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METHOD FOR USE IN DETERMINING THE MEASUREMENT FUNCTIONALITY OF
A METER

FIELD

The present disclosure relates to a method for use in determining the
measurement functionality of a meter for use with meters such as smart meters and, in
particular though not exclusively, for use with meters for metering any utility, such as
electricity, gas, water, sewage or the like. The present disclosure also relates to a model
for defining the measurement functionality of a meter and a method for obtaining

measurement data from a meter.

BACKGROUND

Modern electrical meters are capable of supporting 10s of thousands of distinct
measurement types. Accurately characterizing and distinguishing each measurement
type is a task required of any metrology specification applied to modern meters. EXxisting
metrology specifications such as IEC 61968-9, ANSI C12.19, or DLMS/COSEM each
provide methods of specifying and distinguishing many different measurement types.
However, some existing metrology specifications may only define a subset of all of the
possible measurement types that are supportable by a meter. Meter manufacturers
require a method for fully characterizing the set of measurement types a meter supports.
Meter manufacturers would also benefit from mapping equivalent measurement types
across multiple meter specifications. The number of meter specifications, the complexity
of the domain, and the difference in the data structures used by each specification
(ANSI’s tables, DLMS/COSEM's classes and OBIS codes and IEC CIM’s 18 Attribute
Reading Type Codes) make it difficult to create and maintain direct mappings across all

such meter specifications.

SUMMARY

According to an aspect of the present disclosure there is provided a method for
use in determining the measurement functionality of a meter, wherein the meter is
configured for measuring raw data at one or more measurement locations around a
system, wherein the measurement functionality of the meter defines the characteristics
of measurement data which is derivable from the raw data, and wherein the method

comprises:
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identifying a set of different measurement points supported by the meter, each
measurement point defining the one or more measurement locations, and identifying or
defining, for each measurement point, a corresponding name and a corresponding value
for each of one or more attributes of a code of a metrology specification;

identifying a set of different units of measure supported by the meter, each unit
of measure defining the unit of measure for the measurement data, and identifying or
defining, for each unit of measure, a corresponding name and a corresponding value for
each of one or more attributes of a code of the metrology specification;

identifying a set of different data types supported by the meter, each data type
defining a transformation for generating the measurement data from the raw data, and
identifying or defining, for each data type, a corresponding name and a corresponding
value for each of one or more attributes of a code of the metrology specification;

determining different combinations of measurement point, unit of measure, and
data type selected from the set of different measurement points, the set of different units
of measure, and the set of different data types respectively; and

determining, for each combination of measurement point, unit of measure, and
data type, a corresponding measurement type, and a corresponding code of the
metrology specification, wherein the corresponding measurement type comprises the
corresponding measurement point, the corresponding unit of measure, the
corresponding data type, and a corresponding measurement type name composed from
the name associated with the corresponding measurement point, the name associated
with the corresponding unit of measure, and the name associated with the corresponding
data type, and wherein the corresponding code of the metrology specification is
composed from the values of the code attributes associated with the corresponding
measurement point, the corresponding unit of measure, and the corresponding data
type.

Such a method may allow the functionality of a meter to be defined in terms of
the different measurement types supportable by the meter and to be mapped to a
metrology specification. Such a method may allow the functionality of any meter, for
example a meter of arbitrary complexity, to be fully specified.

Optionally, the metrology specification is the IEC 61968-9 metrology specification
and the code of the metrology specification is a reading type code defined according to
the IEC 61968-9 metrology specification.

Optionally, the metrology specification is the ANSI C12.19 metrology
specification and the code of the metrology specification is a code defined according to

a relational table structure of the ANSI C12.19 metrology specification.
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Optionally, the metrology specification is the COSEM metrology specification and
the code of the metrology specification is a class and/or a parameter defined according
to the COSEM metrology specification.

Such a method may allow the functionality of a meter to be defined in terms of
reading type codes of the IEC 61968-9 metrology specification, to be defined in terms of
codes defined according to a relational table structure of the ANSI C12.19 metrology
specification, or to be defined in terms of a class and/or a parameter defined according
to the COSEM metrology specification.

Optionally, determining the different combinations of measurement point, unit of
measure, and data type comprises:

defining a set of different measurement point groups, each measurement point
group including a different selection of one or more of the measurement points of the set
of different measurement points;

associating each unit of measure of the set of different units of measure with a
corresponding unit of measure class;

associating each data type of the set of different data types with a corresponding
data type class;

defining a set of different class/group combinations, each different class/group
combination comprising a different combination of measurement point group, unit of
measure class, and data type class; and

determining, for each class/group combination of the set of different class/group
combinations, all possible combinations of: i) the measurement points associated with
the class/group combination; ii) the units of measure associated with the class/group
combination; and iii) the data types associated with the class/group combination.

Optionally, the transformation defines an initial aggregation operation and one or
more functions, wherein the initial aggregation operation is performed on the raw data to
form base data, and wherein the one or more functions operate on the base data to
generate the measurement data.

Optionally, the meter is configured to perform the initial aggregation operation on
the raw data, for example by signal processing of the raw data.

Optionally, the initial aggregation operation comprises averaging the raw data
over an aggregation time interval.

Optionally, the initial aggregation operation comprises integrating the raw data

over an aggregation time interval.
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Optionally, the initial aggregation operation comprises selecting an instantaneous
raw data value, for example an instantaneous raw data value at the end of an
aggregation time interval.

Optionally, the initial aggregation operation comprises determining a count of
events derived from the raw data over an aggregation time interval.

Optionally, the raw data comprises raw time-series data.

Optionally, the base data comprises base time-series data.

Optionally, the measurement data comprises measurement time-series data.

Optionally, the raw time-series data comprises one or more arrays of raw time-
value pairs.

Optionally, the base time-series data comprises one or more arrays of base time-
value pairs.

Optionally, the measurement time-series data comprises one or more arrays of
measurement time-value pairs.

Optionally, each of the one or more functions which operate on the base data to
generate the measurement data comprises a time-series function.

Optionally, the method comprises:

identifying or defining, for each measurement point, a corresponding value for
each of one or more attributes of a further code of the further metrology specification;

identifying or defining, for each unit of measure, a corresponding value for each
of one or more attributes of a further code of the further metrology specification;

identifying or defining, for each data type, a corresponding value for each of one
or more attributes of a further code of the further metrology specification; and

determining, for each combination of measurement point, unit of measure, and
data type, the corresponding further code of the further metrology specification
composed from the values of the further code attributes associated with the
corresponding measurement point, the corresponding unit of measure, and the
corresponding data type.

Optionally, the further metrology specification is the IEC 61968-9 metrology
specification and the further code of the further metrology specification is a reading type
code defined according to the IEC 61968-9 metrology specification.

Optionally, the further metrology specification is the ANSI C12.19 metrology
specification and the further code of the further metrology specification is a code defined

according to a relational table structure of the ANSI C12.19 metrology specification.
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Optionally, the further metrology specification is the COSEM metrology
specification and the further code of the further metrology specification is a class and/or
a parameter defined according to the COSEM metrology specification.

