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(57) ABSTRACT

A method and system for detecting an appliance based on
users’ feedback information, particularly a nonintrusive load
monitoring method and system based on a user’s feedback
information and a joint strategic decision search algorithm
are disclosed. By means of obtaining the users’ feedback
information on an appliance inputted by users or a search
result of the appliances being confirmed by the users to gen-
erate a mapping between the model of the appliances and at
least one load signature of each model of appliances; the
users’ feedback information is recorded into a smart meter or
a cloud computing system, and a mathematical analysis is
further used to compute an occurrence of any one signature of
the appliance and the identification rate of each signature;
then the joint strategic decision search algorithm automati-
cally identifies various models of appliances and analyzes the
operating states of the electric appliances in homes or offices.
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METHOD AND SYSTEM FOR DETECTING
AN APPLICANCE BASED ON USERS’
FEEDBACK INFORMATION

The present invention relates to a method and system for
detecting an appliance based on users’ feedback information,
in particular to a nonintrusive method of detecting an elec-
tronic load based on the users’ feedback information together
with a joint decision search algorithm. A smart meter, a home
gateway and a database system are further used for imple-
menting the same.

BACKGROUND OF THE INVENTION

At present, most conventional electric meters are widely
used to provide an electric consumption bill information to
household and corporate users for the use of electricity in last
month or within a certain period of time. Although a smart
meter can show the power consumption of home or an office
instantly in total, vet the smart meter cannot provide the
power consumption information of each individual appli-
ance. With alack ofitemized power consumption information
of different and individual appliances, users may suffer dif-
ficulties to confirm and manage the power consumption situ-
ations of the appliances and determine the causes of power
consumption from individual appliances. In addition, present
existing technologies are suggested to install a power con-
sumption monitoring device at each socket as a smart meter
for individual appliances. However, such design leads to a
high construction cost and narrows down the willing of users
to invest on smart meters to monitor individual appliances.

Therefore, a nonintrusive load monitoring (NILM) tech-
nology is invented previously by using a single electric meter
to observe a change of the total voltage and current consumed
by homes and companies to determine the currently used
appliances and their statuses, so that this technology allows
the users to know about the operating states of the appliances.
In most of the conventional methods, it is assumed that the
load signature (also known as signature) of the appliances can
be collected and defined in advance, and then the operating
states of the appliances can be detected by searching in a
power consumption signature database of appliances.
Although researches disclosed different detection methods
and defined a number of signatures, the collection of the
signatures of the appliances and the search of the appliances
encounter a certain level of difficulty since there are numer-
ous kinds of appliances in the market, and newly released
appliances in the future. Moreover, the power consumption
signatures of the same appliances in different houses and
locations may be slightly different. The existing NILM solu-
tions based on one average value of the power consumption
signatures may not provide accurate search results.

SUMMARY OF THE INVENTION

Therefore, the present invention provides a nonintrusive
load monitoring (NILM) method and a system for detecting
an appliance based on users’ feedback information and a joint
decision search algorithm, by means of the nonintrusive load
monitoring technology and smart meter, the operating states
and the power consumption information of individual appli-
ances at home or in offices can be detected by a single smart
meter via the method. Particularly, the users’ feedback infor-
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2

mation is provided for updating a dynamic power consump-
tion or a power load signature (hereafter also known as
“power consumption signatures” or “signature”) database of
electronic appliances. Such database and joint decision
search algorithm are used for searching the appliances and
evaluating their power consumption to provide itemized
power consumption information for homes and companies.
The power consumption signature database of appliances is
continually updated based on the users’ feedback informa-
tion. The present invention successfully overcomes the prob-
lems mentioned above. With the users’ feedback information,
the system can accommodate and suitable for numerous kinds
of appliances in the market, and newly released appliances in
the future. Moreover, the power consumption signatures of
the same appliances in different houses and locations can be
also taken into consideration.

To achieve the aforementioned objective, the present
invention provides a method for detecting an appliance based
onusers’ feedback information and the method comprises the
following steps of:

obtain the users’ feedback information on an appliance, the
users’ feedback information being inputted by users or a
search result of the appliances being confirmed by the users to
generate a mapping between the model of the appliances and
at least one load signature of each model of appliances,
wherein the load signature is produced by a voltage and/or
current change when the appliance is turned on/off and/or the
operating states of the appliance is being changed.

