Descri ption

Title of Invention: ELECTRI C HOUSEHOLD APPLI ANCE REMOTE
MONI TORI NG SYSTEM

Technical Field
[ 0001]

The present invention relates to an electric
househol d appliance renpte nonitoring systemincluding a
smart tap for an outlet, a tap, or the like, to which
power plugs of various pieces of electric equipnment and

el ectric househol d appliances are connect ed.

Background Art
[ 0002]

A currently known system for supplying power to
el ectric househol d appliance, intended to visualize power,
reduce power consunption or nanage power consunption wll
be descri bed bel ow.

[ 0003]

There is publicly known as disclosed in Patent
Literature 1, a hone energy managenent system i ncl udi ng:
power anount measuring neans for measuring current power
consunption indicating a power anount currently consunmed
inadwelling unit; upper limt power anount setting and
storage neans which is capable of setting and storing an

upper limt power anount indicating a maxi num anmount of



an overall power anmount which can be consuned in the
dwel ling unit; power managenent neans for sequentially
cal cul ating current all owabl e power consunption based on
i nput of the upper limt power anmount and the current
power consunption; at |east one or nore pieces of
performance control electric equi pment operating while
adj usting perfornmance so as to control power consunption
using the current allowabl e power consunption as an upper
l[imt; and all owabl e power input nmeans for sequentially
inputting the current allowabl e power consunption to the
performance control electric equipnent, and the honme
ener gy managenent system further including: one or nore
pi eces of performance control electric equipnment capable
of adjusting a power anpunt to be consuned by adjusting
operating perfornmance; one or nore outlet adapters having
an energi zation and shutoff control function; and one or
nore pieces of electric equipnment connected to the
outlets, and the power nmanagenent neans perform ng
control of at |east one or nore anong instructing the
performance control electric equipnent to adjust the
operating performance and shutting off one or nore pieces
of equi pnent sel ected from equi pnent connected to the
outl et having a shutoff function according to a
predeterm ned al gorithm

It is also publicly known as disclosed in Patent
Literature 1 that, when there are a plurality of pieces

of performance control electric equipnent, power is
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supplied after performance control electric equi pnent
which is nade to operate is determ ned according to
al | owabl e power consunption, or the operating perfornance
of the performance control electric equipnent is adjusted
according to the all owabl e power consunption, and, in
sonme cases, operation of other electric equipnent is
suppressed or cancel |l ed.
[ 0004]

There is publicly known as disclosed in Patent
Literature 2, an electric quantity nonitoring device
whi ch nonitors power consunption of electric equi pnent
connected to an outlet within a house or a factory,
including: a table tap provided with a plurality of power
plug insertion slots, the table tap being capabl e of
connecting power plugs of a plurality of pieces of
el ectric equipnent to the outlet wwthin the house or the
factory; a current transformer built in the table tap,
the current transformer detecting each current flowng to
each piece of electric equipnent connected to the outlet
via the power plug insertion slots, and a vol tage
transforner conmonly detecting a voltage; and a
m croconputer built in the table tap, the m croconputer
bei ng capable of nonitoring the detected current and
vol tage and electric quantity such as power consunption
cal cul ated based on the detected current and vol tage and

transmtting these nonitoring information through the web



for control to upper |evel server apparatuses or general -
pur pose personal conputers through LAN connecti on.
[ 0005]

There is publicly known as disclosed in Patent
Literature 3, an energy saving control systemincl uding:
a plug having a | oad side on which energy saving control
is performed and an energy saving control side
controlling an energy saving state of this | oad side, and
t he plug being connected to the |oad at the | oad side;
and a power tap having a plurality of plug insertion
slots into which the plugs are inserted, and the plug
having a built-in ICtag into which load data is witten,
the power tap including: an IC tag reader obtaining | oad
data by perform ng comrunication with the I1C tag and
current detecting nmeans for detecting a current to be
supplied to the plug inserted into the plug insertion
slot, for each of the plug insertion slots; and a
programmabl e controller unit processing communi cation
data between the I1Ctag and the IC tag reader, and
current detection data fromthe current detecting neans,
and transmtting the resultant to the above-descri bed
energy saving control side, and the above-descri bed
energy saving control side being capable of performng
energy saving control based on the above-descri bed data
obt ai ned t hrough communi cation with the above-descri bed
progranmmabl e control | er neans.

[ 0006]



There is publicly known as disclosed in Patent
Literature 4, a power supply systemincluding: a
plurality of power supply connecting nmeans to which | oad
equi pnent i s connected and which becones a slave unit
suppl ying power to the | oad equi pnent; and a display
devi ce connected to these power supply connecting nmeans
t hrough signal lines and which becones a naster unit
having a display unit for displaying a power consunption
state of the power supply connecting neans by receiving
signals transmtted fromthe power supply connecting
means, a uni que address being assigned to each of the
power supply connecting neans, each of the power supply
connecting neans including: an address setting unit
regi stering the owm address to the display device; a
current detecting unit detecting a current to be supplied
to each of the power supply connecting neans; and a
transmtting unit transmtting a current val ue detected
at the current detecting unit and the own address to the
di spl ay device through the signal |ines, the display
device including: a receiving unit receiving a signa
fromeach of the power supply connecting neans and a
calculating unit calculating the power consunption state
of each of the power supply connecting neans based on the
current value detected at the current detecting unit, and,
when the power integrated value exceeds a preset judgnent

val ue, or when the current value detected at the power
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supply connecting neans exceeds a judgnent val ue, power
supply of the power supply connecting neans is shut off.
[ 0007]

There is publicly known as disclosed in Patent
Literature 5, a power supply control device of a power
tap having one or a plurality of power plug connecting
means, the power supply control device including: standby
power detecting neans for detecting whether a supply
power value to be supplied to the one or the plurality of
power plug connecting neans corresponds to a standby
power val ue; and power supply stopping neans for stopping
power supply to each of the power plug connecting neans
after a predeterm ned period has el apsed after the above-
descri bed standby power detecting neans detects that the
supply power val ue corresponds to the standby power val ue.
[ 0008]

Further, other than the systens disclosed in these
patent literatures, a so-called smart neter is also known.
The smart neter which is realized by making a
conventional integrated power consunption nmeter provided
at each house work online, is a device for neasuring an
i nt egrated power anount consuned by one house for a
certain period of tine.

[ 0009]
The above-descri bed background arts are al

techni ques using outlets or table taps not enbedded in



the wall, and necessary neasuring equi pnment and contr ol
devices are incorporated in the outlets or the table taps.
However, these techniques nerely neasure power
consunption of connected electric equi pnent.
[ 0010]
As one of the conponents of a so-called smart grid,
i ntroduction of an automatic power consunption
measur enent system for each honme, or the like, and
enabl i ng power consunption of each hone, or the like, to
be neasured online have been proceeding. Further, an
outlet type neter has been commercialized for the purpose
of neasuring a power anmount of each electric household
appl i ance and a power supply. However, these are nerely
online electric energy neters, and nerely neasure an
i ntegrated power anount for a certain period of tinme and
transmt the neasurenent value. |In addition, these
nmeters neasure power consunption of the whol e house at
intervals of several tens of m nutes.
[ 0011]
In addition, a systemin which, for operation of
equi pnrent, a threshold for indicating an abnormality
degree is set based on operation information data | earned
in advance, and, if this threshold is exceeded, it is
j udged as abnornmal and power supply to the equipnent is
stopped, is known as disclosed in Patent Literature 6 and

Patent Literature 7.



Ctation List

Patent Literature

[ 0012]

Patent Literature 1:Japanese Patent Laid-Open No. 2008-
104310

Patent Literature 2:Japanese Patent Laid-Open No. 2008-
261826

Patent Literature 3:Japanese Patent Laid-Open No. 2011-
010000

Patent Literature 4:Japanese Patent Laid-Open No. 2011-
072099

Patent Literature 5:Japanese Patent Laid-Open No. 2011-
078177

Patent Literature 6:Japanese Patent Laid-Open No. 2011-
192097

Patent Literature 7:Japanese Patent Laid-Open No. 2009-
236608

Summary of Invention
Techni cal Probl em
[ 0013]

When a so-called smart tap is used as an information
term nal ainmed at detecting and controlling energy
consuned at one house, office building, collective
housing, facility, hospital, tenant, factory, or the |ike,
it is required to recognize electric household appliance

t hrough a vol tage waveform and a current waveform of each



el ectric househol d appliance and neasure and di spl ay
usage states and power consunption, as well as neasure a
power anount of each el ectric househol d appliance,

el ectric equi pnent and a distributed power supply and

di spl ay the neasurenent results.

Furt her, between each el ectric househol d appliance
and electric equipnent and a power supply (power grid,
renewabl e energy, or a rechargeable battery), it is
required to recogni ze each el ectric household appliance
as to which electric household appliance and electric
equi pnent are used in real tine, neasure total power
consunption regardi ng how nuch power anount is requested,
and neasure a requested power anpunt for each electric
househol d appliance and el ectric equi pnent anong the
total power consunption.

In the conventional systemfor visualizing power
usage states and total power consunption, in order to
save power, a user needs to consciously control hinself
to often manually turn off each electric household
appliance, or the like, or adjust tinme for using
equi pnent so that the equipnment is not used at the sane
tinme. It is therefore desired to enabl e power saving and
cutting peak power usage while nmaintaining quality of
life and making the user as little aware of power saving
as possi bl e.

It is desired to utilize the information of the

energy usage states to |learn and recogni ze a pattern of



behavi or of the user, that is, usage patterns of the
el ectric household appliance, and finely control the
power consunption within the house in real tine. To
achieve this, it is required to connect the electric
househol d appl i ance, neasure detail ed vol tage and current
waveforms, or the like, and neasure, collect, calculate,
control and communi cate a power anount for each outlet,
that is, for each connected el ectric household appliance,
and, further, conbine these to estimate and control power
flow for each house or for each group of a plurality of
houses.
[ 0014]

Moreover, in a system of energy on demand, that is,
EoD (hereinafter, referred to as "EoD"), it is required
to provide a pair of power supplies including a
comerci al power supply to the above-descri bed each group
of the plurality of houses and judge from which power
supply how nmuch power is to be supplied anong the
plurality of power supplies provided within one group.
Therefore, a problemof the EoD systemis to specify
el ectric househol d appliance connected to a power plug
fromthe nmeasurenent results of the power waveform of
each piece of electric equipnent when a plurality of
pi eces of electric equi pnent are energi zed, and further,
to recogni ze operation states of the electric equipnent
using a sinple device to detect abnornmal operation and

control the EoD system



It should be noted that in the case of, for exanple,
a house and col |l ective housing, other than a probl em of
reduci ng power of electric household appliance, there is
a problemthat it is required to renotely nonitor
el ectric househol d appliance by utilizing a function of
recogni zing el ectric household appliance to
i nst ant aneously detect abnormality of electric household
appl i ance, such as electricity |eakage, displaying the
abnormality, notifying the user of the abnormality and
al so making this systemcoordinate wth external servers

or cl oud.

Solution to Problem
[ 0015]

According to an electric household appliance renote
moni toring systemof the present invention, by nmeasuring
power flow itself of power consunption and distribution
of one or a plurality of power sources and its power
network, and el ectric househol d appliance on the power
network, a power supply pattern such as a voltage
wavef orm and a current waveform of the connected electric
househol d appliance is conpared with an original power
wavef orm of each el ectric househol d appliance which is
measured in advance and stored in a server, so that it is
detected whether the el ectric household appliance used in
t he house normally operates or degrades, or sone

abnormality occurs.



Further, based on such detection results, the user
can confirmthat the electric household appliance
normal Iy operates, and it is also possible to provide
information regarding repair and updating of the electric
househol d appliance, and further, a way of using the
el ectric household appliance to the user or the owner of
the el ectric household appliance as necessary.

Still further, for exanple, it is also possible to
control power consunption so as to fall within a range at
whi ch the overall electric household appliance operates
w t hout posing an obstacle to daily life by setting
priorities to usage of each electric household appliance
in the house based on the overall power usage state.

[ 0016]

Specifically, the present invention provides as
fol |l ows.

1. An electric household appliance renote nonitoring
system conprised of a smart tap to which one or two or
nore power plugs of electric equi pnent can be inserted,
and a server,

the smart tap including voltage wavef orm neasuring
means and/or current waveform neasuring neans,
communi cati on neans, and, optionally, conmputing neans,

t he vol t age wavef orm neasuri ng neans and the current
wavef or m neasuri ng nmeans neasuring a vol tage waveform and
a current waveform of power to be supplied to one or nore

pi eces of electric equipnment via the power plug connected
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to the voltage waveform neasuring neans and the current
wavef or m neasuri ng neans,

the comruni cati on neans transmtting any one or nore
of the voltage waveform the current waveform a
characteristic anount of the voltage waveform a
characteristic anount of the current waveform and,
optionally, a waveform of a power anount and a
characteristic anount of the waveform of the power anobunt
to the server provided at a different place froma pl ace
where the tap i s provided,

t he conputing nmeans provi ded optionally obtaining
t he waveform of the power anount based on the voltage
wavef orm and the current waveform

the server storing any one or nore of the voltage
waveform the current waveform the characteristic anount
of the voltage waveform the characteristic anount of the
current waveform and, optionally, the waveform of the
power anount and the characteristic anmount of the
wavef orm of the power amount received fromthe smart tap
and conparing any one or nore of the newy neasured and
recei ved vol tage waveform current waveform
characteristic anount of the voltage waveform
characteristic anount of the current waveform and,
optionally, a waveform of a power anount and a
characteristic anount of the waveform of the power anobunt

with the stored data to judge an operation state of each



connected piece of electric equipnment and transmt the
operation state of the electric equipnent.

2. The electric househol d appliance renote nonitoring
system according to item 1, wherein the server is a |loca
server and transmts the judged operation state of the
el ectric equipnent to a gl obal server using communi cation
means separately provided.

