and the first data point;

o the period between the first point and an interpolated point that falls on the end time;

e the period after the end time which is ignored.

This|is a partial region and the data after the end time is not used.

5.4.3.3 Description

Subglause 5.4.3.3 deals with Aggregate specific characteristics and behaviodr that is sp€

to a|particular Aggregate.

Each subclause has a table which formally expresses the Aggregate behaviour (including
excgptions). The meaning of each of the fields in the table is described in Table 14.

Des¢ription of Table 14:

of valid selections.

4 The first column is the common name for the item.

4 The second part of the table describes¢chow the status associated with the Aggre
calculation is computed.

4 The last part of the table lists what behaviour is expected from the Aggregate for s
common special cases. These behaviours require text descriptions so there is ng

Table 14 — Aggregate table description

cific

any

4 The second column includes a description of{he item and a list of the valid selecfjons
with for the item including a description of each selection.

gate

pme
list

Aggregate Characteristics

()

Typ

The type of Aggregate.

<Interpolated | Calculated | Raw>

Interpolated: See definition for Interpolated.

Calculated: Computed from defined calculation.

Raw: Selects a raw value from within an interval.

Data Type

The data type of the result.

<Double | Int32 | Same as Source>

Use Bounds

How the Aggregate deals with bounds.

<None | Interpolated | Simple>

None: Bounds do not apply to the Aggregate.
Interpolated: Uses Interpolated Bounds.

Simple: Uses Simple Bounds.
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Aggregate Characteristics

Timestamp What is the time stamp of the resulting Aggregate value:

<startTime | endTime | Raw>

startTime: The time at the start of the interval.
endTime: The time at the end of the interval.

Raw: The time associated with a value in the interval.

StafusCode Calculations

Calgulation Method How the status code is calculated:

<PercentValues | PercentTime | Custom>

PercentValues: Based on percentage of value counts.
PercentTime: Based on percentage of time interval.

Custom: Specific to the Aggregate (description included).

Partial For partial intervals does the Aggregate set this 'bit

<Set Sometimes | Not Set>

It may also describe any special cases)for setting this bit

Calgulated Describes the usage of the calculated bit.

<Set Always | Set Sometimes'{ Not Set>

Set Always: The bit is‘always set.
Set Sometimes: The"bit is sometimes set (describes when).

Not Set: The'bitsiis never set.

Intefpolated Describes-the usage of the interpolated bit.

<Set'Always | Set Sometimes | Not Set>

Set Always: The bit is always set.
Set Sometimes: The bit is sometimes set (describes when).

Not Set: The bit is never set.

Ra Describes the usage of the Raw bit.

<Set Always | Set Sometimes | Not Set>

Set Always: The bit is always set.

Set Sometimes: The bit is sometimes set (describes when).

Not Set: The bit is never set.

Multi Value Describes the usage of the multi value bit.

<Set Sometimes | Not Set>

Set Sometimes: The bit is used (see IEC 62541-11).

Not Set: The bit is never set.
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Aggregate Characteristics

StatusCode Common Special Cases

Before Start of Data

If the entire interval is before the start of data.

After End of Data

If the entire interval is after the end of data (as determined by the Historian).

Start Bound Not Found

If the starting bound is not found for the earliest interval and it is not partial,
then what, if any, special processing should be done.

End Bound Not Found

If the ending bound is not found for the latest interval and it is not partial, then
what, if any, special processing should be done.

Bound Bad

If the Bounding value is Bad, then what, if any, special processing should be

done.

Bound Uncertain

If the Bounding value is uncertain, then what, if any, special processingsshould
be done.

5.4.3.4 Interpolative

The|lnterpolative Aggregate defined in Table 15 returns the Interpolated Bounding Value [see

3.1.8) for the startTime of each interval.

Whegn searching for Good values before or after the bounding yalue, the time period sear¢hed
is Server specific, but the Server should search a time rangé which is at least the size of the

Progessinglinterval.
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Table 15 - Interpolative Aggregate summary

Interpolated Aggregate Characteristics

Type Interpolated
Data Type Same as Source
Use Bounds Interpolated
Timestamp StartTime
StatusCode Calculations

Calculation Method Custom

Good if no Bad values skipped and Good values are used, Uncertain if Bad
values skipped or if Uncertain values are used. If no starting value then
Bad_NoData. See description of Interpolated Bounds (see 3.1.8) for more

details
Parfial bit Not Set
Calgulated bit Not Set

Intefpolated bit

Set Sometimes
Always set except for when the Raw bit is set

Raw bit Set Sometimes

If a value exists with the exact time of interval Start
Mulji Value bit Not Set
StajusCode Common Special Cases

Befpre Start of Data

Return Bad_NoData

Aftdr End of Data

Return extrapolated value (se€, 3.1.8) (sloped or stepped according to settings)
Status code is Uncertain_DataSubNormal.

Staft Bound Not Found

Bad_NoData.

End Bound Not Found

See “After End of Data”

Bound Bad

Does not returp;asBad bound except as noted above

Bound Uncertain

Returned Ungertain_DataSubNormal if any Bad value(s) was/were skipped to
calculate the bounding value.

5.4.3.5 Average

The|Average Aggregate:defined in Table 16 adds up the values of all Good Raw data for ¢ach
inteqval, and dividesthe sum by the number of Good values. If any non-Good values| are
ignored in the wcomputation, the Aggregate StatusCode will be determined using| the
StatysCode Calculation (see 5.3). This Aggregate is not time based so |the
PergentGood/PercentBad applies to the number of values in the interval.
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Table 16 — Average Aggregate summary

Average Aggregate Characteristics

Type Calculated
Data Type Double
Use Bounds None
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentValues
Partial Not Set
Calgulated Set Always
Intefpolated Not Set

Ray Not Set

Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData

No Btart Bound Bounds not used
No End Bound Bounds not used
Bound Bad Bounds not used
Bound Uncertain Bounds not used

5.4.3.6 TimeAverage

The|TimeAverage Aggregate defined in Table 17 uses Interpolated Bounding Values
3.1.8) to find the value of a.point at the beginning and end of an interval. Starting af
starfing bounding value a straight line is drawn between each value in the interval endin
the ¢nding bounding value (see examples for illustrations). The area under the lines is div|
by the length of the Pfocessinginterval to yield the average. Note that this calculation alv
useg a sloped line between points; TimeAverage2 uses a stepped or sloped line dependin
the yalue of the Stepped Property for the Variable.

If orle or mare Bad Values exist in the interval then they are omitted from the calculation
the [StatusCode is set to Uncertain_DataSubNormal. Sloped lines are drawn between
Goof yalues when calculating the area.

see
the
g at
ded
yays
j on

and
the

The time resolution used in this calculation is Server specific.
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Table 17 — TimeAverage Aggregate summary
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TimeAverage Aggregate Characteristics

Type

Calculated

Data Type

Double

Use Bounds

Interpolated

Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom

Good if no Bad values skipped and Good values are used, Uncertain4f/Bad
values are skipped or if Uncertain values are used

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Value extrapolated, Uncertdin status

No Btart Bound

Calculate Partial Interval

No End Bound Extrapolate data, Uncertain status
Bound Bad NA
Bound Uncertain NA

5.4.3.7 TimeAverage2

The|TimeAverage2 Aggregate defined in Table 18 uses Simple Bounding Values (see 3|1.9)
to find the value of a”point at the beginning and end of an interval. Starting at the stafting

bou

ding value_a straight line is drawn between each value in the interval ending af| the

ending bounding value (see examples for illustrations). The area under the lines is divided by
the |ength af the Processinginterval to yield the average. Note that this calculation uses a
stepjped ,orsloped line depending on what the value of the Stepped Property for the Varigble;

TimeAverage always uses a sloped line between points.

The time resolution used in this calculation is Server specific.

If any non-Good data exists in the interval, this data is omitted from the calculation and the
time interval is reduced by the duration of the non-Good data; i.e. if a value was Bad for 1
minute in a 5-minute interval then the TimeAverage2 would be the area under the 4-minute
period of Good values divided by 4 minutes. If a sub-interval ends at a Bad value then only
the Good starting value is used to calculate the area of sub-interval preceding the Bad value.

The Aggregate StatusCode will be determined using the StatusCode Calculation (see 5.3).
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Table 18 — TimeAverage2 Aggregate summary

TimeAverage2 Aggregate Characteristics

Type Calculated
Data Type Double
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Bound is Bad_NoData and tréated as any other Bad value in the interval
No End Bound Bound is Bad_NoData and‘treated as any other Bad value in the interval
Bound Bad Treated as any other Bad value in the interval

Bound Uncertain Treated as any other Uncertain value in the interval

5.4.3.8 Total

The|Total Aggregate definedin-Table 19 performs the following calculation for each interv
Totgl = TimeAverage x.Rrocessinglnterval (seconds)

where: TimeAverage is the result from the TimeAverage Aggregate, using
Progessingintetval supplied to the Total call.

The|resulting units would be normalized to seconds, i.e. [TimeAverage Units] x seconds.

Al

the

Thel _Aggregate StatusCode will be determined using the StatusCode Calcula
(see 5.3).

ition
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Table 19 — Total Aggregate summary

Total Aggregate Characteristics

Type

Calculated

Data Type

Double

Use Bounds

Interpolated

Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom

Good if no Bad values are skipped and Good values are used, Uncertain-if Bad

values are skipped or if Uncertain values are used

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Value extrapolated, Uncertdin status

No Btart Bound

Calculate Partial Interval

No End Bound

Extrapolate data, Uncertain status

Bound Bad

NA

Bound Uncertain

NA

5.4.3.9 Total2

The|Total2 Aggregate défined in Table 20 performs the following calculation for each interyal:

Totgl2 = TimeAverage2 x Processinglnterval of Good data (seconds)

whefe TimeAverage2

the result from

Progessinglaterval supplied to the Total2 call.

the TimeAverage2 Aggregate,

using | the

Thelinterval of Good data is the sum of all sub-intervals where non-Bad data exists; i.e| if a

value was Bad for 1 minute in a 5-minute interval then the interval of Good data would be the

4-minute period.

The resulting units would be normalized to seconds, i.e. [TimeAverage2 Units] x seconds.

The Aggregate StatusCode will

(see 5.3).

be determined

using

the StatusCode Calculation
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Table 20 — Total2 Aggregate summary

Total2 Aggregate Characteristics

Type Calculated
Data Type Double
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

in the calculation (ignored)

Calgulation Method PercentTime
Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set
StajusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No Btart Bound Value for Bound is Bad_NoData and is treated like any other Bad quality valde

No End Bound Value for Bound is Bad_NoData and is treated like any other Bad quality valye
in the calculation (ignotéd)
Bound Bad Value is treated like any other Bad quality value in the calculation (ignored)

Bound Uncertain

Value is treated’like any other non-Good quality value in the calculation
(ignored)

5.4.3.10 Minimum

The

Unlgss otherwise indicated, StatusCodes are Good, Calculated. If the minimum value i
start(time the status code will be Good, Raw. If only Bad quality values are available
status is returned as Bad_NoData.

the
the

Minimum Aggregate defined in Table 21 retrieves the minimum Good raw value withirn
intefval, and returns jthat value with the timestamp at the start of the interval. Note that i
same minimum eXxists at more than one timestamp the MultipleValues bit is set.

The timestamp of the Aggregate will

Processinglinterval.

always be the start of the

the
the

B ON

hen

interval for every
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Table 21 — Minimum Aggregate summary
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Minimum Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

If no Bad values then the Status is Good. If Bad values exist then the{Status
Uncertain_SubNormal. If an Uncertain value is less than the minimtim Good
value the Status is Uncertain_SubNormal.

is

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Sometimes

If the Minimum value is not on the StartTime of the interval or if the Status w.
set to Uncertain_SubNormal because of non-Geod values in the interval

AS

Intefpolated

Not Set

Raw Set Sometimes
If Minimum value is on the StartTime of the interval
Mulji Value Set Sometimes

If multiple Good values exist\with the Minimum value

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

Start Bound

Not Applicable

End Bound

NetApplicable

Bound Bad

Neot Applicable

Bound Uncertain

Not Applicable

5.4.3.11 Maximum

The

the

Maximum Aggregate defined in Table 22 retrieves the maximum Good raw value w,
the Interval, and returns that value with the timestamp at the start of the interval. Note th
%ame maximum exists at more than one timestamp the MultipleValues bit is set.

ithin
at if

Unless otherwise indicated, StatusCodes are Good, Calculated. If the minimum value is on

the interval start time the status code will be Good, Raw.

available then the status is returned as Bad_NoData.

The timestamp of the Aggregate will

Processinginterval.

always be the start of the

If only Bad quality values are

interval for every
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Table 22 — Maximum Aggregate summary

Maximum Aggregate Characteristics

Type Calculated
Data Type Same as Source
Use Bounds None
Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom
If no Bad values then the Status is Good. If Bad values exist then the{Status |is
Uncertain_SubNormal. If an Uncertain value is greater than the maximum Ggod
value the Status is Uncertain_SubNormal
Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Sometimes
If the Maximum value is not on the startTime of the.nterval or if the Status whs
set to Uncertain_SubNormal because of non-Geod values in the interval
Intefpolated Not Set
Ray Set Sometimes
If Maximum value is on the startTime of the interval
Mulji Value Set Sometimes
If multiple Good values exist\with the Maximum value
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Not Applicable
No End Bound NetApplicable
Bound Bad Neot Applicable
Bound Uncertain Not Applicable
5.4.3.12 MinimumActualTime
The| MinimumActualTime Aggregate defined in Table 23 retrieves the minimum Good |raw
value within the interval, and returns that value with the timestamp at which that value ocgurs.

Nots

that if the same minimum exists at more than one timestamp, the oldest one is retriefved

and

the Aggregate BItS are set to MultiplevVatues.
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Table 23 — MinimumActualTime Aggregate summary

MinimumActualTime Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp Time of Minimum

StatusCode Calculations

Calgulation Method Custom

If no Bad values then the Status is Good. If Bad values exist then the{Status [is
Uncertain_SubNormal. If an Uncertain value is less than the minimtim Good
value the Status is Uncertain_SubNormal

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Sometimes
If the Status was set to Uncertain_SubNormal because of non-Good values i
the interval

Intefpolated Not Set

Ray Set Sometimes

If a Good minimum value is returnéd

Mulji Value Set Sometimes

If multiple Good values exist\with the Minimum value

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Not Applicable
No End Bound NetApplicable
Bound Bad Neot Applicable
Bound Uncertain Not Applicable

5.4.3.13 MaximumActualTime

The| MaximumActualTime Aggregate defined in Table 24 is the same as |the
MinimumActualTime Aggregate, except that the value is the maximum raw value within the
inteqval.Note that if the same maximum exists at more than one timestamp, the oldest one is
1S are setto Multipte Vaiues:
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Table 24 — MaximumActualTime Aggregate summary

MaximumActualTime Aggregate Characteristics

Type

Calculated

Data Type

Same as Source

Use Bounds

None

Timestamp

Time of Maximum

StatusCode Calculations

Calgulation Method Custom
If no Bad values then the Status is Good. If Bad values exist then the{Status |is
Uncertain_SubNormal. If an Uncertain value is greater than the maximum Gdgod
value the Status is Uncertain_SubNormal
Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Sometimes
If the Status was set to Uncertain_SubNormal betause of non-Good values i
the interval
Intefpolated Not Set
Ray Set Sometimes
If a Good maximum value is returped
Mulji Value Set Sometimes
If multiple Good values exist\with the maximum value
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Not Applicable
No End Bound NetApplicable
Bound Bad Neot Applicable
Bound Uncertain Not Applicable
5.4.3.14 Range
The|RangerAggregate defined in Table 25 finds the difference between the maximum|and
minimum_Good raw values in the interval. If only one Good value exists in the interval| the
bred
S IS

Uncertain_DataSubNormal.
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Table 25 — Range Aggregate summary
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Range Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

If no Bad values then the Status is Good. If Bad values exist then the{Status
Uncertain_SubNormal. If an Uncertain value is greater than the maximum or
less than the minimum Good value the Status is Uncertain_SubNormal

is

Partial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ray Not Set

Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Not Applicable

No End Bound Not Applicable

Bound Bad Not Applicable

Bound Uncertain Not Applicable

5.4.

The
inter
Bou
Valy
Stat

Agg
Inte

8.15 Minimum2

polated.

Minimum2 Aggregate defined in Table 26 retrieves the minimum Good value for
val as defined for-Minimum except that Simple Bounding Values are included. The Simple
nding Values\for the interval are found according to the definition of Simple Bounging
es (see /3.1.9). Any Bad values are
ysCode(wijll be determined using the StatusCode Calculation (see 5.3) for time based
regates>If a bounding value is returned then the status will indicate, Raw, Calculategd or

ignored in the computation.

ach

The Aggregate

If TreatUncertainAsBad is false and an Uncertain raw value

is the minimum then

Uncertain value is used. Uncertain values are ignored otherwise.

that

If sloped interpolation is used and the End bound is the minimum value then End bound is
used as the Minimum with the timestamp set to the startTime of the interval. The End bound is

igno

red in all other cases.
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Table 26 — Minimum2 Aggregate summary

Minimum2 Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Sometimes

Set unless the StartBound is the Minimum

Intefpolated Set Sometimes

If an Interpolated bound is the Minimum

Raw Set Sometimes

If a raw value is the Minimum.

Mulji Value Set Sometimes

If more than one Good values exist’with the same

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning value as Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as Bad_NoData and compute the Aggregate
Bound Bad Use as_value and compute the Aggregate as defined

Bound Uncertain Use\as value and compute the Aggregate as defined

5.4.3.16 Maximum2

The|Maximum2<Aggregate defined in Table 27 retrieves the maximum Good value for ¢ach

inteval as défined for Maximum except that Simple Bounding Values are included.
Simple Bounding Values for the interval are found according to the definition of Si

The
nple

Bouhding Values (see 3.1.9). Any Bad values are ignored in the computation. The Aggre

Interpolated.

If TreatUncertainAsBad is false and an Uncertain raw value is the maximum then
Uncertain value is used. Uncertain values are ignored otherwise.

pate

StatusCaode will be determined using the StatusCode Calculation (see 5.3) for time based
Agg.'%&@@g%&@mdiwmw i il indi d or

that

If sloped interpolation is used and the End bound is the maximum value then End bound is
used as the maximum with the timestamp set to the startTime of the interval. The End bound

is ignored in all other cases.
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Table 27 — Maximum2 Aggregate summary

Maximum2 Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Sometimes

Set unless the StartBound is the Maximum

Intefpolated Set Sometimes

If an Interpolated bound is the Maximum

Raw Set Sometimes

If a raw value is the Maximum.

Mulji Value Set Sometimes

If more than one Good values exist’with the same

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning value as Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as Bad_NoData and compute the Aggregate
Bound Bad Use as_value and compute the Aggregate as defined

Bound Uncertain Use\as value and compute the Aggregate as defined

5.4.3.17 MinimumiActualTime2

The|MinimumAectualTime2 Aggregate defined in Table 28 retrieves the minimum Good V|
for gach interval-as defined for MinimumActualTime except that Simple Bounding Values
inclyded. The/Simple Bounding Values for the interval are found according to the definitig
Simple Bounding Values (see 3.1.9). Any Bad values are ignored in the computation.
Aggregate StatusCode will be determined using the StatusCode Calculation (see 5.3) for

alue
are
n of
The
time

based~Aggregates If a bounding value is returned then the status will indicate F

Calculated or Interpolated.

If TreatUncertainAsBad is false and an Uncertain raw value is the minimum then
Uncertain value is used. Uncertain values are ignored otherwise.

Raw,

that

If sloped interpolation is used and the End bound is the minimum value then End bound is

used as the minimum with the timestamp set to the EffectiveEndTime of the interval. The
bound is ignored in all other cases.

End
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Table 28 — MinimumActualTime2 Aggregate summary

MinumumActualTime2 Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp Time of minimum

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes
If an interval is not a complete interval

Calgulated Not Set

Intefpolated Set Sometimes

If an Interpolated bound is the Minimum

Ra Set Sometimes

If a raw value is the Minimum

Mulji Value Set Sometimes

If more than one Good values exist with the same value

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning'walue as Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as Bad_NoData and compute the Aggregate
Bound Bad Use as value and compute the Aggregate as defined

Bound Uncertain Use ag value and compute the Aggregate as defined

5.4.3.18 MaximumActualTime2

The|MaximumActualTime2 Aggregate defined in Table 29 retrieves the maximum Good vglue
for gach interval ‘as defined for MaximumActualTime except that Simple Bounding Valueq are
inclyded. ThesSimple Bounding Values for the interval are found according to the definitign of
Simple Bouhdihg Values (see 3.1.9). Any Bad values are ignored in the computation. |The
AggtegatesStatusCode will be determined using the StatusCode Calculation (see 5.3) for time
based Aggregates. If a bounding value is returned then the status will indicate, Raw,
Caldulated or Interpolated.

If TreatUncertainAsBad is false and an Uncertain raw value is the maximum then that
Uncertain value is used. Uncertain values are ignored otherwise.

If sloped interpolation is used and the End bound is the maximum value then End bound is
used as the maximum with the timestamp set to the EffectiveEndTime of the interval. The End
bound is ignored in all other cases.
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Table 29 — MaximumActualTime2 Aggregate summary

MaximumActualTime2 Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp Time of maximum

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Not Set

Intefpolated Set Sometimes

If an Interpolated bound is the Maximum

Ra Set Sometimes

If a raw value is the Maximum

Mulji Value Set Sometimes

If more than one value is equal to the Maximum

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning'walue as Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as Bad_NoData and compute the Aggregate
Bound Bad Use as value and compute the Aggregate as defined

Bound Uncertain Use ag value and compute the Aggregate as defined

5.4.3.19 Range2

The|Range2 Aggregate defined in Table 30 finds the difference between the maximum
minimum values %in. the interval as returned by the Minimum2 and Maximum2 Aggrega
Note that the range is always zero or positive.

and
ites.
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Table 30 — Range2 Aggregate summary

Range2 Aggregate Characteristics
Type Calculated
Data Type Same as Source

Use Bounds

Simple (used in Minimum2 and Maximum2 calculations)

Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom

If Minimum2 or Maximum2 are Bad then the status is Bad_NoData. If{Minimu
or Maximum2 are Uncertain then the status is Uncertain_DataSubNormal. Gd
otherwise

m2
od

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set
StajusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData

No Btart Bound

Handled by Minimum2@nd Maximum2

No End Bound

Handled by Minimum2 and Maximum2

Bound Bad

Handled by Minimum2 and Maximum2

Bound Uncertain

Handled, byy Minimum2 and Maximum2

5.4.3.20 AnnotationCount

The|AnnotationCount-Aggregate defined in Table 31 returns a count of all Annotations ir

inteqval.

The|StatusCodes are Good, Calculated.

the
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Table 31 — AnnotationCount Aggregate summary

AnnotationCount Aggregate Characteristics

Type Calculated

Data Type Int32 (negative values are not allowed)
Use Bounds None

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom

Good unless the interval is before the start of data or after the end ofidata

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Does not apply
No End Bound Does not apply
Bound Bad Does not apply
Bound Uncertain Does not apply.

5.4.3.21 Count

The|Count Aggregate defined in Table 32 retrieves a count of all the raw values withi
intefval. If one or more.raw values are non-Good, they are not included in the count, ang
Aggregate StatusCode)is determined using the StatusCode Calculation (see 5.4.3) for
timelbased Aggregates. If no Good data exists for an interval, the count is zero.

Unlgss otherwise indicated, StatusCodes are Good, Calculated.

