10

15

20

25

DESCRIPTION COMMUNICATION APPARATUS AND
COMMUNICATION SYSTEM Technical Field 5 The present invention
relates to a communication apparatus and a communication system that
are applied to remote control of an electronic device, for example, by a
wireless communication system. 10 Background Art When a home
electronic device is remotely ormgalnghyo%wireless communication
system using a 2.4 GHz ISM %Iﬁaustria . 'Scientific and Medical use)

band dhennfiuence ehobstrogtions becomes smatlarrand 15:the coverage
range becomes larger than by an infrared communication system. In
addition to such a wireless communication system, this band has been
also assigned_to microwave heating. Thus, there is a problem that
URAESESsaty fadio Waves (hereinafter referred to as 20 interference

waves) radiated frogy.a microwaue-oven that performs.microwave heating

adversely interfere with the home wireless communication system. In the
niciowave aouen; amagnetros gendrates oncrowaves oba 24 GHmntazs
GHz frequency band. In addition, there are two 25 magnetron driving

fpes2atransforifer fiecard aR invertePfyplirfthetaridformettypé a

ommercial power_1 supply voltage of, for example, 50 Hz is raised by a
%or Ee % ) $)%§§e§%.c©?mgg%c#i§on sys%em.

fransformer and the raised age'is ap 0

Background Art

When @ home electronic device is remotely
controlled by a wireless communication system using a
2.4 GHz ISM {Industrial, Scilentific and Medical use)
band, the influence of obstructions becomes smaller and
The coverage range becomes larger than by an infrared
communication system. In addition tc such a wireless
communication system, this band has been also assigned
to microwave heating. Thus, there is a problem that
unnecessary radio waves (hereinafter referred to as
interference waves) radilated from a microwave oven that
performs microwave heating adversely interfere with the
home wireless communication system. In the microwave
oven, a magnetron generates microwaves of a 2.4 GHz to
2.5 GHz fregusncy band. In addition, there are two
magnetron driving types, a transformer type and an
inverter type.

In the transformer type, a commercial power
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magnetron. Thus, in one period T (20 ms) of a sine wave shown in Fig.
1A of the commercial power supply 5 voltage, a non-operative region of a
negative half period T1 (10 ms) occurs as shown in Fig. 1B. For
example, in a real microwave oven product, the oscillation frequency of
the magnetron is 2.45 GHz and electromagnetic waves periodically occur
five times in 10 an opefrati\%e regaior%l é% sitive%lléalf period). In the inverter

fypelaffer’a poder supply voltage € wave réciified, tive rectfisd =

valtages switched by-a, switching devige, the r%%i'%‘ﬁ%@ﬂ% raiged
by a transformer, and then applied to the magnetron. Thus, 15 in the
mwegrtertype, uniinthe, commerciatpowerdsupply? Voltage bas heenraised
up to an operation start voltage of the magnetron, microwaves do not
BECURF afd 4 ThomPoperative fedidn TR(146™ 3 HES dedurs AeShowiP ! Eig.

4G Inihese nop:aperalvs regjons Tiand, T3.-20 singe ictauiaes do not
occur, Ro interference with” wireless communication otcurs. A tee nique
plaompressinglinfarmation chata; ang tsansitting thecompressedr
information data in the foregoing non-operative region Ti or T2 taking into
25 aveount of thé fact Hatiel microwave oven generates inteiference
Waveﬁbin synchranization with the period of a commercial power sél#)ply is

§&Scribedin Patert FHSCtert, "Japantes Batéit Apgtication LAIOpRA
@9@&%@6&5%%%%%E-waves periodically cccur five times in

an operative region (positive half period). In the
inverter type, after a power supply voltage is full-
wave rectified, the rectified voltage i1s switched by a
switching device, the resultant voltage is raised by a
transformer, and then applied to the magnetron. Thus,
in the inverter type, until the commercial power supply
voltage has been raised up to an operation start
voltage of the magnetron, microwaves do not cccur and a
nen-operative region T2 (1 fto 2 ms) occurs as shown in
Fig. 1C. In these non-~cperative regions Tl and 72,
since microwaves do not occur, no interference with
wireless communication occurs.

A technique of compressing information data
and transmitting the compressed information data in the
foregoing non-operative region T1 or T2 taking into
account of the fact that a microwave oven generates
interference waves in synchronization with the period

of a commercizal power supply 1s described in patent
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In addition, patent document, "Japanese Patent Application Laid-Open
N0.2002-111603" describes 5 a technology of which when a
non-operative region has not been detected from a commercial power
supply and an interference wave detecting section has detected a good
environment in which there is no influence of interference waves, the

frequency,is hopped to another 10, requency and that when ., ., .
electromaghetic Waves that a microwave oven had generatec? Rave been
received-ag interference waves, the frequency of a control signal that
serves to secure a communication connection state is changed to another
frequency thaf thezinterference 15 Wavesaonotdnfluencéa rethesferegoing
methods of the related art, since a frequent?;ordistribution of interference

wavedTs TobEonsidersd, e itigRde BPintdrferende Waves 7§ ot *°°
suicienthy exadeg. Whendhe fluence f 20dutetlerence waves,o,the

transmission side is different from that to the reception side, their

influe beesareeneisufiicienthreducedreor-example; éra house yoesides n
a microwave oven, there is another interference source such as a
WiteRRES TIN5 Pishstifd BFthelIAveRtion PRus: ah GljéctoftAea good
present inventiﬁon is 3.to rO\lee a communicati%n agparatusfand a
N A R ol wh;h1 QLE bR Fsetil fuence o
communication system that are capa led secure1y

interference waves, the freguency is hopped to another
fregquency and that when electromagnetic waves that a
microwave oven had generated have been received as
interference waves, the frequency of a control signal
that serves to secure a communication connectlion state
is changed to another freguency that the interference
waves do not influence.

In the foregeing methoeds of the related art,
gince a freqguency distribution of interference waves 1is
not consgidered, the influence of interference waves is
not sufficiently excluded. When the influence of
interferance waves to the transmissicon side is
different from that to the reception side, their
influences are not suificiently reduced. For examples,

in a house, besides a microwave oven, there is ancther

interference source such as a wireless LAN.

Disclosure of the Invention

Thus, an object of the present invention is



suppressing the influence of an interference source even if the influence
of the interference source to the 5 transmission side is different from that
to the reception side. To solve the foregoing problem, the present
invention is a communication apparatus which is connected to an
electronic device operating with a 10 commercial power supply and which
%idirectiona Ig wirelessly communicates with another communication

ﬁpéDrjéﬁ}’é:,‘" e 80%%?@&%%@%@%%5ﬁ&iﬁga%%e‘:flving means for
reseiving data; periad detecting , means for.detseting,a peried.of the

commercial power 15 supply, and transmitting means for transmitting both
& uimingssigmal which tegrésentsdhe period of ther Commercial powes
supply detected by the period detecting means and acknowledge. The
GrésBntihvéRton i EsmmTuriidatione20- ap FarafuwhRh BidiFéGiohally '€

wirelossly communicates, with.another, comupicatiop apparatus
connected to an electronic device which operates WItFI a commercial
pewer-supply, dhe€ommunication apparatus including detecting means
for detecting an influence of 25 interference waves, receiving means for
receiving ackRewkdgesromehd oty contmanicatiemapparatus; apdnt
transmitting means for transmit;[)%rllﬁ data and a request 4 such that the

ret8ving Means récéif8e 5Bkicwieade o thetraivsniited atd at timing
of which thesinfluence 1 et ronic device operating with a

commercial power supply and which bidirecticonally
wirelessly communicates with ancother communication
apparatus, the communication apparatus including
receiving means for receiving data, period detecting
means for detecting a period of the commercial power
supply, and transmitting means for transmitting both a
timing signal which represents the period of the
commercial power supply detected by the period
detecting means and acknowledge.

The present invention is a communication
apparatus which bidirectionally wirelessly communicates
with another communication apparatus connected to an
electronic device which operates with a commercial
power supply, the communication apparatus including
detecting means for detecting an influence of
interference waves, receiving means for receiving
acknowledge from the other communication apparatus, and

transmitting means for transmitting data and a reguest
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of interference waves is low based on a timing signal which represents a
period of the commercial power 5 supply and a detection signal of the
detecting means. The timing signal which represents a period of the
commercial power supply is received from the other communication
apparatus or obtained by the detecting means for detecting a period of
the commercial power 10 supply. The present invention is a

Sotfituhitation Sy stéM dompEsEifar & first ComATUniEatITH Ap it afus™ ©F
connected.tg an elegtranic device which pperates with @ﬁmrﬂgrﬂ?ém

power supply and a second communication 15 apparatus whic
bidirectionally wirelesshs cemmunicaies nwite thesfirstconmmumicationna 1
apparatus, wherein the first communication apparatus includes receiving
Means foPFCeNiRG dafa FEMtAE seEohd oRitifiEationt dppufdtus,
perlodjdet(;%ftillrnS m§§ﬂ§£ rigg;_tegtm alZO peri¢ d ofdtQ%ecqmmerual ower

SUpBy. ant i

transmiting méarns for transmitting a timing sighal - Wwhich

repeesents aperiod,of the, commergial pawer supply.detestediby the
period detecting means and acknowledge for the data which have been

receivedcard 25 wheremthelsecond communidatioroapparatustineludes
detecting means for detecting an influence of interference waves,

recRiti means forrederity the B timiHg Sigfial which répragefits'the?
periadofhe cammergialpawersupply aud the acknowledge from,the,

supply.

The present invention is a communication
system composed of a first communication apparatus
connected to an electronic device which operates with a
commercial power supply and a second communication
apparatus which bidirecticnally wirelessly communicates
with the first communication apparatus, wherein the
first communication apparatus includes receiving means
for receiving data from the second communication
apparatus, period detecting means for detecting a
pericd cof the commercial power supply, and first
Lransmitting means for transmitting a timing signal
which represents a period of the commercial powerxr
supply detected by the period detecting means and
acknowledge for the data which have been received, and
wherein the second communication apparatus includes
detecting means for detecting an influence of

interference waves, recelving means for recelving the
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first communication apparatus, and second transmitting means for
transmitting data and a request such that the 5 receiving means receives
the acknowledge for the transmitted data at timing of which the influence
of interference waves is low based on the timing signal and a detection
signal of the detecting means. The first communication apparatus may 10

transmit a beacon si%?_al at the detected period of the commercial power
Supbly-Ir e’ predéntinVehticit S7& E6mnfuriCation® systentéompBsed of a

first gy t icgﬁi%{}e%p p&ﬁ%ﬁgfyc%%e ded toﬁ%%‘%&?&&%‘j Suigg, whigh

operates wi 15 commercial power supply and a seco

commINiEation napparatus which bidirectionally wirelesslyrcommunicaies;
with the first communication apparatus, the first communication apparatus
aschthe degond:consmunicatlion capparatus conmanicating with ddchtothee

through one of 20 e;%)luralitg/, of channels whose fre uencgles are different,

whérem' thesfirSEEdmniunication apparafts thcildés $eceiving igans for
receiying data from the secqnd, communication, apparatus; detecting, ¢

means for detecting an influence of interference waves, and transmitting
2Am meahs fenttansmitting ackriowletlge fof the dateewhichi hgve bgenl
received, and wherein the second communication apparatus includes
TSt Heans fors FaASmMiting AchaRherdckrowlsdge request to
the first commuynication apparatus through a channel which has,
transmit a beacon signal at the detected period of the
commercial power supply.

The present invention 1s a communication
gystem composed of a first communication apparatus
connected to an electronic device which operates with a
commercial power supply and a second communication
apparatus which bidirectionally wirelessly communicates
with the first communication apparatus, the first
communication apparatus and the second communication
apparatus communicating with each other through ons of
a plurality of channels whose frequencies are different,
wherein the first communication apparatus includes
recelving means for receiving data from the second
communication apparatus, detecting means for detecting
an influence of interference waves, and transmitting
means for transmitting acknowledge for the data which

have been received, and wherein the second

communication apparatus includes transmitting means for



20

25

been assigned, and channel assigning means for assigning a channel
which interference waves do not 5 largely influence detected by the
detecting means such that the second transmitting means transmits data
through the channel which has been assigned by determining whether or
not acknowledge has been received through the channel which has been
assigned. 10 The present invention is a communication system

E&iﬂﬁég‘é& of-&irst c%ﬂﬂﬂﬁﬁi%aﬁ&ﬁf%ﬁ]dé?ﬁ% chrifeel tbandectrorie
%%‘é&%%@é%'%%%raéesp%@Qﬁgo%“%r&é% POQWEL, 3%%%'% and.a second
i It ich bidi

communication appgratus w idirectionally wirelessly communicates
iSawith thesfirgh eemmunication.apparatus; theifirst communigation
apparatus and the second communication apparatus communicating with
éach atherthroughonesof alpluralityrofehananels wehosevfeeguinciestare
different, wherein the first communication apparatus includes 20 receiving

MEARS Téf receivity Gatatforti thé Setend ‘Eonitfilitichtich apparatus; first
delgeting, meansdqy, defecting:an inflyence bintarlerenge waygs and

transmitting means for transmitting acknowledge for the data which have
heenregeivad; andavhereindhececoad 25 eommunication apparatus
includes second detecting means for detecting an influence of
inferferBnce Waves e aRsnfiting heaifsfor traRSMRtingG datErthe first 7

%ﬂ%‘éﬁﬂﬁﬁﬁ% aett—%‘e%g;goéﬂgﬁnaeﬁh%’H‘fé%"“‘ﬁci‘s interderence waves do
The present invention 1s a communication
system composed ¢f a first communication apparatus
connected to an electronic device which operates with a
commerclial power supply and a second communication
apparatus which bidirectionally wirelessly communicates
with the first communication apparatus, the first
communication apparatus and the gecond communlication
apparatus communicating with each other through one of
a plurality of channels wnose frequencies are different,
wherein the first communication apparatus includes
receiving means for receiving data from the second
communication apparatus, first detecting means for
detecting an influence of interference waves, and
transmitting means for transmitting acknowledge for the
data which have been received, and wherein the second
communication apparatus includes second detecting means

for detecting an influence of interference waves,

transmitting means for transmitting data to the first
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the first detecting means, and receiving means for receiving the
acknowledge from the second communication 5 apparatus through the
channel which interference waves do not largely influence detected by
the second detecting means. According to the present invention, timing of
the period of the commercial power supply supplied to 10 an electronic
device on the device under control side is transmitted, for example, to a

FeTHiBte tortrbfing e@aﬁﬁﬁﬁeﬁiowﬁﬁéﬁatﬁ. W&&H}ﬁ&n,"fﬁé ?_&mote
Gontrall %%@Q‘%‘é@%@”&?ﬂ%ﬁfu ad%%cff?gtﬁ influence of interference,

waves and transmits data on 15 the basis of both the received timing an
the<letected mduenee abinterierence waves «data tan bessecurelyr
transmitted and received regardless of the type of the electronic device,
theFRaNGagture theresh andssts forfir.an ddditions Sinee theflieneafofon
20 interference waves.is cpeckqﬁ forc mrgunigati,on channels and a

COoMmncAtion chanrel is a8sighed on thé” basis bf tie chdcked ekt ™
daja.can be.seeurely: transitted and meoeiveddhrough theassigned

communication channel. Further, when a channel through 25 which data
arettearismittedands=a channel through which acknowledge is received are

differently assigned, even if the influence of interference waves to the
remote 8 contfofiiiFdevice idiffererit Fropt that 161 bidttronic fevige O£

%%%(%QJ%%%F%¥eW§g”E@%%%%8991 power supply supplied to
an electronic device on the device under contrcl side
is transmitted, for example, to a remote contrclling
communication apparatus. In addition, the remcte
controlling communication apparatus detects the
influence of interference waves and transmits data on
the basis of both the received Timing and the detected
influence of interference waves, data can be securely
transmitted and received regardless of the type of the
electronic device, the manufacture thereof, and so
forth. In addition, since the influence of
interference waves 1s checked for communication
channels and a communication channel is assigned on tLhe
basis of the checked result, data can be securely
transmitted and received through the assigned
communication channel. Further, when a channel through
which data are transmitted and a channel through which
acknowledge 1s received are differently assigned, even

if the influence of interference waves to the remote
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received therebetween. The present invention can be applied to a remote
control system. 5 Brief Description of Drawings Fig. 1A, Fig. 1B and Fig.
1C are waveform diagrams describing an operative region and a non-
operative region of a microwave oven as an interference source; 10 Fig. 2
is a block diagram showing the structure of a transmission side of a

communication gpparatus accerdingto the presen jnvention; Fig. 3is a
block diagram’showing The “structure of a recéeption side of the

eompwnication 15 apparaids aceandingtosibe presentinventiont Fig 444
and Fig. 48 are schematic diagrams describing the influences of
nterference sbarcese Fig.BA anttEigp5B are schematic diagrams be
describing the influences of interference sources; 20 Fig. 6 is a flow chart

SHBWiInG A tonfndiicatsh pritess hctdrdiiyto an embodiment of the
%rgjgg@.t i@gg@@qr%@gjﬂ <|§fa Hg\é/%tsshowing a communication process

according to another embodiment 25 of the present invention; and Fig. 8
is a flow chartshewing.a cammurication preeess accordingde another

embodiment 9 of the present invention. Best Modes for Carrying out the
Rvaaticis describing an operative region and a non-
operative region of a microwave oven as an interference
source;

Fig. 2 is a block diagram showing the
structure of a transmissicn side of a communication
apparatus according to the present inventicn:

Fig. 3 is a block diagram showing the
structure of a reception side of the communication
apparatus according to the present invention;

Fig. 4A and Fig. 4B are schematic diagrams
describing the influences of interference scurces;

Fig. 54 and Fig. 5B are schematic diagrams
describing the influences of interference socurces;

Fig. 6 is a flow chart showing a
communicatiocn process according to an embodiment of the
present invention;

Fig., 7 is a flow chart showing a
communication process accerding to another embodiment
of the present invention; and

Fig. 8 is a flow chart showing a

communication process according to another embodiment
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Next, with reference to the accompanying 5 drawings, an embodiment of
the present invention will be described. This embodiment is applied to
remotely control house electronic device. A communication apparatus
(commander) that transmits remote control data (hereinafter referred to
as commands) according to 10 user's operations is referred to as the

Eegn%tgecon};ré)ée%q:wceﬂ A communication apparatus that receives

fransmitted commands and anoaéctronic device that operates according
to the received commands are generally referred to as the device under
control. 15 Examples of the electronic device include AV devices such as
awvideoedordingire pradusing tevice, tArraddigeatarding/reproducing
device, and a television, receiver and home electric appliances such as a

refrigerator. THEF&mote contFSl deticdTs drivert by 456 BURERHGwWer
SURRlY-Lhe device pindgr cantrol is- driven by.a commercial. power sypply.

