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SMART PLUG AND METHOD FOR DETERMINING OPERATING
INFORMATION OF A HOUSEHOLD APPLIANCE BY A SMART PLUG

The present invention relates to a smart plug, which is designed to recognise
the electric loads of a household appliance, which are activated during an operating
cycle performed by the household appliance, and determines the operating cycle
performed by the household appliance based on the recognised appliance loads.

As is known, nowadays some household appliance, such as refrigerators,
laundry washing machines and the like, are provided with communication devices
which connects the household appliance to a home network system in order to
exchange data one to the other and with remote computing apparatus.

Communication devices generally comprises WiFi electronic devices, which
are permanently mounted in the household appliance and are configured to perform a
short-range data communication with the home network system.

As a result, data generated by household appliances may be collected and
elaborated by algorithms performed by remote computing apparatus which
communicate the elaboration results, for example indicative of appliance
services/information, to the smartphone of the user of the household appliance.

However, some existing household appliances, which are not provided with
any electronic connection system, cannot be included in a home network system, and
thus prevent their users to get the above disclosed appliance services/information.

Smart plug is a technology developed for making it possible to connect the
existing household appliances without connecting devices, with a network system.

The smart plug is usually plugged into an indoor socket to supply electric
power to the household appliance connected thereto, and typically, has the function of
measuring electric power consumption of the household appliance and transmitting the
measurement result to the remote computing apparatus via the home network system.

EP 3 358 692 A1 discloses a power plug for coupling an electrical appliance to
an electrical power supply. The plug comprises: a current sensor measuring current
supplied through the plug to the electrical appliance; a voltage sensor which measures
voltage supplied through the plug to the electrical appliance; and a processor which is

configured to: determine power consumption data from data relating to the current and
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voltage measurements made by the current and voltage sensors; and monitor whether
a fault has developed in the appliance, based on the power consumption data; and
transmit information relating to the fault of the electrical appliance.

US 2011/098867 A1 discloses a device for assessing the nature of an electrical
load. The device comprises: a transducer block interposed between a power supply
and an electrical load; a signal electronics section operative to receive a signal derived
from the transducer block; one or more processors operative to analyze one or more of
the received signals and to determine one or more indicia of the signal;
a processor of the one or more processors operative to match the signal indicia with
stored indicia; and, a processor of the one or more processors operative to assess the
nature of the load from the matched indicia.

US 2011/251807A1 discloses a device for monitoring the detailed energy
usage of an electrical device in a network of electrical devices such as in a home or
small office from a single point in the network. The device comprises: a controller
coupled to a power supply; means for measuring a first plurality of power supply
parameters and a second, subsequent, plurality of power supply parameters taken at a
point upstream of the electrical device to be monitored; an input-output module
coupled to the energy monitoring device; and a memory programmed with instructions
to identify the presence of the electrical device coupled to the power supply and a state
of the electrical device from a change detected between the first plurality of power
supply parameters and the second plurality of power supply parameters, and the energy
monitoring device is further programmed to monitor an input-output module coupled
to the energy monitoring device.

It is an aspect of the present disclosure to provide a smart plug that is able to
determine information indicative of the operating cycles performed by an existing
household appliance based on a recognition of the loads activated during the operating
cycles, and communicate the determined operating cycle information to a remote
computing system, without adding a new configuration/components to the existing
home appliance.

In detail, the present disclosure relates to household appliance connectivity area
as retrofit of non-connectible devices, in order to give to the existing non-connectible

appliances the same possibilities and services available for the connectible ones.
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It is an aspect of the present disclosure to provide a smart plug designed to
electrically connect a household appliance to power lines, said smart plug comprising
electronic control means configured to: measure current and voltage of the electric
power supplied to said household appliance via the smart plug, determine electric
quantities indicative of at least current harmonics and/or voltage harmonics, based on
measured current and voltage, determine load information which are indicative of
electric loads of said household appliance being activated during an operating cycle
performed by said household appliance, based on said determined electric quantities,
determine the operating cycle performed by the household appliance based on said
load information; communicate said determined operating cycle to a network system.

Preferably, the electronic control means are further configured to: store electric
signatures of the loads which contains information indicative of one or more of said
electric quantities associated to activation of electric loads of said household appliance
when the household appliance performs an operating cycle, determine electric
signatures based on one or more electric quantities, determine said load information
based on said electric signatures determined when the operating cycle was performed,
and said stored electric signatures..

Preferably, the electronic control means are further configured to perform a
smart plug auto-tuning program wherein: when the household appliance is performing
a prefixed operating cycle, one or more load electric quantities are determined during
the predetermined activation of the electric loads; load electric signatures of said
electric loads are determined based on said electric quantities determined during the
prefixed operating cycle; said load electric signatures of said electric loads are stored
in storage means of said smart plug.

Preferably, the network system comprises a remote computing system and a
home network system; said electronic control means being configured to perform a
communication with said remote computing system via said home network system in
order to exchange data with the remote computing system; the electronic control means
are further configured to: receive from said remote computing system and store in said
storage means, activation load profiles associated to the operating cycles which may
be performed by the household appliance; determine the activation load profiles based

on said load electric signatures determined when the household performed the



10

15

20

25

30

WO 2020/043737 PCT/EP2019/072881

operating cycle; determine the operating cycle performed by the household appliance
based on said activation load profiles determined when the household performed the
operating cycle and said activation load profiles associated to the operating cycle
stored in said storage means.

Preferably, the electric quantities further comprises: active power, reactive
power, normalized active power, normalized reactive power, and phase displacement
between voltage and current.

Preferably, an electric load activated during said operating cycle comprises an
electric motor; the load electric signature of said electric load comprising said electric
motor being based on at least the third current harmonic.

Preferably, an electric load activated during said operating cycle comprises an
electric resistor; the load electric signature of said electric load comprising said electric
resistor being based on at least active power, and reactive power.

