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DESCRI PTI ON  COVMUNI CATI ON  APPARATUS AND COVMUNI CATI ON
SYSTEM Techni cal Field 5The present invention rel ates
to a conmunication apparatus and a communi cation
systemthat are applied to renote control of an

el ectronic device, for exanple, by a wreless

communi cati on system 10Background Art

When a hone el ectroni i is.renotely controlled
by a wirel ess connunig% |onf§§§?gn1using a 2.4 GHz

| SMddmtusidr@lon SeieMAFi€ And é&%@ﬁicé‘fﬁég b%ﬁ%TEM

the influence of obstructions becones sma

15t he coverage range becones | arger than by an

i nfrared conmuni cation system In addition to such a

Tdateliessl Gommti cati on system this band has been

al so assigned to mcrowave heating. Thus, there is a

probl em t Hate ynrecess arryaradi an Wwawbst ¢ herei maf t er

referred to as 20interference waves) radiated froma

GABFEIEGAS IoVe rR Rt ey fagrdnsa né@nowales hieent | sigsten that

adversely interfere with the hone wrel ess

LSRR CRT 0P SR J9nanel mErameskeovernia device,

%ggnetro generates mcrowaves of a 2,4 Giz to 2.5
cyhdhd! T Sttt TIYMLIN | FrerEOTar B § e -

25magnetron driving types, a transforner type and an

inverter type. In the transformer type, a conmercia

E%E%ﬂiound 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 also 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
performs microwave heating adversely interfere with the
home wireless communication system. In the microwave
oven, a magnetrcn generates microwaves of a 2.4 GHz to
2.5 GHz frequency 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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supply voltage of, for exanple, 50 Hz is raised by a
transfornmer and the raised voltage is applied to the
magnetron. Thus, in one period T (20 ns) of a sine
wave shown in Fig. | A of the comercial power supply
5vol tage, a non-operative region of a negative half
period Ti (10 ns) occurs as shown in Fig. 1B. For
sexapl erolitage gl fHrc s v esd Hoductraitdm by a
oscillation frequency of the magnetron is 2.45 Gz
Tanedh selcewterro magin éttiec neaiveasd periodiecald yapgelciad fioeche
times in 10an operative region (positive half
mgeriedaen || nThie. i Avepner peyped af téP aspomdr asappey
voltage is full-wave rectified, the rectified voltage
.aéfesﬁ%toewe&nbfl& svihpt Hi P USARE T Hifel RANAY &HHPPLY

val.ta e |s rai sed a transforne and then a
3 PSS e ~alt Qe R i e

per %pqqer%}a over s£¥puy q%&g e S b?ﬁf r |sed

0 an opera |on S age O magnet

Y 0 t glon T2
é?f‘f?%“% i) “oceurs A n"%*“gp%% I *Leise
Jaen-19Rehiald e JRGIRNS o and Ta?gn@t%rncles M GOV ing

do not occur, no interference with wreless
&@Hﬂi@n@@tﬂe&ﬁcow& periodically Ad&EhMigue Ofmes in
conpressing information data and transmitting the
acompreessadd nfegrinat | (o datiarde mdhe geriegdi NngIn the
non- operative region Ti or T2 taking into 25account
igfvettie of agtoet, hatt tee micc rowere oy yeneraes is full-
interference waves in synchronization with the period
WGV eq TEGTHIERGIdal Thewete Buippled i e Hexad i e b Pty a

docunent, "Japanese Patent_ Application Lai d-Qoen_ No.
SMEﬁCfﬁnﬂlﬁfy?Ce, 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 te an operation start
voltage of the magnetron, microwaves do not occur and a
non-operative region T2 {1 to 2 ms) cccurs as shown in
Fig. 1C. In these non-operative regions Tl and T2,
since microwaves do not cccur, no interference with
wireless communication occurs.

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

of a commercial power supply 1is described in patent
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In addition, patent docunent, "Japanese Patent
Appl i cation Laid-Qpen No.2002-111603" descri bes 5a
technol ogy of which when a non-operative regi on has
not been detected froma comercial power supply and
an interference wave detecting section has detected a
%pod envi ronnment in_whic S.no- %nflu nce

h

Ry o dabaRcas PARsor, daaLresti R hiranshes ©

H%&oﬁge? %Qf&equency and that when electronagnetlc
% m crowave oven had generated have been

received ag EPEQEESEG” Stéﬁ%eaocﬁﬂénﬁrGQ§%guﬁe§£ a

contr ol SI gha that Serves to secure a co ni cation

PEeRAEChLEN 1 shat Bni Ba¢hanged k8. apeshellseaugasyribak
the intéerference 15waves do not influence.

al Retheof 6g@geEnghirehh@dsenoh hbe-optabetvartegsbnceasd
frequency distribution of interference waves i s not
notnbeder ddrethedi Aikfbueaceonherni el f poeaceswepEs asd an
not sufficiently excluded. When the influence of
ipoenferterenvevaadesersinfgeserhhshi 83§ ofesedeed sa good
different fromthat to the reception side, their
SPHAKGERERS aRevRbENsLRETEI éAt Ry iaflieedce FE exanpl e,

in a_house, besides a m.crowave oven, there is
1558Fﬁ8FePﬁ?eWFE?%nth§oEFE€U§BEK a3 %PBP?%I%%33%9$PEI
on_Enbodi nents o

Di | f th
£RRausREY | RUBRERSE BBy Paee Sresﬁ%%‘f%%tw%\ae%p‘b%%t%s
B8R 6OMYD) CAL hORC AYSLE! 2k e apadl

eécurely suppressi uence an’in erference

12%5?%%r§%@8 wWhvkhe tHE'E?@&ﬁeﬁéthE énééﬁéf6f”§fgnal

that serves to secure a communication connection state
is changed to another fréquendy that the interference
waves do not influence.

In the foregoing methods of the related art,
since a frequency distribution of interfefence waves is
not considered, the influence of interference_waves is
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 ag a wireless LAN,

Disclosure of the Invention

Embodiments of the present invention
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S5transmi ssion side is different fromthat to the
reception side. According to a first
aspect of the invention, there is provided a

comuni cati on apparatus which is connected to an

el ectronic device operating wwth a 10commerci al power

sugg%% and which b|d|rectlonallﬁ$mﬁrelessl . .
t cat %%mW’ilhc Anbth A PRYRRENF T oh Iél_t%%‘} 1lon

ti t : j
TERRET BhAT CRRT VT NIt &0 Zse%"%%eidi SRR e Hor
£f§éﬁé‘§ pﬂ'ﬂ‘i’t@éf&? ”%‘&E&é? exPé’Me{ l3suppl y,
and transnitting nmeans ransmtti both a timng
[ fg%%% he Q& of I
%%%ggé%%%p P gﬁgecte %yﬁthéggg%lOJQJE%Q%F?ggnﬁ;gkg

@f‘ﬂlé’fﬁf@@%l@dﬁﬁe ACE O O - 10 ar 56 Ofh @ sReCine t here
i s 20provi ded a conmuni cati on apparatus which

bhebpetsn onbldy wirel essly communi cates wth anot her
comuni cati on apparatus connected to an electronic
devi ce whiZzdrapdiaf eso va t fiiss Tonvmrct abt pdwerisuppd yon,
t he conmuni cati on apparatus conprising: detecting
e DEfprodeded td rePrin Pl bevre eARpa T aft e fétiettel s
waves, receiving neans for receiving acknow edge from
PR FRA ?Rnﬁﬂnﬁ%%ﬁﬁ?ﬁﬁ%ﬁnﬁﬁ%&%% ORCR & +2eh St e i g

nmeans for transmtti d a _regues ,suc t hat
?W?%%i?@”%aﬁ?ﬁnﬁé ‘gjdrgfec

TR gfé"k}é@‘m?éa%e'%mow %saen l%”rt hfmﬁlﬁéiééaﬁgﬁ%”
SR SR o e gl v
RSy i dd6ndd 8 Nbr 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 sgsupply detected by the period
detecting means and acknowledge.

According to a secénd aspect, there is
provided 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 comprising: detecting means
for detecting an influence of interference waves,
receiving meang for receiving acknowledge from the

other communication apparatus, and transmitting means

for tramnsmitting data and a reguest
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si gnal which represents a period of. the comercia
power supply is received fromthe other conmmunicati on
apparatus or obtained by the detecting nmeans for
detecting a period of the commercial power supply.
10According to a third aspect, there is provided a
conmunj cati on s%sten1co osed of a, first

goriuhieat FB% & 5%%‘5%%%%%?%%&%%?%363%@%%%“%‘?@% for

i ce whi t i th i al Iy
Gl £55h D oRCkel 53 L Ol o), BT PHRRLY, o

R et it cal i dptmetislee
DL ELERELLA0a! Lty PLesal b I e 1h0P oo

COHPURLGAL QMo @pp3d ab HSe KO PG ES: { £L Mk SBARS, fHa a

recel ving data fromthe second conmunicati on

aPpaceldg, sPehd Do Hetest ddgeMRaNS hednget etld RAming
period of the commrercial power supply, and 20first _
#{ansI vhicly peghssdors ta ansm dd i el the | dbumgersighgbower
whi ch represents a period of the commercial power
supply Ueteetedvdy fihen peré ootluet ecommgniesrsomnd
acknowl edge for the data which have been received,

2P e o t pletabeemh doY orR el oG pRRRE UsoT
conprises: 25detecting neans for detecting an

IRFFEicHEE DIPFTIA R cHeR CRIVERTCHRE WY FHANSY for
oo of Aeetirte i kel Lo i ¢ roviaea
aacémovvl ed(ga%%f romthe first cor 51% cgt%frrlst?p(p&{ t.us

TAMULTL L 1011 S enl Ccompo urication
an se%on 'r%nsngst"El ng ns of transmitti ng cf%i:'ta

k2, Leguest, SUell 1131 Mot Lesebyl 0 AN, 561 Ves

or the transmtted data at

.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 compriges

-receiving means for receiving data from the second

communication apparatus, period detecting means for
detecting a period of the commercial power supply, and
first 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 received, and

