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Overview
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* Objective: To develop tools and documentation of
the tools that shows how ANSI C12.19-2008 data
tables can be accessed using IEC Common
Information Model (CIM), IEC 61968 and IEC 61970,
requests and |IEC 62056 metering language, and
Smart Energy Profile 2.0. These tools and reports
are necessary to show how energy usage
information in C12.19-2008 can be requested and
utilized in an interoperable fashion from devices that
use IEC CIM and metering language standards and
devices using Smart Energy Profile 2.0.



Large scale meter data aggregator has

sources spanning multiple MDM

domains each with different native ANSI C12.22
Meter

metering protocols _ =
Reading
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Data IEC 62056
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Note: Reduced scope of
information as we go from full
ANSI Standard to AEIC to
NAESB and focus on Energy
Usage Data.

Also note, some data of other
standards is outside scope of
C12.19.

However, predominantly data
from C12.19 is represented in
ESPI, CIM, SEP, and COSEM

AEIC Guideline 2.1
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Start with ANSI C12.19 2008

A profile of a C12.19 revenue meter based
on the AEIC Guidelines version 2.1

A subset of this profile based on the
NAESB REQ.21 ESPI (Green Button)

This set of C12.19 will be arranged within a
defined profile set of tables as the basis for
exchange with other standards.

An EDL

representation of
data sets to be
exchanged
corresponding to
this model.

A mapping
of this
model to

*61968-9
eZigBee SEP2.0

*62056 - 61,62.

XSLT files to
convert data
between
pairs of
standards

Small VBA
application
to perform
conversions
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Length and Breadth of C12.19
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ond Integep C12 vs ESPI Model*
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e Note: Load Profile Shown, Register reads similar but not shown
]

\
o I END_READINGS [1] ‘ | END_READINGS [NER_CHNS_SET1 - 1] | class ESPI Usage /
S——

e| SIMPLE_INT_STATUS [0] || SIMPLE_I
+ roleFlags :HexBinary16 [0..1]

o LP_INT
+ status :UInt8 [0..1]

EII;LP_INT 0] T 1 \ ”: 5
alinky ™~ ldentifiedObject
0.* MeterReading
‘ EXTENDED_INT_STATUS [0] || EXTENDED_INT_STATUS [1] | | EXTENDED_INT_STATUS [NER_CHNS _\ -
‘ III'LDA&H INT_DATA [1] | | INT_DATA [NBR_CHNS_SET1 -1] | \

@ LP_INT [1]
‘ EXTENDED_INT_STATUS [0] | | EXTENDED_INT_STATUS [1] | i | EXTENDED_INT_STAT SET1]

IdentifiedObject

IMPLE_INT_STATUS [NBR_BLK_INTS_SET1-1] |
UsagePoint

y i i

«link»

ldentifiedObject
IntervalBlock

«link»
| 0.1

<:gferval :DateTimelnterval [0..1]

— ldentifiedObject
‘ INT_DATA [0] 3 || INT_DATA [1] | | INT_DATA [NBR_CHNS_SET1 -1] | \
+ 3 0..*
+ Type [0..1] -
+ consumptionTier :Consd iarType [0..1] Object
+ currency :CurrencyCode [0..1] IntervalReading
@rwim n-werescwssena + dataQualifier :DataQualifierType [0..1] :
+ defaultQuality :QualityOfReading [0..1] et UES (WA
‘ EXTENDED_INT_STATUS [0] || EXTENDED_INT_STATUS [1] || EXTENDED_INT_STATUS [NBR_CHNS_SET1] | + flowDirection :FlowDirectionType [0..1] * 323:(9-1372145?86:;[“8lmewal (0..1]
+ intervalLength :UInt32 [0..1] . N
= + kind :KindType [0..1]
‘ INT_DATA [0] || INT_DATA[1] | | INT_DATA [NBR_CHNS_SET1-1] | + phase :PhaseCode [01] 0..*
+ powerOfTenMultiplier :PowerOfTenMultiplierType [0..1] Object
+ timeAttribute :TimeAttributeType [0..1] =6
. ReadingQualit:
Note 1: Circled numbers represent ANSI C12.19 Element Index relafive to LP_DATA_SETS1. : tou .TL(J)UT_I)ipe [0[01]1] gQi y
uom :UomType [O.. N . " "
quality :QualityOfReading

Note 2: Greyed items represent optional Elements.