A mathematical analysis can be used to calculate occur-
rence or distribution of each signature of a known appliance
from the users’ feedback information, such that, if a signature
of an unknown appliance is detected, the signature can be
compared with a data of occurrence or distribution of the
signature of known appliance to clarify that the unknown
appliance can be classified as a known appliance or not, and
the occurrence of any signature of the appliance is defined as
a confidence factor. At the same time, Calculate an identifi-
cation rate of each signature, and the identification rate of
each signature is defined as a signature weighted value used
for showing the significance of each signature to the correct
recognition of the appliance.

By means of the joint strategic decision search algorithm,
this invention can automatically determine various models of
appliances and analyze the operating states of the appliances.

With the foregoing, the confidence factor of each signature
and the identification rate (i.e., weighted value of the load
signature) of each load signature are calculated, based on the
users’ feedback information, and the so-called users’ feed-
back information is generated by inputting correct appliance
information or correct appliance operating states, or by con-
firming a search result of the smart meter operated by a
maintenance technician or a household/corporate user when
the smart meter is been installed or been used. So that the
users’ feedback information (also known as “feedback infor-
mation” hereafter) can help the system to fine tune and cal-
culate the distribution of the confidence factors of each sig-
nature of each appliance, so as to calculate the identification
rate of each load signature.

The method of detecting the electric application in accor-
dance with the present invention is described in details as
follows:

The feedback information includes the information about
result of correctness of the automatic determined appliances
or indicating that there is no feedback at all. The feedback
information can be shown as below:
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v, if the feedback of the electric appliance search result is correct;

v =V If the feedback of the electric appliance search resultis incorrect; and

v, whether the search result is correct or incorrect is not feedback.

The present invention can further record or store the users’
feedback information into a smart meter, a datacenter or a
cloud computing system.

The users’ feedback information is processed by a discrete
function to convert each signature of the appliance into a
discrete interval to facilitate a further statistical calculation,
and the discrete function is represented by the following
equation:

_ Xi,jk
Xijk — [ U, XUj
4

Wherein, 1 is different appliances models and each appli-
ance model has j signatures. Assume that there are k instances
of the signatures of the same appliance model. The K
instances are from k different houses and buildings that have
the same appliance model and contribute the signatures of
their appliances to the datacenter of this invention. x, ;; is the
signature of the appliance i for instance k, and X, ;, is a
discrete form of x, ,;, U, is the unit of the discrete form of
signature j.

The foregoing equation is provided for converting the x, ; ,
values of a continuous real number space into a discrete real
number space to facilitate the comparison and examination of
the numeric values. For example, there is an appliance A, and
there are three users who providing the users’ feedback infor-
mation, wherein the signatures of their home electric appli-
ances A are from 1.12, 1.31 and 1.28 respectively. Assumed
that U,=0.1, after a discrete processing, the results are
Xy1171.2,%,,,=13,and X, , ;=1.3 respectively.

After the discrete signatures is obtained as above, the
occurrence of each appliance falling within each numeric
interval is accordingly calculated too, and the inventors have
defined a counter function g, (x) to calculate the occurrence
value of the signature when the signature value is x; in other
words, this can be described as how many signatures of appli-
ances with the same model are also appeared as x in the past
cases contributed by the users. In the aforementioned case,
the counter function g, (x) of the appliance A is:

1, ifx=11
galx) =42, ifx=13

0, otherwise

The users’ feedback information falling within the same
discrete interval is further summed to obtain the distribution
of each signature contributed by the users’ feedback informa-
tion, and the summation is given below:

gi,/(x):gi,;(x)“"’k > if}i,j,k:x

Wherein, if the k™ feedback information (X, ;) of the sig-
naturej of the appliance i falls within the interval in a discrete
interval, then g, (x) will increase v,
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Based onthe occurrence value, the confidence factor can be
defined, the confidence factor is a ratio relative to all users’
feedback information of the appliances when a signature is
calculated and determined to fall within a discrete interval
according to theusers’ feedback information of the appliance,
and the confidence factor is a ratio derived from the function
g, (X). For example, if an unknown appliance has a signature
equal to X, and a known appliance has a signature very close
to X, then the unknown appliance will likely be the known
appliance. The confidence factor of the signature j of the
appliance 1 is defined as a ratio relationship between the
occurrence of a signature in an interval x and the largest
occurrence in the interval. The confidence factor of the users’
feedback of the appliance is represented by the following
equation:

8,j(%)

i = AR g0 7

Wherein, i is the number of different models of appliances,
and j is the number of signatures of each appliance 1.