-whérein the second communication apparatus comprises:

detecting means for detecting an influence of

interference waves, receiving means for receiving the



10

timng of which the influence of interference waves

is | ow based on the timng signal and a detection

signal of the detecting neans. The

first conmuni cati on apparatus nmay transmt a 1lObeacon

signal at the detected period of the comrercial power

suppl y. According to a fourth aspect of
timH@dpisdgatl WeHt TeRr SERate F@EpP@WPéédoé the .

communi cati on system conposed of _a
CQ&%%%%%aéaEFﬂﬁraEEQPéﬂu§ﬂ@oﬁﬁ@c?@&nPUlﬁﬁgél569@05@8 first

SRS BT ANTR. D SRS RO AR o

bi d I [ h o
B RSELFEIAh U LS SRR 8 LA L0 ving

me %E”%%b%%%b%”t RPE: %%1%9 ME8eS thECESLUERY cFBANSata at

receiving data fromthe second conmuni cation
tl%ﬁﬁgr%ku%hla%Fkgé Q%EQQEh&Q Leneansrreredebeghi-Rg s low
period of the commrercial power supply; and
balsednshi thieng imears sfahatllr ansinat Hekgcaibaagognaigsal the
at timng corresponding to a period of the comrercia
depeweringupeby.sdet ect ed by the period detecting neans
and acknow edge for the data which have been
15r ecei v8le dndswhecaimuntiketdevondreyatiuai vayi bnansmit a
appar at us conpri ses: detecting neans for detecting an
bepgpruehgaadt atntbef deérceclaPediofepéi FhfigCREBATCE AL
recei ving the beacon signal and the acknow edge from
POFRE FPPQ&Ybonnunlcatlon apparatus; time information
storing neans 20for storing tine information
corresponding to the
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recei ved beacon signal; and transmtting neans for
transmtting data and a request such that the
recei ving means receives the acknow edge for the-
transmtted data at timng of which the influence of
interference waves is 25l ow based on the tine
i nf oi Luakicoprdiingh thas Beurtdt espdchandfatdet pcersnt
~signal of the detecting neans. . .
ingeasieinng therg flisf PHOE3PEEt 20FOPRBILRZEAPROAY SERBY €
is provided a communication system conposed of a
COWPP§€dc8§nﬁn?ééﬁFoﬁOQBHQFSPEéDBOﬁﬁ@é?gguﬁocaﬁneCted to

| ect i ¢ devi whi ch t : I
B R TR
o B G e LELSSELY S OBOLERLES. Lhicn

biﬁ@?@%@&%ﬁ%ﬁ?RnﬁﬁE@ﬁéggiyaE@mhﬂﬁi§§Egde§9H”HHEC%EE@E

apparatus co nicating w th each ot her through one

cobfnudiBh¥fahi bypakachannehs rwhasendOkreguensnftnatation
different, wherein the first conmuni cati on apparatus

apbafpEusesompet ekvi: ngereans nhomenaeefvirngedat aihyoduta
the second conmmuni cati on apparatus; detecting neans

frbar tiet eetbnd apmunflicendenobppatrecfis; eperiwdvésteahdng
transmtting nmeans for 15transmtting acknow edge for

meghe daradehechihgve bewaodeedi the, camdewhéndi BOVWRE

second conmmuni cati on apparat us conpri ses:

SUPPANSNARE FEARERASLABS WEARSNLPE| RGPBSBRRRABE a beacon

.acknowl edge ;request to the first comuni.catio

s13P8dr 4FLE I RIGGOR S BREANES Wi BhPRALCHegr BESi gned:

S S LR A R ST
neDASCAnANaBrhblh Bdas! 982! cH! BlcheRhEEANhavE BEEROD Of
e comerclal power
received, and wherein the second communication apparatus
comprisgses: 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 information storing means
for storing time information corresponding to the
received beacon signal; and transmitting means for
transmitting data and a request sﬁch that the receiving
means receives the acknowledge for the tranémitted data
at timing of which the inflﬁence of interference waves is

low based on the time information which has been stored

and a detection signal of the detecting means.
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5supply and a detection signal detected by the
~detecting neans such that the second transmtting
nmeans transmts data through the channel which has
been assi gned by determ ni ng whet her or not

acknow edge has been received through the channe
whi ch has been assigned. [10According to a sixth

aspect oPCEREGIRFerth dn fithér 85PEChr Vi BBg anvention,

t t
th%%%ﬁﬁ%l%%?%gﬁ Ao e T A S

whi h
flgﬁ I%%mm IC g%%ﬁ%g%%%%%ﬁsagéﬁgg?Ega ?ggﬂﬁéléHEbelc

de*allg' o GG Bnek)leh%é\gﬂ rekessl xoamtggw?&a%s\%ew EBob®e ana

comuni cati on appar at us,
a GeEBMAl cakindRieRR3LAl Uppand tlBewBeeaNdi gOMELAl 6AL1 0D
appar atus communi cati ng with each other through one
wi@klasphyr abnhynetathanneks wheseikeequenaiigscateon
different, wherein the first 20comuni cati on
ap@pratatys thenidrses comecei vengoneappatatuseapdvihg
data fromthe second comruni cati on apparatus; first
sedendc congumeans ibor agpreetisgcanninfiraehoe gith each
interference waves; and transmtting nmeans for
otﬁeanghrppghgoa@kﬁéwﬁe@é@rﬁé#tyh@fdaganmﬁiﬁhWha%@ been
25recei,ved, and wherein the second co ni cation
fregyarsi6s eSﬁpFiﬂgégre%eowaeaétlgcf—bﬁg mEShs for

nce of interference ma

cofRE il doRoahBaratRer cRPRKIRER: s HECHLY Ay oheRRS  FPE

Iuence o nter erence waves IS

de%et:whggméaaeakso%aglaee%ehgssﬂt $ne108hkedoef the

conmmer power supply and a detection signa
indetectedcbywhbeshi kel dehashlingingansanandorecei vi ng
means for receiving the acknow edge from 5the first
trafBhNiALCALl aakappaedygds folr ahghdkbe ehaohehafrer bwbhch
the influence of interference waves is | ow based on a
retefivad, sagdakheliech thpr eseptis gopmunodabionhapparatus
commerci al power supply and a detection signal :
cotipiréeted hyahbaisedandmdenhectbmgtreansitting a channel

rre?%gqgﬂlCagkgnfégﬁaEﬂgug EQE&“gBmﬁuﬁEQQEE nfgég %Eﬂs,

acknowledge request to the first communication apparatus
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10According to enbodi nents of the present invention,
timng of the period of the comercial power supply
supplied to an el ectronic device on the device under
control side is transmtted, for exanple, to a renote
control ling conmmunication apparatus. In addition, the

| thipugenet eheonkiokbing termbeetatiselgapgar ahds ceheel s

the influence of interference waves and transmts
asgdoRieg ﬂﬁ@n§a§9§ GESBEIANPhE F@@@ﬁ@édfP?wWﬁgcﬁnéhﬁhe
n& tected | ﬁ% e of |nterferenc % da%a C mln
ESF%FyO AR CEG ERd "PEEE v Peg FEFEs S of g
silg¥Ra %%ﬂa%e1%9@%%%5&%nbcpggﬁbaeoftB%enﬁam&aghaa@ power
tthereof, and So forth. In addition, since the
sup@ﬂbu&m@&aoﬁemeteubaredgaa%aﬂe$ew$edhbykedefdetectlng
communi cati on channels and a conmuni cati on channel is
meé@@i@#@@ Gﬁaﬁhéhﬁa§?§oﬁﬂ-Fﬁén§Wé§ﬁé&9r@§GP€,tHéPﬁméﬁﬁ

a=§3 BRALLELY (CARILELSO And, 2aecelued LOtoNaR [)e
?S §- R Catron Channer Fart
de%@%ﬁﬁ%ﬁnbhhﬁ%ﬁﬁewhb%hn@%tﬁc&h@wﬂ%@@%”hh%egeéﬁdrécelved
channel through whi ch acknowl edge i's received are
thetolublr eéhel yhassiednethicéyvbasi beehe assfipnedce of
interferenée waves to the renote controlling device
i's dlffeﬁ€ﬁ9rﬁﬂ8ﬁlFﬁaﬁ ﬁéXFﬁea§P§€Fr8ﬁlEhﬁeﬁpgﬁntaﬁFa

th%%g %%%&%Jénéogg %é%%#ggg g%%%%egomﬁegﬁg of a

rebe ween resent
£i¢3R bemApRliadibe apba&at@sc@ahhebtémst@nhnBéu@Etronlc
Descri ption of Draw ngs Fig. 1A, Fig. 1B

deander@;chooaeeamageWchldiagmmﬁECdeécppbemgSapplY and

operative regi.on and a non- ogératlve r egi,on
2 FREPORaFeT B BACRE19R PRPEFREFENFELSHUPL 1rf6?ﬂanaélvs

Wl?@?. g%ﬁ Cg%&aﬁééggysn 971%:'116 tﬁ%r %g&‘g%e cginmanl cat ion

S on Si conmunrcati on apparatu

apgaggtdbngth@ Fhespr esemiuni BkeAbnOBpparatus and tEeg.
Is a block diagramshow ng the structure of a

secevdptioonusidetabnt hAppesalusi camppnicating with each
other through one of a plurality of channels whose |
frequencies are different, wherein the first
communication apparatug comprises: receiving means for
receiving data from the second communication apparatus;
first detecting means for detecting an influence of
interference wavesg; and transmitting means for
transmitting acknowledge for the data which have been
received, 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 for which the influence of

8a
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15apparatus according to the present invention;

Fig. 4A and Fig. 4B are schematic di agrans descri bi ng

the influences of interference sources; Fig. 5A and

Fig. 5B are schematic di agrans describing the

i nfluences of interference sources; 20Fig. 6 is a
irfde0\Vi eGhaide $BGWaNG sa 1ot ElgREC 80 antpmndagssigaadr dghhgh

to an enbodi nent of the present invention; Fig. 7 is
reprisentehar Pesiow vg &he commercigdnpgheEaciprly and a

rocess accordi t 0 ,anot her . emhodi t . of 25the
oG Gt Sretraorby” e SA0F, B RsARoSNGANRg
arfl CRUEIMRICR! bR R §C8S SR AhNEnk0aaRALREEdge from
enbodi nent ~. of the present invéntion. Best Nbges for
thearfriyistg caninuniealtiventippariiext, tivrbhghetbrenbanthel
the acconpanyi ng 5drawi ngs, an enbodi ment of the
fopr adideth ithgeATifdNORCE e 18ESELEBBACCTHREENBEIILRENL

[ [ . - I . h I I
o281 BB AL CodPon "R AEBS LEBRaROBE} -PHaP®

_th%r%%%EEE%i%Q”BB%@%O%b%%hydéha Gheeeipafibar shighgnred

to as conmands) according to 10user's operations is
dettekerde byt ahas sehendedetectdntr mkans.

