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by which reduces the attenuation of a communication signal, so as to ensure an excellent communication state without increasing

g the manufacturing cost of the system.
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DESCRIPTION
COMMUNICATION SYSTEM

<TECHNICAL FIELD>

ThepresentinventionrelatestQapowerlinecommunicafion
system for carrying out a communication by utilizing a power
line. In particular, the invention relates to a power line
communication system capable of reducing the attenuation of a
communicationsignal, therebyallowingeachhouse to communicate
in good condition with a communication signal provided in a
building having a plurality of houses in it.

The invention relates to a communication system which is
suitable for a building having a plurality of houses which
receives a video and audio signals in a high frequency band such
as a TV signal or a CATV signal in common. In particular, the
invention relates to a communication system which reduces the
attenuationofatransmissionsignal andisinfluencedbyamixing
noise with difficulty.

The invention relates to a communication system which is
suitable forabuildinghavingapluralityofhouseswhichreceive
avideo and audio signal in common. Inparticular, the invention
relates to a communication system capable of reducing the
attenuation of a communication signal.

<BACKGROUND ART>

(1) In recent years, there has been researched a
communicationutilizing a power line, for instance, a power line
communication (PLC) for superimposing a communication signal
onalowvoltagedistributionpowerlinetocarryoutahigh—speed
communication.

Fig. 9 is an explanatory diagram typically showing the
concept of a communication system using a PLC method,
illustrating the case in which the PLC user houses are located
in an apartment building. In the drawing, the same reference
numerals denote the same portions. Thismethodutilizes a power
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line, which supplies a power with houses 1200A to 1200C of the
PLC users, as a signal transmission path so as to communicate
through a communication signal as shown in Fig. 9. In this
example, an optical fiber cable 1110 is used for a communication
from an external network 1300 to a power device chamber 1400
for accommodating a power device 1401 such as a transformer or
a switch, and a low voltage distribution power line 1100 and
indoor wirings 1101A to 1101C provided in the houses 1200A to

. 1200C respectively are used for a communication from the power

device 1401 side to the houses 1200A to 1200C. The power device
chamber 1400 includes a PLC modem (parent modem) 1500 which
connects the optical fiber cable 1110 with the low voltage
distribution power line 1100 to carry out a communication with
the external network 1300 through a communication signal. Each
of the houses 1200A to 1200C includes a PLC modem (a child modem)
1600 capable of carrying out a communication through a
communication signal between a terminal device 1201 such as a
personal computer provided in each of the houses 1200A to 1200C
and the parent modem 1500. While the parent modem 1500 includes
amedia converter (MC) for carryingout a conversion toanoptical
signal/electricsignal intheexample showninFig. 9, itincludes
the MC separately in some cases. While the power device chamber
1400 is provided on the outside of the apartment building in
this example, moreover, it is provided in the apartment building
in some cases. )
With such a structure, in the case in . which the PLC user
of the house 1200A is to transmit a communication signal to the
external network 1300, for instance, the communication signal
transmitted from the terminal device 1201 is extracted and
modulatedby the childmodem 1600, which is injected to the indoor
wiring 1101A through a receptacle (not shown) provided in the
indoor wiring 1101A, and is delivered to the low voltage side
(secondary side) of the power device 1401 through the indoor
wiring 1101A — a cabinet panel 1202 — a watthour meter 1203

— the low voltage distribution power line 1100. Then, the
communication signal is extracted and demodulated by the parent
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modem 1500 connected to the low voltage side of the power device
1401, and is injected to the optical fiber cable 1110 and is
transmitted to the external network 1300. In the case in which
the PLC user is to receive the communication signal, the
communication signal passes through a reverse course to the
course in the transmission described above.

(2) In a building such as an apartment building having
aplurality of houses or a commercial building, conventionally,

. a configuration referred to as a common receiving has been

utilized as the receiving configuration of a video and audio
signal suchasaTVsignal oraCATVsignal. Inthisconfiguration,
generally, a video and audio signal transmitted from a signal
distribution side such as a TV station is distributed by a
distributor and a plurality of houses receives the same signal.

Fig. 11 is an explanatory diagram schematically showing the
common receiving configuration of the CATV signal. In the
drawing, the same reference numerals denote the same portions.

The configuration shown in Fig. 11 is a wire type configuration
for transmitting a video and audio signal from a station such
as a TV station having an antenna for receiving the video and
audio signal from a space satellite to each house through a
communication line such as an optical fiber cable or a coaxial

cable. In this configuration, in general, distribution
apparatuses 2600 and 2601 such as a head end apparatus or a server,

which can distribute a video and audio signal from a station
2500, are provided on the outside of buildings 2090 and 2091

such as apartment buildings including a plurality of houses and
a detached house 2092. The head ends 2600 and 2601 are connected
to thebuildings 2090 and 2091 and the detached house 2092 through
a communication line 2150 and transmit the video and audio signal

from the station 2500 to the building 2090 through the

communication line 2150 . The building 2090 comprises an
amplifier 2101 for amplifying a video and audio signal sent from
the head end 2600, a distributor 2102 for distributing the video
and audio signal to each house in the building 2090, and an indoor

communication line 2110 for transmitting the video and audio
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signal to each house. The indoor communication line 2110 is
branched into a plurality of branch communication lines 2111
to 2114 through the distributor 2102, by which a plurality of
houses shares one branch communication line. For instance, a
house 2200 can receive a CATV signal by connecting a receiver
2300 such as a television to a terminal portion 2120 provilded
on the branch communication line 2111. In the example shown
in Fig. 11, the video and audio signal is distributed from the

‘ - rooftop portion of the building 2090. In some cases in which
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the communication line is buried in the ground, the video and
audiosignal isdistributed fromthe undergroundportionor first
floor of the building.

for instancefor instance (3) In a building such as an
apartment building including a plurality of houses or a
commercial building, conventionally, a configuration referred
to as a common receiving has been utilized as the receiving
configuration of a video and audio signal such as a TV signal
or a CATV signal. In this configuration, generally, a video
and audio signal transmitted from a signal distributing side
suchasaTVstationisdistributedby adistributorand aplurality
of houses receives the same signal. Fig. 16 is an explAanatory
diagram  schematically showing the common receiving
configuration of the TV signal. In the drawing, the same
reference numerals denote the same portions. In the
configuration shown in Fig. 16, a building 3090 is provided with
an antenna 3100 for receiving a TV signal from a station 3500
such as a TV station for distributing a video and audio signal
by wireless, an amplifier 3101 for amplifying the TV signal,
a distributor 3102 for distributing the TV signal to each house
3200, andacommunicationline 3110 for transmitting the TV signal
to the house 3200. The communication line 3110 is branched into
a plurélity of branch communication lines 3111 to 3114 through
the distributor 3102, and aplurality of houses shares one branch
communication line. For instance, the house 3200 can receive
the TV signal by connecting a receiver 3300 such as a television

set to a terminal portion 3120 provided on the branch
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communication line 3111. Fig. 16 shows the structure in which
the antenna 3100 is provided in the building 3090 on a signal
receiving side. The CATV signal is usually distributed from
a head end provided on a signal distributing side to a building
through a cable, and is distributed by a distributor and is
transmitted from the cable to each house.

On the other hand, inrecent years, there has beendeveloped

a communication utilizing a power line, for instance, a power

- line communication (PLC) for transmittinga communicationsignal

toa lowvoltage distribution power line to carryout a high-speed
communication for instance, seeKiyoshiEtoh, “Present Condition
of Power Line Communication (PLC)”, Interface (CQ Publishing
Company; September 2000, pp. 70-81). In this communicating
method, usually, there is provided a PLC modem for
modulating/demodulating the frequencyof a communication signal
at 10 MHz or less, and the communication signal is properly
modulated/demodulated by the PLC modem so that a high-speed
communication using a power line as a signal transmission path
can be carried out.

In the communicating method described in (1), however,
in the case in which the attenuation of the communication signal
is great in the power line provided in the apartment building,
there is a problem in that some houses might not carry out a
communication or might carry out the communication with
difficulty. Morespecifically, inahousepositionedapart from
the signal injecting point of a parent modem in a power line,
for instance, the length of the power line between the parent
modem and a child modem is increased so that the amount of the
attenuation of the communication signal is increased. For this
reason, there is a possibility that it might be hard to extract
a communication signal to be transmitted to a power line through
the child modem or it might be impossible to extract the
communication signal from the child modem by the parent modem.

In the conventional common receiving configuration
described in (2), a plurality of houses are connected to one

head end. Whennoises referredtoas livingnoises are generated
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in each of the houses, therefore, these noises are collected
into the head end through a communication line and are further
gathered into a station, that is, a so-called mixing noise might
be generated. The head end or the distributing equipment of
the station is influenced by the mixing noise so that a signal
transmitting characteristic is deteriorated in some cases. The
mixing noise is increased in a low frequency band, more
specifically, a frequency band of less than 70 MHz. Referring
to a TV signal and a CATV distribution signals, therefore, a
frequency band of 70 MHz or more has conventionally been used
to reduce the mixing noise, thereby lessening the influence of
the mixing noise.

However, on the other hand, it is generally said that the
attenuation of a signal such as a video and audio signal becomes
lower in case of such a signal being transmitted in a lower usage
frequency band. Accordingly, it is desirable that the usage
frequency band should be more lowered to reduce the attenuation
of a transmission signal. When the usage frequency band is
lowered, however, there is a problem in that a deterioration
in a transmission characteristic cannot be avoided due to the
influence of the mixing noise. On top of this, when the usage
frequency band is higher, the manufacture cost for a device
becomes higher. 1In respect of these problems, it is desirable
that the usage frequency band should be eventually selected at
low.

For the conventional art described in (3), in recent years,
a larger capacity and higher-speed communication has been
demanded. 1In order to implement the communication at a lower
cost, the wutilization of an existing communication
infrastructure is effective. The communication infrastructure
includes anoptical fiber cable, apair cable andacoaxial cable,
and sc; on. Although the optical fiber cable can carry out a
larger capacity and higher-speed communication, it does not
prevail sufficiently atpresent, rather, therearestillplaces
required for being introduced from now. To the contrary, in
an apartment building, the percentage of the households having
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the coaxial cable is very high. In this regard, if the coaxial
cable is used as a signal transmission path, therefore, newly
investment for additional facilities or equipments might be
reducedoreliminated. Therefore, the inventors of this present
invention have been developing a communication system with a
coaxial cable set to be a signal transmission path and carrying
out a high-speed communication by utilizing a PLC modem. In
the communication system, however, there is a problem in that

- a communication signal modulated/demodulated by the PLC modem

might be attenuated greatly by an amplifier or a distributor.
" Therefore, it is amain object of the invention to provide
a power line communication system capable of reducing the
attenuation' of a communication signal, particularly, the
attenuation of a communication signal between a parent modem
and a child modem, thereby carrying out an excellent
communication in a building having a plurality of houses.

' Moreover, it is an object of the invention to provide a
communication system which reduces the attenuation of a
transmission signal when the indoor communication line of a
buildingis settobeasignal transmission path‘, and furthermore,
is rarely influenced by a mixing noise.

Furthermore, it is an object of the invention to provide
a communication system in which the attenuation of a
communication signal modulated/demodulated by a communication
device is small when a communication line provided in a building
to carry out the communication receiving of a video and audio

signal is set to be a signal transmission path.

<DISCLOSURE OF THE INVENTION>

The invention attains the ‘objects by utilizing a
communication line having the attenuation of a communication
signal reduced in a signal transmission path in addition to a
power line.

More specifically, the invention provides a power line
communication system in a building having a plurality of houses,

comprising a signal transmission path formed by a combination

7
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of a communication line and a power line which are provided in
the building, and a terminal device provided in at least one
of the houses and serving to carry out a communication through
the signal transmission path. The invention will be described
below in detail. ’

The invention is intended for abuilding having aplurality
of houses. Thehouse isnotalwaysmeant onlyageneral residence
but a plurality of small spaces obtained by partitioning the

_ inside of a building. More specifically, examples of the house

include an individual and independent residence requiring a
communication, a company, an office and a room. Examples of
the building include an apartment building and commercial
buildings such as a multi-use building and an office building.
For a suitable building, moreover, there are provided a
communication line capable of transmitting a communication
signal and a power line for supplying a power to each house.
The invention utilizes, as a signal transmission path, the
communication line and the power line which are to be provided
in the building.

Examples of the communication line include a coaxial cable
to be utilized for transmitting TV signal or CATV (Community
Antenna TV) signal, LAN (Local Area Network) cable tobeutilized
for constructingEthernet (registeredtrademark) for connecting
computers to transmit a data signal, a telephone line, and
furthermore, a communication line for an interphone which is
utilized for transmitting an interphone signal between an
interphone extension device provided on the entrance of a
building and a master device provided in a house. 1In the case
in which these communication lines areutilized, it is desirable
that the signal and a power line communication signal should
not be mutually influenced. As a countermeasure thereof, for
instance, the frequency band of the communication signal to be
utilized in the invention is determined to offset from the
frequency band of the signal. For instance, there are often
utilized a TV signal having a frequency band of approximately
100 MHz in a VHF band and approximately 500 MHz in a UHF band
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and a CATV signal having a frequency band of 70 MHz or more with
a down signal and approximately 40 MHz with an up signal. In
the case in which the coaxial cable is utilized as the
communication line, accordingly, it is preferable that the
frequency band of the communication signal to be utilized in
the invention should be different from the frequency band
described above. Moreover, it is desirable to avoid an
interference with an AM radio broadcast in which approximately
1 MHz is mainly used. In the invention, furthermore, a power

“line is utilized as a signal transmission path. Therefore, it

is also desirable that a communication signal to be utilized
in the invention should have a frequency band in which a
transmission can be carried out with a power line. In
consideration of these circumstances, it is suitable that the
frequency band of the communication signal to be utilized in
the invention should be 50 MHz or less, preferably 1.7 MHz to
50 MHz, and particularly 1.7 to 30 MHz, for instance.