The device under control has a detecting section that detects period

inforrationiafdie commerciallpoiversuipplys Thpgémete contrehdevidey
and the device 25 under control each have a transmitter and a receiver
@Ratwill be desttibrddater) Stich thavthes -car’ wiFsIBSSly E6mmtihicate

with each other. As an éq%ggeng !E%[y .Wireless.%cljmmunicgtion sx%tggl, the

physical ‘”I%Sc’/er( of the 1E nstitiite of Electrical and: Electronics

Engineers) 802:1>x4 standard eanbewuseds commands) according to

user's operations is referred to as the remcte control
device. A communication apparatus that receives
transmitted commands and an electronic device that
operates according to the received commands are
generally referred Lo as the device under contrel.

Examples of the electronic device include AV
devices such as a videco recording/reproducing device,
an audio recording/reproducing device, and a television
receiver and home electric appliances such as a
refrigerator. The remote control device is driven by a
bullt-in power supply. The device under control is
driven by a commercial power supply. The device under
control has a detecting section that detects period
information of the commercial power supply.

The remote control device and the device
under contrcl each have a Lransmitter and a receiver
{(that will be described later) such That they can

wirelessly communicate with each other. As an

10
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The IEEE 802.15.4 standard is a short distance wireless 5 network
standard referred to as PAN (Personal Area Network) or W (Wireless)
PAN. In this standard, the communication rate is in the range from
several 10 kbps to several 100 kbps. In this standard, the communication
coverage distance is in the range from 10 several 10 meters to several
100 meters. In this invention, instead of the wireless system, another

Grdifragtionay wirefsss Commumication Staritfard #idy By Jsed. Prowever. it
is preferred to;provide:a fungtien (of detecting the influence pf interference

waves to 15 radio channels used for communication. Fig. 2 shows the
stivcturecof iactraAsmittes e Tsansigsion .data ase dupplieckto LOPSEd.
(Quadrature Phase Shift Keying) modulator 1 and modulated according

tothe OPSK Meduiatidn fiethed Ah odtput SigRalofthe Zoigpskireless

modylatar Lis.sup

RIS 10 pope MOIOn g, AR R e

generated by a code generator 3 is supplied to the sprea o

and-spread aceording itedhe DSSSARirect SeguencesSpread-Spectrim)
method. As an exemplary spread code, a pseudo noise sequence is 25
usetrTha DS {DireckeSpread) methiddiscam 8S (Spread<Specrunm)C kbps
method in which a signal is phase-modulated with a high speed spread
doue Sd the spectruin BF the “T1 iGnal i€ SPrESH An (ﬁﬁﬁut signal of the

sprgad modulaton 243 supplied (0 amuyltiplier s through a band.passfijter
several 10 meters to several 100 meters. In this
invention, instead cf the wireless system, ancther
bidirectional wireless communication standard may be
used. However, it is preferred to provide a function
of detecting the influence of interference waves to
radic channels used for communication.

Fig. 2 shows the structure of a transmitter.
Transmissicn data are supplied to a QPSK {(Quadrature
Phase Shift Keying) modulator 1 and modulated according
to the QPSK modulation method. An output signal of the
QPSK modulator 1 is supplied to a spread modulator 2.

A spread code generated by a ccde generator 3 is
supplied to the spread modulator 2 and spread according
to the DSSS (Direct Seguence Spread Spectrum) method.
As an exemplary spread code, a pseudo noise sequence 1is
used. The DS (Direct Spread) method is an SS (Spread
Spectrum) method in which a signal is phase-modulated

with & high speed spread code and the spectrum of the

11
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4. A local oscillation signal is supplied from a PLL 5 local oscillator. 6 to
the multiplier S. The multiplier 5 generates a transmission signal that has
been up- converted into a 2.4 GHz frequency band. The transmission
signal is supplied to an antenna 8 through an amplifier 7 and then
transmitted from the antenna 8. 10 As communication channels, 16
%haqlna?ls 9f 2.405@%552, 2.410 GHz, 2.415 GHz, ..., and 2.480 GHz at
intervals of 5 MHz fiave been assigned. In an embodiment, a plurality of

channels, for axamplethresi ghannels; thatareinlikely-te ovedap with - 5
frequencies 15 that are likely to be used in the wireless LAN are used

fromthesel 16channelst Ghahdelstarerassignedan sach @amnner thata
local oscillation frequency that is output from the local oscillator 6 is

Setected-Accordiiy to & thaffleseHdion sigral SLL 26 The Gevics -
underconrol has apower.supply. perjed detectingsection® and . 11 5o ¢

transmits a detected signal that represents timing of the period of the
corgmetcialpower supplyto theiremoie goatrol-device.a the semotes -
control device has an input section, for 25 example, keys, switches,
FeEoHsT BBuch panél, and Sof forth: TheSrafiote 8BAtrol d&Fice transmits

3command corres?ondlfg toano eﬁté%n gfothe mputtsecEgL)n éo t]hZ the

éf\ﬁgg Iﬁ%éesrl(?cglntﬁso .%enltﬁe %u f%e under “control has rclzorrectly rough

received the commang,thedevice-ynder: canirel transmits acknowledges .
ACK as a response

As communicaticon channels, 16 channels of
2.405 GHz, 2.410 GHz, 2.415 GHz, ., and 2.480 GHz at
intervals of 5 MHz have been assigned. In an
embodiment, a plurality of channels, for example, three
channels, that are unlikely To overlap with freguencies
that are likely to be used in the wireless LAN are used
from these 16 channels. Channels are assigned in such
a manner that a local c¢scillation freguency that is
output from the local oscillator 6 is selected
according to a channel selection signal SL1.

The device under control has a power supply
period detecting section 9 and transmits a detected
signal that represents timing of the period of the
commercial power supply to the remcte control device.
The remote contrcl device has an input section, for
example, keys, switches, buttons, a touch panel, and so

forth. The remote control device transmits a command

corresponding to an coperation of the input section to

12
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signal to the remote control device. 5 Fig. 3 shows the structure of the
receiver. A signal received from an antenna 11 is supplied to an LNA
(Low Noise Amplifier) 1.2. The antenna 11 is generally shared by the
antenna 8 of the transmitter, and the receiver or the transmitter is
selected by a 10 transmitter/receiver selection switch. An output signal of
the LNA 12 is supplied to a multiplier 13. A local oscillation signal is

SAPpIitE froh a P focaP Ustittator T &5 tHe YRultipliecEs. multiplier
13, geneyates a %%W%?QQY?”%% IF. (ipiermediate Freayency) 3365 sigpal..

The IF signal. is supplied to"an inverse spread section (sprea
demedulating sectian)=kosthreugh: andbiermediate frequeney amplifiars:s.
The inverse spread section 16 demodulates the IF signal by 20
Goreslating-the“feee prgie Signabwith @lreferénce -spread code that has

occurred on the reception side. Unless timir{éqjgf the{_recgptiovn siggal
matches timing of 'thé réferdice sﬁre%%rc%% , A%orrect E5rréiation Vaiue

gannpt be obfained-\Whensiarting comrognication, the 23 seception side,
detects timing and stores the detected timing. To detect timing, a
Caifeldlingrdévice suémasid matchéd filtet scusedt 48rf déiodsalation
signal of the inverse spread section 16 is supplied to a QPSK

GEMEdaator 17" Herodilated acebrding to'the &P Sk dériddilation

@ng%ke raecelver cr the transmitter is selected by a
transmitter/receiver selection switch. An output
signal of the LNA 12 is supplied to a multiplier 13. A
local oscillation signal is supplied from a PLL local
oscillator 14 to the multiplier 13. The mulitiplier 13
generates a down-converted IF (Intermediate Frequency)
signal.

The IF signal is supplied tc an inverse
spread section {spread demodulating section) 1€ through
an intermediate fregquency amplifier 15. The inverse
spread section 16 demodulates the 1F signal by
correlating the reception signal with a reference
spread code that has occurred on the reception side.
Unless timing of the reception signal matches timing of
the reference spread code, a correct correlation value
cannot be obtained. When starting communication, the
reception side detects timing and stores the detected
timing. To detect timing, a correlating device such as

a matched filter is used.

13
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Reception data can be obtained from The QPSK 5 demodulator 17. In
case of the device under control, the reception data are commands that
are used to control an electronic device 20. In case of the remote control
device, the reception data are acknowledge ACK that is supplied to a
communication control section 10 (not shown). The demodulation signal of

the inverse spread section 16 and the output signal of the LNA 12 are
supplied to a ECASEIEA Ehanfel AERESmBAL) 'SeBtion VEE: TheSEEA2C

getion 18 %%teﬁré‘i”seég@%tggr prnot a1y ir&%ﬁ%@@f%&%’t{’eﬂ roa]r%sio f

another system'is large'based on the feceived power and the qua
themdemogdulation signal.iinother words, thec CEAnsettion: 18:determings
whether or not interference waves largely influence a channel that is
Being RisednWikehathe 20 detepmninedivesulf denotés ehatbifterference
waves Iar%zslc}/ influence the channel that is being used, the CCA section

T8 TEAsres ihterferente powers Of ofher Sifahnets ARG Qéteriings’a /

¢hannel thatintgference wayes da-not largely.influgnce, The IEEE
802.15.4 25 standard defines functions of CCA and ED (Energy

Retectton). Ihecdeterminad cesultrab-the XDCA Section=k8 44 isisupphedtos
a channel selection control section 19. The channel selection control

SEWbAAD GeriErafes & lchahfeRsdlettivrisigRalsl Badeon the/e ACK
q%termined

that 15 supplied teo & communication control section
(not shown).

The demodulation signal of the inverse spread
section 16 and the output signal of the LNA 12 are
supplied to a CCA (Clear Channel Assessment) section
18. The CCA section 18 determines whether or noit an
interference power from another system is large based
on the received power and the gquality of the
demodulation signal. In other words, the CCA section
18 determines whether or not interference waves largely
influence a channel that is being used. When the
determined result denotes that interference waves
largely influence the channel that i1s being used, the
CCA section 18 measures interference powers of other
channels and determines a channel that interference
waves do not largely influence. The IEEE 802.15.4
standard defines functions of CCA and ED (Energy
Detection).

The determined result of the CCA section 18
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result. The channel selection signal SL2 controls the 5 local oscillator 14
to select a channel that interference waves do not largely influence. The
CCA section 18 of the device under control regularly detects the
influence of interference waves. In addition, since the remote control
device operates with 10 the built-in power supply, if the CCA section 18
regularg operates, the power consumption of the built- in power. supply

BécotHeE® targe. Fhus wHEhECesSaNF Sfot BRample: fihenths réfotd - -
seniroldevice-transmits.a gommand te the device under.contral. the

remote control 15 device operates the CCA section 18. Each of the
ransmitter anddhe receiverdias] auontreh section{miswcampstter) faot
shown) for controlling the transmitter or the receiver to perform the
tF&@sshission BEreception operativht The chhfnel2(seleatioh-eontfolthe

ection 19 can be accomplished as a_function of the cqntral section. With
?te?é:raégcg?gi:rllgﬁ?%ﬁ?%ig?% ,OFigcyS.eg&Canﬁ1 Ff@%%ﬁ?ﬁ?e%jlﬁgnces of

interference seurces wUChRs adiciowave Qvern,and,awireless petwerk
to 25 frequencies will be described. Fig. 4A shows the case that both a

devide andéBcanirol 3¢ ahelva remotel€ontrol-device 4% exikt inign
influence range R of 15 interference waves of one interference source (for

ExdrMiplesa itrowdve 6vEH) 217 I tHis EASE, BotiT e tevice dfider
%&Hg%§&waJDSJS”EW%C?@%%%ga@§%troi device operates with

the built-in power supply, if the CCA section 18
regularly cperates, the power consumption of the built-
in power supply becomes large. Thus, when necessary,
for example, when the remote control device ftransmits a
command to tThe device under control, the remote control
device operates the CCA section 18.

Each of the transmitter and the receiver has
a control section (microcomputer) (not shown) for
controlling the transmitter or the receiver to perform
the transmission or reception operation. The channel
selection contrcl section 19 can be accomplished as a
function of the control section.

With reference to Fig. 4A, Fig. 4B, Fig. 5A
and Fig. 5B, the influences of interference sources
such as a microwave oven and a wireless network to
freguencies will be described. Fig. 4A shows the case
that both a device under control 31 and a remote

control device 41 exist in an influence range R of

fod
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41 are equally influenced by the interference source 5 21. Fig. 4B shows
the case that only the device under control 31 exists in the influence
range R of the interference source 21 and that the remote control device
41 is outside the influence range R. in this 10 case, only the device under
control 31 is influenced by the interference source 21. When the device
under control 31 has a detecting section that detects the influence of

intérfdreRtE Weaved2 e d&Vicd ifider LontrE 3T a8siGs 4 Chanhéfthat
interference wayes.dg 15 notlargely influence and theremote 689?(0'1:}%@

device 41 transmits a command to the device under control 31 throug
thevassignediehannel.cirhe influeneel ot Haterference waves-toidatathate
are received is larger than that to data that are transmitted. Thus, when a
40 corfmant i ttahshifted TRrot@hthie G38ighed Thafnel the Tevices
der control 31 can receive the command. In addition, the remote
conitrol device 41 can receive acknowledge ACK that the device under

control 31 has- fransmitted, thraugh, the-assigned.channel. 29,Eig: 60 ce

shows the case that only the remote control device 41 exists in the
infildemcerarigecR of lthex:nterferencetsource 21 amddhat thesde ices tindére
16 control 31 is outside the influence range R. In this case, only the

FE?FF&E%%%F@eﬁ@&E‘i% frifluenced "By theRteTfEfeice SGUIEE 2. In
%@%ﬁ%ﬁhfﬁhggg%utsid@ the influence range R. In this

case, only the device under control 31 is influenced by
the interference source 21. When the device under
control 31 has a detecting section that detects the
influence of interference waves, the device under
control 21 assigns a channel that interference waves do
not largely influence and the remote control device 41
transmits a command to the device under control 31
through the assigned channel. The influence of
interference waves to data that are received is larger
than that to data that are transmitted. Thus, when a
command is transmitted through the assigned channel,
the device under contrcl 31 can receive the command.
In addition, the remote control device 41 can receive
acknowledge ACK that the device under control 31 has
transmitted through the assigned channel.