In the aforementioned example, the confidence factors of
the appliance A are calculated and found to be f, |(1.1)=0.5,
f,,(1.3)=land f, ,(x)=0if x=1.1 or 1.3. Based on the confi-
dence factor, a simple method for determine the appliance is
to obtain a plurality of signatures of an unknown appliance,
by means of comparing signatures with known appliances,
the confidence factors can be calculated, and all confidence
factors are summed, so that the present can determine an
unknown appliance to be a known appliance with a highest
summation of the confidence factors. However, if the present
invention relies on the confidence factors of each signature of
the appliance as the only basis for determining the appliance,
then the identification rate may be affected by an insignificant
signature with a very high occurrence because the signifi-
cance of each signature is quite different. If a confidence
factor of'a signature is popularly existed in known appliances,
then the determination result based on the foregoing method
will become poor. Therefore, the present invention further
defines a weight of a signature as a weighted value to affect or
change the significance of the confidence factor of each sig-
nature. In the present invention, the confidence factor and the
weight of a signature will be changed dynamically with the
users’ feedback information, wherein the present invention
defines the weight of a signature as the summation of the
identification rate of the signature for all appliances. The
identification rate of a signature for an appliance is defined as
follower equation. Firstly, the overlapping of the signature j of
each appliance is used for determining the identification rate
of the signature. For example, if a signature value is x and
there are many appliances also have a higher confidence
factor at x. Then, as described above, the signature has many
overlapping of the confidence factor of the signature, this will
result poor indication rate, so that the present invention rede-
fines the function h, ;(x) to calculate the overlapping of the
signature as:
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£ .
0 . ,if Y fuj)#0
i j(x) = [,Eifm'j(x)] mZ;{ !
1, otherwise
D) = 1
(@)= l+e®

Wherein, iis the number of different models of appliances,
and j is the number of signatures of each appliance i.
0(a) is a weighted function which can be defined as

1

T l+ee’

0 (@)

such that the value calculated by the function h, (x) falls
between 0.5 and 1. After the overlapping of each signature of
each appliance is calculated, a signature of all appliances, or
an identification rate of the same model of appliances can be
obtained too. That is, the significant of signature of same
model of appliances model or all kinds of appliances for
distinguishing appliance can be obtained. The weighted value
is defined as:

wj= Zhi'j(x)Xd
ieZ

Wherein, w; is the significant level of a signature j to an
appliance i; in other words, the higher the w; value, the higher
the identification rate of the signature j to the appliance i, and
vice versa; d represents a weighted function for distributing
the calculation results to a real number interval to obtain an
appropriate comparison space; 7 is a set representing all
appliances or appliances of the same model.

The function of the weighted value can be adjusted
dynamically by the value of overlapping of the signature j of
each appliance, and the summation of the overlapping is used
for calculating an average overlapping.

Based on the aforementioned considerations, the confi-
dence factor of the signature of each appliance and the iden-
tification rate (weighted value) of the signature of the appli-
ance are used for calculating the similarity between an
unknown appliance and a known appliance, and the similarity
can be calculated by the following equation:

J
Z wi X fi (%)
=

Wherein, i1s the number of different models of appliances,
and j is the number of signatures of each appliance i.

After the plurality of confidence factors of the appliance
signatures and their weighted value are calculated, the joint
strategic decision search algorithm can be used to determine
the most similar appliance with maximum value. The
weighted value is given with a different signature of a differ-
ent model of appliance according to the analysis and statisti-
cal results, and the weighted value of a different signature is
used for comparing the similarity of the appliances and
searching the appliance. When a set of signatures of an
unknown appliance is searched, the weighted values are com-
pared, to calculate the summation of the confidence factors of
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6

the known appliance; the larger the value, the higher the
possibility of being the known appliance.