N an
the
hon-
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Table 32 — Count Aggregate summary

Count Aggregate Characteristics

Type Calculated

Data Type Int32 (negative values are not allowed)
Use Bounds None

Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentValues
Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Does not apply

End Bound

Does not apply

Bound Bad

Does not apply

Bound Uncertain

Does not apply

5.4.3.22 DurationinStateZero

The|DurationInStateZero Aggregate defined in Table 33 returns the time Duration during
intefval that the Variable was in the zero state. The Simple Bounding Values for the inte
are psed to determine initial value (start time < end time) or ending value (if start time >
timel). If one or more/raw values are non-Good, they are not included in the Duration, and
Aggtegate StatusCode is determined using the StatusCode Calculation (see 5.3) for
based Aggregates.-Duration is in milliseconds. Unless otherwise indicated, StatusCodes
Good, Calculated.

the
brval
end

the
time
are
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Table 33 — DurationInStateZero Aggregate summary

IEC 62541-13:2020 © |IEC 2020

DurationIlnStateZero Aggregate Characteristics

Type Calculated
Data Type Duration
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method

PercentTime

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befopre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Treat the beginning value as‘Bad_NoData and compute the Aggregate

No End Bound

Treat the ending value as,Bad_NoData and compute the Aggregate

Bound Bad

Use as value and compute the Aggregate as defined

Bound Uncertain

Use as value and\compute the Aggregate as defined

5.4.3.23 DurationinStateNonZero

The|DurationInStateNonZero\Aggregate defined in Table 34 returns the time Duration dy
the finterval that the Variable was in the one state. The Simple Bounding Values for
inteival are used to determine initial value (start time < end time) or ending value (if
time| > end time). If,one or more raw values are non-Good, they are not included in
Duration, and the Aggregate StatusCode is determined using the StatusCode Calculation
5.3)|for time based Aggregates.

Duration issinumilliseconds. Unless otherwise indicated, StatusCodes are Good, Calculated.

ring
the
start
the
see
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Table 34 — DurationInStateNonZero Aggregate Summary

DurationinStateNonZero Aggregate Characteristics

Type Calculated
Data Type Duration
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method PercentTime

Partial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Treat the beginning value as‘Bad_NoData and compute the Aggregate
No End Bound Treat the ending value as,Bad_NoData and compute the Aggregate
Bound Bad Use as value and compute the Aggregate as defined

Bound Uncertain Use as value and\compute the Aggregate as defined

5.4.3.24 NumberOfTransitions

The|NumberOfTransitions Aggregate defined in Table 35 returns a count of the numbgr of
transition the Variable had during the interval. If one or more raw values are Bad, they arg not
inclyded in the count, and the Aggregate StatusCode is determined using the StatusCGode
Caldulation (see 5.3)/feor non-time based Aggregates.

The|earliest transition shall be calculated by comparing the earliest non-Bad value in| the
intenval to thé¢previous non-Bad value. A transition occurred if no previous non-Bad value
exists or if\the earliest non-Bad value is different. The endTime is not considered part of the
inteqval,so.a transition occurring at the endTime is not included.

Unlessotherwisemdicated;-Status€Codesare Good; Cafcutated
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Table 35 — NumberOfTransitions Aggregate summary
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NumberOfTransitions Aggregate Characteristics

Type

Calculated

Data Type

Int32 (negative values are not allowed)

Use Bounds

Custom, a non-Bad value prior to the interval is used

Timestamp

StartTime

StatusCode Calculations

Calgulation Method

PercentValues

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Rav Not Set
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Treat the beginning value as'Bad_NoData and compute the Aggregate

No End Bound

Treat the ending valug/as Bad_NoData and compute the Aggregate

Bound Bad

Use as value and\compute the Aggregate as defined

Bound Uncertain

Use as value.and compute the Aggregate as defined

5.4.3.25 Start

The|Start Aggregate defined in Table 36 retrieves the earliest raw value within the intefval,
and Jreturns that value«and status with the timestamp at which that value occurs. If no values
are |n the interval then)the StatusCode is Bad_NoData.
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Table 36 — Start Aggregate summary

Start Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None

Timestamp Time of Raw Value

StatusCode Calculations

Calgulation Method Custom

The raw value status is returned

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Not Set
Intefpolated Not Set
Ra Always
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No ptart Bound Does not apply

No End Bound Does not apply

Bound Bad Does not apply

Bound Uncertain Does not apply.
5.4.3.26 End

The|End Aggregate defined™in Table 37 retrieves the latest raw value within the interval,
retufns that value and status with the timestamp at which that value occurs. If no values a
the interval then the StatusCode is Bad _NoData.

and
re in
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Table 37 — End Aggregate summary

End Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None

Timestamp Time of Raw Value

StatusCode Calculations

Calgulation Method Custom
The raw value status is returned
Parfial Set Sometimes
If an interval is not a complete interval
Calgulated Not Set
Intefpolated Not Set
Ra Always
Mul}i Value Not Set
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Does not apply
No End Bound Does not apply
Bound Bad Does not apply
Bound Uncertain Does not apply.
5.4.3.27 Delta
The|Delta Aggregate definéd in Table 38 retrieves the difference between the earliest|and
latest Good raw values.lin the interval. The Aggregate is negative if the latest value is |less
than the earliest value. The status is Uncertain_DataSubNormal if non-Good values| are

skip
Bad|

| NoData if noyGood raw values exist.

bed while looking for the first or last values. The status is Good otherwise. The statds is
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Table 38 — Delta Aggregate summary

Delta Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

Uncertain_DataSubNormal if non-Good values are skipped while looking-for
first or last values

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Raw Always
Mulji Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data

Bad_NoData

Aftdr End of Data

Bad_NoData

No Btart Bound

Does not apply

No End Bound

Does not apply

Bound Bad

Does not apply,

Bound Uncertain

Does not apply

5.4.3.28

The|StartBound Aggregate’ defined in Table 39 returns the value and status at the Start]

StartBound

for the interval by calculating the Simple Bounding Values for the interval (see 3.1.9).
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Table 39 — StartBound Aggregate summary

StartBound Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom

The status of the start bound.

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Not Set

Intefpolated Set Sometimes

If the bound is interpolated

Raw Set Sometimes

If a value exists at the start time

Mulji Value Not Set

StajusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Bad_NoData
No End Bound Does not apply.
Bound Bad Same as pound
Bound Uncertain Same jas bound

5.4.3.29 EndBound

The|EndBound Aggregate defined in Table 40 returns the value and status at the EndTim
the interval by calculating the Simple Bounding Values for the interval (see 3.1.9).

The|timestamp returned is always the start of the interval and Calculated bit is set.

b for
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Table 40 - EndBound Aggregate summary

EndBound Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
The status of the end bound.
Parfial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Does not apply
No End Bound Bad_NoData
Bound Bad Same as bound
Bound Uncertain Same as bound
5.4.3.30 DeltaBounds

The
Star
be ¢
valu
start
Bad|
Unc

DeltaBounds Aggregate defined in Table 41 returns the difference between
{Bound and the EndBound Aggregates with the exception that both the start and end
bood. If the end (value is less than the start value, the result will be negative. If the
e is the same as)the start value the result will be zero. If the end value is greater thar
value, the«esult will be positive. If one or both values are Bad the return status wi
| NoData.>¢—=Iff one or both values are Uncertain the status will
brtain_DataSubNormal.

the
shall
end
the
| be

be



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

- 56 — IEC 62541-13:2020 © |IEC 2020

Table 41 — DeltaBounds Aggregate summary

DeltaBounds Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds Simple
Timestamp StartTime
StatusCode Calculations

Calgulation Method Custom

Good if both bounds are Good
Uncertain_DataSubNormal if either bound is uncertain

Bad_NoData if either bound is Bad

Partial Set Sometimes
If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ray Not Set
Mulji Value Not Set
StajusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound Bad_NoData
No End Bound Bad_NoData
Bound Bad Bad_NoData
Bound Uncertain Uncertain_DataSubNormal

5.4.

The
and
Goo
expn

The

8.31 DurationGood

essed jn milliseconds.

DurationGood(Aggregate defined in Table 42 divides the interval into regions of §
non-Good data. Each region starts with a data point in the interval. If that data poi
d the region is Good. The Aggregate is the sum of the duration of all Good reg

status of the first region is determined by finding the first data point at or before the

of theinterval If no value exists_the first rpginn is Bad

ood
nt is
ions

start

Each Aggregate is returned with timestamp of the start of the interval. StatusCodes are Good,
Calculated.
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Table 42 — DurationGood Aggregate summary

DurationGood Aggregate Characteristics

Type Calculated

Data Type Duration

Use Bounds Uses status of bounding value
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom

StatusCode is always Good, Calculated

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.32 DurationBad

The|DurationBad Aggregate defined in Table 43 divides the interval into regions of Bad|and
non{Bad data. Each region starts with a data point in the interval. If that data point is Bad the
region is Bad. The Aggregate is the sum of the duration of all Bad regions expressed in
milliseconds.

The|status ‘of-the first region is determined by finding the first data point at or before the start
of the interval. If no value exists, the first region is Bad.

Each Aggregate is returned with timestamp of the start of the interval. StatusCodes are Good,
Calculated.
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Table 43 — DurationBad Aggregate summary

DurationBad Aggregate Characteristics

Type Calculated

Data Type Duration

Use Bounds Uses status of bounding value
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom

StatusCode is always Good, Calculated

Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.33 PercentGood

The|PercentGood Aggregaté defined in Table 44 performs the following calculation:
PercentGood'=/DurationGood / Processinginterval x 100

whefe:

DurationGood is the result from the DurationGood Aggregate, calculated using| the
Processinglinterval supplied to PercentGood call.

Prnr‘pqqinglnfpr\/nl is the duration of interval

If the last interval is a partial interval then the duration of the partial interval is used in the
calculation. Each Aggregate is returned with timestamp of the start of the interval.
StatusCodes are Good, Calculated.
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Table 44 — PercentGood Aggregate summary

PercentGood Aggregate Characteristics

Type Calculated

Data Type Double (percent)

Use Bounds Simple (used in DurationGood calculation)
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good
Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.34 PercentBad

The|PercentBad Aggregate defined in Table 45 performs the following calculation:

PercentBad=.DurationBad / Processinginterval x 100

whefe:

Processinglnterval supplied to PercentBad call.

Prnr‘pqqinglnfpr\/al is the duration of interval

DurationBad is the result from the DurationBad Aggregate, calculated using

the

If the last interval is a partial interval then the duration of the partial interval is used in the

calculation. Each Aggregate is returned with timestamp of the start of the

StatusCodes are Good, Calculated.

interval.
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Table 45 — PercentBad Aggregate summary

PercentBad Aggregate Characteristics

Type Calculated

Data Type Double (percent)

Use Bounds Simple (used in DurationBad calculation)
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good.
Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.35 WorstQuality

The|WorstQuality Aggregate-defined in Table 46 returns the worst status of the raw valugs in

the finterval where a Bad status is worse than Uncertain, which is worse than Good
distipction is made bétween the specific reasons for the status.

If multiple values:exist with the worst quality but different StatusCodes then the StatusCod
the first valueiis returned and the MultipleValues bit is set.

This| Aggregate returns the worst StatusCode as the value of the Aggregate.

The timestamp is always the start of the interval. The StatusCodes are Good, Calculated.

No

e of
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Table 46 — WorstQuality Aggregate summary

WorstQuality Aggregate Characteristics

Type Calculated
Data Type StatusCode
Use Bounds None
Timestamp StartTime
StatusCode Calculations
Calgulation Method Custom

Always Good
Parfial Set Sometimes

If an interval is not a complete interval
Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Used
StafjusCode Common Special Cases
Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.
The

in tH
disti

The

8.36 WorstQuality2

start bound-calculated using Simple Bounding Values (see 3.1.9) is always included w

determining the worst quality.

If m

Iitiple values exist with the worst quality but different StatusCodes then the StatusCod

the firstwalue is returned and the MultipleValues bit is set.

This Aggregate returns the worst StatusCode as the value of the Aggregate.

The timestamp is always the start of the interval. The StatusCodes are Good, Calculated.

WorstQuality2 Aggregaté defined in Table 47 returns the worst status of the raw values
e interval where a_'Bad status is worse than Uncertain, which is worse than Good
nction is made bétween the specific reasons for the status.

No

hen

e of
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Table 47 — WorstQuality2 Aggregate summary

WorstQuality2 Aggregate Characteristics

Type Calculated

Data Type StatusCode

Use Bounds Simple

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good

Parfial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ra Not Set

Mul}i Value Used

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

Start Bound

No special handing required

No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.
The

whe

and

.37 StandardDeviationSample

StandardDeviationSample Aggregate defined in Table 48 uses the formula:

n

> (x - Avg(x)?

1

n—-1

re<X is each Good raw value in the interval, Avg(X) is the average of the Good raw values,

b ie tha numhar af CGaood raw valilac in thao intarval
H—S—ReRuHRB-e—o+ oo W aHHeSHRtHReH e At

For every interval where n = 1, a value of 0 is returned.

If any non-Good values were ignored, the Aggregate quality is uncertain/subnormal.

All interval Aggregates return timestamp of the start of the interval. Unless otherwise
indicated, qualities are Good, Calculated.

This calculation is for a sample population where the calculation is done on a subset of the
full set of data. Use StandardDeviationPopulation to calculate the standard deviation of a full
set of data (see 5.4.3.39). An example would be when the underlying data is sampled from

the data source versus stored on an exception basis.
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Table 48 — StandardDeviationSample Aggregate summary

StandardDeviationSample Aggregate Characteristics

Type Calculated

Data Type StatusCode

Use Bounds None

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good

Parfial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ra Not Set

Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No Btart Bound

No special handing required

No End Bound

No special handing required

Bound Bad

No special handing required

Bound Uncertain

No special handing required

5.4.3.38 VarianceSample

The| VarianceSample Aggrégate defined in Table 49 retrieves the square of the stan
deviption. Its behaviournis the same as the StandardDeviationSample Aggregate. Un

Hard
less

otherwise indicated, qualities are Good, Calculated.

This| calculationtis for a sample population where the calculation is done on a subset of the
full |populationt. Use VariancePopulation to calculate the variance of a full set of fata
(5.413.40),
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Table 49 — VarianceSample Aggregate summary

VarianceSample Aggregate Characteristics

Type Calculated
Data Type StatusCode
Use Bounds None
Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good
Parfial Set Sometimes

If an interval is not a complete interval

Calgulated Set Always
Intefpolated Not Set
Ra Not Set
Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData
Aftdr End of Data Bad_NoData
No ptart Bound No special handing required
No End Bound No special handing required
Bound Bad No special handing required
Bound Uncertain No special handing required

5.4.3.39 StandardDeviationPopulation

The|StandardDeviation Poptulation Aggregate defined in Table 50 uses the formula:

n

> (x - Avg(x)?

1

n

wheredX is each Good raw value in the interval, Avg(X) is the average of the Good raw values,

and k—+s-the-number of Good raw valiias in tha intarval
H—S—ReRuHRB-e—o+ oo W aHHeSHRtHReH e At

For every interval where n = 1, a value of 0 is returned.
If any non-Good values were ignored, the Aggregate quality is uncertain/subnormal.

All interval Aggregates return timestamp of the start of the interval. Unless otherwise
indicated, qualities are Good, Calculated.

This calculation is for a full population where the calculation is done on the full set of data.
Use StandardDeviationSample to calculate the standard deviation of a subset of the full
population (5.4.3.37). An example would be when the underlying data is collected on an
exception basis versus sampled from the data source.
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Table 50 — StandardDeviationPopulation Aggregate summary

StandardDeviationPopulation Aggregate Characteristics

Type Calculated

Data Type StatusCode

Use Bounds None

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good

Parfial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ra Not Set

Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No Btart Bound

No special handing required

No End Bound

No special handing required

Bound Bad

No special handing required

Bound Uncertain

No special handing required

5.4.3.40 VariancePopulation

The|VariancePopulation Aggregate defined in Table 51 retrieves the square of the stan
deviption. Its behaviourlis the same as the StandardDeviationPopulation Aggregate. Un

otherwise indicated, qualities are Good, Calculated.

This| calculationtis for a full population where the calculation is done on the full set of ¢
Use|VarianceSample to calculate the variance of a subset of the full population (5.4.3.38).

dard
less

ata.



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

— 66 —

IEC 62541-13:2020 © |IEC 2020

Table 51 — VariancePopulation Aggregate summary

VariancePopulation Aggregate Characteristics

Type Calculated

Data Type StatusCode

Use Bounds None

Timestamp StartTime

StatusCode Calculations

Calgulation Method Custom
Always Good

Parfial Set Sometimes
If an interval is not a complete interval

Calgulated Set Always

Intefpolated Not Set

Ra Not Set

Mul}i Value Not Set

StafjusCode Common Special Cases

Befpre Start of Data Bad_NoData

Aftdr End of Data Bad_NoData

No Btart Bound

No special handing required

No End Bound

No special handing required

Bound Bad

No special handing required

Bound Uncertain

No special handing required
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Annex A
(informative)

Aggregate Specific examples — Historical Access

A.1 Historical Aggregate specific characteristics

A.11 Example Aggregate data — Historian 1

For . . . ; ; ; ;
FigLJre A.1:

T|mestamp Value StatusCode Notes
12:00:00 - Bad_NoData First archive entry, Point created
12:00:10 10 Raw, Good
12:00:20 20 Raw, Good
12:90:30 30 Raw, Good
12:00:40 40 Raw, Bad ANNOTATION: Operator 1
Jan-02-2012 8:00:00 Scan failed, Bad data entered
ANNOTATION:
Jan-04-2012 7:10:00 Value cannot be verified
12:00:50 50 Raw, Good ANNOTATION:) Engineer1
Jan-04-2012 7:00:00 Scanner fixed
12:01:00 60 Raw, Good
12:01:10 70 Raw, Uncertain | ANNOTATION: Technician_1
Jan-02-2012 8:00:00 Value flagged as questionable
12:01:20 80 Raw, Good
12:01:30 90 Raw, Goed
null No Data No more entries, awaiting next scan

The|example historiaplalso has Annotations associated with three data points.
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Figure A.1 — Historian 1

For the purposes of all Historian 1 examples:
) TreatUncertainAsBad = False. Therefore Uncertain values are included in Aggrepate

calls.
?) Stepped Attribute = False. Therefore Slopedinterpolation is used between data points.

) UseSlopedExtrapolation = False. Therefore SteppedExtrapolation is used at |end
boundary conditions.

4) PercentBad = 100, PercentGood\="100. Therefore if all values are Good then| the
quality will be Good, or if all values are Bad then the quality will be Bad, but if thefe is
some Good and some Bad thenthe quality will be Uncertain.

A.1.p Example Aggregate data — Historian 2

This| example is included (o  illustrate non-periodic data. For the purposes of Historian 2
examples consider a source historian with the data shown in Figure A.2:

Timestamp Value StatusCode Notes
12:00:00 - Bad_NoData First archive entry, Point created
12:90:02 10 Raw, Good
12:00:25 20 Raw, Good
12:00:28 25 Raw, Good
12:00-39 30 Raw,Good
12:00:42 - Raw, Bad Bad quality data received, Bad data entered
12:00:48 40 Raw, Good Received Good StatusCode value
12:00:52 50 Raw, Good
12:01:12 60 Raw, Good
12:01:17 70 Raw, Uncertain Value is flagged as questionable
12:01:23 70 Raw, Good
12:01:26 80 Raw, Good
12:01:30 90 Raw, Good

- No Data No more entries, awaiting next Value
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Figure A.2 — Historian 2

For the purposes of all Historian 2 examples:

) UseSlopedExtrapolation
boundary conditions.

) TreatUncertainAsBad = True. Therefore Uncertain values are treated as Bad, and
included in the Aggregate call.

= False:\ Therefore SteppedExtrapolation is used at

4) PercentBad = 100, PercentGood = 100. Therefore unless if all values are Good
the quality will be Good, or if all values are Bad then the quality will be Bad, b
there is some Good and_some Bad then the quality will be Uncertain.

A1 Example Aggregate data — Historian 3

not

?) Stepped Attribute = False. Therefore Slépedinterpolation is used between data points.

end

then
ut if

This| example is included to illustrate stepped data. For the purposes of Historian 3 examples
congider a source historian with the data given in Figure A.3:

Timestamp Value StatusCode Notes
12:00:00 - Bad_NoData First archive entry, Point created
12:00:02 10 Raw, Good
12:00:25 26 Raw-Sood
12:00:28 25 Raw, Good
12:00:39 30 Raw, Good
12:00:42 - Raw, Bad Bad quality data received, Bad data entered
12:00:48 40 Raw, Good Received Good StatusCode value
12:00:52 50 Raw, Good
12:01:12 60 Raw, Good
12:01:17 70 Raw, Uncertain Value is flagged as questionable
12:01:23 70 Raw, Good
12:01:26 80 Raw, Good
12:01:30 90 Raw, Good
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Figure A.3 - Historian 3

he purposes of all Historian 3 examples:

IEC

) TreatUncertainAsBad = True. Therefore Uncertain values are treated as Bad, and not

included in the Aggregate call:

) UseSlopedExtrapolation~ =
boundary conditions:

) ExampleAggregate data — Historian 4

Stepped Attribute = True. Therefore Steppedinterpolation is used between data points.
False. Therefore SteppedExtrapolation is used at [end

PercentBad = 50,\PercentGood = 50. Therefore data will be either Good or Bad quality.
Uncertain should not happen since a value is either Good or Bad.

This| example_is included to illustrate Boolean data. For the purposes of Historian 4 examiples
congider-asource historian with the following data:
Timestamp Value StatusCaode Notes

12:00:00 - Bad_NoData First archive entry, Point created

12:00:02 TRUE Raw, Good

12:00:25 FALSE Raw, Good

12:00:28 TRUE Raw, Good

12:00:39 TRUE Raw, Good

12:00:42 - Raw, Bad Bad quality data received, Bad data entered

12:00:48 TRUE Raw, Good Received Good StatusCode value

12:00:52 FALSE Raw, Good

12:01:12 FALSE Raw, Good

12:01:17 TRUE Raw, Uncertain Value is flagged as questionable
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Timestamp Value StatusCode Notes
12:01:23 TRUE Raw, Good
12:01:26 FALSE Raw, Good
12:01:30 TRUE Raw, Good
- No Data No more entries, awaiting next Value

For the purposes of all Historian 4 examples:

y—FreattneertaimAsBad—True—Therefore bneertam vatvesaretreated—=asBad;—=1d not
included in the Aggregate call.
?) Stepped Attribute = True. Therefore Steppedinterpolation is used between data-points.
B) UseSlopedExtrapolation = False. Therefore SteppedExtrapolation is.fused at |end
boundary conditions.
4) PercentGood = 100, PercentBad = 100.
For Boolean data interpolation and extrapolation shall always be stepped.
A.2| Interpolative
A.2.A Description
The|following examples demonstrate Interpolative Aggregate scenarios. This Aggregate does
not |apply to Historian 4. Processinginterval: 00:00:05, StartTime: 12:00:00, EndT|me:
12:01:40.
A.2.p Interpolative data
Historian 1
Tithestamp Value StatusCode Notes
12:00:00.000 BadNoData
12:00:05.000 BadNoData
12:¢0:10.000 | 10 Good
12:00:15.000 15 Good, Interpolated
12:00:20.000 | 20 Good
12:00:25.000 | 25 Good, Interpolated
12:00:30.000 | 30 Good
12:00:35.000 .35 UncertainDataSubNormal, Interpolated
12:00:40.000\ 140 UncertainDataSubNormal, Interpolated
12:00:45.000 | 45 UncertainDataSubNormal, Interpolated
12:00:50.000 | 50 Good
12:00:55.000 | 55 Good, Interpolated
12:01:00.000 | 60 Good
12:01:05.000 | 65 UncertainDataSubNormal, Interpolated
12:01:10.000 | 70 Uncertain
12:01:15.000 | 75 UncertainDataSubNormal, Interpolated
12:01:20.000 | 80 Good
12:01:25.000 | 85 Good, Interpolated
12:01:30.000 | 90 Good
12:01:35.000 | 90 UncertainDataSubNormal, Interpolated
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Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData
12:00:05.000 11.304 | Good, Interpolated
12:00:10.000 13.478 | Good, Interpolated
12:00:15.000 15.652 | Good, Interpolated
12:00:20.000 17.826 | Good, Interpolated
12:00:25.000 | 20 Good
12:00:30.000 25.909 | Good, Interpolated
12:00:35.000 28.182 | Good, Interpolated
12:00:40.000 | 31.111 | UncertainDataSubNormal, Interpolated
12:00:45.000 36.667 | UncertainDataSubNormal, Interpolated
12:00:50.000 | 45 Good, Interpolated
12:00:55.000 51.500 | Good, Interpolated
12:01:00.000 54 Good, Interpolated
12:01:05.000 | 56.500 | Good, Interpolated
12:01:10.000 59 Good, Interpolated
12:01:15.000 | 62.727 | UncertainDataSubNormal, Interpolated
12:01:20.000 67.273 | UncertainDataSubNormal, Interpolated
12:01:25.000 | 76.667 | Good, Interpolated
12:01:30.000 | 90 Good
12:01:35.000 90 UncertainDataSubNormal, Interpolated
Historian 3
Tithestamp Value StatusCode Notes
12:00:00.000 BadNoData
12:00:05.000 10 Good, Interpolated
12:00:10.000 | 10 Good, [nterpolated
12:00:15.000 10 Good, JInterpolated
12:00:20.000 | 10 Good, Interpolated
12:00:25.000 | 20 Good
12:00:30.000 |25 Good, Interpolated
12:00:35.000% |25 Good, Interpolated
12:900:40.000 | 30 Good, Interpolated
12:00:457000 | 30 UncertainDataSubNormal, Interpolated
12:00:50.000 | 40 Good, Interpolated
12:00:55.000 | 50 Good, Interpolated
12:01:00.000 | 50 Good, Interpolated
12:01:05.000 | 50 Good, Interpolated
12:01:10.000 | 50 Good, Interpolated
12:01:15.000 | 60 Good, Interpolated
12:01:20.000 | 60 UncertainDataSubNormal, Interpolated
12:01:25.000 | 70 Good, Interpolated
12:01:30.000 | 90 Good
12:01:35.000 | 90 UncertainDataSubNormal, Interpolated
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A.3 Average

A.3.1 Description

The following examples demonstrate Average Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinglnterval: 00:00:05, StartTime: 12:00:00, EndTime: 12:01:40.