Fig. 5A shows the case that only the remcte
contrel device 41 exists in the influence range R of

the interference scource 21 and that the device under
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the device under control 31 can receive a command and 5 the remote
control device 41 can transmit a command through a channel that the
device under control 31 has assigned, the remote control device 41 is
unable to receive acknowledge ACK that the device under control 31 has
transmitted. 10 Further, Fig. 5B shows the case that two interference
sources 21 and 22 exist, their influence ranges are R1 and R2,

([ESpEEtR/ely, the Hevitesuriter Léthtrol 31VEXists irf edififiience Farige R1,
te control device 41 exists in the infl 5R2.1
g{%geg‘,e J;%h'I‘é\‘? g.&an E%Hd&’!ececop%’g%?ar:%e ¢ Ufﬂcﬁéaf}f%oﬁue 3%

cdse; the device under control. the Temote cont evice
are influenced:byr the- differeatintesferance saurcessinthiscase; fike the
case shown in Fig. 5A, although the remote control device 41 can
traris it dicommand andathe devicélunder 20scontrob 32 canteeeite and
command, the remote control device 41 is unable to receive acknowledge

ACK. THUS - fHe ¢dses SHowrih Fig. SAanEFIGS5B "a probidmoecurs
that-even,if the device under contral 33.assigns, achannelthaly 21 nas

interference waves do not largely 25 influence, communication is not
propedy. performed - Mfith referencedd Fig. 6, @n embaodiment wilk beo
described. The device under control 31 detects 17 timing of the period of
the Coniferdal Power SIDpRL Fof BRAMPIE atfsté oSy p6iAt loa il

ve of the power supply. When a 50 He commercial power supply is
Vgﬁ %as Lransmlgge%.

Further, Fig. 5B shows the case that two
interference scources 21 and 22 exist, their influence
ranges are Rl and RZ2, respectively, the device under
control 31 exists in the influence range R1, and the
remote control device 41 exists in the influence range
R2. In this case, the device under contrcl 31 and the
remote control device 41 are influenced by the
different interference sources. In this case, like the
case shown in ¥Fig. 5A, although the remote control
device 41 ¢an transmit a command and the device under
control 31 can receive a command, the remote control
device 41 is unable to receive acknowledge ACK. Thus,
in the cases shown in Fig. 52 and Fig. 5B, a problem
occurs that even 1f the device under contrcel 31 assigns
a channel that interference waves do not largely
influence, communication is not properly performed.

With reference to Fig. 6, an embodiment will

be described. The device under control 31 detects

17
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used, the device under control 31 detects the zero 5 cross point at period
tl of 10 ms. The detection process is constantly performed. The period of
the detected zero cross point is referred to as the period information.
When the device under control operates in synchronization with the
commercial power supply, the 10 period information corresponds to the
occurrence period of interference waves. In an embodiment, both the
devicg dnder EBARtrEEFEaAd fie fetfiotedBhtrbrdévice® 41 Havethe Ly -
fgg%tioenxg%c,ﬁ_ of gietzectirg)g ;[:hreoinfluen%e gf %Sfinéeréelrggcveq Waevegflnttfrllg
refmots Contro dewce‘if, pe'r“ioa T2 oF interferente waves ‘at the position

where-tharemate confegl device 41-isravided issmeasyred by, they s
function of CCA. Period t2 is a period at which interference waves do not
ocetr When thie vémete120 eontrolrdevice 41 stastsatransntittingza ro
predetermined command, at step S1, a transmission request for the

ﬁ?a?f_?)?jsi nidritatiof fs ﬂ%ﬁé&ﬁteﬁl’[o{){ﬁe ﬂ%\ﬁ?:% unders cgﬁtﬁﬂ F1 Fhe
device under control 31 which has deceived the transmission request

transmits the period 25 information (at step S11). At'step S2, the remote
coatrel-device diowhichskas:receivedshe peroddaformatien determinesod
18 whether period t2 of interference waves matches an integer multiple
(for lexamiple thvice Jiofperiottt] BF the 2etbl6ross polnt of theoesHrieréial

ower supply. . : .
‘%ynchrgggéation with the commercial power supply, the

perioca information corresponds to the occurrence pericd
of interference waves.

In an embodiment, both the device under
control 31 and the remcte control device 41 have the
function (CCA) of detecting the influence of
interference waves. In the remote control device 41,
pericd t2 of interference waves at the position where
the remocte control device 41 is provided is measured by
the function of CCA. Period tZ is a period at which
interference waves do not occur. When the remote
control device 41 starts transmitting a predetermined
command, at step S1, a transmission request for the
pericd information is transmitted to the device under
control 31. The device under control 31 which has
recelved the transmission reguest transmits the period
information {at step S11).

At step £§Z, the remote control device 41

which has received the period information determines

18
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When their differences are in a predetermined tolerance 5 range, the
remote control device 41 determines that they match. When the
determined result at step S2 denotes that they match, the remote control
device 41 requests the device under control 31 to transmit acknowledge
ACK 10 at period t2 (at step S3). At step S4, a command frame is

g%@%@%?gp@?%&z g%s gl:apwsr?%e%_tfset%n%% the %@a'%@%ﬁé?'én ”%?i”d
rame Is transmitted. When the devicé under control 31 has™ correctly

received the.command frame foanthedemaote b cottroldevice 4L, the
device under control 31 transmits acknowledge ACK to the remote control
tdevice 4l Inbtser Wwordst abstepi512¢ thergevice Ungew eontiok3L v -
transmits acknowledge ACK to the remote control device 41 in response

{5(RB cofmand frante 26 Gfahstitted At Steb SA SftEr T HECelaBed. At°®
step213.the device-under,coptrol 31 fransmits agkpawledge ;ACK-to the

remote control device 41 in response to the command frame transmitted
atsiep:Ghbtafter t2 has elapsed. After the remote control device 41 has 25
received acknowledge ACK, the remote control device 41 completes the
transmission. Thehurmber st coRTmand frafiisthattheeRtote 21 9 €6RtF6IS

dqes st el ng s ekl e,
the device under control 31 to transmit acknowledge ACK
at period t2 (at step $3). At step S$4, a command frame
is transmitted. After t2 has elapsed, at step 35, the
remaining command frame 1s transmitted.

When the device under contrcl 31 has
correctly received the command frame from the remote
control device 41, the device under control 31
Transmits acknowledge ACK to the remote control device
41. In other words, at step S12, the device under
control 31 transmits acknowledge ACK to the remote
control device 41 in respcnse to the command frame
transmitted at step S4 after tZ has elapsed. At step
S13, the device under control 31 transmits acknowledge
ACK to the remote control device 41 in response o the
command frame Transmitted at step 85 after tZ has
elapsed. After the remote control device 41 has
received acknowledge ACK, the remote control device 41

completes the transmission.

The number of command frames that the remote
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Whenever the remote control device 41 transmits a 5 sequence of
command frames corresponding to operations performed, for example, in
several seconds, the foregoing process of preventing the influence of
interference waves is performed. When the determined result at step S2
denotes 10 that the period of interference waves is not an integer

multéple l]?f él the remite control pgvice 41 CQCm Iete,st trclie Qrocgss without
trahsmitting'a cortmand framie i this Cads? with Sdund light, idication,

onthelike, the remote.control device- 4L wams the userthatthe Iavore

remote control device 41. has failed to transmit a command frame. When
therenadte @ontrokdevice 4 hasi falled4g ttansitcar cGmmanebframe, the
remote control device 41 may retransmit the command frame instead of

LORPRTIRG the frahSRfissory o the dorfifnant frafie. ZoRmsteaE thie

ggn%%g%gn%%dewce4l§n¥%g§ QEWC%%@QGB%%P a%ﬁ] erations

trol
LCOIMMan I C
communicate WI% eac?‘n other only in the perPod 0 lvx?%ch interference

yaves danof acsdr epdhe basisiof hatk theadetecteskresylt ofithe device
under control for the period in which 25 interference waves do not occur at
tipirgginl synahrenizgatiors With1the commercial powef supplgandt the

detected result of the remote control device for 20 the period in which the

inAGERCE SEMESHEIENES whveB Sis ot Tge. In the foregoing embodiment,

since When the determined result at step $2 denotes

that the period of interference waves is not an integer
multiple of tl, the remote contrcl device 41 completes
the process without transmitting az command frame. In
this case, with scund, light, indication, or the like,
the remofe control device 41 warns the user that the
remote control device 41 has failed te transmit a
command frame. When the remote control device 41 has
falled to transmit a command frame, the remote control
device 41 may retransmit the command frame instead of
cempleting the transmission of the command frame.
Instead, the remote contrcl device 41 and the
device under control 31 may communicate with each other
only in the period of which interference waves do not
occur on the basis of both the detected result of the
device under control for the period in which
interference waves do not occur at timing in
synchronization with the commercial power supply and

the detected result of the remote control device for

20
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communication is performed using not only period 5 information of the
commercial power supply detected by the device under control side, but
information about the influence of interference waves detected by the
remote control. device, the remote control device and the device under
control can properly communicate with 10 each other. Thus, the remote
control device can securely remote-control the device under control. in

btherkiords Ssinée the'femotdTontrol HEVIEE is” Tsotated fromt this ® v es

ggmlq@gcigggg\ger supply, the period information of the commercial
power supply cannot be 15 detected. In contrast, although the device
under controliside can fetectdriterferencednavestgf the nwiseless system,

the device under control can more easily and secureli/ detect interference
HEvEs Bf fiie” €6mmércidt PoRertippiythan tHose ot the Wireléss 20

system, Thus, in an empodiment, (o improve the reliability, he remote,,
control device and the device Under control. transmit.and receive a =~
eommanghand acknewledgerraspectivelypin @ region-that sinterference
waves do not influence they have 25 determined. In addition, at the
temotercohtroh devicd sidé edetectiorof interfatencewaves! caysesie
consumption of the power supply. However, remote 21 control data are

fr&fiSitted Anid fete Vet i & shotf petidd 'and <8 arednterfétence wates
& 0s qrlessifor, example,fram AnJRicrowaye,ov&n). ks e AOWeL; ¢

each other. Thus, the remote control device can
securely remote-control the device under centrol. In
other words, since the remote control device is
isolated from the commercial power supply, the period
informaticn of the commerclial power supply cannot be
detected. In contrast, althcugh the device under
control side can detect interference waves of the
wireless system, the device under control can more
easily and securely detect interference waves of the
commercial power supply than those of tThe wireless
gsystem. Thus, in an embodiment, tc improve the
reliability, the remote control device and the device
under control transmit and receive a command and
acknowledge, respectively, in a region that
interference waves do not influence they have
determined. In addition, at the remote control device
gice, detection of interference waves causes

consumption of the power supply. However, remote

21



10

290

consumption in the case of an embodiment is not larger 5 than that in the
case that since detection of interference waves is not performed, a
command is failed to be transmitted and received and it is re- transmitted
and re-received. Next, with reference to Fig. 7, another 10 embodiment of
the present invention in which a communication channel (frequency) that
interference waves do not largely influences is assigned will be

deScrRY. Big:7 SHows d thafinel assighiient Procesy of thefrefiots™
%%r}tﬁoc!c?e?{%- g Qea%%Aﬁ{'%%‘E%%i&%&é under coniol s controlled o -

etect a channel that interference waves do not largely influence
eonstantly or atintervalsofa,predetermined pefiod, Thus, acegsrmand is
received through the detected good channel. At step S21, the remote
contFoltevice 20  rafidrhits afsackhowledygelredaestior Ach @hahA&ly to

the device gncjer cogtrol..At step S22, the remote control device
SIS WhEther B RGEERS Tec SVEG BeRAORIRAGEACK from the

deviee wnder.control through A ch. For the determination processq a 25
predetermined period is assigned. When the remote control device has

received acknewledge HCK irethezprédeterminecdperiod, the iemaote- 22
control device determines that A ch is a channel that can be currently
(i< #t st 828 1A ch¥s 886iGREEC and at step 524, a command frame

lsnansn“HEdﬁgggghwith reference to Fig. 7, another

embodiment of the present invention in which a
communication channel {freguency) that interference
waves do not largely influences is assigned will be
descriked. Fig. 7 shows a channel assignment process
of the remote control device. The CCA of the device
under control is controlled to detect a channel that
interference waves do not largely influence constantly
or at intervals of a predetermined pericd. Thus, a
command is received through the detected good channel.

At step S21, the remote control device
transmits an acknowledge request for A ¢h (channel) to
the device under contrcl. AL step S22, The remote
control device determines whether or not it has
received acknowledge ACK from the device under control
through A ch. For the determination process, a
predetermined pericd 1s assigned.

When the remote control device has received

acknowledge ACK in the predetermined period, the remois

22
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A ch. At step 522, when the remote control device has 5 determined that it
has not received acknowledge ACK from the device under control in the
predetermined period, at step 525, the remote control device transmits
an acknowledge request for another channel, B ch (channel) to the
device under control. 10 At step 526, the remote control device
determines whether or not it has received acknowledge ACK from the

GEVicE UhdeF Eortfol hrotigh-B'ER ir - predetermiined petivdwhetfthe
remots conyrpl deviee has.receiyad acknowledge ACKINiHE, o gred,

predetermined 15 period, the remote control device determines that B ch
isradchanne] éhatxan, bescursenthhdsed: Adsteps52a Behiistassignetough
and at step 528, a command frame is transmitted through B ch. At step
826;"whefi thé Féifote? ¢ontrbirdeidehasaetermiricttthatl it fag et has

received 20 acknowledge ACK In the predeteimined period, af step 520
a termination process Is per ormed. The™ termination pProcess rs a process

ofrepeating the, channelassignipentproeess; aprocess:obwarning the
user that there is no good communication channel, or 25 the like. When
there are thrée of moré channéls thatuthie: remote cohtrotdeviee can
select and the determined _result at step S26 denotes that the remote

Eiitro 23 device A ROt TEEEREd FeRBledge ACK fHeentote coritrol®
device.perfouns e same piasessJor Angther shanpel. Whenever the

remote control device has
t step 526, The remcte control device

determines whether or not it has received acknowledge
ACK from the device under control through B c¢h in the
predetermined period. When the remote control device
has received acknowledge ACK in the predetermined
period, the remcte control device determines that B ch
is a channel that can be currently used. At step 527,
B ch is assigned, and at step 528, a command frame is
transmitted through B ch. AL step 526, when the remote
control device has determined that it has not received
acknowledge ACK in the predetermined period, at step
529, a termination process 1s performed. The
termination process 1s a process of repeating the
channel assignment process, a process of warning the
user that there is no good communication channel, or
the like. When there are three or more channels that
the remote control device c¢an select and the determined

result at step 52¢ denctes that The remofe control
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transmitted a sequence of command frames corresponding 5 to
operations performed, for example, in several seconds, the remote
control device performs the process of preventing the influence of
interference waves against a communication channel. The foregoing
method of assigning a 10 communication channel is accomplished in
combinatigns Wi the foregoing method of preveniing the Influencg o
Interference waves on the time base of the o?egomg embodiment. Th

other words,aftera cerpriinicationchannel isassigned-accordingita the

foregoing method, 15 a command frame is transmitted according to the
method: bf theHeregoing émnbodimreriteHowevers AsdhiowrantFEg. 5A or
Fig. 5B, when the remote control device has detected that interference

WA98S b ot Targel§F it e & particaiar Chanial tie CRVES Ui 207
conirol 31, may ot have detected so, In this,gase, the faregoing channel

assignment method is insufficient. With reference to Fig. 8, another
embodimentefdhe present invention where such apfasufficient: channels s
assignment method has been improved will be 25 described. First,
PanSHRSRIN Stafts UsihgA EhUATLPEs @Ssighed BEesritG to'iiess
assignment method of, the foregoi emtiodiment. When the remote
STl 24 delitE U Staits jfr%lrrlmsrcr:1{ijl[ ﬁa %4 ¢ommand to the device under

control, at step;3315 the-remote aptrohdevige Al.checksthe reception
state of A ch that is currently
communication channel is accomplished in combinations
with the foregoing method of preventing the influence
of Interference waves on the Time base of the foregoing
embodiment. In other words, after a communication
channel is assigned according tce the foregoing method,
a command frame is transmitted according to the method
of the foregeing embodiment. However, as shown in Fig.
5A or Fig. 5B, when the remote control device has
detected that interference waves do not largely
influence a particular channel, the device under
contrel 31 may not have detected sc. In this case, the
foregoing channel assignment method is insufficient.
With reference to Fig. 8, another embodiment
of the present invention where such an insufficient
channel assignment method has been improved will be
described. First, transmission starts using A ch. A
ch is assigned according to fThe assignment method of

the foregoing embodiment. When the remcote control
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used. In other words, at step S32, the CCA function of 5 the remote
control device 41 determines whether or not interference waves largely
influence A ch. When the determined result denotes that interference
waves do not largely influence A ch, at step S36, a command frame is
transmitted. 10 At step S41, when the device under control 31 has

arrectly received the command frame through A ch,, at step 542, the
et el b Bttt ot ge b R R I

transmission-reguest. forsacknowledge-ACKusing A chh When thes vy ce
determined 15 result denotes that the device under control 31 has
receivetthe trarsmission request tatistep 544, am dokabwietdgeACKNt 1y
frame is transmitted to complete transmission and reception of the.