Such a method may allow the functionality of a meter to be defined in terms of
the different measurement types supportable by the meter and to be mapped to the
metrology specification and to the further metrology specification.

Such a method may allow mapping between the codes of the metrology
specification and the further codes of the further metrology specification. In other words,
such a method may allow mapping of equivalent measurement types across multiple
metrology specifications. This may be particularly beneficial for meter manufacturers.

According to an aspect of the present disclosure there is provided a method for
use in identifying inter-operability between head end equipment and a meter, wherein
the head end equipment has a known functionality defined as a plurality of codes of a
given metrology specification, and wherein the method comprises:

using the method for use in determining the measurement functionality of a meter
as claimed in any preceding claim to determine the codes associated with the
measurement functionality of the meter for the same given metrology specification;

comparing the plurality of codes of the head end equipment with the determined
codes associated with the functionality of the meter; and

determining whether the head end equipment and the meter are inter-operable
based on the results of the comparison.

According to an aspect of the present disclosure there is provided a method for
obtaining measurement data from raw data measured by a meter, the method
comprising:

the method for use in determining the measurement functionality of a meter as
described above;

receiving a request for measurement data of a desired measurement type name
and/or of a desired code of a metrology specification;

determining whether the desired measurement type is supported by the meter by
comparing the desired measurement type name with each determined measurement
type name of the determined plurality of measurement type names and/or by comparing
the desired metrology specification code with each determined metrology specification
code of the determined plurality of metrology specification codes; and

responsive to determining that the desired measurement type name matches one
of the determined measurement type names and/or that the desired metrology

specification code matches one of the determined metrology specification codes,
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deriving the measurement data from the raw data according to the transformation defined
by the data type which corresponds to the determined measurement type name and/or
according to the transformation defined by the data type which corresponds to the
determined metrology specification code which matches the desired metrology
specification code.

Optionally, deriving the measurement data from raw data measured by the meter
according to the transformation comprises performing an initial aggregation operation on
the raw data to form base data and applying one or more functions to the base data to
generate the measurement data, wherein the one or more functions are defined
according to the transformation.

Optionally, the meter is configured to perform the initial aggregation operation on
the raw data, for example by signal processing of the raw data.

Optionally, the method comprises:

performing, at the meter, the initial aggregation operation on the raw data
measured by the meter to determine, at the meter, the base data;

using the one or more functions to derive, at the meter, the requested
measurement data from the base data; and

transmitting the derived measurement data from the meter to head end
equipment located remotely from the meter.

Optionally, the method comprises:

performing, at the meter, the initial aggregation operation on the raw data
measured by the meter to determine the base data;

transmitting the base data from the meter to head end equipment located
remotely from the meter; and

using the one or more functions to derive, at the head end equipment, the
requested measurement data from the base data.

According to an aspect of the present disclosure there is provided a model for
defining the measurement functionality of a meter, wherein the meter is configured for
measuring raw data at one or more measurement locations around a system, wherein
the model defines the characteristics of measurement data which is derivable from the
raw data, and wherein the model comprises a plurality of different measurement type
data objects, wherein each measurement type data object comprises:

a corresponding measurement point;

a corresponding unit of measure;

a corresponding data type; and
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a corresponding measurement type name composed from a name associated
with the corresponding measurement point, a name associated with the corresponding
unit of measure, and a name associated with the corresponding data type,

wherein the corresponding measurement point defines the corresponding
measurement location, the corresponding unit of measure defines the unit of measure
for the corresponding measurement data, and the corresponding data type defines a
corresponding transformation for generating the corresponding measurement data from
the corresponding raw data.

Optionally, the meter is configured to meter, and possibly also control, the flow of
electricity, gas, water or sewage.

According to an aspect of the present disclosure there is provided a method for
use in defining a measurement type supported by a meter, wherein the meter is
configured for measuring raw data at a measurement location of a system, wherein the
measurement type defines the characteristics of measurement data which is derivable
from the raw data, and wherein the method comprises:

defining a measurement type comprising a measurement point, a unit of
measure, a data type, and a measurement type name,

wherein the measurement point defines the measurement location,

wherein the unit of measure defines the unit of measure for the measurement
data,

wherein the data type defines a transformation for generating the measurement
data from the raw data, and

wherein the measurement type name is composed from a name associated with
the measurement point, a name associated with the unit of measure, and a name
associated with the data type.

Such a method may be used to define the data type of any measurement type
supported by the meter unambiguously in terms of the transformation.

Optionally, the transformation defines an initial aggregation operation and one or
more functions, wherein the initial aggregation operation is performed on the raw data to
form base data, and wherein the one or more functions operate on the base data to
generate the measurement data.

Optionally, the meter is configured to perform the initial aggregation operation on
the raw data, for example by signal processing of the raw data.

Optionally, the initial aggregation operation comprises averaging the raw data

over an aggregation time interval.
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Optionally, the initial aggregation operation comprises integrating the raw data
over an aggregation time interval.

Optionally, the initial aggregation operation comprises selecting an instantaneous
raw data value, for example an instantaneous raw data value at the end of an
aggregation time interval.

Optionally, the initial aggregation operation comprises determining a count of
events derived from the raw data over an aggregation time interval.

Optionally, the raw data comprises raw time-series data, the base data comprises
base time-series data, and the measurement data comprises measurement time-series
data.

Optionally, the raw time-series data comprises one or more arrays of raw time-
value pairs, the base time-series data comprises one or more arrays of base time-value
pairs, and the measurement time-series data comprises one or more arrays of
measurement time-value pairs.

Optionally, each of the one or more functions which operate on the base data to
generate the measurement data comprises a time-series function. Time-series functions
are mathematical operations performed on time-series data, which may comprise a list
or an array of time-value pairs. In reality, electrical meters operate on data continuously.
However, if a time-series function is applied to raw time-series data measured by the
meter, the mathematical result would be the same. Thus, it should be understood that
such a method treats the raw time-series data measured by the meter as a time-series
object upon which the one or more time-series functions can be applied. Such a method
enables the data type supported by the meter to be specified by identifying or specifying
the initial aggregation operation performed by the meter to generate the base time-series
data, and by specifying the one or more time-series functions performed upon the base
time-series data to generate the measurement time-series data.

Optionally, the method comprises defining a code of a metrology specification
corresponding to the measurement type wherein the code of the metrology specification
is composed from values of code attributes associated with the measurement point, the
unit of measure, and the data type.

Optionally, the metrology specification is the IEC 61968-9 metrology specification
and the code of the metrology specification is a reading type code defined according to
the IEC 61968-9 metrology specification.

Optionally, the metrology specification is the ANSI C12.19 metrology
specification and the code of the metrology specification is a code defined according to

a relational table structure of the ANSI C12.19 metrology specification.



WO 2024/206434

10

15

20

25

30

35

PCT/US2024/021665

9

Optionally, the metrology specification is the COSEM metrology specification and
the code of the metrology specification is a class and/or a parameter defined according
to the COSEM metrology specification.

