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(57) Abstract: A load power monitoring apparatus and method use a power line communication apparatus and method. The power
line communication apparatus is capable of performing power line communication through a simple circuit structure by loading a
data signal on a current signal supplied over the power line. The power line communication apparatus includes a transmission unit
configured to generate a data signal using the current signal, which is supplied through the power line, as a carrier wave, and to
transmit the data signal through the power line, and a reception unit configured to receive the data signal, which is generated by the
transmission unit, through the power line.
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Description
Title of Invention: POWER LINE COMMUNICATION
APPARATUS AND METHOD, AND LOAD POWER

MONITORING APPARATUS AND METHOD USING SAME
Technical Field

Embodiments of the present disclosure relate to a power line communication (PLC)
apparatus and method, and more particularly, to a power line communication apparatus
and method configured to perform communication while supplying power at the same

time through a power line configured to supply power.

Background Art

A power line communication apparatus performs communication through a power
line that is already provided, and thus no additional wiring work is needed. The power
line is capable of reaching a basement or other enclosed domain which cannot be
reached by wireless technology. As a result, in many fields, a communication network
using power line communication is being adopted. For example, power line commu-
nication is being adapted as a method used to form a communication network as a
home network.

However, such power line communication performs communication by loading a
data signal on a voltage signal, and thus peripheral circuits such as various filters,
transformers, and diodes are being used to load the data signal on the voltage signal.
As a result, the structure of the circuit becomes complex, and the product cost is
increased as additional components other than the circuit structure are needed for com-

munication.
Disclosure of Invention

Technical Problem

Therefore, it is an aspect of the present disclosure to provide a power line commu-
nication apparatus configured to load a data signal on a current signal of power
supplied through a power line, and thus a power line communication may be
performed through a further simple circuit structure.

Additional aspects of the disclosure will be set forth in part in the description which
follows and, in part, will be obvious from the description, or may be learned by

practice of the disclosure.
Solution to Problem

In accordance with one aspect of the present disclosure, a power line communication

apparatus includes a transmission unit and a reception unit. The transmission unit may
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be configured to generate a data signal and to transmit the data signal through a power
line supplying power including a current signal which is supplied through the power
line, as a carrier wave,. The reception unit may be configured to receive the data
signal, which is generated by the transmission unit, through the power line.

The data signal may be configured to represent status information of a load that is
supplied with the power through the power line.

The status information of the load may be at least one of ON/OFF status information
of the load, information on the amount of power consumption of the load, and in-
formation on a power consumption pattern of the load.

Plural transmission units may be installed to correspond to plural loads.

The transmission unit may be coupled between a concentric plug and a plug of the
load so as to be electrically connected to the concentric plug and the plug of the load.

The reception unit may be installed at a node to which the loads are commonly
connected.

The node to which the load is commonly connected may include a distributor
configured to supply power to the load.

The transmission unit may include a current sensor, a signal generating unit, a switch
and a resistor. The current sensor may be configured to detect an amount of current
being supplied to the load. The signal generating unit may be configured to generate a
data signal that represents status information of the load based on the amount of the
current detected by the current sensor. The switch may be configured to be turned ON/
OFF by the data signal that is generated by the signal generating unit. The resistor may
be connected in series with the switch so that a current flows through the resistor when
the switch is turned ON.

The reception unit may include a current sensor and a signal processing unit. The
current sensor may be configured to detect the data signal being received through the
power line by detecting an amount of current that flows through the power line. The
signal processing unit may be configured to restore the data signal based on the amount
of the current detected by the current sensor.

In accordance with another aspect of the present disclosure, a load power monitoring
apparatus using power line communication includes a transmission unit, a reception
unit, and a control unit. The transmission unit may be configured to generate a data
signal representing status information of a load, and to transmit the data signal through
a power line supplying power including a current signal, the data signal using the
current signal supplied through the power line as a carrier wave. The reception unit
may be configured to receive the data signal, which is generated by the transmission
unit, through the power line. The control unit may be configured to determine a status

of the load by determining the status information of the load from the data signal being
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received through the reception unit.

The status information of the load may be at least one of ON/OFF status information
of the load, information on the amount of power consumption of the load, and in-
formation on a power consumption pattern of the load.

Plural transmission units may be installed to correspond to plural loads.

The transmission unit may be coupled between a concentric plug and a plug of the
load so as to be electrically conducted to the concentric plug and the plug of the load.

The reception unit may be installed at a node to which the loads are commonly
connected.

The node to which the load is commonly connected may include a distributor
configured to supply power to the load.