In addition, the present invention further provides a system
for detecting an appliance based on users’ feedback informa-
tion, comprising: a smart meter, for retrieving and calculating
a signature with a slight change produced by AC voltage and
current when the appliance is turned on/off or switching
status; a home gateway saving each signature of the electric
home appliance for further searching, and recording an oper-
ating status of the electric home appliance for inquiring a
power consumption situation through a mobile phone or a
computer; and a datacenter, for saving the electric home
appliance information, and transmitting the signature to the
datacenter for further searching when the home gateway can-
not find the signature of the appliance.

The home gateway provides power saving recommenda-
tions and appliance diagnosis through a mobile phone or a
computer.

Compared with the prior arts, the present invention bases
on a dynamic user’s feedback information database and a
joint strategic decision search algorithm to perform a nonin-
trusive load monitoring to detect the status of each appliance
and analyze the power consumption, and determine the sig-
nature and the weighted value by a more accurate method.
With the online user’s feedback information mechanism the
system can be tuned automatically, also the accuracy of
searching the appliances can be improved, and the identifica-
tion rate of the appliance status by the non-intrusive load
monitoring can be enhanced effectively to overcome the
problems of the non-intrusive load monitoring, including too
many models of appliances to be updated, and a slight differ-
ence of the signature of the same appliances used in different
places.

For those users who paying no attention to the unnecessary
waste of electric power, through this invention, users can
know about their power consumption at home or in offices,
and 25%-30% of the electric power or the cost of electricity
can be saved thereby, and the demand for the electric power
can be reduced significantly. In addition, the present inven-
tion can calculate the weights of the signatures of different
appliances (including the resistive type, the capacitive type,
and the inductive type appliances), so that when different
types of appliances are searched, different combinations of
signatures can be selected according to different identifica-
tion rates for the joint strategic decision search algorithm.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11isaflow chart of a method for detecting an appliance
in accordance with the present invention;

FIG. 2 shows histograms of density distributions of confi-
dence factors of each signature of an electric fan;

FIG. 3 shows histograms of overlapping confidence factors
of signatures among different appliances;

FIG. 4 shows histograms of calculating possible appliances
by using a confidence factor of a signature and a weighted
value of each signature; and

FIG. 5 is a schematic view of architecture of a system for
detecting appliances in accordance with the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The aspect of the present invention will become apparent
with the detailed description of the preferred embodiments
accompanied with the illustration of related drawings as fol-
lows.
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With reference to FIG. 1 for a method for detecting an
appliance based on users’ feedback information in accor-
dance with the present invention, the method comprises the
following steps of:

S01: Obtaining a users’ feedback information of an appli-
ance, this information can be obtained by electronic load
signatures with a slight change produced by AC voltage and
current when the appliance is turned on/off or switching
status the load signature includes steady-state active power
and reactive power, harmonics, transient active power, tran-
sient reactive power, and transient state interval . . . etc.

The users’ feedback information is defined as v¥, includes
the information indicating about confirming correctness of
the automatic determined appliances or showing that there is
no confirmation at all; and the feedback information v* can be
defined as follows in actual situations for more detailed
express:

(1) manually inputting by the users: For example, a main-
tenance technician, a household user or a corporate user
inputs information of the correct appliance or the correct
appliance operating status when a smart meter 1 is been
installed and been used (as shown in FIG. 5), and the inputted
information is defined as v° indicating that the model or type
of the appliance is correct.

(2) confirming the appliance search result of the smart
meter 1, wherein v* stands for the confirmed search result of
the appliance is correct, v” stands for the confirmed search
result of the appliance is incorrect, and v* stands for the
situation that no appliance information is provided or the
search result of the appliance is not confirmed.

c
Ve,

g
o=V,
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The appliance signature datacenter 4 is a database, and the
volume of data in the appliance signature datacenter 4 will
increase with the constant use and feedback by the users, and
each kind of parameter values is updated to enhance the
search accuracy of this invention. The appliance signature
datacenter 4 also can be further used for detecting and search-
ing new model appliances which will be marketed and pro-
duced in future time.

S03: Calculating each type of the signatures through a
mathematical analysis by means of a smart meter 1 or a cloud
computing device, so as to calculate occurrence of any sig-
nature of the appliance and an identification rate of each
signature. By analyzing each type of signatures, which one is
suitable to be a parameter for identifying an appliance can be
determined, the signature can be a weighted value for identi-
fying an appliance. That is, different signature will have dif-
ferent weighted value after analyzed.

