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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OPC UNIFIED ARCHITECTURE -
Part 13: Aggregates

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s
all national electrotechnical committees (IEC National Committees). The obje
international co-operation on all questions concerning standardization in the electf|

this end and in addition to other activities, IEC publishes International Stangd Ul e ifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides affe d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a ¢ nittee interested

in the subject dealt with may participate in this preparatory work
governmental organizations liaising with the IEC also participate in . aborates closely
with the International Organization for Standardization (ISO) in &ccorda v itions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matte 3 possible, an international
consensus of opinion on the relevant subjects since eac ) i
interested IEC National Committees.

Independent certification bodies provide conformity
marks of conformity. IEC is not responsible for any

whether direct or indirect, or for costs (including legal fees) and
thhe publication, use of, or reliance upon, this IEC Publication or any other IEC

9) Attention is™drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IE€ shall pot be held responsible for identifying any or all such patent rights.

International Standard 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.

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

CDV Report on voting
65E/379/CDV 65E/411/RVC

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.
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A list of all parts of the IEC 62541 series, published under the general title OPC Unified
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 data
related to the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
* amended.

IMPORTANT - The 'colour inside' logo on the cover page of this icatien indicates
that it contains colours which are considered to b orrect
understanding of its contents. Users should therefore t using a
colour printer.
AN
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OPC UNIFIED ARCHITECTURE -

Part 13: Aggregates

1 Scope

This part of IEC 62541 is part of the overall OPC Unified Architecture specification series and
defines the information model associated with Aggregates.

2 Normative references

are indispensable for its application. For dated references, on
undated references, the latest edition of the referef
amendments) applies.

3.11
Processinglnterval
timespan for which derived values are produced based on a specified Aggregate

Note 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 Processinginterval 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 that is calculated from data samples

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 Documents
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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 s, then the EffectiveEndTime is 12:00:59. See 0.

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

3.1.4
extrapolated
data constructed from a discrete data set but is outside of the discrete data set

Note 1 to entry: It is similar to the process of interpolation, which constructs new points between known points,
but its result is subject to greater uncertainty. Extrapolated data is used in cases where th€ ested time period
falls farther into the future than the data available in the underlying system. See example_i 4

3.1.5
SlopedIinterpolation
simple linear interpolation

Note 1 to entry: Compare to curve fitting using linear polynomials. Se

3.1.6
Steppedinterpolation
holding the last data point constant or interpolati

Note 1 to entry: Consider the following Table

of r
Table 1 terp

Timestamp Raw Value Slo\ged I\\teﬁqlati&\ Stepped Interpolation
12:00:00 10 Vi N\ ) S
12:00:05 N Nl |15 N 10
12:00:08 | 8 ./ 10
12:00:10 20 |
12:00:15 D ) 25\ / 20
12:00:20 307 O\
R < \j\%MQ{(Extrapolation SteppedExtrapolation
12:00:25 \ 35 30
12:00:27 \ .37 30

3.1.7
bounding

values at the rtTime and endTime needed for Aggregates to compute the result

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 calculating bounding values, the value portion of Raw data that has Bad status is set to null. This means the
value portion is not used in any calculation and a null is returned if the raw value is returned. The status portion is
determined 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 OPC Historical Data
Access (HDA) and is important for applications such as advanced process control where having useful values at all

times is important. The Simple Bounding Values approach (see 3.1.9) is new in this standard and ispsnRo
applications which shall produce regulatory reports and cannot use estimated values in place of 2ad Ijb&ﬂtments
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3.1.8
interpolated bounding values
bounding values determined by a calculation using the nearest Good value

Note 1 to entry: Interpolated Bounding Values using Slopedinterpolation 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 the timestamp;
. find the first non-Bad Raw value after the timestamp;
. 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 calculation can be expressed with the following formula:

v. =(T.. —T

bound bound before)

- T,

before)

+ 7

X( before

after before)/( after

where 7, is a value at ‘x’ and T, is the timestamp associated with 7.

If no non-Bad values exist before the timestamp the StatusCode
Uncertain_DataSubNormal if any Bad values exist between the before value € .
value or the after value are Uncertain the StatusCode is Uncertain_D ¢ N value does not
exist the before value shall be extrapolated using SlopedExtrapolation @ X

sCode is

The StatusCode is
timestamp then Stepp

If no non-Bad Raw data exjists before the timestamp then the StatusCode is Bad_NoData. If the value before the
timestamp is Uncertain 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 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;
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. use 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 in 3.1.5.

If a Raw value at the timestamp is Bad the StatusCode is Bad_NoData. If the value before the timestamp is Bad
the StatusCode is Bad_NoData. If the value before the timestamp is Uncertain the StatusCode is
Uncertain_DataSubNormal. If the value after the timestamp is Bad or Uncertain the StatusCode is
Uncertain_DataSubNormal.

Simple 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 then it is the bounding value.

If a Raw value at the timestamp is Bad the StatusCode is Bad_NoData. If the value bef
the StatusCode is Bad_NoData. If the value before the timestamp is Unce
Uncertain_DataSubNormal.

ore thetjmestamp is Bad

the last value to a time known by the Historian to be covered. e 8 1 imple Bounding Values the
Historian will act as if there is another Raw value at this timesta

In the same way, if the earllest time of an |nterval starts before\the |rt a b
iterval extends from the first data point

3.2

DA
HA
HDA
UA

4.1
This sta the xepresentation of Aggregate historical or buffered real time data in
the OPC U Architeefure. This includes the definition of Aggregates used in processed

data retrieval and inYhistorical retrieval. This definition includes both standard Reference

4.2 Aggregate Objects
4.2.1 General
4211 Overview

OPC UA Servers can support several different functionalities and capabilities. The following
standard Objects are used to expose these capabilities in a common fashion, and there are
several 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 the Server treats Aggregate specific
functionality such as handling Uncertain data. It is formally defined in Table 2. Documents
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Table 2 — AggregateConfigurationType Definition

Attribute Value

BrowseName | AggregateConfigurationType

IsAbstract False

References NodeClass | BrowseName | DataType | TypeDefinition | ModellingRule
Subtype of the BaseObjectType defined in IEC 62541-5

HasProperty Variable TreatUncertainAsBad Boolean PropertyType Mandatory
HasProperty Variable PercentDataBad Byte PropertyType Mandatory
HasProperty Variable PercentDataGood Byte PropertyType Mandatory
HasProperty Variable UseSlopedExtrapolation Boolean PropertyType Mandatory

The TreatUncertainAsBad Variable indicates how the Server treats data Treturned with a
StatusCode severity Uncertain with respect to Aggregate calculations. alue of True

otherwise. The default value is True. Note that the value is still ed 3 ) wWwhen the
StatusCode for the result is calculated.

to Bad. (Uncertain is treated as defined above.)
Variable when assigning StatusCodes. e
PercentDataBad Variable, see the defimiti

which™~Aggregates use the
s default value is 100.

The PercentDataGood Variable indicates entage of Good data in a given
val for the processed data requests to

The PercentDatgG 2 follow the following relationship
PercentDataGo@ 1 3 L3 E . If they are equal the result of the
PercentDataGoo 3 ' i sed. \If the values entered for PercentDataGood and

PercentDataBad dq in“a/valig-calculation (e.g. Bad = 80; Good = 0) the result will

. extrapolating into the future from the last known value). A value of
S Server will use a SteppedExtrapolation format, and hold the last
known valuesconstant. X value of True indicates the Server will project the value using
UseSlopedExtrapglation mode. The default value is False. For SimpleBounds this value is
ignored.