3. The electric househol d appliance renote nonitoring
system according to item 2, wherein the operation state
of the electric equipnent is transmtted fromthe gl obal
server to a managenent server

4. The el ectric household appliance renote nonitoring
system according to item2 or 3, wherein information
regarding repair or upgrading of the electric equi pnent
and/or a way of using the electric equipnent is
transmtted to a user and/or an owner of the electric
equi pnent based on the operation state of the electric
equi pnent received at the gl obal server or the managenent
server.

5. The el ectric househol d appliance renote nonitoring
system according to item 1, wherein the server is a

gl obal server, can perform communication with the smart
tap via a local server, and transmts the judged
operation state of the electric equipnment to the | ocal
server.

6. The electric household appliance renote nonitoring

system according to item5, wherein any one or nore of
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the voltage waveform the current waveform the
characteristic anount of the voltage waveform the
characteristic anount of the current waveform and,
optionally, the waveform of the power anount and the
characteristic anount of the waveform of the power anount,
and/ or the judged operation state of the electric

equi pnent is transmtted fromthe gl obal server to a
managenent server

7. The electric household appliance renote nonitoring
system according to item2 or 3, wherein information
regarding repair or upgrading of the electric equi pnent
and/or a way of using the electric equipnent is
transmtted to a user and/or an owner of the electric
equi pnent based on any one or nore of the voltage
waveform the current waveform the characteristic anount
of the voltage waveform the characteristic anount of the
current waveform and, optionally, the waveform of the
power anount and the characteristic anount of the

wavef orm of the power anmount received at the gl obal

server or the managenent server, and/or the judged

operation state of the electric equipnent.

Advant ageous Effects of Invention
[ 0017]

A mai n advantage of the present invention is that it
is possible to judge whether the electric househol d

appl i ance normal |y operates, whether degradation proceeds,
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or whether sone abnormality occurs, and it is possible to
notify the user of the information and transmt the
information to an external network, and, therefore,
abnormality of the electric household appliance is not
left in a state where the user is not aware of the
abnormality.

When the cause of the abnormality is, for exanple,
electricity | eakage, or the like, it is possible to stop
power supply to the electric household appliance at which
abnormality has been detected to elimnate possibility of
afire.

When degradation of the electric household appliance,
abnormality such as failure, electricity |eakage, or the
li ke, are detected, to solve such problens, it is
possible to transmt information regarding repair and
updating of the electric equi pnent, and a way of using
the electric equipnment to the user and/or the owner of
the el ectric equipnent.

For exanpl e, when a conpany selling electric
househol d appliance, such as an electric household
appliance mass retailer, an electric household appliance
online dealer, and a mail-order conpany nakes a contract
with the user and/or the owner of the system because a
state of the electric household appliance, that is,
whet her the el ectric househol d appliance operates

normal Iy or abnormally can be detected in real tine at



the external network, it is possible to renotely nonitor
and watch for the electric househol d appliance.

That is, by conparing the nornmal power waveform
pattern and the characteristic anmount of the electric
househol d appliance with the power waveforns and the
characteristic anobunts upon the previous usage
accunul ated and stored in a database, if the waveform
does not match the previous waveforns, it is possible to
detect abnormality of wiring or an outlet or failure or
trouble of the electric household appliance and provide
repair and mai nt enance service to the user in advance.

Further, in conpanies selling electric househol d
appl i ance such as an el ectric household appliance mass
retailer, by conbining existing custonmer data, that is,
data such as purchase date and tine, a type of a product,
a manufacturer and a guarantee period with data of the
system it is possible to provide courteous service which
makes the custonmer free from anxiety, by providing, for
exanpl e, a guarantee period for the repair and
i ntroduction of new electric household appliance, to the
user of the electric household appliance. Further, to an
energy savi ng-m nded custoner, it is possible to
i ntroduce energy saving electric household appliance or
i ntroduce photovoltaic generation or a rechargeabl e
battery which are to be used in conbination with the

syst em
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Still further, because the information of the
el ectric househol d appliance during normal operation can
be always nonitored in real tinme, data such as a daily
behavi or pattern can be built fromthe information
regardi ng usage or a usage pattern of the electric
househol d appliance of the user, so that it is possible
to inplenent a safety and security nonitoring function.

[ 0018]

A smart tap used in the present invention nay take
any formincluding an enbedded outl et enbedded in a wall
portion, a ceiling portion, a floor portion, or the |ike,
of a house, and a tap connected to the enbedded outlet or
a tap.

However, when the enbedded type smart tap is used
and an anmount of heat generation of the smart tap is
decreased, the whole surface of the box of the smart tap
does not have to be fornmed with a netal which has high
thermal conductivity such as alum numto achi eve heat
di ssipation. Therefore, in the smart tap enbedded in the
wal | of a building, or the like, because radi o waves can
pass through the tap box without the need of a netal heat
di ssi pation plate being provided outside a resin chassis,
it is possible to performcomunication with outside
usi ng the communi cati on nmeans provided wthin an outl et
box without the need of shielding radio waves of the

conmmuni cati on nmeans.
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Further, it is also possible to use electric
househol d appliance incorporating a smart tap function
which is substantially nmounted, held or fornmed by a
circuit achieving the smart tap function being connected
within the electric household appliance w thout providing
an outlet portion to which a power cord of the electric
househol d appliance is to be connected. At this tine, if
there is extra space within the electric household
appliance, there will be nore flexibility as to where the
circuit for achieving the smart tap function should be

di spl aced.

Brief Description of Draw ngs

[ 0019]

[Figure 1] Figure 1 illustrates voltage and current
wavefornms of a hair dryer and a vacuum cl eaner.

[Figure 2] Figure 2 is a |layout of enbedded outlets and
taps for an on-demand power control systemin a building.
[Figure 3a] Figure 3a illustrates a result of control
according to the present invention seen fromtransition
of power consunpti on.

[Figure 3b] Figure 3b illustrates a result of control
according to the present invention seen fromtransition
of power consunpti on.

[Figure 4] Figure 4 is a schematic diagramillustrating a

structure of a smart tap of the present invention.
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[Figure 5] Figure 5 illustrates a state where the present
invention is inplenented while a plurality of power
suppl i es are used.

[Figure 6] Figure 6 is a |layout of each neans of the
present invention.

[Figure 7] Figure 7 is another |ayout of each neans of
the present invention.

[Figure 8] Figure 8 is still another |ayout of each neans
of the present invention.

[Figure 9] Figure 9 is a flowhart of the present

i nvention.

[ Figure 10] Figure 10 is a flowhart for judgi ng whet her
or not an electric household appliance operates normally
in the present invention.

[Figure 11] Figure 11 is a diagramof an overall electric
househol d appliance renote nonitoring systemof the
present invention.

[ Figure 12] Figure 12 is a schematic di agram of

enbodi nents in which a fan i s used.

Ref erence Signs Li st

[ 0020]

1 MOSFET

2 Current neasuring nmeans

3 Arithnetic device

4 Communi cati on neans

5 Crcuit board for arithnetic device power supply



6 Front face
7 Substrate
8 Chassi s

9 Substrate

10 Substrate

11 Control device

Descri ption of Enbodi nents
[ 0021]

An el ectric househol d appliance renote nonitoring
system of the present invention which is a system
basically detecting progress in degradation of connected
el ectric househol d appliance or abnornmality such as
failure and electricity | eakage, can be al so used as an
on- demand power control system (EoD system) in a hone
network. The systemis an on-demand power control system
in which an upper limt value of power consunption wthin
a certain period of tinme or in a nonent is defined, and
control is perfornmed to supply power preferentially to
el ectric househol d appliance and el ectric equi pnent
(hereinafter, collectively referred to as "electric
househol d appliance") having higher priorities for the
user so as not to detract quality of life of the user
while a demand side is controlled to be within the upper
limt value. Because the systemcontrols operation of
the el ectric household appliance in response to a result

of detecting that the electric househol d appliance



operates abnormally, the systemincludes a hone server
(hereinafter, referred to as a "server") separately
provi ded as descri bed above.

[ 0022]

This systemis intended to conpletely switch a "push
type" (or demand response type) power network which is
driven by a power supplier to a "pull type" (on-demand
type) power network which is driven by a power consuner
side such as a user and a consunmer. |In one or two or
nore houses, the system perforns control in response to a
result as to whether various electric household appliance
operates normally, and stops the operation if the
el ectric househol d appliance operates abnornally.

Further, in response to requests for power supply to
various el ectric household appliance, for exanple,
requests for power supply to an air conditioner, lighting,
or the like, the systemcan also performcontrol to
supply power preferentially to inportant electric
househol d appl i ance having higher priorities (hereinafter,
referred to as "dynamic priority control of electric
househol d appliance") by the server anal ogi zi ng "which
request for power supply to the electric household
appliance is the nost inportant” froma usage pattern of
t he user.

[ 0023]
The | argest advant age obtai ned by using the above-

descri bed EoD systemis that it is possible to enable
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energy saving and reduction in CO, em ssions froma
demand side. For exanple, if the user gives to the hone
server, an instruction to reduce electricity prices of a
certain period of time or reduce power anount of a
certain period of time by 20%in advance, this approach
by the user can be realized through dynamc priority
control of the electric household appliance by reducing
power flow ng by 20% so that a systemcan realize energy
savi ng and reduce CO, em ssi ons.

Further, the user may optionally set priorities of
the el ectric household appliance, or can set the
priorities through a preset program according to seasons,
climates, tenperature, humdity, tinme, or the like.
Further, this EoD system can automatically determ ne
el ectric househol d appliance to which power should be
preferentially supplied as appropriate based on a plan or
an upper limt of power to be supplied and supply power
to each electric househol d appliance based on the
priorities of the electric household appliance fromthe
result. Further, in addition to the plan and the upper
limt of the power to be supplied, by |learning a behavior
pattern of the user, it is possible to build a power
usage nodel and determne the priorities of the electric
househol d appl i ance according to this nodel.

In these cases, it is possible to realize a contro
system whi ch can build the power usage nodel and set a

power usage plan based on the plan and the upper limt of



power supply, the life pattern of the user and the life
pattern of the user obtained through |earning, and, with
respect to these, neasure, conpare and cal cul ate an

i nstant peak power value in real time so as not to exceed
a peak power val ue when power val ues are integrated.

[ 0024]

Such an EoD system basically cal cul ates a power
anount (requested by the electric household appliance)
required in real tinme for each electric household
appliance, that is, a requested power anount, inside the
outlet or the tap froma voltage waveform a current
waveform a voltage value and a current anount of power
supplied to the electric household appliance connected to
the outlet and the tap. Moreover, the requested power
anount is neasured at an extrenely high sanpling rate
which will be described below. The nmeasurenent results
are conputed at an arithnetic device inside the outlet or
the tap and recogni zed and anal yzed as patterns of the
vol tage wavef orm and the current waveform

The vol tage waveform and the current waveform of the
power to be supplied to each electric household appliance
often have patterns different for each electric household
appliance. That is, presently, because the electric
househol d appliance includes a control device such as a
swi tching power supply and an inverter, a characteristic
wavef orm appears for each electric household appliance in

the current waveformw thin one AC cycle. Therefore,



- 25 -

even for the sanme power consunption, the voltage and the
current waveforns are often different from each ot her,

whi ch makes it possible to identify the electric
househol d appl i ance connected to the outlet and the tap
and detect an operation state of each electric household
appl i ance and occurrence of abnormality such as
degradation, failure and electricity |eakage by conpiling
a database of patterns of these voltage and current
waveforms in a server, or the I|ike.

[ 0025]

The voltage waveform the current waveform the
characteristic anount of the voltage waveform the
characteristic anount of the current waveform and,
optionally, the waveform of the power anount and the
characteristic anount of the waveform of the power anobunt
measured at each smart tap are transmtted to the server
and the server judges the operation state of each
el ectric househol d appliance, that is, which electric
househol d appliance is operating, which electric
househol d appliance is now powered on, and anong them
whi ch el ectric househol d appliance normally operates, and
whi ch el ectric househol d appliance does not normally
operate or degrades.

To perform such judgnent, the past voltage wavef orm
current waveform and power waveform and the
characteristic anounts of these waveforns of the

connected el ectric househol d appliance accunul ated in the
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server are conpared with the voltage waveform the
current waveform the power waveform and the
characteristic anounts of these waveforns of the sane

el ectric househol d appliance when the electric household
appliance is powered on again.

By conparing the newy neasured voltage and current
waveforms with the past voltage and current waveforns, a
peak val ue of the voltage or the current in the
characteristic anount of the electric household appliance,
a cycle of the peak value, a vector of change in the
vol tage and the current at a reference time point within
the cycle, or the like, are conpared. Further, it is
j udged whether the current required by the electric
househol d appliance tends to increase, whether the
el ectric househol d appliance tends to require power nore
than standby electricity during an OFF state, or whether
the el ectric household appliance tends to be del ayed in
starting operation after the electric househol d appliance
is powered on, or the like.

As a result of these judgnents, when these
t endenci es are obviously noticeable conpared to when the
el ectric household appliance was installed, it is judged
that the electric household appliance degrades, or
failure or electricity | eakage occurs, and the results
are di splayed or control is perfornmed to stop power
supply to the electric household appliance. It is also

possible to directly notify an organi zation, a store, or



the Ii ke, which maintains, inspects or replaces the
el ectric househol d appliance of these results.
[ 0026]

Further, judgnent is perfornmed based on the
request ed power anount, a power anmount which can be
supplied, the priorities of the electric equi pnent, or
the like, and a signal for controlling an anmount of power
to be supplied to each electric household appliance is
transmtted as appropriate to each smart tap. This
transm ssion can be perforned through packet
communi cation, or the I|ike.

Each snmart tap receives packets and controls power
supply to the connected el ectric househol d appliance
based on the instruction. It is therefore possible to
put the electric household appliance which has been just
powered on into a standby state until the next
instruction for power supply is received instead of
starting operation, or put the electric househol d
appliance which is operating into an OFF state or reduce
or increase power to be supplied to the electric
househol d appliance which is operating.