Note 3: EXTENDED_INT_STATUS contains NBR_CHNS_SET1 + 1 Elements. The first element is the “common™

status and the remainder are the status of each channel of the associated interval data.

Load Profile Model — from Future Dos
ANSI C12.19-2008 Load Profile Implementation Guide ESPI Model — from NAESB REQ21
Copyright © 2007-2009 Future DOS R&D Inc. All Rights Reserved.



ClleRINGI(Jol] Annex K is Key to Translation: Load Profile raw interval value
~ (from C12.19 Annex K and additional)
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Table 15 Table 62
Table 11
Nbr Sources Set1Consts.RatioF1 //'7 Source Select Ch 1
Table 64 (set 1) i ; <~ Source Select Ch 2
Np(UOM entries ) Set1Consts,RatioP1
3| IntviData Chl | pavy value || Raw value 7 A / | Scalers Ch 1
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|| Divisors Ch 1

Lt Set2Cansts.RatioP T
Scalers Ch 2

Divisors Ch 2

Intvl Data|Ch2 | Raw value Raw value

Calculate
Src/Table
indices

Lookup
indexed
values

V

Table 61

I

+ SCALAR_DIVISOR_FLAG_SET1

TaM

UOM Entry 1 Multiplier

V

(((((RawValue * (divisor/scalar) * (Multiplier/Divisor) + Offset* (Set1Constants.RatioF1 * SetlConstants.RatioP1)) *
(Set2Constants.RatioF1 * Set2Constants.RatioF1)) * Multiplier

V

Value at Point of
Delivery

UOM Entry 2 Multiplier




Syntactic Model
Atom Feed View

entrys links

.
ComEE
CoER

Information Model
Profile View

ServiceCategory ]

0..*

IntervalReading

1

ReadingQuality

Note: This information is
multidimensional. Many different reading
types, summaries, and readings possible.

.e. not “flat” Grid-Interop 2012



IdentifiedObject
UsagePoint

+ roleFlags :HexBinary16 [0..1]

+ status :UInt8 [0..1]
::Object
+ extension :anyType [0..%]

Object
ServiceCategory

+ kind :ServiceKindI

IdentifiedObject
ReadingType

IdentifiedObject
MeterReading

IdentifiedObject
Interv alBlock

ok o+ o+ o+ o+ o+ F o+ o+

accumulationBehaviour :AccumulationBehaviourType [0..1]
commodity :CommodityType [0..1]

consumptionTier :ConsumptionTierType [0..1]

currency :CurrencyCode [0..1]

dataQualifier :DataQualifierType [0..1]

defaultQuality :QualityOfReading [0..1]

flowDirection :FlowDirectionType [0..1]

intervalLength :UInt32 [0..1]

kind :KindType [0..1]

phase :PhaseCode [0..1]

powerOfTenMultiplier :PowerOfTenMultiplierType [0..1]
timeAttribute :TimeAttributeType [0..1]

tou :TOUType [0..1]

uom :UomType [0..1]

+ interval :DateTimelnterval [0..1]
Object
Interv alReading
+ cost :UInt48 [0..1]

+

timePeriod :DateTimelnterval [0..1]
+ value :UInt48 [0..1]

