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AN ELECTRICITY METER AND AN ADAPTOR MODULE THEREFOR

This disclosure relates to electricity meters for recording the electric energy con-
sumption and an adaptor module therefor. More specifically, the disclosure re-
lates to an electricity meter, which records the electric energy consumption and is
capable of communicating data over power cabling. In particular, the disclosure is

directed to a versatile adaptor module for the electricity meter.

BACKGROUND

Smart metering technology takes more and more important role in the field of the
metering, because both utilities and the end users consuming the electric energy
benefit from this technology. Smart meters allow the utilities automatically and
remotely accessing meter information, for example not only the electric energy
consumed by the end users but also the distribution of the electric energy con-
sumption depending on time of the day or seasons. The operating conditions of
the meters installed at the end user can also be monitored remotely by the utilities.

The end user may in turn obtain information from the utility more frequently.

For providing these functionalities, electricity meters rely on a reliable and secure
two-way communication. Different communication technologies have been eval-
uated to be applied in an electricity meter. Communication over power cabling is
one of the promising technologies. By communicating the data over the power
cabling, no additional wiring or fiber for communication is needed. The utilities

benefit from the existing infrastructure, the power cabling network. Therefore,
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the installation cost, maintenance cost for the communication network can be

reduced.

The communication over power cabling provides a two-way communication. For
transmitting the data, the data signal is modulated on a carrier signal and coupled
to the power cabling, while for receiving the data the modulated data signal is
first decoupled from the power cabling and then demodulated. In recent years,
this communication technology finds a plurality of applications in different areas.
Today, the communication over power cabling is a well-established technology. In
particular, the recently developed G3-PLC standard supports highly reliable and
secure communication over power cabling. The G3-PLC may operate different
frequency bands allocated for different countries. For example, CENELEC A band
having a frequency range between 35 kHz to 91 kHz, CENELEC B band having a
frequency range between 98 kHz to 135 kHz, ARIB band having a frequency
range between 155 kHz to 403 kHz, and FCC band having a frequency range
between 155 kHz to 487 kHz. CENELEC A band and CENELEC B band are appli-
cable in Europe, while ARIB band and FCC band are applicable in Japan, USA and

other countries, respectively.

WO 2012/040476 discloses coupling circuits for power line communication de-
vices. A power line communication device may comprise a processor and a cou-
pling circuit coupled to the processor. The coupling circuit may in turn comprise a
transmitter path and a receiver path. In some implementations, the transmitter
path may include a first amplifier, a first capacitor coupled to the first amplifier, a

first transformer coupled to the first capacitor, and a plurality of line interface
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coupling circuits coupled to the first transformer, wherein each of the line inter-
face coupling circuits is configured to be connected to a different phase of an

electrical power circuit.

WO 2009/000869 relates to a distributor power line communication system.
The system comprises a communication server sending and receiving messages
over a telecommunication network, a power distribution substation to which a
power distribution network towards end users is connected, at least one gateway
transferring messages from the telecommunication network onto the power dis-
tribution network in a predetermined frequency band, a plurality of smart meter-
ing devices at end user mains networks for measuring power consumption and
comprising a power line communication modem sending and receiving messages
within the predetermined frequency band over the power distribution network,
power line communication filters on power lines connecting the power distribu-
tion network and the end user mains networks and on power lines connecting the
power distribution network to the power distribution substation, each filter block-

ing frequencies within the predetermined frequency band.

SUMMARY

It is an objective of this invention to provide an electricity meter and an adaptor
module for the electricity meter which overcome at least some of the drawbacks

known from the prior art.
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It is a further objective of the invention to provide an electricity meter and an
adaptor module for the electricity meter, which are versatile configurable in an

efficient manner and at low cost.

According to the present invention, these objectives are achieved through the fea-
tures of the independent claims. In addition, further advantageous embodiments

follow from the dependent claims and the description.