4.2.2 AggregateFunction Object
4.2.2.1 General

This Object is used as the browse entry point for information about the Aggregates supported
by a Server. The content of this Object is already defined by its type definition. All Instances
of the FolderType use the standard BrowseName of ‘AggregateFunctions’. The
HasComponent Reference is used to relate a ServerCapabilities Object and/or any
HistoricalServerCapabilities Object to an AggregateFunction Object. AggregateFunctions is
formally defined in Table 3.
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Table 3 — Aggregate Functions Definition

Attribute Value

BrowseName AggregateFunctions

References Node BrowseName DataType TypeDefinition ModellingRule
Class

HasTypeDefinition | Object FolderType Defined in IEC 62541-5
Type

Each ServerCapabilities and HistoricalServerCapabilities Object shall reference an
AggregateFunction Object. In addition, each HistoricalConfiguration Object belonging to a

HistoricalDataNode may reference an AggregateFunction Object using the HasComponent
Reference.

4.2.2.2 AggregateFunctionType

This ObjectType defines an Aggregate supported by a UA
defined in Table 4.

Attribute Value ) )

BrowseName AggregateFunctionType 7\ \ ) / N

IsAbstract False A\ [ () >

References Node BrowseName \ Da‘<ype \-/)\/ Type Mod.
Class Definition Rule

Subtype of the BaseObjectType defined in IEC 6254}<5;

For the AggregateFun
NodeClass), is manda
Aggregate.

Table 5 specifie
Objects. The descrip

%
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Table 5 — Standard AggregateType Nodes

BrowseName Description
Interpolation Aggregate

Interpolative At the beginning of each interval, retrieve the calculated value from the data points 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.

TimeAverage2

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

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

Total2 Retrieve the total (time integral) of the data over the interval using Simple Bounding Values.

Minimum Retrieve the minimum raw value in the interval with the timestamp of the start of the interval.

Maximum Retrieve the maximum raw value in the interval with the timesta;er the sta}‘qf the interval.

MinimumActualTime

Retrieve the minimum value in the interval and the timestampﬂéf\t\he mi‘\in%m ve%q.

MaximumActualTime

Retrieve the maximum value in the interval and the timesta{(lp a\t%\mam um\x(alué

Range Retrieve the difference between the minimum and mgﬂﬁum\@lué@v&x{he intervaf.
Minimum2 Retrieve the minimum value in the interval including t\he SimNpuNing\D(@/ygs.

)
Maximum2 Retrieve the maximum value in the interval inc@irMe\SiMBounbiqg Values.

MinimumActualTime2

Retrieve the minimum value with the actuakthﬂq%mp Mdirﬁmmﬁ)le Bounding Values.

MaximumActualTime2

Retrieve the maximum value with the a,c{ual time?famhm;luding\he Simple Bounding Values.

Retrieve the difference between the Mﬁniml(mi and M\aximMue over the interval.

Range2
Count Retrieve the number af raw valu\e@ o%r\ﬂ'éiy(ter)/a\\ \

DurationIinStateZero

Retrieve the time {Boc}[‘ean ( nu\me@ was(in a\zer%) statt,{using Simple Bounding Values.

DurationinStateNonZero

Retrieve the time a Boolean\qr nymeric\was in

Values.

non-zero state using Simple Bounding

NumberOfTransitions Retrieve the numbef‘of cmm@\m% and non-zero that a Boolean or numeric value
experienced in the interval.

Start R&iebe\th alue t}k{e be}iqnmg of thg interval using Interpolated Bounding Values.

End Re}rqve N value at}he\eqd of the Mrval using Interpolated Bounding Values.

Delta ’ }bqtri,e\vxhe di&e&%@e be MStart and End value in the interval.

StartBound Retrie@Malu}\@t?hQ be@ming of the interval using Simple Bounding Values.

EndBound \ (Retrieve<the \E}qe at\quMof the interval using Simple Bounding Values.

2
i

DeltaBounds

\Rétﬁét(e trkxjifje\chg/getween the StartBound and EndBound value in the interval.

DurationGood /\ Re 'eve\t&qe totalh}uration of time in the interval during which the data is Good.
DurationBad \ W%etriebe\the\totat/duration of time in the interval during which the data is Bad.
PercentGood Ret\'ere t\hs percentage of data (0 to 100) in the interval which has Good StatusCode.

PercentBad ™\ \ N \

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

WorstQuaﬁﬂg \ \

Re\hg'eve the worst StatusCode of data in the interval.

WorstQuality2 N\ \

\Reﬁ'ieve the worst StatusCode of data in the interval including the Simple Bounding Values.

AnnotationCount >

Retrieve the number of Annotations in the interval (applies to Historical Aggregates only).

StandardDeviationSample

Retrieve the standard deviation for the interval for a sample of the population (rn-1).

VarianceSample

Retrieve the variance for the interval as calculated by the StandardDeviationSample.

StandardDeviation Population

Retrieve the standard deviation for the interval for a complete population () which includes
Simple Bounding Values.

VariancePopulation

Retrieve the variance for the interval as calculated by the StandardDeviationPopulation which

includes Simple Bounding Values.
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4.3 Monitoreditem AggregateFilter
4.31 Monitoreditem AggregateFilter Defaults

The default values used for Monitoredltem Aggregates are the same as those used for
historical Aggregates. They are defined in 4.2.1.2. For additional information on
Monitoredltem AggregateFilter see IEC 62541-4.

4.3.2 Monitoredltem Aggregates and Bounding Values

When calculating Monitoredltem Aggregates that require the use of Bounding Values, the
bounds may not be known. The calculation is done in the same manner as a historical read
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 & atency in data
collection and reduce the use of the Partial Bit.

A historical read done after data collection and the data from_the 9 over the
same interval may not be the same.

4.4 Exposing Supported Functions and Capabilities

(unstated) Aggregates.
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igre 1 — Representation of Aggregate Configuration

5 Aggregate specific usage of Services

5.1

General

information in the AddressSpace

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

IEC

The Browse Service Set or Query Service Set to detect Aggregates and their

configuration.

The HistoryRead Service of the Attribute Service Set to read the aggregated history of

the HistoricalNodes.

The CreateMonitoredltems Service allows specifying a filter for each Monitoredltem to

read aggregated data.

Full document details: IEC 62541-13 2015
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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 Monitoredltem. The
MonitoringFilter is an extensible parameter whose structure depends on the type of item being
monitored. The AggregateFilter structure is used to obtain aggregated data for a subscription.

5.2.2 ReadProcessedDetails structure overview

document.
Table 6 — ReadProcessed
Name Description
ReadProcessedDetails Specifies the details used to(perfu{rm?a “pro}:e(ssea\hi\s)&y read.
(NS N\
startTime Beginninﬂﬁeriod}d\%ad) ( ( ) N )
endTime End of pexjod toveas, \ \ )
processinglinterval Interval bet%qen rétgr d Ag\g(egaté\cq_/s/
aggregateType[] The Nodeles of the Ai;g\rs\\g%t: b«gc‘t; n Objects. AggregateFunction Objects indicate
the list of Aggre to ed n retrieving processed history.
aggregateConfiguration Aggregate\configuration structire,”
useServerDefaults < Ifm de ulwes are used and any values specified for the other
rameters ignored.
treatUncertainAsBad I See 2.2
percentDataBad | NSee 4R.1.2
percentDataGoog” N See 4.2°h2. )
useSlopedExtrapslatigh . See $2.1.2)

\%

5.2.3 overview
The AggregatefFilte Aggregate function that should be used to calculate the
values he AggregateFilter is formally defined in IEC 62541-4. Table 7
outlines t ofthe AggregateFilter structure for the purposes of discussion in this
standard.
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 settings
supplied by an AggregateConfiguration Object on a per monitored item basis.
useServerDefaults If True the Server's default values are used and any values specified for 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.
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5.3 Aggregates StatusCodes
5.3.1 Overview

Subclause 5.3 defines additional codes and rules that apply to the StatusCode when used for
Aggregates.