In order to transmit the communication signal between the
communication line and the power line, for instance, a relay
device for relaying the communication signal between the
communication line and the power line is provided. The relay
device has a structure in which the communication signal to be
transmitted to the power line canbe extracted from and injected
to the communication line, and the communication signal to be
transmitted to the communication line can be extracted from and
injectedtothepower line. Awell-knownrepeatermaybeutilized.
Moreover, an impedance matching device may be utilized. For
instance, generally, the characteristic impedance of a coaxial
cable for a CATV is 75Q and the characteristic impedance of
an indoor wiring is approximately 100Q. In the case in which
the characteristic impedance of the communication line is
different from that of the power line, thus, the impedance
matchingdevicemaybeutilizedastherelaydevice. Forinstance,
the impedance matching device has such a structure as to include
a high frequency transformer for transmitting and receiving a

communication signal and a capacitor for correcting a frequency.
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Thehighfrequencytransformerhas:ﬂuﬂ1astructuréas1xninclude
a ferromagnetic material such as a ferrite core which has a high
permeability and a characteristic of a low loss also in a region
having a high frequency, a first wiring which is provided on
the ferromagnetic material and through which a communication
signal is transmitted from/to a communication line, and a second
wiring through which a communication signal is transmitted
from/toapower line. Itispossible tomatch the characteristic

~ impedance by properly regulating the number of winds of each

of the first winding and the secondwinding. It isalsopossible
to produce an advantage that the installation space of a device
is small and an increase in a delay time can be more suppressed
as compared‘with a repeater in the use of a VoIP (Audio over
Internet Protocol) in addition to the matching of the
characteristic impedance in the case in which the impedance
matching device is utilized as the relay device.

A house for carrying out a communication by utilizing the
signal transmission path including the communication line and
the power line comprises a terminal device for receiving the
communicationsignal tobetransmittedtothesignal transmission
path and transmitting the communication signal to the signal
transmission path. Examples of the terminal device include a
personal computer.

In the case in which the communication is to be carried
out with the outside of the building through the communication
signal, there isprovideda first power line communicationdevice
(hereinafterreferredtoasa first PLCmodem) capableof carrying
out the communication with the outside of the building through
the communication signal, for instance, an external network in
the invention. The first PLC modem includes a device capable
of injecting the communication signal from the outside of the
buildihg to the communication line or the power line and
extracting the communication signal from the communication line
or the power line, and properly modulating/demodulating the
communication signal. For instance, there are provided a

transmitting/receiving portion for transmitting/receiving a

10
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communication signal, a power portion formed by a power circuit
for obtaining a power to operate each component such as the
transmitting/receiving portion, and an interface required for
a communication with an outside. It is also possible to use
awell-known PLCmodemtobeutilized as a so-calledparent modem.
Examples of a place in which the first PLC modem is to be provided
include the inside of a house provided in a building, the inside
of a power device chamber, and the rooftop portionofa building.

Moreover, at least one of houses provided in the building
includes a second power line communication device (hereinafter
referred to as a second PLC modem) capable of carrying out a
communication with the first PLC modem through a communication
signal. The second PLC modem includes a device capable of
injecting the communication signal from the first PLC modem to
the communication line or the power line / extracting the
communication signal from the communication line or the power
line and properly modulating/demodulating the communication
silgnal. For instance, there are provided a
transmitting/receiving portion for transmitting/receiving a
communication signal and a power portion including a power
circuit for obtaining a power to operate each component such
as the transmitting/receiving portion. It is also possible to
use a well-known PLC modem to be utilized as a so-called child
modem. A plurality of houses including such a second PLC modem
may be present in a building. In this case, it is preferable
to use the first PLC modem having a structure in which  a
communication signal can be transmitted to a plurality of second
PLC modems, more specifically, a structure in which the time
sharingof each of the second PLC modems is controlled to transmit
a communication signal to each of the second PLC modems, _for
instance. The terminal device is connected to the second PLC
modem in such a manner that the terminal device can carry out
a communication through a communication signal via a signal
transmission path.

In the case in which the first PLC modem and the second

PLC modem inject/extract the communication signal to/from the

11
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communication line, the impedances of the modems are matched
in order to adapt to the impedance of a communication line

respectively.

As the first aspect in this invention, a first PLC modem
is provided on a communication line and a second PLC modem is
provided on a power line as explained below.

The first PLC modem injects the communication signal to

, one of the communication line and the power line / extracts the

communication signal from one of them. First of all,
consideration will be given to the case in which the first PLC
modem injects/extracts the communication signal to/from the
communication line. At this time, in the case in which the
communication line is set to be a coaxial cable and the coaxial
cable is constituted by a plurality of cores, for instance, the
first PLC modem can employ such a configuration as to
inject/extract the communication signal to/fromone of the cores
and such a configuration as to ‘inject/extract the communication
signal to/from each of the cores. In the former case, the first
PLC modem is provided in one of houses provided in a building
and injects/extracts acommunicationsignal to/fromthe terminal
portion of one core provided in the same house (this structure
will be hereinafter referred to as a terminal pattern), for
instance. 1In this configuration, the communication signal is
transmitted to a core other than one core to/from which the
communication signal is injected/extracted through the same
core.

The coaxial cable provided in the building including a
plurality.of houses is constituted by a plurality of cores, each
of which is collected in a rooftop portion in many cases. A
TV signal and a CATV signal are injected at the rooftop portion
and are distributed to each of the cores through a distributor,
and are transmitted to each house in many cases. In the latter
case, accordingly, the first PLC modem may be provided in the
vicinity of the collecting place of the cores, for instance,
the rooftop portion. More specifically, the first PLC modem

12
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isprovided in the rooftop portion inwhich the cores are gathered
and injects/extracts the communication signal to/from each of
the cores (this structure will be hereinafter referred to as
a set pattern), for instance. In this configuration, the
communication signal is transmitted to each of the cores.
Inthe case inwhich the communication signal tobeutilized
in the invention might be subjected to a great attenuation by
the frequencycharacteristicof thedistributor, itispreferable
that the first PLC modem should be provided on the coaxial cable
at the downstream side of the distributor and the communication
signal should be injected/extracted at the same downstream side
in the set pattern. In the terminal pattern, moreover, in the
case in which a distributor for a TV signal or a CATV signal
is provided between one core to which the communication signal
to be utilized in the invention is injected and a core other
than the one core and the same communication signal might be
subjectedtoagreat attenuationby the frequencycharacteristic,
it is also possible to employ such a structure as to connect
the one core to the other core through awiring, therebybypassing
the distributor. By connecting the different cores through the
wiring, there 1is 'a possibility that the transmission
characteristic of the TV signal or the CATV signal might be
deteriorated. In order to effectively prevent the
deteriorationinthetransmissioncharacteristicoftheTVsignal
or the CATV signal, therefore, it is preferable that the wiring
should be provided with a filter for cutting off a signal in
the frequency band of the TV signal or the CATV signal. In the
case in which the passage of the TV signal or the CATV signal
is tobe blocked, for instance, it is preferable that this filter
should be a low-pass filter or a bahd-pass filter for cutting
off a signal other than a signal in a specific frequency band.
Next, in the case in which the communication line is a
telephone 1line, for instance, the first PLC modem
injects/extracts a communication signal to/from the telephone
line provided in a house including the second PLC modem. In
the case in which there is a plurality of houses including the

13
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second PLCmodem, it is preferable that the first PLCmodem should
inject/extract the communication signal to/from the telephone
line provided in each house. At this time, the telephone line
to be provided in each house is gathered in one place in the
building. In the case in which there is a plurality of houses
including the second PLC modem, accordingly, the first PLC modem
can easily inject/extract the communication signal if it is
provided in a place in which the telephone lines are gathered

- and disposed, which is preferable.

In the case in which the first PLC modem injects/extracts
the communication signal to/from the communication line as
described above, the second PLC modem has such a structure as
to inject/extract the communication signal to/from the power
line. At this time, it is preferable to provide a relay device
for relaying the communication signal between the communication
line and the power line. The relay device includes a device
capable of extracting the communication signal from the
communication line to which the communication signal is
transmitted from the first PLC modem and injecting the
communication signal to the power line provided with the second
PLCmodem, and extracting the communication signal fromthe power
line and injecting the communication signal to the communication
line. An impedance matchingdevicemaybeutilized as described
above or a well-known repeater may be utilized. Such a relay
device may be provided in a house including the second PLC modem
andmay have such a structure as to extract a communication signal
from the terminal portion of a communication line which is
provided in the house and to which the communication signal is
transmitted from the first PLC modem and to inject the
communication signal to the same terminal portion, and to inj.ect
the communication signal to apower line (for instance, an indoor
wiring) provided in the house and serving to supply a power to
the same house and to extract the communication signal from the
power line.

With the structure, a communication 1line having the

attenuation of the communication signal reduced is utilized for
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a signal transmission path between the first PLC modem and the
relay device, and a power line is utilized for a signal
transmission path between the relay device and the second PLC
modem. With this structure, the communication signal is
attenuated with difficulty between the first PLC modem and the
house including the second PLC modem. In the same house,A it
is possible to carry out a communication through a communication

signal in a more excellent state by utilizing a terminal device

~connected to the second PLC modem.

In this configuration, moreover, the communication signal
is transmitted to the power line in the house including the second
PLC modem through the relay device. Therefore, the second PLC
modem can inject/extract the communication signal to/from the
terminal portion (receptacle) of an optional power line in the
same house. Accordingly, the second PLC modem can be set to
be an optional receptacle in the house including the second PLC

modem.

As the second aspect in this invention, a first PLC modem
is provided on a power line and a second PLC modem is provided
on a communication line as explained below.

Namely, there will be considered the case in which the
first PLC modem injects/extracts a communication signal to/from
thepower line. Atthistime, itispossibletoemployastructure
in which the first PLC modem is provided in a power device chamber
for accommodatingpower devices such as a switchandatransformer
in which power lines for supplying a power to each house are
gathered, and injects/extracts a communication signal to/from
a power line in the vicinity of the power devices, and the second
PLC modem injects/extracts the communication signal to/from the
communication line. It ispreferable that arelaydevice should
be provided between the communication line and the power line
in the same manner as described above. The relay device can
extract the communication signal from the power line to which
the communication signal is transmitted from the first PLC modem

and can inject the communication signal to the communication
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line on which the second PLC modem is provided, and can extract
the communication signal from the same communication line and
can inject the communication s'ignal to the same power line, and
the impedance matching device may be utilized or a well-known
repeater may be utilized. }

With the structure, the power line is used for a signal
transmissionpathbetween the first PLCmodemandthe relaydevice

and the communication line is used for a signal transmission

- path between the relay device and the second PLC modem. In this

case, if a section for using the power line as the signal
transmission path is shortened as greatly as possible and a
section for using the communication line as the signal
transmission path is lengthened, the attenuation of the
communication signal can be more lessened. Accordingly, it is
preferable that the relay device should be provided in such a
manner that the injecting/extractingpointsof the communication
signal of the relay device and the injecting/extracting points
of the communication signal of the first PLC modem in the power
line approach each other as greatly as possible. Accordingly,
it is preferable that the terminal portion of ‘the communication
line to/from which the relay device injects/extracts the
communicationsignal shouldbeclosetotheinjecting/extracting
points of the communication signal of the first PLC modem.

In this configuration, it is preferable that the second
PLC modem should be provided in the terminal portion of the
communication line provided in the house including the second
PLC modem and the communication signal should be directly
extracted/injected from/to the communication line. In this
configuration, the second PLC modem is directly connected to
the communication line. For this réason, the relay device is
not required on the second PLC modem side as in a configuration
which will be described below.

As the third aspect in this invention, both a first PLC
modem and a second PLC modem are provided on a power line and

a communication line is provided between a first power line on
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which the first PLC modem is to be disposed and a second power
line on which the second PLC modem is to be disposed as explained
below. '

While the configuration described above has the structure
in which the second PLC modem directly injects/extracts the
communication signal to/from the communication line, it is élso
possible to employ a structure in which the second PLC modem
injects/extracts the communication signal to/from the
communication line through the power line. More specifically,
it is also possible to employ a structure in which both the first
PLC modem and the second PLC modem inject/extract the
communicationsignal to/fromthepower line and the communication
line is present in a signal transmission path between the power
lines on which both of the modems are provided. In this case,
it is preferable that the first PLC modem should inject/extract
the communication signal to/froma firstpower line (for instance,
a low voltage distribution power line), the second PLC modem
should inject/extract the communication signal to/froma second
power line (for instance, the indoor wiring of a house including
the second PLC modem), and a relay device should be providéd
between the first power line and the communication line and
between the second power line and the communication line,
respectively.

Examples of the relay device to be provided between the

first power line and the communication line include a device

‘capable of extracting the communication signal from the first

power line and injecting the communication signal to the
communicationline, andextracting the communicationsignal from
the communication line and injecting the communication signal
to the first power line, and the impedance matching device may
be utilized or a well-known repeater may be utilized. It is
desirable that such a relay device should be provided in such
a manner that the injecting/extracting points of the
communication signal of the relay device and the
injecting/extracting points of the communication signal of the

first PLC modem in the first power line approach each other as
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greatly as possible. Accordingly, it is preferable that the
terminal portion of the communication line to/from which the
relay device inj ects/extracts'the communication signal should
be close to the injecting/extractingpoints of the communication
signal of the first PLC modem. )

Examples of the relay device to be provided between the
second power line and the communication line include a device

capable of extracting the communication signal from the second

~power line and injecting the communication signal to the

communication line, andextracting the communicationsignal from
the communication line and injecting the communication signal
to the second power line, and the impedance matching device may
be utilizedior a well-known repeater may be utilized. It is
desirable that such a relay device should be provided in such
a manner that the injecting/extracting points of the
communication signal of the relay device and the
injecting/extracting points of the communication signal of the
second PLC modem in the second power line approach each other
as greatly as possible. Accordingly, it is preferable that the
relay device should be provided in a house inéluding the second
PLC modem. In this case, the communication signal is
injected/extracted to/from the ‘terminal portion of the
communication line provided in the house including the second
PLC modem in the relay device.

In this configuration, the communication signal is
transmitted to the power line in the house including the second
PLC modem through the relay device provided between the second
power line and the communication line. Therefore, the second
PLC modem can inject/extract the communication signal to/from
the terminal portion (receptacle) of an optional power ling in
the same house. Accordingly, the second PLC modem can be set
to be an optional receptacle in the house including the second
PLC modem.