According to embodiments of the present invention,
timing of the period of the commercial power supply
supplied to 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 appafatus detects the
influence of interference waves and traﬁsmits 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
is checked for communication channels and a

communication channel is assigned on the 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 is
reéeived are differently assigned, even 1f the influence

of interference waves to the remote

8b
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devi ce. A communi cation apparatus that receives
transmtted commands and an el ectroni c device that
operates according to the recei ved commands are
generally referred to as the device under control.
15Exanpl es of the el ectronic device include AV

c@ﬁzkegilﬁycaeaglng;gdaqugeghglggbﬁeEﬁaguebnghgeVIce

an au ecor reproduci ng device

clekevbshengeecekvenaandchameekeetirbtyapphhansesesuahd
as a refrigerator. The renote control device is

rdEk¥QBAbYhardBltivkbni. N NEMEH i BAPP: Yof Tiiee devésentunder

control is.driven by a comercial power supply. The
idewhesoundan bentpplibdsta derembiagesattbdnsykatm.
detects period information of the comercial power
Bxaippl Pescription of Drawings The renote contro

devi ce and the device 25under control each have a
transmitt Bigdandha Féfei WBr apfh8tow Lf pEed¥aveipen
later) such that they can wirel essl nicate with
a4 a8KBEnEFSCRIDARS @ﬁeﬁgﬁaﬁ§lMFr§Fa¥9nca Ri B8BT on

h f EEE (|
OB Re bRV ear Sant P bots BFER BiiG: HLgPcrog0D T yirehee

.Sgt%g ard-can be used. The | EEE 802.15.4 standard is a
S

ofrf “di stance wirel ess 5network standard referred to
as PAN (P§E§9n§|1§W§ablock 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
étructure of a reception side of the communication
apparatﬁs according to the present invention;

Fig. 4A and Fig. 4B are schematic diagrams
describing the influences 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
communication process according to an embodiment of the
present invention;

| Fig. 7 1s a flow chart showing a
communication process according 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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Network) or W(Wreless) PAN. In this standard, the
communi cation rate is in the range fromseveral 10
kbps to several 100 kbps. In this standard, the
conmuni cati on coverage distance is in the range from
10several 10 neters to several 100 neters. In this

i nvention, instead of the wireless system another

Hi dihce@bedalt WVErEsiPTeomuni cati on st andard may be
used. However, it is preferred to provide a function
of detecting the influence of interference waves to
15radj o, chgnnel s used for co | cati.on.

SR e iro s he SRS (O TG er
Transm ssion.data.are_s lied to QPSK adrat ure
Phase Shi L ey g B atere 1 G hodur v v

BECATYNG L0 fpe, R gt d : i
Si gnéllle of a:nhg 20QPSK nodu ai?]é)r %%%Sﬁﬁ}a@%ﬁyln

pEPRad A at 0hi2. «AbsErigaccade genarat ed Byrarcade
generator 3 is supplied to the spread nodul ator 2 and

copitead aceedien@dirdriie: RESS dd) r eclecbaguUanrce iopr ead
Spectrun) nethod. As an exenplary spread code, a
apautd Ui (SerequiEnce Hiet?25 tmethi TherdSH{dic@cirol
Spread) nethod is an SS (Spread Spectrum nethod in

Aaftiac H he reiigredlt ars Msifaserarbdud at edoaindnes hi ghcepdisty to
spread code and the spectrumof the signal is

Usgresd cperations is mpfgptprd 59 ghalthd I¢meoispreantrol
modul ator 2 is supplied to a multiplier 5 through a

dﬁﬂﬁ&epasé FPIPEFLF2TAC o ARIPAESEIT atifon "§iGaeS s
suppli.ed froma PLL 5local oscillator 6.to the .

AR e P, o b e e o e B ha

r 1.SSi I I up- verted into a

S R s e TR N B

gevRRled 4o fnan enna, 8 ity augh; an aopl i fier: 7, and

then transmtted fromthe antenna 8. 10As

conmmuni Catﬁx%%iﬂ@@ Sshel & chaneld sc Qﬁe@ié@%r@%‘!_zude AV
2.410 GHz, 2.415 GHz, ..., and 2.480 GHz at intervals

cefr iz dHz iy @ sheenviaksd gneth rdin@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
contrel has a detecting section that detects period
information of the commercial power supply.

The remote control 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 each other. As an
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enbodi nent, a plurality of channels, for exanple,
three channels, that are unlikely to overlap with
frequencies 15that are likely to be used in the
wi rel ess LAN are used fromthese 16 channel s.
Channel s are assigned in such a manner that a | ocal
oscillation frequency that is output fromthe | ocal
eoiswid Jeatvow 16 6 1 sse | aeptmah iacciorall my gteene, cifennelysical
sel ection signal SL1. 20The device under control has
& sowert m%ﬁ%rﬁwm@% i9fg Blexttinral aml
transmts a detected signal_ that represents timng of
@fﬂ?&ﬁ@ -at> poviEra &t yCan Rheaised.

ﬂgﬁ% devs;tgar%% ajrﬁe)m)t contégﬁgﬁé%elrhealsess
&%mggg%&ﬁ R A1 S0 Tl N Ihe Lol e

contro evli ce ransm tS a conman r res

N RR81 At Oy O(fw\#é%s%“?ﬁ\?“ QN 5%95 the | %\f'dcethe

under control en the device under contro

RGNt IRCaiated ithe rcammnd &éﬂeff@rvlsceevéﬁdlerlo kbps
control transmts acknowl edge ACK as a response

tei gralerdt=0 e nempate canthok devingerdyFiche 3 Shows
the structure of the receiver. A signal received from
cammeumtierad ohl desyesuyam ided ttaon@n ANA r{ Lidve Nodrse: from
Amplifier) 12. The antenna 11 is generally shared by
Sefve rant dinaieg egfs tive stavansni t1®r medmel ¢ he Inecéiiwer or
the transmtter is selected by a
ITOEPEASH-t i trackioferthve vects It Svi e AR ourtput
%nal of the LNA 12 is supplied to a multiplier 13.
bAY &@51 86 o 5 GRS G e%tafrrcéﬁﬁ% oy be

|_ac scillator 14 to_t ge nmultiplier 1

SROLT pIRPVES” gbfior At BECASAONA cOnPEPYade # Tunction
%l%%% %EQE%t%hFr%QH%,%%ke of interference waves to

radio channels used for communication.

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

A spread code generated by a code generator 3 is
supplied to the spread modulator 2 and spread according
to the DSSS (Direct Sequence Spread Spectrum) method.
As an exemplary spread code, a pseudo noise seguence is
used. The DS (Direct Spread) method is an SS (Spread

Spectrum)} method in which a signal is phase-modulated

with a high speed spread code and the spectrum of the

11
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15si gnal . The I F signal is supplied to an
i nverse spread section(spread denodul ati ng secti on)

16 through an internedi ate frequency anplifier 15.

The inverse spread section 16 denodul ates the IF

signal by 20. correlating the reception signal with a
reference spread code that has occurred on the
Flerept iien mimed.Unl ess tining of the reception signa
mat ches timng of the reference spread code, a

correct Cca¥Y G n Siginge cahrore boxadinedilagen 2 1is
starting communication, the 25reception side detects
FIFRINFRAP & Fres e SdetediBPidhihdamd Ristedtilter

timng, a.correlating device_.suych as a.matched filter
RN FIEIRIEE b T R U e OBl A e

e R A B R T A I S

enmodul a and dend accor ding

depmdul.atdon r@ﬁg&%ﬁ%@%ﬁhﬁ%&% set}%%r@i :d

from The QPSK 5 tor case 0 e device
AR ERNLe d e 4 egeptd .y i@, ara, Fomrpads t hat

are used to control an electronic device 20. In case
tofaridhe Lm0t & 1eentlr als daiCeied hes raceptiamdat ardf®ugh
acknowl edge ACK that is supplied to a conmunication

ago rEmedli fSect iTormantD (bhetn shewmnitted from thdhntenna 8.
denodul ati on signal of the inverse spread section 16
and t he odtspwomivgrialatofort hdme 1, are chuppldled dD a
CCA (O ear Channel Assessnent) section 18. The CCA
Z5d0 5HZ18 Zaetlér mlites AMfetthérHor not, and 2.480 GHz at

15i nterference power from another systemis |arge
IPESET B0rF ﬂﬁﬂ%r 3&% Ve SRR aRf tHEGuallit $lof t he
e%%%oﬂ%{@%tg ,o% Sﬁ::il%r}:%ll'itlyn oof:I hc rar\ll\r?erldss ; %c_bre e%%énpsleec ,t it nree
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 eoscillation frequency that is
output from the local oscillator 6 is selected
according to a channel selection signal SL1.

