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RF 'COVMMUNI CATI ONS SYSTEM OPERABLE | N THE PRESENCE OF A- REPETI Tl V /
IWERFERENCE SOURCE AND RELATED METHODS The present invention reI 6?[83‘
‘the field of conmunications, and, nore particularly, to a radio frequency
(RF) conmuni cation systemto overconme centain-types of repetitive

interfering sourc
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interference muy deREREETFIVEINIERFERENIEGOURCEAND RELATED METHORS@ve oven
emts interference in a pulsating manner with a repetition rate equal to
that of the power line, and at a 50%duty cycle. In the United States, for
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| n- ot her wor dsnteif@ngdomt@¥ave oven enits a noi sy, unstable rad| o] frequency
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comuni cations systens sharing this band. This 15 frequency range has al so
been al | ocat.eOFPFMIERBHPDS. n conmuni cati ons syst ens, such as wireless |ocal
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connections. Accordingly, a WLAN combi nes .data con ct i vit
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the home, and that may al so be affected by the interferenfe froma m crowave

oven. For exarfpdie frequensy pulse that isicepirrlied by y kel FattitcrHn Rt fhnrrimany pewer
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oven generated interference. The interference problem present

ni cf owave overhlz andgpresensyia difficully wilh) communications pystenny shagin Eﬂd"{§7l2ﬁ'“§791%
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frequency Oom‘ru stenf. The patent discloses a hierarchical
conmmuni cati on Q@hmnﬁm )r el ess roami ng conputing and data
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and error rates to determne |f
alternative for, a wired LAN w1t1'un a building or campus. A WLAN uses radio technology .

to transmit and receive data over the air, thereby reducing or minimizing the need for wired

20 connections. Accordingly, a WLAN combines data connectivity with user mobility, and,
through simplified configurations, also permits a movable LAN. | .

Of course, there are other communications systems, typically used in the home, and
that may also be affected by the interference froma microwave oven. For example, a cordless
telephone, home automation communication systems, or a wireless audio speaker system

25 may be affected by microwave oven generated interference. .

The interference problem presented by a microwave oven is addressed, for example,
in US. Patent No. 5,574,979 to West and entitled “Periodic Interference Avoidance in a -
Wireless Radio frequency Communication System”. The patent discloses a hierarchical
communication scheme including wireless roaming computing and data collection devices.

30 The system monitors the received signal strength and error rates to determine if the



2 interference is periodic in nature so that the system can predict the
future interference and transmit only during off periods of the
interference. When a communication tine interval is forced to cut off due
to an i npendi ng presence of interference,2the adjusting
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reception by at | eaghtoRiRatSCo RErbWaR] KA pRAUALS 8 soukbiofieli¢@ithl iaferfeftalkeidasisa
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(AC) power | i ngeqdelty baREEiHd Mer@Bfenkdlt €r f erence source having repetitive ON
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device conprising an RF t ter for transmtting in a frequency band of
the repetiti veppence of repetitive interfering sources, such as a microwave oven.

Other objects, of the present invention are provided by an RF communication system
for operating in the presence of a repetitive RF interference source powered from an
Alternating Current (AC) power line, and which uses redundant transmission synchronized

25 to the power line to ensure accurate reception by at least one second receiver device. .

The invention includes a radio frequency (RF) communication system fq; operating
in the presence of a repetitive RF interference source powered from an Alternating Current
(AC) power line, the repetitive RF interference source having repetitive ON and OFF periods
based upon the AC power line, the RF communication system characterized in that:

30 a first device powered from an AC power line which also powers the repetitive RF
interference source, said first device comprising '

an RF transmitter for transmitting in a frequency band of the repetitive RF

interference source,



I nterference source; 3 a power |line sensor, and data transmt control
neans for generating a plurality of data packets with each data packet
~including an error detecting portion, and for operating said RF transm tter
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power |ine sensor. ,Accordingly, at Bas one .of the fifst and.
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20 the RF transmitter to produce repetitive firstand second transmissions of a same data packet
synchronized to the power line sensor. _Accordingly, at least one of the first and second
transmissions occurs during an OFF period of the repetitive RF interference source.