A.3.2 Average data

Historian 1

Timestamp | Value StatusCode Nates
12:00:00.000 BadNoData

12:0:05.000 BadNoData

12:00:10.000 | 10 Good, Calculated

12:90:15.000 BadNoData

12:00:20.000 | 20 Good, Calculated

12:00:25.000 BadNoData

12:90:30.000 | 30 Good, Calculated

12:00:35.000 BadNoData

12:(0:40.000 BadNoData

12:00:45.000 BadNoData

12:90:50.000 | 50 Good, Calculated

12:90:55.000 BadNoData

12:01:00.000 | 60 Good, Calculated

12:91:05.000 BadNoData

12:01:10.000 BadNoData

12:91:15.000 BadNoData

12:01:20.000 | 80 Good, Calculated

12:01:25.000 BadNoData

12:91:30.000 | 90 Good, Calculated

12:01:35.000 BadNoData

Historian 2

Tithestamp Value StatusCode Notes
12:(0:00.000.10 Good, Calculated

12:90:05:000 BadNoData

12:00:40 000 BadNaData

12:00:15.000 BadNoData

12:00:20.000 BadNoData

12:00:25.000 | 22.500 | Good, Calculated

12:00:30.000 BadNoData

12:00:35.000 | 30 Good, Calculated

12:00:40.000 BadNoData

12:00:45.000 | 40 Good, Calculated

12:00:50.000 | 50 Good, Calculated

12:00:55.000 BadNoData

12:01:00.000 BadNoData
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Historian 2

Timestamp Value StatusCode Notes
12:01:05.000 BadNoData

12:01:10.000 | 60 Good, Calculated

12:01:15.000 BadNoData

12:01:20.000 | 70 Good, Calculated

12:01:25.000 | 80 Good, Calculated

12:01:30.000 | 90 Good, Calculated

12:01:35.000 BadNoData

Historian 3

Tihestamp Value StatusCode Notes
12:00:00.000 | 10 Good, Calculated

12:(0:05.000 BadNoData

12:00:10.000 BadNoData

12:00:15.000 BadNoData

12:(0:20.000 BadNoData

12:00:25.000 | 22.500 | Good, Calculated

12:0:30.000 BadNoData

12:00:35.000 | 30 Good, Calculated

12:(0:40.000 BadNoData

12:0:45.000 | 40 Good, Calculated

12:00:50.000 | 50 Good, Calculated

12:90:55.000 BadNoData

12:01:00.000 BadNoData

12:91:05.000 BadNoData

12:01:10.000 | 60 Good, Caleulated

12:01:15.000 BadN¢Data

12:91:20.000 | 70 Good; Calculated

12:91:25.000 | 80 Good, Calculated

12:91:30.000 | 90 Good, Calculated

12:01:35.000 BadNoData
A.4| “FimeAverage

A.4.1 Description

The following examples demonstrate TimeAverage Aggregate scenarios. This Aggregate does
not apply to Historian 4. Processinginterval: 00:00:05, StartTime: 12:00:00, EndTime:

12:0

1:40.
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A.4.2 TimeAverage data
Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData
12:00:05.000 BadNoData
12:00:10.000 | 12.500 | Good, Calculated
12:00:15.000 17.500 | Good, Calculated
12:00:20.000 | 22.500 | Good, Calculated
12:00:25.000 | 27.500 | Good, Calculated
12:90:30.000 | 32.500 | UncertainDataSubNormal, Calculated
12:00:35.000 37.500 UncertainDataSubNormal, Calculated
12:(0:40.000 | 42.500 | UncertainDataSubNormal, Calculated
12:00:45.000 47.500 UncertainDataSubNormal, Calculated
12:00:50.000 | 52.500 | Good, Calculated
12:90:55.000 | 57.500 | Good, Calculated
12:01:00.000 62.500 UncertainDataSubNormal, Calculated
12:91:05.000 | 67.500 | UncertainDataSubNormal, Calculated
12:01:10.000 72.500 UncertainDataSubNormal, Calculated
12:01:15.000 77.500 UncertainDataSubNormal, Calculated
12:91:20.000 | 82.500 | Good, Calculated
12:01:25.000 | 87.500 | Good, Calculated
12:91:30.000 | 90 UncertainDataSubNormal, Caleulated
12:01:35.000 90 UncertainDataSubNormali, Calculated
Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 10.652 UncertaicBataSubNormal, Calculated, Partial
12:0:05.000 12.391 Goody-Calculated
12:¢0:10.000 14.565 |.Goeod, Calculated
12:90:15.000 16.739_|)Good, Calculated
12:0:20.000 18:913” | Good, Calculated
12:0:25.000 23.682 | Good, Calculated
12:(0:30.000 27.046 | Good, Calculated
12:00:35-000 29.384 UncertainDataSubNormal, Calculated
12:00:40,000 33.889 UncertainDataSubNormal, Calculated
12:00457000 4y UII(.B[I.dillUdl.dDUUNUlllldl, wdiculidied
12:00:50.000 49.450 | Good, Calculated
12:00:55.000 52.750 | Good, Calculated
12:01:00.000 55.250 | Good, Calculated
12:01:05.000 57.750 | Good, Calculated
12:01:10.000 60.618 | UncertainDataSubNormal, Calculated
12:01:15.000 65 UncertainDataSubNormal, Calculated
12:01:20.000 70.515 | UncertainDataSubNormal, Calculated
12:01:25.000 83.667 | Good, Calculated
12:01:30.000 90 UncertainDataSubNormal, Calculated
12:01:35.000 90 UncertainDataSubNormal, Calculated
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Historian 3
Timestamp Value StatusCode Notes
12:00:00.000 10.652 | UncertainDataSubNormal, Calculated, Partial
12:00:05.000 12.391 Good, Calculated
12:00:10.000 14.565 | Good, Calculated
12:00:15.000 16.739 | Good, Calculated
12:00:20.000 18.913 | Good, Calculated
12:00:25.000 | 23.682 | Good, Calculated
12:00:30.000 | 27.046 | Good, Calculated
12:¢0-35-000—29-384—UncertambDataSubNormmatCatcutated
12:(0:40.000 33.889 | UncertainDataSubNormal, Calculated
12:0:45.000 40 UncertainDataSubNormal, Calculated
12:0:50.000 49.450 | Good, Calculated
12:90:55.000 52.750 | Good, Calculated
12:91:00.000 55.250 | Good, Calculated
12:91:05.000 57.750 | Good, Calculated
12:91:10.000 60.618 | UncertainDataSubNormal, Calculated
12:01:15.000 65 UncertainDataSubNormal, Calculated
12:01:20.000 70.515 UncertainDataSubNormal, Calculated
12:01:25.000 | 83.667 | Good, Calculated
12:01:30.000 90 UncertainDataSubNormal, Calculated, Partial
12:01:35.000 90 UncertainDataSubNormal, Calculated

A.5| TimeAverage2

A.5.1 Description

The|following examples demonstrate *TimeAverage2 Aggregate scenarios. This Aggre
does not apply to Historian 4. Precessinginterval: 00:00:05, StartTime: 12:00:00, EndT]

12:01:40.

A.5.pR TimeAverage2 data

gate
me:

Historian 1
T|mestamp Value StatusCode Notes

12:(0:00.000 BadNoData

12:00:05.000 BadNoData

12:90:10,000 12.500 Good, Calculated

12:00:15.000 17.500 Good, Calculated

12:00:20.000 22.500 Good, Calculated

12:00:25.000 27.500 Good, Calculated

12:00:30.000 30 UncertainDataSubNormal, Calculated
12:00:35.000 30 UncertainDataSubNormal, Calculated
12:00:40.000 BadNoData

12:00:45.000 BadNoData

12:00:50.000 52.500 Good, Calculated

12:00:55.000 57.500 Good, Calculated

12:01:00.000 62.500 UncertainDataSubNormal, Calculated
12:01:05.000 67.500 UncertainDataSubNormal, Calculated
12:01:10.000 72.500 UncertainDataSubNormal, Calculated
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Historian 1
Timestamp Value StatusCode Notes
12:01:15.000 77.500 UncertainDataSubNormal, Calculated
12:01:20.000 82.500 Good, Calculated
12:01:25.000 87.500 Good, Calculated
12:01:30.000 90 UncertainDataSubNormal, Calculated, Partial
12:01:35.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 10.652 UncertainDataSubNormal, Calculated, Partial
12:(0:05.000 12.391 Good, Calculated
12:00:10.000 14.565 Good, Calculated
12:90:15.000 16.739 Good, Calculated
12:00:20.000 18.913 Good, Calculated
12:90:25.000 23.682 Good, Calculated
12:0:30.000 27.046 Good, Calculated
12:00:35.000 29.273 UncertainDataSubNormal, Calculated
12:(0:40.000 30 UncertainDataSubNormal, Calculated
12:00:45.000 42.500 UncertainDataSubNormal, Calculated
12:0:50.000 49.450 Good, Calculated
12:00:55.000 52.750 Good, Calculated
12:01:00.000 55.250 Good, Calculated
12:91:05.000 57.750 Good, Calculated
12:01:10.000 59.800 UncertainDataSubNormal, Calculated
12:91:15.000 60 UncertainDataSubNormal, Calculated
12:01:20.000 73.333 UncertainDataSubNormal, Calculated
12:91:25.000 83.667 Good, Calculated
12:91:30.000 90 UncertainDataSubNormal, Calculated, Partial
12:01:35.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:90:007000 10 Good, Calculated, Partial
12:00:05.000 10 Good, Calculated
12:00:10.000 10 Good, Calculated
12:00:15.000 10 Good, Calculated
12:00:20.000 10 Good, Calculated
12:00:25.000 22 Good, Calculated
12:00:30.000 25 Good, Calculated
12:00:35.000 26 Good, Calculated
12:00:40.000 Bad, Calculated
12:00:45.000 Bad, Calculated
12:00:50.000 46 Good, Calculated
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Historian 3
Timestamp Value StatusCode Notes

12:00:55.000 50 Good, Calculated

12:01:00.000 50 Good, Calculated

12:01:05.000 50 Good, Calculated

12:01:10.000 56 Good, Calculated

12:01:15.000 Bad, Calculated

12:01:20.000 Bad, Calculated

12:01:25.000 78 Good, Calculated

12:01:30.000 90 Good, Calculated, Partial

12:91:35.000 BadNoData
A.6| Total
A.6.(1 Description
The|following examples demonstrate Total Aggregate scenarios. This Aggregate does| not
apply to Historian 4. Processinglinterval: 00:00:05, StartTime»12:00:00, EndTime: 12:01:40.
A.6.p Total data

Historian 1
T|mestamp Value StatusCode Notes

12:0:00.000 BadNoData

12:00:05.000 BadNoData

12:0:10.000 62.500 Good, Calculated

12:90:15.000 87.500 Good, Caleulated

12:00:20.000 112.500 GoodyCalculated

12:0:25.000 137.500 Good, Calculated

12:90:30.000 162.500 UncertainDataSubNormal, Calculated

12:0:35.000 187.500 UncertainDataSubNormal, Calculated

12:(0:40.000 212,500 UncertainDataSubNormal, Calculated

12:00:45.000 237.500 UncertainDataSubNormal, Calculated

12:0:50.000 262.500 Good, Calculated

12:00:55.000 287.500 Good, Calculated

12:91:007000 312.500 UncertainDataSubNormal, Calculated

12:01:05.000 337.500 UncertainDataSubNormal, Calculated

12:01:10.000 362.500 UncertainDataSubNormal, Calculated

12:01:15.000 387.500 UncertainDataSubNormal, Calculated

12:01:20.000 412.500 Good, Calculated

12:01:25.000 437.500 Good, Calculated

12:01:30.000 450 UncertainDataSubNormal, Calculated

12:01:35.000 450 UncertainDataSubNormal, Calculated
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Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 31.957 UncertainDataSubNormal, Calculated, Partial
12:00:05.000 61.957 Good, Calculated
12:00:10.000 72.826 Good, Calculated
12:00:15.000 83.696 Good, Calculated
12:00:20.000 94.565 Good, Calculated
12:00:25.000 118.409 Good, Calculated
12:00:30.000 135.227 Good, Calculated
12:¢0-35-660 467919 YrcertamBataSubNormaCateutated
12:(0:40.000 169.444 UncertainDataSubNormal, Calculated
12:0:45.000 200 UncertainDataSubNormal, Calculated
12:00:50.000 247.250 Good, Calculated
12:90:55.000 263.750 Good, Calculated
12:91:00.000 276.250 Good, Calculated
12:91:05.000 288.750 Good, Calculated
12:91:10.000 303.091 UncertainDataSubNormal, Calculated
12:01:15.000 325 UncertainDataSubNormal, Calculated
12:01:20.000 352.576 UncertainDataSubNormal, Calculated
12:01:25.000 418.333 Good, Calculated
12:01:30.000 481.250 UncertainDataSubNormal, Calculated
12:01:35.000 543.750 UncertainDataSubNormal, Calculated
Historian-3
T|mestamp Value StatusCode Notes
12:00:00.000 30 UncertainDataSubNormal, Calculated, Partial
12:(0:05.000 50 Good, Calculated
12:00:10.000 50 Good, Calculated
12:90:15.000 50 Good, Calculated
12:(0:20.000 50 Good\Calculated
12:00:25.000 110 Good, Calculated
12:0:30.000 125 Good, Calculated
12:00:35.000 130 Good, Calculated
12:(0:40.000 150 UncertainDataSubNormal, Calculated
12:00:45.000 170 UncertainDataSubNormal, Calculated
12:90:50,000 230 Good, Calculated
12:(90:55/000 250 Good, Calculated
12:01:00.000 250 Good, Calculated
12:01:05.000 250 Good, Calculated
12:01:10.000 280 Good, Calculated
12:01:15.000 300 UncertainDataSubNormal, Calculated
12:01:20.000 320 UncertainDataSubNormal, Calculated
12:01:25.000 390 Good, Calculated
12:01:30.000 450 UncertainDataSubNormal, Calculated
12:01:35.000 450 UncertainDataSubNormal, Calculated
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A.7 Total2

A.71 Description

The following examples demonstrate Total2 Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinginterval: 00:00:05, StartTime: 12:00:00, EndTime: 12:01:40.

A.7.2 Total2 data

Historian 1
Timestamp Value StatusCade Nates

12:00:00.000 BadNoData

12:0:05.000 BadNoData

12:00:10.000 62.500 Good, Calculated

12:90:15.000 87.500 Good, Calculated

12:00:20.000 112.500 Good, Calculated

12:00:25.000 137.500 Good, Calculated

12:0:30.000 150 UncertainDataSubNormal, Calculated
12:00:35.000 150 UncertainDataSubNormal, Calculated
12:(0:40.000 BadNoData

12:00:45.000 BadNoData

12:00:50.000 262.500 Good, Calculated
12:00:55.000 287.500 Good, Calculated

12:01:00.000 312.500 UncertainDataSubNormal,.Calculated
12:91:05.000 337.500 UncertainDataSubNormal, Calculated
12:01:10.000 362.500 UncertainDataSubNormal, Calculated
12:91:15.000 387.500 UncertainDataSUbNormal, Calculated
12:01:20.000 412.500 Good, Calculated
12:01:25.000 437.500 Good, \Calculated
12:91:30.000 0.090 UncertainDataSubNormal, Calculated, Partial
12:01:35.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes

12:00:00.000 31.957 UncertainDataSubNormal, Calculated, Partial
12:00:05:000 61.957 Good, Calculated

12:@0-10 000 72 826 Good _Calculated

12:00:15.000 83.696 Good, Calculated

12:00:20.000 94.565 Good, Calculated
12:00:25.000 118.409 Good, Calculated
12:00:30.000 135.227 Good, Calculated
12:00:35.000 146.364 UncertainDataSubNormal, Calculated
12:00:40.000 60 UncertainDataSubNormal, Calculated
12:00:45.000 85 UncertainDataSubNormal, Calculated

12:00:50.000 247.250 Good, Calculated
12:00:55.000 263.750 Good, Calculated
12:01:00.000 276.250 Good, Calculated
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Historian 2
Timestamp Value StatusCode Notes
12:01:05.000 288.750 Good, Calculated
12:01:10.000 299 UncertainDataSubNormal, Calculated
12:01:15.000 120 UncertainDataSubNormal, Calculated
12:01:20.000 146.667 UncertainDataSubNormal, Calculated
12:01:25.000 418.333 Good, Calculated
12:01:30.000 0.090 UncertainDataSubNormal, Calculated, Partial
12:01:35.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 30 Good, Calculated, Partial
12:(0:05.000 50 Good, Calculated
12:00:10.000 50 Good, Calculated
12:90:15.000 50 Good, Calculated
12:0:20.000 50 Good, Calculated
12:00:25.000 110 Good, Calculated
12:0:30.000 125 Good, Calculated
12:00:35.000 130 Good, Calculated
12:(0:40.000 Bad, Calculated
12:00:45.000 Bad, Calculated
12:00:50.000 230 Good, Calculated
12:90:55.000 250 Good, Calculated
12:01:00.000 250 Good, Calculated
12:91:05.000 250 Good, Calculated
12:01:10.000 280 Goody ‘Calculated
12:91:15.000 Bad,“Calculated
12:91:20.000 Bad, Calculated
12:01:25.000 390 Good, Calculated
12:91:30.000 03090 Good, Calculated, Partial
12:01:35.000 BadNoData

A-8 Il'.I;II;IIIuIII

A.8.1 Description

The following examples demonstrate Minimum Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.8.2 Minimum data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:16.000 20 Good, Calculated
12:00:32.000 BadNoData
12:00:48.000 50 Good, Calculated
12:01:04.000 BadNoData
12:01:20.000 80 Good, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:16.000 20 Good, Calculated
12:90:32.000 30 UncertainDataSubNormal, Calculated
12:00:48.000 40 Good
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:01:20.000 70 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatedjPartial
12:00:16.000 20 Good, Calculated
12:90:32.000 30 UncertainDataSubNormal, Calculated
12:00:48.000 40 Good
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:91:20.000 70 Good, Calculated, Partial
12:01:36.000 BadNoData
A.9| Maximum

A.9.f*——Description

The following examples demonstrate Maximum Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.9.2 Maximum data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:16.000 30 Good, Calculated
12:00:32.000 BadNoData
12:00:48.000 60 Good, Calculated
12:01:04.000 BadNoData
12:01:20.000 90 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 10 Good, Calculated, Partial
12:00:16.000 25 Good, Calculated
12:90:32.000 30 UncertainDataSubNormal, Calculated
12:00:48.000 50 Good, Calculated
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:01:20.000 90 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatedjPartial
12:00:16.000 25 Good, Calculated
12:90:32.000 30 UncertainDataSubNormal, Calculated
12:00:48.000 50 Goed, Calculated
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:91:20.000 90 Good, Calculated, Partial
12:01:36.000 BadNoData
A.10 MinihumActualTime
A.10-+—Description

The following examples demonstrate the MinimumActualTime Aggregate scenarios. This
Aggregate does not apply to Historian 4. Processinglinterval: 00:00:16, StartTime: 12:00:00,
EndTime: 12:01:40.
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Historian 1
Timestamp Value StatusCode Notes
12:00:10.000 10 Good, Partial
12:00:20.000 20 Good
12:00:32.000 BadNoData
12:00:50.000 50 Good
12:01:04.000 BadNoData
12:01:20.000 80 Good, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:02.000 10 Good, Partial
12:00:25.000 20 Good
12:90:39.000 30 UncertainDataSubNormal
12:00:48.000 40 Good
12:91:12.000 60 UncertainDataSubNormal
12:01:23.000 70 Good, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:25.000 20 Good

12:00:39.000 30

UncertainDataSubNormal

12:(0:48.000 40

Good

12:01:12.000 60

UncertainDataSubNormal

12:01:23.000 70

Good, Partial

12:91:36.000

BadNoData

A.11 MaximumActualTime

A.1tt—Description

The following examples demonstrate MaximumActualTime Aggregate scenarios.