Preferably, an electric load activated during said operating cycle comprises a
motor-controlled valve; the load electric signature of said electric load comprising said
electric resistor being based on at least reactive power and odd current harmonics

Preferably, said electronic control means comprises first electronic unit and a
second electronic unit; the first electronic unit being configured to: measure current
and voltage of the electric power supplied to said household appliance via said smart
plug, determine electric quantities indicative at least of current harmonics and/or
voltage harmonics, based on said measured current and voltage, determine load
information which are indicative of electric loads of said household appliance being
activated during an operating cycle performed by said household appliance, based on
said determined electric quantities, determine the operating cycle performed by the
household appliance based on said load information; the second electronic unit being
configured to: communicate said determined operating cycle to a network system.

In accordance with an aspect of the present disclosure is also provided a method
of controlling a smart plug which is designed to electrically connect a household
appliance to power lines and is configured to communicate information indicative of
operating cycle performed by the household appliance to a network system, the method
comprising: measuring current and voltage of the electric power supplied to said

household appliance via said smart plug, determining electric quantities indicative at
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least of current harmonics and/or voltage harmonics, based on said measured current
and voltage, determining load information which are indicative of electric loads of said
household appliance being activated during an operating cycle performed by said
household appliance based on said determined electric quantities; determining the
operating cycle performed by the household appliance based on said load information;
communicating said determined operating cycle to said network system.

Preferably, the method comprises: storing in said smart plug, load electric
signatures which contains information indicative of one or more of said electric
quantities during the activation of respective electric loads of said household
appliance, when the household appliance is performing an operating cycle,
determining load electric signatures identifying the activation of said electric loads
based on one or more electric quantities, determining said load information based on
said load electric signatures determined when the operating cycle was performed, and
said stored load electric signatures.

Preferably, the method comprises: performing a smart plug auto-tuning
program wherein: when the household appliance is performing a prefixed operating
cycle, one or more load electric quantities are determined during the predetermined
activation of the electric loads; load electric signatures of said electric loads are
determined based on said electric quantities determined during the prefixed operating
cycle; said load electric signatures of said electric loads are stored in storage means of
said smart plug.

Preferably, the method comprises: receiving from said remote computing system
and store in said storage means, activation load profiles associated to the operating
cycles which may be performed by the household appliance; determining the
activation load profiles based on said load electric signatures determined when the
household performed the operating cycle; determining the operating cycle performed
by the household appliance based on said activation load profiles determined when the
household performed the operating cycle and said activation load profiles associated
to the operating cycle stored in said storage means.

Preferably, said electric quantities further comprises: active power, reactive
power, normalized active power, normalized reactive power, and phase displacement

between voltage and current.
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Preferably, smart plug comprises a first electronic unit and a second electronic
unit, the first electronic unit being configured to: measure current and voltage of the
electric power supplied to said household appliance via said smart plug), determine
electric quantities indicative at least of current harmonics and/or voltage harmonics,
based on said measured current and voltage, determine load information which are
indicative of electric loads of said household appliance being activated during an
operating cycle performed by said household appliance, based on said determined
electric quantities, determine the operating cycle performed by the household
appliance based on said load information; the second electronic unit being configured
to: communicate said determined operating cycle to a network system.

Further characteristics and advantages of the present invention will be
highlighted in greater detail in the following detailed description of some of its
preferred embodiments, provided with reference to the enclosed drawings.

In the drawings, corresponding characteristics and/or components are
identified by the same reference numbers.

In particular:

Figure 1 is a schematic view illustrating a system for determining operating
information of a household appliance 2 by using a smart plug, according to an example
embodiment of the present disclosure;

Figure 2 is a block diagram of the smart plug according to an example
embodiment of the present disclosure;

Figure 3A is a graph illustrating an example of the active power profile
determined by the smart plug during an operating cycle performed by a laundry
washing machine;

Figure 3B is a graph illustrating an example of the reactive power profile
determined by the smart plug during an operating cycle performed by a laundry
washing machine;

Figure 3C is a graph illustrating an example of the third current harmonic
profile determined by the smart plug during an operating cycle performed by a laundry
washing machine;

Figure 3D is a graph illustrating an example of the normalized active power

profile determined by the smart plug during an operating cycle performed by a laundry
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washing machine;

Figure 3E is a graph illustrating an example of the normalized reactive power
profile determined by the smart plug during an operating cycle performed by a laundry
washing machine;

Figure 4 illustrates five graphs illustrating an example of the electric quantities
elaborated by the smart plug to determine the electric loads activated during an
operating cycle; whereas

Figure 5 is a flow chart illustrating the steps of the method for determining
operating information of a household appliance 2 by using the smart plug, according
to an example embodiment of the present disclosure.

Configurations shown in embodiments enumerated in the present specification
and the drawings are just exemplary embodiments of the present disclosure, and it
should be understood that there are various modified examples capable of replacing
the embodiments of the present specification and the drawings at the time of filling the
present application.

Reference will now be made in detail to the embodiments of the present
disclosure, examples of which are illustrated in the accompanying drawings, wherein
like reference numerals refer to like elements throughout.

The smart plug and the method of the present disclosure has proved to be
particularly advantageous when applied to a household appliance corresponding to a
laundry washing machine, as described below.

It should be understood that although the smart plug and method are described
with reference to a household appliance corresponding to a laundry washing machine,
other applications are contemplated.

As can be appreciated, the present invention can be conveniently applied to
other kind of household appliances such as, for example, fridge, freezer, refrigerators,
drying machines, ovens, microwaves, dishwasher, induction cooker, etc.

With reference to Figure 1, number 1 indicates a system for determining
operating information of a household appliance 2, which in the exemplary
embodiments illustrated in the attached Figures, corresponds to a laundry washing
machine.

The system 1 comprises : a smart plug 3, which is designed to be plugged into
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a socket 4 to supply electric power to the household appliance 2 and is configured to
determine operating information of the household appliance 2, and a network system
5 which exchange data with the smart plug 3 and receive from the latter operating
information.