It should be noted that, in the present invention,
whet her or not the electric househol d appliance operates
normal |y may be judged at any server of a |ocal server
whi ch directly perfornms conmunication with each smart tap
and a gl obal server which directly perforns comunication

with a plurality of local servers via the |ocal server
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and the server of the present invention includes these
two types of servers.
[ 0027]

The present invention will be described bel ow

The smart tap of the present invention is a device
to which a power plug of the electric househol d appliance
is directly connected and which can supply power to the
el ectric household appliance, and nay be a devi ce which
is a smart tap such as a so-called table tap and is used
by being connected to an outl et enbedded in the wall
surface, or the like, of a building, or may be an
enbedded outl et enbedded in the wall surface, a colum,
ceiling or floor of a building, or a structure such as
furniture. The smart tap has one, two or three or nore
slots, and the shape of the smart tap is not particularly
limted. The electric household appliance connected to
the outlet and the tap includes electric household
appl i ance used at hone or collective housing, and
el ectric equi pnent provided at office, building, tenant,
hospital, business office, or the |ike.

Further, it is also possible to connect a plurality
of electric household appliance to the table tap by
connecting a tap, or the like, for branching the
conventional so-called table tap or an outlet having two
or nore slots to the smart tap of the present invention.
Also, in this case, it is possible to individually detect

and control the electric equipnent via the smart tap to
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whi ch the connected plurality of electric household
appliance are directly connect ed.

Further, it is also possible to further connect the
smart tap of the present invention having two or nore
slots to the smart tap of the present invention, in which
case, each smart tap can be nade to operate or any one of
the smart taps can be nmade to operate. Further, the
smart tap of the present invention includes a circuit
achieving a smart tap function enbedded in the electric
househol d appliance in addition to the forns of the
above-described table tap and the outlet. In the case of
utilizing the above-described el ectric household
appl i ance incorporating the smart tap function, the
el ectric househol d appliance does not include an outl et
portion to which the power cord of the electric househol d
appliance is connected and i ncorporates a snmart tap
function, by substantially including, holding or
connecting a circuit achieving the smart tap function
within the electric household appliance. |If there is
extra space within the electric household appliance,
there will be nore flexibility as to where the circuit
for achieving the smart tap function should be displ aced.

In the electric household appliance incorporating
the smart tap function, the circuit for achieving the
smart tap function is provided between the power supply
circuit of the electric household appliance and the power

cord which is to be connected to the outl et.
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Vol t age wavef orm neasuring neans in the enbedded
type smart tap of the present invention nmay be publicly
known nmeasuring neans for perform ng control which
nmeasures a voltage waveformin real tinme, and optional
gener al - pur pose neasuring neans can be enpl oyed as | ong
as the measuring neans can be held wthin the enbedded
type smart tap in a simlar manner as the current
wavef or m neasuri ng neans.

[ 0029]

Current neasuring neans for measuring a current
wavef orm and power consunption, which can be used in the
enbedded type smart tap of the present invention nay be
publicly known neasuring neans for perform ng control
whi ch neasures a current waveformin real tine, and
gener al - pur pose neasuring neans such as, for exanple, CT,
shunt and a Rogwskii coil, can be enployed as |ong as the
measuring neans can be held within the enbedded type
smart tap.

Further, neans for obtaining the power anmount is
conputing neans for obtaining the power anobunt based on
t he neasured current and the neasurenent val ue of the
vol t age.

[ 0030]

The communi cati on neans of the present invention is

basically nmeans for transmtting to a server provided at

anot her place, various data in the EoD system which w |
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be described later, such as a voltage waveform a current
waveform a current wavef orm obtai ned by processing the
vol t age waveform and the current waveform data of the
characteristic anount such as a peak val ue of these
waveforms, and, further, an attribute of the electric
househol d appliance to which the power plug is connected,
and power consunption calculated at the arithnetic device,
and a request power nessage when the el ectric househol d
appliance is powered on, and receiving data required for
controlling the electric household appliance obtai ned
t hrough nediation at the server, that is, a power
al l ocation nessage for the electric household appliance
whi ch is powered on and which requests power supply, the
power allocation nmessage being a result of conputing the
priorities of power supply to each electric househol d
appl i ance including other electric household appliance
which is operating and the requested power anount.

Thi s comuni cation may be perforned through packet
communi cation and is perfornmed at an arbitrary timng.

The communi cati on nmeans can include an oscillation
circuit such as a crystal oscillator.

As such communi cation neans, a Zi gBee nodul e (of,
for exanple, 2.4 Gz, 920 MHz, or the like) can be
enpl oyed, and other publicly known wreless communi cation
means such as Z-wave, Bluetooth (R), DECT (of a band of
1.9 Hz), an ultrahigh frequency of a band of 950 MHz can
be al so enpl oyed.
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Further, PLC, or the like, can be also utilized as
wi red conmuni cation neans other than the wrel ess
communi cati on neans.

Wil e the communi cation speed is lowif the
communi cation neans conplies with the Zi gBee
specification, the comunication nmeans can be nade to
serve as a repeater with respect to other smart taps by
utilizing a nmesh-type or star-type network relay function
which is a characteristic of this specification.
Therefore, the network can be flexibly expanded, and data
can be reliably transmtted to and received fromthe
server by self-restoring characteristics with respect to
a fault in the communication path due to failure.
Further, there is an advantage that because power
consunption is extrenely small, even if the communi cation
means is provided at all the outlets in the building, the
total power consunption is also extrenely small

In the smart tap of the present invention, the
communi cation neans is preferably displaced at an inner
side of a panel which is forned with a material not
bl ocki ng radi o waves, such as a resin, on the front
surface of the smart tap, so as to be aligned to the
outlet, particularly, when w rel ess conmunicati on neans
is enployed. When the smart tap is enbedded in the wall,
or the lIike, because the front surface of the smart tap
faces the inside of the room conmunication data

transmtted fromthe wirel ess communi cati on neans i s
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directly directed to the inside of the room which nmakes
it possible for the communication data to reliably reach
the server, or the like, and, adversely, nakes it
possible for signals transmtted fromthe server, or the
like, to be received at the wirel ess communi cati on neans
facing the inside of the roomnore reliably.

[ 0031]

The control nmeans in the electric househol d
appliance renote nonitoring systemof the present
invention is neans for controlling the power anount to be
supplied for each electric househol d appliance through
processing in the arithnmetic device in response to
signals of the result conputed at the server and the
i nformation judged by the server that the electric
househol d appl i ance operates abnormally, and sw tching
power to be supplied to the electric household appliance
and controlling the power anount to be supplied. It
shoul d be noted that switching of power to be supplied
means stopping or starting power supply to the electric
househol d appliance. Particularly, when it is detected
that the connected el ectric househol d appliance does not
normal |y operate, the control nmeans can pronptly stop
power supply to the electric household appliance.

In the smart tap of the present invention, a
sem conductor relay, particularly, MOSFET perform ng
phase control is used. Because the flow of power to be

supplied differs depending on the connected electric
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househol d appliance, it is possible to provide four to
ei ght sem conduct or devi ces considering that at |east one
or two or nore sem conductor devices can be provided for
each slot to which a power plug of an outlet or a tap is
connect ed because commercial power is AC, according to an
on resistance val ue of the sem conductor device. Because
t he maxi num power consunption of generally used donestic
el ectric household appliance is 1500 Wand the voltage of
a typical outlet is 100 V in Japan, the anount of heat
di ssipation of the control neans is as follows given that
a current up to 15 A flows through one outlet. It should
be noted that in a case of an outlet for 200 V in Japan
or in a country or region other than Japan where the
voltage of the outlet is, for exanple, 200V, a current up
to 7.5 A fl ows.

As the sem conductor device, a triac, MOSFET, or
non-zero crossing neans such as an SSR (Solid State
Rel ay) can be utilized.

Particularly, MOSFET requires a small anmount of
power to control the power anount, and, thus, has a smal
anount of heat dissipation. MOSFET is nore preferable
than the triac in ternms of the anmount of heat dissipation.
Wi | e because on resistance of the triac is 0.1 Q, the
anount of heat dissipation of the triac is 23.25 Win the
case of 15 A, 1.5 KW the anount of heat dissipation of

MOSFET, for exanple, in the case where on resistance is



0.038 Q, is 2.1 W which is obviously smaller than that

of the triac.

As MOSFET, Si, SiC, GaN, or the like, can be used,
and further, MOSFET having | ower on resistance is
pr ef er abl e.

[ 0032]

Further, even if a power plug of the electric
househol d appliance requiring |larger power flowis
connected to the smart tap, because the power control
device has | ow resistance, the smart tap i s not heated
too much by way of these neans, so that it is possible to
provide parts, or the |like, using a heat-sensitive
crystal oscillator within the outlet, and perform control
of power supply to the electric household appliance which
requi res such large power flow As a result, if power is
supplied to all the electric household appliance and
el ectric equipnent within the building via the smart tap,
it is possible to control operation of themby way of a
power supply to which power plugs are connected.

It should be noted that if the enbedded type smart
tap enploys a smart tap structure (Figures 7 and 8) for
i nprovi ng communi cati on performance of the comrunication
means, it is possible to inprove comrunication
per formance w t hout causing comuni cation inhibition
because there is no netal part on the communi cation neans.
Therefore, in the smart tap structure illustrated in

Figures 7 and 8, the rear surface of the chassis on an
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opposite side of the front surface to which the plug is
inserted can be replaced with a netal chassis having high
heat dissipation, so that heat of MOSFET which is a cause
of heat generation, can be dissipated to the netal
chassis via an insulating heat dissipation nenber, and
the tenperature within the tap can be maintai ned at 80°C
or 70°C or less. By this neans, it is possible to enable
utilization of MOSFET ot her than MOSFET havi ng | ow heat
di ssipation, that is, MOSFET having | ow on resistance.
[ 0033]

Control by these sem conductor devices commonly has
an advantage of high response speed, and is extrenely
ef fective when power to be supplied to the electric
househol d appliance is controlled, and if response speed
is desired to be as high as possible. However, if high
response speed is not desired, it is also possible to
enpl oy a sem conductor relay or a nechanical relay as the
control neans. For exanple, it is possible to enploy a
mechani cal relay when there is enough tine for
controlling other electric household appliance, for
exanpl e, when the electric househol d appliance to which
power is newy required to be supplied does not require
much power for a predetermined tinme period after
operation is started and the mechanical relay can control
power supply to other electric household appliance for
the predeterm ned tine period. Because when the

mechani cal relay is used, the anount of heat dissipation



- 37 -

is small as with the case where the MOSFET is used,
thermal influence on the arithnetic device and the
communi cation neans is snall

[ 0034]

In the conputing neans and/or the server of the
present invention, the electric household appliance
connected to the outlet is recognized based on the
vol tage waveform the current waveform the
characteristic anount of the voltage waveform the
characteristic anount of the current waveform and,
optionally, the waveform of the power anount and the
characteristic anount of the waveform of the power anount.

It should be noted that the conputing neans can
calcul ate an effective power anmount, that is, power
consunption and a requested power anount from an
effective current and an effective voltage obtained
t hrough neasurenent of the current waveform and
measurenent of the voltage waveform

The el ectric househol d appliance connected to the
outl et can be recogni zed before the electric household
appliance is powered on, for exanple, when the electric
househol d appliance is connected to the outlet, or the
el ectric househol d appliance may not be recogni zed until
the el ectric household appliance is powered on after the
el ectric household appliance is connected to the outlet.

At this tinme, the smart tap neasures the power

waveform 0.1 or 0.5 seconds to 2 seconds inmmedi ately
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after the connected el ectric household appliance is
powered on and transmts the neasurenent result to the
server, and the server checks the neasured power waveform
agai nst the power waveformregi stered in the server in
advance, thereby it is possible to specify the electric
househol d appl i ance which is powered on.

Here, any one or nore of the current waveform and
t he vol tage waveform of the connected el ectric househol d
appl i ance and the characteristic anounts of the current
waveform and the voltage waveformare stored in the
server, and the current waveform and the vol tage wavef orm
of the electric household appliance regularly acquired or
new y acquired when the electric household appliance is
powered on and the characteristic amunts of the current
wavef orm and the voltage waveform are conpared with the
stored characteristics.

Then, power may be supplied to the electric
househol d appliance as is, or the electric household
appl i ance nmay be powered off, and power to be supplied
may be conputed within the server while the electric
househol d appliance is powered off, and transmtted to
the smart tap, so that the smart tap can execute power
supply to the electric household appliance or stop power
supply to the electric househol d appliance.

[ 0035]
It should be noted that, in the case where the

el ectric househol d appliance is recogni zed when the
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el ectric household appliance is connected to the outlet,
thereafter, the smart tap can performcontrol extrenely
pronptly when the electric household appliance is powered
on. Meanwhile, in the case where the connected electric
househol d appliance is recogni zed when the electric
househol d appliance is powered on, it takes slight tinme
for the smart tap to start controlling the electric
househol d appliance after the el ectric househol d
appliance is powered on.

Further, the control neans has a function of
transmtting a conputed signal to MOSFET, or the like
controlling power supply to the outlet to which the
el ectric household appliance is connected based on a
vol tage control signal and a current control signal as a
supply nessage obtained fromthe server via the
communi cati on neans.

It should be noted that the server perforns
conputation of a requested power anount for each electric
househol d appl i ance and conputation to nedi ate power
whi ch can be supplied froma single or a plurality of
power supplies, and controls power supply to the electric
househol d appl i ance based on the priorities of the
el ectric household appliance so as to save power and cut
peak power usage for each house, or the |like. The server
can stop or interrupt operation of the electric household

appl i ance which is operating, or reduce power supplied to
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the el ectric household appliance, or increase power
suppl y.

As a result, it is possible to supply power
requested by the electric household appliance which is
just powered on or supply power of only a certain degree
of requested power, or nake the operation of the electric
househol d appliance wait for a subsequent timng at which
control is perforned instead of supplying requested power.

Confirmation as to whether the connected electric
househol d appliance normal |y operates may be perforned at
any arbitrary tinme point including when the electric
househol d appliance is specified at the server, and when
power is supplied to the connected el ectric household
appliance, and after power is started to be supplied.