The transmission unit includes a current sensor, a signal generating unit, a switch,
and a resistor. The current sensor may be configured to detect an amount of current
being supplied to the load. The signal generating unit may be configured to generate a
data signal that represents the status information of the load based on the amount of the
current detected by the current sensor. The switch may be configured to be turned ON/
OFF by the data signal that is being generated by the signal generating unit. The
resistor may be connected in series with the switch so that a current flows through the
resistor when the switch is turned ON.

The reception unit may include a current sensor and a signal processing unit. The
current sensor may be configured to detect the data signal being received through the
power line by detecting an amount of current that flows through the power line. The
signal processing unit may be configured to restore the data signal based on the amount
of the current detected by the current sensor.

In accordance with another aspect of the present disclosure, a power line commu-
nication method is as follows. A data signal may be generated and the data signal may
be transmitted through a power line supplying power including a current signal, the
data signal using the current signal supplied through the power line as a carrier wave.
The data signal may be received through the power line.

The data signal may be configured to represent status information of a load that
operates by being supplied with power through the power line.

The status information of the load may be at least one of ON/OFF status information
of the load, information on the amount of power consumption of the load, and in-
formation on a power consumption pattern of the load.

In accordance with another aspect of the present disclosure, a load power monitoring
method is as follows. A data signal comprising status information of a load may be
generated and the data signal may be transmitted through a power line supplying

power including a current signal, the data signal using the current signal supplied
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through the power line as a carrier wave. The data signal may be received through the

power line. The status information of the load may be converted from the data signal.
The status information of the load may be at least one of ON/OFF status information

of the load, information on the amount of power consumption of the load, and in-
formation on a power consumption pattern of the load.

In accordance with another aspect of the present disclosure, an apparatus for
connection to a load in an enclosed location comprises a transmission unit. The
transmission unit generates a data signal and transmits the data signal through a power
line supplying power including a current signal, to the load in the enclosed location.
The data signal uses the current signal supplied through the power line as a carrier
wave. The data signal represents power information for the load

In accordance with another aspect of the present disclosure, a method is as follows. A
data signal may be generated and transmitted through a power line supplying power
including a current signal, to a load in an enclosed location. The data signal uses the
current signal supplied through the power line as a carrier wave. The data signal
represents power information for the load.

Advantageous Effects of Invention

As described above, by transmitting/receiving a data signal using a current signal of
power supplied on a power line as a carrier, power line communication may be
performed through a further simple circuit structure.

Brief Description of Drawings

These and/or other aspects of the disclosure will become apparent and more readily
appreciated from the following description of the embodiments, taken in conjunction
with the accompanying drawings of which:

FIG. 1 is a diagram of power line communication in accordance with one em-
bodiment of the present disclosure.

FIG. 2 is a diagram showing a coupling status of a concentric plug, a transmission
unit, and a plug being shown on FIG. 1.

FIG. 3 is a circuit diagram of a circuit configuration of a transmission unit and a
reception unit being shown on FIG. 1.

FIG. 4 illustrates waveforms for processes of generating, transmitting, receiving, and
restoring a data signal with respect to the power line communication being shown on
FIG. 3.

FIG. 5 is a diagram of the structure of the data signal being handled in the power line
communication in accordance with one embodiment of the present disclosure.

FIG. 6 is a flow diagram illustrating a load power monitoring method using power

line communication in accordance with one embodiment of the present disclosure.
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Best Mode for Carrying out the Invention

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

FIG. 1 is a diagram of a power line communication apparatus in accordance with an
embodiment of the present disclosure. As illustrated in FIG. 1, power is supplied to a
household (or a business location) 100 from an outside power supply source, and is
delivered to a concentric plug, receptacle or outlet 104 by a distributor 102 at the
household 100. The plug 104 represents a wall socket or an electric outlet, provided,
for example, in a bedroom, a living room, or a kitchen. Household appliances 106
inside the household 100 are supplied with electricity as energy through the concentric
plug 104, or receive power through a multi-tab or power strip 108 connected to the
concentric plug 104. The household appliances 106 represent loads that consume
power.