The system also includes at least one second device including an RF receiver for
receiving in the frequency band of the repetitive RF interference source. The second device

25 also preferably includes data receive control means for receiving the repetitive first and
second transmissions of same data packets and selects one based upon the error c'letecﬁng
portions thereof to thereby avoid interference from the repetitive RF interference source. In
other words, the transmission are repeated, and the receiver selects one or the other based
upon the error detection coding. ’

30 The RF transmitter and RF receiver preferably ope'raté ina freqﬁency range of about
245 GHz. This frequency range is unfortunately in the band of most conventional

microwave ovens which typically define the repetitive RF interference source.



30 ° The RF transmtter and RF receiver preferably operate in a
frequency range of about 2.45 GHz. This frequency range is unfortunately in
t he band of nobst conventional nicrowave ovens which typically define the
repetitive RF interference source. 4 The data transm tcontrol neans
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communication system in the presence of a repetitive RF interference source powered from
an Alternating Current (AC) power line, the repetitive RF interference source having
repetitive ON and OFF periods based upon the AC power line, the RF communication system
25 comprising a first device powered from an AC power line which also powers the repetitive
RF interference source and at least one second device, the first device comprising an RF
transmitter for transmitting in a frequency band of the repetitive RF interference, the atleast
one second device. comprising an RF receiver for receiving in the frequency band of the
repetitive RF interference source, the method comprising the steps of:
30 sensing the AC power line;
generating a plurality of data packets with each data packet including an error
detecting portion, and for operating the RF transmitter to produce repetitive firstand second

transmissions of a same data packet responsive to the AC power line so that at least one of



one second device conprising an RF receiver for receiving in the frequency
band of the repetitive RF interference source, the nethod conprising the
“steps of: 30 sensing the AC power |ine; generating a plurality of
data packets with each data packet including an error detecting portion,
and for oper athefjrst edRiécenda raminiissionst accprsodivirg are OFF i eriod dfi the trepetitive R nd
transm ssions.of .a sane data .packet responsive to the AC power |ine so that
at | east one &%rferegcetsﬁ‘eu%?’la?igt and second transm ssions occurs during an
OFF period of the repivingatthe RRredeivertht sspetithee fixstand secomditfansedssiotisivfjsamiie daltee
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transm ssi ons of, sa data, ets and sel ecti.ng one bas upon the er.r.or
Herocti v oor EREnE o e Mo e R eRnce s BTon AP Lr BEah B8 R e, e ropestive
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wi rel ess spgakeimsel N accordance with an enbodi nent of the present

i nvention. 20 FIG 2 is a sch tic block diagram llustrating, i
greater detail, thghEdPrYﬁi‘ﬁ‘PBé’Y‘de“ég% F‘L gYG’ayl‘.’fg‘P‘la@LP W ?eﬁ‘}?grfﬁttﬂ"c

bl ock di agramaamas\?h{glma fh wRikgCct and conpensation circuit of the
FIG 1 refe

present invention. . rs.to.,an RF communi cation system 10 for,
Wi rel ess speakers FIG.Jlois @ scherpatic block diagram of an RF communications system for wireless

speakers in accordance with an embodiment of the present invention.
20 FIG. 2 is a schematic block diagram illustrating, in greater detail, the communication
system of FIG. 1.
FIG. 3 is a schematic block diagram showing the phase select and compensation
circuit of the present invention. ' '
FIG. 1 refers to an RF communication system 10 for wireless speakers is descriBed:
25 The system 10 is capable of operating in the presence of a repetiﬁve RF interference source
powered from an Alternating Current (AC) power line 16. The interference source is the
illustrated microwave oven12. The microwave oven 12 includes a power transfotmer 13,a
diode 14 and a maghetron tube 15 powered from the AC power line 16. As will be readily
understood by those skilled in the art, the microwave oven 12 emits interference onanominal
30 frequency of 245 GHz., and in a pulsating manner with a repetition rate equal to that of the
local AC power line period and ata 50% duty éycle. In the United States this corresponds to
a nominal répetiti'on rate of 1/60. The resulting RF interference to communication systems

sharing the frequency band is overcome by the system 10.