According to the present invention, the above mentioned objectives are particu-
larly achieved in that an electricity meter comprises a metering unit, a communi-
cation unit and a processing unit. The metering unit is applied for determining the
electric energy consumption. The communication unit is applied for communi-
cating data signals within a communication band over power cabling. The pro-
cessing unit is applied for controlling the metering unit and the communication
unit. The communication unit is configured to adapt the communication band to
the communication environment. The electricity meter may be applied in different
communication environments, for example, allocated communication frequencies
for communication over power cabling may be different in different countries,
different utilities may require different frequencies for the communication over
power cabling, in different surroundings the communication quality of different
frequency bands may also vary. Since the communication unit is configured to
adapt the communication band to the communication environment, the electricity
meter may be installed in different location without a modification of the hard-

ware of the electricity meter.
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In some embodiments, a plurality of frequency bands are allocated as communi-
cation bands for communication aver power cabling. The electricity meter is con-
figured to switch from one of the allocated frequency bands to another allocated
frequency band depending on the communication environment. The allocated
frequency bands are CENELEC A, CENELEC B, FCC, ARIB and a combination of any
of the previous. In different countries, different frequency bands are allocated for
a communication over power cabling. When smart electricity meters are installed
in different countries, the communication unit must be able to communicating the
data signals within the frequency band allocated to different countries. Further-
more, the preferred frequency bands for a communication over power cabling are
different from utility to utility. One prefers a communication in for example
CENELEC A band, another one prefers a communication in FCC band or other fre-
quency band. Moreover, a smart electricity meter may be installed in a meter
reading system including a plurality of electricity meters and other electric devices,
for example a concentrator. The concentrator may be configured to communicate
over power cabling within a defined allocated frequency band. if the communica-
tion unit is configured to be able to switch from one of the allocated frequency
band to another allocated frequency band depending on the communication envi-
ronment, the electricity meter may be applied for different countries and for dif-
ferent utilities or meter reading systems without modifying its hardware. In addi-
tion, depending on the places, where the electricity meter is installed, the quality
of communication within different allocated frequency bands is different depend-
ing on the other signals present in the proximity. If the quality of communication

over power cabling within an allocated frequency band is bad, the communication
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unit is configured to switch from this allocated frequency band to another allocat-
ed frequency band. In this way, the quality of communication over power cabling
can be optimized and a good quality of communication over power cabling is en-

sured.

The communication unit is preferred configured to switch from one frequency
band to another frequency band depending on the communication environment.
In one variant, this switching may occur automatically and adapts the frequency
band for communication of the communication unit to the requirement regarding
the communication frequency band for e.g. different locations, different utilities

and different meter reading systems.

Alternatively or in combination of a foresaid determining requirement, the adap-
tion is depending on the optimized technical communication quality with the
power cabling {e.g. in certain surroundings communication within CENELEC band
might provide more stable communication than within FCC band or other fre-
quency band, or vice versa). Namely, the intelligent switching depending on the
communication quality allows a dynamic switching solution with a complex com-
munication. This intelligent switching can be done manually or by remotely signal
or in some applications also automatically using self-learning or auto-detecting

logic module.

In some embodiments, the communication unit comprises a signal processing unit,
a switch being connected to the signal processing unit, and a control module for

controlling the switch. The signal processing unit has at least two operation modi
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depending on the state of the switch controlled by the contr.ol module. In a first
operation mode, the signal processing unit selects electrical signals from a first
frequency band and couples the selected electrical signals to a power cabling. In a
second operation mode, the signal processing unit selects electrical signals from a
second frequency band and couples the selected electrical signals to the power
cabling. In a preferred embodiment, the first frequency band and the second fre-
guency band are one of the allocated frequency bands for a communication over
power cabling. This has the advantage, that a versatile design of the electricity

meter can be achieved.

According to the present invention, the above mentioned objectives are particu-
farly achieved in that an adaptor module for an electricity meter comprises a signal
processing unit, a switch being connected to the signal processing unit and a con-
trol module for controlling the switch. The signal processing unit has at least two
operation modi depending on the state of the switch controlled by the control
module. In a first operation mode, the signal processing unit selects electrical sig-
nals from a first frequency band and couples the selected signals to the power
cabling. In a second operation mode, the signal processing unit selects electrical
signals from a second frequency band and couples the selected signals to the

power cabling.

In some embodiments, in the first operation mode, the signal processing unit
forms a band-pass filter to pass the electrical signals within the first frequency
band. In the second mode, the signal processing unit forms a high-pass filter to

pass the electrical signals within a second frequency band.
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In some embodiments, the first frequency band and the second frequency band
are one of the allocated frequency bands for a communication over power cabling,

for example, CENELEC A, CENELEC B, FCC and ARIB.