In an embodiment of the present disclosure, when inserting a plug 110 of a
household appliance 106 into a socket of the concentric plug 104 or the multi-tab 108,
a transmission unit 112 is coupled between the concentric plug 104 and the plug 110.
The transmission unit 112 generates a data signal that shows status information for the
household appliance 106 by using a current signal included in the power which is
being supplied to the household apparatus 106, as a carrier wave, and transmits the
data signal through a power line 114. A transmission unit 112 is installed at each plug
110 of each household appliance 106, and through the transmission unit 112, the status
information of each household appliance 106 may be individually obtained. A
reception unit 302 (FIG. 3) is installed at the distributor 102 and receives the data
signal generated at the transmission unit 112 and transmitted over the power line 114.
A control unit 116 restores and obtains the status information of the household
appliance 106 from the data signal that is being received through the reception unit.
The control unit 116 is an apparatus configured to perform load power monitoring that
determines the status of each household appliance 106 by collecting the status in-
formation of the household appliance 106, and may be implemented on a smart phone
or a home server, or may be implemented on a power supply control system of a power
supply source. Based on the result of the load power monitoring, a power consumption
savings policy or a power supply policy with respect to each household appliance 106
may be established to perform needed control.

FIG. 2 is a diagram illustrating the coupling of the concentric plug 104, the
transmission unit 112, and the plug 110 as shown on FIG. 1. As shown in FIG. 2, an

insertion hole 112a into which the plug 110 may be inserted, is formed at one side of
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the transmission unit 112, while a terminal 112b protrudes from the transmission unit
112 in such a way as to be inserted into the concentric plug 104, and is provided at the
other side of the transmission unit 112. The insertion hole 112a and the terminal 112b
are electrically connected inside the transmission unit 112. Thus, when the plug 110 is
inserted into the insertion hole 112a and the terminal 112b is inserted into the
concentric plug 104, power may be supplied to the household appliance 106 through
the concentric plug 104, the transmission unit 112, and the plug 110. The transmission
unit 112 includes a circuit configured to generate a data signal using a current signal of
the power, which is being supplied through the power line, as a carrier wave and to
transmit the data signal.

FIG. 3 is a circuit diagram of the transmission unit 112 and a reception unit 302.
Transmission units 112 are installed in a one-to-one correspondence to each household
appliance 106, and when plural transmission units 112 are installed, the plurality of
transmission units 112 are connected in parallel. The reception unit 302 is installed at a
node to which the plurality of transmission units 112 are commonly connected. For
example, as shown in FIG. 1 and as described above, one reception unit 302 may be
installed at the distributor 102 that supplies power to the household appliances 106.

The transmission unit 112 includes a current sensor 304 (a first current sensor), a
signal generating unit 306, a switch 308, a resistor 310, and a power supply 312. The
current sensor 304 detects the amount of current being supplied to a household
appliance 106 to obtain the status information of the household appliance 106. The
status information of the household appliance 106, for example, may be the ON/OFF
status information, the amount of current (power) consumption information, or the
power consumption pattern information of the household appliance 106. The signal
generating unit 306 generates a data signal in a form of the pulse signal that shows the
status information of the household appliance 106, based on the amount of current
being detected by the current sensor 304. The signal generating unit 306 may be im-
plemented by a micro computer unit (MCU), and may be loaded with a predetermined
algorithm configured to convert the detected amount of the current into a data signal in
the form of a pulse signal that corresponds to the detected amount of current. The
signal generating unit 306, based on the above-described algorithm, generates the data
signal that corresponds to the detected amount of the current. The data signal in the
form of a pulse signal generated at the signal generating unit 306, is used to turn ON/
OFF the switch 308. That is, in the high-level section of the data signal, the switch 308
is turned ON, and during the low-level section of the data signal, the switch 308 is
turned OFF. When the switch 308 is turned ON, current flows through the resistor 310
and through the switch 308 that is turned ON. Thus, each time the switch 308 is turned

ON, a pulse signal is formed. The pulse signal uses the current signal which is supplied
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to the household appliance 106, as a carrier wave and the combination of a series of the
pulse signals forms the data signal. The switch 308 may be implemented by a relay or
a high-power semiconductor switching device (for example, an insulated gate bipolar
transistor: IGBT). The power supply 312 is configured to supply power to the signal
generating unit 306.

The reception unit 302 includes a current sensor 314 (a second current sensor), a
signal processing unit 316, and a power supply 318. The current sensor 314 detects the
amount of power being supplied through the distributor 102, and is capable of directly
reading the data signal, which is generated by the transmission unit 112 and loaded on
the current signal of the power line 114, through the current sensor 314 (the reception
of the data signal). The signal processing unit 316 restores the data signal based on the
amount of the current of the power line 114 being detected by the current sensor 314,
and transmits the restored data signal to the control unit 116. For the above, the signal
processing unit 316 is loaded with an algorithm that is the same as the algorithm that is
loaded on the signal generating unit 306.