25 The system 10 is capable of operating in the presence of a repetitive RF
interference source powered froman Alternating Current (AC) power |ine 16.
The interference source is the illustrated m crowave oven 12. The m crowave
oven 12 includes a power transformer 13, & diode 14 and a magnetron tube 15
powered fromthe A gRsnmyrhigetiongsystam ¥ iricludes p it ofyrecaivierdevises] 26 yand el
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22 as will be mnﬂe&memmue&a@baﬂrmgehaﬁm slatd th2@mititohtinélled B2, RF tfarkiigter 33,
il lustrated enbodi nent, jﬂﬁ: recei, ver e ces 20 a et€| SO <gﬂwered from he
AC pover |ine ,alk ¢rangmitter de é?l?ﬂémF%te‘iﬁ‘—’ gna) syyge 35, which
receivers throﬂﬁfibéhﬁlg@(ﬂlaﬁﬂ'ﬁt%i mﬂ&éﬁs&ﬁm&r@ﬁctﬁﬁk 16t SAnle s will be
i ncl udes a transmjtter dev}c, I n |ncIu esthelllustrated
pover |ine d&ntgfilpappreciate Y%\?&ﬁweébw‘ﬁa’fq SIWISWC%IP%»@?H? ayanglog aydio
antenna 34. Thgghdlaoarfetthet isQfeédasd3td &n 6 ﬁib?ﬁh@%gﬁltfmu%omﬁhﬂﬂﬁb the
source 35, which may be a digital audio S|gna source,  such as a conpact
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skilled in theqglidzed \iiRo e %&Pﬁété&é%t@%s%ﬁ!l@&%&cﬂﬁuﬁl&&&oqﬂ ]
source that is processed'ln an approprlate di gltal format” I n additi"on to

the illustrat eﬂ“g?fb'&ktb?m@omrum cation system 10, the system maybe used to

transmt datg fil estpdédphdbfRstion %@@m iehep md&t%ﬁsﬁussioﬁtsz&&ﬁ&&@& to the

etc., as will be readily understodd by those skilled in the
The communi cat Pewerlineite gnsime acsurate xecepiiony the rereiver sievices 29y More particalarlyothehe

power line to A5l 5§§ F}ﬁﬂ oY, r
particul arly, tﬁﬁgu%g‘(’:r O\A/a\'i}gil%vr%ﬁ e as re%%%dlr \%ﬁ%g%%%%@p%” oéﬁ{g’bag“sied
upon the AC poﬁ:@rRqummmonmt@HQmmmisém rasmiyaidevicd 30 povgred from theAC
transmtter de e I|ne 16 which al so powers
the m crowave éw%%r]ﬁ%&@%&&ﬁ%%r%&ém Per d((gaw ce 30 includes a power

| i ne sensor 281 for 'gmmnumg davice30 imeludés ppwke ling sawer 3rfoggereraingrredesies of
synchroni zed tQ ékh{efAC p 16. . The easgr AS& power line 16. The sensor 31

rame g‘xvg\%{er s1gn§s syrichronize
illustratively includes an input transformer 41 and a diode connected in series with the

. secondary winding to generate the first half-wave rectified sinusoidal waveform 43. This

signal is passed to the illustrated coxhparator 44 to produce the square wave signal waveforri

25 46. The comparator 44, in turn, is connected to the edge detector 47 which generates the

series of data packet frame triggers as shown in the waveform 48. Considered in somewhat

different terms, the power line sensor 31 functions as a zero crossing voltage detector which

generates a plurality of trigger signals synchronized to the zero crossings of voltage ofthe AC
power line 16. )

30 The data transmit controller or control means 32 accepts as inputs the digital audio

signals, and the packet frame triggers from the power line sensor 31. The data transmit

controller 32 includes a data packet generator 51 for digitizing the input data and assembling



i ltustratively includes an input transformer 41 and a di ode connected in
series with the secondary winding to generate the first half-wave rectified
* si nusoi dal waveform 43. This signalis passed to the illustrated conparator
44 to produce the square wave.signal wav€ form 25 46. The conparator 44, in
turn, is conndledigitized ddteirdcldata gatketst drcydit redurclangerheckaCGRS) tding ispedforméd
data packet frg tr 1l gaer S LN .t wavef orm.48. i dered. i
somewhat diff é’ P ent ﬂ{ugrg%g‘,i %@1%%\%3? wggggtreaﬁ'g%ﬁ cgﬁu?llﬁ%af'fcg%%s%gp %fatz%é?}}f RF
Ccrossi ng vol t agmsmlittee 33 & prolucrepetitivedirstand spdond atainkisgibng ofl ggpene ddts) padket.
synchroni zed to. t zero_crossitngs, Qf vol tage. t he AC power _line 16, 30
The data trandfing efarantaly Hhafgn ot GGic aelumoa e Borpt g Rige