The occurrence of any signature of the appliance is defined
as a confidence factor, and the identification rate of each
signature is defined as a signature weighted value.

The users’ feedback information is used to calculate the
confidence factor and the weighted value of each type of
signatures, and the feedback information helps the system to
tune and calculate the distribution of each appliance with each
signature, so as to calculate the confidence factor and the
weighted value of each model of signatures.

Each signature of the appliance of each user’s feedback
information in the appliance signature datacenter 4 is further
converting into a discrete value by a discrete function, the
discrete function is represented by the following function (1)
or can be another known function (not shown in this specifi-
cation):

if the feedback of the electric appliance search result is correct;

if the feedback of the electric appliance search result is incorrect; and

v, whether the search result is correct or incorrect is not fed back.

Therefore, the operation situations for the users’ to feed-
back the information can be listed below:

(a) A maintenance technician provides the users’ feedback
information during an installation or an operation of an appli-
ance.

(b) A household or corporate user provides the users’ feed-
back information during an use, an installation or an opera-
tion of an appliance.

(c) A future intelligent home appliance in the future may be
able to report the appliance operating status to the smart meter
automatically, and the comparison between an appliance
operating status and a power load signature of the appliance
can be one of the conditions of the users’ feedback informa-
tion.

Therefore, the users’ feedback information can provide a
function for mapping between a correct appliance status and
a power load signature of each appliance status, and the users
Just need to provide a correct appliance information or con-
firm the correctness of the search result of the appliance, so
that the smart meter 1 can compare the detected signature of
each model of appliances with the names of the correct or
wrong searched appliances to generate a mapping between
the appliance and the power load signature of each model of
appliances, so that the users no longer need to know or input
the signature of each type of appliances.

S02: Recording the users’ feedback information into the
smart meter 1 or a cloud computing system. In the meantime,
the appliance operating status and the power load signature of
each appliance status can be recorded in an appliance signa-
ture datacenter 4.

40

45

60

65

8]

- _[xi.j.,k
Lk =

J

XUJ'..

Wherein, assuming that i is the number of different models
ofappliances in the datacenter, j is the number of signatures of
each appliance i, and k is the number of data of the appliance
I provided by different users’ feedback information.

Therefore, the signature j of the appliance i can be repre-
sented by the discrete distribution as shown in Function (1),
wherein x, ;, is the value of the signature j of the k” feedback
information of the appliance i, and X, ;, is the result of a
numeric value processed by a discrete function. The distribu-
tion of the signatures of the appliances has the effects of
helping determining whether the users” feedback information
is correct or not, telling the users about the ageing situation of
the appliance, and automatically determining a new appli-
ance.

The feedback information falling within the same discrete
interval are summed to obtain the distribution of the users’
feedback information between signatures; and the function
(2) represents that the k™ feedback information (which is
X, ;) of the signature j of the appliance i falls within the
interval x in a discrete interval.

8, 0=, i,j(x)"'"ka if}z,j,k:x @

Wherein, if the k™ feedback information (X, ;o) of the sig-
nature j of the appliance i falls within the interval x in a
discrete interval, then g, (x) will increase V).
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The function g; (x) shows the occurrence times of a signa-
ture when the signature is recorded as X. In other words, it can
be described as how many signatures of appliances with the
same model are also appeared as x in the past cases contrib-
uted by the users.

With reference to FIG. 2 for the distribution of confidence
factors of each signature of the aforementioned electric fan,
the x-axis represents the discrete distribution of the signa-
tures, and the y-axis represents the distribution of the users’
feedback information. A function can be used to calculate the
distribution, which is also called a confidence factor. The
confidence factor of the signature j of the appliance i is
defined as a ratio relationship between the occurrence of a
signature in an interval x and the largest occurrence in the
interval. The confidence factor is a ratio corresponding to all
users’ feedback information of the appliances when a signa-
ture is calculated and determined to fall within a discrete
interval according to the users’ feedback information of the
appliance.

The confidence factor is represented by Equation (3), and
the confidence factor of the users’ feedback of the appliance
falls between 0 and 1.

8i,j (x)

f;,j(x) = W .

Wherein, iis the number of different models of appliances,
and j is the number of signatures of each appliance i.