Object
ReadingQuality

+ quality :QualityOfReadingI

Grid-Interop 2012



IdentifiedObject
UsagePointBase

VeterReadingBase
MeterReading

+ roleFlags :HexBinary16
+ serviceCategoryKind :ServiceKind
+ status :UInt8

Resource
ReadingType

+ o+ o+ o+ F o+ o+ F o+ +

accumulationBehaviour :AccumulationBehaviourType [0..1]
calorificValue :UnitValueType [0..1]

commodity :CommodityType [0..1]

conversionFactor :UnitValueType [0..1]

dataQualifier :DataQualifierType [0..1]

flowDirection :FlowDirectionType [0..1]

intervalLength :UInt32 [0..1]

kind :KindType [0..1]

numberOfConsumptionBlocks :UInt8 [0..1]
numberOfTouTiers :UInt8 [0..1]

phase :PhaseCode [0..1]

powerOfTenMultiplier :PowerOfTenMultiplierType [0..1]
subintervalLength :UInt32 [0..1]
tieredConsumptionBlocks :boolean [0..1]

uom :UomType [0..1]

ldentifiedObject
ReadingSet

+ timePeriod :DateTimelnterval

Resource
Reading

+ o+ o+ o+ 4+

consumptionBlock :ConsumptionBlockType [0..1]
locallD :HexBinary16 [0..1]

qualityFlags :HexBinary16 [0..1]

timePeriod :DateTimelnterval [0..1]

touTier :TOUType [0..1]

value :Int48

Grid-Interop 2012



1ec619/7/0cim16v01 iec61968c
Im12v02 1ec62325cim01v07/

Grid-Interop
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IdentifiedObject
UsagePoint IdentifiedObject
MeterReading
+ amiBillingReady :AmiBillingReadyKind [O..1]
+ checkBilling :Boolean [0..1] + isCoincidentTrigger :Boolean [0..1]
+ connectionState :UsagePointConnectedKind [0..1] + valuesinterval :DateTimelnterval [0..1]
+ estimatedLoad :CurrentFlow [O..1]
+ grounded :Boolean [0..1]
+ isSdp :Boolean [0..1]
+ isVirtual :Boolean [0..1]
+ minimalUsageExpected :Boolean [0..1]
+ nominalServiceVoltage :Voltage [0..1]
+ outageRegion :String [O..1] Interv alBlock
+ phaseCode :PhaseCode [0..1]
+ ratedCurrent :CurrentFlow [0..1]
+ ratedPower :ActivePower [0..1]
+ readCycle :String [0..1]
+ readRoute :String [0..1]
+ serviceDeliveryRemark :String [0..1]
+ servicePriority :String [0..1]
IntervalReading Reading
::BaseReading + reason :ReadingReasonKind [0..1]
+ reportedDateTime :DateTime [0..1] ::BaseReading
IdentifiedObject + source :String [0..1] + reportedDateTime :DateTime [0..1]
ReadingType + timePeriod :DateTimelnterval [0..1] + source :String [0..1]
+ value :String [0..1] + timePeriod :DateTimelnterval [0..1]
+ accumulation :String [0..1] -:MeasurementValue + value :String [0..1]
+ aggregate :String [0..1] + sensorAccuracy :PerCent [0..1] ::MeasurementValue
+ argument :RationalNumber[0..1] + timeStamp :DateTime{0..1] + sensorAccuracy :PerCent [0..1]
+ commodity :String [0..1] ::IdentifiedGbject + timeStamp :DateTime [0..1]
+ consumptionTier :Integer [0..1] + aliasName :String [0..1] ::ldentifiedObject
+ cpp :Integer[0..1] + mRID :String [0..1] + aliasName :String [0..1]
+ currency :String [0..1] + name :String [0..1] + mRID :String [0..1]
+ flowDirection :String [0..1] + name :String [0..1]
+ interharmonic :Readinginterharmonic [0..1]
+ macroPeriod :String [0..1]
+ measurementKind :String [0..1]
+ measuringPeriod :String [0..1]
+ multiplier :String [0..1]
+ phases :String [0..1] ReadingQuality
+ tou :Integer[0..1] i
+ unit :String [0..1] + comment :String [0..1]
+ source :String [0..1]
+ timeStamp :DateTime [0..1




Grid-lntermpm COSEM IEC 62056-6-1,2
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COSEM Class/Object Model