The cdevice under control has a power supply
period detecting section 8 and transmits a detected
signal that represents timing of the period of the
commercial power supply to the remcte contrel device.
The remocte contrel device has an input section, for
example, keys, switches, buttons, a touch panel, and so

forth. The remote control device transmits a command

correspending to an operation of the input section to

12
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18 determ nes whether or not interference waves

| argely influence a channel that is being used. Wen
the 20determ ned result denotes that interference
waves | argely influence the channel that is being
used, the CCA section 18 neasures interference powers
of other channels and determ nes a channel that

tihgt eldfwrencedsayesrdo ot  Waegelty el gielviescendere | EEE
802.15. 4 25standard defines functions of CCA and ED
Ry Bt ersft.L yTHee Gfeitee i el e@wiand ofthedengace
section 18 s supplied tao a channel_ selection

WSRT GO SFaremifife atarfretedst 4 o contgponse

section 19 generates a channel sel ection signal SL2
Sabed o (HE TR o0 Tebh 1= Ao channel sl ect | on

signal SLZ.contyqls the .5l ocal oscill r. 14 to
sel ect a c%hlgﬁne A ietn eer?%?%%%%r%c\%egchq% ot tVeE

A angely if@‘ééﬁ%‘%ﬁiﬁrﬁf LA SEGLLOM 118 }‘su&e;%;kgleﬂ%ﬂ&? an

under control reg y detects the in

vt effcRr enGiesNaves. i i addi 3 | o SiRg@ e jremmt e
control device operates with 10the built-in power

geuRplay, 1y fsHhe CBA send i 01t 484 egub Brie opetmdest t he
power consunption of the built-in power supply

aeC aes dearegere rThuts , thvhelr anewesisiae vy, 1 § are exagpd ey a
when the renote control device transmts a command to
Ctriee: sgket tey” gl weontareoll s ot hen et @h codty slutBdevi ce
operates the CCA section 18. Each of the
stia@smalt dheand'?t R rieteiwrl Hed &C corftibrinkety ohs. A
(m crocomputer) (not shown) for controlling the

h
At er- 261 Y he Y8Eeh vier TPRErFdrfdhe? PLL local

JSIATHTES A 9o GeeRtian oppLat o Ihe channelier 13
generates a down-convertec¢ IF (Intermediate Freguency)
signal.

The IF signal is supplied to an inverse
spread- section (spread demodulating section) 16'through
an intermediate frequency amplifier 15. The inverse
spread section 16 demodulates the IF signal by
correlating the reception signal with a reference
spread cocde 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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20sel ection control section 19 can be acconplished as
a function of the control section. Wth
reference to Fig. 4A, Fig. 4B, Fig. 5A and Fig. 5B
the influences of interference sources such as a

m crowave oven and a wreless network to
25frequencies will be described. Fig. 4A shows the
case t hat Aotemoaludentiice wmidpratorf ridle 3newksa sErdd
control device 41 exist in an influence range R of
sefttdrdreridnde wanpes igid orfe 4 MRSH edemraukboiprel { fand

exanpl e, a m crowave oven) 21. In this case, both the
AT ARG OG0 3P ahit (95T SOIEIEort 1ot RS

41 are equally influenced b he interference source
R;‘?ffptlonq data cargihe Oﬁ@ﬁ%@é iielf%“c e Y7t only the
evi nder. control _31 exists in_t.he influence range
4%W%d§¥é$3%¢%ﬁfe§8n885§08?cé351(%ﬁﬁi%%gﬁdﬁﬁaq%ﬁ%ﬁo ’
GNILI AR O, | A Dl dDed L | 1800 L R

In this 10case, only the Vi ce under contro lis

dodAENGRA e dchie i (e8I eNnCey SourCe sk Mehd henote

devi ce under control 31 has a detecting section that
dettaedis dhia danf lhenee fpdinterd ef £nces Waviesowld@ge ACK
devi ce under control 31 assigns a channel that
thatterifeeremed iway e do dbmotni @igeby ¢od tencee @ndod he
renote control device 41 transmts a command to the
(deti chammder control 31 through the assigned channel .
The influence of interference waves to data that are
recei ved 89 SeFErduladiiathatignes dath it imyerse spread
transmtted. Thus, when a 20 command is transmtted

FHTowh thénss Shgn st tehtnriet 9P heP et ebifhdes are
cont.r.ol g%}ca ecej.ve tQ@hco gg. In addition, the
RIS © ot Fol- BoviF a1 o oh e 2 Slionl etfss Hek
1{&{}“ Tkgecﬁﬁv's%‘ét%ﬂe'i 80%%%'%1%]@5“% s tted o,
rough the assigned channel.
interference power from ancther system is large based
on the received power and the quality of the
demodulation signal. In cther 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 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 (Energy
Detection).

The determined result of the CCA section 18

14
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25Fi g. 5A shows the case that only the renote contro
device 41 exists in the influence range R of the
interference source 21 and that the device under
control 31 is outside the influence range R In this
case, only the renote control device 41 is influenced
by the interference source 21. In this case, although
isheuvgpvtiiee toder cd@mrredl =81 ean areceinterc conrench drid
5the renote control device 41 can transmt a conmand
Thkr 6hghng lckgrmslt tomatcarie de e iandelr® asngmitss] a
has assigned, the renote control device 41 is unable
cPErredeSie CECRIEW B E AGk 4 Ratsaheddih e daifydiined
control 31 has transmtted. 10Further, Fig. 5B shows
BB L as o BRaL FRB O nEBIPer il SSalALe S LR T3S Lhe
exist, thei.r.influence ranges are Rl an
ngggeEFF&gﬂchFhéﬁﬁgvﬁégﬁﬁ%géflé%HFFﬁﬁ'%fﬁéiists in

: ienf | c . ro evi-ge
lgutla%rf_%reﬂ%_% %ah%%gn cf%ota'l%fad;]églé} %gg‘zﬁl&ég rndeyhg

exists in the i uence r n this case,

skhe idevige cundele cRRirQl Bhand.dhe-Jenmig, Gonty ol

device 41 are influenced by the different

defterkererce nFQuesrs JdM s tasthcd ikerddhe gase
shown in Fig. SA although the renote control device

adlicapnt r adsudet tahecaravaritk anchiihel dimwiices wigerates with
20control 31 can receive a conmand, the renote
teenbraoll tdevi pewklr isimmabl e ft d-ire dEiA es cactkinowl Edge

ACK. Thus, in the cases shown in Fig. 5A and Fig. 5B,
r&gpleBlemePedEre -hatherawve f qdves Wek gt undeyhe built-

control 31 assigns a channel that interference waves
1HoPRYETI SFERYY PRGFISencE IComtiNSe atiieh PEREEary,

roper | erforned., - ,
f%r %xam%l%, ﬁ%en_%he remote control device Transmits a

command to the device under contreol, the remote control
device cperates the CCA section 18.

Each of the transmitter and the réceiver has
é control section (microcbmputer} (not shown) for
controlling the transmitter or the receiver to perform
the transmission or reception operation. The channel
selection control sectieon 12 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 rangs R of
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Wth reference to Fig. 6, an enbodinment will be
descri bed. The device under control 31 detects

timng of the period of the commercial power supply,
for exanple, a zero cross point of a sine wave of the
power supply. Wien a 50 Hz commerci al power supply is
used, the device under control 31 detects the zero

DO oidd wivgerdOdrtd oft dbramendhesslet@ect i o

process is constantly performed. The period of the
getrgriteed z enicorwess: porart) (Xl r efler téd st eaae,t beth the
period information. When the device under contro
dspeircst emndar gyarcinroni Fatdaroh Wi hrenet & ororer ot lal desoives
supply, the 10period information corresponds to the
Oc @G et Iper i gt lofengrenieridr el Wgselerence source
I.n an enbodi nent, both the device under control 31

d the renote control device 41 have the function
(CCA) of tect the influence of 15interference
waves. IndESJI%‘ rdeé;g‘i}bo‘”&sontt eol_cadse?/i@éaﬁfnrﬁp%rfi}b% Vot
' f e vVes. - ! [ ti ere the r t
A ST tau o AT 2 5t ot GalF | S neee e d TPt o OF the
iAncton ofe Chrferdodd? di5a ﬁ%l%ﬁée Wi e o1
I nterference waves do not occur. en the renote
ROe rol devd oes Afe st tisndTaed8 tdMge &R, In this
predet erm ned command, at step 31, a transni ssion
daagyesin fore Hhelgperde dirdd:ordmi t o6 | 51 t1ansid tiat-40 by
the device under control 31. The device under contro
Bk whitchrfaereceoed:d HE § r @item $$iconlevequesinder
transmts the period 25information (at step 311).
omntgicelp BR hasthe rdana e guntsott devi de 4 deis chs Hase

received the period information determ nes
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
acknowledge ACK that the device under control 31 has
transmitted through the aésigned channel.

Fig. 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
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whet her period t2 of interference waves matches an
integer nmultiple (for exanple, twice) of period tl of
the zero cross point of the comercial power supply.
When their differences are in a predeterm ned

tol erance 5range, the renote control device 41

determ nes that they match. When t he
saterdn ned resildsale stigp S2r denotesrd % heyr yratichy
the renote control device 41 requests the device
cHer ©onf rile Iendr d ransti &1 agkaowd edge; ACGKh £0aénced
period t2 (at step S3). At step S4, a command frane
by thansmd:rtiaderifd evot2cdha’l el dpsadisatcasteep 85 hduh
remai ning conmand frane is transmtted. Wen the

deyi devipriamdontaoit 311 hak canreetdive ecedemtanfieand
command frame fromthe renote 15control device 41,

e TRV Ndaolsirtiore 341 t Fanshi 28sakk nowk eBmenACK
to the renote control device 41. In other words, _at
SR B2 qfr?éﬂt?ekufc,l@fun%? CORtFDI URGSE raPRPFeS 31 has

knowl edge ACK t trof. d 4
Pepdiie (04 et it ¥ T e S0t r ki 11 ot 2 LSt 63

l%l-c :J%:‘)C% 4ransm S act Vﬁé\gb%éﬁ%%g%f” ntrOl

jprgg§ %gﬂtg@yl ce 41 in response to the cormand
frame transmtted at step S5 after t2 has el apsed.