In a preferred embodiment, the first frequency band is CENELEC A band and the

second frequency band is FCC band, or vice versa.

In some embodiments, the control module is configured to generate a control

signal for contralling the switch based on a configuration signal.

In a variant, the configuration signal is initiated by an initiation signal, which is
transmitted over a power cabling or a radio communication channel. The initiation
signal is generated for example by a meter reading system including an electricity
meter wherein the adaptor module is installed. The initiation signal is transmitted
over a power cabling or a radio communication channel to the electricity meter,
wherein the adaptor module is installed. The operation modi of the processing
unit may be remotely controlled. Therefore, the adaptor moduie may be remotely
adapted to communicating over power cabling within a defined freguency band

in an efficient manner.

In an alternative variant, the configuration signal may be generated dynamicallly.
A logic module may be functionally connected to the control module or a pro-
cessing unit of an electricity meter wherein the adaptor module is installed. The
logic module may be self-learning and/or auto-detecting and may generate a

configuration signal. Hence, an intelligent switching from one communication
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frequency band to another frequency band can be achieved. This provides an op-
timal communication regarding the communication quality and versatile applica-
tions, for example independency of communication frequency band requirements
on different countries, utilities and the devices connected in the same meter read-

ing system.

In some embodiments, the switch is a relay, preferably an optoisolated relay.

In one variant, the signal processing unit comprises a first resistor, a first capacitor,
a second capacitor and a first inductor, wherein the first capacitor, the second
capacitor, and the first inductor are connected in series with the first inductor ar-
ranged between the first capacitor and the second capacitor, wherein the first

resistor is connected in paralle! to the first inductor.

in a preferred embodiment, the signal processing unit is configured to switch
from the first operation mode to the second operation mode by shunting the first
inductor. In one variant, the switch connected to the processing unit is controlled
to the closed state and the first inductor is shunt. In this manner, the adaptor
module or an electricity meter including the adaptor module may switch the
communication frequency for power cabling communication from a first frequen-

cy band to a second frequency band.
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BRIEF DESCRIPTION CF THE DRAWINGS

In order to describe the manner in which advantages and features of the disclo-
sure can be obtained, in the following a more particular description of the princi-
ples briefly described above will be rendered by reference to specific embodi-
ments thereof which are illustrated in the appended drawings. These drawings
depict only exemplary embodiments of the disclosure and are not therefore to be

considered to be limiting of its scope.

Fig. 1 illustrates a schematic diagram of an electricity meter;
Fig. 2 illustrates a schematic diagram of an adaptor module for an electricity meter;
Fig. 3 illustrates one exemplary implementation of remotely controlling a switch

included in the adaptor module;

Fig. 4 itlustrates one exemplary implementation of a signal processing unit applied

in the adaptor module; and

Fig. 5 illustrates one exemplary implementation of the signal processing unit with a

two-state switch;

DESCRIPTION

Fig. 1 shows a schematic diagram of an electricity meter 1, which comprises a
metering unit 2, a communication unit 3 and a processing unit 4. The metering

unit 2 measures for example current and voltage to determine the electric power
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and the energy consumption- or production. The communication unit 3 com-
municates data signals such as the determined electric energy consumption or
production, diagnostic data of the electricity meter 1 and information data from
and to the utitities, within a communication band over power cabling 5. The pro-

cessing unit controls the metering unit 2 and the communication unit 3.

A plurality of frequency bands are allocated as communication bands for commu-
nication over power cabling 5. The electricity meter 1 is configured to switch from
one of the allocated frequency bands to another allocated frequency band de-

pending on the communication environment.

In one embodiment as shown in Fig. 1 the communication unit includes a modula-
tion/demodulation module to modulate/demodulate the data signals on a carrier
signal, an analog front end and an adaptor module. The switching of the frequen-
cy band is in particular achieved by operating the adaptor module in two opera-

tion modi.