Class Methods Object Attribute Values
¢ class identifier Attributes Instantiation
v U v
Register class_id=3 [ S B Total Positive
logical_name: octet-string Y \\ AcHveEnSTgy: Reaister
value: instance specific \ logical_name =[1 1 1 8 0 255]
\ value = 1483
\
\
\
reset *
\
' /\
\w Total Positive
Reactive Energy: Register

logical_name =[1 13 8 0 255]
value = 57

\/

A COSEM meter is a list of
COSEM Objects each with
a unique class and

logical name

Class _ID:Name

Attributes

0x01:Data

0x03:Register

0x04:Extended
Register

0x05:Demand
Register

0x07:Profile
Generic

Contains data (Blue Book Section 4.3.1)
logical_name:octet-string Obis Code
value:CHOICE Contains the data value.
Contains register data (Blue Book Section 4.3.2)
logical_name:octet-string Obis Code
value:CHOICE Contains the data value.
scaler_unit: scale_unit_type

Contains register data with status and timestamp (Blue Book Section
43.3)

logical_name: Obis Code

value: Contains the data value

scaler_unit: scale_unit_type

status:CHOICE status of value

capture_time: octet-string

Contains demand register data with status and timestamp (Blue
Book Section 4.3.4)

logical_name: Obis Code
current_average_value:CHOICE
last_average_value:CHOICE

scaler_unit: scale_unit_type

status:CHOICE status of value

capture_time: octet-string
start_time_current:octet-string
period:double-long-unsigned
number_of_periods:long-unsigned

Load Profile (Blue Book Section 4.3.6)

logical_name: Obis Code

buffer:array contains the load profile readings (each one a class3 or
class4 or class5 object)

capture_objects: array (each one describes the contents of the
buffer and is of type capture_object_definition)
capture_period:double-long-unsigned seconds per interval
sort_method:enum

(1) fifo (first in first out),

(2) lifo (last in first out),
(3) largest,
4) smallest,
5) nearest_to_zero,
6) farest_from_zero

(
(
(

sort_object: capture_object_definition used to allow
sorting on a single subrecord structure item
entries_in_use:double-long-unsigned how many
entries in buffer are used profile_entries:double-
long-unsigned how many total records in buffer are
present




C12.19 Data Model ESPI Models Energy
Restricted by AEIC Usage Information

61968-9 defines

Meter Data Request

Guidelines The Payload of AMI

C12 ESPI CIM

Grid-Interop 2012



SEP2.0

C12

ESPI

CIM

IEC
62056
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e (C12.19 EDL Schema

— From PAPO6 schemas from FutureDos

 Sample C12.19 Data
— Built based on AEIC Guidelines
— Constrained to EUI

— Manually constructed in XMLSpy™

e XSLTs to Convert Data To and From the ESPI intermediate

— (C12.19 to ESPI
* C12ToESPl.xslt transforms to ESPI XML (Green Button)
* ESPIToC12.xslt transforms from ESPI to C12
— CIM to ESPI
* ESPIToCIM.xslt transforms from ESPI to CIM
*  CIMToESPI.xslt transforms from CIM to ESPI
— SEP to ESPI
*  ESPIToSEP.xslt transforms from ESPI to SEP2
*  SEPTOESPI.xslt transforms from SEP2 to ESPI
— COSEM/62056 to ESPI
* ESPIToCOSEM.xslt transforms from ESPI to COSEM
* COSEMTOESPI.xslt transforms from COSEM to ESPI

* SmartMeteringProcessor —small VBApp to invoke transformations

Grid-Interop 2012



or Version:.0.0.36 Date9/30/2012 14653 PM.

Help

.............................

| OpenData Folder |
Input XML Data File

15minLP _150ays xaml
SampleC12Data1 xml
SampleC120ata1Bad xml

Processing File

LAL x5
C12ToESPI_Annexk xsh
C12ToESP]_ProduceDemands xsh
C12ToESPI_Producel P Data xsh
C12ToESPI_ProduceSummations xsit
CIMToESIP xsh

Date Time Helpers xsk

ESPIRender_xsht1 xsh
ESPIToC12 xsh %

| Vaiidate Input XML Fie

‘ Translate

Grid-Interop 2012
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