ESRthand frame ol 25 ¢h 250 BfRg processing &f the Temote E8ntral
device 41 at.step,337, when the remote control device, 41.has, . ot

determined that interference waves largely influence A ch that has been

assigned-thenflew advanrces: to step 53F Atstep:533,dhe remaie contol
device 41 25 checks the reception state of B ch. At step 534, the CCA
fimERoR bR reprste confroPdevice 41 detérhfinds WinstRerarrst do

ingerfe_{enc% gvav?ﬁ rgg{lxcinﬂ%erg:cée B a?t? cshE Whesr??he %et(e:romingg C{esult
a sTtep C37 denotes that interferénce waves do no drgely influence B ch,
at,siep 535, theremate control device 41 transmits a

At step S41, when the device under control 31
has correctly received the command frame through A ch,
at step S472, the device under control 31 determines
whether cr not 1t has received a transmission request
for acknowledge ACK using A c¢h. When the determined
result denotes that the device under control 31 has
received the transmission reguest, at step 544, an
acknowledge ACK frame is transmitted to complete
transmission and reception of the command frame through
A ch.

During processing of The remcte control
device 41, at step S22, when the remote control device
41 has determined that interference waves largely
influence A ch that has been assigned the flow advances
to step 3833. At step $33, the remote control device 41
checks the reception state of B ch. At step 834, the
CCA functicn of the remote control device 41 determines

whether or not interference waves largely influence B
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request for acknowledge ACK using B ch to the device 5 under control 31
through A ch. At step 536, a command frame is transmitted through A ch.
Since the device under control 31 has assigned A ch as a channel that
interference waves do not largely influence, the device under control 31
can receive the request and command 10 frame. At step 541, when the

device ynder contrgl 31 h ived the command frame through A ch,
A step 545, e 08Vice BRAB Eorifol 31 detemTnes whetei 6 Temote

copirol; device-Ai-has rapsmitied @ rapsmission.13 request fce 5 cn,

acknowledge ACK through A ch. Since the remote control device 41 has
transmittedsss comand- drame: whichtrequestdo fransiit acknosviedge 2
ACK through B ch at step 535, the determined result at step S42 is No.

26 M IS c.§§>f-:‘f, RStEPS §531‘F\% d“e@%’be‘%?ﬁdé? coritfol 31 ﬁé?gﬁ%eﬁkﬁeas
ihe deansiission channel, whilehg deyice ynder control31 has assigned

chas fthe reception channel’ At 'step 544, the evice under” conitr

transmits acknowledge ACK threygh B ¢h.25 Sincenthe remotesontrel
device 41 can receive acknowledge ACK, transmission and reception of

thied esmearid-framelis lcompleted 926 th thecforegbing embodiment ofthe
present_invention, whenever the remote control device has transmitted a

détjtiehce ot Command frafites Comespofiding ~tuence, the device

under control 31 can receive the reguest and command
frame.

At step 541, when Lhe device under control 31
has received the command frame through A ch, at step
542, the device under control 21 determines whether the
remote contrel device 41 has transmitted & transmission
reguest for acknowledge ACK through A ch. Since the
remote control device 41 has transmitted a command
frame which reguest to transmit acknowledge ACK through
B ch at step 335, the determined result at step $42 is
No.

In this case, at step $43, the device under
control 31 assigns B c¢h as the transmission channel
while the device under contrel 31 has assigned A ch as
The reception channel. At step S44, the device under
control 31 transmits acknowledge ACK through B ch.
Since the remote control device 41 can receive
acknowledge ACK, transmission and reception of the

command frame is completed.

26
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to operations performed, for example, in several 5 seconds, the remote
control device performs the process of preventing the influence of
interference waves against a communication channel. In another
embodiment, although both the device under control 31 and the remote
control device 41 have the detecting 10 section that detects the influence
of interference waves,n’%ommands can be more securely transmitted than

in the process 6f tralfsmittingPand: Fedaling tHE™ Hetétted PEsUIE T THe
detecting sgctions.and, assigning channels. aceording fo-fhe detected

results. 15 The present invention is not limited to the foregoing
embogimentsdut vardous kindsof modifications-based o the:tgebnitah g
ideas of the invention are possible. For example, the wireless
commtncatibr et bmay beé based Ghi6ther fhan'theT0'FEEE 802.15.4
stendard In ddition, ednflyence,of nterference waves may e, oo o
determined according 16 a bit effor Tate of reception data Furthefmore,
the device:undercanieol may) regwarly generate-abeagen signal at timing
of period 25 information, in particular, a zero cross point of a power

supply signal, orapericcini whichinoninterferenceanavdssaccur detected
from the power 27 supplg,EThe remote control device has an internal real

HFRUGCHE Yeceides & bdton Sighat, Hhd SEresthB 2610 ¢ro8s point and
timing.efthe period InWhich, 10 ey 5 ce 41 nave the detecting

sectlon that detects the influence of interference
waves, commands can be more securely transmitted than
in the process of transmitting and receiving the
detected results of the detecting sections and
assigning channels according to the detected results.

The present invention is ncot limited to the
foregoing embodiments but varicus kinds of
modifications based on the technical ideas of the
invention are possible. For example, the wireless
communication method may be based on other than the
IEEE 802.15.4 standard. In addition, the influence of
interference waves may be determined according to a bit
errcr rate of recepticn data.

Furthermore, the device under contrcl may
regularly generate a beacon signal at timing of period
information, in particular, a zero cross point of a
power supply signal, or a period in which no

interference waves occur detected from the power

27
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interference waves occur detected from the power 5 supply. When the
remote control device has failed to transmit data due to the influence of
interference waves, the remote control device generates timing to
transmit a command frame based on both timing information that the
remote control device has stored 10 and the period in which no
interference waves occur in the power supply. When a predetermined

GERSH Has SIApsEFRREPIHETEMGH: CORIDFdeVIES has transmitted & =7
command frame. for. example, the power supply of the, device under,

control has been turned on, the remote 15 control device receives a

heacon-signal angicarrecis thenntesnal timing. IHereirafterna metbad of
using a beacon signal in the case that interference waves largely
inflGEACE B BechbrifRep tit the relnofcorttrol device20 sidewses will

k%% gx%mpllflﬁg.@% 'I;:nle remotgt%on;r(g)rllgg\élge fIiransmlts data gven in the

] . (1 Tem C oVl oS O
perl(?d ih 'which interference waves occdr” de ec}feqcﬁy € remote control

deviceHowevearsthe, devicewunder centreltransmits: data, pamely-the
remote 25 control device receives data in synchronization with the period
mavkieh notinterfererice waves odcure2.iThe remeteacoriral device to
transmits 28 DESCRIPTION COMMUNICATION APPARATUS AND
COMMDNICATIONS VS TERF Fechhital Figlg Poth timing

information that the remote control device has stored
and the period in which no interference waves ogcur in
the power supply. When a predetermined period has
elapsed after the remcote control device has transmitted
a command frame, for example, the power supply of the
device under control has been turned on, the remote
contrcl device receives a beacon signal and corrects
fthe internal timing.

Hereinafter, a method of using a beacon
signal in the case that interference waves largely
influence only a channel that the remcte control device
side uses will be exemplified.

1. The remote control device transmits data even
in the period in which interference waves occur
detected by the remote control device. However, the
device under control transmits data, namely the remote
control device receives data in synchronization with
the period in which no interference waves occcur.

2. The remote control device transmits

28
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5 The present invention relates to a communication apparatus and a
communication system that are applied to remote control of an electronic
device, for example, by a wireless communication system. 10
Background Art When a home electronic device is remotely controlled by
a wireless communication system using a 2.4 GHz ISM (Industrial,
Scientific and Medical use) band, the influence of obstructions becomes
smaller and 15 the coverage rage bedomes larger than by an infrared

commumligationsysiem. additionto sugh awirelass- semmynication,

system, this band has been also assigned to microwave heating. Thus,
there is a problem that unnecessary radio waves (hereinafter referred to
as 20 interference waves) radiated from a microwave oven that performs
mir6Wwavé hehtifg adversely interfere with the home wireless

communicatio?h§%sterrel. Ig ttge Jmic_:ro ave oyen,a énsagpgtron generates
microwaves of a 2.4 GHz fo” 2.5 GHz f%eque“ncy%and. In aédition, there
a2 magnetrep diiving types.ca frapsfermer type:and an davertenz«
type. In the transformer type, a commercial power 1 supply voltage of, for
exampler50 M. ioraised by actrahsfotmef and the misetbvdltagésisice,
applied to the magnetron. Thus, in one period T (20 ms) of a sine wave

SHOwITHFRG: TA Stthé clmmerchi power stippi§ 5 voitagé® 5™

non-operative region of a negative half

Background Art

When a home electronic device is remotely
controlled by a wireless communication system using a
2.4 GHz ISM (Industrial, Scientific and Medical use)
band, the influence of obstructions becomes smaller and
the coverage range becomes larger than by an infrared
communication system. In addition to such a wireless
communication system, this band has been alsc assigned
to microwave heating. Thus, there is a problem that
unnecessary radio waves (hereinafter referred to as
interference waves} radiated from a microwave oven that
pverforms microwave heating adversgely interfere with the
home wireless communication system. In the microwave
oven, a magnetroen generates microwaves of a 2.4 GHz to
2.5 GHz freguency band. In addition, there are two
magnetron driving types, a transformer type and an
inverter type.

In the transformer type, a commercial power
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period T1 (10 ms) occurs as shown in Fig. 1B. For example, in a real
microwave oven product, the oscillation frequency of the magnetron is
2.45 GHz and electromagnetic waves periodically occur five times in 10
an operative region (positive half period). In the inverter type, after a
power supply voltage is full- wave rectified, the rectified voltage is
switched b switching device, the resultant voltage is raised hy.a
b Imer Shther Mool & T Cahot on. s 15010 S8 ribrfer

typenyntl-thercommergial powel:supply volfage hagheendaised umto an
operation start voltage of the magnetron, microwaves do not occur and a

nenroperative regiors T2 (htoo2mg)eccurs s slidwvmin Fig. EC slhrthese
non-operative regions Ti and T2, 20 since microwaves do not occur, no

et fer8ea ith wirktess donhuhietic BRETS. A tebiitde 3F 251
compressing.information datg ,and tansmiting the compressed,,, ¢

information data in the foregoing non-operative region T1 or T2 taking
inta- 25 @ccountiaf the facidhatras microwayeroven gengrates . intgrerence
waves in synchronization with the period of a commercial power supply is
GeseTibetl in patent @ocuméetoTapanese PataritApplicatiér® Laid-Open

No. I ]’cl"l%z 41". In additior%lg tent document%"JagaBeﬁ% Fé%tent nd
Rﬁﬁ%ca ion LAid- =pee%uﬁ8'%0§_ 11603"ad5¢rbes 57 technologyzbfa

whichwhenanonioperative region Bas -z11y occur five times in
an operative region {positive half period). In the
inverter type, after a power supply voltage is full-
wave rectified, the rectified wvoltage 1s switched by a
switching device, the resultant voltage is raised by a
transformer, and then applied to the magnetron. Thus,
in the inverter type, until the commercial power supply
voltage has been raised up to an operation start
voltage of the magnetron, microwaves do not occur and a
non-operative region T2 (1 to 2 ms} occurs as shown in
Fig. 1C. In these non-operative regions T1 and 72,
since microwaves do not occur, no interference with
wireless communication cccurs.

A technigue of compressing information data
and transmitting the compressed information data in the
foregoing non-operative region T1 or T2 taking into
account of the fact that a microwave oven generates
interference waves in synchronizaticn with the pericd

of a commercial power supply is described in patent
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not been detected from a commercial power supply and an interference
wave detecting section has detected a good environment in which there
is no influence of interference waves, the frequency is hopped to another
10 frequency and that when electromagnetic waves that a microwave
oven had generated have been received as interference waves, the

frequency, of a.contral signal that seryes tq secure a communicatio
R S R ange 1o ot o ety e i B e
15 waves do-nof influence. In the foregoing methods of the related art,
since a frequency distribution of interference waves is not considered, the
influence of interferénce ivawves is: et sufficiently exclutiédpWhercthe
influence of 2Q interference waves to the transmission side is different

it toFe HEceptioh Sife ek MiliencaS are ot SUffici Gy~ ~°°
reduced. Far.example, ,in a/hqusg, besides a microwave oven, there s .

another interféfence source such as a wireless LAN. 25 Disclosure of the
nyentiore fhus, an-objectelthe presemidnvedionds 3 o piovideyaand an
communication apparatus and a communication system that are capable
Sfisertifely SSuppressing drmilténce 6fafh interfeérencdsofde@vengpod

the influence of the intgr.fe%ence source to the 5 trransmissionfside is
gﬁ\flf?l{,’.m@ﬂcﬁ] iL]i] 1C there 15 no inriuaence o
ifferent from that to the

interference waves, the frequency is hopped fo ancther
freguency and that when electromagnetic waves that a
microwave oven had generated have been received as
interference waves, the frequency of a control signal
that serves to secure a communication connection state
is changed to another freguency that the interference
waves do not influence.

In the foregoing methods of the related art,
since a freqguency distribution of interference waves is
not considered, the influence of interference waves L.s
not sufficiently excluded. When the influence of
interference waves to the transmission side is
different from that to the reception side, their
influences are not sufficiently reduced. For example,
in a house, besides a microwave oven, there is another

interference source such as a wireless LAN.

Disclosure of the Invention

Thus, an object of the present inventicn is
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reception side. To solve the foregoing problem, the present invention is a
communication apparatus which is connected to an electronic device
operating with a 10 commercial power supply and which bidirectionally
wirelessly communicates with another communication apparatus, the
communication apparatus including receiving means for receiving data,
period detecting means for detegting.a period of the commercial power 15
supﬁy, an tranSmﬁﬁ%ng means for trahsmitfing Both a timing signal which

represents the peried of the commereial power supply detected by the
period detecting means and acknowledge. The present invention is a

communication 20napparaiusswhichdsidirectionaly Wiretessty source
commupnicates with another communication apparatus connected to an

Eiétitonic device WhichOpetates wittfa confimercii isswerstipply, the ©7¢
EQmAWnication anparatus Incluging, detecting means,fog detseling an

influence of 25 interference waves, receiving means for receiving
aeknowledge from:the other communication apparatus, and transmitting
means for transmitting data and a request 4 such that the receiving means
receives ackndwletileor the trahshiited dataraitiviiig of Whih feent
influence. of interference waves ig low based on a timin ‘silgnal which
HINSHTS O I & comiind Calion %apa%atus WELCT L8
represents a period of the commercial power 5 supply and a detection
signalofihe detectingdMeanSonic device operating with a
commercial power supply and which kidirectionally
wirelessly communicates with another communication
apparatus, the communication apparatus including
receiving means for receiving data, period detecting
means for detecting a pericd of the commercial power
stupply, and transmitting means for transmitting both a
timing signal which represents the period cf the
commercial power supply detected by the period
detecting means and acknowledge.

The present invention is a communication
apparatus which bidirectionally wirelessly communicates
with another communication apparatus connected fo an
electronic device which operates with a commercial
power supply, the communication apparatus including
detecting means for detecting an influence of
interference waves, receiving means for recelving

acknowledge from the other communication apparatus, and

transmitting means for transmitting data and a reguest
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The timing signal which represents a period of the commercial power
supply is received from the other communication apparatus or obtained
by the detecting means for detecting a period of the commercial power
10 supply. The present invention is a communication system composed
of a first communication apparatus connected to an electronic device

which operates with a_commercial power s%oeoﬂ)q and a secon

T gedge for

éommunication 15 58§aerja¥&sn%hf%% sidiréctional y \Fivir%f'essﬁ/w
eormunicales twithithesfirst gemmunicationapparatys: whergin the. first
communication apparatus includes receiving means for receiving data
fromithessetondcommanieations apparatus speriod detecting eneahsifor
detecting a 20 period of the commercial power supply, and first

tranShittiid rfeans t6r ftaRSitfig 2 timinG sigMAwWHicH repte¥énts a
pefiod of the commercial power, supply detected by the petiod detecting

means and acknowledge for the data which have been received, and 25
wherein thenseconshecmmtuhicatioaappasatus includes: detectingimeans
for detecting an influence of interference waves, receiving means for

BTV the 5 HRTISG sigraPwhichrepfesehtsthe petibdtdfthether

commercial pawer su I%ag_d the ack chledg from ghe first :
COIEH&UI";\}.C% 307 aé;f%)a a &g or O(% a 11 %b < Tetectlﬁg
communication apparatus, and sécond transmi tln@/ means for

transmitting-datarand-a request sueh dhajthe precehing-means regeaives
the acknowledge for the
supply.