The general structure of the StatusCode is specified 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

er which a value
Due to the

In OPC UA Aggregates the StatusCode is used to indicate the conditions u
or Event was stored, and thereby can be used as an indicator of its.Usability

hat are specific for
gll types of data; they
are therefore defined in IEC 62541-4, IEC 62541-8 and \EC 62

Table 8 - B ion level es@c

oper
Symbolic Id Description /L

Bad_AggregateListMismatch The requested numbgr of Agg Wes not match the requested number of
Ngdelds. When multip ggregatesiafe requested, a corresponding Nodeld is
émgd m gregatgFunctipn.

Bad_AggregateNotSupported Th reqﬁest Ag Won is not supported by the Server for the specified

[Navoge

Bad_Aggregatelnvalid ts The Aggregate™value _could not be derived due to invalid data inputs, errors

attemptingo petfor ta conversions or similar situations.

@ le 9 — Yncertain operation level result codes

De\sqip on

Uncertain /Data Bﬁrﬁ& he value is derived from raw values and has less than the required number of Good

Symbolic Id

values.

5.3.3 Aggregate Information Bits
5.3.3.1 General

These bits are set only when obtaining Aggregate data. They indicate where the data value
came 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

exclusive.
Table 10 — Data location
StatusCode Description
Raw A Raw data value.
Calculated A data value which was calculated.
Interpolated A data value which was interpolated.
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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
values returned.

Table 11 — Additional information

StatusCode Description

Partial A calculated value that is not based on a complete interval. See 5.3.3.2.

Extra Data If a Server chooses to set this bit, it indicates that a Raw data value supersedes other data at the same
timestamp.

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

N

The conditions under which these information bits are set depend © theda s been

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 nota cg 1 and that a client may
receive a different value for the Aggregate if it retfe terval with the same

Assume for these examples the f|rst store 2 collection is 1:01:10 and the last
stored point in the collectjgn_is 1; ¢ exist but is unavailable or offline at

the time of the query. Newer datg e put has not yet been stored in the history
collection.

e The interyakt 3 innpng of the history collection. If the start time is
1:00:00 [ s 1:'MQ:00\an®’the interval is 2 min then the first interval would
have a partia et\si it.has no data for the first 70 s. The partial bit will always be
set for the if the start time of the interval is before the first data

aps the latest point stored in the history collection. The last point

il the iQn is \{:31:20 and the historian was not shut down and is still running. A
6-m i at started at 1:30:00 would have the partial bit set because the
historiany gecting data, but just has not yet received anything. The partial bit will
always be for the last interval with data if the end time of the interval is after the

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.

e |If the start/end time does not result in an even interval and there is additional data
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 min then the last interval is just 2
min long and will have the partial bit set. Extrapolation does not apply in this case.

The Partial Bit may be set with the Calculated bit when the Calculated bit is always set for the
specific Aggregate.

5.4 Aggregate details
54.1 General
The purpose of 5.4 is to detail the requirements and behaviour for OPC tﬂpﬁﬂﬁjents

supporting Aggregates. The intent is to standardize the Aggregates so lisei
Document Sharing Hub

Full document details: IEC 62541-13 2015


http://avadocuments2026.com/doc/iec-62541-13-2015
http://avadocuments2026.com/doc/iec-62541-13-2015

IEC 62541-13:2015 © IEC 2015 -21 -

predict the results of an Aggregate computation and understand its meaning. If users require
custom functionality in the Aggregates, those Aggregates should be written as custom vendor
defined Aggregates.

The standard Aggregates shall be as consistent as possible, meaning that each Aggregate’s
behaviour shall be similar to every 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.

Subclause 5.4 is divided up into two parts. Subclause 5.4.2 deals with Aggregate
characteristics and behaviour that are common to all Aggregates. Subclause 5.4.3 deals with
the characteristics and behaviour of Aggregates that are aggregate-specific.

5.4.2 Common characteristics
5.4.21 Description

Subclause 5.4.2 deals with Aggregate characteristics and beR pnmon to all

Aggregates.

5.4.2.2 Generating intervals
To read Historical Aggregates, OPC clients shall

— startTime (Start)

— endTime (End)

— Processinginterval (Int)
The OPC Server shall usg these a generate a sequence of time intervals
and then calculate an Areg e for eavh intervial Subclause 5.4.2.2 specifies, given the

three parameters, whicl ated. Table 12 provides information on the
‘ ation. The range is defined to be |End — Start|.

intervals for each itar
All Aggregates retdr by the start of the interval unless otherwise noted for the
particular Aggreg
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Table 12 — History Aggregate interval information

Start/End Time | Interval Resulting intervals
Start = End Int = Anything No intervals. Returns a Bad_InvalidArgument StatusCode, regardless of
whether there is data at the specified time or not.
Start < End Int = 0 or Int 2 Range One interval, starting at Start and ending at End. Includes Start, excludes
End, i.e., [Start, End).
Start < End Int #0, Int < Range, Int divides | Range/Int intervals. Intervals are [Start, Start + Int), [Start + Int, Start + 2 x
Range evenly. Int),..., [End — Int, End).
Start < End Int # 0, Int < Range, Int does not |[ Range/Int| intervals. Intervals are [Start, Start + Int), [Start + Int, Start + 2
divide Range evenly. x Int),..., [Start + (L 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

Start > End Int = 0 or Int 2 Range One interval, starting at Start and endlng at Includes tart, excludes
End, i.e.,[Start, End). @

Start > End Int # 0, Int < Range, Int divides | Range/Int intervals. Intervals are [Sta ta t), [ —-2X
Range evenly. Int),..., [End + Int, End). @

Start > End Int # 0, Int < Range, Int does not |[ Range/Int| intervals. Intervals afe [Sta NStart-Int, Start — 2 x
divide Range evenly. Int),..., [Start — (L Range/Int| x Int), [Start —
LRange/IntJ x Int, End).

In other words, the last t remains in the
range after taking aWay | Range/Inthintervals\of size Int starting at Start. 2

2 In this case time is running backwards on the intervals. ( (7 \/

g

forwards with the exception that the ‘eady time\i from the interval and the ‘late
time’ is included. be the same except the timestamps

onitoredltem, the interval is simply the
AggregateFilter structure. See IEC 62541-4 for

Note that when dete

Processingintervaf\pars
more details.

5.4.2.3
Table 13 ou Type for each Aggregate. Some Aggregates are intended for
numeric data\types < egers or real/floatlng point numbers Dates, strmgs arrays, etc.

those used to~calculate the Aggregate. Table 13 also outlines the data type returned for each

Aggregate.