The control unit 116 analyzes the data signal which is transmitted from the signal
processing unit 316 of the reception unit 302 to obtain the status information of the
household appliance 106 such as the ON/OFF status information of the load, the in-
formation regarding a the amount of power consumption, or the information on power
consumption pattern. For the above, the control unit 116 is loaded with an algorithm
that is the same as the algorithm that is loaded on the signal generating unit 306 and
the signal processing unit 316. The control unit 116 collects the status information of
each household appliance 106, and performs load power monitoring to determine the
status of each household appliance 106. Based on the result of the load power
monitoring, a power consumption savings policy or a power supply policy with respect
to each household appliance 106 may be established to perform needed control.

FIG. 4 is a drawing showing a process of generating, transmitting, receiving, and
restoring a data signal with respect to the power line communication apparatus being
shown in FIG. 3. The waveform shown at (A) of FIG. 4 is referred to as the waveform
of the current which is supplied to the household appliance 106, that is, the waveform
of the current being consumed at the household appliance 106. Through the waveform
as such, the ON/OFF status of the household appliance 106, the amount of power con-
sumption, and the power consumption pattern may be determined. For example, when
a section in which the amount of the current is near O at the current waveform is
continued for a longer period of time than a certain time period, it may be determined
that the household appliance 106 is in the OFF status or the IDLE status. In addition,
information relating to the time during which the consumption of power is high or low

may be obtained. The equation (B) of FIG. 4 is an example of the data signal that cor-
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responds to the amount of current that is detected through the current sensor 304 of Fig
3. For example, when the amount of the current detected at the current sensor 304 is
about 1.2A (Ampere), the signal generating unit 306, according to the predetermined
algorithm, generates a data signal that corresponds to 1.2A, for example, a data signal
‘0010110101°. The format of the data signal that corresponds to the detected amount of
the current is in compliance with a regulation designated at the algorithm, and
depending on the manner of the regulation being designated, the format of the data
signal may vary. The signal generating unit 306, as shown in waveform (C) of FIG. 4.
uses the data signal ‘0010110101 as a switching control signal, to turn ON/OFF the
switch 308. That is, in the ‘0’ section of the data signal, a pulse is not being generated
(the switch 308 is OFF) but by generating a pulse in the ‘1° section of the data signal
(the switch 308 is ON), a pulse signal is generated as shown in waveform (C) of FIG.
4. By using the pulse signal, the switch 308 is turned ON/OFF. By the ON/OFF of the
switch 308, as shown in waveform (D) of FIG. 4, the data signal ‘0010110101” is
loaded on the current signal of waveform (A) of Fig 4. The reception unit 302, by
receiving and converting the data signal loaded on the current signal of the power line,
obtains the data signal ‘0010110101” that is the same as the data signal shown in (E) of
FIG. 4. The control unit 116, by receiving and analyzing the restored data signal
‘00101101017, is able to determine that the amount of the current being used at the
household appliance 106 is about 1.2A.

FIG. 5 is a diagram illustrating the structure of the data signal being processed at the
power line communication apparatus in accordance with an embodiment of the present
disclosure. As shown in FIG. 3 and as described above, as for the power line commu-
nication apparatus in accordance with an embodiment of the present disclosure, since
the signals being transmitted from the plurality of transmission units 112 are received
by the single reception unit 302 and then transmitted to the control unit 116, the data
signals that are being transmitted from each transmission unit 112 need to be dis-
tinguished from each other. Further, the data signals transmitted from the plurality of
transmission units 112 may overlap each other, and thus preparations may be needed if
an error occurs when the signals overlap each other. As a result in one embodiment of
the present disclosure, a data signal (a packet) having the structure shown in FIG. 5 is
used.

As shown on FIG. 5, the data signal in accordance with one embodiment of the
present disclosure includes a header 502, a load identification code 504, data 506, an
error correction code 508, and an EOF (End of File) 510. The header 502 and the EOF
510 represent the beginning and the end of the data signal, respectively. The load iden-
tification code 504 is configured to identify from which load, that is, from which one

of the house appliances 106 the corresponding signal is being transmitted. A unique
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identification code is assigned to each transmission unit 112 in advance. By de-
termining which of the transmission units 112 is connected to a particular one of the
household appliances 106 via the concentric plug 104 or the multi-tab 108, the status
information of the household appliance 106 connected to the concentric plug 104 or to
the multi-tab 108 through the corresponding transmission unit 112 may be dis-
tinguished by analysis of the data signal transmitted from the particular transmission
unit 112. The data 506 is referred to as the data of the amount of the current, which is
being supplied to the household appliance 106, detected by the current sensor 304. The
error correction code 508 is provided to prepare for an error that may occur when the
signals being transmitted from the plurality of transmission units 112 overlap each
other. Other methods of handling these errors include a method of repeatedly
transmitting the data signal, a method of transmitting the data signal in a sufficiently
short period of time, and a method of allowing a signal level to be significantly larger
than a noise component at the pulse section of the data signal.