However, according to types of the electric
househol d appl i ance, whether the connected electric
househol d appliance normal |y operates may be confirnmed at
the server imediately after the electric household
appliance starts operation and when the electric
househol d appl i ance reaches a state where the operation
of the electric household appliance gets settled after a
certain period of time has el apsed since the electric
househol d appliance started operation.

[ 0036]

Here, in terns of life of parts of the smart tap,

t he anbi ent tenperature of the mcroconputer is favorably

80°C or lower, and in terns of life of the communi cati on



means, the anmount of heat generation of MOSFET is
preferably 8 Wor | ower.

Furt her, when the comuni cation nmeans is provided at
a rear side of the panel forned with a non-netal nateri al
such as a resin which does not cause conmuni cation
inhibition, on a front face at a side where a plug is
inserted, the heat generating part of MOSFET has a
structure such that heat can be dissipated to a netal
chassis (such as Al), a netal heat sink, or the like, at
a rear side opposite to the front face of the outl et
t hrough an insul ati ng heat dissipation material, heat
di ssi pati on sheet and heat dissipation adhesive sheet.
Meanwhi | e, when the outlet front face nenber is forned
with a netal nenber that causes communi cation inhibition,
in order to incorporate the comunication neans in the
smart tap, particularly, in order to suppress decrease in
comuni cation performance, a chassis forned with a non-
metal such as a resin is selected. Therefore, because
t he heat generation of MOSFET becones worse than a case
where the above-descri bed netal chassis is enployed, the
anmount of heat generation of MOSFET is preferably 1 Wor
| ower .

That is, in ternms of life of a product and safety of
the smart tap, to nmake the heat generation of the
el ectric control device 80°C or lower, it is possible to
enpl oy a parallel connection structure which reduces a

current introduced to each MOSFET or a serial connection



structure (that is, two electric control devices for one
outl et) which does not reduce introduced power.

Further, a heat dissipation plate which does not
af fect the communi cati on neans can be provided inside the
devi ce instead of being provided at the chassis of the
smart tap itself, or the electric control device can be
connected to the chassis via an insul ati ng heat
di ssi pation sheet taking into account heat dissipation
resulting fromthe chassis of the smart tap being forned
with a netal as wll described bel ow
[ 0037]

Particularly, as described above, when the
comrmuni cation neans is displaced at the inner side of the
front panel formed with a material such as a resin of the
smart tap, through which radi o waves can pass, because
t he communi cati on nmeans can perform comuni cati on through
radi o waves passi ng through the panel, the chassis of the
smart tap can be formed wth a nmetal which does not
transmt radi o waves.

At this time, because the netal chassis also serves
as a heat dissipation plate, the control neans such as
FET can be connected to the chassis via a publicly known
heat dissipation material such as an insulating heat
di ssi pation sheet (for exanple, 0.5 to 20 WnK). As a
result, heat generated by the control neans can be
di ssipated to the environnent fromthe chassis through

the insul ating heat dissipation sheet. In this case, a
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fin, or the like, for heat dissipation can be provided
outside the chassis. It should be noted that a resin
formed wth an insulating high thermal conductive resin
conposite material such as BN and ALN can be used as a
chassis in place of the netal chassis.

Therefore, even if the anpbunt of heat generation of
one control neans is approximately 8 W heat is
di ssipated to the outside of the smart tap fromthe
chassis, so that it is possible to prevent increase of
the tenperature of the communication neans.

[ 0038]

Accordi ngly, the communi cati on neans whi ch nmeasures
power and transmts current and voltage waveforns is
provided at the rear side of the panel fornmed with a
resin material on the front face at a side of the smart
tap to which a plug is inserted. In this case, because
t he surrounding of the receiving part of the
communi cation device is formed with a non-netal materi al
communi cati on performance does not degrade. Meanwhil e,
t he heat generating part of the electric control device
which is provided further behind the communication device,
di ssipates heat to the netal chassis or the netal heat
sink through the insulating heat dissipation nenber
(sheet, adhesive sheet), so that it is possible to
mai ntain the tenperature inside the smart tap and the
chassis at 80°C or lower. That is, it is possible to

suppress heat generation w thout degradi ng comruni cation



performance of the tap, and use an inexpensive device
instead of an electric control device having small on
resi stance without shortening life of each device of the
t ap.

Further, as a structure of the smart tap, when the
comuni cation neans is provided on the rear side forned
with a non-netal resin which does not degrade
comruni cati on performance of the comruni cati on neans as
descri bed above, and the electric control device is
provi ded behind the communi cation neans, it is possible
to utilize a high thermal conductivity resin conposite
mat eri al which has high thermal conductivity and al so has
insul ation property and provide the heat generating part
and this insulating high thermal conductivity resin
chassis across the insulating heat dissipation nenber.

By this nmeans, it is possible to reduce heat
generation w thout degradi ng communi cation perfornmance
and use an inexpensive control device.

As descri bed above, the communi cation device can be
provided inside the smart tap, particularly, at a portion
where comunication is less likely to be inhibited, such
as a netal, and, for exanple, in a structure where the
comuni cation device is provided at a |lateral side, the
chassis is formed with a resin which is less likely to
cause communi cation inhibition. Therefore, as the
el ectric control device, by selecting a device whose

anmount of heat generation is small, that is, which has a
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small on resistance value, it is possible to maintain the
anount of heat generation at 80°C or | ower.
[ 0039]

As a result, by controlling the operation of,
particularly, the electric household appliance which
requires large power flow, it is possible to effectively
reduce power consunption of the whole electric household
appliance within the building for a certain period of
tine.

By using the enbedded type smart tap of the present
invention, it is possible to cut peak power usage of an
arbitrary electric househol d appliance, reduce the anpunt
of power to be supplied to an arbitrary electric
househol d appliance and shift operating tinme of an
arbitrary electric household appliance, while detecting
power consunption of the whol e house without forcibly
connecting the table tap to all the electric household
appliance including the electric household appliance
enbedded in the wall or the ceiling, such as |ighting.

[ 0040]

The smart tap can (1) cut off power and (2) adjust
power of each el ectric household appliance so that the
power value is equal to or |lower than an upper limt
power val ue requested fromthe server and a peak cut
power val ue by using the sem conductor device. Further,
by providing an infrared renote control function, the

smart tap can switch ON and OFF or reduce power.
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It should be noted that as power amount adjusting
means nounted at the outlet, a sem conductor relay (SSR
Solid State Relay), a nechanical relay, or a
sem conduct or device (triac and MOSFET: Metal Oxide
Sem conductor Field Effect Transistor) can be utilized.
However, in order to performcontrol so that the power
anount does not exceed the peak cut power value, while it
is possible to control ON and OFF by providing a
mechani cal or sem conductor relay, such a nechanica
relay has characteristics that response speed is | ow.

Because the response speed is low, if the power
anount requested by the electric househol d appliance
sharply increases before response is conpleted, there is
a possibility that the power anmount cannot be controlled
appropriately and may exceed the peak cut power val ue.
Therefore, to prevent occurrence of such a case, it is
necessary to provide a |large margi n of power anount for
ensuring that the power anount does not exceed the peak
cut power value even if the response is late, for exanple,
it is necessary to performcontrol so that 70 to 80 Wis
set as an upper limt for an upper limt of 100 W
However, the nmechanical relay can be effectively used for
the el ectric household appliance which allows |ate
response tine.

Therefore, preferably, by using a sem conductor
device with high response speed to be provided at the

smart tap, it is possible to set a small margin so that



t he power val ue does not exceed the upper limt power
value, and it is possible to easily ensure that the power
anount does not exceed the upper limt value. Because
the EoD system has a characteristics of controlling
i nstant peak power with respect to a |ife usage plan of
power in real tine to ensure that peak power usage of the
integrated power is cut, the sem conductor device, the
sem conductor relay and the nechanical relay are
preferable in this order to switch between ON and OFF and
control power. Further, the sem conductor device is nore
preferable in ternms of reduction in size.
[ 0041]

Therefore, preferably, the smart tap used in the
el ectric househol d appliance renote nonitoring system of
the present invention particularly enploys the foll ow ng
structure.

Bet ween each el ectric househol d appliance and
el ectric equi pnent and a power supply (power grid,
renewabl e energy or a rechargeable battery), a request
packet indicating which electric household appliance
requi res how nuch power anount is transmtted in rea
tinme to the server, and, after the server judges
(medi ates) a power anount which can be supplied fromthe
power supply, the server transmts a packet indicating
power which can be supplied, to the electric househol d
appliance side, that is, packet transm ssion is perforned

with each other after bal ance of demand and supply is
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j udged (nedi ated), and, thereby power supply to the
el ectric househol d appliance and the el ectric equi pnent
is started. This is a power control system using the
el ectric househol d appliance renote nonitoring system

In the electric household appliance renote
nmoni toring system of the present invention, the smart tap
can achieve functions (1) to (8): (1) a communication
function such as transm ssion and reception; (2) a
function of cal cul ati ng power consunption; (3) a function
of recogni zi ng each el ectric househol d appliance and each
pi ece of electric equipnment by judging that current and
vol tage waveforns of each el ectric household appliance
and each piece of electric equi pnent are those registered
in the server; (4) a function of giving notification of
detection of abnormality (abnormality such as electricity
| eakage) of each el ectric household appliance by
conparing an actually neasured wavef orm shape with a
nor mal power waveform pattern, the function being
expansi on of the function of recognizing the current and
vol tage waveforns of the electric household appliance and
the electric equipnent; (5) a function of power control,
switching ON and OFF, and renote control; (6) a sleep
function and a wake-up function for reduci ng power
consunption of the smart tap itself when the connected
el ectric household appliance is not used; (7) a safety
function for an abnormal current and an abnormal voltage

fromthe electric household appliance and each power
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supply; and (8) a function of sensing environnment (such
as tenperature and hum dity).
[ 0042]

Further, a behavior pattern of each user is |earned,
the priority of each electric household appliance and
el ectric equi pnent are automatically recogni zed, and a
power usage nodel is built. It is also possible to
create a power usage plan using this power usage nodel
and set the power peak-cut value and the power upper
l[imt value, and neasure and cal cul ate the instant upper
limt value in real tine, to thereby enable power contro
so that the power anobunt does not exceed the integrated
peak power usage and the set upper limt value. Further,
because a request from each el ectric househol d appliance
is received in real time, and power saving and cutting of
peak power usage are perfornmed mainly on the electric
househol d appliance with low priority while m nimzing
power saving for the electric household appliance and the
el ectric equipnment with high priorities in power saving
and cutting of peak power usage by automatically or
manual |y setting priorities, it is possible to realize
power saving and cutting of peak power usage,
particularly, integrated peak power usage w t hout
degradi ng confort of the user (w thout making the user
tol erant of power saving).

[ 0043]
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Further, conputing nmeans for recognizing the state
of the electric househol d appliance and detecting
abnormality (such as failure and electricity | eakage) is
provided inside the server. In this case, the conputing
means may be means for detecting that the voltage
wavef orm and/ or the current waveform or the like, or the
characteristic anmounts of the voltage and/or current
wavefornms conputed at the arithnmetic device indicate sonme
abnormality by conparing the waveforns and the
characteristic anounts with the normal state of the
el ectric household appliance, and, as a result, the
conputing neans nay be configured to be able to display
whet her or not there is abnormality using sound or |ight
as necessary when abnormality can be found in the state
of the electric househol d appliance.

Al ternatively, while during normal operation, power
consunption and the operation state of each electric
househol d appl i ance being controlled by using the smart
tap can be displayed at a display (TV, PC, nonitor,
nmobi | e equi pnrent (smart phone, TABLET-PC)), or the |ike,
which is utilized to visualize power, when abnormality
occurs, it is possible to display occurrence of
abnormality at this display to notify the user of the
abnormality.

Wth such means for recognizing the state of the
el ectric househol d appliance and detecting abnormality,

the el ectric household appliance is connected to the



- 51 -

smart tap, the pattern such as the power waveform and the
characteristic anount when the electric househol d
appliance nornmally operates are stored in the server, and
t hen, the power waveform appearing when the electric
househol d appl i ance does not normally operate is conpared
with the stored power waveform

By perform ng detection as described above, it is
possible to detect failure, trouble or electricity
| eakage of the electric household device, abnormality of
wiring (such as electricity | eakage) and abnormality of
the smart tap itself.

[ 0044]

According to these constituent nmenbers, it is
possible to realize the smart tap having the foll ow ng
structure.

A w rel ess device for neasuring power and
transmtting current and vol tage waveforns is constituted
on a rear side of a non-netal resin nenber on the front
face of the smart tap at the side to which a plug is to
be inserted. In this case, because the surroundi ng of
the receiving part of the communication device is fornmed
with a non-netal material, comunication performance is
not degraded. Meanwhile, the heating part of the
el ectric control device which is provided further behind
t he communi cati on device, dissipates heat to the netal
chassis or the netal heat sink through an insulating heat

di ssi pati on nenber (sheet, adhesive sheet), thereby it is
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possible to maintain the tenperature inside the snmart tap
and the chassis at 80°C or lower. That is, it is
possi bl e to suppress heat generation w thout degrading
communi cati on performance of the tap and use an

I nexpensi ve device w thout using an electric control
device with small on resistance wi thout shortening life
of each device of the tap

As a structure of the smart tap, when the wrel ess
device is constituted on the rear side of the non-netal
resin which does not degrade conmuni cation perfornance of
the wirel ess device and the electric control device is
provi ded behind the wireless device, it is also possible
to utilize a chassis forned with a high therma
conductivity resin conposite material, which has high
thermal conductivity and insulation property, and provide
the heat generating part and this insulating high therm
conductivity resin chassis across an insul ati ng heat
di ssi pation nenber.

By this nmeans, it is possible to reduce heat
generation w thout degradi ng communi cation perfornmance
and enabl e usage of an inexpensive control device.