Documents

Document Sharing Hub

Full document details: IEC 62541-13 2015


http://avadocuments2026.com/doc/iec-62541-13-2015
http://avadocuments2026.com/doc/iec-62541-13-2015

IEC 62541-13:2015 © IEC 2015

- 23—

Table 13 — Standard History Aggregate Data Type information

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 typé ™\
MinimumActualTime Numeric Raw data/txbe
MaximumActualTime Numeric Raw dafa type (TN
Range Numeric Rawﬂa\@ﬁ@e \
Minimum2 Numeric Raw\jata\{yp\s\ /
Maximum2 Numeric R}\\Kdét\a t?ge
MinimumActualTime2 Numeric Raw cﬁ&ﬁyp\e\ /
MaximumActualTime2 Numeric / RawNata type \
Range2 Numeric dé(a\type
Counting Aggregates D
AnnotationCount All / YN Integer >
Count All ~ U N/ . ateger
DurationInStateZero NumerigQr Boolean | \ N / / Dm@tion
DurationInStateNonZero Nume(l’c or\B\ooIQén A f ( \J \D.u(ation
NumberOfTransitions Numerbqr Bo\oLeéﬁ\ \ \ Integer
Time A?g;ate&
Start All Raw data type
End ar U (C ) Raw data type
Delta /Numqic\ \ Raw data type
StartBound \ { All ~ \\/ Raw data type
EndBound N FAll A~ ) Raw data type
DeltaBounds | Nukgerio, Raw data type
\ 3 \Qata\uaﬁ{y Ag\,gregates
DurationGood NS NN Duration
DurationBad NAIL > Duration
PercentGood /\ A Double
PercentBad <\ AL/ Double
WorstQuality N AT StatusCode
WorstQuality2 < \ All StatusCode
\ N N \ Statistical Aggregates
Standardlfe\viath»@qmﬁk\ \ Numeric Double
VarianceSample. N\ \ / Numeric Double
StandardDeviatioﬁFlquIatio?\ Numeric Double
VariancePopulation / Numeric Double

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 s, then the EffectiveEndTime is 12:00:59. If
the Server time resolution is 1 ms the EffectiveEndTime is 12:00:59.999.

If time is flowing backwards, Servers are expected to use the time immediately after

Documents

endTime where the time resolution of the Server determines the exact value.
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e |f there is one data point in the Interval and it falls on the StartTime the time duration used
in calculations is one unit of the time resolution of the Server.

5.4.3 Specific Aggregated data handling
54.31 General

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

If Processinginterval is 0, the Server shall create one Aggregate value for the entire time
range. This allows Aggregates over large periods of time. A value with a timestamp equal to
endTime will be excluded from that Aggregate, just as it would be excluded.from an interval
with that ending time. If the Processinglinterval of 0 is passed in the MonitoredIltemFilter it
shall be revised to a suitable non-zero value.

supported in any other way for a HistoricalDa
Bad TimestampNotSupported StatusCode. For
data if a requested timestamp is not supported

5.4.3.2 StatusCode calculation

5.4.3.2.1 General

them. In addition, the gonfiguration para
the client to control ho is.calculation i

If an Aggregate S y 2/g. Average) the calculation is done by counting
values. If an Aggrega <

Bounding Values 2 ¢ount when computing the StatusCode. If an Aggregate
does any sort o Aculation (e.g. TimeAverage or TimeAverage2) then the
StatusCode o be time weighted.

For purgose g time weighted StatusCodes each interval shall be divided into
regions o Nor\Bad_data. Creating these regions requires that the bounding values be

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
StatusCode for the interval is Good if the ratio is greater than or equal to the
PercentDataGood parameter. If for an interval neither ratio applies then that interval is
Uncertain_DataSubNormal.
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If there is no data in the interval and the interval is inside the range [StartOfData, EndOfData]
and the Aggregate return data type is raw data type then the StatusCodes for the interval will
be Bad_NoData unless the Aggregate specific characteristics determine otherwise.

The width of an interval is the Processinginterval unless it is a partial interval (i.e. has the
Partial bit set). In these cases, the width is the time used when calculating the partial interval.

Subclauses 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, green
indicates Good and orange indicates Uncertain. These examples assume
TreatUncertainAsBad = False.

54.3.2.2 Sloped Interpolation and Simple Bounding Values

Figure 2 illustrates a data series for Variable with Stepped = False
uses Simple Bounding Values. The request being processed has a
the first point in the series and an End Time that does not fall’®
Processinglnterval.

Interpolated Bounds Simple Boun,

Initial Point

Stepped

Extrapolation
N\
33 Sloped

Extrapolation

I

End Time
IEC

o the period between the second and third point where Steppedinterpolation is used;

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:

e 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:
e the period between the simple bound and the first data point; Documents
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o the period between the first point and an interpolated point that falls on the end time;
o 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 sloped

interpolation is used and the point after the endpoint is Uncertain then the region between 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 uses
Interpolated Bounding Values. The request being processed has a Start Time that falls before
the first point in the series and an End Time that does not fall on an integer multiple of the

Processinglinterval.
Interpolated Bounds Simple Bounds
. . Bad Point
Initial Point
(<
o
o o N

Stepped
Extrapolation

v

1

Start Time End Time

IEC

because of the interpolated end bound but this does create
dinterpolation was used the Uncertain region would start at the

second point. thls case, it only starts when the first Bad value is ignored.

The second interval has three regions:

e the period between the start bound and 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 third interval has three regions:

e the period between the interpolated bound and the first data point;
e the period between the first point and an interpolated point that falls on the end time;

o the period after the end time which is ignored.

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

Subclause 5.4.3.3 deals with Aggregate specific characteristics and behaviour that is specific
to a particular Aggregate.

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

Description of Table 14:

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

e The second column includes a description of the item and a list of the valid selections

with for the item including a description of each selection.

e The second part of the table describes how the status associs Aggregate
calculation is computed.

e The last part of the table lists what behaviour is expected e ) for some
common special cases. These behaviours require textq 3 e is no list
of valid selections.

W
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Table 14 — Aggregate table description

Aggregate Characteristics

Type 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.

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. <\
tarval

Raw: The time associated with a value in the in

Status Code Calculations \ \

Calculation Method How the status code is calculated: N\
<PercentValues | PercentTime | C

PercentValues: Based on per age
PercentTime: Bas on per tag of ti
Custom: Specm to th A regaté (des r|pt

d .
Partial For partial interva the\Aggregate tthls
<Set Sometimes | N Set
It may also descripe anyspeciakca es f settlng this bit
Calculated i
et ays: b|t i
etlme e bitN
Not Se e b| is never

it is always set.
he bit is sometimes set (describes when).
it is never set.

Raw s rlbe he usage of the Raw bit.
Set ys | Set Sometimes | Not Set>
Set)Always: The bit is always set.
t 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>

Interpolated

Set Sometimes: The bit is used (see IEC 62541-11).
Not Set: The bit is never set.

Status Code 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 processing should be
done.
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54.3.4 Interpolative

The Interpolative Aggregate defined in Table 15 returns the Interpolated Bounding Value (see
3.1.8) for the startTime of each interval.

When searching for Good values before or after the bounding value, the time period searched
is Server specific, but the Server should search a time range which is at least the size of the
Processinginterval.