According to an exemplary embodiment illustrated in Figure 1, the network
system 5 may comprise: a home network system 6, a remote computing system 7 and
a user terminal 8.

The user terminal 8§ may correspond to any commonly-used portable devices
held by a user, such as a smartphones, personal digital assistants (PDAs), portable
multimedia players (PMPs) which is configured to perform computer programs such
as, for example, mobile applications.

The home network system 6 may be configured to exchange data between the
smart plug 3, the remote computing system 7 and the user terminal 8.

It is however understood that, alternatively, or in addition to the home network
system 6, the user terminal 8§ may also be configured to exchange data/signals by
performing a wireless communication directly with the remote computing system 7.

Preferably, the home network system 6 may be configured to receive the
operating information of the household appliance 2 from the smart plug 3, and transmit
the operating information of the household appliance 2 to the remote computing
system 7.

The home network system 6 may be further configured to receive an appliance
code identifying the household appliance 2, from the user terminal 8, and transmit the
appliance code to the remote computing system 7. The appliance code may univocally
identify the household appliance 2 connected to the smart plug 3. Preferably, the home
network system 6 may be further configured to receive the appliance code identifying
the household appliance 2, from the remote computing system 7 and transmits the
appliance code to the smart plug 3.

Preferably, the user terminal 8§ may be configured to perform a mobile
application, which is configured to activate a smart plug appliance service. Preferably,
the mobile application may be configured to receive in input the appliance code and
transmits the received appliance code to the remote computing system 7. Preferably,

the mobile application may be configured to receive the appliance code from the user.
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Preferably, the user may input the appliance code in the user terminal 8 during an
appliance identification phase performed by the mobile application. Preferably, the
mobile application may be configured to download from the remote computing system
7 a list of operating cycles, which are implementable by the identified household
appliance. Preferably, the mobile application may be configured to download from the
remote computing system 7 indication of prefixed operating cycles to be implemented
by the household appliance during an auto-tuning program (disclosed hereinafter in
detail) which is performed by the smart plug 3 to determine electric signature of the
electric loads comprised in the household appliance 2.

The home network system 6 may exchange data with the smart plug 3 and/or
the user apparatus 8 preferably through near field communication (NFC), such as
wireless fidelity (WiFi), Bluetooth, or Zigbee, and the like. The home network system
6 may also exchange data with the remote computing system 7 preferably through a
local area network (LAN) such as Ethernet or a wide area network (WAN) such as the
Internet, and the like. It is understood that the home network system 6 may comprise
any kind of modem that enables wireless communication, an Internet sharer, a hub
device, a switch device, a bridge device, a router device, a gateway device or the like.

According to an exemplary embodiment illustrated in Figure 1, the remote
computing system 7 is configured to: receive the operating information of the
household appliance from the smart plug 3, store the operating information of the
household appliance, and elaborate the operating information of the household
appliance 2.

Preferably, the remote computing system 7 may process the operating
information received from the smart plug 3 for determining, for example, maintenance
data/information, diagnostic data/information of the household appliance 2. The
elaborated data may be based on statistical analysis concerning: activation times of
electric loads comprised in the household appliance; appliance and/or loads’ lifetime,
appliance and/or loads’ diagnosis, detection/prediction of malfunctioning of the
appliance and/or of the electric loads, etc.

The elaborated data may be transmitted to the user apparatus § from the remote
computing system 7. Preferably, elaborated data may be transmitted to the user

apparatus 8 from the remote computing system 7 in response to a user request
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performed via the mobile application.

According to a preferred embodiment the remote computing system 7 may
advantageously comprise an external server and/or be part of, a cloud computing
system.

With reference to Figure 1, the smart plug 3 may comprises an outer case 9
preferably made in rigid material, such as plastic material, a plug 10, which is
structured to be plugged into the socket 4 to receive electric power from main power
lines L; and a socket outlet 11 that provides the electric power to the home appliance
2. In the exemplary embodiment illustrated in Figure 1, the outer case 9 may have a
box-shaped rectangular parallelepiped. It is however understood that, aspects of the
present disclosure are not limited thereto, and the outer case 9 may have any shape,
such as for example cylindrical shape, oval shape, and the like. The plug 10 may be
disposed at a side the outer case 9, preferably the rear side and may receive power of
110 V or 220 V from the main power lines L.

With regard to the socket outlet 11, it may be disposed at side of the outer case
9 preferably the front side and may provide the power of 110 V or 220 V received
from the power lines L to the home appliance 2.

It is understood that shapes of the plug 10 and socket outlet 11 are structured
based on the electric standard of the country wherein the smart plug 3 is used.

With reference to the exemplary embodiment shown in Figure 2, the smart plug
comprises an electronic controller 12 and an electronic controller 13.

According to a preferred embodiment, the electronic controller 12 may
comprise an electric measuring circuit 14 configured to measure the current and the
voltage of the electric power supplied to the home appliance 2 via the smart plug 3.
Preferably, the electric measuring circuit 14 may be configured to repeatedly sample
the current and voltage supplied to the household appliance 2 at prefixed instants,
preferably every one millisecond.

According to a preferred embodiment, the electronic controller 12 may further
comprise a control unit 15, which elaborates the measured current and the measure
voltage to determine electric quantities (hereinafter disclosed in detail) being
indicative of: current harmonics, voltage harmonics, active power, and reactive power.

The control unit 15 may be also configured to determine electric quantities which are

10
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indicative of normalized active power and/or a normalized reactive power, and the
phase displacement between voltage and current.
It is understood that: normalized active power may be determined based on the
first current harmonic normalized to voltage and current vectors, normalized reactive
5  power may be determined based on the first current harmonic normalized to voltage
and current vectors, and phase displacement between voltage and current may be
determined based on normalized active power and normalized reactive power.