di gi tal audiso signgl3dtdim e pbwéidingaeisot 31.r Ab®riinglygal least bAeof e fsvwid sdcored
sensor 31. The data transmt controgﬁf‘i{ 32 Jjnecludes adg&a, acket qgenerat or
21 for di giti FeRGmIHEn AGH GURRE AR PHLRag o the Tepetitve REinterierence tenm ghe
into data paclﬁgbﬁﬁn@nﬁ&gwwe(s@gqndancy check (CRC) coding is perfornmed by
the illustrated CRC bl ock 52. The data transmt_contral ans 32 al so

operates the RF tr5HSoHse the date nagket gensrater Slapd CRE-coder b2 pithe dafptransmyjfgpntrol
transni ssi ons ydang3 bl gerRAGi@kh Hth Packefihder iR BBkt Povtidr th B8 Ik #thar or

repeater circuit 53 based ‘upon the packet frane trigger signals fromthe

pover |ine Yerrgnsl taane-helianegipd gf the Aipomenline. dyreordingl o somplicated datedwpdling
transni ssi ons jpacdied _fé’x“éa;k,'\gGv&rlo QrifexPRitdrPAl. Th aliliRioh ARE hinhi@idlion By féhabgsCe

fromthe operating mcrowave oven 12. Of course, the data packet generator
51 and CRC codspecBily gpplicsbleda p gsommumigation sxstan bicludingenlpongway epraBiupication

generate each fgﬁ?megﬁmméé?@aﬁ dsPond bl deite ARER L@Brh{%iﬁfsulaﬁ‘eﬁsreﬁl%@enaﬁo 10
hal of t ngly, no

equal to one- a perio _ e AC power |1 ne. Accordi
conpl i'cated da#peakes®d i ng is needed for carryover to a next interval. In

addi ti on, “the conmRl, ikl 0o Sy LM B0k SARGEH Al ¥ 1A8Rk BBLE21 fudrated o

conmuni cati on system i I'ng only one Wway communication from:t I TSt
device to at |greater datmil. Jhe gemiviededes 26 inchudas afspread ispedtiuiny BF redeicdr 58 rwhich

audi o speakers 22 15 . The syste as.sh i Gl2 al 39 I ncludes
a receiver dev f’?:%eritﬁs‘fqu‘ltjhsetsplée[ag |§“6?%%€%‘F“5%?§|§? .SP %ﬁ‘ggl?eé:cel \rer ev:gaglé 0
i ncl ;Jdes ng FWngs%epwm@Mﬁmww patétmﬁa]tﬁ&r%mmd
spectrum ransm tf.er. . Spr.ead spectru ni ¢ 0 al s essen
t he suscepti bi*PTy> of© Veengg‘ﬁ%& et Sﬂ&f“l'a?ﬁﬁggs éof? see?s%lb% i'e"nl"gil%a"l'miergilemaur

I nt er f er enc® RRISMdsandTPRISMhlIlewhich rcah de deaddly apedifiahtb prosideathe spad speqruset s
for a WAN undgr L0, TR Keiver

The receiver device 20 also includes an error detecting circuit 58 and a packet select

circuit 59 connected thereto. Accordingly, the receiver device 20 receives the redundantly
transmitted first and second transmissions, and if the first packet is correct, it is kept, and if

25 the packet is in error it is discarded and the second packet is used. In other words, the
invention provides a relatively straightforward ¥ forward error correcting retransmission
approach for assuring correct operation in the present of the interference created by the
microwave oven 12. No return channel is needed as in other more complicated gpp}oaches
as disclosed in the specification of U.S. Patent No. 5,574,979. .

30 Another aspect of the invention relates to compatibility where the AC power line 16
includes multiple phases. The power line sensor 31 portion of transmitter device 30

comprises phase selecting and compensating means 65 for selecting operation for one of the



20 PRISM | and PRISM 11, which can be readily nodified to provide.the
Spread spectrumtransnmtter and receiver. The receiver device 20 al so
i ncludes an error detecting circuit 58 and a packet select circuit 59
connected thereto. Accordingly, the receiger device 20 receives the

redundant |y tran tted first a cond.tra

packet is Zorﬂl‘é"@f‘w queT éﬁe,s gﬁ' %Fat%ul{%‘gr}%rg&é ?%DF?l’n%FF or El‘é‘ &s); B