Table 15 — Interpolative Aggregate summary

Interpolated Aggregate Characteristics

Type Interpolated /N0

Data Type Same as Source (

Use Bounds Interpolated N

Timestamp StartTime /\ \

Status Code Calculations

Calculation Method Custom N
Good if no Bad values skipped and Ggod\values ertain if Bad
values skipped or if Uncertain valugs e \us no startlng value then
Bad NoData. See description of Interpo ted e 3.1)8) for more details

Partial  bit Not Set

Calculated bit Not Set

Interpolated bit Set Sometimes KR)SQ]
Always set except for whenthe Ra t ishset

Raw bit Set Sometime h{\\ }V C( w B&?
If a value eximt exact(time of interval rt

Multi Value bit Not Set N\ /

Status Code Common Special Cases [/

Before Start of Data Return Bad_N&Datal \

After End of Data turn \agi %see \8'5 (sloped or stepped according to settings)
Sta s ode iS erta ataSybNormal.

Start Bound Not Found . [Bad AdData.

End Bound Not Found I Sea “After(End of Dqtv

Bound Bad NFoes ™ot return™g Bad\bound except as noted above

Bound Uncertain <> 2 Ret%L \%\}e\rutu\%ftaSubNormal if any Bad value(s) was/were skipped to
calc ding value.

The Average\Aggregs n Table 16 adds up the values of all Good Raw data for each
interval, i um by the number of Good values. If any non-Good values are
ignored on, the Aggregate StatusCode will be determined using the
StatusCode (see 5.3). This Aggregate is not time based so the
PercentGood/Pers 3ad 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

Status Code Calculations
Calculation Method

PercentValues

Partial Not Set

Calculated Set Always

Interpolated Not Set

Raw Not Set

Multi Value Not Set 7
Status Code Common Special Cases /N
Before Start of Data Bad_NoData N N
After End of Data Bad NoData { '\

No Start Bound Bounds not used \

No End Bound Bounds not used ’ N\
Bound Bad Bounds not used \ \
Bound Uncertain Bounds not used N\

5.4.3.6 TimeAverage

starting bounding value a straight line |
the ending bounding value (see example
by the length of the Processinginterval( to yi
uses a sloped line betweenpoints; TimgAve
the value of the Stepped

en they are omitted from the calculation and
the StatusCode bNormal. Sloped lines are drawn between the

Good values wh
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Table 17 — TimeAverage Aggregate summary

TimeAverage Aggregate Characteristics

Type Calculated
Data Type Double

Use Bounds Interpolated
Timestamp StartTime

Status Code Calculations
Calculation Method Custom

Good if no Bad values 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
Calculated Set Always
Interpolated Not Set [
Raw Not Set 2\
Multi Value Not Set /,\\ (
Status Code Common Special Cases \ /
Before Start of Data Bad_NoData / \
After End of Data Value extrapolated, Uncertain status \ \ /
No Start Bound Calculate Partial Interval NIENVAAEAN
No End Bound Extrapolate data, Uncertain status "\ NN\ \
Bound Bad NA N\
Bound Uncertain NA

5.4.3.7 TimeAverage2
The TimeAverage2 Aggregate defined i S ] Bounding Values (see 3.1.9)
to find the value of a point at the beginni of an interval. Starting at the starting

bounding value a straight line is drawn Ketw 2 alue in the interval ending at the
ending bounding value (sg€"s [ ations). The area under the lines is divided by

the length of the Proces érage. Note that this calculation uses a
stepped or sloped line|d the_value of the Stepped Property for the Variable;
TimeAverage always u 2 i v

The time resolutioiu ion is Server specific.

time interval ji . e duration of the non-Good data; i.e. if a value was Bad for 1
minute in a ¢ i en the TimeAverage2 would be the area under the 4-minute
by 4 minutes. If a sub-interval ends at a Bad value then only

The Aggregate Sta ode 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
Status Code Calculations
Calculation Method PercentTime
Partial Set Sometimes

If an interval is not a complete interval
Calculated Set Always
Interpolated Not Set
Raw Not Set
Multi Value Not Set (

a\

Status Code Common Special Cases AN \
Before Start of Data Bad_NoData { \
After End of Data Bad NoData
No Start Bound Bound is Bad NoData and treated as any otper Bad \alu¥ in the interval
No End Bound Bound is Bad_NoData and treated as any other Bad walue Yn th&\nterval
Bound Bad Treated as any other Bad value in the ipfetval \
Bound Uncertain Treated as any other Uncertain value inthe ir?te\?\{\al\ \
5.4.3.8 Total
The Total Aggregate defined in Table{9 perf ¢atculation for each interval:

S
>
[¢]
=
(0]
-
3
[¢]
>
<
[©]
=
)
«Q
D

meAverage Aggregate, using the

onds, i.e. [TimeAverage Units] x seconds.

The Aggregate
(see 5.3).

be > determined using the StatusCode Calculation

Jable 19 — Total Aggregate summary
Total Aggfegate \Characteristics
% \

Type \ Falculated
Data Type N\ Double

Use Bounds N\ Interpolated
Timestamp StartTime

Status Code Calculations
Calculation 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
Calculated Set Always
Interpolated Not Set
Raw Not Set
Multi Value Not Set

Status Code Common Special Cases

Before Start of Data Bad NoData

After End of Data Value extrapolated, Uncertain status
No Start Bound Calculate Partial Interval

No End Bound Extrapolate data, Uncertain status
Bound Bad NA

Bound Uncertain NA
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5.4.3.9 Total2

The Total2 Aggregate defined in Table 20 performs the following calculation for each interval:
Total2 = TimeAverage2 x Processinginterval of Good data (seconds)

where TimeAverage2 is the result from the TimeAverage2 Aggregate, using the
Processinginterval supplied to the Total2 call.

The interval 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 Aggregate StatusCode will be determined

(see 5.3).
Table 20 — Total2 Aggregate s
Total2 Aggregate Characteristics /
Type Calculated )
Data Type Double C\\_“"/ N\
Use Bounds Simple NN (Y. )
Timestamp StartTime U N L \ V/)
Status Code Calculations PN
Calculation Method PercentTime [
Partial Set Sometime
Man intemu:\\ot a\Q%s(lete interval
Calculated Set Always ~
Interpolated N__ | Nt Set )
Raw | NobSet { ~—_"
Multi Value § otSat
L 2 l
Status Code Commun Special Cases
Before Start of Data "Bad_NoRata
After End of Data "\ NBad\NoData
No Start Bound \ \ V}Q;T&@?/nd is Bad_NoData and is treated like any other Bad quality value in
the dalculation (ignored)
No End Bound& \\ Wr Bound is Bad_NoData and is treated like any other Bad quality value in
theNealculation (ignored)
Bound Bad NN Value is treated like any other Bad quality value in the calculation (ignored)
Bound Uncextain \ \ alue is treated like any other non-Good quality value in the calculation (ignored)

5.4.3.10 Minimum

The Minimum Aggregate defined in Table 21 retrieves the minimum Good raw value within the
interval, and returns that value with the timestamp at which that value occurs. Note that if the
same minimum exists at more than one timestamp, the oldest one is retrieved and the
MultipleValues bit is set.

Unless otherwise indicated, StatusCodes are Good, Raw. If only Bad quality values are
available then the status is returned as Bad_NoData.

The timestamp of the Aggregate will always be the start of the interval for every
Processinglinterval.
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Table 21 — Minimum Aggregate summary

Minimum Aggregate Characteristics

Type Calculated

Data Type Same as Source
Use Bounds None
Timestamp StartTime

Status Code Calculations
Calculation 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 minimum Good value
the Status is Uncertain _SubNormal.