The present invention is a communication
system composed of a first communication apparatus
connected to an electronic device which operates with a
commercial power supply and a second communication
apparatus which bidirectionally wirelessly communicates
with the first communication apparatus, wherein the
first communication apparatus includes receiving means
for receilving data from the seccond communication
apparatus, period detecting means for detecting a
period of the commercilal power supply, and first
transmitting means for transmitting a timing signal
which represents a period of the commercial power
suppiy detected by the periocd detecting means and
acknowledge for the data which have been received, and
wherein the second communication apparatus includes
detecting means for detecting an influence of

interference waves, receiving means for receiving the
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transmitted data at timing of which the influence of interference waves is
low based on the timing signal and a detection signal of the detecting
means. The first communication apparatus may 10 transmit a beacon
signal at the detected period of the commercial power supply. The
present invention is a communication system composed of a first
gommunication.apparatus connected to ap.electionic,device which
operar%gs With ‘& 15 commercial power supp@ and a secon

eQmmINiGation, apparatus,which:bidirestionally vdrelesshecommunicates
with the first communication apparatus, the first communication apparatus
and the seconthcommumications apparatusicomaemicating wittesadh: other
through one of 20 a plurality of channels whose frequencies are different,

Whnein thé fifst cBfffriricatior apparafits Mclidgs Seteritiy means for®
treeiing fata,tandne second communieaian APRRIAYS, Ceteeing

means for detecting an influence of interference waves, and transmitting

25 means-for ransmitting acknowledge fattherdata whielr havedeens
received, and wherein the second communication apparatus includes
tFRRSTHREAG HEANSTTLE trafsaitting B6fariel AEkhowlBdge réquBst to

the first omm nication agparat%s throu %ch%nnel which has been
ana a §@ EBCF%HIOH Fld V&l O tne etrec lnﬂ meéhns. .
assigned, and channel assigning means for “assignirig'a channel which

interference waves oot S-largely influense defgcted by the,detecting

means such
transmit a beacon signal at the detected period of the

commercial power supply.

The present invention is a communication
system composed of a first communication apparatus
connected fTo an electronic device which operates with a
commercial power supply and a second communication
apparatus which bidirectionally wirelessly communicates
with the first communication apparatus, the first
communication apparatus and the second communication
apparatus communicating with each other fhrcocugh one of
a plurality of channels whose frequencies are different,
wherein the first communication apparatus includes
receiving means for receiving data from the second
communication apparatus, detecting means for detecting
an influence of interference waves, and transmitting
means for transmiti{ing acknowledge for the data which
have been received, and wherein the second

communication apparatus includes transmitiing means for
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that the second transmitting means transmits data through the channel
which has been assigned by determining whether or not acknowledge
has been received through the channel which has been assigned. 10 The
present invention is a communication system composed of a first
communication apparatus connected to an electronic device which
operates with a commercial power supply and a second communication

hpparattis-which Bidiréctionatty WirelesshFestimtiniates 15 Withthe firsts "
communication apparats, thefirst, communication, appargfiis.and, the

second communication apparatus communicating with each other
threug one ©f cal plusality of charnels svhose fregueagies afe different,
wherein the first communication apparatus includes 20 receiving means

féﬁﬁ?é@i\iﬁi]ﬁ@ dat&fronithe $8cofd ééﬁ%ﬁﬁﬁé@ﬁ%ﬁ%ﬁ@‘f&fﬁs@ﬁrs@o’ﬁ
etecting me for detecting an influence of interference waves, and
e e T it el e e

e
ng means for transmitting a edge have

been regeived; apdwherginsthesecond,2a gemmupicationsapparatus
includes second detecting means for detecting an influence of

interferehce naves a transmittingiméerts for transmitting datacto the first 7
communication apparatus through a channel which interference waves do

AStIEGEl Fri:FI‘Ele_i”i_f:léi HBRCtEF by the Frt &éfé&ﬁ%emgﬁﬁs,%recgiving
eaNSs U regeiving the ackngwledae from the second communication S

apparatus through the channel which interference waves
The present invention 1s a communication

system composed of a first communication apparatus
connected to an electronic device which operates with a
commercial power supply and a second communication
apparatus which bidirectionally wirelessly communicates
with the first communication apparatus, the first
communication apparatus and the second communication
apparatus communicating with each other through one of
a plurality of channels whose frequencies are different,
wherein the first communication apparatus includes
receiving means Ifor recelving data from the second
communication apparatus, first detecting means for
detecting an influence of interference waves, and
transmitting means for transmitting acknowledge for the
data which have been received, and wherein the second
communication apparatus includes second detecting means
for detecting an influence of interference waves,

transmitting means for transmitting data to the first
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do not largely influence detected by the second detecting means.
According to the present invention, timing of the period of the commercial
power supply supplied to 10 an electronic device on the device under
control side is transmitted, for example, to a remote controlling
communication apparatus. in addition, the remote controlling
communication %Pparatus detects the influence of interference waves and

(rafSHifts data'oh 18%tHe basidof botivHe retefed titfing Hndthe
detecteel influepce of erdefence wayes. d3ia Gam B AEAIEY: coted by

transmitted and received regardless of the type of the electronic device,
theamanufactute thereof, @ndsson forthyrin additiony singerthe influénee of

20 interference waves is checked for communication channels and a
cotRfmtinication thanfiEFis assighed ‘ofthet basis oF thglcheckbg resalt, - o

data can.be sequrely, fransmitied and recgived thiough the assidned. ,
Eommunication channel. urther, when a'C anheIJtHroug 5 Which data

ale transmitted and a ghannel through svhieh; agknewledgeds received are
differently assigned, even if the influence of interference waves to the

reqricte Blcontroilingsdevice is different from that to the electronic device,
data can be securely transmitted and received therebetween. The

present inVent?&?Sé_r‘FB@gaﬁﬁiieﬁ% FrEni6ta ‘conttdF&ystém: 5'Briefd ©F
Rescriplion of rawings - ormercial power supply supplied to

an electronic device on the device under control side
is transmitted, for example, to a remote contrelling
communication apparatus. In addition, the remote
controliling communication apparatus detects the
influence of interference waves and transmits data on
the basis of both the received timing and the detected
infivence of interference waves, data can be securely
transmitted and received regardiess of the Type of tThe
electronlc device, the manufacture thereof, and so
forth. In addition, since the influence of
interference waves 1s checked for communication
channels and a communication channel 1s assigned con the
basis of the checked result, data can be securely
transmitted and received tThrough the assigned
cemmunication c¢hannel. Further, when a channel through
which data are transmitted and a channel through which
acknowledge is received are differently assigned, even

1f the influence of interference waves to the remote
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Fie. 1A, Fig. 1B and Fig. 1C are waveform diagrams describing an
operative region and a non- operative region of a microwave oven as an
interference source; 10 Fig. 2 is a block diagram showing the structure of
a transmission side of a communication apparatus according to the
present invention; Fig. 3 is a block diagram showing the structure of a
reception side of the communication 15 apparatus according to the
T e oR S0 TA A Hig LHE S0 R att Gingrims! doscribing
thednfluences efdnterterence. sourgesEigs 5A and Kig. bBrarg schematicq
diagrams describing the influences of interference sources; 20 Fig. 6 is a

. fleweharshoning aetemamunicdtion process according:tocan can be

embodiment of the present invention; Fig. 7 is a flow chart showing a
ESmticationSproB8SE Scéidingto andtier@mbodiment 25 of the

present iﬂgg@t}gﬁgﬁﬂ&ﬁg@ﬁgﬁ@ﬁ/ %hart showing a communication
process according to another embo i%nent 9 of the present invention.

Best Modes far:Garrying ot the myeatien Next, with referenee éothen
accompanying 5 drawings, an embodiment of the present invention will
be desenibedi s émbodimentds applied fo repsotely and a non-

operative region of a microwave oven as an interference
SOUTCe;

Fig. 2 is a block diagram showing the
structure of a transmission side of a communication
apparatus according to the present invention;

Fig. 3 is a block diagram showing the
structure of a reception side of the communication
apparatus according to the present invention;

Fig. 4A and Fig. 4B are schematic diagrams
describing the infiuences of interference sources;

Fig. 5A and Fig. 5B are schematic diagrams
describing the influences of interference sources;

Fig. 6 is a flow chart showing a
communicaticn process according to an embodiment cf the
present invention;

Fig. 7 is a flow chart showing a
communicaticn process according to another embodiment
of the present invention; and

Fig. 8 1s a flow chart showing a

communication process according to ancther embodiment
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control house electronic device. A communication apparatus
(commander) that transmits remote control data (hereinafter referred to
as commands) according to 10 user's operations is referred to as the
remote control device. A communication apparatus that receives
transmitted commands and an electronic device that operates according

%ofthg received copmﬂ%nds are Igganerally referred to as the device under

control- 15 %(%?ﬁﬁes of the electionic device include AV devices such as
a video recording/reproducing device, an audio recording/reproducing
device, and a television receiver and home electric appliances such as a
Fefriderdtore Thé semote contral devicetib eriven ®yal20 built-in power
supply. The device under control is driven by a commercial power supply.

The device undef “corttro hal A detltify Séttibhthaf G&tebr berisd
@Hm%gg Jof the commercial power supply. The remote control deyice,

and the device 25 under control each have a transmitter and a receiver
tbatoxill beidescribedhlatery sbehithas they can: pyirelessly: communicate
with each other. As an 10 exemplary wireless communication system, the
prysicat layersrthe I EEE Gristitutéof EléctricAl &vd BIBFSics

Engineers) 802.15.4 standard can be used. The IEEE 802.15.4 standard
Al b accnte Lalti o st i e R

(Rersonal £reanNetwark)-ar W (Wireless):BANo i i standard, the ng to

user's cperations 1s referred tc as the remote control
device. A communication apparatus that recelives
transmitted commands and an electronic device that
operates according to the received commands are
generally referred to as the device under control.

Examples of the electronic device include AV
devices such as a video recording/reproducing device,
an audio recording/reproducing device, and a television
receiver and home electric appliances such as a
refrigerator. The remote control device is driven by a
built-in power supply. The device under control is
driven by a commercial power supply. The device under
control has a detecting section that detects period
information of the commercial power supply.

The remote contrcl device and the device
under control each have a transmitter and a receiver
{that will be described later) such that they can

wirelessly communicate with sach other. As an

10
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communication rate is in the range from several 10 kbps to several 100
kbps. In this standard, the communication coverage distance is in the
range from 10 several 10 meters to several 100 meters. In this invention,
instead of the wireless system, another bidirectional wireless
communication standard may be used. However, it is preferred to provide
a function of detecting the influence of interference waves to 15 radio

&l Gsed for COmMuMcAEoR g2 SHowd HeSrructife BRY S 121

yansmittet. Transmission data are. suppliedite 8 QRPSK, (Quadrature
Phase Shift Keying) modulator 1 and modulated according to the QPSK

modulation maethad gAn utpyt sigrial 0f the 20 QREK maditatoe | issed.
supplied to a spread modulator 2. A spread code generated by a code
dérferator’3 i8 Csupplie t6 the dprchdirhodulaist 2tand Spreaecacchbiding s s
to the DSSS (Direct Sequence Spread Spectrum) method. Asan
Sl Sratoaers peenan rote ot icd 1E55 B0, DS
(Riregt Spread) methed is ap-SS (Spread Spectium) methad iy which.a
signal is phase-modulated with a high speed spread code and the
spectrum.ofitheo i1 signal lis spredthAnceutpat signal ofdhie spiead) kbps
modulator 2 is supplied to a multiplier 5 through a band pass filter 4. A

|bRalTEERERON Sihal RPSupplidd frémt PEEBIBEA ostilftor 6 to the
b@gﬁ&éﬁg@%ﬁ%ﬁ"u&ws; ydenarajes arapgmissian signal that bag,
several 10 meters to several 100 meters. In this
invention, instead of the wireless system, another
bidirectional wireless communication standard may hbe
used. However, 1t i1s preferred to provide a function
of detecting the influence of interference waves Lo
radio channels used for communication.

Fig. 2 shows the structure of a transmitter.
Transmission data are supplied to a QPSK {(Quadrature
Phase Shift Keying) modulator 1 and modulated according
to the QPSK modulation method. An output signal of the
QPSK modulator 1 is supplied to a spread modulator 2.

A spread code generated by a code generator 3 is
supplied to the spread medulator 2 and spread according
to the DSSS (Direct Sequence Spread Spectrum) method.
As an exemplary spread code, a pseudc nolse seguence is
used. The DS (Direct Spread) method is an S8 (Spread
Spectrum) method in which a signal is phase-modulated

with a high speed spread code and the spectrum cof the
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converted into a 2.4 GHz frequency band. The transmission signal is
supplied to an antenna 8 through an amplifier 7 and then transmitted from
the antenna 8. 10 As communication channels, 16 channels of 2.405
GHz, 2.410 GHz, 2.415 GHz, ..., and 2.480 GHz at intervals of 5 MHz
have been assigned. In an embodiment, a plurality of channels, for
example, three channels, that are unlikely to overlap with frequencies 15
ﬁﬁJa?%gé“liI%éiy f5'h&ti3ed in the wireless LAN are used from these 16

channels. Ch@[}p%ﬁ@@@%g%ﬁ%m sueh amapner.that.a local pscillation,
e

frequency that is output from local oscillator 6 is selected according
toua charnkelselection signal Sid . 20thesdevice: ubhdersccanirot has acer
power supply period detecting section 9 and transmits a detected signal
that répredefts tifmg oftheé Peridd Gt the ‘confiertial Fower Shpplytoithe

remote conlrol device. The epote contioldevice has ap jnpyt section. foy
example, keys, switches, buttons, a to panel, an ortnh. e

remete contrekdeviee HaBsMIts aceommang ) cemnrespondingta=an up-
operation of the input section to 12 the device under control. When the
device under controkhas doféctlyireeeived thye bemiand the device

under control transmits acknowle}d%e ACK as a response signal to the

FeRfIOtE oo device 5 Figh 3 Sows-the-structite o the Feteiver - C19™
%Qn%H§§§@§gPDﬁ1QH@W§@Q§%%§%§Hﬁgﬁg§of¥om the antenna 8.

As communication channels, 16 channels of
2.405 GHz, 2.410 GHz, 2.415 GHz, ..., and 2.480 GHz at
intervals of 5 MHz have been assigned. In an
embodiment, a plurality of channels, for example, three
channels, that are unlikely to overlap with freguencies
that are likely to be used in the wireless LAN are used
from these 16 channels. Channels are assigned in such
a manner that a local cscillation freguency that is
output from the local oscillator © is selected
according to a channel selection signal SiI.

The device under contreol has a power supply
period detecting section ¢ and transmits a detected
signal that represents timing of the period of the
commercial power supply to the remote control device.
The remote control device has an input section, for
example, keys, switches, buttens, a touch panel, and so
forth., The remote control device transmiis a command

corresponding to an operation of the input section to

12
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LNA (Low Noise Amplifier) 12. The antenna 11 is generally shared by the
antenna 8 of the transmitter, and the receiver or the transmitter is
selected by a 10 transmitter/receiver selection switch. An output signal of
the LNA 12 is supplied to a multiplier 13. A local oscillation signal is
supplied from a PLL local oscillator 14 to the multiplier 13. The multiplier

13 Deneates a dawn-conyerted IF (ptermediate Freguency). i signal.
Thé IF Signar is Supplied t0 an‘inverse *Spread section (sprea

demedulating section)clé: through an;intermediate freguency amplifigr La.
The inverse spread section 16 demodulates the IF signal by 20
coreelating the receptian signas with nreférenge  it8ad sode thatdrass e
occurred on the reception side. Unless timing of the reception signal

FragckeS thfing!ot ﬁ@?@f&eﬁ@@%ﬁ@aa‘j&%‘?atorrect correlation value
cannot be obtaingd. When sfarting cammupication, the 35 receptiqn side

detects timing and stores the detected timing. To detect timing, a
eorealating dewvice sueh asranmatehed fifernis usedi §.3sAdemadulation:
signal of the inverse spread section 16 is supplied to a QPSK
démodiator™M7i&sd Ademddulated dccordifigdoahé ©PSK demctulation

method. Rece#%ioan (21:?'[% cagbbe obtained fr (;I’pe PSK 5 demodulator
i ]

] 1 t r
f‘?ﬂﬁ%%éjé%f &' device Un e?c%ﬁ%&?pa the transmitter,

and the receiver or the transmitter is selected by a
transmitter/receiver selection switch. An output
signal of the LNA 12 is supplied tec a multiplier 13. A
local oscillation signal is supplied from a PLL local
oscillator 14 to the multiplier 13. The multiplier 13
generates a down-converted IF (Intermediate Frequency)
signal.