It is possible to provide the conmuni cati on device
inside the smart tap, particularly, at a portion where
communi cation is less likely to be inhibited, such as a
metal, and, for exanple, in a structure where the
communi cation device is constituted at the | ateral side,

a resin chassis which is less likely to cause
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comuni cation inhibition is used. Therefore, as the
power control device, by selecting a device which
generates a small anmpunt of heat and which has a small on
resi stance value, it is possible to maintain the anount
of heat generation at 80°C or | ower.

[ 0045]

Further, detecting and comuni cati on neans i ncl udes
any one or nore of publicly known sensors for detecting a
state within a building, such as a notion sensor, a
tenperature sensor, a humdity sensor, a nass airfl ow
sensor, an illum nance sensor and a | ocking sensor, and
means for directly transmtting a result detected by the
sensor directly to the server or wirelessly transmtting
the result to the nearby smart tap.

When such detecting and conmuni cati on neans i s used,
data transmtted fromthe sensor to the server by the
detecting and communi cati on neans is added to information
transmtted fromthe smart tap to the server, processing
is performed at the server based on the information, and
the processing result is transmtted to the smart tap of
the present invention.

[ 0046]

Further, it is also possible to add an electric
househol d appliance renote control function to the snart
tap of the present invention. The renpte control
function in the case where the electric househol d

appliance itself has a function of controlling power, is
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directed to an air conditioner, TV, a fan, an electric
carpet, interior ceiling light, or the |like, and sw tches
ON and OFF of these electric househol d appliance or

adj usts other operation. As such an electric household
appliance renote control function, an infrared |ight and
an HA term nal or ECOHNET Lite or a conmunication
interface for ECOHNET, or the |ike, can be enpl oyed.

It is possible to add such a renote control function
to the smart tap to nmake the smart tap serve as one of
the control nmeans of the power plug. In such a case, it
is possible to utilize a renote control operation
function of the electric household appliance in addition
to control of operation of the connected electric
househol d appl i ance by the power plug. Because the
operation of the renpte control is not directly perforned
by human, but is one of the control perfornmed by the
smart tap of the present invention, it is possible to
realize finer operation for achieving target power
consunption and peak power anount reduction based on the
control signal fromthe server.

Meanwhile, it is not necessary to provide a renote
control function to the electric household appliance
whi ch does not have a function of controlling power, such
as lighting such as a light bulb, a pot, a refrigerator,
an IH heater, a hot water bidet and a coffee nmaker, and
t hese can be controlled by the power control device of

the smart tap of the present invention.
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Furt her, because the smart tap, if it is always
turned on, consunes nore power than standby power of the
el ectric household appliance, a tiner or various sensors
such as a notion sensor, or an ONOFF function of the
smart tap by switching on and off particular electric
equi pnent (for exanple, interior lighting of a store, or
the like) and a sl eep and wake-up function by powering on
and of f the connected el ectric household appliance may be
provided. Particularly, as a function of the smart tap,
it is designed that a threshold of power for waking up
the el ectric household appliance froma sleep node is set,
and, for exanple, by setting a threshold between 1 and 10
W it is possible to wake up the electric household
appliance froma standby state at power equal to or
greater than the threshol d.

In order to confirman operation state of such an
ON- OFF function and the sleep or wake-up function, for
exanpl e, an LED device, or the |ike, nay be provided at
an outer face of the front side of the smart tap or at an
i nner face where transmtted |light can be displayed (it
is possible to confirmby lighting of an LED, or the
like).

[ 0047]

An exanple of how to constitute the electric

househol d renote nonitoring system of the present

invention will be described bel ow.
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According to the smart tap of the present invention,
it can be considered that the foll ow ng phases are
sequentially gone through, phase 1 (visualization of
energy consunption and | earning and observation of human
behavi or), phase 2 (advanced power managenent using an
EoD power network), phase 3 (power coloring using a nano
grid within a house), and phase 4 (flexibility of energy
using a local nano grid).

In phase 1, it is tried to make the consumer nore
consci ous of power saving by visualizing an energy
consunption pattern within the house, and waste of power
consunption and action of the user are supported by
| earni ng and observing a state of each electric househol d
appl i ance and the behavior pattern of the user using each
el ectric househol d appliance.

[ 0048]

Specifically, the smart tap of the present invention
can be used in a usage state indicated in phases 1 to 4
descri bed bel ow.

It is judged whether the electric househol d
appl i ance operates nornally or operates abnormally by
conparing the data with the past data of the electric
househol d appliance at the server using any one or nore
of the voltage waveform the current waveform the
characteristic anount of the voltage waveform the
characteristic anount of the current waveform of the

present invention, and, optionally, the waveform of the
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power anount, and the characteristic anmount of the
wavef orm of the power anount.

It should be noted that it is also possible to
enpl oy one or nore values anong an effective voltage, an
effective current, effective power, an integrated power
anount, or the like, as one of the characteristic anounts.

Such judgnment may be perfornmed at any stage in
phases 1 to 4 described bel ow, and at any tinme point
selected or set anong a tinme point at which the electric
househol d appliance is powered on, and an arbitrary tinme
poi nt .

[ 0049]
(Phase 1)

It is possible to enploy publicly known neans for
measuring a voltage waveformof an AC current as the
vol tage wavef orm neasuri ng neans and the current waveform
measuring neans in the electric household appliance
renote nonitoring systemof the present invention, and,

t he neasurenent is performed at a high sanpling rate of
approximately, 16 bits, and 10 to 30 kHz.

The vol tage and current waveforns obtained by these
vol tage wavef orm neasuri ng neans and the current waveform
measuring neans are processed at the arithnetic device,
and the processing result is transmtted to the server
using the communi cati on neans. At this tine, a
m croconputer, or the like, incorporating DSP is

preferably enployed as the arithnetic device.
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Because, recently, nost of the electric household
appl i ance includes an advanced control device such as a
swi tching power supply and an inverter inside, a
characteristic waveformuni que to each electric househol d
appl i ance appears in the current waveformw thin one AC
cycle. Therefore, even if the electric household
appl i ance consunes the sane anount of power, it is
possible to specify the electric household appliance and
confirmthe operation state of the electric househol d
appl i ance by conparing patterns of the current waveform
[ 0050]

This function conpletely differs fromthe function
of the conventional smart tap which nerely visualizes
power, and using this function, in the arithmetic device,
the characteristic anmount used for specifying the
connected el ectric household appliance is specified by
the characteristic anobunts of the voltage and current
waveforms. The characteristic anounts include, for
exanpl e, peak values, cycles, and vectors at a reference
time point, of the current and voltage waveforns, and the
el ectric househol d appliance can be al so specified with
hi gh accuracy using these characteristic anounts.

As described above, it is possible to derive the
characteristic anounts using the arithnetic device and
transmt the characteristic anmounts to the server using
t he communi cation neans. |f the characteristic anounts

are not derived, because the conmunication speed is



required to be 16 bitsx20, 000 Hzx2=640, 000Hz in vi ew of

the data anount, it is inpossible to performtransm ssion
at the communi cation speed (250 kbps at a maxi mum of
ZigBee. Even if it is tried to increase the

communi cation speed, it is inpossible to enploy

communi cati on neans using a w de band if pursuing
reduction in size and reduction in power consunption.

I n Zi gBee, a header such as an address, a
transm ssion source and a data length, and a checksum are
added to variable |l ength payload of up to 78 bytes in one
packet, and packets are transmtted. At this tine,
transm ssion and reception are perforned while a setting
command and property are set at the payload portion. For
exanple, the smart tap of the present invention receives
a command of 16 bits, and a setting value includes O to
592 bits, a format of data to be transmtted includes 16
bits, an acquisition tinme includes 32 bits, and a data
portion includes 16 to 576 bits.

Wil e raw data of the voltage and current waveforns
with a |large anount of data cannot be transmtted as is
because of limtation of the conmunication speed as
descri bed above, by setting a table for characteristic
extraction, it is possible to calculate and obtain the
characteristic anounts of the voltage and current
waveforms at the arithnetic device within the smart tap.
At this time, the characteristic anmount required for

speci fying each el ectric household appliance and
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confirmng the operation state of the electric household
appliance is not so |arge.
[ 0051]

Descri ption regardi ng conmuni cation will be provided
below in three steps: (1) characteristic |earning step;
(2) electric household appliance | earning step; and (3)
el ectric househol d appliance recognition step, of the
el ectric househol d appliance.

[ 0052]
(1) Characteristic learning step

The characteristic anmount is obtained with inner
product of the current waveform neasurenent result
obt ai ned t hrough the current waveform neasurenent and an
ei genvector using the eigenvector obtained by anal yzing
princi pal conponents of the current waveform coll ected
froma plurality of electric household appliance in
advance. The vol tage waveform and the current waveform
of each el ectric household appliance are different from
each ot her depending on the electric household appliance
as illustrated in Figure 1 ((a) indicates a waveformof a
hair dryer and (b) indicates a waveform of a vacuum
cleaner, and a thick line indicates a voltage waveform
curve and a thin line indicates a current waveform curve).
It is therefore necessary to anal yze characteristics of
t hese waveforns to specify the electric househol d

appl i ance.
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Because the conditions for obtaining the
characteristic anounts do not depend on each electric
househol d appliance, data for conparison for obtaining
the characteristic anmounts is |earned in advance and
stored in the arithnetic device, or the |like, of the
smart tap of the present invention.

Further, as a nessage for transmtting the voltage
and current waveforns fromthe smart tap to the server in
advance, for exanple, the waveforminformation is set as
WH=16 bits, the acquisition time is set as 32 bits, and
the cycle is set as 16 bits, and the waveformdata is
indicated using a format including 16 bits of WD, 16 bits
of index, 16 bits of the nunber of data, 16 bits of
voltage (i), 16 bits of current (i), 16 bits of voltage
(1+k), and 16 bits of current (i+k). Meanwhile, as a
format of a nmessage for setting the characteristic
extraction table at the smart tap, the table information
i ncludes 15 bits of FH, 8 bits of a characteristic nunber,
and 16 bits of a cycle, and the table data includes 16
bits of FD, 16 bits of index, 16 bits of the nunber of
data, 16 bits of table (i) and 16 bits of table (i+k).

Because the data having the above-descri bed data
anount cannot be held in one packet, the data is divided
into a plurality of packets and transmtted while the
data corresponding to one cycle is held in an internal
menory of the smart tap. The waveforminformation is

transmtted using a packet to which an identifier WHis
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added, and, then, a data portion is transmtted to the
server using a plurality of packets along with the
identifier WD, start index and the nunber of data.

In a simlar manner, when the characteristic
extraction table is set, the table information indicated
in the identifier FH and the data portion indicated in
the identifier FD are divided into a plurality of packets
and transmtted to the server.

[ 0053]
(2) Electric household appliance | earning step

In a step of |earning each electric househol d
appl i ance, because learning is perforned using the
characteristic anobunt extracted at the smart tap, it is
only necessary to transmt only a small anount of the
characteristic anount.

As an exanple of the format for the characteristic
anount extraction nessage, DF is 16 bits, acquisition
tinme is 32 bits, an effective voltage is 32 bits, an
effective current is 32 bits, effective power is 32 bits,
an accunul ated power anobunt is 32 bits, the
characteristic anount is 32 bitsx4 and the cycle is 16
bits. DF is used as an identifier for indicating a type
of the data, and a total of 320 bits of the acquisition
time, the effective voltage, the effective power and the
accunul ated power anount, four characteristic anounts,
and the cycle are put into one packet of Zi bBee as one

message and collectively transmtted to the server.
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Further, the current waveform and the voltage waveform
may be transmtted to the server as the characteristic
anmount .
[ 0054]
(3) Electric household appliance recognizing step

In the electric household appliance recognizing step,
inasimlar manner to the electric household appliance
| earni ng step, recognition is perforned using a snal
characteristic anount extracted inside the smart tap. At
this time, learning is performed using the sanme
characteristic extraction nmessage as that in the electric
househol d appliance | earning step.

At this time, if possible, whether or not the
connected el ectric household appliance normally operates
can be detected based on the characteristic anount of the
current waveform
[ 0055]

(Phase 2)

After the electric household appliance is recogni zed
using the characteristics of the electric household
appliance in phase 1, the phase proceeds to phase 2.

I n phase 2, power supply to the electric househol d
appliance is controlled according to a power supply state
and the priorities of usage of the electric househol d
appl i ance which is being used while the server perforns

medi ati on for power supply. The power nmanagenent
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technique called EoD is used to reduce consuned energy
nore actively.

The EoD is a nmechanismfor, when the | oad apparatus
of the electric household appliance is powered on,
fundanental |y converting a nmechani sm of the power network
so far until required power is always supplied,
determining the priorities of the equi pnment, nediating
t he power usage anount and a tinme period during which
power can be supplied to the equi pment and assigning the
power usage anount and the tinme period in a best effort
manner .

[ 0056]

I n phase 2, a demand nedi ation protocol for a single
power supply is defined, the single power supply being
selected froma plurality of power supplies including
grid power, photovoltaic generation (PV), w nd power
generation, small hydroelectric generation, a fuel cel
and a rechargeable battery in a house, a building and
facility. A procedure of the demand nedi ati on protocol
of EoD will be described bel ow.

A. A power request nessage at the electric househol d
equi pnent side is transmtted fromthe snmart tap to the
server at regular time intervals using bidirectional
packet communi cati on. The power request nessage includes
a power anount required when the electric household
appl i ance connected to the snmart tap operates and/or a

power anount successively required during operation.
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B. The server determnes the priorities of the
el ectric househol d appliance which transmts the power
request nessage and the electric househol d appliance
which is operating (|l oad apparatuses) based on the anount
whi ch can be currently supplied, and/or a life pattern in
t he house acquired in phase 1, the power consunption of
each el ectric househol d appliance, a difference between
t he pl anned power anount and the consuned power anount,
or the Ilike.

C. According to the priorities of the |oad
appar at uses, a power assignnment nessage including the
al l oned power anmount and the allowed tine period is
transmtted to each electric household appliance or a
refusal nmessage is transmtted to equipnment to which
power cannot be supplied, through bidirectional packet
communi cation. The electric household appliance which is
all owed to use power starts or continues operation, or
perfornms operation while reducing or increasing power
consunpti on.