Partial Set Sometimes
If an interval is not a complete interval
Calculated Set Sometimes X‘{
If the Minimum value is not on the StartTime of the i val or if the Status was
set to Uncertain_SubNormal because of non-Good vafues in fha\interval
Interpolated Not Set N N\
Raw Set Sometimes \ \ \/
If Minimum value is on the StartTime of the iptérval
Multi Value Set Sometimes \ \ \ \)
If multiple Good values exist with the Mipimqum\ valye
< AN \
Status Code Common Special Cases N\ /
Before Start of Data Bad_NoData / \
After End of Data Bad_NoData [ )
No Start Bound Not Applicable ~\ 3/
No End Bound Not Applicable L\ /7 N
Bound Bad Not Applicablg N ¢ U U
Bound Uncertain Not Applicable \ \

5.4.3.11 Maximum

the interval, and retur
the same maximum e
MultipleValues i se

Unless otherwise i
available then the

The timestan Jregate will always be the start of the 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

Status Code Calculations
Calculation 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 Good
value the Status is Uncertain_SubNormal

Partial Set Sometimes
If an interval is not a complete interval
Calculated Set Sometimes ‘a(m&(
If the Maximum value is not on the startTime of the i val or if the Status was
set to Uncertain_SubNormal because of non-Good vafues in fha\interval
Interpolated Not Set N N\
Raw Set Sometimes \ \ \/
If Maximum value is on the startTime of the ipteéral
Multi Value Set Sometimes \ \ \)
If multiple Good values exist with the Maxitmurg value
< AN \
Status Code Common Special Cases /
Before Start of Data Bad_NoData / \
After End of Data Bad_NoData [ )
No Start Bound Not Applicable ~\ 3/
No End Bound Not Applicable L\ /7 N
Bound Bad Not Applicablg N ¢ U U
Bound Uncertain Not Applicable \ \ ]
5.4.3.12 MinimumActualTime

e 23 retrieves the minimum Good raw
the timestamp at which that value occurs.
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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

Status Code Calculations
Calculation 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 minimum Good value
the Status is Uncertain _SubNormal

Partial Set Sometimes

If an interval is not a complete interval

Calculated Set Sometimes
If the Status was set to Uncertain_SubNormal becaus non-Googq values in the
interval (N
\ = A4

Interpolated Not Set / \
Raw Set Sometimes
If a Good minimum value is returned
Multi Value Set Sometimes \ \ \)
If multiple Good values exist with the Mipiqum\ valye
< ANEAN \
Status Code Common Special Cases N\ /
Before Start of Data Bad_NoData / \
After End of Data Bad_NoData [ )
No Start Bound Not Applicable ~\ 3/
No End Bound Not Applicable L\ /7 N
Bound Bad Not Applicablg N ¢ U U
Bound Uncertain Not Applicable \ \ ]

5.4.3.13 MaximumActualTime

Table 24 is the same as the
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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

Status Code Calculations
Calculation 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 Good
value the Status is Uncertain_SubNormal

Partial Set Sometimes

If an interval is not a complete interval

Calculated Set Sometimes
If the Status was set to Uncertain_SubNormal becaus non-Googq values in the
interval (N
\ = A4

Interpolated Not Set / \
Raw Set Sometimes
If a Good maximum value is returned

Multi Value Set Sometimes \ \)
If multiple Good values exist with the maximurg value
AN \
NN /

<

Status Code Common Special Cases

Before Start of Data Bad_NoData / \
After End of Data Bad_NoData [ )
No Start Bound Not Applicable ~\ 3/

No End Bound Not Applicable L\ /7 N
Bound Bad Not Applicablg” N ¢ U U
Bound Uncertain Not Applicable \ \

5.4.3.14 Range

Range Aggregate Charactaristics  \
Type \ .\ [Caleutated

Data Typg NN Same as Source
Use Bounds._ \ None
Timestamp N\ StartTime

Status Code Calculatiens
Calculation 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 or less
than the minimum Good value the Status is Uncertain_SubNormal

Partial Set Sometimes
If an interval is not a complete interval
Calculated Set Always
Interpolated Not Set
Raw Not Set
Multi Value Not Set

Status Code Common Special Cases

Before Start of Data Bad NoData
After End of Data Bad _NoData
No Start Bound Not Applicable
No End Bound Not Applicable
Bound Bad Not Applicable
Bound Uncertain Not Applicable

Documents

Document Sharing Hub

Full document details: IEC 62541-13 2015


http://avadocuments2026.com/doc/iec-62541-13-2015
http://avadocuments2026.com/doc/iec-62541-13-2015

- 38 - IEC 62541-13:2015 © IEC 2015

5.4.3.15 Minimum2

The Minimum2 Aggregate defined in Table 26 retrieves the minimum Good value for each
interval as defined for Minimum except that Simple Bounding Values are included. The Simple
Bounding Values for the interval are found according to the definition of Simple Bounding
Values (see 3.1.9). Any Bad values are ignored in the computation. The Aggregate
StatusCode 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, Calculated or
Interpolated.

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

fnd bound is
d bound is

If sloped interpolation is used and the End bound is the minimum vajug
used as the Minimum with the timestamp set to the startTime of the i
ignored in all other cases.

Table 26 — Minimum2 Aggregate summar

A\
Minimum2 Aggregate Characteristics N N\ \
Type Calculated N\
Data Type Same as Source / \
Use Bounds Simple [ () /
Timestamp StartTime NN\ /N
NN [ [N >

Status Code Calculations < 7 C \ Y
Calculation Method PercentTime /
Partial Set Sometmeﬁ x\(

If an interval is’not a completeninterwal
Calculated Set Sometlme{S W

t unless the StartBouny is th imum

Interpolated Set\%o‘riﬂetl Ex\ N M
N erpolatethbound is th inimum
[
valye is\th nimum
Multi Value (B > Setz mx\@j
re thap one Gowed values exist with the same

Status Code Common Special Cases '\
Before Start of Data¢’  \ Bad NoData /

After End of Datag_ \ Badth NoDate

No Start Bound” \ [Nreatthe 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” NIESYSYh Use as value and compute the Aggregate as defined

Bound Unsertail\\  \ se 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 each
interval as defined for Maximum except that Simple Bounding Values are included. The
Simple Bounding Values for the interval are found according to the definition of Simple
Bounding Values (see 3.1.9). Any Bad values are ignored in the computation. The Aggregate
StatusCode 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, Calculated 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 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

Status Code Calculations
Calculation Method

PercentTime

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

Set unless the StartBound is the Maximum
Set Sometimes
If an Interpolated bound is the Maximum

Interpolated

AN

Raw Set Sometimes
If a raw value is the Maximum. A (\
Multi Value Set Sometimes

>

If more than one Good values exist with the same< \

Status Code Common Special Cases )
Before Start of Data Bad NoData
After End of Data Bad_NoData N

No Start Bound Treat the beginning value as Bad _NoData and copute the Aggregate
No End Bound Treat the ending value as Bad_IoData and compute thy Aggregate
Bound Bad Use as value and compute the Aggrégate as\defined_

Bound Uncertain Use as value and compute tite Aggregateras defined
A4

N\

5.4.3.17 MinimumActualTime2

retrieves the minimum Good value
mple Bounding Values are included.
d according to the definition of Simple
gnored in the computation. The Aggregate
ode Calculation (see 5.3) for time based
en the status will indicate, Raw, Calculated or

Bounding Values (see
StatusCode will be d
Aggregates. If
Interpolated.