Moreover, the invention can attain the objects by lowering
a usage frequency band and specifying a position in which a head

end is to be provided.
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More specifically, the inventionprovidesa communication
system comprising a common receiving terminal portion provided
in abuilding having a plurality of houses and serving toreceive
a video and audio signal in a high frequency band in common,
and a plurality of branch communication lines for transmitting
the video and audio signal from the common receiving terminal
portion to each of the houses. There are provided a first
communication device for modulating a digital video and audio
signal to a low frequency band having a lower frequency than
a frequency in the high frequency band and injecting the same
signal to the vicinity of the common receiving terminal portion,
and a second communicationdevicewhichis connectedtoaterminal
portion of & branch communication line provided in each of the
houses and can demodulate a signal modulated by the first
communication device.

Conventionally, there has not been supposed that a video
and audio signal is distributed in a frequency band of less than
70 MHz in respect of the problem of a mixing noise. HoWever,
the inventors investigated that the usage frequency band of the
video and audio signal is to be more lowered. Therefore, they
tried to utilize, as a head end, a PLC modem capable of
modulating/demodulating a communication signal at a frequency
of 10 MHz or less. However, the influence of the mixing noise
cannot be reduced even if the conventional head end is simply
replaced with the PLC modem. Therefore, the inventors provide
a communication device capable of modulating the digital video
and audio signal of the PLC modem to have a lower frequency than
the frequency of the frequency band of a TV signal or a CATV
signal in.a building itself in place of a location other than
the building. By such an arrangement, a house for receiving
a signal transmitted from the communication device is limited
so that a reduction in the influence of the mixing noise can
be implemented at a downstream side seen from the distributing
side of the TV signal.

The invention is intended for abuildinghavingaplurality

of houses, for instance, an apartment building or a commercial
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building such as an office building or a multi-use building,
and a building in which the houses receive the video and audio
signal of a high frequency band such as a TV signal or a CATV
signal in common. More specifically, there is utilized a
building including a common receiving terminal portion for
receiving the video and audio signal of the high frequency band
in common and a plurality of branch communication lines connected

to the common receiving terminal portion and serving to transmit

. the same signal to each house.

The video and audio signal of the high frequency band
includes a TV signal and a CATV (Community Antenna TV) signal.
Examples of the common receiving terminal portion include an
amplifier for amplifying the video and audio signal of the high
frequencyband and a distributor for distributing the same signal
to each house. The distributor and the amplifier include an
amplifier to be generally used in the amplification of the TV
signal or the CATV signal and a distributor to be generally used
in the distribution of the same signal. In the invention,
moreover, each branch communication line is utilized as a signal
transmission path. The branch communication line includes a
coaxial cable to be generally used in the transmission of the
TVsignal or the CATV signal. Thearrangement stateof thebranch
communication line includes a state in which one end side of
eachbranch communication line is connected to a common receiving
terminal portion (usually, adistributor), thatis, atree-shaped
arrangement configuration in which each branch communication
line branches from the common receiving terminal portion.
Moreover, there is generally used a configuration in which a
plurality of houses shares one branch communication line. At
this time, a plurality of terminal portions is provided on one
branch communication line, and these terminal portions are
providéd in the houses, respectively. Consequently, it is
possible to receive a video and audio signal such as the CATV
signal.

Inthebuilding inwhich the commonreceivingconfiguration

of the video and audio signal in the high frequency band is
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constructed, the branch communication line is utilized as the
signal transmission path. In the invention, a first
communication device capable of carrying out a modulation into
a low frequency band having a lower frequency than the frequency
of the high frequency band is utilized for injecting a digital
video and audio signal. The first communication device has a
structure in which a modulated signal can be injected to the

signal transmission path, for instance, includes a receiving

_ portion for receiving the same signal, a power portion

constituted by a power circuit for obtaining a power to operate
each component such as the receiving portion, and an interface
required for a communication with an outside.

In particular, it is assumed that the first communication
device has such a structure that adigital video and audio signal
can be modulated to have a lower frequency than the frequency
of a high frequency band to be used for a video and audio signal.
It is an object of the invention to reduce the attenuation of
a transmission signal. In the invention, accordingly, the
digital video and audio signal is defined to be modulated to
a lower frequency band than a usage frequency band (a high
frequencyband) of the video and audio signal. Morespecifically,
for instance, the frequency band of a TV signal has a VHF band
of 90 MHz to 222 MHz and a UHF band of 470 MHz to 770 MHz, and
the frequency band of a CATV signal has a distribution signal
of 70 to 770 MHz. Accordingly, a frequency band in which the
first communication deﬁice carries out the modulation is less
than 70 MHz. In particular, a frequency band of 1.7 MHz to 50
MHz ispreferable. Afrequencybandof 50MHzor less iseffective
for reducing the attenuation of a signal, and a frequency band
of 1.7 MHz or more can avoid an intérference with an AM radio
broadéast. In the CATV signal, moreover, the frequency band
of a return signal is set to be 10 to 50 MHz, and a fredquency
band of approximately 40 MHz is often utilized. In the case
in which the modulation is to be carried out with 10 to 50 MHz,
accordingly, it ispreferable that the first communicationdevice

should perform the modulation by masking the frequency band used
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in a video and audio signal in such a manner that the frequency
band of a digi_tal video and audio signal is different from the
frequency band used in the video and audio signal.

A modulating method includes a method of modulating the
digital video and audio signal at a carrier frequency of 50 MHz
or less and any of a single frequency, plural frequencies and
a continuous frequency, for instance. More specifically, the
modulating method includes an SS (Spread Spectrum ; frequency
diffusing) method for distributing a sine wave having a single
frequency into a large frequency and transmitting the sine wave
and restoring the sine wave into the original sine wave having
the single frequency upon receiving, an OFDM (Orthogonal
FrequencyDomainMultiplex ; orthogonal frequencymultiplexing)
method for dividing a signal into a large number of sine waves
having orthogonal frequencies and densely superimposing wave
data thus obtained by the division, and furthermore, an FSK
(Frequency shift keying ; frequency modulating) method and a
PSK (Phase Shift Keying ; phase modulating) method.

As the first communication device having the structure
described above, it is possible toutilize a well—-known PLC modem
used as a so-called parent modem.

Itisalsoanobjectof theinvention toreduce the influence
of amixing noise. Therefore, the modulated signal is injected
into the vicinity of the common receiving terminal portion in
which a plurality of branch communication lines is gathered in
the first communication device to limit a house capable of
sufficiently receiving the injected signal. When themodulated
signal is injected into the vicinity of the common receiving
terminal portion, the injected signal ‘is almost transmitted to
the branch communication line connected to the common receiving
terminal portion. More specifically, ahouse includingabranch
communication line positionedonthe downstreamsideof the first
communication device as seen from the distributing side of a
video and audio signal in a high frequency band can receive the
signal from the first communication device. In the invention,

thus, a place in the first communication device in which the
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signal is to be injected is defined to limit a range in which
the signal can be received from the first communication device,
thereby reducing the influence of the mixing noise. Depending
on the capability of the first communication device or the number
of the branch communication lines which are provided, the
influence of the(mixing noise is generated with difficulty if
one well-known PLC modem is provided in a building having
approximately 20 to 100 houses.

The vicinity of the common receiving terminal portion

"includes the upstream side of an amplifier seen from the signal

distributing side of a video and audio signal in a high frequency
band, a portion between the amplifier and a distributor (the
downstream side of the amplifier and the upstream side of the
distributor), and the downstream side of the distributor, for
instance. In some cases in which the common receiving terminal
portion of the amplifier or the distributor is a device for the
video and audio signal in the high frequency band such as a TV
signal or a CATV signal, the loss of a frequency band excluding
the frequency band of the same signal is not considered. In
such cases, it is preferable that the common réceiving terminal
portion should be bypassed to directly inject the modulated
signal to the branch communication line. At this time, it is
possible toprevent thesignal frombeingattenuatedby the common
receiving terminal portion.

By the reqgulations of the portion of the first
communication device in which the signal is to be injected, the
first communicationdevice is arrangedinabuilding itselfwhich
has the common receiving terminal portion. A specific place
of arrangement includes a place in which the common receiving
terminal portion tobe the signal injecting portion is provided,
for instance, thevicinityof a rooftop portion or an underground
portioﬁ.

In the invention, moreover, there is provided a second
communication device which is connected to the terminal portion
of the branch communication line included in each house and can

demodulate a signal modulated by the first communication device.
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More specifically, it is assumed that the second communication
device can extract the modulated signal to be transmitted from
the first communicationdevice to the branch communication line.
For instance, there are provided a receiving portion for
receiving a modulated signal and a power portion constituted
by apower circuit for obtaining a power to operate each component
such as the receiving portion. As such a second communication
device, it is possible to use a well-known PLC modem utilized

as a so-called child modem. Moreover, the second communication

" device is connected to the terminal portion of the branch

communication line provided in each house, for instance, a
branching device for branching a video and audio signal such
as a TV signal or a CATV signal, thereby extracting and
demodulating the modulated signal.

A plurality of houses including the second communication
device may be present in a building. In this case, it is
preferable to utilize the first communication device having a
structure in which a modulated signal can be transmitted to a
plurality of second communication devices, more specifically,
a structure in which the time sharing of each of the second
communication devices is controlled to transmit the modulated
signal to each of the second communicationdevices, for instance.
In the invention, the house does not always imply only a general
residence but a plurality of small spaces obtained by dividing
the inside of a building. More specifically, examples of the
house include an individual and independent house requiririg a
communication, a company, an office and a room.

The first communication device and the second
communication device match impedances in order to adapt to the
impedance of the branch communication line to be the sig.nal
transmission path, respectively.

Moreover, the inventioncanattaintheobjectsbyutilizing
a communication device capable of modulating/demodulating a
communication signal into a frequency band excluding the
frequency band of a video and audio signal, and furthermore,

injecting the communication signal to each of the branch
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communication lines without carrying out branching after
injecting the communication signal to the communication line.
More specifically, the ihvention provides a communication
systeminabuildingincludingapluralityofhouses forreceiving
avideoandaudio signal in common, comprisinga firstdistributor
for distributing the video and audio signal to each house, and
aplurality of branch communication lines connected to the first
distributor and serving to transmit the video and audio signal
to each house. Furthermore, there are provided a first
communication device for modulating/demodulating a
communication signal into a frequency band excluding the
frequency band of the video and audio signal, and a second
communication device which is connected to the terminal portion
of a branch communication line provided in the house and can
extract the communication signal to be transmitted to the branch
communication line from / inject the communication signal to
the branch communication line. The first communication device
is characterized in that the communication signal is
injected/extracted to/from each of the branch communication
lines. The invention will be described below in detail.
The invention is intended for abuilding havinga piurality
of houses, for instance, an apartment building or a commercial
building such as an office building or a multi-use building,
and a building in which the houses receive a video and audio
signal in common. More specifically, there is utilized a
buildingincludinga firstdistributor fordistributingthe video
and audio signal to each house, and a plurality of branch
communication lines connected to the first distributor and
serving to transmit the video and audio signal to each house.
In the invention, the branch communication line to be provided
in the building is utilized as a signal transmission path.
The video and audio signal includes a TV signal and a CATV
(Community Antenna TV) signal. The first distributor includes
a distributor to be generally used in the distribution of the
TVsignal or the CATVsignal. Moreover, thebranchcommunication

line includes a coaxial cable to be generally used in the
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transmissionoftheTVsignalor theCATVsignal. Thearrangement
state of the branch communication line includes a state in which
one end side of each branch communication line is connected to
the first distributor, that is, a so-called tree-shaped
arrangement configuration in which each branch communication
line branches from the first distributor. Moreover, there is
generally used a configuration in which a plurality of houses
shares one branch communication line. At this time, aplurality

of terminal portions is provided on one branch communication

" line, and these terminal portions are provided in the houses,

respectively. Consequently, it is possible to receive a video
and audio signal such as the TV signal.

Inthebuilding inwhich the commonreceivingconfiguration
of the video and audio signal is constructed, the invention
utilizes the first communication device capable of
modulating/demodulating a communication signal into a frequency
band excluding the frequency band of the video and audio signal
for injecting/extracting the communication signal. The first
communication device has a structure in which the communication
signal can be injected/extracted to/ffom the Dbranch
communication line, for instance, includés a
transmitting/receiving portion for transmitting/receiving the
communication signal, a power portion constituted by a power
circuit for obtaining a power to operate each component such
as the transmitting/receivingportion, andaninterfacerequired
for a communication with an outside. ‘

In particular, it is assumed that the first communication
device has such a structure that a communication signal can be
modulated/demodulated into a frequency band excluding the
frequency band of a video and audio signal. The usage frequency
band of the video andaudio signal generally has a high frequency.
Therefbre, the frequency band for the modulation/demodulation
of the first communication device includes a low frequency band
whichdoesnot overlapwiththehigh frequencyband, for instance.
More specifically, for instance, the frequencybandofaTVsignal
has a VHF band of 90 MHz to 222 MHz and a UHF band of 470 MHz
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to 770 MHz, and the frequency band of a CATV signal has a
distribution signal of 70 to 770 MHz. Accordingly, a frequeﬂcy
band in which the first communication device carries out the
modulation/demodulation has a band of less than 70 MHz. In
particular, an interference with the video and audio signal is
generated with difficulty if the frequency band is set to be
50 MHz or less, and an interference with an AM radio broadcast
can be avoided if the frequency band is set to be 1.7 MHz to

- 50 MHz, which is preferable. In the CATV signal, moreover, the
" frequency band of a return signal is set to be 10 to 50 MHz,

and a frequency band of approximately 40 MHz is often utilized.
In the case inwhich themodulation/demodulationis tobe carried
out with 10 *to 50 MHz, accordingly, it is preferable that the
first communication device should perform the
modulation/demodulation by masking the frequency band used in
a video and audio signal in such a manner that the frequency
band of the communication signal is different from the frequency
band used in the video and audio signal.

A modulating/demodulating method includes a method of
modulating/demodulating the communication signal at a carrier
frequency of 50 MHz or less and any of a single frequency,k plural
frequencies and a continuous frequency, for instance. More
specifically, the modulating/demodulating method includes an
SS (Spread Spectrum ; frequency diffusing) method for
distributing a sine wave having a single frequency into a large
frequency and transmitting the sine wave and restoring the sine
wave into the original sine wave having the single frequency
upon receiving, an OFDM (Orthogonal Frequency DomainMultiplex ;
orthogonal frequency multiplexing) method for dividing a
communication signal into a large number of sine waves having
orthogonal frequencies and densely superimposing wave data thus
obtained by the division, and furthermore, an FSK (Frequency
shift keying ; frequency modulating) method and a PSK (Phase
Shift Keying ; phase modulating) method.