D. The electric household appliance which is all owed
to use power operates at the allowed power only for the
allowed tinme period. The electric household appliance
which is not allowed to use power requests reassignnent
(EoD) after a certain period has el apsed.

[ 0057]
This series of process is not intended to supply

power for initially activating the electric househol d
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appl i ance when the el ectric household appliance is
powered on through the operation of the user or by a
sensor or a programsuch as a tiner. Initially, a packet
i ndi cating a requested power anmount for each electric
househol d appliance is transmtted fromthe smart tap to
the server, supply performance of a single power supply
or a plurality of power supplies is judged at the server
receiving the packet, and if power can be supplied, the
server returns a control signal that power is supplied to
the smart tap.

The smart tap receiving this control signal starts
or stops power supply to the connected el ectric household
appl i ance according to the control signal.

Processing in the server and judgnent as to whet her
power is supplied to the electric household appliance in
this series of process will be described in nore detail.
Power supply to the electric household appliance is
judged at the server taking into account the power anount
whi ch can be supplied froma single power supply or a
plurality of power supplies.

Particularly, if power which can be supplied is
tight with respect to a sumof power to be used at the
el ectric househol d appliance which is likely to be used,
when t he peak power usage is cut, for exanple, an upper
[imt of the power is restricted, the information such as
the priorities of the electric household appliance which

is operating is sequentially updated, and, when the
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el ectric equipnent is newly powered on, the priorities of
the el ectric household appliance is updated to include
this new electric equipnent, and it is judged whet her or
not power is supplied to the electric household appliance
which is newy powered on based on the power anount which
can be supplied and the priorities of the electric
househol d equi prent .

Further, the priorities can be further taken into
account to judge whether power is supplied to the
el ectric househol d appliance at the server by also
considering the behavior pattern of the user. That is,

t he power usage nodel is created within the server and
the power usage plan is created by | earning the behavior
pattern of the user. Then, by always obtaining instant
peak power in real tinme and conparing this peak power

wi th the power usage plan, it is also possible to control
the integrated val ue of the peak power of each electric
househol d appliance so as not to exceed the power to be
supplied and the power of the power usage pl an.

At the sane tinme, if possible, it is possible to
detect whether or not the connected electric household
appliance normally operates by conparing the
characteristic anount of the current waveform at the
server.

[ 0058]
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In this nmethod, the user can reduce power
consunption as desired by the user hinself by setting the
maxi mum power anount which can be suppli ed.

As described above, the EoD system nakes it possible
to determine the priorities of the electric household
appliance taking into account characteristics and power
of the power supply of each electric househol d appliance,
and stop or reduce power supply to the electric household
appliance with low priority.

Equi prent i ncorporated in the EoD system i ncl udes
three types: the electric household appliance which is
equi pnrent at a demander side, power supply facility which
i's equipnment at a supplier side, and a rechargeabl e
battery which tenporarily accumul ates power.

[ 0059]

Three types of control perfornmed for performng
nmedi ation for a single power supply at the demander side
in phase 2 will be described using the foll ow ng exanpl es
of the electric househol d appliance.

A. Adjustnent. Lighting, a drier, or the like, are
not practically influenced even if the supplied power
anount is reduced with respect to the requested power,
al t hough performance is degraded in sone degree. It is
possi bl e to reduce supply power instead of supplying
power requested fromthe equi pnment side for these

equi pnent .
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B. Standby. Concerning the electric household
appl i ance such as washi ng nmachine and a rice cooker,
whi ch automatically operates for a certain period of tine
after being activated, if the operation can be conpleted
within a target finish tinme, a timng for activation may
be delayed. It is possible to shift the timng for
actually activating these electric househol d appliance
fromthe requested tine for the appliance.

C. Suspension. Because the electric household
appl i ance such as an air conditioner and a refrigerator,
whi ch controls heat, can nmaintain the tenperature even if
the operation stops for a short period of tine, it is
possi bl e to suspend the operation.

Because the el ectric household appliance is included
or not included in these categories Ato C, the electric
househol d appliance can be divided into eight patterns
taking into account whether the electric household
appl i ance can be included or not included in these three
categories. The electric household appliance which is
not included in any of these three categories is the
appl i ance which shoul d operate in any case, and is the
appl i ance having the highest priority for power supply.

[ 0060]

The results classified as descri bed above wll be

indicated in Table 1.

[ Tabl e 1]
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Class | Adjustment | Standby | Suspension Electric household
appliance
1 YES VES VES Notebook computer,
water heater
9 YES VES NO Hot yvater bidet,
microwave
Heater, air
3 YES NO YES conditioner,
refrigerator
4 YES NO NO TV, drier
5 NO YES YES Dishwasker,
washing machine
6 NO YES NO Rice cooker, toaster
7 NO NO YES Copy machine,
electric jug
Gas security
detector, artificial
8 NO NO NO respirator, network
equipment such as
router
[ 0061]

Tabl e 2 indicates property of classes of the

el ectric househol d appli ance.

prot ocol of EoD,

In the denand nedi ati on

the el ectric househol d appliance which

requests power first transmts to the server the power

assi gnment nessage to which property i s added.

The server conpares the power which can be supplied

with the requested power and transmts the power

assignment nmessage to the smart tap if power can be

suppl i ed.

| f power cannot be suppli ed,

t he server

reduces the amobunt of power supplied to the electric




househol d appliance which is currently used and whi ch has

low priority or transmts a nessage for refusing power

supply to the electric househol d appliance which requests

power .
[ 0062]
[ Tabl e 2]

Property

Value

Remarks

Electric household
appliance ID

ID

|dentifier of electric
household appliance

Electric household
appliance class

1-8

Requested power

Numerical value (W)

Common

Minimum starting
power

Numerical value (W)

Electric household
appliance classes 1 to
4

Perloq during which , Electric household
electric household Numerical value :

) appliance classes 3,
appliance can be (second) 4.7 and 8
suspended ’

Starting expected . Eleci.tnc houlsehold2
fime ime appliance classes 2,
4,6 and 7

Operation expected

Numerical value

time (second)

Priority 0-1 1 [nqlcates the highest
priority

Supply method DC, AC, voltage

[ 0063]

The smart tap is notified of whether or not power

can be assigned fromthe server in this nmanner.

notification includes whet her assignnent

The

is all owed or




refused as a response to the power request, and includes
whet her the operation is suspended or assigned power is
changed as a nessage to the electric household appliance
whi ch i s operating.

| f the assignnent is allowed or in the case of the
reassi gnment, a maxi mum val ue of power to be assigned to
the el ectric househol d appliance (assigned power) and an
assigned tine period are added as property. Meanwhile,
if the assignment is refused or the electric household
appliance which is operating is stopped, tine for the
el ectric househol d appliance to request power again is
added. The supply power is an ID of a power supply which
supplies power and is required for dispersed power
supplies in phase 3.

[ 0064]
(Phase 3)

After power supply is controlled in phase 2, in
phase 3, power is supplied froma plurality of power
suppl i es including photovoltaic generation (PV), w nd
generation, small hydroelectric generation, a fuel cel
and a rechargeable battery, or the like, in addition to a
grid power supply (including a plurality of grid power)
which is the nost typical power supply. In addition,
control is perfornmed in a simlar manner in phase 2 for
control of the connected el ectric househol d appliance

t hrough control of the smart tap fromthe server.
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The di spersed power supplies are efficiently managed
using a nano grid in the house having a power coloring
function (function for distinguishing a power supply
anong power to be supplied) for controlling a source of
power supply for each power supply.

If a plurality of dispersed power supplies are
provided within the house, efficient power supply is
realized by making it possible for the EoD protocol in
phase 2 to select power fromthe plurality of power
suppl i es and associating the power supplies with the
el ectric househol d appliance whil e maintaining demand
bal ance. To achieve this, it is necessary to take
appropriate action based on the characteristics of demand
and the characteristics of the power supplies. At this
time, it is necessary to also determne the priorities
for power supply of the power supplies. To determ ne the
priorities, the power supplies are classified into four
types as indicated in Table 3 according to stability as
to whether the power which can be supplied is constant or
can be controlled, or readiness as to whether or not a
del ay occurs when the supply power is changed.

For exanple, grid power fromthe power conpany has
stability and readi ness, while the power which can be
supplied by a photovoltaic cell depends on weather, and,
t hus, the photovoltaic cell |acks stability while having
r eadi ness.

[ 0065]



[ Tabl e 3]
Example of | Electric household
Class | Stability | Readiness | power appliance to which
supply power can be supplied
A O O Grid power |1-8
B O X Fuel cell 1,3,5,7
C y o Photovoltaic 1256
cell
D X X 1

Each power supply has various paraneters as
indicated in Table 4 bel ow. Because the fuel cell and
cogenerati on generates power and boils water at the sane
time, the power anobunt which can be supplied fluctuates
according to the anount of hot water. Further, the user
can set the power consunption or the upper limt of the
power anount under ceiling of the maxi mum supply power
and the accunul at ed power anount.

The rechargeabl e battery can be positioned as the
el ectric househol d appliance during charging and as a
power supply during discharging.

[ 0066]
[ Tabl e 4]



Property Value Remarks
Power supply ID | ID |dentifier of power supply
Power supply AD
class

Numerical value | Power currently being
Supply power W) supplied

Maximum power

Numerical value
(W)

Power which can be
currently supplied

Power amount , Accumulated power amount
) Numerical value )
which can be which can be currently
. (Wh) .
supplied supplied
. Numerical value L
Ceiling (Wh) User set upper limit
: Numerical value | Delay time due to change
Delay time (yen/W) of output
Power cost Numerical value | Electricity expense per unit
(yen/Wh) power amount
CO2 emission Numerical value | Emission amount per unit
amount (ml/Wh) power amount
Power
transmission DC, AC.’ voltage,
or the like
method
[ 0067]
In EoD, the supply source and the supply destination

can be determ ned using the power supply selection

pr ot ocol

according to the foll owm ng procedure.

A. Each power supply transmts power supply property

to the server.

B. A power plug device transmts a power assignnment

nmessage i ndicating power to be assigned to the electric
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househol d appliance to which the electric househol d
appl i ance property is added, to the server.

C. The server determnes the priorities of the power
supplies to the electric household appliance in an
ascendi ng order of power cost or a CO, em ssion anpunt
fromthe power supplies which can supply power, listed in
Tabl e 3 according to classes of the electric household
appl i ance.

D. Whet her power can be supplied is judged in a
simlar manner to the demand nedi ation protocol in a
descendi ng order of the priorities of the power supplies,
and the power assignnent nessage is transmtted to the
power plug devi ce.

E. The power plug device, when receiving the power
assi gnnent nessage, supplies power to the associ ated
el ectric househol d appliance according to the nessage.

The rechargeabl e battery switches a node between a
chargi ng node and a supply node according to a storage
anount, states of other power supplies and a power supply
state, and requests power as a | oad apparatus in the
chargi ng node, while being included in the power supplies
during power nediation in the supply node.

[ 0068]
(Phase 4)

In phase 4, a nano grid inplenmented within the house

is also inplenmented for each neighboring area. At this

time, it is necessary to constitute the power plug



apparatus to support exchange of information within the
ar ea.
[ 0069]

The smart tap of the present invention is used in
t he above-descri bed EoD systemand will be described in
detai|l bel ow
[ 0070]

Figure 2 of the present invention illustrates |ayout
of enbedded outlets for the on-demand power contr ol
system where C indicates an enbedded outlet. 1In the
figure, a plurality of smart taps of the present
invention are provided as the enbedded outlets in the
building. It is also possible to optionally use a tap
indicated by T in the figure. |In principle, one server
is provided at one house, and a conmuni cation network is
built so as to be able to perform conmmunicati on anong al
t he enbedded outlets within the house.

Wien T is connected to C, because the smart tap of
the present invention is connected in series in one
system processing is perfornmed to stop a function of any
one of T and C, preferably, an outlet C side.

[ 0071]

Figure 3 is a schematic diagramillustrating
transition of power of the whol e house when various
el ectric household appliance is used at an input voltage

of 100V in one house.
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In Figure 3, a solid line indicates power in the
case where EoD is not perforned, a dashed |line indicates
a target val ue obtained by perform ng EoD, and a dashed-
dotted line indicates a control sinulation result in the
case where EoD control is perforned based on an actua
measured val ue of each el ectric household appliance.

Figure 3(a) illustrates data of a current val ue of
an instant peak from noon of a given day to noon of the
next day, and a power value in actual life with respect
to a power plan of power reduction target indicated by a
i ne which has a snpoth peak.

A line fluctuating vertically and irregularly in a
regi on bel ow the dashed line indicates the control
sinmulation result. Further, a |ine over the dashed |ine
indicates data in actual life.

According to the control indicated in Figure 3(a),

t he power actually used does not exceed 1200Wi ndi cat ed
by a dotted line M and the instant peak does not exceed
1200W

Figure 3(b) is a diagram where instantaneous power
consunption indicated in Figure 3(a) is integrated, and
data in the case where a limt value of the instantaneous
power value in one day is set 30%or lower. Data in
actual |ife exceeds the target of the integrated power
consunption value indicated by the dotted Iine.

However, by perform ng control using the smart tap

of the present invention while setting the limt value at



- 79 -

30% or lower, it is possible to obtain a simulation
result where data increases slightly below the |ine
positioned on the dotted line C at noon in the next day
when control is perforned.

Fromthese results, according to the present
invention, for exanple, when cutting of the upper limt
peak power consunption is set at 30% data does not
exceed the upper limt, that is, it is possible to
quantitatively secure power reduction.

[ 0072]

Figure 4 illustrates an internal configuration
di agram of one exanple of the enbedded outlet as a tap
used in the electric household appliance renote
moni toring systemof the present invention.

The smart tap of the present invention is powered on
fromwiring wwthin the building as with a typica
enbedded outlet or tap, is branched into two in the case
of an outlet having two slots or branched into three in
the case of an outlet having three slots inside, and al so
functions as an outlet for output having two or three
slots, and includes necessary parts for realizing this
structure.