This

Aggregate does not apply to Historian 4. Processinglinterval: 00:00:16, StartTime: 12:00:00,

EndTime: 12:01:40.
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A.11.2 MaximumActualTime data

Historian 1
Timestamp Value StatusCode Notes
12:00:10.000 10 Good, Partial
12:00:30.000 30 Good
12:00:32.000 BadNoData
12:01:00.000 60 Good
12:01:04.000 BadNoData
12:01:30.000 90 Good, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:02.000 10 Good, Partial
12:00:28.000 25 Good
12:90:39.000 30 UncertainDataSubNormal
12:00:52.000 50 Good
12:91:12.000 60 UncertainDataSubNormal
12:01:30.000 90 Good, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:28.000 25 Good
12:90:39.000 30 UncertainDataSubNormal
12:00:52.000 50 Good
12:91:12.000 60 UncertainDataSubNormal
12:91:30.000 90 Good, Partial
12:01:36.000 BadNoData
A.12 Range

A.12.1 Description

The following examples demonstrate Range Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinginterval:. 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.12.2 Range data
Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:16.000 10 Good, Calculated
12:00:32.000 BadNoData
12:00:48.000 10 Good, Calculated
12:01:04.000 BadNoData
12:01:20.000 10 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
Tlimestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:16.000 5 Good, Calculated
12:90:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 10 Good, Calculated
12:(1:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 20 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:(0:00.000 0 Good, Calculated, Partial
12:00:16.000 5 Good, Calculated
12:90:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 10 Goody*Calculated
12:(1:04.000 0 UncertainDataSubNormal, Calculated
12:91:20.000 20 Good, Calculated, Partial
12:01:36.000 BadNoData
A.13 Minimum2
A.13-+—Description

The following examples demonstrate Minimum2 Aggregate scenarios. This Aggregate does
not apply to Historian 4. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime:
12:01:40.
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A.13.2 Minimum2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 10 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 16 UncertainDataSubNormal, Interpolated
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:00:48.000 50 UncertainDataSubNormal, Calculated
12:01:04.000 64 UncertainDataSubNormal, Interpolated
12:01:20.000 80 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 10 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 16.087 Good, Interpolated
12:00:32.000 26.818 UncertainDataSubNormal, Interpolated
12:00:48.000 40 Good
12:01:04.000 56 UncertainDataSubNormal, Interpolated
12:01:20.000 70 UncertainDataSubNormal, Calculated; Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatediPartial
12:00:16.000 10 Good, Interpolated
12:00:32.000 25 Good, Interpolated
12:00:48.000 40 Good
12:01:04.000 50 Good, Interpolated
12:91:20.000 70 Good, Calculated, Partial
12:01:36.000 BadNoData
A.14 Maximum2

A.14t+—Description

The following examples demonstrate Maximum2 Aggregate scenarios. This Aggregate does
not apply to Historian 4. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime:
12:01:40.
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A.14.2 Maximum2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 16 UncertainDataSubNormal, Interpolated, Partial
12:00:16.000 30 UncertainDataSubNormal, Calculated, MultipleValues
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:00:48.000 64 UncertainDataSubNormal, Interpolated
12:01:04.000 80 UncertainDataSubNormal, Calculated
12:01:20.000 90 UncertainDataSubNormal, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 16.087 UncertainDataSubNormal, Interpolated, Partial
12:00:16.000 26.818 Good, Interpolated
12:90:32.000 40 UncertainDataSubNormal, Calculated
12:00:48.000 56 Good, Interpolated
12:(1:04.000 60 UncertainDataSubNormal, Calculated
12:01:20.000 90 UncertainDataSubNormal, Calculated; Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatediPartial
12:00:16.000 25 Good, Calculated
12:90:32.000 30 Good, Calculated
12:00:48.000 50 Goed, Calculated
12:(1:04.000 60 Good, Calculated
12:91:20.000 90 Good, Calculated, Partial
12:01:36.000 BadNoData
A.15 MinimumActualTime2

A.15t—Description

The following examples demonstrate MinimumActualTime2 Aggregate scenarios. This
Aggregate does not apply to Historian 4. Processinglnterval: 00:00:16, StartTime: 12:00:00,
EndTime: 12:01:40.
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A.15.2 MinimumActualTime2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:10.000 10 UncertainDataSubNormal, Partial
12:00:16.000 16 UncertainDataSubNormal, Interpolated
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:00:50.000 50 UncertainDataSubNormal
12:01:04.000 64 UncertainDataSubNormal, Interpolated
12:01:20.000 80 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 2
Tlimestamp Value StatusCode Notes
12:00:02.000 10 UncertainDataSubNormal, Partial
12:00:16.000 16.087 Good, Interpolated
12:00:32.000 26.818 UncertainDataSubNormal, Interpolated
12:00:48.000 40 Good
12:01:04.000 56 UncertainDataSubNormal, Interpolated
12:01:23.000 70 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:16.000 10 Good, Interpolated
12:00:32.000 25 Good, Interpolated
12:00:48.000 40 Good
12:01:04.000 50 Good, Interpolated
12:91:23.000 70 Good, Partial
12:01:36.000 BadNoData
A.16 MaximumActualTime2
A.16-+—Description

The following examples demonstrate MaximumActualTime2 Aggregate scenarios. This
Aggregate does not apply to Historian 4. Processinglinterval: 00:00:16, StartTime: 12:00:00,
EndTime: 12:01:40.
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A.16.2 MaximumActualTime2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:15.999 16 UncertainDataSubNormal, Interpolated, Partial
12:00:30.000 30 UncertainDataSubNormal, MultipleValues
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:01:03.999 64 UncertainDataSubNormal, Interpolated
12:01:19.999 80 UncertainDataSubNormal, Interpolated
12:01:30.000 20 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 2
Tlimestamp Value StatusCode Notes
12:00:15.999 16.087 UncertainDataSubNormal, Interpolated, Partial
12:00:31.999 26.818 Good, Interpolated
12:00:47.999 40 UncertainDataSubNormal, Interpolated
12:01:03.999 56 Good, Interpolated
12:91:12.000 60 UncertainDataSubNormal
12:01:30.000 90 UncertainDataSubNormal, Partial
12:91:36.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:28.000 25 Good
12:00:39.000 30 Good
12:00:52.000 50 Good
12:01:12.000 60 Good
12:91:30.000 90 Good, Partial
12:01:36.000 BadNoData
A.1Y Range2

A.17~t—Description

The following examples demonstrate Range2 Aggregate scenarios. This Aggregate does not
apply to Historian 4. Processinglnterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.17.2 Range2 data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 6 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 14 UncertainDataSubNormal, Calculated
12:00:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 14 UncertainDataSubNormal, Calculated
12:01:04.000 16 UncertainDataSubNormal, Calculated
12:01:20.000 10 UncertainDataSubNormal, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
Tlimestamp Value StatusCode Notes
12:00:00.000 6.087 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 10.731 Good, Calculated
12:90:32.000 13.182 UncertainDataSubNormal, Calculated
12:00:48.000 16 Good, Calculated
12:(1:04.000 4 UncertainDataSubNormal, Calculated
12:01:20.000 20 UncertainDataSubNormal, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
Timestamp Value StatusCode Notes
12:(0:00.000 0 Good, Calculated_Partial
12:00:16.000 15 Good, Calcutated
12:90:32.000 5 Good, Calculated
12:00:48.000 10 Goody Calculated
12:(1:04.000 10 Good, Calculated
12:91:20.000 20 Good, Calculated, Partial
12:01:36.000 BadNoData
A.18 AnnotationCount

A.18: cription

The following examples demonstrate AnnotationCount Aggregate scenarios. This Aggregate
does not apply to current values, since annotations are features of historical data.
Processinglinterval: 00:01:00, StartTime: 12:00:00, EndTime: 12:01:40.

A.18.2 AnnotationCount data

Historian 1

Timestamp Value StatusCode Notes
12:00:00.000 3 Good, Calculated
12:01:00.000 1 Good, Calculated
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Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated
12:01:00.000 0 Good, Calculated
A.19 Count
A.19.1 Description
The| following examples demonstrate Count Aggregate scenarios. Processinginterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
A.19.2 Count data
Historian 1
T|mestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated, Partial
12:90:16.000 2 Good, Calculated
12:00:32.000 Bad
12:00:48.000 2 Good, Calculated
12:91:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 2 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated{Rartial
12:90:16.000 2 Good, Calculated
12:00:32.000 1 UncertainDataSubNormal, Calculated
12:00:48.000 2 Good,\Calculated
12:(1:04.000 1 UncertainDataSubNormal, Calculated
12:01:20.000 3 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated, Partial

12:00:16.000 2

Good, Calculated

12:00:32.000

Bad

12:00:48.000 2

Good, Calculated

12:01:04.000 1

Good, Calculated

12:01:20.000 3

Good, Calculated, Partial

12:01:36.000

BadNoData
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Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated, Partial
12:00:16.000 2 Good, Calculated
12:00:32.000 1 UncertainDataSubNormal, Calculated
12:00:48.000 2 Good, Calculated
12:01:04.000 1 UncertainDataSubNormal, Calculated
12:01:20.000 3 Good, Calculated, Partial
12:01:36.000 BadNoData
A.20 DurationIinStateZero
A.20.1 Description
The| following examples demonstrate DurationinStateZero Aggregate scenarios. |The
Aggregate only applies to Historian 4. Processinginterval: 00:00:;16, StartTime: 12:0Q:00,
End[Time: 12:01:40.
A.2Q0.2 DurationinStateZero data
Historian 4
T|mestamp Value StatusCode Notes
12:(0:00.000 0 UncertainDataSubNormal, Caleulated, Partial
12:00:16.000 3000 Good, Calculated
12:90:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 12000 Good, Calculated
12:01:04.000 13000 UncertainDataSubNormal, Calculated
12:91:20.000 4000 UncertajnDataSubNormal, Calculated, Partial
12:01:36.000 BadNoData
A.21 DurationinStateNonZero
A.21.1 Description
The| following examples demonstrate DurationinStateNonZero Aggregate scenarios.
Progessinginterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
A.21.2 DurationinStateNonZero data
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 14000 UncertainDataSubNormal, Calculated, Partial
12:00:16.000 13000 Good, Calculated
12:00:32.000 10000 UncertainDataSubNormal, Calculated
12:00:48.000 4000 Good, Calculated
12:01:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 3001 UncertainDataSubNormal, Calculated, Partial
12:01:36.000 BadNoData
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A.22 NumberOfTransitions

A.22.1 Description

The following examples demonstrate NumberOfTransitions Aggregate scenarios.
Processinglinterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.22.2 NumberOfTransitions data

Historian 1
Timestamp Value StatusCade Nates
12:00:00.000 1 Good, Calculated, Partial
12:90:16.000 2 Good, Calculated
12:00:32.000 Bad
12:(0:48.000 2 Good, Calculated
12:01:04.000 1 UncertainDataSubNormal, Calculated
12:01:20.000 2 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 1 Good, Calculated, Partial
12:90:16.000 2 Good, Calculated
12:00:32.000 1 UncertainDataSubNormal, Caleulated
12:(0:48.000 2 Good, Calculated
12:01:04.000 1 UncertainDataSubNormal, Calculated
12:91:20.000 3 Good, Calculated Partial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 1 Good, Calculated, Partial
12:90:16.000 2 Good, Calculated
12:00:32.000 Bad
12:(0:48.000 2 Good, Calculated
12:(1:04.000Q 1 Good, Calculated
12:01:20,0Q0 3 Good, Calculated, Partial
12:01:36-000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 1 Good, Calculated, Partial
12:00:16.000 2 Good, Calculated
12:00:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 1 Good, Calculated
12:01:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 3 Good, Calculated, Partial
12:01:36.000 BadNoData
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A.23 Start
A.23.1 Description
The following examples demonstrate Start Aggregate scenarios. Processinglinterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
A.23.2 Start data
Historian 1
Timestamp \Malue StatusCode Notes
12:(00:10.000 10 Good, Partial
12:00:20.000 20 Good
12:(00:40.000 Bad
12:00:50.000 50 Good
12:01:10.000 70 Uncertain
12:(01:20.000 80 Good, Partial
12:01:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:02.000 10 Good, Partial
12:00:25.000 20 Good
12:(0:39.000 30 Good
12:(00:48.000 40 Good
12:01:12.000 60 Good
12:(01:23.000 70 Good, Partial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:02.000 10 Good, Partial
12:(0:25.000 20 Good
12:00:39.000 30 Good
12:(00:48.000 40 Good
12:01:42.000 60 Good
12:017Z237000 14Y) Good, Parttat
12:01:36.000 BadNoData
A.24 End
A.24.1 Description
The following examples demonstrate End Aggregate scenarios. Processinglinterval.

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.24.2 End data
Historian 1
Timestamp Value StatusCode Notes
12:00:10.000 10 Good, Partial
12:00:30.000 30 Good
12:00:40.000 Bad
12:01:00.000 60 Good
12:01:10.000 70 Uncertain
12:01:30.000 90 Good, Partial
12:91:36.000 BadNoData
Historian 2
Timestamp Value StatusCode Notes
12:00:02.000 10 Good, Partial
12:00:28.000 25 Good
12:00:42.000 Bad
12:00:52.000 50 Good
12:91:17.000 70 Uncertain
12:01:30.000 90 Good, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:0:02.000 10 Good, Partial
12:00:28.000 25 Good
12:00:42.000 Bad
12:00:52.000 50 Good
12:91:17.000 70 Uncertain
12:91:30.000 90 Good, Partial
12:01:36.000 BadNoData
A.25 StartBound

A.25t—Description

The following examples demonstrate StartBound Aggregate scenarios. Processinginterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.25.2 StartBound data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData, Partial
12:00:16.000 16 Good, Interpolated
12:00:32.000 30 UncertainDataSubNormal, Interpolated
12:00:48.000 BadNoData
12:01:04.000 64 UncertainDataSubNormal, Interpolated
12:01:20.000 80 Good, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 BadNoData, Partial
12:00:16.000 16.087 Good, Interpolated
12:00:32.000 26.818 Good, Interpolated
12:00:48.000 40 Good
12:01:04.000 56 Good, Interpolated
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 BadNoData, Partial
12:00:16.000 10 Good, Interpolated
12:00:32.000 25 Good, Interpolated
12:00:48.000 40 Good
12:01:04.000 50 Good, Interpolated
12:91:20.000 BadNoData, Partial
12:01:36.000 BadNoData
A.26 EndBound

A.26.1 Description

The following examples demonstrate End Aggregate scenarios. Processinginterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.26.2 EndBound data
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Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 16 Good, Calculated, Partial
12:00:16.000 30 UncertainDataSubNormal, Calculated
12:00:32.000 BadNoData
12:00:48.000 64 UncertainDataSubNormal, Calculated
12:01:04.000 80 Good, Calculated
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 16.087 Good, Calculated, Partial
12:00:16.000 26.818 Good, Calculated
12:90:32.000 40 Good, Calculated
12:00:48.000 56 Good, Calculated
12:(1:04.000 BadNoData
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 10 Good, CalculatediPartial
12:00:16.000 25 Good, Calculated
12:90:32.000 40 Good, Calculated
12:00:48.000 50 Goed, Calculated
12:(1:04.000 BadNoData
12:91:20.000 BadNoData, Partial
12:01:36.000 BadNoData
A.27 Delta
A.27+—Description
The following examples demonstrate Delta Aggregate scenarios. Processinginterval:

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.27.2 Delta data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:16.000 10 Good, Calculated
12:00:32.000 0 BadNoData
12:00:48.000 10 Good, Calculated
12:01:04.000 0 BadNoData
12:01:20.000 10 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:16.000 5 Good, Calculated
12:90:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 10 Good, Calculated
12:(1:04.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 20 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 0 Good, CalculatedjPartial
12:00:16.000 5 Good, Calculated
12:90:32.000 0 UncertainDataSubNormal, Calculated
12:00:48.000 10 Goed, Calculated
12:(1:04.000 0 UncertainDataSubNormal, Calculated
12:91:20.000 20 Good, Calculated, Partial
12:01:36.000 BadNoData
A.28 DeltaBounds

A.28: cription

The following examples demonstrate DeltaBounds Aggregate scenarios. Processinginterval.
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.28.2 DeltaBounds data

Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData, Partial
12:00:16.000 14 UncertainDataSubNormal, Calculated
12:00:32.000 BadNoData
12:00:48.000 BadNoData
12:01:04.000 16 UncertainDataSubNormal, Calculated
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 BadNoData, Partial
12:00:16.000 10.731 Good, Calculated
12:90:32.000 13.182 Good, Calculated
12:00:48.000 16 Good, Calculated
12:(1:04.000 BadNoData
12:01:20.000 BadNoData, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 BadNoData, Partial
12:00:16.000 15 Good, Calculated
12:90:32.000 15 Good, Calculated
12:00:48.000 10 Goed, Calculated
12:(1:04.000 BadNoData
12:91:20.000 BadNoData, Partial
12:01:36.000 BadNoData
A.29 DurationGood

A.29.1 Description

The following examples demonstrate DurationGood Aggregate scenarios. Duration values are
in milliseconds. Processinginterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.
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A.29.2 DurationGood data
Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 6000 Good, Calculated, Partial
12:00:16.000 16000 Good, Calculated
12:00:32.000 0 Good, Calculated
12:00:48.000 14000 Good, Calculated
12:01:04.000 0 Good, Calculated
12:01:20.000 10001 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 14000 Good, Calculated, Partial
12:00:16.000 16000 Good, Calculated
12:90:32.000 10000 Good, Calculated
12:00:48.000 16000 Good, Calculated
12:(1:04.000 13000 Good, Calculated
12:01:20.000 7001 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 14000 Good, Calculated/Partial
12:00:16.000 16000 Good, Calcutated
12:90:32.000 10000 Good, Calculated
12:00:48.000 16000 Gopd, \Calculated
12:(1:04.000 13000 Good, Calculated
12:91:20.000 7001 Good, Calculated, Partial
12:01:36.000 BadNoData
Historian 4
T|mestamp Value StatusCode Notes
12:000:00.000 14000 Good, Calculated, Partial
12:00:16.000 16000 Good, Calculated
12:00:32.000 10000 Good, Calculated
12:00:48.000 16000 Good, Calculated
12:01:04.000 13000 Good, Calculated
12:01:20.000 7001 Good, Calculated, Partial
12:01:36.000 BadNoData
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The following examples demonstrate DurationBad Aggregate scenarios. Processinglinterval:

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.30.2 DurationBad data
Historian 1
Timestamp Value StatusCade Nates
12:00:00.000 10000 Good, Calculated, Partial
12:90:16.000 0 Good, Calculated
12:00:32.000 8000 Good, Calculated
12:(0:48.000 2000 Good, Calculated
12:01:04.000 0 Good, Calculated
12:01:20.000 0 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 2000 Good, Calculated, Partial
12:90:16.000 0 Good, Calculated
12:00:32.000 6000 Good, Calculated
12:(0:48.000 0 Good, Calculated
12:01:04.000 3000 Good, Calculated
12:91:20.000 3000 Good, Calculated Partial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 2000 Good, Calculated, Partial
12:00:16.000 0 Good, Calculated
12:00:32.000 6000 Good, Calculated
12:(0:48.000 0 Good, Calculated
12:(01:04.000 3000 Good, Calculated
12:91:20:000 3000 Good, Calculated, Partial
12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 2000 Good, Calculated, Partial
12:00:16.000 0 Good, Calculated
12:00:32.000 6000 Good, Calculated
12:00:48.000 0 Good, Calculated
12:01:04.000 3000 Good, Calculated
12:01:20.000 3000 Good, Calculated, Partial
12:01:36.000 BadNoData
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A.31 PercentGood

A.31.1 Description

The following examples demonstrate PercentGood Aggregate scenarios. Processinglnterval:
00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.31.2 PercentGood data

Historian 1
Timestamp Value StatusCode Nates
12:00:00.000 37.500 Good, Calculated, Partial
12:90:16.000 100 Good, Calculated
12:00:32.000 0 Good, Calculated
12:(0:48.000 87.500 Good, Calculated
12:01:04.000 0 Good, Calculated
12:01:20.000 100 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 87.500 Good, Calculated, Partial
12:90:16.000 100 Good, Calculated
12:00:32.000 62.500 Good, Calculated
12:(0:48.000 100 Good, Calculated

12:91:04.000 81.250 Good, Calculated

12:01:20.000 70.003 Good, Calculated;Rartial

12:(01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:00:00.000 87.500 Good, Calculated, Partial
12:(00:16.000 100 Good, Calculated

12:0:32.000 62.500 Good, Calculated

12:00:48.000 100 Good, Calculated

12:91:04.000 81.250 Good, Calculated

12:01:20:000 70.003 Good, Calculated, Partial

12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 87.500 Good, Calculated, Partial
12:00:16.000 100 Good, Calculated
12:00:32.000 62.500 Good, Calculated
12:00:48.000 100 Good, Calculated

12:01:04.000 81.250 Good, Calculated

12:01:20.000 70.003 Good, Calculated, Partial

12:01:36.000 BadNoData
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A.32.2 PercentBad data
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scenarios. Processinglinterval.

Historian 1
Timestamp Value StatusCode Nates
12:00:00.000 62.500 Good, Calculated, Partial
12:90:16.000 0 Good, Calculated
12:00:32.000 50 Good, Calculated
12:(0:48.000 12.500 Good, Calculated
12:01:04.000 0 Good, Calculated
12:01:20.000 0 Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 12.500 Good, Calculated, Partial
12:90:16.000 0 Good, Calculated
12:00:32.000 37.500 Good, Calculated
12:(0:48.000 0 Good, Calculated
12:01:04.000 18.750 Good, Calculated
12:91:20.000 29.997 Good, Calculated; Rartial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 12.500 Good, Calculated, Partial
12:00:16.000 0 Good, Calculated
12:00:32.000 37.500 Good, Calculated
12:(0:48.000 0 Good, Calculated
12:(01:04.000 18.750 Good, Calculated
12:91:20:000 29.997 Good, Calculated, Partial
12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 12.500 Good, Calculated, Partial
12:00:16.000 0 Good, Calculated
12:00:32.000 37.500 Good, Calculated
12:00:48.000 0 Good, Calculated
12:01:04.000 18.750 Good, Calculated
12:01:20.000 29.997 Good, Calculated, Partial
12:01:36.000 BadNoData
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A.33 WorstQuality

A.33.1 Description

The following examples demonstrate WorstQuality Aggregate

00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.33.2 WorstQuality data

scenarios. Processinginterval.

Historian 1
Timestamp Value StatusCade Nates
12:00:00.000 Good Good, Calculated, Partial
12:90:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 Uncertain Good, Calculated
12:01:20.000 Good Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 Good Good, Calculated, Partial
12:90:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 Uncertain Good, Calculated
12:91:20.000 Good Good, Calculated, Partial
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 Good Good, Calculated, Partial
12:00:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 Uncertain Good, Calculated
12:91:20:000 Good Good, Calculated, Partial
12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 Good Good, Calculated, Partial
12:00:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:00:48.000 Good Good, Calculated
12:01:04.000 Uncertain Good, Calculated

12:01:20.000 Good

Good, Calculated, Partial

12:01:36.000

BadNoData
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A.34 WorstQuality2

A.34.1 Description

The following examples demonstrate WorstQuality2 Aggregate scenarios.
Processinglinterval: 00:00:16, StartTime: 12:00:00, EndTime: 12:01:40.

A.34.2 WorstQuality2 data

Historian 1
Timestamp Value StatusCaode Nates
12:00:00.000 BadNoData Good, Calculated, Partial
12:90:16.000 UncertainDataSubNormal Good, Calculated
12:00:32.000 Bad Good, Calculated, MultipleValues
12:(0:48.000 BadNoData Good, Calculated
12:01:04.000 UncertainDataSubNormal Good, Calculated, MultipleValues
12:01:20.000 BadNoData Good, Calculated, Partial
12:91:36.000 BadNoData
Historian 2
T|mestamp Value StatusCode Notes
12:(0:00.000 BadNoData Good, Calculated, Partial
12:90:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 BadNoData Good, Calculated
12:01:20.000 BadNoData Good, Calcdlated, Partial, MultipleValues
12:01:36.000 BadNoData
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 BadNoData Good, Calculated, Partial
12:00:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:(0:48.000 Good Good, Calculated
12:01:04.000 BadNoData Good, Calculated
12:01:20:000 BadNoData Good, Calculated, Partial, MultipleValues
12:01-36.000 BadNoData
Historian 4
Timestamp Value StatusCode Notes
12:00:00.000 BadNoData Good, Calculated, Partial
12:00:16.000 Good Good, Calculated
12:00:32.000 Bad Good, Calculated
12:00:48.000 Good Good, Calculated
12:01:04.000 BadNoData Good, Calculated
12:01:20.000 BadNoData Good, Calculated, Partial, MultipleValues
12:01:36.000 BadNoData
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A.35 StandardDeviationSample

A.35.1 Description

The following examples demonstrate StandardDeviationSample Aggregate scenarios.
Processinglinterval: 00:00:20, StartTime: 12:00:00, EndTime: 12:01:40.