Awell-known PLC modem tobe utilized as a so-called parent

modem may be used for the first communication device having the
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injecting/extracting and modulating/demodulating functions of

' the communication signal. Byusingthe PLCmodem, it ispossible

to carry out a high-speed communication. A place in which such
a first communication device is to be provided includes the
vicinity of the first distributor in which a plurality of branch
communication lines is gathered to easily inject/extract the
communication signal.

In some cases, the distributor to be usually used in the

 distribution of a video and audio signal such as a TV signal

“or a CATV signal is not considered in respect of the loss of

a frequencyband excluding the frequency band of the same signal.
On the other hand, in the invention, the communication signal
is injected to each of the branch communication lines branched
from the first distributor, and furthermore, the communication
signal is extracted from each of the branch communication lines.
Therefore, it is possible to prevent the communication signal
from being attenuated by the first distributor.

The first communication device injects/extracts the
communication signal to/from the branch communication lines,
respectively. Consequently, the different branch
communication lines are connected to eachother through the first
communication device. In many cases, an adjustment is carried
out, for instance, the impedances of the branch communication
lines are matched with each other in such a manner that the
transmission characteristic of the video and audio signal is
brought into an excellent state. For this reason, thedifferent
branch communication lines are connected to each other through
the first communication device so that the transmission
characteristic of the video and audio signal might be
deteriorated. Therefore, it is preferable that a filter for
cutting off a signal present in the frequency band of the video
and audio signal shouldbe providedbetween the first distributor
and the first communication device in order to effectively
prevent the deterioration in the transmission characteristic
of the video and audio signal. 1In the case in which the video

andaudiosignal ispresent inahigh frequencyband, for instance,
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the filter includes a low-pass filter for cutting off the video
and audio signal and a band-pass filter for cutting off a signal
other than a signal in a specific frequency band (excluding the
frequency band of the video and audio signal).

In the invention, moreover, there is provided a second
communication device which is connected to the terminal portion
of the branch communication line provided in each house and can

carry out a communication with the first communication device

. through a communication signal. More specifically, it 1is

"assumed that the second communication device can extract the

communication signal to be transmitted from the first
communication device to the branch communication line / inject
the communication signal to the branch communication line. For
instance, there are I;rovided a transmitting/receiving portion
for transmitting/receiving the communication signal and a power
portion constituted by a power circuit for obtaining a power
to operate each component such as the transmitting/receiving
portion. It is also possible to use a well-known PLC modem to
be utilized as a so-called child modem. By using the PLC modem,
it is possible to carry out a high-speed communication.

A plurality of houses including the second communication
device may be present in a building. In this case, it is
preferable to utilize the first communication device having a
structure in which a communication signal can be transmitted
toapluralityof secondcommunicationdevices, morespecifically,
a structure in which the time sharing of each of the second
communication devices 1s controlled to transmit the
communicationsignal toeachof the second communicationdevices,
for instance. 1In the invention, the house does not always imply
only a general residencebut apluralityof small spaces obtained
by dividing the inside of the building. More specifically,
exampl.es of the house include an individual and independent house
requiring a communication, a company, an office and a room.

The second communication device is connected to the
terminal portion of the branch communication line provided in

each house, for instance, a branching device for branching a
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video and audio signal such as a TV signal or a CATV signal.
The branching device to be used for branching the TV signal or
the CATV signal usually carrieé out an adjustment, for instance,
matches an impedance with the usage frequency band of the same
signal. Consequently, there is a possibility that the signal
present in the frequency band other than the same signal might
make a great loss. For this reason, it is preferable that the
terminal portion of the branching device should be bypassed.
More specifically, the branch communication line and the second
communication device are connected to each other through a first
bypass line. When the video and audio signal is transmitted
to the first bypass line, however, there is a possibility that
the impedantce matching with the video and audio signal to be
transmitted to the terminal portion might not be taken.
Accordingly, it is preferable that the first bypass line should
be provided with a filter capable of cutting off a signal in
the frequency band of the video and audio signal. Examples of
the filter include a low-pass filter for cutting off the video
and audio signal and a band-pass filter for cutting off a signal
other than a signal in a specific frequency bénd (excluding the
frequency band of the video and audio signal) in theAcase in
which the video and audio signal is present in a high frequency
band.

The first communication device and the second
communication device match impedances in order to adapt to the
impedance of the branch communication line to be a signal
transmission path, respectively.

In some cases, any of the branch communication lines
connected to the first distributor (which will be hereinafter
referred to as a main branch communication line) is further
branched into a plurality of sub-branch communication lines.
More specifically, there is provided a second distributor which
is connected to any of the main branch communication lines and
serves to further distribute the video and audio signal in
addition to the first distributor. In some cases in which the

second distributor is generally used for distributing the TV
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signal or the CATV signal in the same manner as the first
distributor, the loss of a signal present in a frequency band
excluding the frequencyband of‘the same signal isnot considered.
Therefore, it is preferable to bypass the second distributor
in place of the transmission of a communication signal from the
main branch communication line to the sub-branch communication
line through the second distributor. More specifically, it is
preferable to include a second bypass line for connecting the

- main branch communication line to the sub-branch communication
10

line, thereby transmitting the communication signal through the
secondbypass line. Inmanycases, the sub-branch communication
lines are subjected to the execution of an adjustment such as
impedance matching respectively in the same manner as described
above, and a plurality of different sub-branch communication
lines is connected to each other through the second bypass line
so that there is a possibility that the transmission
characteristic of the video and audio signal might be
deteriorated. In order to effectively prevent the
deterioration, it is preferable to include a filter for cutting
off a signal present in the frequency band of the video and audio
signal. For instance, the filter includes a low—pasé filter
and a band-pass filter.

In such a common receiving configuration as to include
a plurality of distributors such as the second distributors in
amulti-stage in addition to the first distributor as described
above, the signal injecting/extracting points of the
communication signal of the first communication device are
provided apart from the signal extracting/injecting points of
the communication signal of the second communication device.
At this time, the amount of the attenuation of the communication
signal is increased. Consequently, there is a possibility that
a commﬁnication cannot be carried out through the communication
signal between the first communication device and the second
communication device. Also in the case in which the signal
injecting/extracting points in the first communication device

are provided apart from the signal extracting/injecting points
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in the second communication device, therefore, it is preferable
to include a repeater in the second bypass line in such a manner
that the communication can be carried out well. The repeater
can extract the communication signal which is injected from the
first communication device and is transmitted to the main branch
communication line, can inject the communication signal to the
second bypass line and can extract the communication signal to
be transmitted to the second bypass line, and can inject the

~communication signal to the main branch communication line, and

can reproduce a waveform distorted during the transmission into

a normal state. A well-known repeater may be utilized.

<BRIEF DESCRIPTION OF THE DRAWINGS>

Fig. 1 is a diagram schematically showing a power line
communication system according to a first embodiment of the
invention, illustrating an embodiment in which a parent modem
injects/extracts a communication signal to/from a coaxial cable
and a child modem injects/extracts the communication signal
to/from an indoor wiring and the case in which the house of a
building includes the parent modem.

Fig. 2 is an explanatory diagram showing the bypass
structureof adistributor inthe power line communication system
accordingtothe first embodimentof the invention, schematically
illustrating the vicinity of the distributor, (A) showing an
embodiment in which branch communication lines are connected
to each other through a wiring, (B) showing an embodiment in
which the same wiring includes a filter, and (C) showing an
embodiment in which a wiring connected to one branch
communication line is branched to be connected to a plurality
of branch communication lines. .

Fig. 3 is a diagram schematically showing the power line
communication.systentaccording‘to the second embodiment of the
invention, illustrating an embodiment in which a parent modem
injects/extracts a communication signal to/from a coaxial cable
and a child modem injects/extracts the communication signal

to/froman indoor wiring and the case inwhich the rooftopportion
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of a building includes the parent modem.

Fig. 4 is a diagram schematically showing the power line
communication system according to the third embodiment of the
invention, illustrating an embodiment in which the parent modem
injects/extracts the communication signal to/from a telephone
line and the child modem injects/extracts the communication
signal to/from the indoor wiring.

Fig. 5 is a diagram schematically showing the power line
communication system according to the fourth embodiment of the
invention, illustrating an embodiment in which the parent modem
injects/extracts the communication signal to/froma low voltage
distribution power line and the child modem injects/extracts
the communic¢ation signal to/from the coaxial cable.

Fig. 6 is a diagram schematically showing the power line
communication system according to the fifth embodiment of the
invention, illustrating an embodiment in which both a first PLC
modem and a second PLC modem are provided on a power line and
a communication line is provided between a first power line on
which the first PLC modem is to be disposed and a second power
line on which the second PLC modem is to bé disposed.

Fig. 7 is a diagram schematically showing the power line
communication system according to the sixth embodiment of the
invention, illustrating an embodiment of a first PLC modem is
provided on a power line and a communication line and a second
PLC modem is provided on a power line

Fig. 8 is a schematic diagram showing the structure of
an impedance matching device to be utilized for the power line
communication system according to the seventh embodiment of the
invention. .

Fig. 9 is an explanatory diagram typically showing a
conventional art of a communication system using a PLC method,
illustﬁ:ating the case in which a PLC user house is an apartment
building.

Fig. 10 is adiagram schematically showing a communication
system according to an eighth embodiment of the invention.

Fig. 11 is an explanatory diagram schematically showing
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another conventional art having the common receiving
configurationofaCATVsignal inabuilding includingaplurality
of houses. ‘

Fig. 12 is adiagram schematically showing a communication
system according to a ninth embodiment of the invention.

Fig. 13 is a diagram schematically showing the signal
transmission path of the communication system according to the
ninth embodiment of the invention, illustrating an embodiment

in which a filter is provided between a parent modem and a

" distributor.

Fig. 14 is a diagram schematically showing the signal
transmission path of the communication system according to the
ninth embodiment of the invention, illustrating an embodiment
in which a distributor is provided in a multi-stage.

Fig. 15 is a diagram showing an embodiment in which the
communication system illustrated in Fig. 14 is further provided
with a repeater.

Fig. 16 is an explanatory diagram schematically showing
another conventional art having the common receiving
configurationofzaTVsignalj11abuildinginciudingeaplurality
of houses. ‘

Referring to designations in Figs. 1 to 9, 1010 to 1012
denote a parent modem, 1020 and 1021 denote a child modem, 1030
denotes an impedance matching device, 1031 denotes a
ferromagnetic material, 1032 denotes a first winding, 1033
denotes a second winding, 1050 denotes a building, 1060 to 1062
denote a relay device, 1080 denotes a distributor, 1090 denotes
a coaxial cables, 1090A to 1090D denote a core, 1091, 109la,
1091c and 1091d denote a terminal portion, 1092 and 1023 denote
awiring, 1092adenotesa filter, 1095and1095adenoteatelephone
line, 1096 and 1096a denote a terminal portion, 97 denotes a
commuﬁication line, 1097a denotes a conductor, 1097b denotes
a shield layer, 1098 denotes a terminal portion, 1100 denotes
a low voltage distribution power line, 1100a denotes a first
power line, 1100b denotes a second power line, 1101 and 1101A
to 1101C denote an indoor wiring, 1102a to 1102c denotes a
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receptacle, 1110 denotes an optical fiber cable, 1200, 1200A
to 1200C and 1210 denote a house, 1201 denotes a terminal device,
1202 denotes a cabinet panel,. 1203 denotes a watthour meter,
1204 denotes atelevision, 1205denotes a telephone, 1300 denotes
an external network, 1400 denotes a power device chamber, 1401
denotes a power device, 1500 denotes a parent modem, and 1600
denotes a child modem.

Referring to designations in Figs. 10 and 11, moreover,
2010 denotes a parent modem, 2020 denotes a child modem, 2030

" and 2091 denote a building, 2092 denotes a detached house, 2101

denotes an amplifier, 2102 denotes a distributor, 2110 denotes
an indoor communication line, 2111 to 2114 denote a branch
communicatibn line, 2120 and 2121 denote a terminal portion,
2150 denotes a communication line, 2200 and 2210 denote a house,
2300 denotes an image receiver, 2400 denotes a terminal device,
2500 denotes a station, and 2600 and 2601 denote a head end.

Referring to designations in Figs. 12 to 16, furthermore,
3010 denotes a parent modem, 3020 denotes a child modem, 3030,
3040 and 3050 denote a filter, 3060 denotes a repeater, 3090
denotes a building, 3100 denotes an antenna‘, 3101 denotes an
amplifier, 3102 to 3106 denote a distributor, 3110 denotes a
communication line, 3111 to 3114 denote a branch communication
line, 3111’ to 3114’ denote awiring, 3111A, 3112A, 3113A, 3114A
and 311la to 3111d denote a sub-branch communication line, 3120
to 3122 denote a terminal portion, 3130 and 3160 to 3164 denote
a bypass line, 3150 denotes an optical fiber cable, 3200 and
3210 denote a house, 3300 denotes an image receiver, 3400 denotes
a terminal device, 3500 denotes a station, and 3600 denotes an

upper network.

<BEST MODE FOR CARRYING OUT THE INVENTION>
<First Embodiment: A first PLC modem is provided on a
communication line and a second PLC moden is provided on a power
line>

Fig. 1 is a typical diagram schematically showing a power

line communication system according to the invention,

35



10

15

20

25

30

35

WO 2005/046078 PCT/JP2004/017114

illustrating an embodiment in which a parent modem
injects/extracts a communication signal to/froma coaxial cable
and a child modem injects/extracts the communication signal
to/from an indoor wiring and the case in which a house (a power
device chamber) in a building includes the parent modem. The
system according to the invention serves to combine a power line
(a low voltage distribution power line 1100 and an indoor wiring
1101) which is provided in a building 1050 having a plurality

. of houses and serves to supply a power to each of the houses

"and a communication line (a coaxial cable 1090 in an embodiment

shown in Fig. 1) provided in the building 1050 with each other
in the building 1050, thereby constructing the signal
transmissioh path of a power line communication signal. This
system comprises a parent modem (a first PLC modem) 1010 capable
of carryihg out a communication with an outside (an external
network 1300) through a communication signal, and a child modem
(a second PLC modem) 1020 which is provided in a house 1200 in
the building 1050 and can carry out a communication with the
parent modem 1010 through a communication{signal. In this
embodiment, the parent modem 1010 is provided on a communication
line (a core 1090A of the coaxial cable 1090 in Fig. 1) and
injects/extracts the communication signal to/from the
communication line, and the child modem 1020 is provided on a
power line (the indoor wiring 1101 of the house 1200 in Fig.
1) and injects/extracts the communication signal to/from the
power line. More specifically, in this embodiment, the coax'ial
cable (the core 1090A) and the indoor wiring 1101 are combined
with each other to construct the signal transmission path.
Detailed description will be given below.