Fig. 2 shows a schematic diagram of an adaptor moduie 10 for an electricity me-

ter according to the disclosure. The reference number 10 refers to the adaptor
module 10, which comprises a signal processing unit 11, a switch 12 and a con-
trol modufe 13. Since the adaptor module 10 is designed to be applied for com-
munication over power cabling 5, The terminal 2 of the signal processing unit 11
is connected to a power cabling 5 having a voltage of for example 230 volt or
110 volt depending on the country of operation. The terminal 1 of the signal pro-

cessing unit 11 is connected to the analog front end 14. The signal processing
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unit 11 selects the electrical signals having a frequency within a defined frequency
band and couples the selected electrical signals to the power cabling 5 and vice
versa. As shown in Fig. 2, a switch 12 is connected to the signal processing unit
11 and a control module 13 is applied to control the switch 12. In order to pro-
vide a versatile adaptor module 10, the signal processing unit 11 has at least two
operation medi, which depend on the state of the switch 12. The switch has at
least two states. Depending on the number of operation modi of the signal pro-
cessing unit 11, a suitable switch having at least the same number of states is to

be used.

In one embodiment, the signal processing unit 11 has two operation modi, a
switch 12 with two states is chosen. The control module 13 generates a control
signal 36 to control the switch 12 changing from a first state to a second state. In
a first operation modi, the signal processing unit 11 selects the electrical signals
having a frequency within a first frequency band and couples the selected signal
to the power cabling and vice versa. In a second maodi, the signal processing unit
11 selects electrical signals having a frequency within a second frequency band
and couples the selected signal to power cabling 5 and vice versa. The first fre-
quency band may be for example CENELEC A frequency band and the second fre-
quency band may be for example FCC frequency band and vice versa. To operate
the signal processing unit 11 in the first mode, the switch 12 is controlled to a first
state. To operate the signal processing unit 11 in the second mode, the switch 12
is controlled to a second state. The control module 13 is configured to generate a
switch control signal 36 based on a configuration signal 35. As shown in Fig. 2,

the control module 13 includes at least one input terminal Cin for receiving the
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configuration signal 35 and an output terminal Cout for providing the switch con-
trol signal 36 to control the switch 12. As will be described later in more detail,
the configuration signal 35 can be generated locally or remotely. Furthermore,

the configuration signal 35 can be generated dynamically.

In a variant, the configuration signal 35 is generated by a configuration tool,
which is for example utilized by a service technician for installation or reconfigura-
tion of a metering device, wherein the adaptor module 10 is installed. The config-
uration tool may be a software module, a hardware module, or a combination
thereof. Furthermare, the configuration tool may be an external device or a part
of the electricity meter which includes the adaptor module 10. In case the adaptor
module 10 is installed in an electricity meter, the configuration tool may be ar-
ranged in the electricity meter or connected externally to the electricity meter.
After receiving the configuration signal 35, the control module 13 generates the
control signal 36 to control the switch 12 to one of the states. The control module

13 may be a software module, a hardware module, or a combination thereof.

Fig. 3 illustrates a variant of remotely generating the configuration signal 35. In
this case, the configuration signal 35 is initiated by an initiation signal 37 gener-
ated for example by a meter reading system 6. The initiation signal 37 is transmit-
ted over power cabling 5 or a radio communication channel to the electricity me-
ter, wherein the adaptor module 10 is installed. Based on the received initiation
signal 37, the eleciricity meter set the configuration signal 35 for the control
module 13. For example, the processing unit included in the electricity meter may

provide this function.
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In an alternative configuration, this embodiment may include a logic module (not
shown in the figures) functionally connected to the control module 13 or pro-
cessing unit 4 of the electricity meter 1 wherein the adaptor module is installed.
The logic module may be self-learning and /or auto-detecting and may generate a
configuration signal 35. In this way, the configuration signal 35 is dynamically

generated.

Fig. 4 illustrates one embodiment of the implementation of the adaptor module
10. It is to be mentioned that the embodiment presented herein describes merely
one example of hardware implementing the signal processing unit 11. However,
one skilled in the art will understand that different circuit implementations are
possible, which provide the same functionality. As shown in Fig. 4, the signal pro-
cessing unit 11 comprises a first resistor 23, a first capacitor 21, a second capaci-
tor 22, and a first inductor 25. The first capacitor 21 and the second capacitor 22
are connected in series with the first inductor 25 being arranged between the first
capacitor 21 and the second capacitor 22. The first resistor 23 is connected in
parallel to the first inductor 25. These four elements form a band-pass filter, in
particular a LC resonance circuit. The central frequency of the resonance circuit is
mainly defined by the values of the first capacitor 21, the second capacitor 22
and the first inductor 25. The quality factor of the resonance circuit is partly de-
fined by the value of the first resistor 23, which is connected in parallel to the first
inductor 25. The band-pass filter removes the out-of band signals from the signal