According to an aspect of the present disclosure there is provided a method for
obtaining measurement data from raw data measured by a meter, the method
comprising:

the method for use in defining a measurement type supported by a meter as
described above;

receiving a request for measurement data of the measurement type name and/or
of a metrology specification code; and

deriving, in response to the request, the measurement data from the raw data
according to the transformation defined by the data type corresponding to the
measurement type name and/or corresponding to the metrology specification code.

Optionally, deriving the measurement data from the raw data comprises
performing an initial aggregation operation on the raw data to form base data and
applying one or more functions to the base data to generate the measurement data,
wherein the one or more functions are defined according to the transformation defined
by the data type.

Optionally, the meter is configured to perform the initial aggregation operation on
the raw data, for example by signal processing of the raw data.

Optionally, the method comprises:

performing, at the meter, the initial aggregation operation on the raw data
measured by the meter to determine, at the meter, the base data;

using the one or more functions to derive, at the meter, the measurement
data from the base data; and

transmitting the derived measurement data from the meter to head end
equipment located remotely from the meter.

Optionally, the one or more functions are stored in a memory of the meter.

Optionally, the method comprises:

performing, at the meter, the initial aggregation operation on the raw data
measured by the meter to determine, at the meter, the base data;

transmitting the base data from the meter to head end equipment located
remotely from the meter; and

using the one or more functions to derive, at the head end equipment, the
measurement data from the base data.
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Optionally, the one or more functions are stored in a memory of the head end
equipment.

According to an aspect of the present disclosure there is provided a method for
defining the measurement functionality of a meter, the method comprising defining a
plurality of different measurement types supported by a meter, wherein each
measurement type of the plurality of different measurement types is defined according
to the method as described above.

According to an aspect of the present disclosure there is provided a
measurement type data object for defining a measurement type supported by a meter,
wherein the meter is configured for measuring raw data at a measurement location of a
system, wherein the measurement type defines the characteristics of measurement data
which is derivable from the raw data, and wherein the measurement type data object
comprises:

a measurement point;

a unit of measure;

a data type; and

a measurement type name composed from a name associated with the
measurement point, a name associated with the unit of measure, and a name associated
with the data type,

wherein the measurement point defines the measurement location, the unit of
measure defines the unit of measure for the measurement data, and the data type
defines a transformation for generating the measurement data from the raw data.

Optionally, the meter is configured to meter, and optionally also to control, the
flow of electricity, gas, water or sewage.

It should be understood that any one or more of the optional features of any one
of the foregoing aspects of the present disclosure may be combined with any one or
more of the optional features of any of the other foregoing aspects of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
A method for use in determining the measurement functionality of a meter will
now be described by way of non-limiting example only with reference to the drawings of

which:

FIG. 1 is a schematic of a metering system;
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FIG. 2 is a flow chart illustrating a method for use in determining the measurement
functionality of a meter;

FIG. 3 is a flow chart illustrating the method for use in determining the measurement

functionality of a meter of FIG. 2 in more detalil;

FIG. 4A is a causal graph depicting a data type transformation which transforms base
time-series data called “averageBase” to intermediate time-series data called
“meanAggregatelnterval” and the transformation of the intermediate time-series data
“‘meanAggregatelnterval” to the measurement time-series data called

“maxAggregateMacroPeriod”;

FIG. 4B is a plot of the base time-series data “averageBase” of FIG. 4A;

FIG. 4C is a plot of the intermediate time-series data “meanAggregatelnterval” of FIG.
4A;

)

FIG. 4D is a plot of the measurement time-series data “maxAggregateMacroPeriod” of
FIG. 4A;

FIG. 5 is a causal graph depicting a first alternative data type transformation;

FIG. 6 is a causal graph depicting a second alternative data type transformation;

FIG. 7 is a causal graph depicting a third alternative data type transformation;

FIG. 8 is a causal graph depicting a fourth alternative data type transformation;

FIG. 9A shows an example set of measurement points for an electricity meter and the
corresponding value of the cimPhases attribute of the cim code of the IEC 61968-9
metrology specification;

FIG. 9B shows a plurality of different measurement point groups, each measurement

point group including a different selection of one or more of the measurement points of

the set of measurement points of FIG. 9A;
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FIG. 10A shows a first part of an example set of units of measure for an electricity meter
and the values of the corresponding cim code attributes of the IEC 61968-9 metrology
specification;

FIG. 10B shows a second part of the example set of units of measure of FIG. 10A;

FIG. 11A shows a first part of an example set of data types for an electricity meter and
the values of the corresponding cim code attributes of the IEC 61968-9 metrology

specification;

FIG. 11B shows a second part of the example set of data types of FIG. 11A;

FIG. 12 shows a set of different class/group combinations of measurement point group
(like those discussed with reference to FIG. 9B), unit of measure class (like those
discussed with reference to FIGS. 10A and 10B), and data type class (like those
discussed with reference to FIGS. 11A and 11B);

FIG. 13A is a screenshot of a first part of a Wolfram language environment during the
execution of a Wolfram language script for the “maximumMacro” class/group

combination of FIG. 12;

FIG. 13B is a screenshot of a second part of a Wolfram language environment during
the execution of a Wolfram language script for the “maximumMacro” class/group
combination of FIG. 12;

FIG. 13C is a screenshot of a third part of a Wolfram language environment during the
execution of a Wolfram language script for the “maximumMacro” class/group
combination of FIG. 12;

FIG. 13D is a screenshot of a fourth part of a Wolfram language environment during the
execution of a Wolfram language script for the “maximumMacro” class/group

combination of FIG. 12; and

FIG. 14 shows a selection of the measurement type names and cim codes corresponding

to the “maximumMacro” class/group combination of FIG. 12.
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DETAILED DESCRIPTION OF THE DRAWINGS

Referring initially to FIG. 1 there is shown a metering system generally
designated 2 including a plurality of meters 4 and head end equipment generally
designated 6. The plurality of meters 4 and the head end equipment 6 are configured to
communicate across a network 8, which may be wired and/or wireless. In the specific
example of the metering system 2 of FIG. 1, the metering system 2 may be configured
to meter, and possibly also control, the flow of electricity. It should be understood that,
in other embodiments, the metering system 2 may be configured to meter, and possibly
also control, the flow of any utility, such as gas, water, sewage or the like. The meters 4
may be the same or different.