After the mamla cantd ol sgleyhees 4dnbasa 251 ecst vedo
acknow edge ACK, ‘the Tenote control device 41

oot B esnddesduansdI BB O 22 exist, their influence
ranges are RI and R2, respectively, the device under
control 31 exists in the influence range R1l, and the
remote control device 41 exists in the influence range
RZ. 1In this case, the device under control 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 can transmit a command and the device under

control 31 can receive a command, the remote contrel
device 41 is unable to receive 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 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
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The nunber of command franes that the renpte contro
device 41 transmts is not limted to 2. Instead, the
nunber of comrand frames that the renote contro
device 41 transmits may be 1 or 3 or nore. \Wenever
the renote control device 41 transmts a 5sequence of
command franes correspondi ng to operations perforned,
tfloingxafpkee prriederd| thecordsendielf gregai mgprly,
process of preventing the influence of interference
Travegamelper foErEd. CWRER Pleandetdr @ meder @aylet o4t the
step S2 denotes 10that the period of _interference
P\%@és supPpgt afhentagel Hal FPW@IGF—aH POVRE FBRBLE 1°5

trol device 41 conpletes th es hout
CEPHnsATEL ﬁ@’l&ecblﬁlr‘flﬁﬁchPMn?l ST Horo

R AP . e

war ns the user enot e

pf%%rs%' V}\% t%ahtggs e@lflo%ﬁtcp trABs hedcegmap

en t ere contr deV|ce has

dteceetcrt@asqbt:oac%@@a%ﬂnrta% A Pt GantdiRl period
device 41 may retransmt the command frane instead of

iegaphating .t hRhéhansgi asi,on0linthe comtend bpamBtes in
20l nstead, the renote control device 41 and the

sgevincendnder ceontitdl t3ik maymeonmali gatwe Wistubrdach the
other only in the period of which interference waves
pericot iofoumatn orhedrasispaofdshott e adetettaade espitod
of the device under control for the period in which
of5ilpferfference Waves -do not occur at timing in
synchroni zation with the commercial power supply and

the det ect&d 2FeSPROGMY e Rtidt etl"t‘-’orﬂervollcedé%ﬂd@etfor

control 31 and the remote control device 41 have the
function {CCA) c©f detecting the influence of
interference waves. In the remote control device 41,
period t2 of interference waves at the position where
the remote control device 41 is provided is measured by
the function of CCA. Period t2 is a periocd at which
interference waves do not occur. When the remote
control device 41 starts transmitting a predetermined
command, at step 51, a transmission request for the
period information is transmitted te the device under
control 31. The device under control 31 which has
received the transmission reguest transmits the period
information {at step S11).

At step S2, the remote control device 41

which has received the period information determines
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the period in which the influence of interference
waves is not large. In the foregoing enbodi nent,
since conmuni cation is performed using not only
peri od 5information of the commercial power supply
detected by the device under control side, but
i nformati on about the influence of interference waves
wihettéetre hehy ciche r erfotieteartaredn e wi 0es s tie- drenmtan
control device and the device under control can
iprtewen! ywddrmals cldtce wiamplGeadiviotdieref Twusiod hel of
remote control device can securely renote-control the
thevized curd@s scaetind! ofl Fhet Mommgsreist L Siawsr t9Pply -
renote control device is isolated fromthe commercia
h§&6pﬁﬁfﬁﬁﬁ?q99ﬁ G S formRi Uit igirimed tolerance

conmer ¢i. al ower suppl cannot be 15detected. |

O R R N ek oo rbhrss dehatan

t%g%gggtkﬂ;erference waves of the wireless system the
evi ce under control can nore easily and securely

detect i nggrd ert%{éc%fe%%n%fd t%&%%e%p  Lenates

supply than those of the wreless

@ tepedl MRPlch t aHIRVR & he detd abiddide dhe-dammie;
control "device and the device under control transm:t

tard JeRGRieV &G0 mNnd cAnd 1acknaw adgel t raspeastliaely ,ACK
in aregion that interference waves do not influence
atthey rhave t25dettersmared.3)l.n  addisttiepn S4at at entremot & rame
control device

is transmitted. After t2 has elapsed, at step $5, the
remaining command frame is transmitted.

When the device under contrel 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 812, the device under
contrel 31 tramsmits acknowledge ACK to the remote
contreol device 41 in response to the command frame
transmitted at step S4 after tZ has elapsed. At step
513, the device under contrel 31 transmits acknowledge
ACK to the remote control device 41 in response to the
command frame transmitted at step 35 after t2 has
elapsed. After the remote control device 41 has
received acknowledge ACK, the remcte control device 41

completes the transmission.

The number of command frames that the remote
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side, detection of interference waves causes
consunption of the power supply. However, renote
control data are transmitted and received in a short
period and so are interference waves (8 ns or |ess
for exanple froman mcrowave oven). Thus, the power
consunption in the case of an enbodi nent is not
chatgerl Bekanect Bat tirartshe teasies trhat lsimicedeteec.i on of
i nterference waves is not perfornmed, a command is
Ihgitked  t ¢ hise niympegmiottt edmadad éogimesd tded itthg gremote
retransmitted and re-received. Next, with reference.
CPtEPg. dPVigRottRe  TROSHBGE WAt f 1t K pr e¥emore.
i nvention_in which a comruni cation channel
WPEPEGENETF EREC SN o EiCen &8 Weife & d - GfdtsTHdrg & y
influence% IS assigqu w1l bhe descrﬁbed%;Fu%B 7t'
SERBRECE CRamfBl RSt ghmsTt GrocedO s the ¢ éfstgt+ons
| devi ce, .of t evice. l5under, contro
p%g%%%ﬁF96I¥8% Fgggggggfl% aég%%éltﬁ%ﬁéﬁéﬁkw %ﬁence

fvy%%%i@llg ggfbcle%rsg%l y 'f&fv!etelecg_% Gopstantl Yo e ale

interval's of a predeterm ned period. Thus, a command

inschéeeivied LRRQWIN 4 hedeiealed good channel. At
step S21, the renpote control device 20transmts an

acknow edgachegtes defrermAredt (edanneldt tocddesHedeees
under control. At step S22, the renote control device
tdetetimenes ribelt kdr iorendieriendrasvaecei e hac kmowl redges r
ACK fromthe device under contro
multiple of tl1, 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 contrel device 41 has failed to fransmit a
command frame. When the remote control device 41 has
failed to transmit a command frame, the remote control
device 41 may retransmit the command frame instead of
completing 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
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through A ch. For the determ nation process, a
25predeterm ned period is assigned. When
the renote control device has received acknow edge
ACK in the predeterm ned period, the renote contro
device determ nes that A oh is a channel that can be
currently used. At step S23, A ch is assigned, and at
tHeepeS34d adncomimnd dfheanm i Sudr@nsod titrack dfwoiighe Araves
ch. At step 522, when the renote control device has
isdetodr miaxee: .t hat it has not received acknow edge ACK
fromthe device under control in the predeterm ned
period, atlrsttéy $25eadtiara ergredigwtiyolsided ce
transm ts an acknow edge request for another channe
BrERCEraHel st PrHedmRd e rtidiotcoitblPe o st ep

S26, the rennte control device detern nes whet her or

RGO TR HAS P&&%&%ﬂ%é&om FHREM A e AE by
SRR RO B O 4 U RIS AC
t%“ekr}I QW 16498 A 1%tte'}efdeQ{ et %d@e{kﬁdcie]%pce{]éo‘?%y the.

e control "device erm nes I S "a

el Il 1C 4R D& L Urﬂk%“ﬁéﬂné@@%oﬂréﬂ &R vile HPN

is assigned, and at step 528, a comand frame is

tiear@ildee i O U@ tB- Lh.c M StQRe = %ﬁcdﬁﬁﬁ{hi&b@te with

renote control device has determn that it has not
deeteioredr20atknew edge Al tien done rpr edetveical rech

period, at step S29, a term nation process is
geenfrerle denbie tcemtinal i Ore process usder proctessl of In
repeating the channel assignnent process, a process
cafagaMeingg st Isé nesert tehatendie? eCORE TRl gisdice is
communi cati on channel, or ‘
isoclated from the commercial power supply, the period
information of the commercial power supply canncot be
detected. In contrast, although 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 these 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 tThey 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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25the like. Wen there are three or nore channels
that the renote control device can select and the
determined result at step S26 denotes that the renote
control device has not received acknow edge ACK, the
renote control device perforns the sane process for
anot her channel. \Wenever the renote control device
chas rbranankt bed arseguencedofzneomeanrd vigdanes a2 short
correspondi ng 5to operations performed, for exanple,
remisevendl sseeordsntehderemutee weortsr dI8 devicge less for
perforns the process of preventing the influence of
expnpr e fantie anavesragavesoverdommiihireat tba ehdanel .

The foregoi ng nmethod of assigning a 10conmmuni cat.i on
CORGNABT1PE aBcHRpl F8FEd Oifn SC0 FFIRALTEHS Wit Rthdarger
foregoi ng nmet hod of preventing the Influence of

e i

tPAfePerehte Tiay €56 D EEE - 4He For egoi ng
.enbo%inent. | n_ot her. wor.ds, tercﬁ conmuni_cat i.on
IEREANEF OIS CadEV §Red Sallor &eﬁgff%fglet e % o égsig *°

thod, 1 r [ 11t cardi to
R oR 2ot SR Srea0Bns” St msh oS i
£$hQWR1 R i 9nd5Aar g 38, When the remote control
device has detected that interference waves do not
| argel y i Rkkuengeta partir-ear tehannel 7.t hewdadce

under 20control 31 may not have detected so. In this
cadseirkhe bar epel pgcchkannenvassiigmrent wetdiod i s
insufficient.
communication channel (freguency) 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 the device
under contreol is 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 3521, the remote control device
transmits an acknowledge reguest for A ch (channel) to
the device under contrel. At step S22, the remote
contrcl device determines whether or not it has
received acknowledge ACK from the device under control
through A ch. For the determination process, a
predetermined period is assigned.