For example, let the k-th voltage-harmonic vector Vk be made up of two

CosVk
SinVk

10 of the voltage by the relation

components Vk = [ ] which relate to the k-th harmonic sinusoidal component

vk(t) = CosVk cos(2mk Ft) + SinVk sin(2nkFt) = VKT [;Orf((zzglflf tt))
where the superscript T represent the transpose of a vector and F the
fundamental grid frequency. Accordingly, let the k-th current-harmonic vector Ik be
_ [Cf)s
S

made up of two components 1k 1nllll<( ] which relate to the k-th harmonic sinusoidal

15  component of the current by the relation

. _ . . o r[cos(2mkF t)
ik(t) = Coslk cos(2mk Ft) + Sinlk sin(2mkFt) =1k [sin(Zn KF O
Thanks to the above defined vectors Vk and Ik the normalized active power PA and
the normalized reactive PQ power may be determined based on the following formula

that exploits the first harmonic only:

VKkTIk
20 PA = ——whereinkis 1.
v VKTVk
VT et
PQ = —=2%— wherein k is 1.

JviTvi
It is understood that normalized active power and reactive power above
disclosed differs than the conventional non-normalized active and reactive powers that
first account for the whole current/voltage signals (not just the first harmonic as in the
25  present case) and do not involve normalization (here represented by the division by
the norm of the voltage vector). The Applicant has found that this normalization of the
power guarantees invariance of the harmonic signature of the load in those situations

where the supply voltage is distorted (i.e., non purely sinusoidal) or for varying
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amplitudes of the supply voltage.

Figures 3A and 3B illustrate two exemplary graphs of the active power and
respectively reactive power over the time, supplied to a laundry washing machine
during an operating cycle, determined by the control unit 15. Figures 3C illustrates an
exemplary graph of the third current harmonics over the time, supplied to a laundry
washing machine during an operating cycle, determined by the control unit 15. Figures
3D and 3E show two exemplary graphs of the active power and respectively the
reactive power over the time, normalised to voltage and current vectors, supplied to a
laundry washing machine during an operating cycle determined by the control unit 15.

According to a preferred embodiment, the control unit 15 may be provided with
an observer module which determine the electric quantities based on the measured
voltage and current. The Applicant has found that, for example, a Luenberg observer
module is suitable to determine the electric quantities above listed.

Preferably, the current harmonics, voltage harmonics determined by the control
unit 15 may correspond to the odd harmonics, preferably the first, the third and the
fifth harmonics. Preferably, the control unit 15 may be configured to determine the
electric quantities above listed by elaborating the current and voltage sampled by the
electric measuring circuit 14 preferably every 100 millisecond.

According to a preferred embodiment the control unit 15 may be further
configured to recognise the electric loads of the household appliance 2 which has been
activated during an operating cycle, based on one or more the electric quantities listed
above.

The Applicant has found that an electric load, when activated, causes on the
electric quantities listed above some changes (amplitude, harmonics, etc) , and those
changes defines an “electric signature” identifying such activated electric load.

In other words, the Applicant has found that electric loads of the household
appliance may be recognised, when switched on, by examining the “electric traces, i.e.
electric signatures” which appears on the electric quantities above listed.
Conveniently, the electric signature of a load may be characterized by a combination
of one or more of the electric quantities listed above. However, it is understood that
the “electric signature” of a load depends of the kind of electric load activated.

For example, a laundry washing machine may comprise the following loads: a

12
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heater device comprising a resistor to heat the washing water, a motor unit provided
with a brushed motor or an inverter controlled motor, to rotate the drum, a motor unit
of a drain pump comprising synchronous or asynchronous motor, motor units of
electro-valves comprising synchronous or asynchronous motor.

For example, an electric signature of the activation of the heater device may be
based on two electric quantities being the active power and the reactive power. Indeed,
a null value of reactive power and an active power different to zero may be indicative
of the activation state of an electric resistor of the heater device. Therefore, for
example, it is possible to recognise when that heater device passes from a switched-
off state to a switched-on state, an vice versa, based on the change of active and
reactive powers.

Moreover, for example, an electric signature of the activation of the motor unit
of the drum may be based on current harmonic, preferably the third current harmonic.
Therefore, it is possible to detect that the motor unit has been activated when a third
current harmonic occurs.

Moreover, for example, an electric signature of the activation of the motor unit
of a drain pump may be based on the phase displacement between voltage and current,
and the third current harmonic.

Moreover, the concurrent activations of two electric loads, such as motor unit
to rotate the drum and the drain pump and the motor may be determined based on the
phase displacement between voltage and current.

Moreover, the activation of any electric loads in the household appliance may
be distinguished based on the normalized active and reactive powers and odd current
and voltage harmonics.

According to a preferred embodiment, the electronic controller 12 further
comprise a storage unit 18, which is configured to store the electric signatures of the
loads of the household appliance 2.

Preferably, as hereinafter disclosed in detail, the control unit 15 is configured
to perform a smart plug setting program/algorithm, hereinafter called smart plug auto-
tuning program, which during the first operating cycle performed by the household
appliance 2, estimates the electric signatures of the loads and store the estimated

electric signatures in the storage unit 18.
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The control unit 15 is further configured to recognise the electric loads being
activated during the operating cycle based on the electric signatures determined during
the operating cycle and the stored electric signatures. Preferably, the control unit 15
may be configured to compare the electric signatures determined during the operating
cycle and the electric signatures stored in the storage unit 18 and determine the
activated electric load based on the results of comparison. For example, if the electric
signatures determined during the operating cycle corresponds to the stored signature
associated to a load, the control unit 15 determines the activation of the latter.

The control unit 15 may be further configured to determine for each activation
of the recognised electric loads: the instants of activation (switch-on) and deactivation
(switch off) of the load during the operating cycle, the duration of the activation of the
loads, the start and end of the operating cycle.

The control unit 15 may be further configured to determine the operating cycle
which the household appliance 2 has performed based on the recognised electric loads
and their sequence of activation during the operating cycle. According to a preferred
embodiment, the control unit 15 may be configured to determining an operating map
which is indicative of an electrical loads activation profile and compare the latter with
prefixed electric loads activation profiles associated with respective operating cycles.