Referring to FIG. 2 there is a shown a method generally designated 200 for use
in determining the measurement functionality of any one of the meters 4, wherein the
meter 4 is configured for measuring raw data at one or more measurement locations
around a system and wherein the measurement functionality of the meter 4 defines the
characteristics of measurement data which is derivable from the raw data. The method
200 includes:

identifying 202 a set of different measurement points supported by the meter 4,
each measurement point defining the one or more measurement locations, and
identifying or defining a corresponding name for each measurement point of the set of
different measurement points;

identifying 204 a set of different units of measure supported by the meter 4, each
unit of measure defining the unit of measure for the measurement data, and identifying
or defining a corresponding name for each unit of measure of the set of different units of
measure;

identifying 206 a set of different data types supported by the meter 4, each data
type defining a transformation for generating the measurement data from the raw data,
and identifying or defining a corresponding name for each data type of the set of different
data types:;

identifying 212, for each measurement point, a corresponding value of each of
one or more attributes of a code of a metrology specification;

identifying 214, for each unit of measure, a corresponding value of each of one
or more attributes of the code;

identifying 216, for each data type, a corresponding value of each of one or more
attributes of the code; and

determining 208 different combinations of measurement point, unit of measure,

and data type selected from the set of different measurement points, the set of different
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units of measure, and the set of different data types respectively and determining, for
each combination, a corresponding measurement type and a corresponding code of the
metrology specification, wherein the measurement type comprises the corresponding
measurement point, the corresponding unit of measure, the corresponding data type,
and a corresponding measurement type name composed from the name associated with
the corresponding measurement point, the name associated with the corresponding unit
of measure, and the name associated with the corresponding data type, and wherein the
corresponding code of the metrology specification is composed from the code attribute
values associated with the corresponding measurement point, the corresponding unit of
measure, and the corresponding data type.

As shown in more detail in FIG. 3, determining 208 the different combinations of
measurement point, unit of measure, and data type comprises:

defining 208a a set of different measurement point groups, each measurement
point group including a different selection of one or more of the measurement points of
the set of different measurement points;

associating 208b each unit of measure of the set of different units of measure
with a corresponding unit of measure class;

associating 208c each data type of the set of different data types with a
corresponding data type class;

defining 208d a set of different class/group combinations, each different
class/group combination comprising a different combination of measurement point
group, unit of measure class, and data type class; and

determining 208e, for each class/group combination of the set of different
class/group combinations, all possible combinations of: i) the measurement points
associated with the class/group combination; ii) the units of measure associated with the
class/group combination; and iii) the data types associated with the class/group
combination and, determining, for each combination, a corresponding measurement type
and a corresponding code of the metrology specification, wherein the measurement type
comprises the corresponding measurement point, the corresponding unit of measure,
the corresponding data type, and a corresponding measurement type name composed
from the name associated with the corresponding measurement point, the name
associated with the corresponding unit of measure, and the name associated with the
corresponding data type, and wherein the corresponding code of the metrology
specification is composed from the code attribute values associated with the
corresponding measurement point, the corresponding unit of measure, and the

corresponding data type.
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The steps of the second method 200 will now be described in more detail below
with reference to FIGS. 4A to 14 for the specific case of an electricity meter with reference
to the reading type codes or cim codes of the IEC 61968-9 metrology specification.

FIG. 4A illustrates how the data type defines a transformation for generating the
measurement data from the raw data. Each meter 4 performs initial signal processing
on the raw data to generate base data. Specifically, the raw data measured by any one
of the meters 4 comprises raw time-series data (i.e. an array of raw time-value pairs upon
which time series functions can be applied) and each meter 4 performs initial signal
processing on the raw time-series data to generate base time-series data. In general,
the base data represents a first aggregation of the raw data. The interval used for
aggregation of the raw data to generate the base data may differ across systems, so it
is unspecified. There are several types of base data which are defined by the initial
signal processing performed by the meter 4. The base data may represent an average
of sampled values over the interval, the integral of sampled values over the interval, an
instantaneous measurement (often the sample at the end of the interval), or a count of
events over the interval. These different types of base data are treated independently
because different time-series functions are applicable for each type.

The data type defines a time-series function, or a sequence of time-series
functions, which is/are applied to the base time-series data to generate the measurement
time-series data. For example, FIGS. 4A-4D illustrate the transformation defined by the
data type from base time-series data comprising average values at one minute intervals.
The base time-series data is first transformed to intermediate time-series data
comprising average values averaged over 15-minute intervals, and then transformed to
monthly maximum measurement time series data. More specifically, FIG. 4A is a causal
graph which depicts the transformation of one minute average base time-series data
called “averageBase” shown in FIG. 4B to fifteen minute average intermediate time-
series data called “meanAggregatelnterval” shown in FIG. 4C using a first time-series
function “TimeSeriesAggregate[input, 15 min, Mean]’ and the transformation of the
intermediate time-series data “meanAggregatelnterval” to the monthly maximum
measurement time-series data called “maxAggregateMacroPeriod” shown in FIG. 4D
using a second time-series function “TimeSeriesAggregate[input, Month, Max]”. Thus,
in order to specify the data types supported by a given meter 4, it is necessary to identify
the base time-series data generated by the meter 4, and to specify the transformations
performed upon the base time-series data. FIGS. 5, 6, 7 and 8 show four alternative
causal graphs illustrating the associated transformations for average, integrated,

instantaneous and count base time-series data respectively. It should be understood
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that the causal graphs of FIGS. 4A, 5, 6, 7 and 8 are not exhaustive, but that they
represent some of the most common data types supported by meters 4.

Referring now to FIG. 9A there is shown an example set of different measurement
points for an electricity meter and the corresponding value of the cimPhases attribute of
the cim code of the IEC 61968-9 metrology specification. It should be understood that
the different measurement points in FIG. 9A are derived from the meter manufacturer’s
specification. However, neither the cim code atiribute nor its value is specified in the
meter manufacturer’s specification. Consequently, the cim code attribute and its value
are derived from the units of measure specified in the meter manufacturer’s specification
using engineering knowledge. It should also be understood that the different
measurement points shown in FIG. 9A are not necessarily exhaustive. FIG. 9B shows
a plurality of different measurement point groups, each measurement point group
including a different selection of one or more of the measurement points of the set of
different measurement points of FIG. 9A. It should be understood that each
measurement point group is defined using engineering knowledge and represents a
common group of measurement locations encountered for an electrical distribution
system. It should also be understood that the different measurement point groups shown
in FIG. 9B are not necessarily exhaustive.

Referring now to FIGS. 10A and 10B there is shown an example set of different
units of measure for an electricity meter and the values of the corresponding cim code
attributes of the IEC 61968-9 metrology specification. It should be understood that the
different units of measure in FIGS. 10A and 10B are derived from the meter
manufacturer’s specification. However, neither the cim code attributes nor their values
are specified in the meter manufacturer’s specification. Consequently, the cim code
attributes and their values are derived from the units of measure specified in the meter
manufacturer’s specification using engineering knowledge. It should also be understood
that the different units of measure shown in FIGS. 10A and 10B are not exhaustive. It
should also be understood that each unit of measure is assigned to a corresponding unit
of measure class using engineering knowledge. For example, in FIGS. 10A and 10B, all
of the units of measure are assigned to the unit of measure class “threePhaseEnergy”.
It should be understood that each unit of measure class is defined using engineering
knowledge and that all of the units of measure relating to the same unit of measure class
are closely related. It should also be understood that although all of the units of measure
in FIGS. 10A and 10B are assigned to the unit of measure class “threePhaseEnergy”, in
reality, the example set of different units of measure may include many more units of