The main purpose of collecting different users” feedback
information of the same appliance is to create a confidence
factor for each appliance and each load signature of each
appliance, and the confidence factor is provided for determin-
ing the occurrence of a load signature of an appliance.

In other words, if there is an unknown appliance X, whose
load signature is Y, and there is a known appliance Z having a
very low occurrence of the same load signature Y, then it is
believed that the possibility of such unknown appliance X
being the known appliance 7. is very low.

After the calculation as described above is achieved, the
distribution of the confidence factors of the same signature of
the appliances which may have an overlapping portion can
also be derived.

With reference to FIG. 3 for an example describing that the
overlapping of the distribution of the confidence factors of
each signature of the appliances; wherein an appliance 1, an
appliance 2 and an appliance 3 are three different appliances
with the same signature i and signature j, and the three models
of appliances have overlapping at the signatures i, j, and the
signature 1 has less overlapping (also known as “overlapping
rate”) in comparison to the signature j. In the distribution of
confidence factors as shown in FIG. 3, it can be understood
that the signature 1 can be used for identifying each appliance
more easily than the signature j.

Compared with the signature j, the signature 1 has a higher
identification rate for identifying the appliance, so that it is
necessary to calculate the identification rate of each signature
and use it as the weighted value of the signature.

The weighted value of the load signature will vary dynami-
cally with the users’ feedback information, and a different
weight value is resulted from a different model of appliance.
Equation (4) below or other methods (not shown in this speci-
fication) can be used for calculating the weighted value:

w=Z, A, (3)xd 4

Wherein, w; is the significant level of a signature j to an

appliance i; in other words, the higher the w; value, the higher
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the identification rate of the signature j to the appliance 1, and
vice versa; and d represents a weighted function for distrib-
uting the calculation results to a real number interval to obtain
an appropriate comparison space; Z is a set representing all
appliances or some appliances of the same model.

The function of the weighted value can be dynamically
adjusted by the overlapping rate of the signature j of each
appliance, and the summation of the overlapping rate through
the function is used for calculating an average overlapping
rate, wherein Equation (4) is calculated based on the overlap-
ping rate of the signature j among the appliances, and the
overlapping function h, (x) is represented by Bquation (5)
and is mainly used for calculating the relative overlapping
rate. In the meantime, the weighted function of 6(ct) can be
used. For example,

1
T l4e®’

0 (@)

so that the numeric value of h, (x) can fall within 0.5 and 1.

fi,jx) " ()
0 - |, if i (%) £ 0
b o) = [m%fw("/‘] 1 m;f "
1, otherwise..

Wherein, 1 is the number of different models of appliances,
] is the number of signatures of each appliance i, and 8(at) is
a weighted function.

The significance of each signature and each load signature
is calculated to evaluate the similarity between the appli-
ances.

S04: Using a joint strategic decision search algorithm to
automatically determine different models of appliances and
even their brand and model number to analyze the operating
states of the electric home appliances.

With reference to FIG. 4 for the distribution of various
signatures of possible appliances calculated by using the den-
sity of confidence factors of the signature, and the method of
searching the appliances is achieved by using a plurality of
signatures and a joint strategic decision search algorithm.

If there is an urkknown appliance with an appliance signa-
ture of (x'1,%x2,x'3, . .., x4), then this invention can compare
the confidence factor of the corresponding signature of the
existing known appliance, and the confidence factor can be
added to obtain the similarity between the unknown appliance
and aknown appliance. So that the unknown appliance can be
determined as an electric fan because the unknown appliance
is most similar to an electric fan after analyze.

However, significance of each signature is quite different,
so that, this invention uses the weighted value calculated by
the identification rate of the appliance through the signature
of each model of the appliance to calculate the similarity
between an unknown appliance and a known appliance, and
the related equation is given below:

o /=lwfi ()

Wherein, i is the number of different models of appliances,
] is the number of signatures of each appliance i.

After the plurality of signatures confidence factors of the
appliance and weighted value of signatures arecalculated, the
joint strategic decision search algorithm is further used to
determine the most similar appliance who having the maxi-
mum value of the equation. The weighted value gives differ-

(6)
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ent models of appliances with different signature and gives
weighted value to different signature, according to analysis
and statistical result, and the weighted value compares the
similarity of the appliances and searches the appliance by
means of different confident factors.