The control unit 15 may be further configured to determine the operating cycle
which has been performed by the household appliance 2 based on results of
comparison between the prefixed electric loads activation profiles and the electric
loads activation profile, previously determined on the basis of the recognition of the
electric loads.

According to a preferred embodiment, the prefixed electric loads activation
profiles may be transmitted by the remote computing system 7 to the smart plug 3
based on the application code. A prefixed loads activation profile may comprise data
relating to: instants of activation (switch-on) and deactivation (switch off) of the load
during the operating cycle, the duration of each activation of the loads, the start and
end of the operating cycle.

With regard to the electronic controller 13, it may comprise a communication
unit which is configured to transmit the operating cycle to the remote computing

system 7 via the home network system 6. The communication unit may comprise a
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microcontroller which exchanges data through near field communication (NFC), such
as wireless fidelity (WiFi), Bluetooth, or Zigbee, and the like.

It is understood that the control unit 15 may comprise a computing device,
preferably a microcontroller, a microprocessor, analog front-end. Likewise, the
electronic controller 13 may comprise a computing device, preferably a
microcontroller, a microprocessor, analog front-end electrically connected to the
microcontroller or microprocessor of the control unit 15.

Figure 5 is a block diagram illustrating a control flow chart of the operations
performed by the system 1 according to an embodiment of the present invention
wherein it is supposed, only to simplify the comprehension of the present invention,
to determine operating cycles of a laundry washing machine 2.

At the beginning, the user terminal 8§ may performs a smart plug mobile
application. The smart plug mobile application may be downloaded to the user
terminal 8 from the remote computing system 7, in response to a user request. The
smart plug mobile application, when implemented by the user terminal 8, may demand
the user to input the appliance code associated to the laundry washing machine 2
connected to the smart plug 3. The appliance code is then transmitted by the user
terminal 8 to the remote computing system 7.

The remote computing system 7 recognises the laundry washing machine 2
connected to the smart plug 3 and may determine the operating cycles which may be
implemented by the recognised laundry washing machine 2. Furthermore the remote
computing system 7 determines the loads activation profiles associated to the operating
cycles which may be implemented by the recognised laundry washing machine.
Furthermore, the remote computing system 7 determines auto-tuning information
indicative of prefixed operating cycle/s, which the laundry washing machine have to
perform during the auto-tuning program.

Preferably, the remote computing system 7 transmits to the smart plug 3, via
the home network system 6: the operating cycles implementable by the laundry
washing machine, the loads activation profiles associated to the operating cycles
implementable by the laundry washing machine, and the auto-tuning information
indicative the prefixed operating cycle/s which the laundry washing machine have to

perform during the auto-tuning program. Preferably, the remote computing system 7
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may also transmits to the smart plug 3, via the home network system 6 the appliance
code.

Preferably, the remote computing system 7 transmits to the user apparatus 8
the auto-tuning information indicative the prefixed operating cycle/s which the laundry
washing machine have to perform during the auto-tuning program. The user apparatus
8 displays to the user the prefixed operating cycle/s to be performed during the auto-
tuning program.

The user performs the prefixed operating cycle/s and the smart plug 3 performs
the auto-tuning program in order to estimate the electric signatures of the electric loads
included in the house hold appliance 2 (block 100). During the implementation of the
auto-tuning program, the electric measuring circuit 14 measures the voltage and
current provided to the household appliance 2, the electric measuring circuit 14
determine the electric quantities above listed. The control unit 15 estimates the electric
load signature of the electric loads activated during the prefixed operating cycle, based
on the determined electric quantities (block 120). Since the prefixed operating cycle
contains the information about the electrical load activated during each interval, the
control unit 15 is able to associate the electric signature to the corresponding electric
load.

Furthermore the control unit 15 stores in the storage unit 18 the electric
signatures of the loads of the household appliance 2 determined during the
implementation of the prefixed operating cycles (block 130).

After having completed the auto-tuning program, the smart plug 3 is able to
start the recognition of the operating cycles performed by the household appliance 2.

When a new operating cycle is performed, the electric measurement circuit 14
of the smart plug 3 measures current and voltage of the electric power provided to the
household appliance 2 from the smart plug 3 (block 140).

Furthermore, the control unit 15 elaborates the measured current and the
measure voltage to determine one or more of the electric quantities above listed, i.e.:
current harmonics, voltage harmonics, active power, and reactive power, normalized
active power and/or a normalized reactive power and phase displacement between
voltage and current based on a normalized active power and/or a normalized reactive

power (block 150).
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Furthermore, the control unit 15 determine the electric signatures of the electric
loads of the household appliance 2 which has been activated during an operating cycle,
based on one or more the electric quantities listed above (block 160).

Furthermore, the control unit 15 recognise the electric loads which has been
activated during the operating cycle based on the electric signatures of the electric
loads. Preferably the electric loads activated during the operating cycles may be
determined based on a comparison between the electric signature determined on the
basis of the electric quantities, and the electric signatures of the loads stored during the
auto-tuning program.

The control unit 15 may determines for any activation of the recognised loads:
the instants of activation (switch-on) and deactivation (switch off) of the load during
the operating cycle, the duration of the activation of the loads, the start and end of the
operating cycle.

According to a preferred embodiment the control unit 15 observes electric
quantities contained in prefixed widows time in order to recognise the electric load
signatures. For example, if in a widows time, the control unit 15 detect a electric load
signatures associated to the storaged electric load signatures, the control unit 16
recognise that during the widows time the load was activated. Figure 4 shows five
graphs indicating: the active power profile, the reactive power profile, the third current
harmonic profile, the normalized active power profile, and the normalized reactive
power profile. Furthermore in Figure 4, Atl, At2, At3 indicate respectively a first
second and third windows time. Referring the example illustrated in Figure 4, during
the first windows time Atl, the control unit 15 determines an electric signature
corresponding to a first electric signature associated to the activation of an electric load
being the drain pump. The first electric signature may be determined by observing that
the third harmonic of current is zero, and the active and reactive power normalized are
different to zero.