The building 1050 is provided with a power line for
supplying a power to each house. More specifically, there are
provided the low voltage distribution power line 1100 connected
to a high-tension distribution power line (not shown) through
a power device 1401 such as a transformer and the indoor wiring
1101 branched from the low voltage distribution power line 1100

and provided in each house. In the embodiment, the power device
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1401 is disposed in a power device chamber 1400 provided in the
building 150. Moreover,thebuildinglOSOis;movidedwiththe
coaxial cable 1090 for transmitting a TV signal to each house.
The coaxial cable 1090 is constituted by a plurality of cores
1090A to 1090D, and the cores 1090A to 1090D are gathered in
a rooftop portion. The cores 1090A to 1090D are provided in
a plurality of houses respectively, and the houses share one
core. ATVsignal is receivedby an antenna (not shown) provided
in the rooftop portion and is distributed to each of the cores
1090A to 1090D through a distributor 1080, and is received by
connecting a television 1204 to a terminal portion (a branching
device) 1091 of each of the cores 1090A to 1090D provided in
each of the' houses.

In the embodiment, the parent modem 1010 is provided in
the power'device chamber 1400 and is connected to a terminal
portion 109la of the core 1090A provided in the power device
chamber 1400, and the parent modem 1010 injects/extracts a
communication signal to/fromthe core 1090A through the terminal
portionl109la. Thecommunicationsignal transmittedto thecore
1090A is sent to the other cores 1090B to 1090D through the
distributor 1080.  Moreover, the communication signals
transmitted to the cores 1090B to 1090D are sent to the core
1090A through the distributor 1080. In the embodiment, aparent
modem having a well-known structure and taking matching with
the impedance of the coaxial cable is utilized. 4

In the embodiment, moreover, the child modem 1020vis
provided in the indoor wiring 1101 of the house 1200 and is
connected to a receptacle 1102b provided on the indoor wiring
1101, and the child modem 1020 injects/extracts a communication
signal to/from the indoor wiring 1101 through the receptacle
1102b. In the embodiment, a child modem having a well-known
strucﬁure is utilized.

In the embodiment, there is provided a relay device 1060
for relaying a communication signal between the core 1090C
provided in the house 1200 and the indoor wiring 1101 of the
house 1200. The relay device 1060 is connected to a terminal
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portion 1091c of the core 1090C provided in the house 1200 and
a receptacle 1102a of the indoor wiring 1101 of the house 1200,
and extracts the communication signal from the terminal portion
1091c and injects the communication signal to the receptacle
1102a / extracts the communication signal from the receptacle
1102a and injects the communication signal to the terminal
portion 1091c. 1In the embodiment, there is utilized a relay
device which is a well-known repeater and takes the matching

.~ of the characteristic impedance of the coaxial cable with that

" of the indoor wiring 1101.

By the structure, in the case in which the house 1200
receives a communication signal from the external network 1300,
for instance, the communication signal is transmitted from the
external network 1300 through an optical fiber cable 1110 and
is converted to an optical signal / electric signal by an MC
1410, and ismodulatedbytheparentmodem1010andistheninjected
to the terminal portion 1091la of the core 1090A. The
communication signal injected to the terminal portion 109la is
transmitted to the core 1090A and is transmitted to the cores
1090B to 1091D through the distributor 1080. The communication
signal transmitted to the core 1090C is extracted by the relay
device 1060 at the terminal portion 1091c of the core 1090C in
the house 1200 and is injected to the receptacle 1102a provided
inthe indoorwiring 1101 of thehouse 1200, andis thentransmitted
to the indoorwiring1101. The communicationsignal transmitted
to the indoor wiring 1101 is extracted and demodulated by fhe
childmodem 1020 at the receptacle 1102b, and is then transmitted
to a terminal device 1201 such as a personal computer. In the
case in which the house 1200 transmits the communication signal
to the external network 1300, a reverse course to the case of
the receiving is followed.

in the system according to the invention, thus, it is
possible tomore lessenthe attenuationof a communication signal
as compared with the case in which a signal transmission path
is constructed by only a power line by utilizing a communication

line inat least apartof the signal transmissionpathinaddition
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to the power line. In the case in which the system according
to the invention is constructed, accordingly, it is possible
to extract the communication signal, thereby ensuring an
excellent communication state also in a house present in a place
positioned apart from the injecting point of .the communication
signal through the parent modem, for instance.

In the embodiment shown in Fig. 1, particularly, the
communication line (the coaxial cable 1090) is utilized in the

. signal transmission path between the parent’modem 1010 and the
) relay device 1060 and the power line (the indoor wiring 1101)

is utilized in only the signal transmission path between the
relay device 1060 and the child modem 1020. Consequently, it
is possible'to shorten a distance at which the cpmmunication
signal is transmitted through the power line. Thué, it is
possible to more lessen the attenuation of the communication
signal. In the embodiment shown in Fig. 1, moreover, the
communication signal is transmitted to the indoor wiring 1101
of the house 1200. Therefore, the child modem 1020 can
inject/extract the communication signal to/from the optional
receptacle of the indoor wiring 1101. In many cases in which
the high-tension distribution power line or the optical fiber
cable 1110 isburied inthe ground as shown inFig. 1, furthermore,
the power device chamber 1400 is provided in the underground
or first floor of the building 1050. By providing the parent
modem 1010 in the power device chamber 1400, accordingly, it
is possible to easily lead the optical fiber cable 1110 into
the building 1050. Consequently, it is not necessary toprovide
an optical fiber cable separately.

The coaxial cable usually transmits a TV signal or a CATV
signal. For this reason, the system according to the invention
uses a communication signal in a frequency band which does not
overlap with the frequency bands of the TV signal and the CATV
signal, for instance, a communication signal in a frequency band
of 1.7 to 30 MHz. While the parent modem and an MC are provided
separately in the embodiment, moreover, it is also possible to

utilize a parent modem having the MC built therein. In the case
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in which the communication signal is greatly attenuated by the
frequency characteristic of the distributor, furthermore, it
ispreferable to connect the cores 1090A to 1090D throughawiring
1092 respectively as shown in Flg 2 (A), thereby bypassing the
distributor 1080. As shown in Fig. 2(B), moreover, it is
preferable that the wiring 1092 should be provided with a filter
1092a for blocking the passage of a signal in a frequency band
used by the TV signal or the CATV signal. Since the different
cores 1090A to 1090D are connected to each other through the

" wiring 1092 as shown in Fig. 2(A), there is a possibility that

the transmission characteristic of the TV signal or the CATV
signal might be deteriorated. By providing the filter 1092a,
however, it‘is possible to suppress the deterioration in the
transmission characteristic. In the embodiment, a low-pass
filter is used. While Fig. 2 (B) shows an embodiment in which
the core 1090A and the cores 1090B to 1090D are connected through
thedifferentwirings 1092 respectively, thewiring 1092 provided
on the core 1090A may be branched and connected to each of the
cores 1090B to 1090D as shown in Fig. 2(C). These matters (the
frequency band of the communication signal, the arrangement of
the MC and the bypass structure of the distributor) are the same
as those in an embodiment (2) and embodiments 2 and 3 which will
be described below. In addition, while one house carries out
a power line communication in the embodiment, a plurality of
houses may be provided. In this case, each of the houses has
a child modem and a relay device. While the parent modem is
provided in the power device chamber in the embodiment, moreover,
it may be disposed in a house present in a building, for instance,

a concierge room.

<Second Embodiment: A first PLC modem is provided on a
communication line and a second PLC modem is provided on a power
line>

While a parent modem is provided in a power device chamber
present in a ‘building in the embodiment described above,

explanation will be given to an embodiment in which the parent
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modem is disposed in the rooftop portion of the building. Fig.
3 shows an embodiment in which the parent modem injects/extracts
a communication signal to/from a coaxial cable and a child modem
injects/extracts acommunicationsignal to/froman indoorwiring,
illustrating the case in which the parent modem is provided in
the rooftop portion of a building. The basic structure of a
system according to the invention in this embodiment is the same
as that in the first embodiment and is different from that in

. the first embodiment in that a parent modem 1010 is provided
10

in the rooftop portion of a building 1050.

In the first embodiment, there has been employed the
structure in which the parent modem 1010 injects/extracts the
communication signal to/fromonly a core 1090A in a coaxial cable
1090 and the signal is transmitted from the core 1090A to other
cores 1090B to 1090D through a distributor 1080. In the
embodiment, there is employed a structure in which the parent
modem 1010 injects/extracts the communication signal to/from
each of a plurality of cores 1090A to 1090D constituting the
coaxial cable 1090. The cores 1090A to 1090D of the coaxial
cable 1090 are gathered in the rooftop portibn of the building
1050 as described above. In this embodiment, therefore, the
parent modem 1010 is provided in the rooftop portion in order
to easily inject/extract the communication signal to/from each
of the cores 1090A to 1030D. The parent modem 1010 and the cores
1090A to 1090D are connected to each other through a wiring 1093,
thereby transmitting the communication signal.

By this structure, a communication line is used in at least
a part of a signal transmission path in addition to a power line
in the same manner as that in the embodiment (1). Consequently,
it is possible to reduce the attenuation of the communication
signal. In this embodiment, particularly, the parent modem
inj ectls/extracts the communication signal to/from each of the
cores. As compared with the first embodiment in which the
communication signal is transmitted throughapluralityof cores
in some cases, therefore, it ispossible tomore shortenadistance
at which the communication signal is transmitted to the
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communication line, thereby reducing'the attenuation of the
communication signal in the communication line portion.
Accordingly, it is possible to ensure a more excellent
communication state.

While the injecting/extracting .points of  the
communication signal of the parent modem 1010 are provided on
the downstream side of the distributor 1080 in the embodiment
shown in Fig. 3, the same injecting/extracting points may be
provided on the upstream side of the distributor 1080 in the

" case in which the communication signal can pass through the

distributor 1080. Inthe embodiment, moreover, the parentmodem
1010 is disposed in the rooftop portion of the building 1050.
Therefore, the optical fiber cable 1110 is provided up to the
rooftop portion.

<Third Embodiment: A first PLC modem is provided on a
communication line and a second PLC moden is provided on a power
line>

While the coaxial cable is utilized as the communication
line in the two first and second embodiments, description will
be given to an embodiment in which a telephone line is utilized
as the communication line. Fig. 4 1s a typical diagram
schematically showing the power line communication system
according to the invention, illustrating an embodiment in which
a parent modem injects/extracts a communication signal to/from
the telephone line and a child modem injects/extracts a
communication signal to/from an indoor wiring. The basic
structure of the system according to the invention in this
embodiment is the same as that in the embodiment shown in Fig.
1 and is different from that in the embodiment shown in Fig.
1 in that aparent modem (a first PLCmodem) 1011 injects/extracts
a communication signal to/from a telephone line 1095.

The telephone lines 1095 are individually provided in the
houses of a building 1050, respectively. The telephone lines
1095 are gathered in a power device chamber 1400 and are led
to the outside of the building 1050, for instance. A telephone
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signal is transmitted to each of the telephone lines 1095 and
is received by connecting a telephone 1205 to a terminal portion
(a jack portion) 1096 of the telephone line 1095 provided in
each house.

The telephone lines 1095 are individually provided in the
houses respectively as described above. In the case in which
the telephone line 1095 is utilized as the signal transmission

path of a power line communication signal, therefore, the parent

"modem 1011 is connected to each of the telephone lines 1095

" provided in the house for carrying out a power line communication

and injects/extracts a communication signal to the telephone
line 1095. The telephone lines 1095 in the embodiment are
gathered in the power device chamber 1400 of the building 1050
as described above. In the embodiment, therefore, the parent
modem 1011 is provided in the power device chamber 1400 in order
to easily inject/extract the communication signal to/from the
telephone line 1095. A house 1200 carrying out the power line
communication connects a relay device 1061 to a terminal portion
1096a of a telephone line 1095a provided in the house 1200 and
injects/extracts the communication signal to/from the terminal
portion 1096a. ‘

By this structure, a communication line isused inat least
a part of a signal transmission path in addition to a power line
in the same manner as that in the first and second embodiments.
Consequently, it is possible to reduce the attenuation of the
communication signal. In this embodiment, particularly, the
parent modem injects/extracts the communication signal to/from
each of the telephone lines. As compared with the first
embodiment in which the communication signal is transmitted
through a plurality of coaxial cables in some cases, therefore,
it ispossible tomore reduce the attenuationof the communication
signal‘ in the communication line portion. Accordingly, it is
possible to ensure a more excellent communication state.

While the parent modem 1011 is provided in the power device
chamber 1400 in the embodiment shown in Fig. 4, it is sufficient
that the parent modem 1011 is provided in a place in which the
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telephone lines 1095 are gathered. Moreover, there isutilized
the parent modem 1011 which is a well-known parent modem and
takes matching with the impedaﬁce of the telephone line. There
isutilized the relay device 1061 which is a well-known repeater
and takes the matching of the characteristic impedance of the
telephone linewiththat of apower line (lowvoltagedistribution

power line) 1100.