measure than those shown in FIGS. 10A and 10B and that different units of measure
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may be assigned to different unit of measure classes. In particular, units of measure
may be assigned to unit of measure classes including “threePhaseEnergy”,
“threePhasePower”, “calculatedNetEnergy”, “demandTimestamp”, “powerFactor” etc.
Referring now to FIGS. 11A and 11B there is shown an example set of different
data types for an electricity meter and the values of the corresponding cim code attributes
of the IEC 61968-9 metrology specification. It should be understood that the different
data types in FIGS. 11A and 11B are derived from the meter manufacturer's
specification. However, neither the cim code attributes nor their values are specified in
the meter manufacturer’s specification. Consequently, the cim code attributes and their
values are derived from the data types specified in the meter manufacturer’s specification
using engineering knowledge. It should also be understood that the different data types
shown in FIGS. 11A and 11B are not exhaustive. It should also be understood that each
data type is assigned to a corresponding data type class using engineering knowledge.
For example, in FIGS. 11A and 11B, the data types are assigned to different data type

« ”

classes including “integratedMacro”, “accumlutatingMacro”, “mme”, “meanVA”,

“minimumMacro”, “maximumMacro” and “meanMacro”. It should be understood that
each data type class is defined using engineering knowledge and that all of the data
types relating to the same data type class are closely related.

Referring now to FIG. 12 there is shown a set of different class/group
combinations of measurement point group (like those discussed with reference to FIG.
9B), unit of measure class (like those discussed with reference to FIGS. 10A and 10B),
and data type class (like those discussed with reference to FIGS. 11A and 11B). It should
be understood that the different class/group combinations shown in FIG. 12 are derived
from engineering knowledge of the operation of electricity meters at step 208d of the
method 200 of FIG. 3. It should also be understood that the set of different class/group
combinations shown in FIG. 12 are not necessarily exhaustive.

FIGS. 13A-13D are screenshots of different parts of a Wolfram language
environment during the execution of a Wolfram language script for the case of a single
one of the class/group combinations from FIG. 12 called “maximumMacro” which
corresponds to a combination of a measurement point group of “oneThroughFour”, a unit
of measure class of “threePhasePower” and a data type class of “maximumMacro”. The
different measurement points and their corresponding cim codes corresponding to
measurement point group “oneThroughFour”, the different units of measure and their
corresponding cim codes corresponding to unit of measure class “threePhasePower”,
and the different data types and their corresponding cim codes corresponding to data

type class “maximumMacro” are read into the Wolfram language environment as shown
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in Fig. 13A. All of the different members of the “maximumMacro” data type class, the
“threePhasePower” unit of measure class, and the “oneThroughFour” measurement
point group are listed as shown in FIG. 13B. All possible combinations of the different
measurement points and their corresponding cim codes corresponding to measurement
point group “oneThroughFour”, the different units of measure and their corresponding
cim codes corresponding to unit of measure class “threePhasePower”, and the different
data types and their corresponding cim codes corresponding to data type class
“maximumMacro” are then generated. The possible combinations of the different
measurement points corresponding to measurement point group “oneThroughFour”, the
different units of measure corresponding to unit of measure class “threePhasePower”,
and the different data types corresponding to data type class “maximumMacro” are
shown in Fig. 13C. As shown at FIG. 13D, for each combination of measurement point,
unit of measure, and data type class, measurement type names are then generated or
constructed from the name associated with the corresponding measurement point, the
name associated with the corresponding unit of measure, and the name associated with
the corresponding data type.

The measurement type names and cim codes for each combination of the
different measurement points corresponding to measurement point group
“oneThroughFour”, the different units of measure corresponding to unit of measure class
“threePhasePower”, and the different data types corresponding to data type class
“maximumMacro” corresponding to the “maximumMacro” class/group combination are
then stored. FIG. 14 shows a small selection of the measurement type names and ¢cim
codes for each combination of the different measurement points corresponding to
measurement point group “oneThroughFour”, the different units of measure
corresponding to unit of measure class “threePhasePower”, and the different data types
corresponding to data type class “maximumMacro” corresponding to the
“maximumMacro” class/group combination. FIG. 14 also shows the corresponding
“cimDescription” for each combination, where the cimDescription is generated by simply
transforming the numerical cim code values to their string enumerations as defined by
the IEC 61968-9 metrology specification. Accordingly, it should be understood that the
measurement type name and the “cimDescription” are equivalent for each combination.
It should be understood that FIG. 14 does not show all of the measurement type names
and cim codes corresponding to the “maximumMacro” class/group and that there may
be several hundred measurement type names and cim codes corresponding to the

“maximumMacro” class/group.
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The Wolfram language script is then used to generate and store all of the
measurement type names and cim codes corresponding to all of the other class/group
combinations defined in FIG. 12 so as to define the functionality of the meter 4 and the
corresponding set of cim codes.

It should be understood that the method for use in determining the measurement
functionality of a meter described above may not only fully define the functionality of the
meter than the manufacturers meter specification, but may also define the
corresponding cim code for each measurement type. Moreover, one of ordinary skill in
the art will understand that essentially the same method may be used to define the
measurement functionality of a meter in terms of codes of a metrology specification other
than the IEC 61968-9 metrology specification, for example in terms of codes of the ANSI
C12.19 metrology specification, or in terms of codes of the COSEM metrology
specification.

Furthermore, the same method may be used to define the corresponding codes
for each measurement type for a plurality of metrology specifications such as a plurality
of metrology specifications selected from the IEC 61968-9 metrology specification, the
ANSI C12.19 metrology specification, and the COSEM metrology specification to thereby
allow direct mappings to be created and maintained across different metrology
specifications. For example, the method may comprise:

identifying or defining, for each measurement point, a corresponding value for
each of one or more attributes of a further code of a further metrology specification;

identifying or defining, for each unit of measure, a corresponding value for each
of one or more attributes of a further code of the further metrology specification;

identifying or defining, for each data type, a corresponding value for each of one
or more attributes of a further code of the further metrology specification; and

determining, for each combination of measurement point, unit of measure, and
data type, the corresponding further code of the further metrology specification
composed from the values of the further code attributes associated with the
corresponding measurement point, the corresponding unit of measure, and the
corresponding data type.

The further metrology specification may be the IEC 61968-9 metrology
specification and the further code of the further metrology specification may be a reading
type code defined according to the IEC 61968-9 metrology specification.

The further metrology specification may be the ANSI C12.19 metrology

specification and the further code of the further metrology specification may be a code
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defined according to a relational table structure of the ANSI C12.19 metrology
specification.

The further metrology specification may be the COSEM metrology specification
and the further code of the further metrology specification may be a class and/or a
parameter defined according to the COSEM metrology specification.