When the remote control device has received

acknowledge ACK in the predetermined period, the remote

22



10

15

20

25

Wth reference to Fig. 8, another enbodi nent of the
present invention where such an insufficient channe
assi gnment net hod has been Inproved will be 25
described. First, transmi ssion starts using A ch. A
ch is assigned according to the assignnent nethod of
the foregoi ng enbodi nent. Wien the renote contro
cdevircé 4ddvitar teteraiseist tivag & comend tohare Ideviade
under control, at step S31, the renote control device
cat bhecksrehé lyecepdi-onAst atepof2A, ch thatsi gssigned,
currently used. In other words, at step S32, the CCA
apdneti 6/ef S8tihe ar evprendofiadie deévitdarsmidarsr mesgh
whet her or not interference waves |largely_influence A
RcRb-wheh thePdefér nthed FRsuFem@éRoredtiRat device has

f . d I fl ,
dg?%%%%?g%” E S btind o Bt .?q%a%ém”aﬁ%%% e “Haf
£24k cwhen th ed%‘“d%g under. gont rochhes e [1§GL y
rece ived “the fame T hrou Ek

pkBeooviee sunderseontchgl Sh el RIdHdes V&wlf&@ or ot

has received a transm ssion request for

t@ahaawk@dg% ACSKdSI1RG A GRquidlan tdie Heieldd nefhinnel, B
15resul't denotes that the device under control 31 has
chegehuad et he tr ansnidssiier neglestsorairst.ep S44, an
acknowl edge ACK frame is transmtted to conplete
transm ssifan sargh 1S@dgpttihen refmdtre @ormarid davane

t hrough A ch. 20During processing of the renote
detrrmohegewhed e, cat notted tS3@ms whate itvrel rasnotaw ledge
control device 41 has determ ned that interference
A&y ESCmatdel PeviaficusRece TA Sl itiat e e é—"é‘silghédle
the fl ow advances to step 533. At step 533, the
PF@HSF§I%H€FOIPe&éﬂ%e %GQSEH&@H‘PEQ Fé’@éﬁf’nloﬁlegtl&?e

f_th
PBSnEPSFIaan 66 D ASCa TGS Wheuifer s TLAed o ©

pe@igrf CLENCE NANGS (Jo?l 9%|ly deQI éée%eeté?’rmlnes that B ch

is a channel that can be currently used. AL step 827,
B ch is assigned, and at step 3528, a command frame is

transmitted through B ch. At step 526, when the remote

~control device has determined that it has not received

acknowledge ACK in the predetermined period, at step
S$2%, a termination process is 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 can select and the determined

result at step 526 denotes that the remote control
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ch. When the determned result at step 334 denotes
that interference waves do not largely influence B
ch, at step 535, the renote control device 41
transmts a request for acknow edge ACK using B ch to
t he device 5Sunder control 31 through A ch. At step
536, a command franme is transmtted through A ch.
Ginicee thes devi Ceeddtesd CoMt ol 1 SdgbascrsStH8edeAoth
as a channel that interference waves do not largely
corit tehodevide mevicansndes santrptoddseafioregrbyier
the request and conmmand 10frane. At step
FEnnsvhen Whiseegevi céreundeo tcomargir@ll dvasi gedeved
the command frame through A ch, at step S42, the
et TR LirRiera CHfTiIC8 10t et @i né st iet hefor hespending
control device 41 has transmtted a transm ssion

B RRUR T ROy et QECERFBLGh AN cheVSTAte the

rempte control device 41 S transnit%fd a co nd

FFAME Whi i refiiest T 1T ansAFY LG kKRoW RHR AeR Process

t he-d ] d |t at
P Sy e LT ] o2
Sevice undercanteol: 31 asshgos. B ch as the

tTansm ssi on channel while the device under contro

31 has assigneth A &bk 3§ zﬁé‘@qéc@C@?té§§i§H§ﬁ@eé- At
step S44, the device under control 31 fransnits

amnowl edgerA@hdtioughs B €BompbSinee thecsePPhetions
control device 41 can receive acknow edge ACK,
wirtdnsrhes s arearichg ecsptodno Hf ptaeecoimandhé r an€liusnce
conpl et ed. In the foregoing
ot erei regfca e presantthavenne opasehehevee fheegoing
renmote control device has transmtted a sequence of
Frangd ©edspeidicng aldTper SIEREsL et ioed,

for exanple, in seyeral ,
channe Ig% a851gneg accerding to the foregoing method,

a command frame is transmitted according to the method
cf the foregoing embcdiment. Howevér, 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
control 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 preseﬁt 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 the assignment method of

the foregecing embodiment. When the remote control
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5seconds, the renote control device perforns the
process of preventing the influence of interference
waves agai nst a comuni cati on channel. In another
enbodi nent, al though both the device under control 31
and the renote control device 41 have the detecting
10section that detects the influence of interference
dsanies, 4commamnds camnyeningriend ecureineaitd ansmid etk ien
in the process of transmtting and receiving the
wheiteet tod tresul B ofterheé det edtd memeEst | omst and device
assi gni ng channel s according to the detected results.
s Thegiresbnt reme@iticoon Satotod iigedhar te currently
foregoi ng enbodi ments but various kinds

ds of ,
Usdi-f i ¢8t PBR’Y bHSEHSon2thé teECc Fiiteal-icd&4é Siinchéon of
invention are possiple. For. e le, the wireless
o BoR RO e i e R e S8 ot
201 E 02.15.4 standard. In itio he infl uence
N 3 S CHeEL Ll W S i

é%ﬁ% jﬁk%p%e%?ﬁg ?%ﬂ&%égﬁﬂ dal@& rference wayes do

ernore, evi ce under control nmy regu arIy

r@gnerale 13 heaeerignalcat 44 Mg, ofzperd atbmmand
25information, in particular, a zero cross point of a

mewey Ssupplyssisgrald. or a period in which no
i nterference waves occur detected fromthe power

At step 541, when the device under control 31
has correctly received the command frame through A ch,
at step 542, the device under contrcl 31 determines
whether or not it has received a transmission request
for acknowledge ACK using A ch. 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 c¢f the remote control
device 41, at step 532, when the remote control device
41 has determined that interference waves largely
influence A ch that has been assigned the flow advances
to step 833. At step 533, the remote contrcl device 41
checks the reception state of B ch. At step 834, the
CCA function of the remote control device 41 determines

whether or not interference waves largely influence B

25



10

15

20

25

supply. The renote control device has an interna

real tinme clock, receives a beacon signal, and stores

the zero cross point and timng of the period in

whi ch no interference waves occur detected fromthe

power 5supply. Wien the renote control device has

failed to transmt data due to the influence of

chnt ewfet erice aavesnihbe resole aonsteb HaYi éenctes

generates timng to transnmt a command frame based on

tbathintﬂtﬁgrbnbeimaWE@ndbh@wttH@I@Eﬂnteﬂddmmmme B ch,

devi ce has stored 10and the period in which no

aitneé&ebefFéhce thgy sToteu conk e dsowere ddpplnpnswigns &
predet erm ned period has el apsed after the renpte

r@&ﬁ?ﬁélf&évﬁ€§nﬁﬂée@€§n§%¥%ﬂ%ﬁ%%ﬁ Cofan® fhgmsleviige

anpl e, supply of the_ device der contro
SR DGR Y ehrobRE Porgtc %ﬁcsﬁts?oﬁggev?caommand
recelves a beac n the

| d
TFERE 5° c2aREATONR HRSa B 0T SCkE kRS L' BEDR e
ERSOR.SLaRAl i Lhe Case Lhaty Ll &1 o €16 UBVES ..
Ue

argely nce only a~“channel t fat “t fie t enot

ﬁ@@%@&eg@w wavedsicde nuses Middi pe exerpldd i e&he dﬂemce

The renpte control device transnits data even in the
uB@Eirodohfrli Gh icaherkereRee MY e REEY el eehethry

the renote control device. However, the device under
feamer.ol transmts data, nanmely the renote 25contro

devi ce receives data in synchronization with the

peri od i nAwhistkepnédilnt etfeer éice dsavies: ouelar, cahtrThe 31
renote control device transmts :
has received the command frame through A ch, at step
547, the device under control 31 determines whether the
remote control device 41 has transmitted a transmission
request for acknowledge ACK through A ch. Since the
remote control device 41 has transmitted a command
frame which request to transmit acknowledge ACK through
B ch at step 535, the determined result at step 542 is
No.

In this case, at step 543, the device under
control 31 assigns B c¢h as the transmission channel
while the device under control 21 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.
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infornmation that denotes that no interference waves
occur and information that represents timng in which
t hey occur. The device under control continuously
transmts data when no interference waves occur
taking 5into account of deviation between the
informati on that the device under control has
recei ved frrpmHdesd-entio £ EHE: Bavi cor apk thessent
information that the device under control has
ideteargtiedh, whenfhen itHerfatene ecavayvesl | ddd uenae a
channel 10that the renpte control device uses, it
otsecits. tvitest lrersegruarate a1t erdmenent ef waves cof tereneeding
anot her channel. When there is a channel that
ot atdige W dedotfdnfetmmnees, the senptal
control device requests the device under control to
S5 ¢ Tt F TGP 11 5aaheR | Pe et rhnt g ererress
ves do not influence. 4. The renote control device
% Fie

PLEYEHND PENSHEE SarP el dpse Peticrl wHYeE t he
r er}rLDtSeG caonctorn%llund.eva{tc.eo hasq tI{ ansmni t ed a . dat a
FFdnshi S5ionT command. Ut 13 AN as ngr?&?%@lll od has

| he f . Ohi.di . Ccat]
em=_~ ans %gel’n t{ 'h :alrtg{m% 5e c%gD r%%r gﬂ 1'?léd cra%&‘%:ieg{ ﬁ%%%gf]gy(%y} %‘ﬁ%im

B HHRC el [dat@n en dhe GONmIng At i on. Neans-has

failed to ponnynlcate W th the_device under controf,
e 1IGAMMAHN C afd t- R AN tiIrai IS A Se 08t & 4 fat £ Haes-Hot

requi re acknow edge to the device 25under control and
waorgH etesmtdredc armunicc atdren sddird he thewh el tinslerthan
control. In the processes 1, 2, and 3, interference
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 not limited to the
foregoing embodiments but warious 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