A.35.2 StandardDeviationSample data

Historian 1
Timestamp Value StatusCaode Nates

12:00:00.000 0 Good, Calculated, Partial
12:0:20.000 7.071 Good, Calculated
12:00:40.000 0 UncertainDataSubNormal,

Calculated
12:(1:00.000 0 UncertainDataSubNormal,

Calculated
12:91:20.000 7.071 Good, Calculated, Partial

Historian 2
T|mestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:(00:20.000 5 Good, Calculated
12:(0:40.000 7.071 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:91:20.000 10 Good, Calculated, Partial
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 0 Goody. Calculated, Partial
12:(00:20.000 5 Good; Calculated
12:(0:40.000 7.071 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:91:20.000 10 Good, Calculated, Partial

A.36 (VarianceSample

A.36.1 Description

The following examples demonstrate VarianceSample  Aggregate scenarios.
Processinglinterval: 00:00:20, StartTime: 12:00:00, EndTime: 12:01:40.
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Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:20.000 50 Good, Calculated
12:00:40.000 0 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 50 Good, Calculated, Partial
Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:0:20.000 25 Good, Calculated
12:00:40.000 50 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:91:20.000 100 Good, Calculated, Partial
Historian 3
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:0:20.000 25 Good, Calculated
12:00:40.000 50 UncertainDataSubNormal;)Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:91:20.000 100 Good, Calculated,/Partial
A.3Y StandardDeviationPopulation
A.37.1 Description
The| following examples demonstrate StandardDeviationPopulation Aggregate scenarios.
Prog¢essinginterval: 00:00:20, StartTime: 12:00:00, EndTime: 12:01:40.
A.37.2 StandardDeviationPopulation data
Historian 1
Thmestamp—Vatue StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:20.000 5 Good, Calculated
12:00:40.000 0 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 5 Good, Calculated, Partial
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Historian 2
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:20.000 4.082 Good, Calculated
12:00:40.000 5 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 8.165 Good, Calculated, Partial
Historian 3
T|mestamp Value StatusCode Notes
12:(0:00.000 0 Good, Calculated, Partial
12:0:20.000 4.082 Good, Calculated
12:00:40.000 5 UncertainDataSubNormal, Calculated
12:1:00.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 8.165 Good, Calculated, Partial
A.38 VariancePopulation
A.38.1 Description
The| following examples demonstrate VariancePopulation Aggregate scenarios.
Prog¢essinginterval: 00:00:20, StartTime: 12:00:00, EndTime: 12:01:40.
A.38.2 VariancePopulation data
Historian 1
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, E€alculated, Partial
12:00:20.000 25 Gaod,"Calculated
12:(0:40.000 0 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:91:20.000 25 Good, Calculated, Partial
Historian 2
Tjm€estamp Value StatusCode Notes
12:06:66-6696 5 Seot—Ceatettated—Partial
12:00:20.000 16.667 Good, Calculated
12:00:40.000 25 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 66.667 Good, Calculated, Partial



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

- 110 -

IEC 62541-13:2020 © |IEC 2020

Historian 3
Timestamp Value StatusCode Notes
12:00:00.000 0 Good, Calculated, Partial
12:00:20.000 16.667 Good, Calculated
12:00:40.000 25 UncertainDataSubNormal, Calculated
12:01:00.000 0 UncertainDataSubNormal, Calculated
12:01:20.000 66.667 Good, Calculated, Partial
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L& Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisationscomp
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dvoriser la coopération internationale pour toutes les questions de normalisation dans les~domaing
¢lectricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes|internation
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nt représentés dans chaque comité d'études.
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IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
fdurnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqug
nformité de I'lEC. L'IEC n'est responsabledd'aucun des services effectués par les organismes de certifig
indépendants.
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coulant de la publication*ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
i au crédit qui lui estaccordé.
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attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
dférencées est gbligatoire pour une application correcte de la présente publication.
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attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire |
p droits.de~brevet. L'lEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droi
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systémes de l'entreprise, du comité d'études 65 de I'lEC: Mesure, commande et automation
dans les processus industriels.

Cette seconde édition annule et remplace la premiére édition de I'lEC 62541-13 parue en 2015.
Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) aucune modification technique n'a été apportée, mais de nombreuses explications ont été

introduites. Des corrections ont été apportées aux exemples.
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote

65E/697/FDIS 65E/712/RVD

020

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Danp l'ensemble du présent document et dans les autres parties de la série, certalines

conyentions de document sont utilisées:

le format jtalique est utilisé pour mettre en évidence un terme défini ou une. deéfinition qui
apparait a l'article "Termes et définitions" dans I'une des parties de la sérig;

le format italique est également utilisé pour mettre en évidence le nom d'uh paramétre d'erjtrée
ou de sortie de service, ou le nom d'une structure ou d'un élément de.structure habituellement
défipi dans les tableaux;

par ailleurs, les termes et les noms en italique sont souvent éerits en camel-case (pratique qui
congiste a joindre, sans espace, les éléments des mots ou‘expressions composés, la prenjiére
lettre de chaque élément étant en majuscule). Par exemple, le terme défini est AddressSpace
et ngn Espace d'Adressage. Cela permet de mieux comprendre qu'il existe une définition unjque
pounl AddressSpace, et non deux définitions distinctes*pour Espace et pour Adressage.
Une|liste de toutes les parties de la série IEC 62541, publiées sous le titre général Architegture
unifige OPC, peut étre consultée sur le sitezweb de I'lEC.

Le domité a décidé que le contenu de(Cette publication ne sera pas modifié avant la date de
stabjlité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relafives a la publication recherchée’. A cette date, la publication sera

e rleconduite,

e gupprimée,

e nemplacée par une édition révisée, ou

e 3gmendée.

IMPORTANT - Le logo "colour inside™ qui se trouve sur la page de couverture de ce
publication indique qu'elle contient des couleurs qui sont considérées comme utile

tte

s a

une bonne comprehension de son contenu. Les utilisateurs devraient, par consequent,
imprimer cette publication en utilisant une imprimante couleur.



https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

IEC 62541-13:2020 © |IEC 2020 - 119 -

ARCHITECTURE UNIFIEE OPC -

Partie 13: Agrégats

1 Domaine d'application

La
I'Arghitecture unifiée OPC (OPC UA) globale. Elle définit le modéle d'information associé

sur
aux

éférences normatives

ocuments suivants cités dans le texte constituent, pour tout ou partie'de’leur contenu,/des
nces du présent document. Pour les références datées, seule I'édition citée s’appligue.
les références non datées, la derniére édition du document _de Téférence s'appliqgue (y
ris les éventuels amendements).

IEC|TR 62541-1, OPC Unified Architecture — Part 1. Overview and Concepts (disponibl
anglais seulement)

D

en

IEC 162541-3, Architecture unifiée OPC — Partie 3: Modéle de I'Espace d'Adressage
IEC |62541-4, Architecture unifiée OPC — Partie<4; Services

IEC [62541-5, Architecture unifiée OPC — Partie 5: Modéle d'informations

IEC |62541-8, Architecture unifiée OPC - Partie 8: Acces aux données

IEC|62541-11, Architecture unifiete OPC — Partie 11: Accés a I'Historique

3 [Termes, définitiohs et termes abrégés

3.1 Termes et définitions

Pouf les bésoins du présent document, les termes et définitions donnés dans
I''EG TR 62841-1, I'IEC 62541-3, I'lEC 62541-4 et I'lEC 62541-11, ainsi que les suiviants
s'appliquent.

L'ISOettHECtienmentajour des bases de donmeées terminotogiques destimees a etre utitisées

en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1.1
Processinglnterval
durée pendant laquelle les valeurs obtenues sont générées en fonction d'un Agrégat spécifié

Note 1 a l'article: Le domaine temporel total spécifié pour ReadProcessed est divisé par le Processinginterval. Par
exemple, le calcul d'une moyenne de 10 min sur la plage de temps 12:00-12:30 donne lieu a un ensemble de trois
intervalles de longueur Processinginterval, chaque intervalle commengant respectivement a 12:00, 12:10 et 12:20.
Les regles permettant de déterminer les Limites de l'intervalle sont présentées en 5.4.2.2.
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3.1.2
données interpolées
données calculées a partir d'échantillons de données

Note 1 a l'article: Les échantillons de données peuvent étre des données historiques ou des données en temps réel
mises en mémoire tampon. Une valeur interpolée est calculée a partir des points de données d'un c6té ou de I'autre
de I'norodatage demandé.

3.1.3
EffectiveEndTime
heure précédant immédiatement endTime

Note |1 a l'article: Tous les calculs d'Agrégat incluent startTime, mais excluent endTime. Toutefois, il est parfois
nécessaire de renvoyer une limite de fin Interpolée comme valeur d'un Intervalle avec un horodatage quizse tfouve
dans|l'Intervalle. Les Serveurs sont supposés utiliser I'heure précédant immédiatement endTime si ta tésolution
tempprelle du Serveur détermine la valeur exacte (a ne pas confondre avec la résolution temporelle.du matérifel ou
du systeme d'exploitation). Par exemple, si endTime est égal a 12:01:00 et que la résolution temporelle est d¢ 1 s,
EffectiveEndTime est égal a 12:00:59. Voir 5.4.2.4.

Si I'Heure recule, les Serveurs sont supposés utiliser I'heure qui suit immédiatement\endTime, la résolution
tempprelle du Serveur déterminant la valeur exacte.

3.1.4
donpées extrapolées
donmées construites a partir d'un ensemble de données discrétes, mais qui ne font pas ppartie
de cet ensemble

Note |1 & [l'article: S'apparente au processus d'interpolation, qui<construit de nouveaux points entre des goints
connyis, mais son résultat fait I'objet d'une plus grande incertitude.)LCes données extrapolées sont utilisées lofsque
la péfiode demandée est ultérieure aux données disponibles dans’le systeme sous-jacent. Voir I'exemple présenté
dans|le Tableau 1.

3.1.%5
Slopedinterpolation
intefqpolation linéaire simple

Note |1 a l'article: Comparer & I'ajustement-de courbe a I'aide de polynémes linéaires. Voir I'exemple présenté|dans
le Tapleau 1.

3.1.6
Steppedinterpolation
intepolation qui maintient le dernier point de données constant ou qui interpole la valeur a
partfr d'un ajustement-de courbe horizontale

Note |1 & I'article: Se reporter au Tableau 1 suivant qui répertorie les valeurs brutes et interpolées/extrapolée

12

Tableau 1 — Exemples d'interpolation

Horodatage Valeur brute | Interpolation inclinée Interpolation
échelonnée
12:00:00 10
12:00:05 15 10
12:00:08 18 10
12:00:10 20
12:00:15 25 20
12:00:20 30
SlopedExtrapolation SteppedExtrapolation
12:00:25 35 30
12:00:27 37 30
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3.1.7
valeurs limites

vale

Note

urs en startTime et endTime nécessaires aux Agrégats pour calculer le résultat

1 a l'article: Si les Données brutes n'existent pas en startTime et endTime, une valeur doit étre estim

ée. Il

existe deux moyens de déterminer les Valeurs limites d'un intervalle. L'une, dite des Valeurs limites interpolées,
utilise les premiers points de données non "Bad" trouvés avant et aprés I'horodatage pour estimer la limite. L'autre,
dite des Valeurs limites simples, utilise les points de données se trouvant immédiatement avant et aprés les
horodatages limites pour estimer la limite, méme si ces points sont "Bad". Les 3.1.8 et 3.1.9 décrivent les deux
approches différentes plus en détail.

Dans tous les cas, le fanion TreatUncertainAsBad (voir 4.2.1.2) est utilisé pour déterminer si les valeurs incertaines

sont |

Siun
aux b

Lors

"Bad
valeu
I'Agre

L'app
Data
lesqu
(voir
régul

3.1.
val
vale

Note
o
9
o
9

Le cg

ou Vx

S'il 4
Unce
de l'u
Si la
Stepf

La p4

Dod" ounan "Bad"

e Valeur brute n'a pas été trouvée et qu'il existe une valeur limite non "Bad", la valeur "Interpolated” est attr
its d'Agrégat (voir 5.3.3).

Hu calcul des Valeurs limites, une valeur nulle est attribuée a la partie des Données brutes'dont le stat
. Cela signifie que la partie de valeur n'est pas utilisée dans le calcul, et qu'une valeur nulie.est renvoyégq
r brute est renvoyée. La partie relative au statut est déterminée par les régles spécifié€s par la limi
gat.

roche dite des Valeurs limites interpolées (voir 3.1.8) est identique a celle utilisée dans I'OPC HDA (Hist
IAccess) classique, et est importante pour les applications telles que la commande de processus avancée,
elles il est important de détenir a tout moment des valeurs utiles. L'approche| dite des valeurs limites si
3.1.9) est une approche nouvelle dans la présente norme. Elle est importante’ pour les applications qui ddg
erement générer des rapports et ne peuvent pas utiliser les valeurs estimées a la place des données "Bg

urs limites interpolées
Lirs limites calculées a l'aide de la valeur "Good"dayplus proche

1 a l'article: Les Valeurs limites interpolées utilisant Slepedinterpolation sont calculées comme suit:
s'il existe une valeur brute non "Bad" au niveauyde I'horodatage, il s'agit de la valeur limite;
rechercher la premiere valeur brute non "Bad" avant I'horodatage;
rechercher la premiére valeur brute nop;"Bad" aprés I'horodatage;
tracer une droite entre la valeur précedente et la valeur suivante;

utiliser le point d'intersection des\droites avec I'horodatage comme une estimation de la valeur limite.

Icul peut étre exprimé par la formule suivante:

Vlimite = (TI v,

— X —
imite Tpréce'dente) (Vsuivante précédente)/(Tsuivante

-T

précédente) + Vprécédente

est une valeur en "x"etT, est I'horodatage associé a V.

xiste une valeur.- non "Bad" avant I'horodatage, le StatusCode est Bad_NoData. Le StatusCodé
rtain_DataSubNormal s'il existe une valeur "Bad" entre la valeur précédente et la valeur suivante. Si la
ne ou 'autre‘des valeurs précédente ou suivante est "Uncertain”, le StatusCode est Uncertain_DataSubNg
valeur suivante n'existe pas, la valeur précédente doit étre extrapolée a l'aide de SlopedExtrapolation
edExtrapolation.

riede recherchée pour déterminer les valeurs "Good" avant et aprés I'horodatage dépend du Serveur, m

buée

It est
sila
e ou

prical
dans
nples
ivent
d".

b est
aleur
rmal.
u de

Bis si

une

aleur "Gooa™ est Introuvable dans un intervalle de temps raisonnable, e Serveur prend pour nypothese q

‘elle

n'existe pas. Il convient que le Serveur recherche au moins un intervalle de temps au moins égal a la taille de
Processinglnterval.

Les Valeurs limites interpolées utilisant SlopedExtrapolation sont calculées comme suit:

rechercher la premiére valeur brute non "Bad" avant I'horodatage;
rechercher la deuxieme valeur brute non "Bad" avant I'horodatage;
tracer une droite entre ces deux valeurs;

étendre la droite jusqu'a ce qu'elle coupe I'horodatage;

utiliser le point d'intersection de la droite avec I'horodatage comme une estimation de la valeur limite.

La formule est la méme que celle utilisée pour Slopedinterpolation.

Le StatusCode est toujours Uncertain_DataSubNormal. Si une seule valeur brute non "Bad" peut étre trouvée avant

I'horo

datage, SteppedExtrapolation est utilisé pour estimer la valeur limite.
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Les Valeurs limites interpolées utilisant Steppedinterpolation sont calculées comme suit:

. s'il existe une valeur brute non "Bad" au niveau de I'horodatage, il s'agit de la valeur limite;

. rechercher la premiere valeur brute non "Bad" avant I'horodatage;

. utiliser la valeur comme une estimation de la valeur limite.
Le StatusCode est Uncertain_DataSubNormal s'il existe une valeur "Bad" entre la valeur précédente et I'hnorodatage.
S'il n'existe aucune Donnée brute non "Bad" avant I'horodatage, le StatusCode est Bad_NoData. Si la valeur
précédant I'horodatage est "Uncertain", le StatusCode est Uncertain_DataSubNormal. La valeur apres I'horodatage

n'est pas nécessaire lors de I'utilisation de Steppedinterpolation. Toutefois, si I'norodatage est aprés la fin des
données, la valeur limite est traitée comme étant extrapolée, et le StatusCode est Uncertain_DataSubNormal.

SteppedExtrapolation est un terme qui décrit Steppedinterpolation lorsque I'horodatage est placé aprés la derniére
valedr dans I'ensemble d'historiques.

3.1.
valelurs limites simples
valeprs limites calculées a l'aide de la valeur la plus proche

Note |1 a I'article: Les Valeurs limites simples utilisant Slopedinterpolation sont calculées ,comme suit:
o s'il existe une valeur brute au niveau de I'horodatage, il s'agit de la valeur limite;

L rechercher la premiére valeur brute avant I'horodatage;

L rechercher la premiére valeur brute aprés I'horodatage;

L si la valeur qui suit I'norodatage est "Bad", la valeur précédente est'lavaleur limite;

L tracer une droite entre la valeur précédente et la valeur suivante;

L utiliser le point d'intersection des droites avec I'horodatage-comme une estimation de la valeur limite.
La fofmule est la méme que celle utilisée pour Slopedinterpolation,en 3.1.5.

Si unle valeur brute au niveau de I'horodatage est "Bad', le\StatusCode est Bad_NoData. Si la valeur précg¢dant
I'norddatage est "Bad", le StatusCode est Bad_NoData."Si la valeur précédant I'norodatage est "Uncertain”, le
StatusCode est Uncertain_DataSubNormal. Si la valeur qui suit I'horodatage est "Bad" ou "Uncertain", le StatusiCode
est Uncertain_DataSubNormal.

Les Valeurs limites simples utilisant SteppedInterpolation sont calculées comme suit:
L s'il existe une valeur brute au niveaude I'horodatage, il s'agit de la valeur limite;

L rechercher la premiére valeur_brute avant I'horodatage;

L si la valeur qui précéde I'horodatage est non "Bad", il s'agit de la valeur limite.

Si unje valeur brute au niveau de I'horodatage est "Bad", le StatusCode est Bad_NoData. Si la valeur préc¢dant
I'norddatage est "Bad", le StatusCode est Bad_NoData. Si la valeur précédant I'norodatage est "Uncertain”, le
StatusCode est Uncertain/ DataSubNormal.

Si le femps limite d'un.intérvalle se situe au-dela du dernier point de données, le Serveur peut extrapoler ou renyoyer
un njessage d'erreur.” Si le serveur choisit I'extrapolation, le type d'extrapolation [SteppedExtrapolation ou
SlopgedExtrapolation] lui est spécifique.

Dans| certains~historiques, la derniere valeur brute n'indique pas nécessairement la fin des données. Selonh les
conngissances de I'historique en matiére de mécanisme de collecte de données, c'est-a-dire la fréquence des mises
a jouf de€_données et la latence, il peut étendre la derniére valeur jusqu'a une période a couvrir connue. Lofs du
calcu veate Htes—simples—thisterigue—agit—eomme—sH—y—avait—ure—atire St—brtte Fr e cet
horodatage.

De la méme maniére, si la premiére période d'un intervalle commence avant le premier point de données de
I'historique et que la derniére période se situe apres le premier point de données de I'historique, l'intervalle est traité
comme s'il s'étendait entre le premier point de données de I'historique et la derniére période de l'intervalle, et le bit
Partial est attribué au StatusCode de l'intervalle (voir 5.3.3.2).

La période recherchée pour déterminer les valeurs avant et aprés I'horodatage dépend du Serveur, mais si une
valeur est introuvable dans un intervalle de temps raisonnable, le Serveur prend pour hypothése qu'elle n'existe pas.
Il convient que le Serveur recherche au moins un intervalle de temps au moins égal a la taille de Processinglinterval.
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Termes abrégés
Data Access (Accés aux données)

Historical Access (Accés a I'historique) (accés aux données ou événem
historiques)

HDA Historical Data Access (Accés aux données historiques)

UA

4

4.1

Les

I'his
4.2
4.2.

4.2.

Les

différentes. Les Objets normalisés suivants permettentde présenter ces capacités en comn

plus

4.2.

L'AggregateConfigurationType définit les caractéristiques générales d'un Noeud qui défin
confliguration d'Agrégat d'une Variable ou Rropriété. L'Objet Aggregate Configuration représ

Unified Architecture (Architecture unifiée)

Modeéle d'information d'Agrégat

ents

Généralités

orique. La présente définition inclut les types Référence et Objet normalisés.
Objets d'Agrégat
Généralités
A Vue d'ensemble
Serveurs OPC UA peuvent prendre en charge plusieurs fonctionnalités et capa

eurs concepts définis normalisés pouvant étre étendus par les fournisseurs.

.2 AggregateConfigurationType

hormes |[EC 62541-3 et IEC 62541-5 définissent la représentation des données historiques
ou gn temps réel mises en mémoire tampon d'Agrégat dans l'architecture unifiée _OPC.
inclyt la définition des Agrégats utilisés dans I'extraction des données traitées_ et\'extractio

Cela
n de

cités

nun,

it la
ente

le ppint d'entrée de navigation des.informations sur la maniére dont le Serveur traite la
fonctionnalité spécifique a I'Agrégat, comme le traitement des données "Uncertain". Il est défini
de facon formelle dans le Tableaw 2!
Tableau/2 = Définition d'AggregateConfigurationType

Attilibut Valeur

BroywseName | AggregateConfigurationType

IsAlpstract False

Réfgrences NodeClass | BrowseName DataType TypeDefinition| ModellingRule

Sous-type duBaseObjectType défini dans I'lEC 62541-5

HasIProperty Variable TreatUncertainAsBad Boolean PropertyType Mandatory

Hasll-'roperly vartabie PercembDataBad Byte PTOpErtyType | Mandatory

HasProperty | Variable PercentDataGood Byte PropertyType Mandatory

HasProperty | Variable UseSlopedExtrapolation Boolean PropertyType Mandatory

La Variable TreatUncertainAsBad indique la maniére dont le Serveur traite les données
renvoyées avec une séveérité de StatusCode Uncertain par rapport aux calculs d'Agrégat. Les
valeurs "True" et "False" indiquent respectivement que le Serveur estime la sévérité comme
étant équivalente a Bad et Good, sauf indication contraire de la définition d'Agrégat. La valeur
par défaut est "True". Noter que la valeur est toujours traitée comme "Uncertain" lorsque le
StatusCode du résultat est calculé.
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La Variable PercentDataBad indique le pourcentage minimal de données "Bad" dans un
intervalle donné, exigé pour le StatusCode afin d'attribuer la valeur Bad a I'intervalle donné de
la demande de données traitée (Uncertain est traité comme indiqué ci-dessus). Voir 5.4.3 pour
plus de détails sur I'utilisation de cette Variable lors de I'attribution de StatusCodes. Pour plus
de détails sur les Agrégats qui utilisent la Variable PercentDataBad, voir la définition de chaque
Agrégat. La valeur par défaut est 100.

La Variable PercentDataGood indique le pourcentage minimal de données "Good" dans un
intervalle donné, exigé pour le StatusCode afin d'attribuer la valeur Good a l'intervalle donné
de la demande de données traitée. Voir 5.4.3 pour plus de détails sur l'utilisation de cette
Variable lors de I'attribution de StatusCodes. Pour plus de détails sur les Agrégats qui utilisent
la Variable PercentDataGood, voir la définition de chaque Agrégat. La valeur par défaut est {100.

Le RercentDataGood et le PercentDataBad doivent suivre la relation PercentDataGood = (100
— PgrcentDataBad). S'ils sont égaux, le résultat du calcul de PercentDataGood est utilis¢. Si
les valeurs affectées aux variables PercentDataGood et PercentDataBad ne permettent pals un
calcpl valide (comme Bad = 80; Good = 0) ou que ces valeurs sont supgrieures a 100, le
StathsCode du résultat est Bad_Aggregatelnvalidinputs.

La Variable UseSlopedExtrapolation indique la maniére dont le Serveur interpole les donnpées
en llabsence de valeur limite (c'est-a-dire en extrapolant dans le/futur a partir de la derniére
valepr connue). La valeur "False" indique que le Serveur utilise Unyformat SteppedExtrapolation,
et maintient constante la derniére valeur connue. La valeur /'True" indique que le Seryeur
projette la valeur en utilisant le mode UseSlopedExtrapolation. La valeur par défaut est False.
Pouf SimpleBounds, cette valeur n'est pas prise en compte.

4.2. Objet AggregateFunction

4.2.2.1 Généralités
Cet Dbjet est utilisé comme point d'entrée de-navigation des informations relatives aux Agrégats
pris en charge par un Serveur. Le contefiu de cet Objet est déja défini par sa définition de type.
Toufes les Instances de FolderType utilisent le BrowseName normalisé "AggregateFunctigns".
La Référence HasComponent est, Qtilisée pour associer un Objet ServerCapabilities et/op un
Objet HistoryServerCapabilitiesType a un Objet AggregateFunction. AggregateFunctiond est
défini de fagon formelle dans.e-Tableau 3.

Tableau 3 — Définition des fonctions d'Agrégat
Attrifibut Valeur
BroywseName AggregateFunctions
Réfgrences Node BrowseName DataType TypeDefinition Modelling
Rule
Class
Ha5|TypeDefiniti Object FolderType Défini dans I'lEC 62541-5
on
Type

Chaque Objet ServerCapabilities et HistoryServerCapabilitiesType doit faire référence a un
Objet AggregateFunction. De plus, chaque Objet HistoricalConfiguration appartenant a un
HistoricalDataNode peut faire référence a un Objet AggregateFunction utilisant la Référence
HasComponent.

4.2.2.2 AggregateFunctionType

Cet ObjectType définit un Agrégat pris en charge par un Serveur UA. Cet Objet est défini de
facon formelle dans le Tableau 4.
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Tableau 4 — Définition d'AggregateFunctionType

Attribut Valeur

BrowseName | AggregateFunctionType

IsAbstract False
Références Node BrowseName DataType Type Modelling
Class Definition Rule

Sous-type du BaseObjectType défini dans I'lEC 62541-5

Pouf I'AggregateFunctionType, I'Attribut Description (hérité de la NodeClass Basg)| est

obligatoire. L'Attribut Description offre une description localisée de I'Agrégat.