Such a method may be used for determining inter-operability between a meter 4
and the head end equipment 6, wherein the functionality of the head end equipment 6 is
defined using codes of a given metrology specification. For example, for head end
equipment 6 having a functionality defined as a plurality of codes of a given metrology
specification, a method for use in identifying inter-operability between the head end
equipment 6 and the meter 4 of the metering system 2 may comprise:

using the method as described above to determine the codes associated with the
measurement functionality of the meter 4 for the same given metrology specification;

comparing the codes associated with the known functionality of the head end
equipment 6 and the determined codes associated with the determined measurement
functionality of the meter 4; and

determining whether the head end equipment 6 and the meter 4 are inter-
operable based on the results of the comparison.

The determined measurement types and/or the determined metrology
specification codes may be used to determine whether a desired measurement type is
supported by the meter and to obtain measurement data of the desired measurement
type from raw data measured by the meter.

For example, a method for obtaining measurement data from raw data measured
by a meter may comprise:

receiving a request for measurement data of a desired measurement type name
and/or of a desired code of a metrology specification;

determining whether the desired measurement type is supported by the meter by
comparing the desired measurement type name with each determined measurement
type name of the determined plurality of measurement type names and/or by comparing
the desired metrology specification code with each determined metrology specification
code of the determined plurality of metrology specification codes; and

responsive to determining that the desired measurement type name matches one
of the determined measurement type names and/or that the desired metrology
specification code matches one of the determined metrology specification codes,
deriving the measurement data from the raw data according to the transformation defined

by the data type which corresponds to the determined measurement type name which
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matches the desired measurement type name and/or according to the transformation
defined by the data type which corresponds to the determined metrology specification
code which matches the desired metrology specification code.

It should be understood that, when the meter 4 or head end equipment 6 receives
a request for a specific measurement type, the measurement data is determined by first
performing, at the meter, the initial aggregation operation on the raw data to calculate
the base data. As previously described with reference to the examples of the causal
graphs of FIGS. 4A, 5, 6, 7 and 8, the sequence of time-series functions that must then
be applied to calculate the requested measurement data from the base data is defined
by the sequence of time-series functions traversed from the base data vertex of the
relevant causal graph to the requested measurement data vertex of the relevant causal
graph. As discussed above, the method may fully define the functionality of the meter.
Put another way, the method may define all of the measurement types supported by the
meter thereby allowing measurement data of all of the measurement types supported by
the meter to be derived from raw data measured by the meter.

The meter 4 may use the relevant sequence of time-series functions to derive the
measurement data from the base data and the derived measurement data may be
transmitted from the meter 4 to the head end equipment 6. This may require the meter
4 to calculate and persist or store the base data and the measurement data, but may
avoid any requirement for the meter 4 to transmit the base data to the head end
equipment 6.

Alternatively, the base data may be transmitted from the meter 4 to the head end
equipment 6, and the head end equipment 6 may use the relevant sequence of time-
series functions to derive the measurement data from the base data. This may require
the meter 4 to calculate and persist or store the base data and for the base data to be
transmitted from the meter 4 to the head end equipment 6, but may avoid any
requirement for the meter 4 to derive the measurement data from the base data.

The method may comprise publicizing or indicating to a user of the meter 4 and/or
of the head end equipment 6 the determined measurement types to allow the user to
select which one or more measurement types should be used to derive the measurement
data from the raw data measured by the meter 4.

One of skill in the art will understand that the methods described above may be
used to generate a model for defining the measurement functionality of a meter, wherein
the meter is configured for measuring raw data at one or more measurement locations
around a system, wherein the model defines the characteristics of measurement data

which is derivable from the raw data, and wherein the model comprises a plurality of
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different measurement type data objects, wherein each measurement type data object
comprises:

a corresponding measurement point;

a corresponding unit of measure;

a corresponding data type; and

a corresponding measurement type name composed from a name associated
with the corresponding measurement point, a name associated with the corresponding
unit of measure, and a name associated with the corresponding data type,

wherein the corresponding measurement point defines the corresponding
measurement location, the corresponding unit of measure defines the unit of measure
for the corresponding measurement data, and the corresponding data type defines a
corresponding transformation for generating the corresponding measurement data from
the corresponding raw data.

One of ordinary skill in the art will also understand that various modifications are
possible to any of the methods described above. For example, although the methods
above for use in determining the measurement functionality of a meter are described in
the context of a meter 4 and metering system 2 for electricity, one of skill in the art will
understand that similar methods may be used for determining the measurement
functionality of a meter in the context of a meter 4 and a metering system 2 for any ultility,
such as gas, water, sewage or the like.

Although several specific initial aggregation operations are described above for
determining base data from raw data, the initial aggregation operations described are
not necessarily exhaustive and other initial aggregation operations are possible. For
example, rather than the base data representing an instantaneous measurement value
at the end of an aggregation interval, the base data may represent an instantaneous
measurement value at any defined time within the aggregation interval such as at the
beginning or at the middle of the aggregation interval.

The different sequences of time-series functions described with reference to
FIGS. 4A to 8 are not necessarily exhaustive.

The different measurement points described with reference to FIG. 9A are not
necessarily exhaustive. The different measurement point groups described with
reference to FIG. 9B are not necessarily exhaustive. The different units of measure
described with reference to FIGS. 10A and 10B are not necessarily exhaustive. The
different unit of measure classes described with reference to FIGS. 10A and 10B are not

necessarily exhaustive. The different data types described with reference to FIGS. 11A
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and 11B are not necessarily exhaustive. The different data type classes described with
reference to FIGS. 11A and 11B are not necessarily exhaustive.

It should be understood that the embodiments of the present disclosure are
illustrative only and that the claims are not limited to the embodiments. Those skilled in
the art will be able to make modifications to the embodiments of the present disclosure
and to contemplate alternatives to the embodiments which fall within the scope of the
appended claims. Each feature described above and/or shown in any of the
accompanying drawings may be incorporated in any embodiment, whether alone or in
any appropriate combination with any other feature described and/or shown in the
drawings. In particular, one of ardinary skill in the art will understand that one or more
of the features of an embodiment described above and/or shown in any of the
accompanying drawings may produce effects or provide advantages when used in
isolation from one or more of the other features of the same embodiment and that
different combinations of the features are possible other than the specific combinations
of the features of the embodiments described above and/or shown in any of the
accompanying drawings.

The skilled person will understand that in the preceding description and the
appended claims, positional terms such as ‘above’, ‘along’, ‘side’, etc. are made with
reference to the accompanying drawings. These terms are used for ease of reference
but are not intended to be limiting in nature. These terms are to be understood as
referring to an object when in an orientation as shown in the accompanying drawings.

Use of the term "comprising” when used in relation to a feature of an embodiment
does not exclude other features or steps. Use of the term "a" or "an" when used in
relation to a feature of an embodiment of the present disclosure does not exclude the
possibility that the embodiment may include a plurality of such features.