Further, in addition to such a structure, the smart
tap of the present invention includes voltage waveform
measuri ng nmeans, current waveform nmeasuring neans,
conputing neans and an arithnetic device, and control

means for nmeasuring the power anount and conputing the
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power anount for each output, and further includes
communi cation neans for transmtting signals fromthese
means to the server which is not illustrated and
receiving a control signal fromthe server.

It should be noted that also in the enbedded outl et
or tap having two or nore slots, these plurality of
outputs may be integrated and may be nade to operate by
one arithnmetic device and one conmuni cati on means.

[ 0073]

The el ectric househol d appliance renote nonitoring
system of the present invention can be provided in office,
a building, factory, tenant, a nass retailer, hospital,
elderly facility, supermarket, or the like, in addition
to a house, collective housing, an apartnent building and
a house also used as a store. Wile the smart tap of the
present invention is provided at a normal |ocation or an
arbitrary location on the wall of the building in these
buildings as illustrated in Figure 2, in principle, the
server with which the comuni cation nmeans perforns
communi cation is preferably provided within the sane
building. Wile there is typically one server within one
bui I ding, when a plurality of houses exist within one
bui I ding such as a house al so used as a store and an
apartnent building, or when one building is divided into
a plurality of units, such as office, factory and tenant,
the server can be provided for each house or unit. One

server can perform comunication wth a plurality of
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smart taps, and it is possible to select a server which
can process conmuni cati on and obtained information taking
into account the nunber of enbedded outlets and taps
provided in a typical house.

It should be noted that when the electric household
appliance renote nonitoring systemis provided in office,
a building, factory, tenant, a nass retailer, hospital,
elderly facility, supermarket, or the like, in addition
to a house, collective housing, an apartnent building and
a house al so used as a store, a server may be provided
out si de each building, or cloud can be utilized.

It is also possible to utilize cloud, an external
server, or the like, via a gateway (GN such as a hone
gateway (HGWN . By this neans, for exanple, the EoD
systemw thin the house can be controlled at the GW
whil e overall power data in association with mass |ives
can be controlled using cloud, the external server, or
the like. Further, when EoD control is performed on a
plurality of houses or buildings such as smart conmunity
using this tap, it is possible to utilize the GWNtoO
specify data of each house and offi ce.

[ 0074]

Further, as illustrated in Figure 5 by connecting a
power supply which supplies power to one house, to
phot ovol tai ¢ generation and w nd generation which are
renewabl e energy sources, and an el ectric storage device,

rechargeabl e battery devices of hybrid vehicles and
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el ectric vehicles, and other power supplies in addition
to an existing power grid, it is possible to supply power
to the house fromtwo or nore types of power supplies.

In this case, by connecting the smart tap of the
present invention to each power supply with reference to
the points listed in the above-described Table 3 and
Table 4, it is possible to performcontrol to reduce
energy | oss, substantially save power while inproving
confort and efficiently cut peak power usage by selecting
an arbitrary power supply froma plurality of power
supplies, determ ning the anmount of power to be supplied
from each power supply and selecting the electric
househol d appliance to which power is supplied fromthe
arbitrary power supply.

[ 0075]

Further, by using a plurality of power supplies as
descri bed above, for exanple, even if a DC power supply
i nstead of an AC power supply is connected to the
el ectric household appliance in an eco house, or the |ike,
the smart tap of the present invention can be al so used.
In such a case, power supplied to the house, or the like,
on AC and power supplied to all the electric household
appliance or part of the electric household appliance is
converted into DC using an AC/ DC converter, and the smart
tap of the present invention is used as a tap for

supplying DC to the electric househol d appliance.
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It should be noted that, in the case of DC power
feeding utilizing renewabl e energy such as photovol taic
generation and w nd generation, and a power supply device
such as a fuel cell and a rechargeable battery, power to
be supplied to the electric household appliance or power
to be supplied to part of the electric household
appliance is converted using an AC/DC converter, and the
smart tap of the present invention can be used as a tap
for supplying the DC to the electric household appliance.
The supply voltage of the DC at this tine can be set at a
| ow vol tage of 24V, 12V, or the like, taking into account
safety. In this case, exanples of the electric househol d
appliance to which DCis to be supplied include | ow power
equi pnent such as lighting, PC and its rel ated equi pnent,
and the el ectric household appliance conventionally using
an AC/ DC converter for each electric household appliance
such as a phone. Particularly, for the electric
househol d appliance conventionally using an AC/ DC
converter, by reducing |loss at the AC/DC converter, it is
possible to realize higher power usage.

Further, for the electric househol d appliance with
hi gh power consunption, such as |IH cooking equi pnent and
an air conditioner, it is also possible to enploy an AC
power supply taking into account danger because a DC of a
hi gh vol tage of 200V is used. In this case, part of
power branching fromthe ACis converted into a DC. If a

DC of a high voltage can be safely used, it is also
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possible to convert all the AC supplied fromoutside into
a DC and use the smart tap of the present invention for
this DC

As described above, a smart tap for a DC power
supply anong the smart tap of the present invention can
be used whil e being enbedded in the wall as in the case
of the smart tap for an AC or can be used whil e being
inserted into the outlet provided on the wall as in the
case of the table tap, by enploying voltage detecting
means and current detecting neans for a DC and control
for a DC. Also at this tinme, current and voltage
wavefornms unique to the electric household appliance are
detected, and the electric househol d appliance connected
to the smart tap i s recogni zed.

[ 0076]

Particularly, as described above, when power is
supplied to a house fromtwo or nore types of power
supplies and a snmart tap for a DCis used by connecting a
DC power supply such as a renewabl e energy source such as
phot ovol tai ¢ generation and w nd generation, an electric
storage device, a rechargeable battery device for a
hybrid vehicle and an electric vehicle, in addition to an
exi sting power grid as a power supply which supplies
power to one house, because there is no need for
converting the DC supplied fromthe photovoltaic
generation, the electric storage device and the

rechargeabl e battery device into an AC, no conversion



- 85 -

| oss occurs. Further, also for these DC power supplies,
it is possible to provide a smart tap at a panel board of
a DC power supply, or provide a smart tap in place of a
panel board and coll ectively control a DC current system
Further, by providing a smart tap at each power supply so
that the power supply side becones upstream it is
possible to individually control power supply from each
power supply.

In this case, by connecting the smart tap of the
present invention at each power supply, an arbitrary
power supply is selected froma plurality of power
supplies, the anmount of power supply from each power
supply is determ ned, and the electric household
appliance to which power is supplied froman arbitrary
power supply is selected, so that it is possible to
reduce an energy loss and performcontrol to efficiently
cut peak power usage.

Eventual |y, regardless of an AC or a DC, the smart
tap of the present invention can be provided as an
enbedded outlet in the wall portion, the ceiling portion,
the floor portion, or the like, or can be provided as a
tap connected to such an enbedded outlet, the
conventional enbedded outlet or a tap, or can be provided
at the panel board, so that it is possible to control
power to be supplied to the electric household appliance
or a power |line connected at the downstream side.

[0077]
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As a smart tap, it is possible to use a smart tap
having an internal structure as illustrated in Figure 6,
for exanple, as the first form It should be noted that
in the following figure, MOSFET is enployed as the
control neans.

Figure 6 is a diagram schematically illustrating
internal arrangenent of a smart tap at an outl et having
two slots. As the control nmeans, four MOSFETs 1 are
provi ded for each slot, and one current neasuring neans 2
is provided for each slot, and, further, although not
illustrated, one voltage neasuring neans is provided for
each slot. Further, one arithnetic device and one
conmmuni cation nmeans are shared between two slots. As is
clear fromthe figure, a circuit board for arithnetic
devi ce power supply is provided, and, in order to
facilitate dissipation of heat generated at MOSFET 1 to
out side of a power plug, MOSFET 1 is provided at four
corners, and the arithnmetic device 3 and the
communi cation neans 4 are provided away fromthe MOSFET 1.
It should be noted that at |east two MOSFETs 1 are
provided and up to four to eight MOSFET 1 can be provi ded.

By enpl oying such arrangenent, it is necessary to
prevent the arithnetic device 3 and the conmuni cation
means 4 from bei ng heated as possible as they can.

By enpl oyi ng control neans which is a power control
device having a small anount of heat generation, that is,

having small on resistance, because the anount of heat
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generation becones small, it is not necessary to use a
metal material which does not have radi o wave

transm ssivity. Further, because it is possible to form
at least part of the chassis with a resin having | ow heat
dissipation, it is possible to secure transm ssivity of
radi o waves required for perform ng comrunication with

t he server.

In this case, by selecting a device having a snall
anount of heat generation, that is, having a snmall on
resi stance val ue as the power control device, it is
possi ble to maintain the anount of heat generation at
80°C or | ower.

[ 0078]

As the second form Figure 7 and Figure 8 illustrate
exanpl es, which are different fromthe structure of the
smart tap illustrated in Figure 6, where two MOSFETs 1
whi ch are control neans are provided for each slot of the
outlet at the substrate of the smart tap, imredi ately
bel ow the front face or further behind, the front face
being formed with a resin through which radi o waves can
transmt. Figure 7 and Figure 8 are configuration
di agrams of one exanple of the smart tap of the present
invention, and Figure 8 illustrates a state where the
conponents in Figure 7 are partly assenbl ed and seen from
a different direction.

In Figure 7 and Figure 8, the communi cation neans 4

and its substrate are provided at the rear side, for
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exanple, in the center portion of the front face 6 of the
smart tap formed with a material which is a non-neta
resin material such as a resin and through which radio
waves can transmt. Therefore, signals comruni cated by
t he comuni cati on nmeans 4 pass through the front face 6
of the smart tap and, for exanple, can perform

communi cation with the server. Further, although not
illustrated, it is also possible to provide an LED for

i ndicating an operation state of the smart tap and its
substrate and a substrate for rewiting firmvare of a

w reless nodule and a m croconputer at the central
portion of the substrate. Rewiting of the firmware of
the wirel ess nodul e and the m croconputer may be any of
rewiting and updating using an USB term nal or wreless
rewiting in the case of the enbedded smart tap.

[ 0079]

Further, when MOSFET 1 is provided near the central
portion of a long side of the substrate 7 positioned
inside the front face 6 of the smart tap, to address a
case where MOSFET 1 is heated by operation of the smart
tap, although not illustrated, an insulating heat
di ssi pation sheet is provided so as to contact both
MOSFET 1 and the chassis 8.

Therefore, heat generated at MOSFET 1 is transferred
t hrough the insulating heat dissipation sheet which
serves as a heat dissipation nenber, and further

transferred to the netal chassis 8 and a netal heat sink.
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Because the chassis 8 dissipates heat wwthin the wall at
which the smart tap is provided, it is possible to

snoot hly di ssi pate heat from MOSFET 1, so that it is
possible to maintain the tenperature inside the snart tap
and the chassis at 80°C or | ower.

It is therefore possible to use an inexpensive
devi ce instead of using a power control device having
smal | on resistance.

[ 0080]

Further inside of the substrate 7 where MOSFET 1 is
provi ded, although not illustrated, a substrate 9 where
vol t age wavef or m neasuri ng neans, current waveform
measuring neans, and an arithnmetic device such as a CPU
are provided, is provided. Heat generated at MOSFET 1 is
not directly transferred to these neans and devi ce, and
heat is transferred to the chassis 8 through contact, so
that these neans and device are not excessively heated.

Further, it is also possible to provide a substrate
10 inside. At a back side of the substrate 10, a control
device 11 such as MOSFET whi ch can support high |oad can
be provided in preparation for a case where the electric
househol d appliance to be connected has high | oad.

If it is prioritized to formthe smart tap itself as
a |l ow back type, the snmart tap is constituted with a
sem conduct or device such as MOSFET having a power
control and switching function at the substrate 7, and if

there is latitude in depth when the smart tap is
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di splaced, it is possible to provide MOSFET at the
substrate 10. Therefore, the power control device which
becones heat generating part can enploy any structure.
Further, as described above, MOSFET is preferably
constituted at a portion distant fromthe m croconputer
or the wireless nodule in the case of high current
el ectric househol d appliance or the electric equipnent.
Wiile the smart tap of the present invention can be
i npl enmented by providing each substrate as descri bed
above, the arrangenent of each substrate and an el enent
provi ded at each substrate can be nodified as appropriate
wi thin the scope not degradi ng the advantage of the
present invention.
[ 0081]
Usage of smart tap for each connected el ectric househol d
appl i ance
Wiile the smart tap of the present invention
recogni zes the connected el ectric househol d appliance as
descri bed above, and, when the electric househol d
appliance is powered on, controls operation of the
connected el ectric household appliance while controlling
ot her el ectric household appliance through comruni cation
wth the server, in order to appropriately use the smart
tap for various electric household appliance, it is also
possible to provide an infrared transm ssion function or
a renmote control function such as hone automation (HA) at

the smart tap.
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To operate the electric household appliance using
such a smart tap, a usage aspect of the smart tap can be
classified into three categories according to types of
the el ectric household appliance.

As the first category, when the electric househol d
appl i ance has a so-called renpte control function as part
of TV, lighting or an air conditioner in a bed roomor a
living room and the electric household appliance itself
has a power consunption control function, the voltage
wavef or m neasuri ng nmeans, the current waveform neasuring
means, the current neasuring neans, the voltage nmeasuring
means, the power consunption conputing neans, the
communi cation neans, the detecting neans and the renote
controller controlling neans of the smart tap can be
i npl enented when the smart tap is connected. That is,
while the electric household appliance itself has a
remote control function and a control function, by making
t hese functions coordinate wwth a renote controller
bridge function of the smart tap, it is possible to power
on and off the electric household appliance using a power
control and sw tching function, and by detecting which
el ectric househol d appliance requires how nuch power
consunption is detected and notifying the server of a
request nessage, it is possible for the server to stop or
suspend power supply to the electric househol d appliance

or adjust power after the server receives a power supply
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nmessage indicating a judgnent result of the power state
of other electric household appliance.