If TreatUncertai is the minimum then that

Uncertain value i

If sloped N\ is\used“and the End bound is the minimum value then End bound is
used as mym_with\the timestamp set to the EffectiveEndTime of the interval. The End
bound is ig i
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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

Status Code Calculations

Calculation Method

PercentTime

Partial Set Sometimes
If an interval is not a complete interval
Calculated Not Set

Interpolated

Set Sometimes
If an Interpolated bound is the Minimum

Raw Set Sometimes

If a raw value is the Minimum
Multi Value Set Sometimes \ K

If more than one Good values exist with the same/al )
Status Code Common Special Cases
Before Start of Data Bad_NoData \ \ )
After End of Data Bad_NoData \ N\

No Start Bound

Treat the beginning value as Bad_NoData anﬁ\g\qmbu\be\the Aggregate

No End Bound

Treat the ending value as Bad_NoDataand-compute the Aggregate

Bound Bad

Use as value and compute the Aggregate as defined  \

Bound Uncertain

Use as value and compute the Aggrégate as\defined. /

5.4.3.18

If sloped inté
used as fHe
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29 retrieves the Maximum Good value
opt that Simple Bounding Values are
are found according to the definition of
¢s are ignored in the computation. The
StatusCode Calculation (see 5.3) for time
urned then the status will indicate, Raw,

Uncertam raw value is the Maximum then that
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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
Status Code Calculations
Calculation Method PercentTime
Partial Set Sometimes
If an interval is not a complete interval
Calculated Not Set
Interpolated Set Sometimes
If an Interpolated bound is the Maximum
Raw Set Sometimes
If a raw value is the Maximum
Multi Value Set Sometimes \ K
If more than one value is equal to the Maximum /\ >
Status Code Common Special Cases
Before Start of Data Bad_NoData \ \ )
After End of Data Bad_NoData \ N\
No Start Bound Treat the beginning value as Bad_NoData anﬁ\g\qmbu\be\the Aggregate
No End Bound Treat the ending value as Bad_NoDataand-compute the Aggregate
Bound Bad Use as value and compute the Aggregate as defined  \
Bound Uncertain Use as value and compute the Aggrégate as\defined. /
5.4.3.19 Range2 6
The Range2 Aggregate defined in Tab |fference between the maximum and
minimum values in the interval as r um2 and Maximum2 Aggregates.
Note that the range is alw
Aggregate summary
Range2 Aggregate Characteristics) )
Type /N[ Calcylated\
Data Type / Same as Splxce )
Use Bounds A Simple (USehinMWinimum2 and Maximum2 calculations)
Timestamp < \ StartTime  /
Status Code (‘élcﬁl\l}\ns\ N\
Calculation Method Cu
If Minimum2 or Maximum2 are Bad then the status is Bad_NoData. If Minimum2
\ r Maximum2 are Uncertain then the status is Uncertain_DataSubNormal. Good
otherwise
Partial Set Sometimes
If an interval is not a complete interval
Calculated Set Always
Interpolated Not Set
Raw Not Set
Multi Value Not Set
Status Code Common Special Cases
Before Start of Data Bad NoData
After End of Data Bad_NoData
No Start Bound Handled by Minimum2 and Maximum2
No End Bound Handled by Minimum2 and Maximum2
Bound Bad Handled by Minimum2 and Maximum2
Bound Uncertain Handled by Minimum2 and Maximum2

5.4.3.20 AnnotationCount

The AnnotationCount Aggregate defined in Table 31 returns a count of all Annotations in the
interval.
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The StatusCodes are Good, Calculated.

Table 31 — AnnotationCount Aggregate summary

AnnotationCount Aggregate Characteristics

Type Calculated

Data Type Int32 (negative values are not allowed)

Use Bounds None

Timestamp StartTime

Status Code Calculations

Calculation Method Custom

Good unless the interval is before the start of data or after the end of data
Partial Set Sometimes
If an interval is not a complete interval /\

Calculated Set Always \

Interpolated Not Set [ aN

Raw Not Set \ N

Multi Value Not Set \ D
ANEAN

Status Code Common Special Cases N \ >

Before Start of Data Bad_NoData NN YN

After End of Data Bad NoData U NI \

No Start Bound Does not apply N\ /

No End Bound Does not apply / \

Bound Bad Does not apply (N )

Bound Uncertain Does not apply ~\ D/

5.4.3.21 Count

interval. If one or more ra
Aggregate StatusCode is
time based Aggregate

Count Aggregate Charasteristics

Type \ PCalchated
Data Type  \ \ [Int32 (Aegative values are not allowed)
Use Boung§~_ \ . Non¥

Timestanip._

tartTime

AN
N\

Status Code Calculations

Calculation Method / PercentValues
Partial Set Sometimes
If an interval is not a complete interval
Calculated Set Always
Interpolated Not Set
Raw Not Set
Multi Value Not Set

Status Code Common Special Cases

Before Start of Data

Bad_NoData

After End of Data

Bad_NoData

No Start Bound

Does not apply

No End Bound

Does not apply

Bound Bad

Does not apply

Bound Uncertain

Does not apply

5.4.3.22

DurationIinStateZero

The DurationInStateZero Aggregate defined in Table 33 returns the time Duratiorﬁyﬁ%‘ments
interval that the Variable was in the zero state. The Simple Bounding Valuss for i
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are used to determine initial value (start time < end time) or ending value (if start time > end
time). If one or more raw values are non-Good, they are not included in the Duration, and the
Aggregate StatusCode is determined using the StatusCode Calculation (see 5.3) for time
based Aggregates. Duration is in milliseconds. Unless otherwise indicated, StatusCodes are
Good, Calculated.

Table 33 — DurationInStateZero Aggregate summary

DurationinStateZero Aggregate Characteristics
Type Calculated
Data Type Duration
Use Bounds Simple
Timestamp StartTime
VRN
Status Code Calculations (
Calculation Method PercentTime ' ARANaN
Partial Set Sometimes (\ \ \
If an interval is not a complete interval
Calculated Set Always \
Interpolated Not Set < \ N
Raw Not Set \ NN\
Multi Value Not Set { NN \
\NEAN )
Status Code Common Special Cases S\
Before Start of Data Bad NoData [~ >
After End of Data Bad_NoData PNARY AR
No Start Bound Treat the beginning value s Bad-NoDath and compute the Aggregate
No End Bound Treat the endifig Yalue a6 Bad NoDdta dad compdte the Aggregate
Bound Bad Use as value 3nd comapite the\ggreyate as defined
Bound Uncertain Use as value anthcomputethe Aggregate as defined
5.4.3.23 DurationInSté
The DurationInStateNagnZe C i in Table 34 returns the time Duration during

ate. The Simple Bounding Values for the
art time < end time) or ending value (if start time
hon-Good, they are not included in the Duration,
ned using the StatusCode Calculation (see 5.3) for

interval are used A0\de
> end time). If r
and the Aggregate” 3tats
time based Aggre

Duration is i i \ds. &ss otherwise indicated, StatusCodes are Good, Calculated.
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Table 34 — DurationInStateNonZero Aggregate Summary