The IF signal is supplied tc an inverse
spread section (spread demodulating section) 16 through
an intermediate frequency amplifier 15. The inverse
spread section 16 demeodulates the IF signal by
correlating the reception signal with a reference
spread code that has occurred on the recepticn side.
Unless timing of the reception signal matches timing of
the reference spread code, a correct correlation value
cannct be cbtained. When starting communication, the
reception side detects fiming and stores the detected
timing. To detect timing, a correlating device such as

a matched filter i1s used.

13



the reception data are commands that are used to control an electronic
device 20. In case of the remote control device, the reception data are
acknowledge ACK that is supplied to a communication control section 10
(not shown). The demodulation signal of the inverse spread section 16
and the output signal of the LNA 12 are supplied to a CCA (Clear

Channel Asse smen(tj?ﬁ{sglctign 18. The CCA %ection 18 determines i
whether or not'af 18 nterfererice SOWEF frof anotier <yster s Hrgs >

hased: on the r%ei%gf@wg& apd the gpality of the; demodulation, signal.
In other words, the CCA section 18 determines whether or not
interference waves targelyninfluencéa chadrelibat s ieing used=Wien.

the 20 determined result denotes that interference waves largely
PfRGERCe e didrnetfifat ’Eb&RG diseddtne” et A BBctivi£8 measures

?&é?{{%[%’ﬂ%% powers of pther channels and ng{?é%egrgﬁo%i‘%%'?th% ,

interference waves do not Fargely influence. The

standare-definesfunetions:-of CCAanchED (ERgrgy: Petegtion).cFhe

determined result of the CCA section 18 14 is supplied to a channel

selaction controt seetior 19 ¢ Thewchamnélselettionrsontrolisection 1gnote
enerates z% channel sglection signal SL2 based on the determined

feSlilt“Prie SR3MTE selectioh igitar S12 &ohtrolsthie BF6EH b5ehidforda®
torselecta channel that. o 5 communication control section

{(not shown).

The demodulation signal of the inverse spread
section 1¢ and the output signal of the LNA 12 are
supplled to a CCA (Clear Channel Assessment) section
18. The CCA section 18 determines whether or not an
interference power from another system is large based
on the received power and the qguality of the
demodulation signal. In other words, the CCA section
18 determines whether or not interference waves largely
influence a channel that is being used. When the
determined resulit denotes that interference waves
iargely influence the channel that is being used, the
CCA section 18 measures interference powers of other
channels and determines a channel that interference
waves do not largely influence. The IEEE 802.15.4
standard defines functions of CCA and ED (FEnergy
Detection}.

The determined result of the CCA section 18

14
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interference waves do not largely influence. The CCA section 18 of the
device under control regularly detects the influence of interference waves.
In addition, since the remote control device operates with i0 the built-in
power supply, if the CCA section 18 regularly operates, the power
consumption of the built- in power supply becomes large. Thus, when
necessary, . for example, when the remote control device transmits a

SOmiARNd thTHe devite UNHE! Tonfiol: Tie FétfoteBontrof 15 Hebice™ 12+
operates,the.CCAsection 1.8. Each of the transmitter and the regeiver.has

a control section (microcomputer) (not shown) for controlling the
transmiter o the:teiceives g petfoan 2thesttansmigsion Or feceptionned
operation. The channel 20 selection control section 19 can be
accomplished as alfitefion D e corftrol Se6tich: WitH réferdricetd Fige

4A.Ei0- 4B, Fig, A, and Fig: 5B, the Influences of neerence sources
siich as a microwave oven and a Wireless network to 25 frequenmes will
be deseribed: &ig..AA shows the,ease; that oth a-deviee-under-gantrel 31
and a remote control device 41 exist in an influence range R of 15
interference Wavés ofendnterferencessource (for example za rcrowave
oven) 21. In this case, both the device under control 31 and the remote

ESHitFST dvice® 41 ate eGlaRy Mfluehdsd by ifdinterfstéRide sotfce 5 21.

addition, since the remote control device operates with
the puilt-in power supply, if the CCA section 18
regularly operates, the power consumption of the built-
in power supply becomes large. Thus, when necessary,
for example, when the remote control device transmits a
command to the device under centrol, the remote control
device operates the CCA section 18.

Each of the transmitter and the receiver has
a control section (mlicrocomputer) (not shown) for
controlling the transmitter or the receiver to perform
the transmissiocon or reception operation. The channel
selection contrel section 19 can be accomplished as a
functicn of the control section.

With reference to Fig. 4A, Fig. 4B, Fig. 5A
and Fig. 5B, the influences of interference sources
such as a microwave oven and a wireless network to
frequencies will be described. Fig. 4A shows the case
that both a device under control 31 and a remote

contrel device 41 exist in an influence range R of

15
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Fig. 4B shows the case that only the device under control 31 exists in the
influence range R of the interference source 21 and that the remote
control device 41 is outside the influence range R. In this 10 case, only
the device under control 31 is influenced by the interference source 21.
When the device under control 31 has a detecting section that detects the

inﬂgéen%e of interference wa%/es the device_under control 31 as%%ns a
nee @) e}:

i M nter 1 1
chanriel that interference v(\D/aveslf1 do 15 ot %aeréglrﬁﬁflﬁech%%caend

temats control device 4l transmits ascommanditgthe device under the
control 31 through the assigned channel. The influence of interference
waves:to datathataretreceived isfatgeh¢harethat o datatthaf areevice

transmitted. Thus, when a 20 command is transmitted through the
SsiGstl EfatelY thd déies thdeP¥ortrs 31 caifretERehe TOMH&Nd.

Iala_ddition, the remote control device 41 can receive acknowledge ACK

that the device under control 31 has transmitted through the assigned

channel. 25 Figi §A showsthecasedhatenrly the: reratey contsoldeyice:
41 exists in the influence range R of the interference source 21 and that
thecavicectnderL 16 tontrobE3Bisioutside the influence raageR. fn this the
case, ogl%/ the remote control deviCﬁJ is infllﬁ?nced by the interference

i 4
SOtired 215 i s case; Afth dgﬁ”i e deice utitiet €BRIrSI 5T ¢an Yéceive
g eommang and 5he remote centiol device 41 can, frangmit & command

case, only the device under control 31 is influenced by
the interference socurce Z1. When the device under
control 31 has a detecting section that detects the
influence of interference waves, the device under
control 31 assigns a channel that interference waves do
not largely influence and the remote control device 41
transmits a command to the device under control 31
through the assigned channel. The influence of
interference waves to data that are received is larger
than that to data that are transmitted. Thus, when a
command 1s transmitted through the assigned channel,
the device under control 31 can receive the command.
In addition, the remote control device 41 can receive
acknowiedge ACK that the device under control 31 has
transmitted through the assigned channel.

Flg. 5A shows the case that only the remote
control device 41 exists in the influence range R of

the interference source 21 and that the device under

16
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through a channel that the device under control 31 has assigned, the
remote control device 41 is unable to receive acknowledge ACK that the
device under control 31 has transmitted. 10 Further, Fig. 5B shows the
case that two interference sources 21 and 22 exist, their influence
ranges are R1 and R2, respectively, the device under control 31 exists in
the influence range R1, and the remote control device 41 _exists in the

infiliénce range T5 2" fii tiis taiSe, the ddbide Undar €6ntrol 31 and thé
enate cgnirel dgdce atae inlbienced bydtbe difgrent intefferendec .

sources. In this case, like the case shown in Fig. 5A, although the remote
tontrole device Alecam transmit aceormmandrand thesdeviee: undern2@ugh
control 31 can receive a command, the remote control device 41 is
(AEbIE €Y FecRivE aBRNGWIBEGE ACK. THUS, Jiff #Fe Easés SKOW T FRI8A
and Fig. 5. & problem oceurs fhat even if the device ynder control 31
a§3|gns a channel that intéHerence waves do notnlarge y 25 mfﬂ?énce‘,
commugricationiis natpropesly performed: With referencerte Fid. 6@mas
embodiment will be described. The device under control 31 detects 17
raingoofabe peried ofthe compercial power sepply, for example, & zero
cross point of a sine wave of the power suppl%?nWhen a 50 Hz

SothinerSarsower aisply is uéed, the delicetmder tontior31 gefsctethe
zgrop.cross point at perjod t1 of 10 ms. The detection

Further, Fig. 5B shows the case that two
interference sources 21 and 22 exist, their influence
ranges are Rl and RZ, respectively, the device under
control 31 exists in the influence range R1, and the
remote control device 41 exists in the influence range
RZ2. In this case, the device under control 321 and the
remote control device 41 are influenced by the
different interference sources. In this case, like the
case shown in Filg. 5A, although the remote control
device 41 can transmit a command and the device under
control 31 can receive a command, the remote control
device 41 is unable to recelve acknowledge ACK. Thus,
in the cases shown in Fig. 5A and Fig. 5B, a problem
occurs that even if the device under control 31 assigns
a channel tThat interference waves do not largely
influence, communication is not properly performed.

With reference to Fig. 6, an embodiment will

be described. The device under control 31 detects

17
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process is constantly performed. The period of the detected zero cross
point is referred to as the period information. When the device under
control operates in synchronization with the commercial power supply,
the 10 period information corresponds to the occurrence period of
interference waves. In an embodiment, both the device under control 31

%ntglR Ehﬁa rer te control de\éicg iélltgave the functiorl(CCA of deteciigg the

influence of 15 1|qn?eﬁ§rxejﬁ%e waves. Th the Temote confrol é:vicgeuﬁﬁ?,
periodt2-afinterference - waves at the-nesition-where; the femate-gontrol
device 41 is provided is measured by the function of CCA. Period t2 is a
perictratwhichyinteiference Waveszde notreccur aWheovthe remote-201s
control device 41 starts transmitting a predetermined command, at step

ST aciraﬁs%s%ﬁJrsauélgﬁsr"fm%é%ﬁa& informa&ionis Strg%%ﬁqiﬁ&&?o the
device under, conirol 31..The device under controh 31 which has received

the transmission request transmits the period 25 information (at step S11).
At-stepS2, the remetescanttolcdeviee-dd awhicinhaseaceiedthe pesiod
information determines 18 whether period t2 of interference waves
Ratchessh rEgermuftple (forexamples fwitsref pericbtl bR ¢he 2eicd
%rg§sap0|nt of the Cﬁmmertc%aé power sumgl)){Ej When their differences are in

a preO términed tolerance rangé’tjtﬁg rémote" controtl dévicesar °-° -
determipes4hat- ion with the commercial power supply, the
period information corresponds to the occurrence period
of interference waves.

In an embodiment, both the device under
contrel 31 and the remote control device 41 have the
function {(CCA} of detecting the influence of
interference waves. In the remote control device 41,
period t2 of interference waves at the position where
the remofte contrel device 41 is provided is measured by
the function of CCA. Period tZ is a period at which
interference waves do not cccur. When the remote
contrel device 41 starts transmitting a predetermined
command, at step S1, a transmission reqguest for the
period information is transmitted to the device under
control 31. The device under control 31 which has
received the transmission request transmits the period
information (at step Sil).

At step 82, the remote control device 41

which has received the period information determines

18
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they match. When the determined result at step S2 denotes that they
match, the remote control device 41 requests the device under control 31
to transmit acknowledge ACK 10 at period t2 (at step S3) At step S4, a
command frame is transmitted. After t2 has elapsed, at step S5, the
remaining command frame is transmitted. When the device under control

3%@%‘% Qrorr%c}g(lj)( Orgcgiyed %hq g rém%andei}rl%rge J%Ox,m éh?n rqm%tg 15 control
evice if[, fhe device (inder control 31 transmits acknowiet ge ACK'to the

remetgcontroh device 4l:dn atherwoards, atstep S12; the.devige undgr
control 31 transmits acknowledge ACK to the remote control device 41 in
responRse to theccommandtfrarfie 204ransmitted at sSteps4: aftert2-Has
elapsed. At step 513, the device under control 31 transmits acknowledge

ABRY0THE témted Crtro Thevice ™AL ifredpBrss e &afthdrit Famace
trapsmitted,at sten, S5 after 12 has elapsed. After the remote control .

device 41 has 25 received acknowledge ACK, the remote control device
4hopmpletes the transmission. The number of command frames that the
remote 19 control device 41 transmits is not limited to 2. Instead, the
number of coriand frEmes Ifaithé fsmbRS BotraldeVicer4 £ afsmits e

a@gz@e&gr 3.or more. t\{){henever the remote qoni{rol de¥|c:.gl41?gansm|ts

m C remote coniLrol evilo r uests
sequence of command frames corredponding 16 dperations ™ =<

the device under control 31 to transmit acknowledge ACK
at period tZ {(at step S53). AL step S4, a command frame
is transmitted. After tZ has elapsed, at step §h, the
remaining command frame is transmitted.

When the device under control 31 has
correctly received the command frame from the remote
control device 41, the device under control 31
transmits acknowledge ACK to the remote control device
41. In other words, at step 312, the device under
control 31 transmits acknowledge ACK to the remote
control device 41 in response to the command frame
transmitted at step 54 after tZ has elapsed. At step
513, the device under contrel 31 transmits acknowledge
ACK to the remote control device 41 1n response to the
command frame transmitted at step 55 after tZ has
elapsed. After the remote contrcl device 41 has
received acknowledge ACK, the remote contrcl device 41
completes the transmission.

The number of command frames that the remote
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performed, for example, in several seconds, the foregoing process of
preventing the influence of interference waves is performed. When the
determined result at step S2 denotes 10 that the period of interference
waves is not an integer multiple of t1, the remote control device 41
completes the process without transmitting a command frame. In this
cas ,rvgiih ggund, Iig!l] , indication, or the like, thleh.Lre%q:fégi contrgl.device

47" Warns the User tha thterf§ témote é‘o%t%?%ewc@ as %iled to

transmita copunang frame, When.the.remate coptroldevieg 41:has e
failed to transmit a command frame, the remote control device 41 may

retransmiit thevcoreméahd frameinsteadaly completing thedranspiission of

the command frame. 20 Instead, the remote control device 41 and the
HBFEE URElef BontFET¥I May Tohfinunicaielwith dach bEREF oM if the

riod of which in d 0 the basi
CEteuTai Yool of s AiNice s control 0F th period i wich 38
terference yaves donretoceur ahtiging:ina synchromnizatjonwith the
commercial power supply and the detected result of the remote control
devies fom0rke pered it which/tetihfideridesof e Hafsiee Waves is
not large. In the foregfoingﬁ‘embodiment, since communication is
ﬁ@ﬁgﬁ%eéadf ﬁgiﬁs no o%ﬁ/ pLeSriét’ae 5 information of the commercial power

supply detect@di B +ne determined result at step $2 denotes
that the pericd of interference waves 1is not an integer
mulitiple of tl, the remote control device 41 completes
the process without transmitting a command frame. In
this case, with sound, light, indication, or the like,
the remote control device 41 warns the user that the
remote control device 41 has failed to transmit a
command frame. When the remcte control device 41 has
failed to transmit a command frame, the remote control
device 41 may retransmit the command frame instead of
completing the transmissiocn of the command frame.
Instead, the remote control device 41 and the
device under control 31 may communicate with sach other
only in the period of which interference waves do not
occur on the basis of both the detected result of the
device under control for the period in which
interference waves do not occur at timing in
synchronization with the commercial power supply and

the detected result of the remote control device fox
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the device under control side, but information about the influence of
interference waves detected by the remote control device, the remote
control device and the device under control can properly communicate
with 10 each other. Thus, the remote control device can securely
remote-control the device under control. In other words, since the remote
control device is isolated from the commercial power supply, the period
nfSnivtion 6t the cBmitiércial power sUpPlyTanhot B 15 detécted. iV es
contrast, %'Qloé@h the device under control side can detect interference
waves of the wireless system, the device under control can more easily
and securely detectinterterence wavesiof thencommerciatpower supply
than those of the wireless 20 system. Thus, in an embodiment, to improve
e Feliability; the rémokeEortidleviteand thetdevice” undér edntrol
transmit and receive a command and acknowledge, respectively, in
Peiior Tt terferor g WaTLS 56 ot InfUGAER (s have 55 JelsrRinGd.
in-addition, &t the remote-contro] device, sidedetgetiomatinterference
waves causes consumption of the power supply. However, remote 21
¢ontral atalarecttansmittetsantereceive dWn asshotie perivd @ndysocdre
interference waves (8 ms or less for example from an microwave oven).