Le Tableau 5 spécifie les Attributs BrowseName et Description pour les Qbjets d'Agrégats
normalisés. La description est le texte "en" localisé. Pour les autres paramétres de lieu,|elle

doit |étre traduite.

Tableau 5 — Nceuds d'AggregateType normalisés

BrowseName

Description

Agrégat d'interpolation

Intefpolative

Au début de chaque intervalle, extraire la-valeur calculée des points de donnéeqd de
part et d'autre de I'horodatage demandé.

Average

Extraire la valeur moyenne des données sur l'intervalle.

TimpAverage

Extraire les données moyennes'pondérées dans le temps sur l'intervalle a I'aide|
des Valeurs limites interpolées.

TimeAverage?2

Extraire les données moyennes pondérées dans le temps sur l'intervalle a I'aide|
des Valeurs limites simples.

Total Extraire la totalité’(intégrale par rapport au temps) des données sur l'intervalle §
I'aide des Valeurs limites interpolées.

Total2 Extraireda totalité (intégrale par rapport au temps) des données sur l'intervalle §
I'aide -d€s*Valeurs limites simples.

Min|mum Extraire la valeur brute minimale dans l'intervalle avec I'horodatage du début de
I'intervalle.

Ma)imum Extraire la valeur brute maximale dans I'intervalle avec I'horodatage du début dqg

I'intervalle.

Min|mumActualTime

Extraire la valeur minimale dans l'intervalle et I'norodatage de la valeur minimalg.

MajimumActualFime

Extraire la valeur maximale dans l'intervalle et I'horodatage de la valeur maximafe.

Range Extraire la différence entre les valeurs minimale et maximale sur l'intervalle.
Min|mdm?2 Extraire la valeur minimale dans l'intervalle en incluant les Valeurs limites simplgs.
Maximumz EXtraire 1a valeur maximale dans rntervalte en mcluant 1es valrears nmites simpiles.

MinimumActualTime2

Extraire la valeur minimale avec I'horodatage réel en incluant les Valeurs limites
simples.

MaximumActualTime2

Extraire la valeur maximale avec I'horodatage réel en incluant les Valeurs limites
simples.

Range2

Extraire la différence entre les valeurs Minimum2 et Maximum2 sur l'intervalle.

Count

Extraire le nombre de valeurs brutes sur l'intervalle.

DurationInStateZero

Extraire la durée pendant laquelle une valeur booléenne ou numérique était a I'état
nul a I'aide des Valeurs limites simples.

DurationInStateNonZero

Extraire la durée pendant laquelle une valeur booléenne ou numérique était a I'état
non nul a l'aide des Valeurs limites simples.

NumberOfTransitions

Extraire le nombre de passages d'état nul a non nul d'une valeur booléenne ou
numérique dans l'intervalle.
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BrowseName Description

Agrégat d'interpolation

Start Extraire la valeur au début de I'intervalle.

End Extraire la valeur a la fin de l'intervalle.

Delta Extraire la différence entre les valeurs Start et End dans l'intervalle.

StartBound Extraire la valeur au début de l'intervalle a I'aide des Valeurs limites simples.

EndBound Extraire la valeur a la fin de l'intervalle a I'aide des Valeurs limites simples.

DeltaBounds II'Ex_tArail;e Ia‘</jiflféren?_e sntre _Ieslvaleurs StartBound et EndBound dans l'intervalle a

DurptionGood Extraire la durée totale dans l'intervalle pendant laquelle les données sont "Goof".

DurptionBad Extraire la durée totale dans l'intervalle pendant laquelle les données sont "Bad{.

PergentGood Extraire le pourcentage de données (0 a 100) dans I'intervalle dont le| StatusCode
est "Good".

PergentBad Extraire le pourcentage de données (0 a 100) dans l'intervalle dont le StatusCode
est "Bad".

WorlstQuaIity Extraire le StatusCode des données le moins favorable dans I'intervalle.

WovlstQuaIityZ Extraire le StatusCode des données le moins favorable en incluant les Valeurs

limites simples.

AnnotationCount Extraire le nombre d'Annotations dans l'intervall€ (s'applique aux Agrégats
historiques uniquement).

StapdardDeviationSample | Extraire I'écart-type pour l'intervalle d'un*échantillon de la population (n-1).

VarfanceSample Extraire la variance pour l'intervalle, ¢alculée par StandardDeviationSample.
StapdardDeviation Extraire I'écart-type pour l'intefvalle d'une population complete (n) qui inclut les
Population Valeurs limites simples.

Var{ancePopulation Extraire la variance pour lintervalle, calculée par StandardDeviationPopulation, [qui

inclut les Valeurs limites,simples.

4.3 | AggregateFilter Monitoredltem
4.3. Valeurs par défaut dAggregateFilter Monitoreditem

Les |valeurs par défaut utiliSées pour les Agrégats Monitoredltem sont identiques a cglles
utiligées pour les Agrégats historiques. Elles sont définies en 4.2.1.2. Pour plus d'informafions
sur [AggregateFilter MonitoredItem, voir I''EC 62541-4.

4.3.2 Agrégats Monitoredltem et Valeurs limites

Lors| du calcutdes Agrégats Monitoredltem qui exigent 'utilisation de Valeurs limites, les linpites
peu
d'his
inter
de collecte de données et réduire I'utilisation du bit Partial.

Les données d'une lecture d'historique réalisée aprés la collecte de données et les données
issues de Monitoredltem sur le méme intervalle peuvent ne pas étre identiques.

4.4 Fonctions et capacités d'exposition prises en charge

La Figure 1 montre une représentation possible des informations d'Agrégat dans
I'AddressSpace. Dans cet exemple, méme si le Serveur au plus haut niveau peut prendre en
charge Ila fonctionnalité d'Agrégat pour Interpolative, Total, Average et autres, la
DataVariable X prend uniquement en charge Interpolative, Total et Average, alors que la
DataVariable Y prend en charge Average, un Agrégat défini par le fournisseur et d'autres
Agrégats (non définis).
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Capacités du serveur

Capacités HistoryServer
(Partie 11 — Accés a I'historique)

(Partie 5 — Modele d'information) i HasHistorical Configuration
DataVariable X

Configuration HA

(Partie 11 — Accés a I'historique)

— AggregateFunctions H—

AggregateFunctions Jri
AggregateFunctions AggregateFunctions
Organise
Interpolative AggregateConfiguration
Total t [ TreatUneertainAsBad j
Organise
| Average PercentDataGood j
iy * [ PercentDataBad j
TimeAverage '
H [SteppedSIopedExtrapoIation]
..autres...
DataVariable Y
Agrégat de
fournisseur
O i - A
oanse Configuration HA
(Partie 11 — Accés a I'historique)

A 4
A

AggregateFunctionType

vy
A

Aggregate Configuration Type

Figure 1 — Représentation des informations
de configuration d'Agrégat dans I'AddressSpace

5 tilisation specifique a I'Agregat des Services

5.1 Généralités

IEC

L'IEC 62541-4 spécifie tous les Services nécessaires pour I'OPC UA Aggregates. En particulier:

e le Jeu de services "Browse" ou "Query" afin de détecter les Agrégats et leur

configuration;

e |e Service HistoryRead du Jeu de services "Attribute" pour lire I'historique agrégé des

HistoricalNodes;

e le Service CreateMonitoreditems permet

de spécifier un filtre pour chaque
Monitoredltem afin de lire les données agrégées.
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5.2 Traitement des données d'Agrégat

5.2.1 Vue d'ensemble

Le service HistoryRead défini dans I'lEC 62541-4 peut réaliser plusieurs fonctions différentes.
Le paramétre historyReadDetails est un Parametre extensible qui indique la fonction a réaliser.
La structure ReadProcessedDetails est utilisée pour lire les données agrégées des
HistoricalDataNodes.

Le Service CreateMonitoreditems permet de spécifier un filtre pour chaque Monitoredltem. Le
MonitoringFilter est un paramétre extensible dont la structure dépend du type d'élément
survll:ellle. Ca structure AggregateFilter est uliliSee pour obtenir les donnees agregees poyr un
abompnement.

5.2.2 Présentation de la structure ReadProcessedDetails

La gtructure ReadProcessedDetails est décrite de fagon formelle dans ['lEC 62541-11| Le

Tableau 6 présente les composants de la structure ReadProcessedDetails\pour les besoins de
la dgmonstration du présent document.

Tableau 6 — ReadProcessedDetails

Nom Description

ReddProcessedDetails Spécifie les détails utilisés pour-téaliser une lecture d'historique “traité¢”.

startTime Début de la période de lecture.

endTime Fin de la période de lecture’

brocessinglnterval Intervalle entre les valeurs d'Agrégat renvoyées.

Nodelds des Objets AggregateFunction. Les Objets AggregateFunction
indiquent la listerdes Agrégats a utiliser lors de I'extraction de I'historique
traité.

hggregateTypel]

hggregateConfiguration Structuredde configuration d'Agrégat.

useServerDefaults Si la'valeur est "True", les valeurs par défaut du Serveur sont utilisées,|et
toutes les valeurs spécifiées pour les autres paramétres ne sont pas

prises en compte.

treatUncertainAsBad Voir 4.2.1.2.
percentDataBad Voir 4.2.1.2.
percentDataGood Voir 4.2.1.2.
useSlopedExtrapotation Voir 4.2.1.2.

5.2.

B

L'Ag

Présentation de la structure AggregateFilter

gregateFilter définit la fonction d'Agrégat qu'il convient d'utiliser pour calculer les val

eurs

a renvoyer. L'AggregateFilter est défini de fagon formelle dans I'lEC 62541-4. Le Tableau 7
présente les composants de la structure AggregateFilter pour les besoins de la démonstration
du présent document.
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Tableau 7 — Structure AggregateFilter

Nom Description
AggregateFilter
startTime Début de la période pour calculer I'Agrégat la premiére fois.
aggregateType Nodeld des Objets AggregateFunction qui indique la liste des Agrégats a

utiliser pour récupérer les données traitées.

processinglinterval Période a utiliser pour calculer I'Agrégat.

aggregateConfiguration

de 'Agrégat fournis par un Qhiet AgaregateConfiquration par élément
= T Y S e =) T

surveillé.

Ce parameétre permet aux Clients d'ignorer les parameétres de configuration

useServerDefaults Si la valeur est "True", les valeurs par défaut du Serveur sont utilisges, g

en compte.

toutes les valeurs spécifiées pour les autres paramétres ne sont pas prises

t

treatUncertainAsBad Voir 4.2.1.2.

percentDataBad Voir 4.2.1.2.

percentDataGood Voir 4.2.1.2.

useSlopedExtrapolation Voir 4.2.1.2.

5.3
5.3.

Le §
les A

Las
de

5.3.1

Dan
lesq
indid
d'en
rés

dans

Le T
Le T
dang
Spéd
ato

StatusCodes des Agrégats
Vue d'ensemble

.3 définit les codes et régles supplémentaires qui $'appliquent au StatusCode utilisé
\grégats.

odes de résultat opérationnel commung‘qui s'appliquent également aux Agrégats.

p Codes de résultats de niveauopérationnel

5 les Agrégats OPC UA Aggrégates, le StatusCode permet d'indiquer les conditions (

uelles une valeur ou un Evenement a été stocké et, de ce fait, peut étre utilisé comm
ateur de validité. Compte tenu de la nature des données agrégées, il est nécesq
oyer au client des informations supplémentaires, outre la qualité de base et le cod

Itat d'appel. Par exemple, si le résultat a été interpolé ou non, si toutes les données sa
un calcul étaient de qualité "Good", etc.

ableau 9-contient les codes avec la sévérité Uncertain indiquant que la valeur a été ext

des.conditions inférieures a la normale. Il est important de noter qu'il s'agit de cq
ifiques' aux Agrégats OPC UA Aggregates, qui viennent a I'appui de ceux qui s'appliq
s\ Jes types de données, et qui sont donc définis dans I'lEC 62541-4, I'EC 62541

pour

fructure générale du StatusCode est spécifiee dans I'lEC 62541-4. Elle inclut un ensemble

jans
B un
aire
e de
sies

ableau 8 ci~dessous contient les codes avec une sévérité Bad indiquant une défaillance.

raite
des
lent
8 et

'EC62541T=11

Tableau 8 — Codes de résultats de niveau opérationnel "Bad"

ID symbolique Description

Bad
h

_AggregateListMismatc | Le nombre demandé d'Agrégats ne correspond pas au nombre demandé de
Nodelds. Si plusieurs Agrégats sont demandés, un Nodeld correspondant est
exigé pour chaque AggregateFunction.

Bad
ed

_AggregateNotSupport L'AggregateFunction demandée n'est pas prise en charge par le Serveur pour
Nceud spécifié.

le

Bad
s

_Aggregatelnvalidinput | La valeur d'Agrégat n'a pas pu étre extraite en raison d'entrées de données non

analogues.

valides, d'erreurs lors de la tentative de conversion des données ou de situations
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Tableau 9 — Codes de résultats de niveau opérationnel "Uncertain”

ID symbolique Description

Uncertain_DataSubNormal La valeur est obtenue a partir des valeurs brutes et contient un nombre de
valeurs "Good" inférieur au nombre exigé.

5.3.3 Bits d'information d'Agrégat
5.3.31 Généralités

Ces|bits sont uniquement définis lors de I'obtention des données d'Agrégat. llIs indiquent la
provenance de la valeur de données et fournissent des informations qui ont un impact,sur la
manjiére dont le client utilise la valeur de données. Le Tableau 10 répertorie les parametrages
de bit qui indiquent I'emplacement des données (c'est-a-dire la valeur stockée dangs le
référentiel de données sous-jacent ou la valeur du résultat de I'agrégation des.données).|Ces
bits s'excluent mutuellement.

Tableau 10 — Emplacement des données

YtatusCode Description
Ra Valeur de données brutes.
Calgulated Valeur de données calculées.
Intefpolated Valeur de données interpolées.

Si des données Interpolées sont demandées, et\qu'il existe une valeur brute réelle pouf cet
horgdatage, il convient que le Serveur définisse le bit "Raw" dans le StatusCode de ladite
valepr.

Le Tableau 11 répertorie les paramétrages de bit qui donnent des informations importantes
supplémentaires relatives aux valeurs'de données renvoyées.

Tableau 11 — Informations supplémentaires

StatusCode Description
Partial Valgéur ealculée ne reposant pas sur un intervalle complet. Voir 5.3.3.2.
Extja Data Siwun Serveur choisit de définir ce bit, il indique qu'une valeur de Données brutes rempldce

les autres données du méme horodatage.

Muljiple Values Plusieurs valeurs correspondent aux criteres d'Agrégat (c'est-a-dire plusieurs valeurs
minimales ou plusieurs qualités inférieures au niveau d'horodatages différents du méme
Processinglinterval).

Les conditions dans lesquelles ces bits d'informations sont définis dépendent de la maniére
dont les données ont été demandées et de I'état du référentiel de données sous-jacent.

5.3.3.2 Bit d'information Partial
Le bit Partial est utilisé pour indiquer que l'intervalle n'est pas complet et qu'un client peut

recevoir une valeur différente pour I'Agrégat s'il extrait de nouveau l'intervalle avec les mémes
paramétres.

Le bit Partial est défini dans les exemples ci-apres.
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Prendre pour hypothése que, dans le cadre de ces exemples, le premier point et le dernier point
stockés dans l'ensemble ont respectivement été stockés a 1:01:10 et 1:31:20. Des données
plus anciennes peuvent exister, mais elles ne sont pas disponibles ou ne sont pas en ligne au
moment de la requéte. Des données plus récentes peuvent étre disponibles, mais n'ont pas
encore été stockées dans I'ensemble d'historiques.

e Intervalle qui chevauche le début de I'ensemble d'historiques. Si I'heure de début et de
fin sont respectivement 1:00:00 et 1:10:00 et que l'intervalle est de 2 min, alors le
premier intervalle renverra un bit Partial, puisqu'aucune donnée n'aura été spécifiée
pour les 70 premiéres secondes. Le bit Partial est toujours défini pour le premier
intervalle si I'heure de début de l'intervalle est antérieure a la premiére valeur de

[ 'ENSembie de JOoNnnees. Les mtervalfies amterieurs au bit— Partfal—sont—etiquetés

Bad_NoData.

4 Intervalle qui chevauche le dernier point stocké dans I'ensemble d'historiques| Le
dernier point de I'ensemble est a 1:31:20, et I'historique n'a pas été arrété etest toujpurs
en cours. Un intervalle de 6 min qui a commencé a 1:30:00 prend le\bit Partial) car
I'historique attend les données, mais n'a encore rien recu. Le bit Bartial est toujpurs
défini pour le dernier intervalle avec les données si I'heure de fin-de l'intervallg est
postérieure a la derniére valeur de données de I'ensemble de données. Les intervalles
se trouvant en totalité aprés un bit Partial sont étiquetés-Bad NoData. Pour|ces
Agrégats avec extrapolation, le bit Partial peut étre définil Voir les caractéristiques
spécifiques a I'Agrégat pour plus de détails.

4 Si I'hneure de début/de fin ne donne pas un intervalle(homogéne et que des données
supplémentaires sont présentes au-dela de I'heure de fin, le dernier intervalle comgorte
un bit Partial. Si I'heure de début et de fin sont respectivement 1:00:00 et 1:20:00 et|que
I'intervalle est de 6 min, le dernier intervalle né"dure que 2 min et comporte donc up bit
Partial. L'extrapolation ne s'applique pas ddans ce cas.

Le blit Partial peut étre défini avec le bit "Calculated" lorsque ce dernier est toujours défini pour
I'Agfégat spécifique.

5.4 | Détails de I'Agrégat
5.4. Généralités

Le 5.4 a pour but de décrire lessexigences et le comportement des Serveurs OPC UA prepant
en charge les Agrégats. L'abjectif est de normaliser les Agrégats de sorte que les utilisateurs
puisgent correctement prévoir les résultats d'un calcul d'Agrégat et comprendre sa signification.
Si lgs utilisateurs exigent de personnaliser la fonctionnalité dans les Agrégats, il conyient
d'écrire ces Agrégatsscomme Agrégats personnalisés définis par le fournisseur.

Les |Agrégats¢<normalisés doivent étre aussi cohérents que possible, ce qui signifie que le
comportement) de chaque Agrégat doit étre similaire a celui de tous les autres Agrégats dans
lesqluels les*paramétres d'entrée, les Données brutes et les conditions limites sont analoglues.
Danp la,mesure du possible, il convient que les Agrégats traitent de I'entrée et des condifions
préalables de la méme maniére.

Le 5.4 est divisé en deux parties. Le 5.4.2 traite des caractéristiques et du comportement des
Agrégats qui sont communs a tous les Agrégats. Le 5.4.3 traite des caractéristiques et du
comportement spécifiques aux Agrégats.

5.4.2 Caractéristiques communes
5.4.21 Description

Le 5.4.2 traite des caractéristiques et du comportement des Agrégats qui sont communs a tous
les Agrégats.
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Pour lire les Agrégats historiques, les clients OPC doivent spécifier trois paramétres de temps:

startTime (Début)
endTime (Fin)
Processinglinterval (Int)

Le Serveur OPC doit utiliser ces trois paramétres pour générer une séquence d'intervalles de
temps et calculer un Agrégat pour chaque intervalle. Le 5.4.2.2 spécifie les intervalles de temps

aux

générés en fonction des trois parameéires 1 e Tableau 12 donne des informations relatives
valles pour chaque combinaison Heure de début — Heure de fin. La plage définie est

inter
— Dé

Tou

but|.

5 les Agrégats renvoient un horodatage du début de l'intervalle, sauf indication cont

[Fin

aire

poul I'Agrégat particulier.
Tableau 12 - Informations d'intervalle d'Agrégat historique

Heure de début/fin Intervalle Intervalles obtenus

Défut = Fin Int = toute valeur Pas d'intervalle. Renvoie le StatusCode
Bad_InvalidArgument, en présence ou non de donndes
a I'heure spécifiees

Déput < Fin Int = 0 ou Int 2 Plage Intervalle, commencant au Début et se terminant a la
Fin. Débtt’inclus, Fin exclue, c'est-a-dire [Début, Finp).

DéYut < Fin Int # 0, Int < Plage, Int divise Interyalles Plage/int. Les intervalles sont [Début,

Plage de maniére égale. Début+ Int), [Début + Int, Début + 2 x Int),..., [Fin —|Int,
Ein).

DéRut < Fin Int # 0, Int < Plage, Int ne Intervalles [ Plage/Int]. Les intervalles sont [Début,
divise pas Plage de maniere Début + Int), [Début + Int, Début + 2 x Int),..., [Débuf
égale. + ([Plage/Int/— 1) x Int, Début + [ (Plage/Int/* Int),

[Début + [Plage/Int/  Int, Fin).
En d'autres termes, le dernier intervalle contient le
"reste" de la plage aprés avoir enlevé les intervalles
| Plage/int] de taille Int.

Délut > Fin Int = 0 oU Int = Plage Intervalle, commencgant au Début et se terminant a |a
Fin. Début inclus, Fin exclue, c'est-a-dire [Début, Fif). @

Déput > Fin Int#\0, Int < Plage, Int divise | Intervalles Plage/Int. Les intervalles sont [Début, Début
Plage de maniere égale. — Int), [Début — Int, Début — 2 x Int),..., [Fin + Int, Fif). @

Déput > Fin Int # 0, Int < Plage, Int ne Intervalles [ Plage/Int]. Les intervalles sont [Début,

divise pas Plage de maniére
égale.

Début — Int), [Début — Int, Début — 2 x Int),..., [Débu
([Plage/Int/— 1) x Int, Début — [Plage/Int / x Int), [De
— [Plage/Int/ x Int, Fin).

En d'autres termes, le dernier intervalle contient le

but

"reste" de la plage aprés avoir enlevé les intervalles

(oY Lot da oo 1oy 4 Nébt 2

o ragerThtTattanTeT T Com e heahtT oD etoutT

2 Dans ce cas, I'heure recule sur les intervalles.

Le calcul de tous les Agrégats lorsque I'heure recule est identique au calcul lorsque I'heure
avance, sauf que la "premiére heure" est exclue de l'intervalle et que la "derniére heure" est
incluse. Dans la plupart des cas, cela signifie que la valeur est la méme, sauf que les
horodatages sont décalés d'un Processinginterval. Par exemple, lorsque I'heure avance, la
valeur a l'instant 7 = n est identique a celle de l'instant 7= n + 1 lorsque I'heure recule.

Noter que, lors de la détermination des Agrégats avec Monitoredltem,

I'intervalle

est

simplement le paramétre Processinglinterval défini dans la structure AggregateFilter. Voir
I'EC 62541-4 pour plus de détails.
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5.4.2.3 Types de données

Le Tableau 13 présente le DataType valide pour chaque Agrégat. Certains Agrégats sont
prévus pour des types de données numériques, c'est-a-dire des entiers ou des nombres réels/a
virgule flottante. Les dates, chaines, matrices, etc. ne sont pas prises en charge. Les autres
Agrégats sont prévus pour des types de données numériques, c'est-a-dire des valeurs
booléennes ou des énumérations. De plus, certains Agrégats peuvent renvoyer des résultats
avec un DataType différent de ceux utilisés pour calculer I'Agrégat. Le Tableau 13 présente
également le type de données renvoyé pour chaque Agrégat.