FIG. 4 illustrates that the weighted value of each signature
may be different, and each different models of appliances
may have a different signature. For example, appliances can
be divided into three major models according to the signa-
tures: a resistive model (or describe as “type”), a capacitive
model and an inductive model. When the smart meter 1
receives a request of determining an appliance, the smart
meter 1 will analyze the signature of the appliance to deter-
mine which model it is, and then the aforementioned method
of detecting the appliance by the users’ feedback information
is used to determine which model this appliance may be.

FIG. 5 is a schematic view of architecture of a system in
accordance with the present invention, as shown, the present
invention is based on a non-intrusive load monitoring (NILM)
to provide a system for detecting appliances, and the detec-
tion system comprises a smart meter 1, a home gateway 2 and
a datacenter 4, wherein:

The smart meter 1 is used for retrieving and calculating a
load signature with a slight change of AC voltage and current
when the appliance is turned on/off or switched operating
status.

The home gateway 2 is responsible for providing a home
network, a digital television signal and a telephone signal,
saving each load signature of the electric home appliances to
facilitate the search of the appliances, and recording the oper-
ating states of the electric home appliance for a user to inquire
the power consumption situation through the connection of a
mobile phone or computer 3, while providing the functions of
power saving recommendations and appliance diagnosis
through the mobile phone or computer 3.

The datacenter 4 saves the users’ electric home appliance
information, and if the home gateway 2 cannot find the sig-
nature of the appliance, the signature will be transmitted to
the datacenter for further search.

With the foregoing, the method for detecting an appliance
based on users’ feedback information can be implemented in
homes or offices.

¢

sz V”

W,

Compared with the prior arts, the present invention bases
on a dynamic user’ feedback database and a joint strategic
decision search algorithm to perform a nonintrusive load
monitoring to detect the status of each appliance and analyze
the power consumption of each appliance. This invention
further uses the signature and the weighted value to improve
the accuracy of the proposed method. With the automatic
online users’ feedback information mechanism tuning
method and system, the accuracy of searching the appliances
can be also improved, and the identification rate of the appli-
ance status by the non-intrusive load monitoring can also be
enhanced effectively to overcome the problems of the non-
intrusive load monitoring, including too many models of
appliances, and the same appliance with a slight difference of
the signatures in different places. For the users who are not
paying too much attention to the waste of electric power, the

12

present invention can draw the users to know about the power
consumption at homes or offices, and approximately
25%~30% of the electric power or the cost of electricity can
be saved accordingly. In addition, the present invention cal-
culates the weight of the signatures of different appliances
(including the resistive model, capacitive model and induc-
tive model), and a search for different models or types of

appliances will select a combination of load signatures

10 according to different identification rates for the joint strate-

gic decision search algorithm.
Although a preferred embodiment is described as above,
but the patent scope of this invention should be defined in the

s following claims.

What is claimed is:

1. A method for detecting an appliance based on users’

feedback information, comprising the steps of:

1. obtaining the users’ feedback information on an appli-
ance, the feedback information being inputted by users
or a search result of the appliances being confirmed by
the users to generate amapping between the model of the
appliances and at least one load signature of each model
of appliances, wherein the load signature is produced by
a voltage and/or current change when the appliance is
turned on/off and/or the operating states of the appliance
is being changed;

2. computing occurrence of any one of signature of the
appliance and an identification rate of each signature
with the users’ feedback information and the occurrence
of any one of the signature of the appliance is further
defined as a confidence factor, and the identification rate
of each signature is further defined as a signature
weighted value; and

3. using a joint strategic decision search algorithm to auto-
matically determine models of appliances, and analyze
operating conditions of the appliances.

2. The method for detecting an appliance based on users’

40 feedback information as recited in claim 1, wherein the users’
feedback information v* has three conditions v, v* and v*
shown as below:

20
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Ve, if the feedback of the electric appliance search result is correct;
, if the feedback of the electric appliance search result is incorrect; and

whether the search result is correct or incorrect is not feedback.

50
3. The method for detecting an appliance based on users’

feedback information as recited in claim 1, further compris-
ing the step of recording the user’s feedback information into
a smart meter, a datacenter or a cloud computing system.