TRUS 'tfe f)ﬁ%? Oéor%%‘rﬁ;ﬁ%n in‘tfe tase Parr 8fiboimenit’is Hot Hdtger
?}Q@%@E&E&”ﬁﬂéﬁ@t@éh%98%d8§ﬁﬁ$9656rly communicate with

each other. Thus, the remote control device can
securely remote-control the device under control. In
other words, since the remote control device is
isolated from the commercial power supply, the periocd
information of the commercial power supply cannot be
detected. In contrast, althcugh the device under
control side can detect interference waves of the
wireless system, the device under control can more
easily and securely detect interference waves of the
commercial power supply than those of the wireless
system. Thus, in an embodiment, to improve the
reliability, the remote control device and the device
under control transmit and receive a command and
acknowledge, respectively, in a region that
interference waves do not influence they have
determined. In addition, at the remote control device

side, detection of interference waves causes

consumption of the power supply. However, remote
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interference waves is not performed, a command is failed to be
transmitted and received and it is re- transmitted and re-received. Next,
with reference to Fig. 7, another 10 embodiment of the present invention
in which a communication channel (frequency) that interference waves
do not largely influences is assigned will be described. Fig. 7 shows a
channel assignment process of the remote control device. The CCA of

H¥'devide 15 uhder cofitf6iis Eontrbifed i ddteEra ERanndt that>ho**
g%%r %@”&%&V%Vgsgdéoe”%H%@F%@QHS@C%&%%?Q‘éy L a, g‘t%@&? ola

edetermined period. Thus, a command Is received through the detected
geadishanmeloAt steprS2k; dhe vemete:eontrolidevice 20 &rapsmifs an
acknowledge request for A on (channel) to the device under control. At
StepBIX the Ferndtet kontoldeVvide détermitrediissther6r Actht Rag Ser

Lg(}ceive%\agknpwle@ge ACK from the device u déar control thtrough A ch.
FOfthe détermination process: a25 redetermined period 18 assigned.

When.the remate goniral device has, sceived. acknowlsdge ACK in the
predetermined period, the remote 22 control device determines that A ch
iSz8 clrannel that cambercutrently aised rAtstép&23aAcchiis assigned,
and at step 524, a command frame is transmitted through A ch. At step
EX3TGReN i reinte COntorEevieé has 5 determined that it has not

received acknowledgg ACK . ¢crence to Fig. 7, another

embodiment of the present invention in which a
communication channel (freguency) that interference
waves do not largely influences is assigned will be
described. Fig. 7 shows & channel assignment process
of the remote contrcl device. The CCA of the device
under control i1s controlled to detect a channel that
interference waves do not largely influence constantly
or at intervals of a predetermined period. Thus, a
command is received through the detected good channel.

At step $21, the remote control device
transmits an acknowledge request for A ch (channel) to
the device under control. AL step S22, the remote
control device determines whether or not it has
received acknowledge ACK from the device under contrcl
through A ch. Yor the determination process, a
predetermined period is assigned.

When the remote control device has received

acknowledge ACK in the predetermined pericd, the remote
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from the device under control in the predetermined period, at step 525,
the remote control device transmits an acknowledge request for another
channel, B ch (channel) to the device under control. 10 At step 526, the
remote control device determines whether or not it has received
acknowledge ACK from the device under control through B ch in the
redetermined period. When the remgte cqontrgl device has received .
o o0 Ko e BRI 8 paoct e rSMBie B

device detarmines that B«hy is axghannel thay gan be gurrently usedn AL,
step 527, B ch is assigned, and at step 528, a command frame is
transmittedithroughB ch. Atstepr526f when the rematencontretidéviceugh
has determined that it has not received 20 acknowledge ACK in the

predaternihed Period? ar stéf 529 terfiHtion Protesslis petformeds S
Lhe tepminatiop,process i§gaorge%ssf%@eepsé%n%ﬁ"&&@g@age ACK

assignment process, a process of warning the user that there’is no good
carsmunicationchaaneh @& 254he tike.\When therecaredbree-or mere
channels that the remote control device can select and the determined
RBUR At stel-S26 dendtes thabtheteliie contesizg devie has not

r+ece|ved ,accknowledcq}? %%lﬁ th remote contrPI device ﬁerformg the same

ﬁr%%léésén oranothér™ charinet enaverthe refiots CoNtroIdevice s+ ©

transmitted,a-sequencerof command frames carresponding 5 to
operations performed, for example, in several

At step 526, the remote control device
determines whether or not i1t has received acknowledge
ACK from the device uncer control through B ch in the
predetermined period. When the remote control device
has recelved acknowledge ACK in the predetermined
period, the remote control device determines that B ch
1s a channel that can be currently used. At step 527,
B ch is asgsigned, and at step 528, a command frame is
transmitted thrcugh B ch. At step 526, when the remote
contrel device has determined that it has not received
acknowledge ACK in the predetermined period, at step
$29, a termination process is performed. The
termination process 1s & preocess of repeating the
channel assignment process, a process of warning the
user that there is no good communication channel, or
the like. When there are three or more channels that
the remote control device can select and the determined

result at step S26 denctes that the remote control
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seconds, the remote control device performs the process of preventing
the influence of interference waves against a communication channel.
The foregoing method of assigning a 10 communication channel is
accomplished in combinations with the foregoing method of preventing
the influence of interference waves on the time base of the foregoing

embediment,, In,ather. words, aiter a.commupication chanpnel is assigned

according to the foregoing method, 15 a command frame Is transmitted
acoording tadhe metbed rof the faregomgemboediment Howevercaser
shown in Fig. 5A or Fig. 5B, when the remote control device has
détebiedl that iHteHerenice Wavessds st [argely anfliEaiceeepardieular

gchraﬁnzglerlmth%ggvices%nderlgo con%rol 31 may nat have detected so. Irclithis
case, the t_forego‘:iing cﬁélnené?%sgﬁgnr%%lﬂ?%e?hdtf i§insufficieht *With™+ "9

referepee i Fig, 8, @Qgﬁ@frﬁé@qodfra@né%&hgmseﬂ inyentionwhere
such an insufficient channel assignment method has been improved will
e 25 described. Fast transowission staets iusingcA cho Arch istassignede s s
according to the assignment method of the foregoing embodiment. When
thé remfote ebnirdl %ﬁ@dew:%iwgﬁﬁs%ﬂsﬂﬁﬁiﬁa%r@&ﬁ%a‘ﬁ@‘iafme

%vcjﬁ% é,lg]‘dgr £ontra %%t@po%lcﬁg%ﬁeﬁqte control device 41 checks

thé reception state of A ch that is currently ‘used. In other words, at step
532, the CCA function-ef &thegemote eantsal devices4l detesmines

whether or not
communication channel is accomplished in combinations
with the foregoing method of preventing the influence
of interference waves on the time base of the foregoing
embodiment. In other words, after a communication
channel 1s assigned according to the foregoing method,
g command frame is transmitted according to the method
of the foregeoing embodiment. However, as shown in Fig.
5A c¢r Fig. 5B, when the remote control device has
detected that interference waves do not largely
infiuence a particular channel, the device under
contrel 31 may not have detected so. In this case, the
foregoing channel assignment method is insufficient.
With reference to Fig. 8, another embodiment
of the present invention where such an insufficient
channel assignment method has been improved will be
described. First, transmissicn starts using A ch. A
ch 1s assigned according te the assignment method of

the foregoing sembodiment. When the remote control
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interference waves largely influence A ch. When the determined result
denotes that interference waves do not largely influence A ch, at step
536, a command frame is transmitted. 10 At step 541, when the device
under control 31 has correctly received the command frame through A ch,
at step 542, the device under control 31 determines whether or not it has

[ e‘?\?dtvc%’ 3 frapgmission tequest far,a ”QWJ;%‘%[%%&Q%S'%A . Jyhen
the determined 15 result denotes that the device under control 31 has
receiveddbe dransmission reguest, gt step S44ran acknowledgeAGK e
frame is transmitted to complete transmission and reception of the
Gommiapfdifrarne checegho Algh! 20 BHing protessing iof thel Fermote Icontrby

device 41, at step 532, when th t | device 41 has
GTEringi ot WLBr8roruB waJes 1ol 1HLSES A Ch tha S 586rP

%?%_9Q%%Ef@eﬂ%1@9;‘!@@0%%‘15@%?1331@5@}%&%%% thedemote control:
device 41 25 checks the reception state of B ch. At step 534, the CCA

functarf ef thecrematecontrek delige 44 etermires whetherioenot he

interference waves IargefI%/ influence B 25 ch. When the determined result
SESEP SR derites thatintstfeténdd Waves BB ot Fagery infiuéice™ ch,

at step 535, the remate control.device 41 transmi request for
S oiTa e AR LS B e to e akioe 5 T conior 3T Grcon A

nowledge using B ch to the'device der contro
ch-Adstep 586 -a spmmand

At step S41, when the device under control 31
has correctly received the command frame through A ch,
at step 542, the device under control 31 determines
whether or not it has received a transmission reguest
for acknowledge ACK using A c¢ch. When the determined
result denctes that the device under control 31 has
received tThe transmissicon request, at siep S44, an
acknowledge ACK frame is transmitted to complete
Transmission and reception of the command frame through
A ch.

During processing of the remote control
device 41, at step 832, when the remote control device
41 has determined tThat interference waves largely
influence A c¢h that has been assigned the flow advances
to step 533. AT step 333, the remote control device 41
checks the recepticon state of B ch. At step S34, the
CCA function of the remote control device 41 determines

whether or not interference waves largely influence B
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frame is transmitted through A ch. Since the device under control 31 has
assigned A ch as a channel that interference waves do not largely
influence, the device under control 31 can receive the request and
command 10 frame. At step 541, when the device under control 31 has
received the command frame through A ch, at step 542, the device under
control 31 determines whether the remote control device 41 has

fFhnsniitesd'a tanshfisSioR 185 eqUES Hor atknowiEdge ACICHISUGI A ch.

Singe the . remate control device 41 hasdransmited a,command.framey,
which request to transmit acknowledge ACK through B ch at step 535,

the detepmined result: at stept342-isnioc 204 this cage, at:step:b43sthe
device under control 31 assigns B ch as the transmission channel while

thiecdsiide dRdercoritfor 32d1Es dssigretiAehhsChe-frecepliof eHaRfiel.

At step 544, the device under conirol 31 transmits acknowledge ACK
?(%3(51 BCh: 25 i\ége #?ér Pe"lrﬁ%teﬁco‘h rol gg%icsé“ﬁ) cliaé]r? PéceéilvecOmmlamd

acknowledge ACKstransgission anditegeption okthe-sommand-frame is
completed. 26 In the foregoing embodiment of the present invention,
whenreverdhé remotel chrtroldevicersab Aransmittecka seguende bhat
command frames corresponding to operations performed, for example, in

SVETAIE SECGTUS! B Ferfibte Controf dEGicd pefform& té process ©ev=ce

under control 31 can receive the reguest and command
frame.

At step S41, when the device under contrcl 31
has received the command frame through A ch, at step
542, the device under control 31 determines whether the
remnocte control device 41 has transmitted a transmission
request for acknowledge ACK through A ch. 8ince the
remote control device 41 has transmitted a command
frame which reguest to transmit acknowledge ACK through
B ¢h at step 835, the determined result at step S47 is
No.

In this case, at step S43, the device under
control 31 assigns B ch as the transmission channel
while the device under control 31 has assigned A ch as
the reception channel. At step 3544, the device under
control 31 transmits acknowledge ACK through B c¢h.
Since the remote control device 41 can receive
acknowledge ACK, transmission and recepticn cof the

command frame is completed.
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of preventing the influence of interference waves against a
communication channel. In another embodiment, although both the
device under control 31 and the remote control device 41 have the
detecting 10 section that detects the influence of interference waves,
commands can be more securely transmitted than in the process of
transmitting and receivin%the detected results of the detecting sections

and assigning ¢hanfiels AcE8RIING (S THECTetBERE rédults 4 5P bresent
inyention isynot limited 10,they, foregqing embadiments put vagoys kinds of
modifications based on the technical ideas of the invention are possible.
Eerexample: theawirelgssnecemoiinicationrethodrmay be based@niather
than the 20 IEEE 802.15.4 standard. In addition, the influence of
inferfétened WalvesPRay BéBeternfinéd aéedtdir®y to’d bit ifdicrate of

reception data, Furthermore, the device under contr | may regularly
ol bt et sctec bt et tneti o e T

3 Zefo-erassPoint of dpower supphy: signal or a-petiod-Hp whick a9
interference waves occur detected from the power 27 supply. The remote

earitiol levicedrasram internabreat time €lock, feceivesadeacon signal,
and stores the zero cross_paint and timing of the period in which no

et fsreliEe vavs beeifdetatidd fréif tHE power 8PPy Wheén the’ -
gﬁ%ﬁgﬁ@nygﬁg%gc%gﬁ§f%@ﬂhg%ice 41 have the detecting

section that detects the infiuence of interference
waves, commands can be more securely transmitted than
in the process ¢f transmitting and receiving the
detected results of the detecting sections and
assigning channels according to the detected results.

The present invention is not limited to the
foregoing embodiments but variocus kinds of
modifications based on the technical ideas of the
invention are possible. For example, the wireless
communication method may be based on other than the
IEEE 80Z2.15.4 standard. In addition, the influence of
interference waves may be determined according to a bit
error rate of reception data.

Furthermore, tThe device under control may
regularly generate a beacon signal at timing of period
information, in particular, a zero cross point of a
power supply signal, or a periocd in which no

interference waves occur detected from the power
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transmit data due to the influence of interference waves, the remote
control device generates timing to transmit a command frame based on
both timing information that the remote control device has stored 10 and
the period in which no interference waves occur in the power supply.
When a predetermined period has elapsed after the remote control
device has transmitted a command frame, for example, the power supply

5B devick tindeT Eohfrolfras béen tirhet Onlthe femote 4B cthtrof ©5
deyice raceives g beacon signaland sprrects the interpalimings «pe

Hereinafter, a method of using a beacon signal in the case that
intarterence wayves largelydinfluence only a chanrelithat the remete no
control device 20 side uses will be exemplified. 1. The remote control
dévice fransmits daty 8ver? G e PE6E It WhithdfiteHefemie ®maves

occur ,detected by the remote control device. However, the device under
S dabe on ; )

((:Scl)“ir%?f?ojl)(ransmlfisn a, néﬁr%%?ytttlzﬁecremo]ig 5%%‘6&%%5‘\%%6 reaé‘”e"'i\(/iéjs égta

in-syAshronization with: the perad ip which-na.interferepge wavesaccur.
2. The remote control device transmits 28 information that denotes that
n@ interference waveseoccurandlinformation ¢lataepiesentsi timing inc

which thef%/t occur. The device under control continuously transmits data

whén 7o e?fe?é%%&%&ve@é&’&ﬁéﬁﬁ& 5itd*adcbunt Bt Béviation
Qﬂ%@fﬂé@§5HOQH%wykg@uremote centrol device has stored

and the period in which no interference waves occur in
Lhe power supply. When a predetermined periocd has
elapsed after the remote control device has transmitted
a command frame, for example, the power supply of the
device under control has been turned on, the remote
contrel device receives a beacon signal and corrects
the internal timing.

Hereinafter, a method of using a beacon
signal Iin the case that interference waves largely
influence only a channel that the remote control device
side uses will be exemplified.

1. The remote control device transmits data even
in the period in which interference waves occur
detected by the remote control device. However, the
device under control transmits data, namely the remote
control device recelves data in synchronization with
the period in which nc interference waves occur.