Tableau 13 — Informations normalisées de type de données d'Agrégat historique

BrowseName

Type de données valide

Type de données
obtenu

Agrégat d'interpolation

Interpolative

Numérique

Type de données brutes

Agrégats de moyennage
de données

Average Numérique Double
TimeAverage Numérique Double
TimeAverage?2 Numérique Double
Total Numérique Double
Total2 Numérique Double
Agrégats de variation
des données
Minimum Numérique Type de données brutes
Maximum Numérigue Type de données brutes
MinimumActualTime Numérique Type de données brutes
MaximumActualTime Numérique Type de données brutes
Range Numérique Type de données brutes
Minimum2 Numérique Type de données brutes
Maximum2 Numérique Type de données brutes
MinimumActualTime2 Numérique Type de données brutes
MaximumActualTime2 Numérique Type de données brutes
Range2? Numérique Type de données brutes
Agrégats de comptage
AnnotationCount Tous Entier
Count Tous Entier
DurationInStateZero Numérigue ou booléen Durée
DurationInStateNonZero Numérique ou booléen Durée
NumberOfTransitions Numérique ou booléen Entier

Agrégats de durée

Start Tous Type de données brutes
End Tous Type de données brutes
Delta Numérique Type de données brutes
StartBound Tous Type de données brutes
EndBound Tous Type de données brutes
DeltaBounds Numérique Type de données brutes

Agrégats de qualité des
données
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BrowseName Type de données valide Type de données
obtenu
DurationGood Tous Durée
DurationBad Tous Durée
PercentGood Tous Double
PercentBad Tous Double
WorstQuality Tous StatusCode
WorstQuality2 Tous StatusCode
Agrégats statistiques
StandardDeviationSample Numérique Double
VarianceSample Numérique Double
StandardDeviationPopulati | Numérique Double
on
VariancePopulation Numérique Double

2.4 Questions liées au calcul du temps

questions suivantes peuvent étre soulevées lors du calcu) d'Agrégats dont une parti
Ll inclut le temps.

[ous les calculs d'Agrégat incluent startTime, miais excluent endTime. Toutefois, i
arfois nécessaire de renvoyer une Limite de fin Interpolée comme valeur d'un Inter

heure précédant immédiatement endTime sifa résolution temporelle du Serveur déter
b valeur exacte (a ne pas confondre avec la résolution temporelle du matériel od
ysteme d'exploitation). Par exemple, . sivendTime est égal a 12:01:00 et que la résoly
emporelle est de 1 s, EffectiveEndTime est égal a 12:00:59. Si la résolution temporell
berveur est de 1 ms, EffectiveEndime est de 12:00:59.999.

Bi I'heure recule, les Serveurs’ sont supposés utiliser I'heure qui suit immédiater
ndTime, la résolution temporelle du Serveur déterminant la valeur exacte.

bi I'Intervalle contient un point de données et qu'il est égal a StartTime, la durée util
ans les calculs est une unité de la résolution temporelle du Serveur.

B Traitement des données agrégées spécifiques
8.1 Généralités

de .laccés aux données agrégées a l'aide du service HistoryRead
teMonitoredltems, les régles suivantes sont utilisées pour traiter les cas d'utilisg
régat'spécifiques.

vec un horodatage qui se trouve dans l'Intervalle. Les Serveurs sont supposés ut:llriser

e du
est
alle
ine
du

tion
e du

hent

isée

ou
tion

Si Processinginterval est égal a 0, le Serveur doit créer une valeur d'Agrégat pour I'ensemble
de l'intervalle de temps. Cela permet des Agrégats sur de longues périodes. Une valeur dont
I'horodatage est égal a endTime est exclue de cet Agrégat, comme elle I'est d'un intervalle avec
cette heure de fin. Si le Processinginterval dont la valeur est nulle est transmis dans le

Mon

itoredltemFilter, une valeur différente de zéro adaptée doit lui étre attribuée.

L'horodatage renvoyé avec I'Agrégat doit étre I'neure du début de l'intervalle, sauf lorsque
I'Agrégat spécifie un horodatage différent.
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Si une autre valeur que I'horodatage source est définie pour I'norodatage demandé, I'opération
doit renvoyer le StatusCode Bad_TimestampToReturninvalid. Si un horodatage demandé n'est
pas pris en charge d'une autre maniére pour un HistoricalDataNode, I'opération doit renvoyer
le StatusCode Bad TimestampNotSupported. Pour Monitorediltem, le Serveur ne doit pas
renvoyer les données antérieures si un horodatage demandé n'est pas pris en charge par
I'ensemble d'historiques.

5.4.3.2 Calcul de StatusCode

5.4.3.2.1 Généralités

Les [StatusCodes d'une valeur d Agrégat doivent tenir compie des valeurs utlliSees pout les
calcpler. De plus, les paramétres de configuration PercentDataGood et PercentDatgBad
permettent au client de contrdler la maniére de procéder au calcul, si cela est priséen*charge
par |le Serveur.

Si up Agrégat repose sur des valeurs brutes (Average, par exemple), le calcul lest réalisé avec
des |valeurs de comptage. Si un Agrégat repose sur des valeurs brutes, mais qu'il peut
également renvoyer une Valeur limite, les Valeurs limites sont inclusesidans le comptage|lors
du ¢alcul du StatusCode. Si un Agrégat procéde a un calcul ¢qpondéré dans le temps
(TimeAverage ou TimeAverage2, par exemple), le calcul du StatiisCode doit également [étre
pondéré dans le temps.

Pouf les besoins du calcul des StatusCodes pondérés dans*le temps, chaque intervalle|doit
étre|divisé en zones de données "Good" et "Bad". La création de ces zones exige de calguler
les Valeurs limites pour chaque intervalle, le type de xaleur limite dépendant de I'Agrégat.

Si TreatUncertainAsBad = False, des zones "Uncertain" sont incluses avec les zones "Gpod"
lors |du calcul des rapports ci-dessus. Si TreatUncertainAsBad = True, les zones "Uncertain"
sontl incluses dans les zones "Bad". Le StafusCode de la valeur est toujours traité comme
"Ungertain" lorsque le StatusCode du résultat est calculé. Si aucune zone "Bad" ne se trguve
dang l'intervalle, le StatusCode de l'intervalle est "Good". Pour tous les intervalles contepant
des |zones dont les StatusCodes sont "Bad", la durée totale de toutes les zones Bad est
calcplée, puis divisée par la largeun de l'intervalle. Le rapport obtenu est multiplié par 190 et
comparé au parametre PercentDataBad. Le StatusCode de l'intervalle est "Bad" si le ragport
est supérieur ou égal au paramétre PercentDataBad. Pour tous les intervalles qui ne sont{pas
"Bad", la durée totale de toufes les zones "Good" est calculée, puis divisée par la largeur de
I'intgrvalle. Le rapport obtenu est multiplié par 100 et comparé au paramétre PercentDataGpod.
Le $tatusCode de l'intervalle est "Good" si le rapport est supérieur ou égal au paranjétre
PergentDataGood. rSi pour un intervalle, aucun rapport ne s'applique, cet intervalle| est
Uncertain_DataSubNormal.

Si l'intervalle_ne contient pas de données, qu'il se trouve a l'intérieur de la plage [StartOfData,
EndpfData] et que I'Agrégat renvoie un type de données brutes, le StatusCode de l'interyalle
est Bad, 'NoData, sauf si les caractéristiques spécifiques a I'Agrégat en décident autrement.

La largeur d'un intervalle est le Processinginterval, sauf s'il s'agit d'un intervalle partiel (c'est-a-
dire qu'une valeur est attribuée au bit Partial). Dans ce cas, la largeur est la durée utilisée lors
du calcul de l'intervalle partiel.

Les 5.4.3.2.2 et 5.4.3.2.3 incluent des diagrammes qui représentent une série de demandes et
de données. La couleur de l'axe temporel indique le statut des différentes zones. Le rouge
indique "Bad", le vert "Good" et I'orange "Uncertain". Ces exemples prennent pour hypothése
que TreatUncertainAsBad = False.
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5.4.3.2.2 Interpolation inclinée et Valeurs limites simples
La Figure 2 suivante représente une série de données pour la Variable avec Stepped = False
et un Agrégat qui utilise des Valeurs limites simples. L'Heure de début de la demande traitée

est antérieure au premier point de la série, et son Heure de fin n'est pas un entier multiple du
Processinginterval.

Limites interpolées Limites simples

Point initial / Point final
Q
\ | ° |
\\“

Extrapolation
échelonnée

Extrapolation
inclinée

Helure de début Point Bad Heure de fin e

Figure 2 — Variable avec Stepped = False et Valeurs limites simples

Le premier intervalle contient quatre zones:

4 la période qui précéde le premier point deydonnées;
4 la période entre le premier et le deuxi€me point, ou Slopedinterpolation peut étre utilisé;
4 |a période entre le deuxiéme et le.droisiéme point, ou Steppedinterpolation est utiligé;

4 la période qui suit le point "Bad®; ou il n'existe aucune donnée.
Une| zone est "Uncertain" si elle~se termine dans une valeur "Bad" ou "Uncertain" et|que

Slogedinterpolation est utilise. Le point final n'a aucun impact sur la zong si
Stegpedinterpolation est utilise.

Le deuxiéme intervalle contient trois zones:

4 la période qui précede le point de données "Good", ou il n'existe aucune donnée;
4 la périede entre le premier et le deuxiéme point, ou Slopedinterpolation peut étre utilisé;

4 |a période entre le deuxiéme point et la limite calculée avec SlopedInterpolation.

Le tfoisieme intervalle contient trois zones:

e la période entre la limite simple et le premier point de données;
e la période entre le premier point et un point interpolé qui tombe sur I'heure de fin;
e la période qui suit I'neure de fin, qui n'est pas prise en compte.
Il s'agit d'une zone partielle, les données aprés I'heure de fin n'étant pas utilisées. Toutefois, si

I'interpolation inclinée est utilisée et que le point qui suit le point d'extrémité est "Uncertain”, la
zone entre le dernier point et I'heure de fin est "Uncertain".
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5.4.3.2.3 Interpolation échelonnée et Valeurs limites interpolées

La Figure 3 représente une série de données pour la Variable avec Stepped = True et un
Agrégat qui utilise des Valeurs limites interpolées. L'Heure de début de la demande traitée est
antérieure au premier point de la série, et son Heure de fin n'est pas un entier multiple du
Processinginterval.

Limites interpolées Limites simples

Point initi Point Bad
oint initial °
\ o Point final
I/ xl 2

-]

o

Extrapolation
échelonnée

T

eure de début HMeure de fin e

Figure 3 — Variable avec Stepped = True et Valeurs limites interpolées

Le premier intervalle contient trois zones:

4 la période qui précéde le premier point de.données;

4 |a période entre le premier et le deuxiéme point, ou Steppedinterpolation est utilis€;

4 la période entre le deuxiéme pointetla limite de fin interpolée.
Le point "Bad" n'est pas pris en compteen raison de la limite de fin interpolée, mais cela grée
des zones "Uncertain". Si Slopedinterpolation a été utilisé, la zone "Uncertain" commencg au

deuxiéme point. Dans ce cas, elle commence uniquement lorsque la premiére valeur "Bad" n'est
pas fprise en compte.

Le deuxiéme intervalle contient trois zones:

4 la période entre la limite de début et le premier point de données;

4 la période.entre le premier et le deuxiéme point, ou Steppedinterpolation est utilis§;

4 la période entre le deuxiéme point et la limite de fin interpolée.

Le troisieme intervalle contient trois zones:

e la periode entre 1a imite interpolee et le premier point de donnees,
e la période entre le premier point et un point interpolé qui tombe sur I'heure de fin;

e la période qui suit I'neure de fin, qui n'est pas prise en compte.

Il s'agit d'une zone partielle, et les données qui suivent I'heure de fin ne sont pas utilisées.

5.4.3.3 Description

Le 5.4.3.3 traite des caractéristiques spécifiques a I'Agrégat et du comportement spécifique a
un Agrégat particulier.
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Chaque paragraphe comporte un tableau qui exprime de fagon formelle le comportement de
I'Agrégat (y compris les exceptions). La signification de chacune des zones du tableau est
décrite dans le Tableau 14.

Description du Tableau 14:

la premiére colonne est le nom commun de I'élément;

I'élément, comprenant une description de chaque choix;

Tableau 14 — Description du tableau d'Agrégat

la deuxiéme colonne est une description de I'élément et une liste de choix valides pour

la deuxiéme partie du tableau décrit la maniére dont le statut associé au calcul de
I'Agrégat est déterminé;

la derniére partie du tableau précise le comportement prévu de I'Agrégat dans ‘certains
cas particuliers communs. Ces comportements exigeant des descriptions. textue
cette partie ne contient pas de liste de choix valides.

lles,

Caractéristiques de I'Agrégat

Typ

()

Type d'Agrégat.

<Interpolated | Calculated | Raw>

Interpolated: Voir la définition d'Interpaté.
Calculated: Déterminé par un calcul défini.

Raw: Choisit une valeur brute dans un intervalle.

Typ

E de données

Type de données du résultat.

<Double | Int32 | Sameras Source>

Lim

tes d'utilisation

Maniere dont I'Agrégat traite les limites.

<None | Interpolated | Simple>

None: Les limites ne s'appliquent pas a I'Agrégat.
Interpolated: Utilise les limites interpolées.

Simple: Utilise les limites simples.

Hor

bdatage

Horodatage de la valeur d'Agrégat obtenue:

<startTime | endTime | Raw>

startTime: Heure de début de l'intervalle.
endTime: Heure de fin de l'intervalle.

Raw: Heure associée a une valeur dans l'intervalle.
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Caractéristiques de I'Agrégat

Calcul des StatusCodes

Méthode de calcul

Maniere de calculer le code de statut:

<PercentValues | PercentTime | Custom>

PercentValues: En fonction du pourcentage des nombres de valeurs.
PercentTime: En fonction du pourcentage d'intervalle de temps.

Custom: Spécifique a I'Agrégat (description incluse).

Bit partiel

Pour les intervalles partiels, st 'Agregat detinit ce DIt.

<Set Sometimes | Not Set>

Il peut également décrire des cas particuliers pour la définition de [ce bit.

Bit ¢alculé

Décrit I'utilisation du bit calculé.

<Set Always | Set Sometimes | Not Set>

Set Always: Le bit est toujours défini.
Set Sometimes: Le bit est parfois défini (déerire quand).

Not Set: Le bit n'est jamais défini.

Bi

—

nterpolé

Décrit I'utilisation du bit interpolé.

<Set Always | Set Sometimes | Not.Set>

Set Always: Le bit est toujours défini.
Set Sometimes: Le bitlést parfois défini (décrire quand).

Not Set: Le bit n'est\jamais défini.

Bit prut

Décrit I'utilisation du bit brut.

<Set Always | Set Sometimes | Not Set>

SetAlways: Le bit est toujours défini.
Set Sometimes: Le bit est parfois défini (décrire quand).

Not Set: Le bit n'est jamais défini.

Bi

—

nultivaleur

Décrit I'utilisation du bit a plusieurs valeurs.

<Set Sometimes | Not Set>

Set Sometimes: Le bit est utilisé (voir I'lEC 62541-11)

Not Set: Le bit n'est jamais défini.
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Caractéristiques de I'Agrégat

Cas spéciaux communs du StatusCode

Avant le début des données Si I'ensemble de l'intervalle précede le début des données.

Aprés la fin des données Si I'ensemble de l'intervalle suit la fin des données (comme déterminé par
I'Historique).
Limite de début introuvable Si la limite de début est introuvable pour le tout premier intervalle et que ce

dernier n'est pas partiel, détermine le traitement particulier qu'il convient
d'appliquer, le cas échéant.

Limite de fin introuvable Si la limite de fin est introuvable pour le dernier intervalle, lequel n'est pas
partiel, détermine le traitement particulier qu'il convient d'appliquer, le cas
échéant.

Lim|te "Bad" Si la valeur limite est "Bad", elle détermine le traitement particulier qulil\convjent

d'appliquer, le cas échéant.

Lim|te "Uncertain” Si la valeur limite est "Uncertain”, elle détermine le traitement particulier qu'i
convient d'appliquer, le cas échéant.

5.4.3.4 Interpolative

L'Agrégat "Interpolative" défini dans le Tableau 15 renvoie dal/Valeur limite interpplée
(voil 3.1.8) pour la startTime de chaque intervalle.

Lorg de la recherche des valeurs "Good" avant ou aprés la:valeur limite, la période recherghée
est $pécifique au Serveur, mais il convient que le Serveur recherche un intervalle de temps
donf la taille est au moins égale au Processinginterval.
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Tableau 15 — Récapitulatif de I'Agrégat "Interpolative"

Caractéristiques de I'Agrégat interpolé

Type Interpolated
Type de données Same as Source
Limites d'utilisation Interpolated
Horodatage StartTime

Calcul des StatusCodes

Méthode de calcul Custom
"Good" si aucune valeur "Bad" n'est prise en compte et si des valeurs *Good!
sont utilisées, "Uncertain" si les valeurs "Bad" ne sont pas prises efnncompte pu
si des valeurs "Uncertain" sont utilisées. En I'absence de valeur_de début,
Bad_NoData. Voir la description des Limites interpolées (voir311)8) pour plug de
détails

Bit partiel Not Set

Bit ¢alculé Not Set

Bit interpolé Set Sometimes
Toujours défini, sauf lorsque le bit brut est défini

Bit brut Set Sometimes
Si une valeur existe avec I'heure exacte'du début d'intervalle

Bit fnultivaleur Not Set

Ca5| spéciaux communs du StatusCode

Avalwt le début des données Renvoie Bad_NoData

Apres la fin des données Renvoie une valeur extrapolée (voir 3.1.8) (inclinée ou échelonnée en fonctign
des paramétres)
Le code de statut est Uncertain_DataSubNormal

Lim|te de début introuvable Bad_.NoData

Lim|te de fin introuvable Voir"Apres la fin des données”

Lim|te "Bad" Ne renvoie pas une limite "Bad", sauf comme indiqué ci-dessus

Lim|te "Uncertain" Renvoie Uncertain_DataSubNormal si une ou plusieurs valeurs "Bad" n'ont pps
été prises en compte dans le calcul de la valeur limite

5.4.3.5 Average

L'Agrégat ) Average" défini dans le Tableau 16 ajoute les valeurs de toutes les Données brutes
"Gogpd™ pour chaque intervalle, et divise la somme par le nombre de valeurs "Good". Sj les
valemme de
I'Agrégat est déterminé par calcul (voir 5.3). Il ne s'agit pas d'un Agrégat fondé sur le temps.
Par conséquent, PercentGood/PercentBad s'applique au nombre de valeurs dans l'intervalle.
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Caractéristiques de I'Agrégat "Average"

Type Calculated
Type de données Double
Limites d'utilisation None
Horodatage StartTime

Calcul des StatusCodes

Méthode de calcul

PercentValues

Bit partiel Not Set

Bit ¢alculé Set Always
Bit interpolé Not Set

Bit prut Not Set

Bit multivaleur Not Set

Cag spéciaux communs du StatusCode
Avahnt le début des données Bad_NoData
Apres la fin des données Bad_NoData

Lim|te de début introuvable

Limites non utilisées

Lim|te de fin introuvable

Limites non utilisées

Lim|te "Bad"

Limites non utilisées

Lim|te "Uncertain"

Limites non utilisées

5.4.3.6 TimeAverage

L'Agrégat "TimeAverage" définii dans le Tableau 17 utilise les Valeurs limites interpdlées
(voil 3.1.8) pour déterminer la‘valeur d'un point au début et a la fin d'un intervalle. Une ljgne

droife est tracée entre chaque valeur dans l'intervalle, entre la valeur limite de début et la v3
limite de fin (voir les exemples). La zone sous les lignes est divisée par la longueu

leur
r du

Progessinginterval pofrsdonner la moyenne. Noter que ce calcul utilise toujours une ljgne

inclinée entre les peints. TimeAverage?2 utilise une ligne échelonnée ou inclinée, en fonctio
la valeur de la Propriété Echelonnée de la Variable.

Si l'intervallé ¢ontient une ou plusieurs valeurs "Bad", elles ne sont pas prises en compte ¢
le cplcul-'et*la valeur Uncertain_DataSubNormal est attribuée au StatusCode. Les lig
inclinées-sont tracées entre les valeurs "Good" lors du calcul de la zone.

n de

lans
jnes

La résolution temporelle utilisée dans ce calcul est spécifique au Serveur.
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Tableau 17 — Récapitulatif de I'Agrégat "TimeAverage"

Caractéristiques de I'Agrégat "TimeAverage"

Type Calculated
Type de données Double
Limites d'utilisation Interpolated
Horodatage StartTime

Calcul des StatusCodes

Méthode de calcul Custom

"Good" si aucune valeur "Bad" n'est prise en compte et si des valeurs *Good
sont utilisées, "Uncertain” si les valeurs "Bad" ne sont pas prises emncompte pu
si des valeurs "Uncertain" sont utilisées.

Bit partiel Set Sometimes

Si l'intervalle n'est pas complet

Bit ¢alculé Set Always
Bit interpolé Not Set
Bit prut Not Set
Bit multivaleur Not Set

Ca5| spéciaux communs du StatusCode

Avalwt le début des données Bad_NoData

Apres la fin des données Valeur extrapolée, statut.*Uncertain"
Lim|te de début introuvable Calculer l'intervalle pattiel

Lim|te de fin introuvable Extrapoler les données, statut "Uncertain”
Lim|te "Bad" Non applicable

Lim|te "Uncertain” Non applicable

5.4.3.7 TimeAverage2

L'Agrégat "TimeAverage2" défini dans le Tableau 18 utilise les Valeurs limites simples
(voil 3.1.9) pour déterminer la valeur d'un point au début et a la fin d'un intervalle. Une ljgne
droife est tracée entre chaque valeur dans l'intervalle, entre la valeur limite de début et la valeur
limite de fin~(voir les exemples). La zone sous les lignes est divisée par la longueuf du
Progessinginterval pour donner la moyenne. Noter que ce calcul utilise une ligne échelonnée
ou inclinée, en fonction de la valeur de la Propriété Echelonnée de la Variable. TimeAvefage
utiIisTe totjours une ligne inclinée entre les points.

La résolution temporelle utilisée dans ce calcul est spécifique au Serveur.

Si l'intervalle contient des données autres que "Good", elles ne sont pas prises en compte pour
le calcul et l'intervalle de temps est réduit d'une durée égale a celle de ces mémes données,
c'est-a-dire que si une valeur est "Bad" pendant 1 min dans un intervalle de 5 min,
TimeAverage?2 est représenté par la zone sous la période de 4 min des valeurs "Good", divisée
par 4 min. Si un sous-intervalle se termine par une valeur "Bad", seule la valeur de départ
"Good" est utilisée pour calculer la zone du sous-intervalle qui précede la valeur "Bad".

Le StatusCode de I'Agrégat est déterminé par calcul (voir 5.3).
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Tableau 18 — Récapitulatif de I'Agrégat "TimeAverage2"

Caractéristiques de I'Agrégat "TimeAverage2"

Type Calculated
Type de données Double
Limites d'utilisation Simple
Horodatage StartTime

Calcul des StatusCodes

Méthode de calcul PercentTime

Bit partiel Set Sometimes

Si l'intervalle n'est pas complet

Bit ¢alculé Set Always
Bit interpolé Not Set
Bit prut Not Set
Bit multivaleur Not Set

Ca5| spéciaux communs du StatusCode

Avalwt le début des données Bad_NoData

Apres la fin des données Bad_NoData

Lim|te de début introuvable La limite est Bad_NoData et st traitée comme une autre valeur "Bad" dans
I'intervalle

Lim|te de fin introuvable La limite est Bad_NoData\et est traitée comme une autre valeur "Bad" dans
I'intervalle

Lim|te "Bad" Traitée comme une autre valeur "Bad" dans l'intervalle

Lim|te "Uncertain” Traitée comme~dne autre valeur "Uncertain" dans l'intervalle

5.4.3.8 Total

L'Agrégat "Total" défini dans le Tableau 19 permet de procéder au calcul suivant pour chaque
intenvalle:

Totgl = TimeAverage x Processinginterval (secondes)

ou: [TimeAverage est le résultat de I'Agrégat "TimeAverage", utilisant le Processinginterval
fourni pourlI‘appel Total.

L H 4 ot + |H 4 ol L] £ o ol . A Ll H'S X
eS UTimtCo UULTITIUT O SUITTU TTUTTITIditoTT o Tl OCULUUITIUT S, O Colma“uirc LTTIITAVETAyYyc UTII

secondes.