During the second window time At2, the control unit 15 may determine, other
than the first electric signature indicating the activation of the drain pump, a second
electric signature associated to activation of an electric load corresponding to an
electric motor. The second electric signature may be associated to the third harmonic

of current which passes to a value different to zero. During the third window time At3
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the control unit 15 may determine other than the second signature, an electric signature
corresponding to a third electric signature associated to the activation of an
electrovalve. The electric signature may be associated to values of reactive and active
normalized power.

Preferably, the control unit 15 is configured to determine loads activation
profiles of the recognized loads during the operating cycle. Preferably the control unit
16 may compare the load activation profiles of the recognized loads with the
correspondent the activation profiles of the operating cycles stored in the storage unit
18 and determine the operating cycle based on the result of comparison (block 170).
Preferably the control unit 15 may determine the operating cycle which has been
performed by the household appliance 2 based on results of comparison between the
prefixed electric loads activation profile and the storage electric loads activation
profiles of the stored operating cycles (block 180).

The control unit 15 communicates the determined operating information
containing at least the operating cycle to the electronic controller 13, which transmits
the received operating information to the remote computing system 7 via the home
network system 6 (block 190). Preferably the control unit 15 communicates operating
information containing the operating cycle and the appliance code.

The remote computing system 7 may store the received operating information
based on the appliance code, and/or process the operating information of the household
appliance 2. Preferably, the remote computing system 7 may process the operating
information for determining, for example, maintenance data/information, diagnostic
data/information of the household appliance 2. The elaborated data may be based on
statistical analysis concerning: activation times of electric loads comprised in the
household appliance; appliance and/or loads’ lifetime, appliance and/or loads’
diagnosis, detection/prediction of malfunctioning of the appliance and/or of the
electric loads, etc.

The method and smart plug is able to determine information indicative of the
operating cycles performed by a household appliance based on a recognition of the
loads activated during the operating cycles, without adding a new
configuration/components to an existing home appliance, and to a method for

determining the operating cycles performed by a household appliance based on a
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recognition of the loads activated during the operating cycles, by using the smart plug.
Clearly, changes and variations may be made to smart plug and method without,

however, departing from the scope of the present invention.
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CLAIMS

1. Smart plug (3) designed to electrically connect a household appliance (2) to

electrical power lines (L), said smart plug (2) comprising electronic control means

configured to:

measure current and voltage of the electric power supplied to said
household appliance (2), via said smart plug (3),

determine electric quantities indicative of at least current harmonics and/or
voltage harmonics, based on said measured current and voltage,

recognize the electric loads of said household appliance (2) being activated
during an operating cycle performed by said household appliance (2), based
on said determined electric quantities,

determine an operating cycle performed by the household appliance (2)
based on said recognized electric loads and their sequence of activation
during said operating cycle, and

communicate said determined operating cycle to a network system (5).

2. Smart plug according to claim 1, wherein said electronic control means are

further configured to:

store electric signatures of said electric loads, which contain information
indicative of one or more of said electric quantities associated to activation
of said electric loads of said household appliance (2),

when the household appliance is performing an operating cycle, determine
electric signatures based on said electric quantities, and

recognize said electric loads and their sequence of activation based on said
stored electric signatures and the electric signatures determined when the

operating cycle was performed.

3. Smart plug according to claim 2, wherein said electronic control means are

further configured to recognize said electric loads activated during said operating cycle

based on a comparison between the electric signature determined on the basis of said

electric quantities, and said stored electric signatures of said electric loads.

4. Smart plug according to claim 3, wherein said electronic control means are

further configured to determine for any recognised electric load: instants of activation

and deactivation of said electric load during the operating cycle, the duration of the
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activation of said electric load.

5. Smart plug according to any of the claims from 2 to 4, wherein said electronic
control means are further configured to observe said electric quantities contained in
prefixed widows time in order to recognise said electric load signatures.

6. Smart plug according to any of the claims from 2 to 5, wherein said electronic
control means are further configured to determine during a first windows time (Atl),
a first electric signature associated to the activation of an electric load being a drain
pump; the first electric signature being determined when the third harmonic of current
is zero and the active and reactive power normalized are different to zero.

7. Smart plug according to any of the claims from 2 to 6, wherein said electronic
control means are further configured to determine during a second window time (At2),
a second electric signature associated to activation of an electric motor when the third
harmonic of current passes to a value different to zero.

8. Smart plug according to any of the claims from 2 to 7, wherein said electronic
control means are further configured to determine during a third window time (At3), a
third electric signature which is associated to values of reactive and active normalized
power and indicates the activation of electric load corresponding to an electrovalve.

9. Smart plug according to any of the claims from 1 to §, wherein said electronic
control means are further configured to:

— determine loads activation profiles of said recognized loads during said
operating cycle,

— compare said determined load activation profiles of said recognized loads
with correspondent stored activation profiles of prefixed operating cycles,
and

— determine the operating cycle based on the result of said comparison.

10. Smart plug according to claim 9, wherein loads activation profile comprises
data relating to: instants of activation (switch-on) and deactivation (switch off) of the
electric load during the operating cycle, the duration of each activation of the electric
load, the start and end of the operating cycle.

11. Smart plug according to any of the claims from 2 to 10, wherein said electronic
control means are further configured to perform a smart plug auto-tuning program

wherein:
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- when the household appliance is performing a prefixed operating cycle, one
or more electric quantities are determined during the predetermined
activation of the electric loads;

— electric signatures of said electric loads are determined based on said
electric quantities determined during said prefixed operating cycle; and

— said electric signatures of said electric loads are stored in storage means
(18) of said smart plug (3).

12. Smart plug according to any of the claims from 2 to 11, wherein said electric
signature of an electric load is characterized by a combination of electric quantities.