<Fourth Embodiment: A first PLC modem is provided on a power
line and a second PLC modem is provided on a communication line>
"Fig. 5 is a diagram schematically showing the power line
communication system according to the invention, illustrating
an embodiment in which a parent modem injects/extracts a
communication signal to/from a low voltage distribution power
line and a child modem injects/extracts a communication signal
to/from a coaxial cable. In this embodiment, a coaxial cable
1090 is utilized as a communication line in the same manner as
in the embodiment shown in Fig. 1 andabasicstructureissimilar.
The embodiment is characterized in that a parent modem 1012 is
provided on a power line (a low voltage distribution power line
1100 in Fig. 5) to inject/extract a communication signal to the
power line, and a child modem 1020 is provided on a coaxial cable
1090 (acore 1090C in Fig. 5) to inject/extract the communication
signal to/from the coaxial cable 1090. More specifically, in
this embodiment, the low voltage distribution power line 1100
and the coaxial cable (cores 1090A and 1090C) are combined with
each other to construct a signal transmission path.
In the embodiment, the parent modem 1012 is provided in
a power device chamber 1400 and is connected to the low voltage
distributionpower line 1100 provided in the power device chamber
1400 so that the parent modem 1012 injects/extracts the
communication signal to/from the low voltage distribution power
line 1100. In the embodiment, the parent modem 1012 having a
well-known structure is utilized.
On the other hand, in a house 1210, the child modem 21
is provided on the core 1090C of the coaxial cable 1090 provided
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in the house 1210 and is connected to a terminal portion 1091d
of the core 1090C so that the child modem 1021 injects/extracts
a communication signal to/from the core 1090C through the
terminal portion 1091d. In the embodiment, the childmodem 1021
having a well-known structure and taking matching with the
impedance of the coaxial cable is utilized.

There is provided a relay device 1062 for relaying a

communication signal between the coaxial cable (the core 1090C)

. provided in the house 1210 and the low voltage distribution power
10

1line 1100. Inthe embodiment, the relaydevice 1062 is connected
to a terminal portion 1091a of the core 1090A disposed in a house
1220 provided in a building 1050 and a receptacle 1102c of an
indoor wirihg 1101 provided in the house 1220, and the relay
device 1062 extracts a communication signal from the receptacle
1102c and injects the communication signal to the terminal
portion 1091a / extracts the communication signal from the
terminal portion 109l1a and injects the communication signal to
the receptacle 1102¢. In the embodiment, there is utilized the
relay device 1062 which is a well-known repeater and takes the
matching of the characteristic impedance of‘the coaxial cable
with that of the power line (the low voltage distributibn power
line) 1100.

By the structure, in the case in which the house 1210
receives the communication signal froman external network 1300,
for instance, the same communication signal passes through an
optical fiber cable 1110 from the external network 1300 and is
converted to an optical signal / electric signal at an MC 1410,
and is modulated by the parent modem 1012 and is injected to
the lowvoltage distribution power 1ine 1100. The communication
signal injected to the low voltage distribution power line 1100
is extracted by the relay device 1062 at the receptacle 110Zc
provided on the indoor wiring 1101 of the house 1220 which is
the branch of the low voltage distribution power line 1100, and
is injected to the terminal portion 109la of the core 1090A
provided in the house 1220 and is thus transmitted to the core
1090A. The communication signal transmitted to the core 1090A
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is sent to cores 1090B to 1090D through a distributor 1080 and
is extracted and demodulatedby a childmodem 1021 at the terminal
portion 1091d of the core 109OC provided in the house 1210, and
is transmitted to a terminal device 1201 such as a personal
computer. In the case in which the house 1210 transmits the
communication signal to the external network 1300, a reverse
course to the case of the receiving is followed.

By the structure, the communication line is used for at
least a part of the signal transmission path in addition to the
power line in the same manner as that in the embodiment 1.
Therefore, it is possible to reduce the attenuation of the
communication signal. In this embodiment, particularly, the
parent modem injects/extracts the communication signal to/from
the power line. Also in a place in which the communication line
is not provided, therefore, it is possible to inject the
communication signal from the external network. This respect
is the same as in an third embodiment which will be described
below.

While there has been described the case in which one house
carries out a power line communication in the embodiment, a
plurality of houses may be provided. In that case, each of the
houses has the child modem. While the parent modem is provided
in the power device chamber and the relay device is provided
in another house in the embodiment, moreover, both the parent
modem and the relay device may be provided in the same house,
for instance, a concierge room. This respect is the samé as
in the third embodiment which will be described below.

<Fifth Embodiment: A first PLC modem and a second PLC modem are
provided on a power line and a communication line is provided
between a first power line on which the first PLC modem is to
be disioosed and a second power line on which the second PLC modem
is to be disposed>

Fig. 6 is a diagram schematically showing the power line
communication system according to the invention, illustrating

an embodiment in which both a parent modem and a child modem
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inject/extract a communication signal to/from a power line. 1In
this embodiment, a coaxial ‘cable 1090 is wutilized as a
communication line in the same manner as that in the fourth
embodiment and a basic structure is the same as that in the fourth
embodiment. This embodiment is characterized in that a child
modem 1020 is also provided on a power line (an indoor wiring
1101 of a house 1200 in Fig. 6) in addition to a parent modem

1012 and a communication signal is injected/extracted to/from

_the power line, and the communication signal is not directly

transmitted between a low voltage distribution power line 1100

‘and the indoor wiring 1101 but the coaxial cable 1090 is provided

therebetween. More specifically, in this embodiment, the low
voltage distribution power line 1100, the coaxial cable (cores
10902 and 1090C) and the indoor wiring 1101 are combined with
each other to construct a signal transmission path.

In the embodiment, the parent modem 1012 is provided in
a power device chamber 1400 and is connected to the low voltage
distributionpower 1ine 1100 provided in thepower device chamber
1400 so that the parent modem 1012 inj ects/extracts the
communication signal to the low voltage distribution power line
1100 in the same manner as in the fourth embodiment. In the
same manner as in the fourth embodiment, moreover, there is
provided a relay device 1062 for relaying a communication signal
between the coaxial cable (the core 1090C) provided in the house
1200 and the low voltage distribution power line 1100 and the
relay device 1062 is connected to a terminal portion 1091a'of
the core 1090A and a receptacle 1102c andextractsa communication
signal from the receptacle 1102c and injects the communication
signal to the terminal portion109la / extracts the communication
signal from the terminal portion 109la and injects the
communication signal to the receptacle 1102c.

On the other hand, the house 1200 has the child modem 1020
provided on the indoor wiring 1101 thereof, and the child modem
1020 is connected to a receptacle 1102b and injects/extracts
a communication signal to/from the indoor wiring 1101 through
the receptacle 1102binthe samemanneras inthe third embodiment.
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Moreover, the house 1200 is provided with a relay device 1060
for relaying the communication éignal between the core 1090C
and the indoor wiring 1101 of the house 1200, and the relay device
1060 is connected to a terminal portion 1091c of the core 1090C
and a receptacle 1102a and extracts the communication signal
from the terminal portion 1091c and injects the communication
signal to the receptacle 1102a / extracts the communication
signal from the receptacle 1102a and injects the communication
signal to the terminal portion 108lc.

By the structure, in the case in which the house 1200
receives the communication signal froman external network 1300,
for instance, the same communication signal passes through an
optical fibér cable 1110 from the external network 1300 and is
converted to an optical signal / electric signal at an MC 1410,
and is modulated by the parent modem 1012 and is injected to
the lowvoltage distributionpower 1ine1100. The communication
signal injected to the low voltage distribution power line 1100
is extracted by the relay device 1062 at the receptacle 1102c
provided on the indoor wiring 1101 of a house 1220 which is the
branch of the low voltage distribution power’ line 1100, and is
injected to the terminal portion 1091la of the core 1090Abrovided
in the house 1220 and is thus transmitted to the core 1090A.
The communication signal transmitted to the core 1090A is sent
tocores 1090Bto 1090D throughadistributor 1080 and isextracted
by the relay device 1060 at the terminal portion 1091c of the
core 1090C provided in the house 1200, and is injected to the
receptacle 1102a provided on the indoor wiring 1101 of the house
1200 and is thus transmitted to the same indoor wiring 1101.
The communication signal transmitted to the indoor wiring 1101
of the house 1200 is extracted and demodulated by the child moden
1020 through the receptacle 1102b, and is transmitted to a
terminal device 1201 such as a personal computer. In the case
in which the house 1200 transmits the communication signal to
the external network 1300, a reverse course to the case of the
receiving is followed.

By the structure, the communication line is used for at
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least a part of the signal transmission path in addition to the
power line in the same manner as that in the first and second
embodiments. Therefore, it is possible to reduce the
attenuation of the communication signal. In this embodiment,
particularly, the communication signal is transmitted to the
indoor wiring of the house. Consequently, it is possible to
inject/extract the communication signal to/from the optional
receptacle of the indoor wiring. While there has been described

Ithecaseinwhichonehousecarriesoutapowerlinecommunication

in the embodiment, a plurality of houses may be provided. In
that case, each of the houses has the child modem and the relay
device.

<Sixth Embodiment: A first PLC modem is provided on a power line
and a communication line and a second PLC modem is provided on
a power line>

Fig. 7 is a typical diagram schematically showing a power
line communication system according to the invention,
illustrating an embodiment in which a parent modem
injects/extracts a communication signal to/from both a power
line and a communication line and a child modem inj ects/ektracts
a communication signal to the power line. In this embodiment,
a basic structure is the same as that in the third embodiment
exceptthattheparentnwdeminjects/extractsthecommunication
signal to both the power line and the communication line.

A parent modem 1012 is connected to a low voltage
distribution power line 1100, and furthermore, is connected to
a core 1090A of a coaxial cable. For instance, in the case in
which a house 1200 is to receive a communication signal, it is
changed to an optical signal / electric signal at an MC 1410
from an external network 1300 through an optical fiber cable
1110aﬁdisthenmodulatedbytheparentmodem1012,andisinjected
toaterminal portion 1091dof the core 1090A. The communication
signal thus injected is extracted at a terminal portion 1091lc
of a core 1090C by a relay device 1060, and is then injected
to a receptacle 1102a and is extracted at a receptacle 1102b
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by a child modem 1020, and is thereafter demodulated and
transmittedtoaterminal device 1201 such as apersonal computer.
Inthecaseinwhichthehouse 1260 istotransmit the communication
signal to the external network 1300, a reverse course to the
case of the receiving is followed.

For instance, in the case inwhich ahouse 1230 is toreceive
a communication signal, moreover, the communication signal

passing through the external network 1300, the optical fiber

_cable 1110 and the MC 1410 and modulated by the parent modem
10

1012 is injected to the low voltage distribution power line 1100.
The communication signal thus injected is injected to a
receptacle 1102d provided in an indoor wiring 1101 of the house
1230 which i's the branch of the low voltage distribution power
line 1100 and is extracted and demodulated by the child modem
1020, and is then transmitted to the terminal device 1201 such
as a personal computer. In the case in which the house 1230
is to transmit the communication signal to the external network
1300, a reverse course to the case of the receiving is followed.

In the embodiment, the parent modem is connected to the
power line and the communicationline. For instance, therefore,
the communication signal can be transmitted throﬁgh the
transmission line to the house placed apart from the injecting
point of the communication signal by the parent modem, and
furthermore, can be transmitted through the power line to the
house placed close to the injecting point. The communication
signal is transmitted throughthe communication line to the house
placedapart fromthe injectingpoint. Therefore, it ispossible
to suppress the attenuationof the communication signal, thereby
transmitting the communication signal. In the house placed
close to the injecting point, moreover, the communication signal
is transmitted through the power line having a short distance.
Conseciuently, it ispossibletoensureanexcellent communication
state without causing a great attenuation.

In the embodiment, moreover, in the case in which it is
impossible or hard to carry out a communication due to a

fluctuation in a communication state, for instance, an increase
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in the attenuation of the communication signal in the house in
which the communication signal is injected/extracted from the
parent modem to the power line and is received/transmitted by
a terminal device through a receptacle, the communication signal
can be injected/extracted from the parent modem to the
communication line and can be thus received/transmitted by the
terminal device through the communication line.

While the description has been given to the embodiment

~in which the external network and the parent modem communicate

" with each other through the optical fiber cable in the first

to fourth embodiments, it is also possible to carry out the
communication by using a power line therebetween in place of
the optical®fiber cable.

In the communication system according to the invention,
moreover,'an iriage signal and a audio signal can be applied to
be the communication signal. Furthermore, the invention can
also be applied to a packet communication to be used in an IP
(internet Protocol) telephone employing VoIP (Voice over

Internet Protocol).

<Seventh Embodiment>

While the repeater is utilized as the relay device in all
the embodiments described above, an impedance matching device
may be utilized. Fig. 8 is a schematic diagram showing the
structure of the impedance matching device. An impedance
matching device 1030 shown in Fig. 8 comprises a high frequehcy
transformer including a first winding 1032 which is connected
to a communication line 1097 and through which a communication
signal to be sent from/to the communication line 1097 is
transmitted, a second winding 1033 which is connected to a power
line (low voltagedistributionpower line) 1100 and throughwhich
a communlcatlon signal sent from/to the power line 1100 is
transmitted, and a ferromagnetic material 1031 upon which these
windings 1032 and 1033 are wound, and capacitors C; and Cp for
correcting a frequency. In the seventh embodiment, a ferrite

core is used as the ferromagnetic material 1031. The impedance
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matching device 1030 can match the characteristic impedance of
the communication line with that of the power line by changing
the numbers of winds of the windings 1032 and 1033. More
specifically, acharacteristic impedance Z; of the communication
line 1097 can be expressed in the following. equation, wherein
the characteristic impedance of the communication line 1097 is
represented by Zi, the characteristic impedance of the power
line 1100 is represented by Zz, the number of winds of the first

. winding 1032 is represented by N1 and the number of winds of
10

the second winding 1033 is represented by N:.

From the above equation, N,°Z; = N;°Z, can be obtained. By
selecting N; and N, to satisfy N,?Z; = N1%Z,, accordingly, it is
possible to take matching with the characteristic impedance.

The communication line 1097 shown in Fig. 8 has such a
structure that a shield layer 1097b is provided on the outer
periphery of a conductor 1097a. Accordingly, the first winding
1032 and the communication line 1097 are connected to each other
by connecting terminalsprovidedonbothends of the firstwinding
1032 to the conductor 1097aof the communicationline 1097 through
aterminal portionl098andto the shieldlayer 1097b respectively
as shown in Fig. 8. Moreover, the power line 1100 shown in Fig.
8 has such a structure as to include a first power line 11A00a
and a second power line 1100b. Accordingly, the second winding
1033 and the power line 1100 are connected to each other by
connecting terminals provided on both ends of the second winding
1033 to the first power line 1100a ‘and the second power line
1100b respectively as shown in Fig. 8.

In the case in which the impedance matching device is
utilized as the relay device as described above, it is also
possible to obtain an effect that the installation space of a
device can be decreased and a delay time can be reduced in the
utilization of VoIP in addition to an advantage that the
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characteristic impedances can be matched between the
communication line and the power line.
Next, description will be given to another embodiment

of the communication systems according to the invention.