DurationinStateNonZero Aggregate Characteristics
Type Calculated
Data Type Duration
Use Bounds Simple
Timestamp StartTime
Status Code Calculations
Calculation Method PercentTime
Partial Set Sometimes
If an interval is not a complete interval
Calculated Set Always
Interpolated Not Set
Raw Not Set
Multi Value Not Set (
A\
Status Code Common Special Cases AN \
Before Start of Data Bad_NoData { \
After End of Data Bad NoData
No Start Bound Treat the beginning value as Bad_NoData apd compiite the Aggregate
No End Bound Treat the ending value as Bad_NoData and (klmpute\the Aygregate/
Bound Bad Use as value and compute the Aggregaté as. dofined.
Bound Uncertain Use as value and compute the Aggregate as B‘sﬁg&d\

5.4.3.24 NumberOfTransitions

g’ a count of the number of
values are Bad, they are not

The NumberOfTransitions Aggregate
transition the Variable had during the i

The earliest transition s
interval to the previou

NumberOfFransitions Mate\&’éracteristics

Type < NERN Calculated

Data Type N\ /nt32 (negative values are not allowed)

Use Bounds T\ Custom, a non-Bad value prior to the interval is used
Timestamp > StartTime

Status Code Calculations

Calculation Method PercentValues
Partial Set Sometimes
If an interval is not a complete interval
Calculated Set Always
Interpolated Not Set
Raw Not Set
Multi Value Not Set

Status Code Common Special Cases

Before Start of Data Bad _NoData

After End of Data Bad_NoData

No Start 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
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5.4.3.25 Start
The Start Aggregate defined in Table 36 retrieves the earliest raw value within the interval,

and returns that value and status with the timestamp at which that value occurs. If no values
are in the interval then the StatusCode is Bad_NoData.

Table 36 — Start Aggregate summary

Start Aggregate Characteristics

Type Calculated
Data Type Same as Source
Use Bounds None
Timestamp Time of Raw Value
/TN
Status Code Calculations (
Calculation Method Custom <\‘
The raw value status is returned N\
Partial Set Sometimes \ \ >
If an interval is not a complete interval
Calculated Not Set { \ N\
Interpolated Not Set \ \
Raw Always 7 NN\
Multi Value Not Set N\ D>
~ N\
Status Code Common Special Cases / N
Before Start of Data Bad NoData U/
After End of Data Bad_NoData (\\"/ ]\
No Start Bound Does not apply” /N N [ Y./
No End Bound Does not apphy N \ \ )
Bound Bad Does not apply /
Bound Uncertain Does not apply/A

5.4.3.26 End

returns that value and 'status
the interval the

End Aggregate CharacteNstits

Type Q \_[Calculted
Data Type N\ . N\ \[Sam&gas Source
Use Bounds NI NNone
Timestamp N\ Time of Raw Value
Status Code Calcutations
Calculation Method Custom
The raw value status is returned
Partial Set Sometimes
If an interval is not a complete interval
Calculated Not Set
Interpolated Not Set
Raw Always
Multi Value Not Set

Status Code Common Special Cases

Before Start of Data Bad_NoData
After End of Data Bad NoData
No Start Bound Does not apply
No End Bound Does not apply
Bound Bad Does not apply
Bound Uncertain Does not apply
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The Delta Aggregate defined in Table 38 retrieves the difference between the earliest and
latest Good raw values in 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
skipped while looking for the first or last values. The status is Good otherwise. The status is
Bad_ NoData if no Good raw values exist.

Table 38 — Delta Aggregate summary

Delta Aggregate Characteristics

Type Calculated

Data Type Same as Source

Use Bounds None /
Timestamp StartTime

N

Status Code Calculations

Calculation Method

<O\
\ N\
Custom \X
Uncertain_DataSubNormal if non-Good valu<e§\e§kip e hileNlookihg for the
first or last values

Set Sometimes \ N\ \

If an interval is not a complete interval(\ \

Partial
Calculated Not Set N\ )
Interpolated Not Set T\
Raw Always [ >
Multi Value Not Set PR Y AR
( N\ /7 N\
Status Code Common Special Cases / /N 2 [ U)o
Before Start of Data Bad_NoData \ \ )
After End of Data Bad NoData
No Start Bound Does not apply/
No End Bound Does not apply ~ N

Bound Bad

Does not apply\  \

Bound Uncertain

Do

5.4.3.28 Star

The StartBound
for the interval by

Des notapply N\ )
N

le 39 returns the value and status at the StartTime
ounding Values for the interval (see 3.1.9).

StartBound\Aggregate Characteristics

Type < N NCalculated

Data Type N\ /Same as Source
Use Bounds \ Simple
Timestamp ) StartTime
Status Code Calculations

Calculation Method Custom

The status of the start bound.

Partial Set Sometimes
If an interval is not a complete interval
Calculated Not Set

Interpolated

Set Sometimes
If the bound is interpolated

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

Status Code Common Special Cases

Before Start of Data Bad_NoData
After End of Data Bad NoData
No Start Bound Bad NoData

No End Bound

Does not apply

Bound Bad

Same as bound

Bound Uncertain

Same as bound
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5.4.3.29 EndBound

The EndBound Aggregate defined in Table 40 returns the value and status at the EndTime for
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.

Table 40 - EndBound Aggregate summary

EndBound Aggregate Characteristics

Type Calculated
Data Type Same as Source
Use Bounds Simple
Timestamp StartTime [
AN
Status Code Calculations XS [N
Calculation Method Custom < \ \ >
The status of the end bound.
Partial Set Sometimes ( \ \ S
If an interval is not a complete interval
Calculated Set Always NN YN
Interpolated Not Set N NN \
Raw Not Set N\
Multi Value Not Set / \
[ ™ /
Status Code Common Special Cases N\ >/ A
Before Start of Data Bad_NoData \\Y /7 /N >
After End of Data Bad_NoData{ Y U NI
No Start Bound Does not apply N\ N ]
No End Bound Bad NoData  \
Bound Bad Same as boungd”
Bound Uncertain Same as bounll >
5.4.3.30 DeltaBo
able 41 returns the difference between the

be Good. If the e

The DeltaBounds™\/A
StartBound and @ ndBound\Agg
d S

v result will be zero. If the end value is greater than the
. If one or both values are Bad the return status will be
values are Uncertain the status will 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

Status Code Calculations
Calculation 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
Calculated Set Always /
Interpolated Not Set AN
Raw Not Set RS (
Multi Value Not Set 7\

N\ /
Status Code Common Special Cases N\
Before Start of Data Bad_NoData \ \ )
After End of Data Bad_NoData NIEENAN
No Start Bound Bad_NoData N NN\ \
No End Bound Bad_NoData N\
Bound Bad Bad_NoData / \
Bound Uncertain Uncertain_DataSubNormal (\/ﬂ
5.4.3.31 DurationGood 6
The DurationGood Aggregate defined/n des the interval into regions of Good
and non-Good data. Each region starls w s b in the interval. If that data point is
Good the region is Good« of the duration of all Good regions
expressed in milliseconds
The status of the first i 3 by finding the first data point at or before the start
of the interval. | al ion i
Each Aggregate is nestamp of the start of the interval. StatusCodes are Good,
Calculated.
ble <~ DurationGood Aggregate summary
AN

DurationGaod }%éa\te\ChaPpcteristics
Type \ Calculated
Data Type N Duration
Use Bounds Uses status of bounding value
Timestamp StartTime
Status Code Calculations
Calculation Method Custom

StatusCode is always Good, Calculated
Partial Set Sometimes

If an interval is not a complete interval
Calculated Set Always
Interpolated Not Set
Raw Not Set
Multi Value Not Set
Status Code Common Special Cases
Before Start of Data Bad NoData
After End of Data Bad_NoData
No 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
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