The use of reference signs in the claims should not be construed as limiting the
scope of the claims.
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CLAIMS

1. A method for use in determining the measurement functionality of a meter,
wherein the meter is configured for measuring raw data at one or more measurement
locations around a system, wherein the measurement functionality of the meter defines
the characteristics of measurement data which is derivable from the raw data, and
wherein the method comprises:

identifying a set of different measurement points supported by the meter, each
measurement point defining the one or more measurement locations, and identifying or
defining, for each measurement point, a corresponding name and a corresponding value
for each of one or more attributes of a code of a metrology specification;

identifying a set of different units of measure supported by the meter, each unit
of measure defining the unit of measure for the measurement data, and identifying or
defining, for each unit of measure, a corresponding name and a corresponding value for
each of one or more attributes of a code of the metrology specification;

identifying a set of different data types supported by the meter, each data type
defining a transformation for generating the measurement data from the raw data, and
identifying or defining, for each data type, a corresponding name and a corresponding
value for each of one or more attributes of a code of the metrology specification;

determining different combinations of measurement point, unit of measure, and
data type selected from the set of different measurement points, the set of different units
of measure, and the set of different data types respectively; and

determining, for each combination of measurement point, unit of measure, and
data type, a corresponding measurement type and a corresponding code of the
metrology specification, wherein the corresponding measurement type comprises the
corresponding measurement point, the corresponding unit of measure, the
corresponding data type, and a corresponding measurement type name composed from
the name associated with the corresponding measurement point, the name associated
with the corresponding unit of measure, and the name associated with the corresponding
data type, and wherein the corresponding code of the metrology specification is
composed from the values of the code attributes associated with the corresponding

measurement point, the corresponding unit of measure, and the corresponding data

type.

2. The method of claim 1,
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wherein the metrology specification is the IEC 61968-9 metrology specification
and the code of the metrology specification is a reading type code defined according to
the IEC 61968-9 metrology specification,

wherein the metrology specification is the ANSI C12.19 metrology specification
and the code of the metrology specification is a code defined according to a relational
table structure of the ANSI C12.19 metrology specification, or

wherein the metrology specification is the COSEM metrology specification and
the code of the metrology specification is a class and/or a parameter defined according

to the COSEM metrology specification.

3. The method of claim 1 or 2, wherein determining the different combinations of
measurement point, unit of measure, and data type comprises:

defining a set of different measurement point groups, each measurement point
group including a different selection of one or more of the measurement points of the set
of different measurement points;

associating each unit of measure of the set of different units of measure with a
corresponding unit of measure class;

associating each data type of the set of different data types with a corresponding
data type class;

defining a set of different class/group combinations, each different class/group
combination comprising a different combination of measurement point group, unit of
measure class, and data type class; and

determining, for each class/group combination of the set of different class/group
combinations, all possible combinations of: i) the measurement points associated with
the class/group combination; ii) the units of measure associated with the class/group
combination; and iii) the data types associated with the class/group combination.

4. The method of any preceding claim, wherein each transformation defines a
corresponding initial aggregation operation and one or more corresponding functions,
wherein the corresponding initial aggregation operation is performed on the raw data to
form base data, and wherein the one or more corresponding functions operate on the

base data to generate the measurement data.

5. The method of claim 4, wherein the meter is configured to perform the initial

aggregation operation on the raw data, for example by signal processing of the raw data.
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6. The method of claim 4 or 5, wherein the initial aggregation operation comprises:
averaging the raw data over an aggregation time interval;
integrating the raw data over an aggregation time interval;
selecting an instantaneous raw data value, for example an instantaneous raw
data value at the end of an aggregation time interval; or
determining a count of events derived from the raw data over an aggregation time

interval.

7. The method of any one of claims 4 to 6, wherein the raw data comprises raw
time-series data, the base data comprises base time-series data, and the measurement
data comprises measurement time-series data, for example wherein the raw time-series
data comprises one or more arrays of raw time-value pairs, the base time-series data
comprises one or more arrays of base time-value pairs, and the measurement time-

series data comprises one or more arrays of measurement time-value pairs.

8. The method of claim 7, wherein each of the one or more functions which operate

on the base data to generate the measurement data comprises a time-series function.

9. The method of any preceding claim, comprising:
identifying or defining, for each measurement point, a corresponding value for
each of one or more attributes of a further code of a further metrology specification;
identifying or defining, for each unit of measure, a corresponding value for each
of one or more attributes of a further code of the further metrology specification;
identifying or defining, for each data type, a corresponding value for each of one
or more attributes of a further code of the further metrology specification; and
determining, for each combination of measurement point, unit of measure, and
data type, the corresponding further code of the further metrology specification
composed from the values of the further code attributes associated with the
corresponding measurement point, the corresponding unit of measure, and the

corresponding data type.

10. The method of claim 9,
wherein the further metrology specification is the IEC 61968-9 metrology
specification and the further code of the further metrology specification is a reading type

code defined according to the IEC 61968-9 metrology specification,



WO 2024/206434

10

15

20

25

30

35

PCT/US2024/021665

27

wherein the further metrology specification is the ANSI C12.19 metrology
specification and the further code of the further metrology specification is a code defined
according to a relational table structure of the ANSI C12.19 metrology specification, or

wherein the further metrology specification is the COSEM metrology specification
and the further code of the further metrology specification is a class and/or a parameter

defined according to the COSEM metrology specification.

11. A method for use in identifying inter-operability between head end equipment and
a meter, wherein the head end equipment has a known functionality defined as a plurality
of codes of a given metrology specification, and wherein the method comprises:

using the method for use in determining the measurement functionality of a meter
as claimed in any preceding claim to determine the codes associated with the
measurement functionality of the meter for the same given metrology specification;

comparing the plurality of codes of the head end equipment with the determined
codes associated with the functionality of the meter; and

determining whether the head end equipment and the meter are inter-operable

based on the results of the comparison.

12. A method for obtaining measurement data from raw data measured by a meter,
the method comprising:

the method for use in determining the measurement functionality of a meter of
any one of claims 1 to0 10;

receiving a request for measurement data of a desired measurement type name
and/or of a desired code of a metrology specification;

determining whether the desired measurement type is supported by the meter by
comparing the desired measurement type name with each determined measurement
type name of the determined plurality of measurement type names and/or by comparing
the desired metrology specification code with each determined metrology specification
code of the determined plurality of metrology specification codes; and

responsive to determining that the desired measurement type name matches one
of the determined measurement type names and/or that the desired metrology
specification code matches one of the determined metrology specification codes,
deriving the measurement data from the raw data according to the transformation defined
by the data type which corresponds to the determined measurement type name which

matches the desired measurement type name and/or according to the transformation
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defined by the data type which corresponds to the determined metrology specification
code which matches the desired metrology specification code.

13. The method of claim 12, wherein deriving the measurement data from raw data
measured by the meter according to the transformation comprises performing an initial
aggregation operation on the raw data to form base data and applying one or more
functions to the base data to generate the measurement data, wherein the one or more

functions are defined according to the transformation.

14. The method of claim 13, wherein the meter is configured to perform the initial

aggregation operation on the raw data, for example by signal processing of the raw data.