path before they are coupled to the power cabling 5.
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In one embodiment, a second inductor 26 is arranged in the adaptor module 10
for a slight decoupling of the resonance circuit from an analog front end 14.
Therefore, in case of adding this decoupling feature, the second inductor 26 is
used and connected between the analog front end 14 and the band-pass filter,
preferably, between the analog front end 14 and the first capacitor 21. The ana-
log front end 14 includes filtering unit, receiver amplifier and transmitter ampilifier.
Preferably, the analog front end 14 is an integrated circuit to have a compact de-
sign and to reduce the loads caused by the long wire connections for example
between the filter unit and the amplifiers. The analog front end 14 operates with
a power supply voltage, which is much lower than the voltage of the power ca-
bling 5, normally in the range of 10 volt or several 10 volts. Therefore, the signal
processing unit 11 must be capable of adapting electrical signals having a voltage
in the range of the supply voltage of the analog front end 14 to the voltage of the

power cabling 5, such as from 10 volt to 220 volt.

In one embodiment, a third inductor 27 is arranged between node A and ground
to attenuate the low frequency power line signals like mains frequency of 50 Hz
or 60 Hz at the input of the analog front end 14. As shown in Fig. 4, the terminal
2 of the analog front end is connected to the signal processing unit 11. In the em-
bodiment shown in Fig. 4, the switch 12 is connected with a protection resistor
24 in series. Switch 12 in series to and the protection resistor 24 are arranged in
parallel to the first inductor 25. The protection resistor 24 is optionally connected
in series with the switch 12. Fig.4 illustrates the signal flow for the case of trans-
mitting electrical signals to the power cabling 5. The signal processing unit 11 re-

ceives a first electrical signal 31 from the analog front end 14 and outputs a sec-
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ond electrical signal 32 to the power cabling 5. It should be mentioned, that the
circuit arrangement shown in Fig. 4 may also be applied for receiving electrical

sighals from power cabling 5. The signal flow is then in oppasite direction.,

Fig. 5 illustrates an specific embodiment of the adaptor module 10, wherein a
two-state switch 15 having an open state and a closed state is used and the signal
processing unit 11 has a low-frequency band mode and a high-frequency band
mode, for example “CENELEC-A" mode and a "FCC-band” mode, respectively. It
should be mentioned, that the present disclosure is not limited to these specific
frequency bands and to the values of the electric elements disclosed. As depicted
in Fig. 5, at the open state of the two-state switch 15, the first electrical signal 31
passes through the band-pass filter formed by the first capacitor 21, the second
capacitor 22, the first inductor 27 and the first resistor 23. For example, the val-
ues of these four elements are chosen such that the center frequency of the band-
pass filter is set at 68 kHz for the application of CENELEC-A mode. At the closed-
state of the two-state switch 15, the first inductor 25 and the first resistor 23 are
shunt by the two-state switch 15, therefore, the first electrical signal 31 passes
through a high-pass filter having a different filter characteristics for the applica-
tion of FCC mode, for example, the cut-off frequency is set at the lower frequency

of the FCC band, namely 155 kHz.
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List of References

1 electricity meter 25 37
2  metering unit

3  communication unit

4 processing unit

5  power cabling

6  meter reading system
10 adaptor module

11 signal processing unit
12 switch

13 control module

14 analog front end

15 two-state switch

21 first capacitor (C1)

22 second capacitor (C2)
23 firstresistor (R1)

24 protection resistor (R2)
25 firstinductor (L1)

26 second inductor (L2)
27 third inductor (L3}

31 first electrical signal
32 second eiectricai signal
35 configuration signal

36 control signal

PCT/EP2016/G58260

initiation signal
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Claims

1.