2. The remote control device transmits
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the device under control has received from the remote control device and
the information that the device under control has detected. 3. When
interference waves influence a channel 10 that the remote control device
uses, it checks whether or not interference waves influence another
channel. When there is a channel that interference waves do not
inflﬁence, the remote control device requests the device under control to

rAnShittats throtigh t1e 18 channdrthat interfer&Ade walss déhot
@@Hﬁ@c%n‘& Theemote control.device has _é‘éﬂ%%”sc‘if}@i HeaSULES At
elapsed period after the remote control device has transmitted a data
trapsmissionccommandi etntilcan.assigned periad has etapsed;they
foregoing 20 bidirectional communication means of the remote control
deAeErdsStoPars it &Rd Peceivé Bafe WREHF the? BBmmadieatior k119

means has failed to.communicate with. the _device under control, the.
INTO acCColil or evi]a JtOI’I ecweell Lhne 1NTIorMmatlon Caat
communication méans transmits data that does not requiré acknowledge

torthedeyice-25 Hnder controland:completes the gompagnieation-with the
device under control. In the processes 1, 2, and 3, interference 29 waves
infloémce onlythe ¢emote tontrol deviceadiden Of lcalise, intedference
waves may influence only the device under control. The remote control

device sﬁ%ﬂﬁ%gﬁsa ﬂﬁwtc‘fiaﬁ%? detecting period information of 5 the
%an“”malp%ﬁ%%sw%%%g@é@éﬁ%§ewg§%g0Hnfluence a channel

that the remote control device uses, it checks whether
or not interference waves influence ancther channel.
When there i1g a channel that interference waves do not
influence, the remote control device reguests the
device under control to Transmii data through the
channel that interference waves do not influence.

4. The remote control device has a means that
measures an elapsed period after the remote control
device has transmitted a data transmission command.
Until an assigned period has elapsed, the foregoing
bidirectional communication means of the remote contrel
device tries to transmit and receive data. When the
communication means has failed to communicate with the
device under control, the communication means transmits
data that does not require acknowledge to the device
under control and completes the communication with the
device under control.

In the processes 1, Z, and 3, interference
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necessary to receive period information of the commercial power supply
from the electronic device side. Only the remote control device can
generate proper timing. To allow the remote control device side 10 to
detect the period of the commercial power supply, a photo-electrical
converter such as a photo detector that detects for example light of a
fluoresc%nt gqm& may %e dispgsecl in thg remote cogtrgll device. 15 30
ELAMS 1A Communication a%péfaa‘{ﬁ)s Which'is cBnnéctéd “fo an
electranis device eperating with,a; cemmercial pewer supply-and which
bidirectionally wirelessly 5 communicates with another communication
apparatus,the communicationTapparatus ceomprisimg: Irecevingemeans
for receiving data; period detecting means for detecting a period of the

EEMmerdial fowdFSupply: ahd 16 traRsmitiing fifedns for tramsiitthiy’ bbth
4 fiming,signal whic 5‘%%;?5;@1556;%@?.?9%%’ qfthe commercial power,
supply detected by the perio ecting means and acknowledge. 2. The
eimBkKicalionapparatus asset fordth im A5:ataim bwhereimthe receiving
means receives remote control data with which the electronic device is
controtiedial power supply from the electronic device
side. Only the remcte contrcl device can generate
proper timing. Tco allow the remote control device side
Lo detect the period of the commercial power supply, a
photco-electrical converter such as a photo detector

that detects for example light of a fluorescent lamp

may ke disposed in the remote control device.
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3. A communication apparatus which 20 bidirectionally wirelessly
communicates with another communication apparatus connected to an
electronic device which operates with a commercial power supply, the
communication apparatus comprising: detecting means for detecting an
influence of 25 interference waves; receiving means for receiving
acknowledge from the other communication apparatus; and 31
transmitting means for transmittin nd a request such that the

receiving meags tegeives ackngwledge. for the transmitted data at, iming,
of which the influence of interference waves is low based on a 5 timing
signalwhith cepresentsia peried opthea commercial pawensupply sand a
detection signal of the detecting means. 4. The communication apparatus
&SYEtToRHER olaifi 3, Y0 WHersihdhé Pecdeiving Mearisireeeres the

t|rg%gﬁsr{qn%ltvg}@cg{%%r.egenttsgg% period of the tcommermalé%)ot\{v&[ ’sugglé/

rom the o(fher communlcaﬁgn appa?gﬁjlgdglfﬁe %8Fnrﬁ€rﬁg Iabl"l

apparatusas.setforhn An claim Sxfurthes camprising: a detecting
device which detects the timing signal which represents the period of the
commercial powessupply. means for recelving data;

period detecting means for detecting a period
of the commercial power supply:; and

transmitting means for transmitting both a
timing signal which represents the period of the
commercial power supply detected by the period
detecting means and acknowledge.
2. The communication apparatus as set forth in
claim 1,

wherein the receliving means receives remote
control data with which the electronic device 1is
controlled.
3. A communication apparatus which
pidirectionally wirelessly communicates with another
communication apparatus connected to an electronic
device which operates with a commercial power supply,
the communication apparatus comprising:

detecting means for detecting an influence of
interference waves;

receiving means for recelving acknowledge

from the other communication apparatus; and
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6. The communication apparatus as set forth in 20 claim 3, further
comprising: an input section, wherein the transmitting means transmits
remote control data with which the electronic device is remotely
controlled, the remote control data 25 corresponding to a command which
is input from the input section. 7. A communication system composed of a
first 32 communication apparatus connected to an electronic device

which op.eraj(eg‘?/ﬁﬂ?g'%ﬁﬁﬂgr% ?.J%ﬁveﬁ _%Epﬁlﬁ?aaﬁa”a%é’t%ﬁddaté and
commynication.apparafus which -bidicecfionglly,wirglessly. communicates

with the first 5 communication apparatus, W%erein the first communication
apparatube cgmprises:recevinghmeans éor reseivingtdatarfromy thef which
second communication apparatus; 10 period detecting means for

detectinya pefiel efthecomimergal Fower Eepplys ahdirdmshfiding” 2

means for transmitting.a timing_ signal which represents riod of the
CoRbTCiAl Bomr ey dSTSAEd by the peHad Hatecting riSans and 15

acknewledge fop the data.which have heef-receivednand guherelrthen
second communication apparatus comprises: detecting means for
ditecting_ag inflerence of

4. The communication apparatus as set forth in
claim 3,

wherein the receiving means receives the
timing signal which represents the period of the
commercial power supply from the other communication
apparatus.

5. The communication apparatus as set forth in
claim 3, further comprising:

a detecting device which detects the timing
signal which represents the period of the commercial
POWET SUppLy.

6. The communication apparatus as set forth in
claim 3, further comprising:

an input section,

wherein the Lransmitting means Lransmits
remote control data with which the electreonic device is
remotely controlled, the remote contrcl data
corresponding to a command which is input from the
input section.

7. A communication system composed of a first
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interference waves; 20 receiving means for receiving the timing signal
which represents the period of the commercial power supply and the
acknowledge from the first communication apparatus; and transmitting
means for transmitting data and 25 a request such that the receiving
means receives the acknowledge for the transmitted data at timing of
which the influence of interference waves is low based on the 33 timing

SiGRAIEHd 4 detettioRFEigral of the Befectifig means: & THet - oric
cammunication;system as set forth.in, claim, {. bwhereinthe first, o1
communication apparatus receives remote control data with Whlcﬁ the
eleatranie cdexice tsoremotety=canitolled-9.rHr:ecommumication system as
set forth in claim 7, 10 wherein the second communication apparatus
foFther eorprises ai inputseRlien WHicH fipuisca ‘oinimaha witiPwhiths ©
tgg zz%lm%c'[g,ocné-cr 98¥ice i% gqﬁrgg'}t%y controlled, and wherein the transmitting
Means transmits 15 renioté control data corresponding to the command

which has begm input from therinput section. 49 A commupication system
composed of a first communication apparatus connected to an electronic
comprises:

recelving means for recelving data from the
second communication apparatus;

veriod detecting means for detecting a period
of the commercial power supply; and

transmitting means for transmitting a timing
signal which represents a period of the commercial
power supply detected by the period detecting means and
acknowledge for the data which have been rasceived, and

wherein the second communication apparatus
comprises:

detecting means for detecting an influence of
interference waves;

receiving means for receiving the timing
signal which represents the period of tThe commercial
power supply and the acknowledge from the first
communication apparatus; and

transmitting means for transmitting data and
a recguest such that the receiving means receives the
acknowledge for the transmitted data at timing of which

the influence of interference waves is low based on the
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device which operates with a commercial power supply 20 and a second
communication apparatus which bidirectionally wirelessly communicates
with the first communication apparatus, wherein the first communication
apparatus comprises: 25 receiving means for receiving data from the
second communication apparatus; period detecting means for detecting a

eriod 34 of the.commercial power supply; and transmitting means for
ARG & BocoR oG A TG or eB6rcg 1 4 peloc e
gammercial power supply detected by the period 5 detecting means and
acknowledge for the data which have been received, and wherein the
8econd comnilinécationrappacatusccormprsesn detectiag niearisiforn
detecting an influence of 10 interference waves; receiving means for
ind the beacon signal and the acknowledge from the first

communication, apparatys; time informatign storing means for storing 15
(?lng to the receiv d

time information correspon ed beacon sighal; an
transmitting meansdor-bansmitting: data.and areguestsuechdhatthecnic

receiving means receives the
device is remotely controlled.
9. The communication system as set forth in
claim 7,

wherein the second communication apparatus
further comprises an input section which inputs a
command with which the electronic device is remotely
controlled, and

wherein the fransmitting means transmits
remote control data corresponding te the command which
has been input from the input section.
10. A communication system composed cf a first
communication avparatus connected to an electronic
device which cperates with a commercial power supply
and a second communication apparatus which
bidirectionally wirelessly communicates with the first
communication apparatus,

wherein the first communication apparatus
comprises:

receiving means for receiving data from the
second communication apparatus;

period detecting means for detecting a period
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acknowledge for the transmitted data at timing of which 20 the influence of
interference waves is low based on the time information which has been
stored and a detection signal of the detecting means. 11. The
communication system as set forth in claim 10, 25 wherein the first
communication apparatus receives remote control data with which the
electronic_device is, remote%/ controlled. 35 12. The communication

System-as Setforth 7 cl&im fﬁ, whtem the détond communication

apparatus foQMr?&ﬂPf@ﬁ%@%@QH@%P“%E@MM%§g5 %O@Hls?é’tgn
with which the electronic device is remotely controlled, and wherein the
tragsmitting: meanstransmitse rgmoteicantrod dataceoriespondingto the
command which has been input from the input section. 10 13. A
CoRuRicationyefem b et of athret comnidificationi&sparatus

connected to an electronic deyice whigh operates with a.commercial .o
power supply and a second communication apparatus whic

bidirectionally wdrelesstyscommunicates with the first 15 communication
apparatus, the first communication apparatus and the second
communicatiorappatatus heommupicatingwithréach-cther gwoagh ohe of

a pIuraJigy of channels whose frequencies are different,
comprises:

detecting means for detecting an influence of
interference waves;

receiving means for receiving the beacon
signal and the acknowledge from the first communication
apparatus;

time informatiocon storing means for storing
time information corresponding to the received beacon
signal; and

transmitting means for transmitiing data and
a reqguest such that the receiving means recelives the
acknowledge for the transmitted data at timing of which
the influence of interference waves is low based on the
time information which has been stored and a detection
signai of the detecting means.
i1, The communication system as set forth in
claim 10,

wherein the first communication apparatus
receives remote control data with which the electronic

device 1s remotely controiled.
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wherein the first communication apparatus 20 comprises: receiving
means for receiving data from the second communication apparatus;
detecting means for detecting an influence of interference waves; and 25
transmitting means for transmitting acknowledge for the data which have
been received, and wherein the second communication apparatus 36
comprises: transmitting means for transmitting a channel acknowledge
reest to the Mt CoLRaTion Capsaranis infoughea charri which
ng%bglelgs&gned 5 and channel assigning means for assigning a
channel which interference waves do not largely influence detected by
the detecting wieans such thatthecsetanchtranshitiingcmeaps transmits
data through the 10 channel which has been assigned by determining
whéthe? forcﬁ@%%kﬁé\ﬁlle%i@elﬁ“ééubeeﬁﬁ?Féfcb%d"{%ﬁﬁ@h"ltﬁ@uéﬁa%el

which has be r}las§ ]1} The comm unlcagon s¥stem as set forth in
leclro Syvice 18 Teno
claim 13715 wi ereln Re fifst communication apparatus Tecéives remmote

contral glata with which the electronic device is remotely controlled. 15.
The communication system as set forth in
wherein the transmitting means transmits

remote conitrol data corresponding to the command which
has been input from the input section.
13. A communication system composed of a first
communication apparatus connected to an electronic
device which operates with a commercilal power supply
and a second communication apparatus which
bidirectionally wirelessly communicates with the first
communication apparatus, the first communication
apparatus and the second communication apparatus
communicating with each other through one of a
plurality of channels whose freguencies are different,

wherein the first communication apparatus
comprises:

recelving means for receiving data from the
gecond communication apparatus;

detecting means for detecting an infiuence of
interference waves; and

transmitting means for transmitting
acknowledge for the data which have been received, and

wherein the second communication apparatus
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claim 13, 20 wherein the second communication apparatus further
comprises an input section which inputs a command with which the
electronic device is remotely controlled, and wherein the transmitting
means transmits 25 remote control data corresponding to the command
which has been input from the input section. i6. A communication system
composed of a first 37 communication apparatus connected to an
glcé’&g%i%eaévice which operates with a commercial power supply and a

second commupication tys which: pidirectionally wirglesslyenanne1

communicates with the first 5 communication apparatus, the first
earhmunicatipn apparatus and thessecond:-cammunicatien apparatus
communicating with each other through one of a plurality of channels
WHBSE freb encies afe diferert ivherdin thé first EoRmitnicatiorPned/
%%pc)faratus 10 comprises: receiving means for receiving data from the
second communication apparatus; first detecting means for detecting an

influence of interference wavesrand; 1 dransmiting meansforg a
transmitting acknowledge for the data which have been received, and
wheruire thevsecondicommimication appacratusicomrisesrgely
influence detected by the detecting means such that the
second transmitting means transmits data through the
channel which has been assigned by determining whether
or not acknowledge has been received through the
channel which has been assigned.
14, The communication system as set forth in
claim 13,

wherein the first communication apparatus
receives remote control data with which the electronic
device is remotely controlled.
15. The communication system as set forth in
claim 13,

wherein the second communication apparatus
further comprises an input section which inputs a
command with which the electronic device is remctely
controlled, and

wherein the transmitting means tTransmits
remote control data corresponding fo the command which
has been input from the input section.

i6. A communication system composed of a first
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second detecting means for detecting an 20 influence of interference
waves; transmitting means for transmitting data to the first communication
apparatus through a channel which interference waves do not largely
influence detected by the first detecting means; and 25 receiving means
for receiving the acknowledge from the second communication apparatus
through the channel which interference waves do not largely 38 influence

GBS ORIt ating heafs “ 7. THe @BnimuicalihSystem
as.yetdorthyin claim 16, wherein the firstcommunication apparatys.s

receives remote control data with which the electronic device is remotely
contrallede18nthe commuinieationnsystemn astset forth ih claim 16,

wherein the second communication apparatus 10 further comprises an
inpt sectiohRich Tnplits @l eSmmariePRith WhicH e éeétronic Yebickds
remotely, controlled, and wherein the transmitting means ransmits
remwg%e con?rollgata (%?responalhg O?he comman WHIC‘FI _aLEJhas been
inputfram the inputsection 19 T hesemmupication systesras set forth in
claim 16, wherein when the second detecting means has
communicating with each other through one of a
plurality of channels whose frequencies are different,

wherein the first communicaticn apparatus
comprises:

receiving means for receiving data from the
second communication apparatus:;

first detecting means for detecting an
influence cf interference waves; and

transmitting means for transmitting
acknowledge for the data which have been recelved, and

wherein the second communication apparatus
comprises:

second detecting means for detecting an
influence of interference waves;

transmitting means for transmitting data to
the first communication apparatus through a channel
which interference waves do not largely influence
detected by the first detecting means; and

receiving means for receiving the ackncwledge

from the second communication apparatus through the

channel which interference waves do nct largely
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detected which interference wave largely influence a 20 channel through
which the data are transmitted, the first communication apparatus
requests the second communication apparatus to communicate through
another channel which interference waves do not largely influence
detected by the second detecting means and 25 receives the
acknowledge from the second communication apparatus through the
&%g}gﬁéﬁﬁéﬁ§§ected by the second detecting means.
17. The communication system as set forth in
claim 16,

wherein the first communication apparatus
receives remote control data with which the electronic
device 1s remotely controlled.
18. The communication system as set forth in
claim 16,

wherein the second communication apparatus
further comprises an input section which inputs a
command with which the electronic device is remctely
controlled, and

wherein the transmitting means transmits
remeote control data corresponding to the command which
has been input from the input section.
19. The communication system as set forth in
ciaim 16,

wherein when the second detecting means has
detected which interference wave largely influence a
channel through which the data are transmitted, the
first communication apparatus reguests the second
communication apparatus Lo communicate Chrough another
channel which interference waves do not largely
influence detected by the second detecting means and

receives the acknowledge from the second communication

apparatus through the other channel.
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