13. Smart plug according to any of the foregoing claims, wherein said electric
quantities further comprises: active power, reactive power, normalized active power,
normalized reactive power, and phase displacement between voltage and said current,
current harmonics and/or voltage harmonics.

14. Smart plug according to any of the claims from 2 to 13, wherein said household
appliance (2) is a laundry washing machine comprising the following electric loads: a
heater device comprising a resistor to heat the washing water, a motor unit provided
with a brushed motor or an inverter controlled motor, to rotate the drum, a motor unit
of a drain pump comprising synchronous or asynchronous motor, motor units of
electro-valves comprising synchronous or asynchronous motor.

15. Smart plug according to claim 14, wherein said electronic control means are
further configured to: determine the activation state of said electric resistor of the
heater device, when the reactive power has a null value and the active power is
different to zero.

16. Smart plug according to claims 14 or 15, wherein said electronic control means
are further configured to determine the activation of said motor unit when the third
current harmonic occurs.

17. Smart plug according to any of the claims from 14 to 16, wherein said
electronic control means are further configured to: determine the activation of said
motor unit of said drain pump based on said third current harmonic and the phase
displacement between voltage and current.

18. Smart plug according to any of the claims from 14 to 17, wherein said

electronic control means are further configured to determine the concurrent activation
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of motor units to rotate the drum and drain pump based on the phase displacement
between voltage and current.

19. Smart plug according to claims 2 and 9, wherein said network system (5)
comprises a remote computing system (7) and a home network system (6); said
electronic control means being configured to perform a communication with said
remote computing system (7) via said home network system (6) in order to exchange
data with the remote computing system (7);

said electronic control means are further configured to:

- receive from said remote computing system (7) and store in said storage
means (18), load activation profiles associated to the operating cycles
which may be performed by the household appliance (2);

— determine load activation profiles based on said electric signatures
determined when the household performed the operating cycle; and

- determine the operating cycle performed by the household appliance (2)
based on said load activation profiles determined when the household
appliance (2) performed the operating cycle, and said load activation
profiles associated to the operating cycle stored in said storage means (18).

20. Smart plug according to claim 2, wherein an electric load activated during said
operating cycle comprises an electric motor; the electric signature of said electric
motor is based on a third current harmonic.

21. Smart plug according to claim 2 or 20, wherein an electric load activated
during said operating cycle comprises an electric resistor; the electric signature of
electric resistor is based on an active power and reactive power.

22. Smart plug according to claims 2, 20 or 21, wherein an electric load activated
during said operating cycle comprises a motor-controlled valve; the electric signature
of said motor-controlled valve is based on a reactive power and prefixed odd current
harmonics.

23. Smart plug according to any of the foregoing claims, wherein said electronic
control means comprises a first electronic unit and a second electronic unit,

the first electronic unit being configured to:

- measure current and voltage of the electric power supplied to said

household appliance (2) via said smart plug (3),
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determine electric quantities indicative of at least of current harmonics
and/or voltage harmonics, based on said measured current and voltage,
recognize electric loads of said household appliance (2) and their sequence
of activation during an operating cycle performed by said household
appliance (2), based on said determined electric quantities, and

determine the operating cycle performed by the household appliance (2)
based on said recognized electric loads and their sequence of activation

during said operating cycle;

and the second electronic unit being configured to:

communicate said determined operating cycle to said network system (5).

24. Method for determining operating information of an household appliance by

a smart plug (3) which electrically connect a household appliance (2) to power lines

(L) and is configured to communicate information indicative of operating cycle

performed by the household appliance (2) to a network system (5), the method

comprising:

measuring, by said smart plug (3), current and voltage of the electric power
supplied to said household appliance (2) via said smart plug (3),
determining, by said smart plug (3), electric quantities indicative at least of
current harmonics and/or voltage harmonics, based on said measured
current and voltage,

recognizing, by said smart plug (3), the electric loads of said household
appliance (2) and their sequence of activation during an operating cycle
performed by said household appliance (2), based on said determined
electric quantities;

determining by said smart plug (3), the operating cycle performed by the
household appliance (2) based on recognized electric loads and their
sequence of activation during said operating cycle; and

communicating by said smart plug (3), said determined operating cycle to

said network system (5).

25. Method according to claim 24, comprising:

storing in said smart plug, electric signatures of said electric loads which

contains information indicative of one or more of said electric quantities
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associated to the activation of electric loads of said household appliance
2),

- when the household appliance is performing an operating cycle,
determining by said smart plug (3), electric signatures of said electric loads
based on one or more electric quantities, and

- recognizing by said smart plug (3), said electric loads and their sequence of
activation based on said stored load electric signatures and said electric
signatures determined when the operating cycle was performed.

26. Method according to claim 25, comprising performing a smart plug auto-
tuning program wherein:

- when the household appliance is performing a prefixed operating cycle, one
or more electric quantities are determined during the predetermined
activation of the electric loads;

— load electric signatures of said electric loads are determined based on said
electric quantities determined in turn during the prefixed operating cycle;
and

— said electric signatures of said electric loads are stored in storage means of
said smart plug (3).

27. Method according to claim 26, comprising:

- recelving from said remote computing system and store in said storage
means (18), load activation profiles associated to the operating cycles
which may be performed by the household appliance;

— determining the load activation profiles based on said electric signatures
determined when the household performed the operating cycle; and

— determining the operating cycle performed by the household appliance
based on said activation load profiles determined when the household
performed the operating cycle and said activation load profiles associated
to the operating cycle stored in said storage means (18).

28. Method according to any of the foregoing claims from 24 to 27, wherein said
electric quantities further comprises: active power, reactive power, normalized active
power, normalized reactive power, and phase displacement between voltage and

current, and said current harmonics and/or voltage harmonics.
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29. Method according to any of the foregoing claims from 24 to 28, wherein said
smart plug comprises a first electronic unit and a second electronic unit;
the first electronic unit being configured to:

- measure current and voltage of the electric power supplied to said
household appliance (2) via said smart plug (3),

- determine electric quantities indicative at least of prefixed current
harmonics and/or prefixed voltage harmonics, based on said measured
current and voltage,

- recognize electric loads of said household appliance (2) and their sequence
of activation during an operating cycle performed by said household
appliance (2), based on said determined electric quantities; and

— determine the operating cycle performed by the household appliance (2)
based on said recognized electric loads and their sequence of activation;

and the second electronic unit being configured to:

— communicate said determined operating cycle to a network system (5).