. error rate of reception 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 occcur detected from the power
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waves influence only the renote control device side.
O cause, interference waves may influence only the
devi ce under control. The renote control device side
may have a function of detecting period informtion
of 5the commrercial power supply. In this case, it is
not necessary to receive period information of the
SCEMTET.Ci Bhe poyect SUpPhy rblogethecehest kaniardevkcereal
side. Only the renpte control device can generate
tpmeped ocikm mgeceloeal leowdalrerr enmina Igortrrdd|stded=cehe
side 10to detect the period of the commercial power
zegpployess plhons- anectiidaly convere eremsugeh igs vl ighotny
detector that detects for exanple |ight of a
ifrgsiescane W&ﬁﬁswé’;‘ﬁoé’éf di%}ﬁfst@ﬂ i athé hee e T

contr ol deV|ce . A communi cati_on

S&Bﬁ&ﬁ’at V4hGRi The| §eﬁ8ﬁﬁe€f}€&rf°é Qﬁ‘%?@c?ﬁ&nﬁélég@u ce
perating E’ C|al ower suppl whi ch
e3RE Rl Paha o IS [y RS e at oY S T it her

WGQEIuUnL gLl 'r%ﬂlo%%p%ro%tt‘i%l & commnl gation ﬁ%%{gatt%s

conpri sing’ receiving means for receiving

tRPehisAd At @ChinAG JTEARSd ¥ L&) &G1 i1 tpﬁ{mcgj of the
commerci al power supply; and 10transmtting nmeans for

ibFaRaRidibhnghBet R tdldi® Saitado WHGh JeHBseil$red
the period of the

and the period in which no interference waves occur in
the power supply. When a predeﬁermined period 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
control device receives a beacon signal and corrects
the Internal timing.

Hereinafter, a method of using a beacon
signal in 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 receives data in synchronization with

the period in which no interference waves occur.

2. The remocte contrel device transmits
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commerci al power supply detected by the period
detecti ng neans and acknow edge. 2. The

comuni cation apparatus as set forth in 15claim1,
wherein the receiving neans receives renote contro
data with which the electronic device is controlled.
3. A communi cati on apparatus which 20bidirectionally
inifeemessby communietattes whidt amotimere rd@maiticc atdawars
apparatus connected to an -el ectroni c device which
osparaees wnthrasscdmrerdical yrpweseipploimirte in which
communi cati on apparatus conpri sing:

thétre OCICHE - meBAS %Vle@t BefpAgcaRtrAl| gencangpusly
25|nterference waves recei ving means for

tredeMitig dﬁ&l@nfﬁ’ﬂe@dé’é’ OGR TIRE Bte M S mAT At |Wlng
t t t f

PR irig Chafs VAR 8 @qﬁf&s%errﬁ&i{? Ll g mans, T

CHECRLYIRG Teans resalves acknouladge fiod A cenoce

transmtte at timng o he I nflTuence o

doRkelhereRG e MaYes dr oW NaRad on t"%latﬂ 'FH%Q lgnal

mhlch represents a period of the comrercial power

SRR Y“oandoa detectdi@rtgnal of the detecting neans.
4. The communi cation apparatus as set forth in claim

33, 10wher @ihent he teedeindmg: nRanss recainesd he didamg
signal which represents the period of the comercia
thewe It heu peing tler amrtthee lotdweri conmeas catt arhappandiaisher
or not interference waves influence another channel.
When there is a channel fthat interference waves do not
influence, the remote control device reguests the
device under control to transmit 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 traﬁsmitted a data transmission command.
Until an assigned period has elapsed, the foregoing
bidirectional communication means of the remote control
device tries to transmit and receive data. When the
communication meané has failed to¢ communicate with the
device under control, the communication means transmits
data that does not require acknowledge to the device
under ccntreol and completes the communication with the

device under control.

In the processes 1, 2, and 3, interference
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5. The communi cati on apparatus as set forth in

15cl aim 3, further conpri sing: a
detecting device which detects the timng signha

whi ch represents the period of the conmercial power
supply. 6. The communi cation apparatus as set forth
in 20claim 3, further conprising: an input section,
walreseiinfihenteansaiivt thagrepans tocansmilt slevanet eéide.
control data with which the electronic device is
Oferpteby coberdeledcet heveenoy cordtinenagatcaly the
25corresponding to_a conmmand which is input fromthe
deHpGe SBEEToRONTFOLIA cHRPUARBAEFORCBVEPENTEBiHPOSEH BT
a first connunlcatlon appar atus connected to an

m@ﬁ’eE‘FE"SnPC a@\%@nmﬁﬁcﬁess&tétn@s RAYPh iOGRRIRGLD of
MBY SU%E é and a secong ngu atlon appa at us £
i CA™BF ¢t POHER § WPl esSTly “RofntiAPEat €5 WPt RO
n%@%sfs'a& t +RCQOIINLCa eQQOQPR%rf%fﬂn%tl"éé}le & npihe first

conmmuni atlon apparatus conpri
commercial power supply from the electronic device

side. Only the remote control device can generate
proper timing. To allow the remcte control device side
to detect the pericd of the commercial power supply, a
photo-electrical cenverter such as a photo detector
that detects for example light of a fluorescent lamp

may be disposed in the remote contrcl device.
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recei ving nmeans for receiving data fromthe second
comruni cati on apparatus; 1Operiod detecting neans for
detecting a period of the comercial power supply;
and transmtting neans for transmtting a
timng signal which represents a period of the
comerci al power supply detected by the period

det ecti ng neans and 15ackidéwi™&tige for the data which

have been recei ved, and wherein the second. 3
éonnunlcatﬁoﬁ0@§B§FSFE§OEoﬁﬁPP§@§uS WHTch is connecte
detecti ng neans ¢ gr detectln uence

e

Fﬁt 2Pt et %ﬁEE"% evae?e%% gfqﬁe‘ahthf Br C?%%%? Wﬁ]ﬁ
ROtebr Shar Rose whERoLARFERENbR 100 DELLOCLON, I Ne
Lifsin co0my g' gation aepat ggﬁmaﬂéaﬂéﬁsgf%ﬁaiy&ye%
(F ransm tti ng da a an a request SucC

£&GRLNS 09t QESEMES Lhepackneyt edge for the
transmtted at at t1im ng o? whi ch the influence of
interferenﬁ@c@@V@ﬁgfﬁebﬁﬁlE@@ege@Biﬁbﬁg data;

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

transmitting meéns for transmitting both a
timing signal whiéh_represeﬁts the period of the
commercial power Suppiy detected_by the period
detecting méans_and acknowledge.

2. The communication apparatus as set forth in

claim 1,

wherein the receiving means receives remote
control data with which the electronic device is
controlled. |
3. A communication apparatus which
bidirectionally wirelessly communicates with another
coﬁmunication apparatus. connected tb‘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 receiving acknowledge

from the other communication apparatus; and
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‘10mherein thans

timng signal and a detection signal of the detecting
means. 8. The communication systemas set forth in
claim?7, 5wherein the first conmuni cation apparatus
receives renote control data with which the
electronic device is renotely controlled. 9 The
comruni cati on s%sten1as set f%rth in cla

tbhe"8 ofahFc PFoErﬁBBE%BFﬁ%gf%?Fﬁe?nd
ction which uts a

nd
RS A LU s LAt %g?aﬁof%wwes
gemm&g%%g ther ei noLhe LEANSLLLLDO IRRDS o viscn

ransm reno con a correspon

EggnﬁﬂglﬁﬁhéQ Q?Siﬁ@ngéPQHEef&Qngh ?'ﬂ8§tb§§&&'8ﬂ a

A communi cati on system conpose I rst

SORTHBI saLhon @HP@ﬂaiéﬁréQEﬂ%Qtﬁdpéﬁléﬁ SEegkL&oni c
devi ce which operates wWwth a commerci al power supply

28RNdraiseCcHdfk £0 i gath@naappaeatusnWeighal of the
bidirectionally wirel essly conmuni cates with the

fietsttcogmueaeat i on apparatus, wherein the first

conmuni cati on appar at us
4. The communication apparatus as set forth in

claim 3,
wherein the recéiving means receives the
timing signal which represents the period of the

commercial power supply‘from the other communication

apparatus.

=R The communication apparatus as set forth in

cilaim 3, further coﬁprising:

a detecting devicé which detects the timing
signal which represents the period of the commercial
power supply.

6. The coﬁmunication apparatus as set forth in
claim 3, further-cbmprising: |

an input section,

" wherein the transmitting means transmits
remote control data ﬁith which the electronic device is
remotely controlled, the remote control data
corresponding fo a2 command which is input from the
input section.