15. The method of any one of claims 12 to 14, comprising:

performing, at the meter, the initial aggregation operation on the raw data
measured by the meter to determine, at the meter, the base data;

using the one or more functions to derive, at the meter, the requested
measurement data from the base data; and

transmitting the derived measurement data from the meter to head end

equipment located remotely from the meter.

16. The method of any one of claims 12 to 14, comprising:

performing, at the meter, the initial aggregation operation on the raw data
measured by the meter to determine the base data;

transmitting the base data from the meter to head end equipment located
remotely from the meter; and

using the one or more functions to derive, at the head end equipment, the
requested measurement data from the base data.

17. A model for defining the measurement functionality of a meter, wherein the meter
is configured for measuring raw data at one or more measurement locations around a
system, wherein the model defines the characteristics of measurement data which is
derivable from the raw data, and wherein the model comprises a plurality of different
measurement type data objects, wherein each measurement type data object comprises:
a corresponding measurement point;
a corresponding unit of measure;

a corresponding data type; and
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a corresponding measurement type name composed from a name associated
with the corresponding measurement point, a name associated with the corresponding
unit of measure, and a name associated with the corresponding data type,

wherein the corresponding measurement point defines the corresponding
measurement location, the corresponding unit of measure defines the unit of measure
for the corresponding measurement data, and the corresponding data type defines a
corresponding transformation for generating the corresponding measurement data from

the corresponding raw data.

18. The method for use in determining the measurement functionality of a meter of
any one of claims 1 to 10, the method for use in identifying inter-operability between
head end equipment and a meter of claim 11, the method for obtaining measurement
data from raw data measured by a meter of any one of claims 12 to 16, the model for
defining the measurement functionality of a meter of claim 17, wherein the meter is
configured to meter, and possibly also control, the flow of electricity, gas, water or

sewage.

19. A method for use in defining a measurement type supported by a meter, wherein
the meter is configured for measuring raw data at a measurement location of a system,
wherein the measurement type defines the characteristics of measurement data which
is derivable from the raw data, and wherein the method comprises:

defining a measurement type comprising a measurement point, a unit of
measure, a data type, and a measurement type name,

wherein the measurement point defines the measurement location,

wherein the unit of measure defines the unit of measure for the measurement
data,

wherein the data type defines a transformation for generating the measurement
data from the raw data, and

wherein the measurement type name is composed from a hame associated with
the measurement point, a name associated with the unit of measure, and a name

associated with the data type.

20. The method of claim 19, wherein the transformation defines an initial aggregation
operation and one or more functions, wherein the initial aggregation operation is
performed on the raw data to form base data, and wherein the one or more functions

operate on the base data to generate the measurement data.
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21. The method of claim 20, wherein the meter is configured to perform the initial
aggregation operation on the raw data, for example by signal processing of the raw data.

22. The method of claim 20 or 21, wherein the initial aggregation operation
comprises:

averaging the raw data over an aggregation time interval;

integrating the raw data over an aggregation time interval;

selecting an instantaneous raw data value, for example an instantaneous raw
data value at the end of an aggregation time interval; or

determining a count of events derived from the raw data over an aggregation time

interval.

283. The method of any one of claims 20 to 22, wherein the raw data comprises raw
time-series data, the base data comprises base time-series data, and the measurement

data comprises measurement time-series data.

24. The method of claim 23, wherein the raw time-series data comprises one or more
arrays of raw time-value pairs, the base time-series data comprises one or more arrays
of base time-value pairs, and the measurement time-series data comprises one or more

arrays of measurement time-value pairs.

25. The method of any one of claims 20 to 24, wherein each of the one or more
functions which operate on the base data to generate the measurement data comprises
a time-series function.

26. The method of any one of claims 19 to 25, comprising defining a code of a
metrology specification corresponding to the measurement type wherein the code of the
metrology specification is composed from values of code attributes associated with the

measurement point, the unit of measure, and the data type.

27. The method of claim 26, wherein the metrology specification is the IEC 61968-9
metrology specification and the code of the metrology specification is a reading type
code defined according to the IEC 61968-9 metrology specification,
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wherein the metrology specification is the ANSI C12.19 metrology specification
and the code of the metrology specification is a code defined according to a relational
table structure of the ANSI C12.19 metrology specification, or

wherein the metrology specification is the COSEM metrology specification and
the code of the metrology specification is a class and/or a parameter defined according
to the COSEM metrology specification.

28. A method for obtaining measurement data from raw data measured by a meter,
the method comprising:

the method for use in defining a measurement type supported by a meter of any
one of claims 19 to 27;

receiving a request for measurement data of the measurement type name and/or
of a metrology specification code; and

deriving, in response to the request, the measurement data from the raw data
according to the transformation defined by the data type corresponding to the

measurement type name and/or corresponding to the metrology specification code.

29. The method of claim 28, wherein deriving the measurement data from the raw
data comprises performing an initial aggregation operation on the raw data to form base
data and applying one or more functions to the base data to generate the measurement
data, wherein the one or more functions are defined according to the transformation
defined by the data type.

30. The method of claim 29, wherein the meter is configured to perform the initial
aggregation operation on the raw data, for example by signal processing of the raw data.

31. The method of claim 29 or 30, comprising:

performing, at the meter, the initial aggregation operation on the raw data
measured by the meter to determine, at the meter, the base data;

using the one or more functions to derive, at the meter, the measurement data
from the base data; and

transmitting the derived measurement data from the meter to head end

equipment located remotely from the meter.

32. The method of claim 31, wherein the one or more functions are stored in a

memory of the meter.
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33.  The method of claim 29 or 30, comprising:

performing, at the meter, the initial aggregation operation on the raw data
measured by the meter to determine, at the meter, the base data;

transmitting the base data from the meter to head end equipment located
remotely from the meter; and

using the one or more functions to derive, at the head end equipment, the

measurement data from the base data.

34. The method of claim 33, wherein the one or more functions are stored in a

memory of the head end equipment.

35. A method for defining the measurement functionality of a meter, the method
comprising defining a plurality of different measurement types supported by a meter,
wherein each measurement type of the plurality of different measurement types is

defined according to the method as claimed in any one of claims 19 to 27.

36. A measurement type data object for defining a measurement type supported by
a meter, wherein the meter is configured for measuring raw data at a measurement
location of a system, wherein the measurement type defines the characteristics of
measurement data which is derivable from the raw data, and wherein the measurement
type data object comprises:

a measurement point;

a unit of measure;

a data type; and

a measurement type name composed from a name associated with the
measurement point, a name associated with the unit of measure, and a name associated
with the data type,

wherein the measurement point defines the measurement location, the unit of
measure defines the unit of measure for the measurement data, and the data type

defines a transformation for generating the measurement data from the raw data.

37. The method for use in defining a measurement type supported by a meter of any
one of claims 19 to 27, the method for obtaining measurement data from a meter of any
one of claims 28 to 34, the method for defining the measurement functionality of a meter

of claim 35, or the measurement type data object of claim 36, wherein the meter is
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configured to meter, and optionally also to control, the flow of electricity, gas, water or
sewage.