An electricity meter (1) comprising:
a metering unit (2) for determining the electric energy consumption;

a communication unit (3) for communicating data signals within a communication

band over power cabling; and

a processing unit for confroliing the metering unit (2) and the communication unit
(3);

wherein the communication unit (3) is configured to adapt the communication

band to the communication environment;

wherein the communication unit (3) comprises a signal processing unit, a switch
(12) being connected to the signal processing unit (11), and a control module
(13) for controlling the switch (12);

wherein the signal processing unit (11) has at least two operation modi
depending on the state of the switch (12) controlled by the control module (13);

in a first operation mode, the signal processing unit {11) selects electrical signals
from a first frequency band and couples the selected electrical signals to a power

cabling;

in a second operation mode, the signal processing unit (11) selects electrical
signals from a second frequency band and couples the selected electrical signals

to the power cabling;

wherein the control module (13) is configured to generate a control signal (36} for

controlling the switch (12) based on a configuration signal (35), and

wherein the configuration signal {35) is generated dynamically.

The electricity meter according to claim 1, wherein a plurality of frequency bands
are allocated as communication bands for communication over power cabling,
the communication unit (3) being configured to switch from one of the allocated
frequency bands to another allocated frequency band depending on the

communication environment.
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The electricity meter according to claim 1 or 2, wherein

in the first operation mode, the signal processing unit (11) forms a band-pass

filter to pass the electrical signals within the first frequency band; and

in the second operation mode, the signal processing unit forms a high-pass filter

to pass the electrical signals within a second frequency band.

The electricity meter according to one of claims 1 to 3, wherein the first frequency
band and the second frequency band are one of the allocated frequency bands

for a communication over power cabling.

The electricity meter according to one of claims 1 to 4, wherein the configuration
signal (35) is initiated by an initiation signal (37), which is transmitted over a

power cabling (5) or a radio communication channel.

The electricity meter according to one of claims 1 to 5, wherein the switch (12) is

a relay, preferably an optoisolated relay.

The electricity meter according to one of claims 1 to 6, wherein the signal
processing unit (11) comprises a first resistor (23), a first capacitor (21), a second
capacitor (22) and a first inductor (25), wherein the first capacitor (21), the
second capacitor (22), and the first inductor (25) are connected in series with the
first inductor (25) arranged between the first capacitor (21) and the second
capacitor (22), wherein the first resistor (23) is connected in parallel to the first
inductor {25).

An adaptor module {10} for an electricity meter (1) comprising:
a signal processing unit (11);

a switch (12) being connected to the signal processing unit (11);
and a control module (13) for control the switch (12);

wherein the signal processing unit (11) has at least two operation maodi
depending on the state of the switch (12) confrolled by the controlling module
(13)
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in a first operation mode, the signal processing unit (11} selects electrical signals
from a first frequency band and couples the selected electrical signals to a power

cabling;

in a second operation mode, the signal processing unit {11) selects elecirical
signals from a second frequency band and couples the selected electrical signals
to the power cabling;

wherein the control module (13) is configured to generate a control signal (36) for
controlling the switch (12) based on a configuration signal (35); and

wherein the configuration signal (35) is generated dynamically.

The adaptor module according to claim 8, wherein a plurality of frequency bands
are allocated as communication bands for communication over power cabling,
the communication unit (3) being configured to switch from one of the allocated
frequency bands to another allocated frequency band depending on the commu-

nication environment.

The adaptor module (10) according to claim 8 or 9, wherein

in the first operation mode, the signal processing unit (11) forms a band-pass

filter to pass the electrical signals within the first frequency band; and

in the second operation mode, the signal processing unit forms a high-pass filter

1o pass the electrical signals within a second frequency band.

The adaptor module (10) according to one of claims 8 to 10, wherein the first
frequency band and the second frequency band are one of the allocated

frequency bands for a communication over power cabling.

The adaptor module according to one of claims 8 to 11, wherein the configuration
signal (35) is initiated by an initiation signal (37), which is transmitted over a

power cabling (5) or a radio communication channel.

The adaptor module according to one of claims 8 to 12, wherein the switch (12) is

a relay, preferably an optoisclated relay.
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The adaptor module according to one of claims 8 to 13, wherein the signal
processing unit (11) comprises a first resistor (23), a first capacitor (21), a second
capacitor (22) and a first inductor (25), wherein the first capacitor (21), the
second capacitor (22), and the first inductor (25) are connected in series with the
first inductor (25) arranged between the first capacitor {(21) and the second
capacitor (22), wherein the first resistor (23) is connected in parallel to the first
inductor (25).

The adaptor module according to claim 14, wherein the signal processing unit
(11} is configured to switch from the first operation mode to the second operation
mode by shunting the first inductor (25).