7. A communication system composed of a first
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conprises: 25receiving neans for receiving data from
t he second communi cati on apparatus; period detecting
nmeans for detecting a period of the comercial power
suppl y; and : ' transmtting neans for

transm tting a beacon signal at tim ng correspondi ng
to a period of the-comercial power supply detected
lprmkaipecion dppeceitng ﬁ@ﬁﬁ@cgﬁ@ B kFoVE ERIGRTPBFC t he
data whi ch have been recejved, and wherein the second
E6iAGAI tREFBNCRBFATEEUY1EBNBr FeBRerclal power supply
det ecti ng neans for_detecting an | nfluence of
29FnEePeEPRACEORAVEdcation abparatyy iy neans for

ecei vi t he. beacon.si gnal and the. acknow edge from
PRELFFFGEORBRhUnn CAELGR SaPparALHrca e With the LHSe
tine infg mat i on stg%ggg nmeans for storing 15tine
[

Lo Un .l 10 d dI” .
't ormat’’ on corPgspon hg to the recei ved beacon

signal ; angd.orcin th fiEE@néeﬁﬁﬁﬁfﬁbfﬁﬁﬁﬁaéﬁﬁratus
transmtting data ang a request such that the
E8RELYLAQ. means receives the acknow edge for the
transmtted data at timng of which '

receiving means for receiving data from the
second communication apparafus;

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

transmitting means fofrfransmitting,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 received, 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 the commercial

power supply and the acknoﬁiédge fr;m themfirst
communicatioﬁ apparatus; and

transmitting means for transmitting data and
a request such thét 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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20t he influence of interference waves is | ow based on
the tinme information which has been stored and a
detection signal of the detecting neans. 11.The
comuni cation systemas set forth in claim 10,
25wherein the first communication apparatus receives.
renote control data with which the el ectronic device
tEnieaos egyatontdop| dgtecuporhalgdatuat calts st es
as set forth in claim 10, wherein the
Beeldhd comuni cation apparatus further conprises an

i nput section which inputs a S%gnnand W th chhghe

8t ect roni cTRRVFREMRITRhBERI §YEORTr 3F | 35 & 2

erei? the transmtting neans transmts renote
Toht'f ol 7 data corresponding to the command which has

been | NPUt{LOM § NEnL NPHLs SCELIAN 1 AOLZoA apparatus

comuni cat 1on Syst em conpose

iéééé\%%é&%fé 0 2PP3LALYS gonnesied fRian eled TN Lonic

Ich operates with a commercial power supply
AR & SEE ORLh SEBTINESRE +O a@par at us whi ch

bidirectionally wrelessly comuni cates with the
§irst The communication system as set forth in
claim 7,

wherein fhe 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
remote controi data corresponding to the command which
has been inpﬁt fﬁom the input section.
10. A communication system composed of a first
communication apparatus connected to an electronic
device which operates with a commercial power supply
and a seéond.communicatiOD apparétus which
bidirecticnally 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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15comuni cati on apparatus, the first comuni cation
apparatus and the second communi cati on appar at us
communi.cating with each other through one of a
plurality of channels whose frequencies are :
different, wherein the first conmuni cati on apparat us
20conpri ses: recei ving neans for

peécehei ngmoataift opovhe SeLPAd:cenwuni cation

appar at us; detecti ng neans for detecting

an i nfl uenteanémi btengerents havesrappgitting a beacon
25transmtting neans for transmtting ackno&%edge for
shondat atwhighntiaver BeERCPEE8PyEl, 2 ahtr Wheret ntthe -
second conmuni cati on apparatus _conpyj ses:

bre R¥ &

EPRRSHATERL NEORANSIPBL Yt FEhEmFEL e

acknow edge request to, the_first. .co [ i O, - :
dFparALIS TRIBRGTS CHERHER SHATCHC hab Deh- et fRa Have

gnd : channel assi gni ng neans for assi gning
SERaRREFLYBF WA Ch the influence of interference

waves |s | gw basgd. of QeEBHHn%o§h9ﬂ§%aM@$§happaraﬁus

represents a period of the commercial power supply
ahfl-a;detection signal detected by the detecting

neans such that the second transm tting neans

transmts datécthrgugbahberofadaebcwhhghahasnbeeance of
assi gned by determ ni ng whet her or not acknow edge
hascbeereheeewyedst hrough the channel which has been
assi gned. 14. The comruni cation systemas set forth in
cl ai m 13, receiving mewher &ion reecfivisg thembafeaRi on
apparatus receives renote control data with which the
elgouailonand teyiaeknewienseelfyoBoAbPPoflEg: communicatlion

apparatus;

time information storing means for storing
tiﬁe-information correspondiﬁg tc the received'beacon
signal; and

transmitting means for transmitting déta and
a request such thét-the receiving means receives the’
acknéwledge 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
signal of the detecting means.
11. The communication system as set forth in
claim 10,

,wheréiﬁ the first communication apparatus

réceives-remote control data with which the electronic

device is remotely controlled.
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15. The conmuni cati on systemas set forth in claim 13,
wherein the second conmmuni cati on apparatus further
conprises .an i nput section which inputs a command
with which the electronic device is renotely
control |l ed, and wherein the transmtting
means transmts renote control data corresponding to
flRe commandhehFERINES BEERY FYFEfr 6/ 66E LRpGR 1D
section, 16. A communi cation system conposed of a
Fipd® d8muni cati on appar atus connected to an

el ectronic geV|ce ch oper.at es

power suppl§Safida - céﬁ&oggnﬁﬁﬁpggﬁFgﬁlﬁBpﬁPS?ﬁgkus
i d t Il I I th

Ehet e PohB Rk oo ary AP, S2stor PTLY, FBphEs"S

E8HHEH?C@E%HnwﬁEQﬁr%5%§e§Q@tE%%1%GQQQQCQO ougﬁa£é99

apparatus communi cating wth each other t one
ebnerBhyeal i L}gof channel s whose frequencies -are
different, wherein the first conmunication
appar at us GREPEL$€%hel €6aN%IMIG tBgNacbak teatkMing
data fromthe second conmuni cati on appar at us;
ftenstedebaetbhgdaransoirae sgenedhnigng canhientoraand efiich
interference waves; and transmtting
heansetor ihpansfirb ngeackponl edgéifor. t he data which

‘have been recei ved, and wherein the second

tannunlcatRonommpaﬂaﬁﬁgo@oﬁwﬁﬁ§§sCOWPOSEd of a- §éé§hd
detecting nmeans for. detecting an influence of
FRTRYEPEFRhéenwaAPBaratus connected 4/sAft ELRGLHRAAS
for transmtting data tq b’ ,. first .communi cati on
%%Bé?%tﬁglFﬁrGﬁﬁﬁa§°§h§ﬁﬁ IafSPH%ﬁFEH h@OWﬁFlﬁBHB%Y

|nterfer§nce waves -i.S: Iom1baseg n1ng si gna

ﬁﬁgcﬁ FEpPE eﬁ?@mgnﬁgﬁﬁ&gnoﬁppﬁga power

'%%ﬁ %¥c ang gtagE%%%s%l%n@omgﬁgg%%%gsb%lkﬁetkér%Rrst

mean
communlcatlon apparatus, the first communication

apparatus and the second communlcatlon apparatus
communicating with each other through one of a
plurality of channeils whose frequencies are different,

wherein the first communication apparatus

. comprises:

.~ receiving means for receiving data from the

second communicaticn 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
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receiving neans for receiving the acknow edge from
the first communi cati on apparatus thrQugh the channe
for which the influence of interference waves is | ow
based on a timng signal which represents a period of
the commercial power supply and a detection signa
comptet ®¢ 2ed by the second detecting neans. 17. The
.comuni cation systemas set forth in claim16

wher ei - TS tSNE SFRATH YT GeRSPaltatng PeCbppas]
' t trol ,dat i t ho whi I . i i
ackf G e s 1 e TR LANR LS e

thrésgset Horddei Rl Mad.been assigned;Waekei n the
second communi cati on apparatus further conprises an

i nput  sEctrinel wE chyri inputeesan sc domaad swighh nghieckheheel for
el ectronic device is renotely controll ed, _and

whigthdhg nitfHalecanst it iRF ifFaisa MaNshi 8 femppased on a.
._.contr.ol data .correspondi to. t 0 [
e e
1 SONINHY GALd RN oS Rt @SS &di drent BeitBcekal Byl6he detecting
powV\herein%ahen f%e second deﬁéiting nmeans has det ect ed
meanshisafcH rithertf eshence avavce mrgeliy tingl mepoe arehgnngk data

through which the data are transmtted, the first
hr IS AUTORp BAHAT LD 3% GRS S SEHEnsEc Bg deteTmining

ommuni cat.i qn aegﬁ%gi ?g%% GQnmu Eggggeggﬁgggggh the

whethen \of T fse t he 1 nfluence

. chadr¥1eRfIBI@NGR MRRS, =5 digMdepsed on a timi ng signal
: whi ch represents a period of the commercial power

supply and a detection signal detected by the second
det ecti ng neans and r.eceives the acknomﬂedge_fron1the

14. second TEEmAeRTERLiO app et e8 £fr §65h TPRENotReF oM 13,

Channe%herein the first communication'apparatus receives
remote control data with which the electronic device is

remotely controlled.

15. _ The communication systém as set forth in claim 13,
wherein the second communication apparatus further
comprises an input sectionlwhich inputs a command with which
the electronic device ié remotely'controlled, and
wherein the transmitting means transmits remcte

control data corresponding to the command which has been input

from the input section.

16. A communication system composed of a first
communication apparatus connected to an electronic device
which cperates with a commercial power supply and a second

communication apparatus which bidirectionally wirelessly
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communicates with the first communication apparatus, the firét
-communication apparatus and the second communication apparatus
| communicating with each otherrthrough one of a plurality of
channels whose fregquencies are different,
wherein the first communication apparatus ccmprises:
receiving means for receiving data from the second

communication apparatus;

first detecting meané for detecting an influeﬁce of
interference waves; and

transmitting means for transmitting acknowledge for
the data thch have been received, and |

wherein the second communication apparatus
comprises: _
| second detecting means for deiecting an influence of
interference waves; o

) transmitting means for transmitting daté-to the

first.bommuﬁiéatiOn apparatﬁs through a channel for which the
influence of interference waves is low based on a timing
signal which represents a period of the commercial power
supply and a_deteCtion signal detected by the first detecting
means; and
| receiving means for receiving the acknowledgeifrom.
the first communication apparatus through the channel for
which the influence of interference waves 1s low based on a
timing signal which represents a period of the commercial |

~power supply and a detection signal detected by the second

detectingimeans.
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17, The communication system as set forth in claim 16,
wherein the first communication apparatus receives
remote control data with which the electronic device is

remotely controlled.

18. | The communication syétem as set forth in claim 16,
wherein the second communication'apparatus furthér
comprises an input section which inputs a command with wﬁich
the electronic device is remotely controlled, and
wherein the transmitting means transmits remote
control data corresponding to the command which has been input

| from_the input section.

19. '~ The communication system as set forth in claim‘16,
wherein when the -second detecting-méansAhas detected
which interference wave largely influence a channel through
which the data are transmitted, the first communication |
~apparatus reguests the second communication apparatus tc
communicate through another channel for which the influence of
interference waves is low based on a timing signél which
_repfesents a period of the commercial power supply and a
detection éignal detected by the second detectihg_means and
receives the acknowledge from the -second communication

apparatus through the other channel.
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