<Eighth Embodiment>
Fig. 10 1s a diagram schematically showing the

communication system according to the eighth invention. The

_ system according to the invention utilizes, as a head end, a
10

communication device (aparent modem2010) capable of modulating
a digital video and audio signal into a low frequency band having
a lower frequency than the frequency of a high frequency band
in a buildihg 2090 including a plurality of houses (2200 and
2210) for receiving avideo and audio signal in the high frequency
band in cbmmon, and furthermore, serves to set, as a signal
transmission path, an indoor communication line 2110 to be used
for transmitting the video and audio signal in the high frequency
band. In the invention, particularly, a modulated signal is
injected to the vicinity of a common receiving terminal portion
(an amplifier 2101 and a distributor 2102)- provided in the
building 2090 by a parent modem 2010. Detailed descriptionwill
be given below.

The building 2090 includes a plurality of houses 2200 and
2210 for receiving a TV signal or a CATV signal in common, and
comprises the amplifier 2101 for receiving and amplifying the
TV signal or the CATV signal transmitted from a signal
distributing side, the distributor 2102 for distributing the
TV signal or the CATV signal to each of the houses, and the indoor
communication line 2110 for transmitting the TV signal or the
CATV signal to each of the houses. " The indoor communication
line 2110 is branched into a plurality of branch communication
lines 2111 to 2114 through the distributor 2102, and a plurality
of houses shares one branch communication line. Each of the
branch communication lines 2111 to 2114 includes a plurality
of terminal portions 2120, and each of the terminal portions
2120 is provided in each of the houses. Accordingly, the house
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2200 can receive the TV signal or the CATV signal by connecting
animagereceiver2300suchasatelevisiontotheterminalportion
2120 provided on the branch communication line 2111. In the
embodiment, the distributor 2102 is a well-known device capable
of distributing the TV signal or the CATV signal. Moreover,
the branch communication lines 2111 to 2114 are well-known
coaxial cables to be used in the transmission of the TV signal
or the CATV signal.

Inthebuilding2090forreceivingeavideoandaudiosignal
in a high frequency band such as the TV signal or the CATV signal
in common, the system according to the invention comprises the
parentmodemZOlOcapableofnmdulatingacﬁgitalvideoandaudio
signal and injecting a modulated signal to the vicinity of a
common receiving terminal portion. Moreover, the house 2210
includes a child modem 2020 capable of extracting and
demodulating the modulated signal which is modulated by the
parent modem 2010 and is to be transmitted to the branch
communication line 2114.

Tn the invention, particularly, the parent modem 2010
modulates a digital video and audio signal into a low frequency
band having a lower frequency than the frequencies of the
frequencybandsoftheTVsignalandtheCATVdistributionsignal
in order to reduce the attenuation of the transmission signal
(the digital video and audio signal). In the embodiment, for
the parent modem 2010, there igs used a PLC modem capable of
modulating the digital video and audio signal to have a lower
frequency than frequencies in the usage frequency bands of the
TV signal and the CATV signal and injecting a modulated signal
to a signal transmission path. In the embodiment, moreover,
it is assumed that the modulating method of the parent modem
2010 is set to be an OFDM method and carries out a modulation
at a éarrier frequency of 50 MHz or lesé.

In the invention, furthermore, the modulated signal in
the low frequency band is transmitted as described above.
Therefore,thereceivingrangeofthemodulatedsignalislimited

in order to reduce the influence of a mixing noise. More
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specifically, the parent modem 2010 injects themodulated signal
to the vicinity of a common receiving terminal portion provided
in the building 2090. Thus, the signal is injected to the
vicinity of the common receiving portion so that the modulated
signal is almost transmitted to the branch communication lines
2111 to 2114 connected to the common receiving portion. More
specifically, the branch communication lines 2111 to 2114
provided on the downstream side of the parent modem 10 as seen
from the distributing side of the CATV signal are set within

' themain transmitting range of the modulated signal and the house

present on the downstream side seen from the distributing side
of the CATV signal ismore limited as compared with a conventional
head end for the CATV signal. Consequently, the influence of
the mixing noise can be reduced. In the embodiment, the parent
modem 2010 is provided on the upstream side of the amplifier
2101 as seen fromthe distributingsideof the CATV signal, thereby
injecting the modulated signal.

For the child modem 2020, there is used a PLC modem capable
of extracting themodulatedsignal tobe transmittedtothebranch
communication lines 2111 to 2114 and demodulafing the modulated
signal to have a lower frequency than the frequencies of the
usage frequency bands of the TV signal and the CATV signal. In
the embodiment, it is assumed that the demodulating method of
the child modem 2020 is set to be an OFDM method and a modulation
is carried out at a carrier frequency of 50 MHz or less.

The child modem 2020 is connected to a terminal portlon
2121 of the branch communication line 2114 provided in the house
2210 and serves to extract themodulated signal fromthe terminal
portion 2121. 1In the embodiment, the terminal portion 2121 is
a well-known branching device capable of branching the TV signal
and the CATV signal. Both the parent modem 2010 and the child
modem 2020 match impedances to adapt to the impedance of the
branch communication line.

By the structure, when a digital video and audio signal
is distributed from an upper network NT, the digital video and
audio signal is transmitted to the parent modem 2010 through
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an optical fiber cable 2150 connected to the upper network NT
and is modulated to have a lower frequency than the frequencies
of the frequency bands of the TV signal and the CATV signal.
In the embodiment, the modulation is carried out by the OFDM
method at the carrier frequency of 50 MHz or less. Themodulated
signal is transmitted to each of the branch communication lines
2111 to 2114 and is extracted and demodulated by the child modem
20 through the terminal portion 2121 provided in the house 2210,
and is extracted and received by a terminal device 400 such as

"a personal computer. In the embodiment, the demodulation is

carried out by the OFDM method at the carrier frequency of 50
MHz or less. While the parent modem 2010 includes a media
converter (M£) capable of carrying out a conversion to an optical
signal / electric signal in the embodiment, theMCmay be provided
separately.

In the invention, thus, the distribution is carried out
by a communication device capable of performing a modulation
toalowfrequencybandhavinga lower frequency than the frequency
of a video and audio signal inahigh frequencyband, for instance,
a TV signal or a CATV signal. Consequently, it is poss'ible to
reduce the attenuation of a distribution signal. In the
invention, particularly, the communication device is provided
in the building itself, thereby limiting the transmitting range
of the modulated signal from the communication device.
Consequently, it is also possible to reduce the influence of
a mixing noise. In the invention, therefore, a video and audio
signal having a low frequency can be distributed in a more
excellent state.

While the description has been given to an embodiment in
which one house for receiving a digital video and audio signal
is provided in the building as shown in Fig. 10, a plurality
of houées may be provided. In this case, it is preferable that
each house should include a child modem to be connected to the
terminal portion of a branch communication line provided in each
house and a parent modem to be used should have a structure in
which the time sharing of each child modem can be controlled.
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While the OFDM method has been employed as the modulating method
and the demodulating method in the embodiment, moreover, it is
possible to properly utilize ‘an SS method, an FSK method and
a PSK method. In the case in which there is a portion in which
the frequency band of a digital video and audio signal overlaps
with the usage frequency band of a video and audio signal in
a high frequency band, furthermore, it is preferable that the
same frequency band should be modulated to be different from

. the usage frequency band through the execution of masking.
10

In addition, while the description has been given to the
case in which the modulated signal is injected to the upstream
side of the amplifier 2101 in the embodiment, it may be injected
to the downstream side of the distributor 2102 between the
amplifier 2101 and the distributor 2102. In the case in which
an attenuation might be caused when the modulated signal is
transmitted through the amplifier 2101 and the distributor 2102,
particularly, the common receiving terminal portion of the
amplifier 2101 or the distributor 2102 may be bypassed to inject
a modulated signal to each of the branch communication lines.
Moreover, the description has been given to‘the case in which
a video and audio signal is delivered from the rooftop ‘portion
of the building 2090 provided with the common receiving terminal
portion in the embodiment. In some cases in which the
communication line such as an optical fiber cable is buried in
the ground, the common receiving terminal portion is provided
in the underground portionor first floor portion of the build.ing
2090. In such cases, it is preferable that the parent modem
2010 should be disposed in the underground portion or first floor
portion of the building 2090 in which the common receiving
terminal portion is provided. .

Finally, description will be given to a third embodiment

of the invention.

<Ninth Embodiment>
Fig. 12 1is a diagram schematically showing the

communication system according to the invention. The system
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according to the invention has such a structure that a
communication line 3110 to be used in the transmission of a video
and audio signal is set to be a signal transmission path for
acommunicationsignal and a communicationis carriedout through
the communication signal by utilizing a modem (a parent modem
3010) capable of modulating/demodulating the communication
signal to a frequency band excluding the frequency band of the
video and audio signal in a building 3090 including a plurality

. of houses (3200, 3210) for receiving the video and audio signal

" in common. In the invention, particularly, the communication

signal is injected/extracted through the parent modem 3010
to/from branch communication lines 3111 to 3114 branched and
provided in ‘each of the houses. Detailed description will be
given below.

The building 3090 includes a plurality of houses 3200 and
3210 for receiving a video and audio signal in common, and
comprises an amplifier 3101 for receiving and amplifying the
video and audio signal transmitted from a signal distributing
side, a distributor (a first distributor) 3102 for distributing
the video and audio signal to each of the houses 3200 and 3210,
and the communication line 3110 for transmitting the vi-deo and
audio signal to each of the houses 3200 and 3210. The
communication line 3110 has such an arrangement as to be branched
into a plurality of branch communication lines 3111 to 3114
through the distributor 3102 and to cause a plurality of houses
to share one branch communication line. Each of the branch
communicationlines 3111 to 3114 includesapluralityof terminal
portions 3120, and each of the terminal portions 3120 is provided
in each of the houses. Accordingly, the house 3200 can receive
the video and audio signal by connecting an image receiver 3300
such as a television to the terminal portion 3120 provided on
the brénch communication line 3111. In the embodiment, the
distributor 3102 is a well-known device capable of distributing
aTVsignal or aCATV signal. Moreover, the branch communication
lines 3111 to 3114 are well-known coaxial cables to be used in

the transmission of the TV signal and the CATV signal.
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In the building 3090 for receiving the video and audio
signal in common, there is provided the parent modem 3010 for
injecting a communication signal to each of the branch
communication lines 3111 to 3114 / extracting the communication
signal from each of the branch communication.lines 3111 to 3114
in order to utilize the branch communication lines 3111 to 3114
as a signal transmission path for the communication signal.
Moreover, the house 3210 for carrying out a communication through

, the communication signal includes a child modem 3020 capable

of extracting a communication signal to be transmitted from the
parent modem 3010 to the branch communication line 3114 /
injecting the communication signal to the branch communication
line 3114. °

In the embodiment, a coaxial cable throughwhicha TVsignal
and a CATV signal are transmitted is utilized as the signal
transmission path for the communication signal. Accordingly,
the TV signal and the CATV signal are usually transmitted to
the branch communication lines 3111 to 3114. For the parent
modem 3010 in the embodiment, therefore, there is used a PLC
modem capable of modulating the communication signal injected
from the parent modem 3010 to each of the branch communQication
lines 3111 to 3114 into a frequency band other than the usage
frequency bands of the TV signal and the CATV signal, and
furthermore, demodulating the communication signal to be
transmitted to the branch communication lines 3111 to 3114 into
a frequency band other than the usage frequency bands of the
TV signal and the CATV signal. In the embodiment, moreover,
the modulating/demodulating method of the parent modem 3010 is
set to be an OFDM method.

The parent modem 3010 is connected to the branch
communication lines 3111, 3112, 3113 and 3114 through wirings
31117 ,.3112' ;, 31137 and 3114’ respectively, andinjects/extracts
a communication signal to the branch communication lines 3111
to 3114 through the wirings 3111’ to 3114’ . More specifically,
the parent modem 3010 injects/extracts the communication signal
at the downstream side of the amplifier 3101 and the distributor
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3102 as seen from the distributing side of the TV signal or the
CATV signal. In the invention, thus, the distributor 3102 is
bypassedtoinject/extract the communicationsignal to/fromeach
of the branch communication lines 3111 to 3114. Also in the
case in which the amplifier 3101 and the distributor 3102 are
not considered in respect of a signal present in a frequency
band other than the frequency bands of the TV signal and the
CATV signal, therefore, it 1is possible to prevent the

. communication signal frombeing attenuatedby the amplifier 3101
10

and the distributor 3102. In the embodiment, the parent modem
3010 is provided in the vicinity of the distributor 3102 in which
the branch communication lines 3111 to 3114 are gathered in order
to easily ihject/extract the communication signal.

On the other hand, for the child modem 3020, there is used
a PLC modem capable of demodulating the communication signal
to be transmitted to the branch communication lines 3111 to 3114
into a frequency band other than the usage frequency bands of
the TV signal and the CATV signal / modulating the communication
signal to be injected to the branch communication lines 3111
to 3114 into the frequency band other than the usage frequency
bands of the TV signal and the CATV signal in the same manner
as the parent modem. In the invention, moreover, the
modulating/demodulating method of the child modem 3020 is set
to be the OFDM method.

The child modem 3020 is connected to a terminal portion
3121ofthebranchcommunicatrnlline3114providajinthehoﬁse
3210 and injects/extracts the communication signal to/from the
branch communication line 3114. Inthe embodiment, the terminal
portion 3121 is a well-known distributor capable of branching
the TV signal and the CATV signal. Both the parent modem 3010
andthe childmodem 3020 match impedances to adapt to the impedance
of thé branch communication line.