As the second category, when the electric household
appl i ance whi ch does not have a renpte control function
and for which power control is conplicated, such as part
of a m crowave, washing machine, a humdifier, a fan
heater and a rice cooker, is connected to the smart tap,
whi ch el ectric househol d appliance requires how nuch
power consunption is nmeasured and conputed, and the
server is notified of the result as a request nessage,
and a supply nessage which is a result of judgnent of the
power state of other electric household appliance at the
server is received. By this neans, power is supplied to
the el ectric household appliance or power supply is
st opped. However, in this case, power control of the
el ectric househol d appliance cannot be perfornmed, and a
function of switching on and off is achieved.

Because such el ectric household appliance is likely
to be replaced by network el ectric househol d appliance
having a renote control function in the future, at that
time, it will beconme possible for the tap to perform
control as perfornmed on the renotely controlled electric
househol d appl i ance.

As the third category, when the electric househol d
appl i ance such as lighting at the entrance, kitchen,
| avatory, bathroom shower room |IH equipnment, a

refrigerator, a pot, and a hot water bidet is connected
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to the smart tap, these electric household appliance is
controlled by utilizing all the neans of the smart tap,
including the arithnetic device.
[ 0082]

It is possible to connect a chip fuse, a poly-swtch,
a glass tube fuse, or the like, to an internal circuit in
the smart tap of the present invention as protection
agai nst overcurrent to prevent reverse current fromthe
connected el ectric household appliance or prevent
abnormal current from each power supply.

It is also possible to provide a switching surge
protection function for suppressing high voltage
generated by on and off of a varistor and a power control
sem conduct or device and an overheat protection function
for suppressing heat generation at the power control
devi ce as protection against overvoltage, at the internal
circuit.

[ 0083]

Further, when the connected el ectric househol d
appliance is powered off and requires only standby power,
there is a case where it is necessary to reduce power
consunption of a circuit itself within the smart tap for
suppl ying power to the smart tap to which the electric
househol d appliance is connected or the outlet of the
smart tap.

In such a case, it may be necessary to reduce power

consunption of the smart tap itself or a circuit itself
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within the smart tap to which the electric househol d
appliance is connected. Therefore, if the power supplied
to the connected el ectric household appliance is equal to
or less than the standby power of the electric household
appliance, the snmart tap is put into a sleep state and
maintains its state. In this sleep state, all the
functions of the smart tap are not conpletely suspended,
but, for exanple, only the comruni cati on nmeans may be
powered on, so that the communication neans can perform
communi cation with the server when the connected electric
househol d appliance is powered on.

It is also possible to provide a wake-up function
for starting operation when power to be supplied to the
el ectric household appliance is equal to or greater than
t he standby power of the electric househol d appliance,
and a function for displaying the wake-up state using
light, or the |ike.

Further, it is also possible to power on the smart
tap at an arbitrary tinme by providing a tinmer. The wake-
up function may be achi eved by detecting a DC waveform
or the like, fromthe current wavef orm nmeasuri ng neans
provided within the smart tap.

Still further, it is possible to create a pseudo
si ne wave of an AC waveform from an anal og si gnal which
is a DC waveform fromthe current sensor and set a
threshol d of power to wake up and activate the smart tap

using variable resistance. By this neans, it is possible
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to finely adjust the threshold between 1 and 10 W and,
when the power is equal to or greater than the standby
power of the electric household appliance to be used, by
detecting the operation state of the electric household
appliance, it is possible to start activation and reduce
power consunption of the tap itself which is put into a
sleep state, or the like, when the power is equal to or

| oner the threshol d.

[ 0084]

Figure 9 is a flowhart illustrating one exanple of
the el ectric household appliance renote nonitoring system
of the present invention, and, when the electric
househol d appliance is powered on, first, the voltage
wavef orm and the current waveform are neasured wthin the
smart tap and transmtted to the server.

The neasurenent result is transmtted to the server
and the server extracts the past voltage waveform and the
past current waveform of the electric household appliance
stored in a voltage and current waveform DB, and in S2,
conpares the neasured voltage waveform current wavef orm
with the extracted voltage waveform and current wavef orm
and acquires points where the waveforns nmatch and points
where the waveforns do not match

As aresult, it is judged whether the neasured
vol t age waveform and current waveform are the sane as the
extracted voltage waveform and current waveform At this

time, reference for judging occurrence of degradation,
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failure or electricity | eakage of the electric househol d
appliance through a difference in the voltage waveforns
and the current waveforns is set in advance for each

el ectric household appliance, and it is judged whet her

t he nmeasured vol tage waveform and current waveform are
the sane as the extracted vol tage waveform and current
wavef orm according to the reference.

If the result is Yes, it is judged that there is no
degradation, failure or electricity | eakage. If the
result is No, it is judged which of normal, degradation,
failure and electricity | eakage, the nmeasured voltage
wavef orm and current waveform correspond to, and the
result is reported and also reported to an electricity
househol d appliance mass retailer and a mail order
conpany at the sane tine through the Internet.

[ 0085]

Figure 10 is a diagramfor explaining details of the
above-descri bed step S2, and the server specifies the
el ectric househol d appliance by collating the neasurenent
result of the voltage waveform and the current waveform
transmtted fromthe smart tap with the past data stored
in the voltage and current waveform DB

The neasured vol tage waveform and current waveform
are conpared with the past voltage waveform and current
waveform of the electric household appliance
corresponding to the specified electric househol d

appliance, particularly, regarding tendency of change
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such as increase of a voltage and a current when the
power supply is started. |If this tendency matches,
further, conparison is perforned regarding a peak voltage
and a peak current.

| f the peak voltages and the peak currents match,
conparison is perforned regardi ng tendency of decrease of
a voltage and a current after the peak.

If the voltages and the currents after the peak al so
mat ch, conparison is further performed regarding m ni num
val ues of the voltage and the current, and if all the
features match, it is judged that the electric househol d
appl i ance operates nornally.

However, if the features do not match, it is judged
that the electric household appliance degrades, or
trouble such as failure and electricity | eakage occurs.

It should be noted that this conparison is nmerely
one exanpl e, and, instead of the voltage waveform and the
current waveform any one or nore of the features
i ncludi ng the voltage waveform the current waveform the
characteristic anount of the voltage waveform the
characteristic anount of the current waveform and,
optionally, a waveform of the power anpbunt and the
characteristic anount of the waveform of the power anobunt
may be used as the features for judgnent.

Further, the features for conparison may not be the

sanme as those listed in this exanple, the order of the
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features is arbitrary, and judgnent may be perforned
using conpletely different features.
[ 0086]

Figure 11 is a diagramillustrating an exanpl e where
| ocal servers L are provided at a plurality of houses,
the | ocal servers at these houses are connected to a
gl obal server G via a network such as VPN, and, further,
a managenent server M and a database DB are connect ed.

In the case illustrated in Figure 11, the electric
househol d appliance renote nonitoring systemof the
present invention transmts the voltage waveform the
current waveform the characteristic anount of the
vol tage wavef orm and the characteristic anmount of the
current waveform and optionally, the waveform of the
power anount, and the characteristic anmount of the
wavef orm of the power anount detected at the smart taps
illustrated in the shape of outlets to the |ocal servers
L

The |l ocal servers L may transmt the received
vol tage waveform current waveform characteristic anmount
of the voltage waveform characteristic anmount of the
current waveform and, optionally, a waveform of the
power anount and characteristic anmount of the waveform of
t he power anount to the gl obal server G or the |loca
servers L thensel ves may judge whet her the connected

el ectric househol d appliance operates normally or
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degrades, or sone abnormality or electricity | eakage
occurs.

According to the judgnment, if all the connected
el ectricity household appliance which is operating
normal |y operates, the local servers L comunicate the
resul t.

However, in the electric household appliance renote
nmoni toring system of the present invention, if
degradation, abnormality or electricity | eakage occurs in
the connected el ectric household appliance, the result
shoul d be also reported to the managenent server Min
addition to the user or the owner of the electric
househol d appl i ance.

In the managenent server M electric household
appliance informati on regarding the electric household
appl i ance, such as a date of sale, a manufacturer, nodel
nunber, product nunber and a guarantee period of each
el ectric household appliance is stored as a database DB

Therefore, when abnormality of the electric
househol d appliance is reported to the user and/or the
owner, it is possible to report the above-descri bed
el ectric household appliance information stored in the
dat abase DB along with information regarding repair, new
el ectric househol d appliance for upgrading and/ or a way
of using the electric househol d appliance.

The user and/or the owner receiving such information

can know contact for repair, parts to be repaired,
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i ntroduction of new electric household appliance and
price concerning upgrading, a nore efficient way of using
the el ectric household appliance and a way of reducing
power consunption of the electric household appliance, or
the like, concerning the way of using the electric
househol d appl i ance and/or electric equipnment. That is,
it is possible to establish trustful relation between a
seller of the electric household appliance such as an

el ectric household appliance mass retailer and a nail
order conpany, and an el ectric househol d appliance user
side who actually uses the electric household appliance,
so that the user can use the electric household appliance
W t hout anxiety and save power confortably.

Furt her, because the operation state of the electric
househol d appliance is always detected, it is possible to
make a dat abase of data such as a usage state of the
el ectric household appliance and a life pattern of the
user. It is also possible to statistically extract
i nformation regardi ng usage states of a nunber of
el ectric househol d appliance, or renotely confirmliving
activities by recognizing the usage state of the electric
househol d appliance for each |local server, so that it is
possi ble to observe the living conditions of the renote
pl ace.

[ 0087]
( Exanpl e)
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A devi ce assum ng an enbedded outlet illustrated in
Figure 7 using four MOSFETs for each slot of the outlet
was manuf actured and connected to a fan.

The fan was powered on to start rotation and
operation of a notor. Assum ng that the fan was
continuously used, |oad was applied to blades of the fan
so as to lower rotating speed of the notor. Data at this
time is illustrated in Figure 12.

In Figure 12, a current waveform and a power
wavef orm of the fan were neasured. Wile, in a norma
state, the waveforns appear as accurate sine waves as
illustrated in an upper graph of Figure 12, when load is
applied to the blades to sinulate a case where
abnormality occurs at the notor, apparently, the power
wavefornms do not appear as sine waves as illustrated in a
| ower graph.

By conparing these voltage waveforns, it is possible
to detect occurrence of abnormality in the connected fan
based on a difference in the characteristic anounts such

as patterns and peak power.
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d ai ns

[Caim1]

An el ectric househol d appliance renote nonitoring
system conprised of a smart tap to which one or two or
nore power plugs of electric equi pnent can be inserted,
and a server,

the smart tap conprising voltage waveform nmeasuring
means and/ or current waveform neasuring neans,
communi cati on neans, and, optionally, conmputing neans,

t he vol t age wavef orm neasuri ng neans and the current
wavef or m neasuri ng nmeans neasuring a vol tage waveform and
a current waveform of power to be supplied to one or nore
pi eces of electric equi pnent via the power plug connected
to the voltage waveform neasuring neans and the current
wavef or m neasuri ng nmeans, the comuni cation neans
transmtting any one or nore of the voltage waveform the
current waveform a characteristic anount of the voltage
waveform a characteristic anount of the current waveform
and, optionally, a waveform of a power anmount and a
characteristic anount of the waveform of the power anobunt
to the server provided at a different place froma pl ace
where the tap i s provided,

t he conputing nmeans provided optionally obtaining
t he waveform of the power anount based on the voltage

wavef orm and the current waveform
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the server storing any one or nore of the voltage
waveform the current waveform the characteristic anount
of the voltage waveform the characteristic anount of the
current waveform and, optionally, a waveform of a power
anount and a characteristic amount of the waveform of the
power anount received fromthe smart tap, and conparing
any one or nore of the newly neasured and received
vol tage waveform current waveform characteristic anmount
of the voltage waveform characteristic amount of the
current waveform and, optionally, a waveform of a power
anount and a characteristic amount of the waveform of the
power anount with the stored data to judge an operation
state of each connected piece of electric equipnent and
transmt the operation state of the electric equi pnent.
[Caim 2]

The el ectric househol d appliance renbte nonitoring
system according to claiml1l, wherein the server is a
| ocal server and transmts the judged operation state of
the electric equipnment to a gl obal server using
communi cati on neans separately provided.

[Caim 3]

The el ectric househol d appliance renote nonitoring
system according to claim 2, wherein the operation state
of the electric equipnent is transmtted fromthe gl obal
server to a managenent server

[ A ai m 4]
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The el ectric househol d appliance renote nonitoring
system according to claim2 or 3, wherein information
regarding repair or upgrading of the electric equi pnent
and/or a way of using the electric equipnent is
transmtted to a user and/or an owner of the electric
equi pnent based on the operation state of the electric
equi pnent received at the gl obal server or the managenent
server.

[ aimb5]

The el ectric househol d appliance renote nonitoring
system according to claiml1l, wherein the server is a
gl obal server, can perform communication with the smart
tap via a local server, and transmts the judged
operation state of the electric equipnment to the | ocal
server.

[ aim 6]

The el ectric househol d appliance renbote nonitoring
system according to claim5, wherein any one or nore of
the voltage waveform the current waveform the
characteristic anount of the voltage waveform the
characteristic anount of the current waveform and,
optionally, the waveform of the power anount and the
characteristic anount of the waveform of the power anount,
and/ or the judged operation state of the electric
equi pnent is transmtted fromthe gl obal server to a
managenent server

[Caim7]
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The el ectric househol d appliance renote nonitoring
system according to claim2 or 3, wherein information
regarding repair or upgrading of the electric equi pnent
and/or a way of using the electric equipnent is
transmtted to a user and/or an owner of the electric
equi pnent based on any one or nore of the voltage
waveform the current waveform the characteristic anount
of the voltage waveform the characteristic anount of the
current waveform and, optionally, the waveform of the
power anount and the characteristic anount of the
wavef orm of the power anmount received at the gl obal
server or the managenent server, and/or the judged

operation state of the electric equipnent.