Le StatusCode de I'Agrégat est déterminé par calcul (voir 5.3).
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Tableau 19 — Récapitulatif de I'Agrégat "Total"

Caractéristiques de I'Agrégat "Total"

Type

Calculated

Type de données

Double

Limites d'utilisation

Interpolated

Horodatage StartTime
Calcul des StatusCodes
Méthode de calcul Custom

"Good" si aucune valeur "Bad" n'est prise en compte et si des valeurs *Good
sont utilisées, "Uncertain" si les valeurs "Bad" ne sont pas prises emcompte
si des valeurs "Uncertain" sont utilisées.

ou

Bit partiel Set Sometimes
Si l'intervalle n'est pas complet
Bit ¢alculé Set Always
Bit interpolé Not Set
Bit prut Not Set
Bit multivaleur Not Set

Ca5| spéciaux communs du StatusCode

Avalwt le début des données

Bad_NoData

Apres la fin des données

Valeur extrapolée, statut.*Uncertain"

Lim|te de début introuvable

Calculer l'intervalle pattiel

Lim|te de fin introuvable

Extrapoler les données, statut "Uncertain”

Lim|te "Bad"

Non applicable

Lim|te "Uncertain"

Non applicable

5.4.3.9 Total2

L'Agrégat "Total2" définidans le Tableau 20 permet de procéder au calcul suivant pour cha

intedvalle:

Totgl2 = TimeAverage2 x Processinginterval des données "Good" (secondes)

ou T

imeAverage?2 est le résultat de I'Agrégat "TimeAverage?2", utilisant le Processingintd
fourni‘pour I'appel Total2.

que

brval

L'intervalle des données

"Good" est la somme de tous les sous-intervalles contenant

des

données autres que "Bad", c'est-a-dire que si une valeur est "Bad" pendant 1 min dans un
intervalle de 5 min, l'intervalle des données "Good" s'étend sur une période de 4 min.

Les unités obtenues sont normalisées en secondes, c'est-a-dire [TimeAverage2 Unités] x

secondes.

Le StatusCode de I'Agrégat est déterminé par calcul (voir 5.3).
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Tableau 20 — Récapitulatif de I'Agrégat "Total2"

Caractéristiques de I'Agrégat "Total2"

Type Calculated
Type de données Double
Limites d'utilisation Simple
Horodatage StartTime

Calcul des StatusCodes

Méthode de calcul PercentTime

Bit partiel Set Sometimes

Si I'intervalle n'est pas complet

Bit ¢alculé Set Always
Bit interpolé Not Set
Bit prut Not Set
Bit multivaleur Not Set

Ca5| spéciaux communs du StatusCode

Avalwt le début des données Bad_NoData

Apres la fin des données Bad_NoData

Lim|te de début introuvable La valeur limite est Bad_NoData, traitte comme une autre valeur de qualité
"Bad" dans le calcul (non ptise en compte)

Lim|te de fin introuvable La valeur limite est Bad NoData, traitée comme une autre valeur de qualité
"Bad" dans le calcul AnOh prise en compte)

Lim|te "Bad" La valeur est traitée comme une autre valeur de qualité "Bad" dans le calcul
(non prise en compte)

Lim|te "Uncertain” La valeur est'traitée comme une autre valeur de qualité différente de "Good"
dans le'calcul (non prise en compte)

5.4.3.10 Minimum

L'Agrégat "Minimum'"défini dans le Tableau 21 permet d'extraire la valeur brute "G
minimale dans lintervalle et de la renvoyer avec I'horodatage de début d'intervalle. Noter

bod"
que

dang le cas ¢ul-la méme valeur minimale se retrouve dans plusieurs horodatages, l¢ bit

MultipleValues est défini.

Sauf indication contraire, les StatusCodes sont Good, Calculated. Si la valeur minimale se g

itue

au Ahut de l'intarvalla la code-de-statut est Good - Raw Sisetles les valaurs de aualits "H
PH—G-e—+—HHe A+ &6 St G~ W—o+ i +8-SaH8tH-S—6G A £

Bad"

Sttt Ut O Ut S o o e T Y O T Y Ot o oo oY e o T o orog oot

sont disponibles, le statut Bad_NoData est renvoyé.

L'horodatage de I'Agrégat est toujours le début de I'intervalle de chaque Processinginterval.
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Tableau 21 — Récapitulatif de I'Agrégat "Minimum"

Caractéristiques de I'Agrégat "Minimum™

Type Calculated

Type de données Same as Source
Limites d'utilisation None
Horodatage StartTime
Calcul des StatusCodes

Méthode de calcul Custom

En I'absence de valeur "Bad", le statut est "Good". En présence de valeurs
"Bad", le statut est Uncertain_SubNormal. Si une valeur "Uncertain™est
inférieure a la valeur "Good" minimale, le statut est Uncertain_SubNormal.

Bit partiel Set Sometimes
Si l'intervalle n'est pas complet

Bit ¢alculé Set Sometimes
Si la valeur "Minimum" n'est pas sur la StartTime de/l'intervalle ou si le statu
était défini sur Uncertain_SubNormal en raisonde’la présence de valeurs aufres
que "Good" dans l'intervalle

Bit interpolé Not Set

Bit prut Set Sometimes
Si la valeur "Minimum" est sur la~StartTime de l'intervalle

Bit fultivaleur Set Sometimes
Si plusieurs valeurs "Good"rexistent avec la valeur "Minimum"

Cag spéciaux communs du StatusCode

Avant le début des données Bad_NoData

Apres la fin des données Bad_NoData

Lim|te de début introuvable Non applicable

Lim|te de fin introuvable Non applicable

Lim|te "Bad" Non applicable

Lim|te "Uncertain” Non applicable

5.4.3.11 Maximum
L'Agrégat ,"Maximum" défini dans le Tableau 22 permet d'extraire la valeur brute "Gpod"

maxjniale dans l'intervalle et de la renvoyer avec I'horodatage de début d'intervalle. Noter

que

bit

dan

MultipleValues est défini.

1 S 1 ] H ] £ <l 1 H k. ot 1
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Sauf indication contraire, les StatusCodes sont Good, Calculated. Si la valeur minimale se situe
au début de l'intervalle, le code de statut est Good, Raw. Si seules les valeurs de qualité "Bad"
sont disponibles, le statut Bad_NoData est renvoyé.

L'horodatage de I'Agrégat est toujours le début de l'intervalle de chaque Processinglinterval.
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Caractéristiques de I'Agrégat "Maximum™

Type Calculated

Type de données Same as Source
Limites d'utilisation None
Horodatage StartTime
Calcul des StatusCodes

Méthode de calcul Custom

En I'absence de valeur "Bad", le statut est "Good". En présence de valeurs
"Bad", le statut est Uncertain_SubNormal. Si une valeur "Uncertain™est
supérieure a la valeur "Good" maximale, le statut est Uncertain_SubNormal.

Bit partiel Set Sometimes
Si l'intervalle n'est pas complet

Bit ¢alculé Set Sometimes
Si la valeur "Maximum" n'est pas sur la StartTime)\de l'intervalle ou si le statut
était défini sur Uncertain_SubNormal en raisonde’la présence de valeurs aufres
que "Good" dans l'intervalle

Bit interpolé Not Set

Bit prut Set Sometimes
Si la valeur "Maximum" est sur /a~StartTime de l'intervalle

Bit fultivaleur Set Sometimes

Si plusieurs valeurs "Good"existent avec la valeur "Maximum"

Cag spéciaux communs du StatusCode

Avant le début des données

Bad_NoData

Apres la fin des données

Bad_NoData

Lim|te de début introuvable

Non applicable

Lim|te de fin introuvable

Non applicable

Lim|te "Bad"

Non applicable

Lim|te "Uncertain"

Non applicable

5.4.3.12

L'Agrégat ,*MinimumActualTime" défini dans le Tableau 23 permet d'extraire la valeur b
"Gogd"/minimale dans l'intervalle et de la renvoyer avec I'horodatage auquel elle s'est prod

MinnimumActualTime

rute
uite.

est
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d
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extraite et les Bits d'Agrégat sont définis sur MultipleValues.
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Tableau 23 — Récapitulatif de I'Agrégat "MinimumActualTime"

Caractéristiques de I'Agrégat "MinimumActualTime"

Type Calculated

Type de données Same as Source

Limites d'utilisation None

Horodatage Durée de la valeur minimale

Calcul des StatusCodes

Méthode de calcul Custom

En I'absence de valeur "Bad", le statut est "Good". En présence de valeurs
"Bad", le statut est Uncertain_SubNormal. Si une valeur "Uncertain™est
inférieure a la valeur "Good" minimale, le statut est Uncertain_SubNormal.

Bit partiel Set Sometimes

Si l'intervalle n'est pas complet

Bit ¢alculé Set Sometimes

Si le statut était défini sur Uncertain_SubNormalen.raison de valeurs autres
que "Good" dans l'intervalle

Bit interpolé Not Set
Bit prut Set Sometimes

Si une valeur minimale "Good" est’renvoyée
Bit multivaleur Set Sometimes

Si plusieurs valeurs "Good' existent avec la valeur "Minimum"

Cag spéciaux communs du StatusCode

Avant le début des données Bad_NoData

Apres la fin des données Bad_NoData

Lim|te de début introuvable Non applicable
Lim|te de fin introuvable Non'‘applicable
Lim|te "Bad" Non applicable
Lim|te "Uncertain” Non applicable

5.4.3.13 MaximumActualTime

L'Agrégat-*MaximumActualTime" défini dans le Tableau 24 est identique a I'Agrggat
"MirlimumActuaITime“, sauf qu'il s'agit de la valeur brute maximale dans l'intervalle. Noter|que

si lajmé&me valeur maximale existe dans plusieurs horodatages, la plus ancienne est extraie et
les

IS g Agredat sont derinis sur viditiplievalues.


https://iecnorm.com/api/?name=a307e4873ba8d5866076db82978c2c20

- 150 -

Tableau 24 — Récapitulatif de I'Agrégat "MaximumActualTime"
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Caractéristiques de I'Agrégat "MaximumActualTime"

Type

Calculated

Type de données

Same as Source

Limites d'utilisation

None

Horodatage

Durée de la valeur maximale

Calcul des StatusCodes

Méthode de calcul

Custom

En I'absence de valeur "Bad", le statut est "Good". En présence de valeurs
"Bad", le statut est Uncertain_SubNormal. Si une valeur "Uncertain™est
supérieure a la valeur "Good" maximale, le statut est Uncertain_SubNormal.

Bit partiel Set Sometimes
Si l'intervalle n'est pas complet
Bit ¢alculé Set Sometimes
Si le statut était défini sur Uncertain_SubNormalen.raison de valeurs autres
que "Good" dans l'intervalle
Bit interpolé Not Set
Bit prut Set Sometimes
Si une valeur maximale "Good" est renvoyée
Bit multivaleur Set Sometimes

Si plusieurs valeurs "Good' existent avec la valeur "Maximum"

Cag spéciaux communs du StatusCode
Avant le début des données Bad_NoData
Apres la fin des données Bad_NoData

Lim|te de début introuvable

Non applicable

Lim|te de fin introuvable

Non'‘applicable

Lim|te "Bad"

Non applicable

Lim|te "Uncertain”

Non applicable

5.4.3.14 Range

L'Agrégat_Range" défini dans le Tableau 25 recherche les différences entre les valeurs br
"Gog¢d", maximales et minimales dans l'intervalle. Si l'intervalle ne contient qu'une seule vg
bdS fa plage est nulle. Noter que la plage est toujours nulle ou positive. Si les valeurs ay

"GO

utes
leur
tres

que

GO00a™ ne sont pas prises en commpte 10rs de la rechercne aes vdaleurs mintmale

maximales ou qu'il existe des valeurs "Bad", le statut est Uncertain_DataSubNormal.

ou
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Tableau 25 — Récapitulatif de I'Agrégat "Range"

Caractéristiques de I'Agrégat "Range”

Type Calculated

Type de données Same as Source
Limites d'utilisation None
Horodatage StartTime
Calcul des StatusCodes

Méthode de calcul Custom

En I'absence de valeur "Bad", le statut est "Good". En présence de valeurs
"Bad", le statut est Uncertain_SubNormal. Si une valeur "Uncertain™est
supérieure a la valeur maximale ou inférieure a la valeur "Good"‘minimale, I¢
statut est Uncertain_SubNormal.

Bit partiel Set Sometimes
Si I'intervalle n'est pas complet
Bit ¢alculé Set Always
Bit interpolé Not Set
Bit brut Not Set
Bit fnultivaleur Not Set

Cag spéciaux communs du StatusCode

Avahnt le début des données

Bad_NoData

Apres la fin des données

Bad_NoData

Lim|te de début introuvable

Non applicable

Lim|te de fin introuvable

Non applicable

Lim|te "Bad"

Non applicable

Lim|te "Uncertain”

Non applicable

5.4.3.15 Minimum2

L'Agrégat "Minimum2®/défini dans le Tableau 26 permet d'extraire la valeur "Good" minimale
de dhaque intervalle“pour "Minimum", sauf que les Valeurs limites simples sont incluses.
Valqurs limites,"simples de l'intervalle sont déterminées conformément a la définition

Valgqurs limites-simples (voir 3.1.9). Les valeurs "Bad" ne sont pas prises en compte dar

Les
des
s le

calcll. Le<StatusCode de I'Agrégat est déterminé par calcul (voir 5.3) pour les Agrégats fondés

sur
"Intgrpelated".

le temps. Si une valeur limite est renvoyée, le statut indique "Raw", "Calculated

ou

Si la valeur de "TreatUncertainAsBad" est "False" et qu'une valeur brute "Uncertain" est la
valeur minimale, alors cette valeur "Uncertain" est utilisée. Sinon, les valeurs "Uncertain" ne

sont pas prises en compte.

Si l'interpolation inclinée est utilisée et que la Limite de fin est la valeur minimale, la Limite de
fin est utilisée comme valeur minimale avec I'horodatage défini sur la startTime de l'intervalle.
La Limite de fin n'est pas prise en compte dans tous les autres cas.
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Tableau 26 — Récapitulatif de I'Agrégat "Minimum2"

Caractéristiques de I'Agrégat "Minimum2"

Type Calculated

Type de données Same as Source
Limites d'utilisation Simple
Horodatage StartTime

Calcul des StatusCodes

Méthode de calcul

PercentTime

Bit partiel Set Sometimes

Si I'intervalle n'est pas complet
Bit ¢alculé Set Sometimes

Défini sauf si StartBound est la valeur "Minimum"
Bit interpolé Set Sometimes

Si une limite interpolée est la valeur "Minimum"
Bit prut Set Sometimes

Si une valeur brute est la valeur "Minimum”
Bit multivaleur Set Sometimes

Si plusieurs valeurs "Good" existént avec la méme valeur

Cag spéciaux communs du StatusCode
Avahnt le début des données Bad_NoData
Apres la fin des données Bad_NoData

Lim|te de début introuvable

Traiter la valedr,de début comme Bad_NoData et calculer I'Agrégat

Lim|te de fin introuvable

Traiter la yaleur de fin comme Bad_NoData et calculer I'Agrégat

Lim|te "Bad"

Utiliser comme une valeur et calculer I'Agrégat comme défini

Lim|te "Uncertain”

Utiliser comme une valeur et calculer I'Agrégat comme défini

5.4.3.16 Maximum2

L'Agrégat "Maximum?2" défini dans le Tableau 27 permet d'extraire la valeur "Good" maximale

de dhaque intervalle pour "Maximum", sauf que les Valeurs limites simples sont incluses.

Valqurs limites simples de l'intervalle sont déterminées conformément a la définition

Valdurs dimites simples (voir 3.1.9). Les valeurs "Bad" ne sont pas prises en compte darn
calcul{le"StatusCode de I'Agrégat est déterminé par calcul (

sur
"Interpolated".

voir 5.3) pour les Agrégats fo

Les
des
s le

dés
ou

Si la valeur de TreatUncertainAsBad est "False" et qu'une valeur brute "Uncertain" est la valeur
maximale, alors cette valeur "Uncertain" est utilisée. Sinon, les valeurs "Uncertain" ne sont pas

prises en compte.

Si l'interpolation inclinée est utilisée et que la Limite de fin est la valeur maximale, la Limite de
fin est utilisée comme valeur maximale avec I'horodatage défini sur la startTime de l'intervalle.
La Limite de fin n'est pas prise en compte dans tous les autres cas.
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Tableau 27 — Récapitulatif de I'Agrégat "Maximum2"

Caractéristiques de I'Agrégat "Maximum2"”

Type Calculated

Type de données Same as Source
Limites d'utilisation Simple
Horodatage StartTime

Calcul des StatusCodes

Méthode de calcul PercentTime

Bit partiel Set Sometimes

Si I'intervalle n'est pas complet

Bit ¢alculé Set Sometimes

Défini sauf si StartBound est la valeur "Maximum"

Bit interpolé Set Sometimes

Si une limite interpolée est la valeur "Maximum"
Bit prut Set Sometimes

Si une valeur brute est la valeur "Maximum"
Bit multivaleur Set Sometimes

Si plusieurs valeurs "Good" existént avec la méme valeur

Cag spéciaux communs du StatusCode

Avahnt le début des données Bad_NoData

Apres la fin des données Bad_NoData

Lim|te de début introuvable Traiter la valedr,de début comme Bad_NoData et calculer I'Agrégat
Lim|te de fin introuvable Traiter la yaleur de fin comme Bad_NoData et calculer I'Agrégat
Lim|te "Bad" Utiliser comme une valeur et calculer I'Agrégat comme défini
Lim|te "Uncertain" Utiliser comme une valeur et calculer I'Agrégat comme défini

5.4.3.17 MinimumiActualTime2

L'Agrégat "MinimumActualTime2" défini dans le Tableau 28 permet d'extraire la valeur "Gpod"
minimale de _chaque intervalle défini pour "MinimumActualTime", sauf que les Valeurs limites
simpgles sent) incluses. Les Valeurs limites simples de l'intervalle sont déterminées
conformément a la définition des Valeurs limites simples (voir 3.1.9). Les valeurs "Bad" ne sont

pas |prises en compte dans le calcul. Le StatusCode de I'Agrégat est déterminé par calcul
(voit&w&@éyﬂJoxwmsﬁ_umMmmMatut

indique "Raw", "Calculated" ou "Interpolated".

Si la valeur de "TreatUncertainAsBad" est "False" et qu'une valeur brute "Uncertain" est la
valeur minimale, alors cette valeur "Uncertain" est utilisée. Sinon, les valeurs "Uncertain" ne
sont pas prises en compte.

Si l'interpolation inclinée est utilisée et que la Limite de fin est la valeur minimale, la Limite de
fin est utilisée comme valeur minimale avec I'horodatage défini sur I'EffectiveEndTime de
I'intervalle. La Limite de fin n'est pas prise en compte dans tous les autres cas.
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Tableau 28 — Récapitulatif de I'Agrégat "MinimumActualTime2"

IEC 62541-13:2020 © |IEC 2020

Caractéristiques de I'Agrégat "MinimumActualTime2"

Type

Calculated

Type de données

Same as Source

Limites d'utilisation

Simple

Horodatage

Durée de la valeur minimale

Calcul des StatusCodes

Méthode de calcul

PercentTime

Bit partiel Set Sometimes
Si I'intervalle n'est pas complet
Bit ¢alculé Not Set
Bit interpolé Set Sometimes
Si une limite interpolée est la valeur "Minimum"
Bit brut Set Sometimes
Si une valeur brute est la valeur "Minimum"
Bit multivaleur Set Sometimes

Si plusieurs valeurs "Good" existent avec la méme valeur

Ca5| spéciaux communs du StatusCode

Avalwt le début des données

Bad_NoData

Apres la fin des données

Bad_NoData

Lim|te de début introuvable

Traiter la valeur de 'début comme Bad_NoData et calculer I'Agrégat

Lim|te de fin introuvable

Traiter la valedr;de fin comme Bad_NoData et calculer I'Agrégat

Lim|te "Bad"

Utiliser comme une valeur et calculer I'Agrégat comme défini

Lim|te "Uncertain"

Utiliser comme une valeur et calculer I'Agrégat comme défini

5.4.3.18

L'Agrégat "MaximumActualTime2" défini dans le Tableau 29 permet d'extraire la valeur "G
maxjmale de chaque intervalle pour "MaximumActualTime", sauf que les Valeurs limites sim
sonfl incluses.cbes Valeurs limites simples de l'intervalle sont déterminées conformément
défipition des)Valeurs limites simples (voir 3.1.9). Les valeurs "Bad" ne sont pas prise
compte dans le calcul. Le StatusCode de I'Agrégat est déterminé par calcul (voir 5.3) pou
Agrégats-fondés sur le temps. Si une valeur limite est renvoyée, le statut indique "R

MaximumActualTime2

"Calculated" ou "Interpolated".

pbod"
ples
ala
5 en
rles

aw",

Si la valeur de TreatUncertainAsBad est "False" et qu'une valeur brute "Uncertain" est la valeur
maximale, alors cette valeur "Uncertain" est utilisée. Sinon, les valeurs "Uncertain" ne sont pas

prises en compte.

Si l'interpolation inclinée est utilisée et que la Limite de fin est la valeur maximale, la Limite de
fin est utilisée comme valeur maximale avec I'horodatage défini sur I'EffectiveEndTime de
I'intervalle. La Limite de fin n'est pas prise en compte dans tous les autres cas.
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Tableau 29 — Récapitulatif de I'Agrégat "MaximumActualTime2"

Caractéristiques de I'Agrégat "MaximumActualTime2"

Type

Calculated

Type de données

Same as Source

Limites d'utilisation

Simple

Horodatage

Durée de la valeur maximale

Calcul des StatusCodes

Méthode de calcul

PercentTime

Bit partiel Set Sometimes
Si I'intervalle n'est pas complet
Bit ¢alculé Not Set
Bit interpolé Set Sometimes
Si une limite interpolée est la valeur "Maximum"
Bit brut Set Sometimes
Si une valeur brute est la valeur "Maximum"
Bit multivaleur Set Sometimes

Si plusieurs valeurs sont égales a la yaleur "Maximum"

Ca5| spéciaux communs du StatusCode

Avalwt le début des données

Bad_NoData

Apres la fin des données

Bad_NoData

Lim|te de début introuvable

Traiter la valeur de 'début comme Bad_NoData et calculer I'Agrégat

Lim|te de fin introuvable

Traiter la valedr;de fin comme Bad_NoData et calculer I'Agrégat

Lim|te "Bad"

Utiliser comme une valeur et calculer I'Agrégat comme défini

Lim|te "Uncertain"

Utiliser comme une valeur et calculer I'Agrégat comme défini

5.4.3.19 Range2

L'Agrégat "Range2" ;défini dans le Tableau 30 détermine la différence entre les val
maxjmale et minimale dans l'intervalle, renvoyées par les Agrégats "Minimum2" et "Maximu

Notgr que la plage est toujours nulle ou positive.

eurs
,T12l|
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Tableau 30 — Récapitulatif de I'Agrégat "Range2"

Caractéristiques de I'Agrégat "Range2”

Type

Calculated

Type de données

Same as Source

Limites d'utilisation

Simple (utilisé dans les calculs de "Minimum2" et "Maximum2")

Horodatage StartTime
Calcul des StatusCodes
Méthode de calcul Custom

Si "Minimum2" ou "Maximum2" est "Bad", le statut est Bad_NoData. Sj
"Minimum2" ou "Maximum2" est "Uncertain", le statut est
Uncertain_DataSubNormal. Sinon, "Good"

Bit partiel Set Sometimes
Si l'intervalle n'est pas complet
Bit ¢alculé Set Always
Bit interpolé Not Set
Bit prut Not Set
Bit multivaleur Not Set

Ca5| spéciaux communs du StatusCode

Avalwt le début des données Bad_NoData

Apres la fin des données Bad_NoData

Lim|te de début introuvable Traité par "Minimumz2et "Maximum2"

Lim|te de fin introuvable

Traité par "Minimum2" et "Maximum?2"

Lim|te "Bad"

Traité par "Minimum2" et "Maximum?2"

Lim|te "Uncertain"

Traité par"Minimum2" et "Maximum2"

5.4.3.20 AnnotationCount

L'Agrégat "AnnotationCount" défini dans le Tableau 31 renvoie un comptage de toutes

Annptations de l'intéryvalle.

Les |StatusCodes sont Good, Calculated.

les
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