FIG. 6 is a flow diagram illustrating a load power monitoring method using power
line communication in accordance with an embodiment of the present disclosure. In
FIG. 6, operations 602 and 604 are processes performed at the transmission unit 112,
operations 606 and 608 are processes performed at the reception unit 302, and
operation 610 is a process performed at the control unit 116.

As shown in FIG. 6, the amount of current supplied to the household appliance 106 is
detected through the current sensor 304 of the transmission unit 112 to obtain status in-
formation of the household appliance 106 from the detected amount of current (602).
The signal generating unit 306 of the transmission unit 112, based on the amount of the
current detected by the current sensor 304, generates the data signal, which is provided
in the form of a pulse signal that shows the status information of the household
appliance 106, through the predetermined algorithm, and transmits the data signal
loaded on the current signal of the power line (604).

The current sensor 314 of the reception unit 302 detects the amount of the power
being supplied through the distributor 102, and directly receives the data signal, which
is generated at the transmission unit 112 and is loaded on the current signal of the
power line, through the current detection of the current sensor 314 (606). The signal
processing unit 316 converts the data signal into the amount of current of the power
line that is detected by the current sensor 314, and transmits the converted data signal
to the control unit 116 (608).

The control unit 116, by analyzing the data signal transmitted from the signal
processing unit 316 of the reception unit 302, performs load power monitoring to
obtain the status information of the household appliance 106, such as the ON/OFF

status information of the load, the information on the amount of power consumption,
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or the information on power consumption pattern (610). The control unit 116, through
the load power monitoring method, collects the status information of each household
appliance 106, establishes a power consumption savings policy or a power supply
policy based on the status information of each household appliance 106, such as the
ON/OFF status information of the load, the information on the amount of power con-
sumption, or the information on power consumption pattern, and according to the
policies established, the power consumption or the power supply may be controlled.

[53] Although a few embodiments of the present disclosure have been shown and
described, it would be appreciated by those skilled in the art that changes may be made
in these embodiments without departing from the principles and spirit of the

disclosure, the scope of which is defined in the claims and their equivalents.
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Claims

A power line communication apparatus, comprising:

a transmission unit configured to generate a data signal and to transmit
the data signal through a power line supplying power including a
current signal, the data signal using the current signal supplied through
the power line, as a carrier wave; and

a reception unit configured to receive the data signal, which is
generated by the transmission unit, through the power line.

The power line communication apparatus of claim 1, wherein the data
signal is configured to represent status information of a load that is
supplied with the power through the power line.

The power line communication apparatus of claim 2, wherein the status
information of the load is at least one of ON/OFF status information of
the load, information on an amount of power consumption of the load,
and information on a power consumption pattern of the load.

The power line communication apparatus of claim 1, wherein there are
plural transmission units for plural loads, respectively and each
transmission unit is installed to correspond to a respective load.

The power line communication apparatus of claim 1, wherein the
transmission unit is coupled between a concentric plug and a plug of
the load so as to be electrically connected to the concentric plug and the
plug of the load.

The power line communication apparatus of claim 1, wherein there are
plural loads and the reception unit is installed at a node to which the
loads are commonly connected.

The power line communication apparatus of claim 6, wherein the node
to which the loads are commonly connected comprises a distributor
configured to supply power to the a loads.

The power line communication apparatus of claim 1, wherein the
transmission unit comprises:

a current sensor configured to detect an amount of current being
supplied to a load;

a signal generating unit configured to generate a data signal that
represents status information of the load based on the amount of the
current detected by the current sensor;

a switch configured to be turned ON/OFF by the data signal that is

generated by the signal generating unit; and
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a resistor connected in series with the switch so that a current flows
through the resistor when the switch is turned ON.

The power line communication apparatus of claim 1, wherein the
reception unit comprises:

a current sensor configured to detect the data signal being received
through the power line by detecting an amount of current that flows
through the power line; and

a signal processing unit configured to restore the data signal based on
the amount of the current detected by the current sensor.

A power line communication method, comprising:

generating a data signal and transmitting the data signal through a
power line supplying power including a current signal, the data signal
using the current signal supplied through the power line as a carrier
wave; and

receiving the data signal through the power line.

The power line communication method of claim 10, wherein the data
signal is configured to represent status information of a load that
operates by being supplied with power through the power line.

The power line communication method of claim 11, wherein the status
information of the load is at least one of ON/OFF status information of
the load, information on the amount of power consumption of the load,

and information on a power consumption pattern of the load.
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[Fig. 4]
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