30. Method according to any of the foregoing claims from 24 to 29 comprising:

— determining loads activation profiles of said recognized electric loads
during said operating cycle,

— comparing said determined load activation profiles of said recognized
electric loads with stored activation profiles of prefixed operating cycles,
and

— determining the operating cycle based on the result of said comparison.

26



WO 2020/043737 PCT/EP2019/072881
1/5

FIG.1



WO 2020/043737 PCT/EP2019/072881
2/5

y
fosn
/\

L

@

N
O)\f )

Act Power

FIG.3A

Reactive
Power

i .X“ ! : V." H ~» | "‘, i ’]“‘ 5 | Ll , ‘-"""‘yl"‘v" :!
F1G.3B sy bt o i

3d
current
harmonic

FIG.3C



WO 2020/043737 PCT/EP2019/072881
3/5

Normalized
Active Power

Normalized
Reactive Power

i ] ot it b

] i

1 H ] i ] i

f b iy

x | i

| | HE

B 3 N ‘1 ¥
H




WO 2020/043737 PCT/EP2019/072881
4/5

Active

Power Al A2 At3

Reactive

/‘ “kam

3¢ t
current
harmonic A

Normalized
Active

Power

Normalized
Reactive
Power

Operating cycle

FIG.4



WO 2020/043737

5/5

PCT/EP2019/072881

auto-tuning program

Performing prefixed operating cycle/s

!

Estimating electric load signature

!

Storing electric load signature

Sampling voltage and current

140

.

Determining electric quantities

— 150

v

Determining electric signatures of
electric loads

160

x

Determining loads activation profile

170

A4

Determining the operating cycle

4 180

A

Communicate the operating
information

| __—190

v

Processing the operating cycle

200

FIG. 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/072881

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO2J13/00
ADD. HO1R31/06 HO1R13/66

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO2J HOIR GO1D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

8 August 2018 (2018-08-08)
Y abstract
paragraphs [0006],
[0028], [0074],
[0089], [0093]
figures 1,4-6

[0008] ,
[0077],

X EP 3 358 692 Al (GREEN RUNNING LTD [GB])

[0009],
[0087] -

1-25,
27-30
9,11,26

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

13 November 2019

Date of mailing of the international search report

25/11/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hurtado-Albir, F

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/072881
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A COLLINS E R ET AL: "An experimental 7,16,17,
investigation of third harmonic current 20
distortion in single-phase induction
motors",
HARMONICS AND QUALITY OF POWER, 2008.
ICHQP 2008. 13TH INTERNATIONAL CONFERENCE
ON, TEEE, PISCATAWAY, NJ, USA,
28 September 2008 (2008-09-28), pages 1-7,
XP031465400,
ISBN: 978-1-4244-1771-1
abstract
Section I "Introduction";
page 1
Y US 20117251807 Al (RADA PATRICK A [US] ET 9,11,26
AL) 13 October 2011 (2011-10-13)
abstract
figures la,3a, 3b,11
paragraph [0019] - paragraph [0024]
paragraphs [0026], [0027]
paragraphs [0063], [0065], [0075] -
paragraph [0065]
paragraph [0152] - paragraph [0168]
paragraphs [0181], [0203]
A US 20117098867 Al (JONSSON KARL S [US] ET 1-30
AL) 28 April 2011 (2011-04-28)
abstract
figures 1-3,7
paragraphs [0012], [0034], [0035],
[0039], [o042], [0062], [0063]
paragraph [0085] - paragraph [0094]
claim 6
A US 20137138651 Al (LU BIN [CN] ET AL) 1-30
30 May 2013 (2013-05-30)
abstract
figures 1,2,7,9
claims
A EP 2 402 771 A2 (UNIV NAT CHIAO TUNG [TW]) 1-30
4 January 2012 (2012-01-04)
the whole document
A US 2015/233984 Al (CHOE JONG-WOONG [KR] ET 1-30
AL) 20 August 2015 (2015-08-20)
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/072881
Patent document Publication Patent family Publication

cited in search report date member(s) date

EP 3358692 Al 08-08-2018 CN 108390217 A 10-08-2018
EP 3358692 Al 08-08-2018
GB 2559389 A 08-08-2018
US 2018226755 Al 09-08-2018

US 2011251807 Al 13-10-2011  NONE

US 2011098867 Al 28-04-2011 EP 2491351 A2 29-08-2012
EP 2491674 A2 29-08-2012
EP 2491682 A2 29-08-2012
US 2011095608 Al 28-04-2011
US 2011098867 Al 28-04-2011
US 2011098953 Al 28-04-2011
US 2013311114 Al 21-11-2013
WO 2011050013 A2 28-04-2011
WO 2011050212 A2 28-04-2011
WO 2011050297 A2 28-04-2011

US 2013138651 Al 30-05-2013 US 2013138651 Al 30-05-2013
WO 2013081718 A2 06-06-2013

EP 2402771 A2 04-01-2012 EP 2402771 A2 04-01-2012
JP 5295322 B2 18-09-2013
JP 2012016270 A 19-01-2012
KR 20120003403 A 10-01-2012
TW 201203770 A 16-01-2012
US 2012004871 Al 05-01-2012

US 2015233984 Al 20-08-2015 CN 105143892 A 09-12-2015
JP 6144408 B2 07-06-2017
JP 2016515377 A 26-05-2016
KR 101422682 Bl 25-09-2014
US 2015233984 Al 20-08-2015
WO 2015126029 Al 27-08-2015

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