By the structure, in the case in which the communication
user of the house 3210 is to receive the communication signal
from an upper network 3600, the communication signal is
transmitted to the parent modem 3010 through an optical fiber
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cable 3150 connected to the upper network 3600 and is modulated
to have a frequency other than_fhe frequencies of the frequency
bands of the TV signal and the CATV signal. In the embodiment,
a modulation is carried out by the OFDM method at a carrier
frequency of 50 MHz or less. The communication signal thus
modulataiistranémittedtx>thebrandhcommunicationlines3111
to 3114 through the wirings 3111’ to 3114’, respectively. The
communication signal transmitted to the branch communication

. line 3114 is extracted and demodulated by the child modem 3020
"through the terminal portion 3121 included in the house 3210

and is extracted and received by a terminal device 3400 such
as a personal computer. In the embodiment, a demodulation is
carried out by the OFDM method at a carrier frequency of 50 MHz
or less.

on the other hand, in the case in which the communication
user of the house 3210 is to transmit the communication signal
to the upper network 3600, the communication signal sent from
the terminal device 400 such as a personal computer is modulated
to have a frequency other than the frequencies of the frequency
bands of the TV signal and the CATV signal by the child modem
3020 and is injected to the terminal portion 3121. 1In the
embodiment, the modulation is carried out by the OFDM method
at the carrier frequency of 50 MHz or less. The communication
signal injected to the terminal portion 121 is transmitted to
the branch communication line 3114 and is extracted. and
demodulated by the parent modem 3010 through the wiring 3114',
and is transmitted to the upper network 3600 through the optical
fibercable 3150. Intheembodiment, thedemodulationiscarried
out by the OFDM method at the carrier frequency of 50 MHz or
less. While the parent modem 3010 includes a media converter
(MC) capable of carrying out a conversion to an optical
signal/electric signal, moreover, the MC may be provided
separately.

In the invention having the structure described above,
a communication line provided in abuilding for receiving a video

and audio signal in common is set to be a signal transmission
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path, and furthermore, a communication signal is
injected/extracted by utilizing a communication device capable
of modulating/demodulating the communication signal to a
‘frequency band other than the frequency band of the same signal,
for instance, a PLC modem. Consequently, it is possible to
implement a high-speed communication at a low cost. In the
invention, particularly, the communication signal is not
injected/extracted with a distributor for distributing a video

. and audio signal or an amplifier for amplifying the same signal

provided. Therefore, it is possible to provide an excellent
communication state without attenuating the communication
signal through the distributor or the amplifier. In the
invention, moreover, the frequency band of the communication
signal tobetransmittedis set tobeother thantheusage frequency
band of thé video and audio signal. Therefore, a drawback such
as the interference of the video and audio signal with the
communication signal is caused with difficulty and an excellent
communication state can be set to both of the signals.
While the description has been given to the embodiment
in which one house for carrying out a communication through the
communication signal‘ is provided in a building in Fig. 12, a
plurality of houses may be provided. At this time, it 1is
preferable that each house should be provided with a child modem
to be connected to the terminal portion of the branch
communication line disposed in each house and the parent modem
to be used should have a structure in which the time sharing
of each child modem can be controlled. While the OFDM method
has been employed as the modulating/demodulating method in the
embodiment, moreover, it is possible to properly utilize an SS
method, an FSK method and a PSK method. In the case in which
there is aportioninwhich the frequencybandof the communication
signal overlaps with the usage frequency band of the video and
audio signal, furthermore, it is preferable that the frequency
band should be modulated/demodulated to be different from the
frequency band of the video and audio signal by the execution

of masking.
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(Embodiment in which a filter is provided)

In the embodiment described.above, the different branch
communication lines 3111 to 3114 are connected to each other
through the parent modem 3010 (the wirings 3111’ to 3114’). For
this reason, there is a possibility that the transmission
characteristics of the TV signal and the CATV signal might be
deteriorated in each of the branch communication lines 3111 to

3114. Inorder to effectively prevent the deterioration in the

" transmission characteristics, it is preferable that a filter

3030 capable of cutting off the TV signal or the CATV signal
should be provided in the wirings 3111’ to 3114’ as shown in
Fig. 13. It is preferable that the filter 3030 should be a
low-pass filter capable of cutting off a high frequency signal
such as the TV signal or the CATV signal or a band-pass filter
through which a signal present in a specific frequency band
excluding the usage frequency band of the TV signal or the CATV
signal can pass. It is sufficient that the filter 3030 is
providedon thewiring (thewiring 3114’) connected to the branch
communication line (the branch communication line 3114 in the
embodiment) to be used as at least the signal transmission path
for thecommunicationsignal andmaybeprovidedonall thewirings
3111" to 3114’.

On the other hand, while there has been employed the
structure in which the child modem 3020 is connected to the
branchingdevice 3121 toinject/extract the communication sighal
in the embodiment described above, there is a possibility that
the loss of the communication signalmight be increased depending
on the branching device 3121. 1In case of the branching device
3121, it is preferable that a bypass line (a first bypass line)
3130 for bypassing the branching device 3121 should be provided
to conflect the child modem 3020 to the branch communication line
3114. At thistime, there is apossibility that a drawback might
be caused, for instance, the impedances of the TV signal and
the CATV signal transmitted to the bypass line 3130 might not
be matched with those of the TV signal and the CATV signal to
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be transmitted to the branching device 3121. Therefore, it is
preferable that the bypass line 3130 should be provided with
a filter 3040 capable of cutting off the TV signal and the CATV
signal. It is preferable that the filter 3040 should be a
low-pass filter or a band-pass filter in the same manner as the
filter 3030.

While the description has been given to the embodiment
in which one distributor is provided in the building in the ninth
embodiment, alargebuildingincludesapluralityofdistributors
in a multi-stage in some cases. In this example, description
will be given to the case in which a plurality of distributors
is provided. Fig. 14 is an explanatory diagram schematically
showing a signal transmission path in the communication system
according to the invention, illustrating an embodiment in which
there is provided another distributor connected to a branch
communication line and serving to further branch a video and
audio signal. The basic structure of the common receiving
configuration of a building in the example is the same as that‘
in the first embodiment and is different from that in the first
embodiment in that there are provided distributors (second
distributors) 3103 to 3106 connected to branch communication
lines 3111 to 3114 connected to a distributor 3102 respectively
and serving to further distribute a TV signal and a CATV signal
and sub-branch communication lines 3111A to 3114A are connected
tothedistributors 3103 to 3106 respectively. Thedistributors
3103 to 3106 arewell-knowndistributors capableof distributing
the TV signal and the CATV signal in the same manner as the
distributor 3102.

In the case in which the distributor is provided in a
multi-stage, thus, there is a possibility that the distributors
3103 to3106might not be consideredinrespectof asignal present
in the .frequency band other than the frequency bands of the TV
signal and the CATV signal in the same manner as the distributor
3102. 1In the example, therefore, there is employed a structure
in which the distributors 3103 to 3106 are also bypassed in
addition to the distributor 3102. In the example shown in Fig.
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14, there is provided a bypass line 3160 for bypassing the
distributor 3103 to connect the branch communication line 3111
to the sub-branch communication line 3111A. 1In the example,
bypass lines 3161 to 164 to be connected to the branch
communication line 3111 are ©provided. for sub-branch
communication lines 3111a to 3111d connected to the distributor
3103 and branched, respectively.

By this structure, the communication signal to be

. transmitted to the branch communication line 3111 is transmitted

" to the sub-branch communication lines 311la to 3111d through

the bypass lines 3161 to 3164. Therefore, it is possible to
prevent an attenuation frombeing causedby the distributor 3103,
thereby bringing an excellent communication state. Moreover,
the communication signal to be transmitted to the sub-branch
communication lines 311la to 3111d is transmitted to the branch
communication line 3111 through the bypass lines 3161 to 3164.
Similarly, the attenuation can be prevented from being caused
by the distributor 3103.

In the case in which the injecting/extracting points of
the communication signal of achildmodem 3020 ére provided apart
from those of the communication signal of a parent modem 3010
as shown in Fig. 15, furthermore, the attenuation of the
communication signal is increased so that it is impossible or
hard to carry out a communication through the communication
signal between the parent modem 3010 and the child modem 3020.
In order to eliminate such a drawback, it is preferable that
the bypass line 3160 should be provided with a repeater 3060.
The repeater 3060 to be used is a well-known repeater capable
of reproducing a waveform distorted during a transmission into
a normal state. ' .

By providing the repeater 3060, it is possible to carry
out the communication through the communication signal well
between the child modem 3020 connected to a terminal portion
3122 of the sub-branch communication line 3111c and the parent
modem 3010.
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In the case in which a power line communication is to be
carried out in a building such as an apartment building,
conventionally, only a power line is set to be a signal
transmissionpath. For this reason, there isapossibility that
a house which is hard to carry out the communication might be
generated if the attenuation of the communication signal 1is
increased. On the other hand, in the invention, it is possible
toeffectivelyreduce theattenuationof the communication signal

. by utilizing a communication line having the attenuation of the

communication signal reduced in at least a part of a signal
transmissionpathinadditiontothepowerline. By constructing
the system according to the invention in a building including

a plurality'of houses, accordingly, the houses can carry out

 the communication through the communication signal well.

In the invention, it is possible to reduce the attenuation
of the signal by utilizing, as distribution equipment, a
communication device capable of modulating a digital video and
audio signal to a band having a low frequency (a low frequency
band), for instance, aPLCmodem. Intheinvention, particularly,
the communication device is provided in a building itself.
Consequently, it is possible to produce an excellent advantage
that the influence of a mixing noise can be reduced even if a
transmission signal is set into a low frequency band.

In the invention, a communication line such as a coaxial
cable is set to be a signal transmission path, and furthermore,
a communication device such as a PLC modem is utilizéd.
Consequently, it is possible to produce an excellent advantage
that a high-speed communication can be carried out at a low cost.
In the invention, particularly, there is employed a structure
in which a communication signal is injected/extracted to/from
each of branch communication lines. Therefore, it is possible
to prox}ide an excellent communication state without attenuating
the communication signal through a distributor to which the

branch communication line is connected.

A communication system according to the invention is
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suitable for a utilization in the case in which a power line
communication is to be carried out. In particular, the
communication system is suitable for the case in which the power
line communication is to be carried out in a building such as
an apartment building including a plurality of houses. By
constructing the system according to the invention in which a
power line and a communication line are combined with each other
to form a signal transmission path, it is possible tomore reduce

the attenuation of a communication signal, thereby ensuring an

" excellent communication state as compared with the case inwhich

only the power line is set to be the signal transmission path.

The communication system according to the invention is
optimum wher! a digital video and audio signal is to be received
in a building including a plurality of houses for receiving a
video and audio signal in a high fre@uency band such as a TV
signal or a CATV signal in common.

The communication system according to the invention is
optimum when a high-speed communication is to be carried out
in a building including a plurality of houses for performing
a common receiving. In the invention, particularly, it is
possible to reduce the construction cost of the system by
utilizing a communication line provided in the building as a

signal transmission path.
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CLAIMS

1. A power line communication system in a building having
a plurality of houses, comprising:

a signal transmission path formed by a combination of a
communication line and a power line which are provided in the
building; and

a terminal device provided in at least one of the houses

and serving to carry out a communication through the signal

" transmission path.

2. The communication system according to claim 1, further
comprising a relay device for relaying a communication signal
between the'communication line and the power line.

3. The communication system according to claim 2, wherein
the relay'device is an impedance matching device.

4, The communication system according to claim 3, wherein
the impedance matching device includes a high frequency
transformer and a capacitor.

5. The communication system according to any of claims 1 to
4, further comprising a first power line communication device
capable of carrying out a communication with an outside of a
building through a communication signal; and

a secondpower line communicationdevicewhichisconnected
to a terminal device and can carry out a communication with the
first power line communication device through a communication
signal,

a transmission of the communication signal between the

first power line communication device and the second power line
communication device being carried out through a signal
transmission path formed by a combination of a communication
line and a power line.
6. The communication system according to claim 5, wherein
the first power line communicationdevice injects acommunication
signal to the communication line, and extracts the communication
signal from the communication line,

the second power line communication device injects a
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communication signal to the power 1line / extracts the
communication signal from the power line, and

arelaydeviceis;wovidédbetweanthecommunicationline
and the power line.
7. The communication system according to claim 5, wherein
the firstpower line communicationdevice injectsacommunication
signal to the power line and the communication line, and extracts
the communication signal from the power line and the
communication line, |

the second power line communication device injects a
communication signal to the power line, and .extracts the
communication signal from the power line, and

a relay device is provided between the communication line
and the power line.
8. The communication systemaccording toclaim 6 or 7, wherein
the communication line is constituted by a plurality of cores
which is collected in a rooftop portion of a building, and

the first power line communication device injects a
communication signal to each of the cores, and extracts the
communication signal from each of the corés in the rooftop
portion. \ |
9. The communication system according to claim 6, wherein
the communication line is constituted by a plurality of cores
which is collected in a rooftop portion of a building, and

the first power line communication device injects a
communication signal to each of the cores, and extractslthe
communication signal from each of the cores in the rooftop
portion.
10. The communication system according to claim 5, wherein
the first power line communicationdevice injectsacommunication
signal to the power line, and extracts the communication signal
from ﬁhe power line,

the second power line communication device injects a
communication signal to the communication line / extracts the
communication-signal from the communication line, and

a relay device is provided between the communication line
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and the power line.
11. The communication system according to claim 5, wherein
the firstpower line communicationdevice injectsacommunication
signal to a first power line, and extracts the communication
signal from the first power line, ,

the second power line communication device injects a
communication signal to a second power line, and extracts the
communication signal from the second power line, and

a relay device is provided between the first power line

" and the communication line and between the second power line

and the communication line, respectively.

12. The communication system according to any of claims 1 to
11, wherein‘the communication line is any of a coaxial cable,
a LAN cable, a telephone line and a communication line for an
interphone. 4

13. A communication system comprising:

a common receiving terminal portion provided in abuilding
having a plurality of houses and serving to receive a video and
audio signal in a high frequency band in common;

apluralityofbranchcommunicationlineéfortransmitting
the video and audio signal from the common receiving terminal
portion to each of the houses;

afirstcommunicationdevice formodulatingadigital video
andaudiosignaltozalowfrequencybandhavingé1owerfrequency
than a frequency in the high frequency band and injecting the
same signal to the vicinity of the common receiving terminal
portion; and

a second communication device which is connected to a
terminal portion of a branch communication line provided in each
of the houses and can demodulate a signal modulated by the first
communication device.

14. The communication system according to claim 13, wherein
the low frequency band has a frequency of less than 70 MHz.
15. The communication system according to claim 13, wherein
the low frequency band has a frequency of 1.7 MHz to 50 MHz.

16. The communication system according to claim 13, wherein
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the first communication device modulates a digital video and
audio signal to have any of a first frequency, plural frequencies
and a continuous frequency at a carrier frequency of 50 MHz or
less.
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