4. The method for detecting an appliance based on a user’s
feedback information as recited in claim 1, wherein the user’s
feedback information converts each signature of the appli-
ance into a discrete value by a discrete function, and the
discrete function is represented by the equation of

60

- i jh
X ji = [ }X vj,
U;

65 wherein 1is the number of different models of appliances, j is
the number of signatures of each appliance 1, k is the number

of data of the appliance i coming from different user’s feed-
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back information, X, is the value of the signature j of the K”
feedback information of the appliance i, and %, , , is the result
of a numeric value processed by a discrete function and Uj is
the unit of the discrete form of signature j.

5. The method for detecting an appliance based on users’
feedback information as recited in claim 1, wherein the users’
feedback information falling within the same discrete interval
is summed to obtain distribution of each signature contributed
by the users’ feedback information, and the summation is
given below:

gi,j(x):gij(x)"'vk s if;z‘j,k:x

wherein g, (x) shows the occurrence times of a signature
when the signature is recorded as x, if the k” feedback
information (x; ;) of the signature j of the appliance i
falls within an interval X in the discrete interval, then
g, (x) increases v

6. The method for detecting an appliance based on a user’s
feedback information as recited in claim 1, wherein the con-
fidence factor can be defined base on the occurrence, the
confidence factor is a ratio relative to all users’ feedback
information of the appliances when a signature is calculated
and determined to fall within a discrete interval according to
the users’ feedback information of the appliance, and the
confidence factor is a ratio derived from the function g, (x),
the confidence factor can be shown below:

o 8i,j(x)
fifx) = MiAX(g,-,j(x), Ve

Wherein, 1 is the number of different models of appliances,
and j is the number of signatures of each appliance i.

7. The method for detecting an appliance based on users’
feedback information as recited in claim 1, wherein the load
signature (also known as signature) has a weighted value
dynamically varied with the user’s feedback information, and
the appliance of a different model has a different weighted
value.

8. The method for detecting an appliance based on users’
feedback information as recited in claim 7, wherein the
weighted value is expressed by the equation of

wj= Zh,-_j(x)xé,
ez

wherein, w; is the significant level of a signature j to an
appliance i; the higher the w; value, the higher the identifica-
tion rate of the signature j to the appliance i, and vice versa;
and O represents a weighted function for distributing the
calculation results to a real number interval to obtain an
appropriate comparison space; 7 is a set representing all
appliances or some appliances of the same model; the func-
tion of the weighted value can be dynamically adjusted by the
overlapping rate of the signature j of each appliance, and the
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summation of the overlapping rate through the function is
used for calculating an average overlapping rate and the func-
tion can be shown as below:

£ "
0f . - |, if fuj(x) 0
yjlx) = [%‘.fmd(x”] mz;{ '
L, otherwise,

wherein, i is the number of different models of appliances, j is
the number of signatures of each appliance i, and 8(a) is a
weighted function.

9. The method for detecting an appliance based on users’
feedback information as recited in claim 1, further compris-
ing the step of calculating a similarity between an unknown
appliance and a known appliance by the signature of each
model of appliances and the identification rate (or weighted
value) of each signature of each appliance, the similarity
between the unknown appliance and the known appliance is
given by the equation of

J
\Z w; xf;,j(x),
=

wherein i is the number of different models of appliances, j is
the number of signatures of each appliance i; after the plural-
ity of signatures confidence factors of the appliance and
weighted value of signatures are calculated, the joint strategic
decision search algorithm is further used to determine the
most similar appliance who having the maximum value, the
weighted value gives different model of appliance with dif-
ferent signature and gives weighted value to different signa-
ture, according to analysis and statistical result, and the
weighted value compares the similarity of the appliances and
searches the appliance by means of different confident fac-
tors.

10. A system for detecting an appliance based on users’

feedback information, comprising:

a smart meter, for retrieving and computing a load signa-
ture, wherein the load signature is produced by a voltage
and/or current change when the appliance is turned
on/off and/or the operating states of the appliance is
being changed:;

a home gateway, for saving each load signature of the
electric home appliances to facilitate the search of the
appliances, and recording the operating states of the
electric home appliance for a user to inquire the power
consumption situation through the connection of a
mobile phone or computer, while providing the func-
tions of power saving recommendations and appliance
diagnosis through the mobile phone or computer; and

a datacenter, for saving the users’ electric home appliance
information, and if the home gateway cannot find the
signature of the appliance, the signature will be trans-
mitted to the datacenter for further searching.
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