di scagI ded anCiTrbh_ﬁedSﬁ(tmldcl e@&.@Herhchﬂtdjg&idatehdirr@:ti&ea’lpt\gf)idhiapddketto thegeltyieoable
provides a re atlve stral war I rd epror, correctin -
ret ransni ssi dH*58p g@‘F 'E‘{S'F @% Ce%ﬂgﬂ gw r‘f\crcﬁ%wf)ﬁg’fé’g'fsegf
the Interference qu@@tm&%sh&&eérhﬁaé 1yBiEphadelockd Idop t(nmeshﬂmawthe
needed as in other nore co licate l(_jlsapproache as scl os ig_gt helflas ¢
specrflcatl%r}“t?freaug‘cyljaﬁ’ uce g 16GHg pquage yrave POYST Feppasgpfap o
i nvention rel&heémtioaaleﬁfa%h&rﬁo%yhﬂ&Ebﬂséthenﬁaﬁaaw?MebBeaiﬁne m@km@qual
mul ti pl e phases, The power |ine sensor 31 portion tra r devi

conpri ses phd@d/3evhee] @W@Sﬁggmeﬁb‘“ﬁéaﬂb% BT W & ﬁﬁémWﬁ’é | on
for one of th&ccord.lﬂé Y1 thé LikchitPhehiRRBireddpbeRble céﬁlgtﬂéﬁcﬁatﬂlfmktﬂoﬁﬁ@riﬁrﬁkﬁ& an

LED 61, for exa may be Erow ded at _the recelver. device 20 to indi 3te

correct receilpa rec C’d‘ﬁ?‘&‘%&’ Resweensthe pd PE §6 ancihe divide by threg gircuit 64,3s wo

operation @f gdied faRs hﬁ&a%%&mﬁmﬁxehu&ee«aeéov%hez e&%f%emggses
IS

FIG 3 illustrates a three-tines nultip e% g_ase | ocked
| ocked to thepl@smmeecm@qumgmpmsmr@vid ¢ 63¢éaY%‘qM%ﬂ'&Fé\F8“ﬁWa‘a°f‘6’e Hz

power |ine. tigslg e nt ']%Ls ?&f:‘ﬂazﬂﬁi’ ¥ b isdStoQbf &gt
from adj acen'lt_:&%"lase Qgﬂﬁi | nt e'ir&\%a equal to T/3, vvhere I's tﬁe peri od
of the power devmmm&hd&sreﬂ@lﬁsemwthmcoaﬁmaﬂ% power |ine. Accordingly,

S set by a di reot ks frEhaR nd Rk i s iy SR A GE L' O

t hree circus tse6the desired udrfightative anddtie systerh dOtw:anqatetrarppdlw |uclLeS$30nemﬁﬂltehe

m crowave oven 12 .we red. by the s C
provi ded by tﬁwgerdigf’gﬁﬁﬂr e e Patt con ?Ignur ng on mgn{éé)&ét Q%{L,g
2T/ 3 del ay 72'I'heT hskr isbts Whé desired cdﬂigiﬁitmwb)t fuining onethe hécruwevzh ows‘ﬂb steppmg

devi ce 30to ire ase oper nfl ratlo e
connecti ons, “%ﬁﬁﬁl ‘EEE%"S 98 %ﬂ fie%rmmES
set the desi r%cﬁ@&ﬁﬁ@ﬂéﬁﬁﬂ;ﬁﬁd@d&ﬁisdob@sﬁymﬂﬁaﬁmll operate properly,

unl ess one of the trans tter c%ew ce 30 or..m crowave oven

reconnect e?®t o di f@é?‘eéli‘ﬂ asBSeL 5 101 Qpsraiing ap X C‘?’F?E‘“Hg:@iwrbsgf?n{ﬁén&esﬁrﬁgﬂced

conf i gur at i ona fpetitife RIiGtcRrdnBEsolice AR NE Qiedwakd ovéal Bpiith gotvired dgin sAC

configurations using the switch 74, and _ogbseryin e ind ator
det er% ne powerlmg,althoughthephasesmaybe dlf? ent. 'M\engethor&prefera ycomprlsestlt\esteps

of: sensing the AC power line 16; generating a plurality of data packets with each data packeF .

-

including an error detecting portion, and for operating the RF transmitter 33 to produce
25 repetitive first and second transmissions of a same data packét responsive to the AC power
line so that at least one of the first and second transmissions occurs during an OF F:period of
the repetitive RF interference source; and receiving at the RF receiver device 20 the fépetitive
first and second transmissions of same data packets and selecting one based upon the error
detecting portions thereof to thereby avoid interference from the repetitive RF interference

30 source.
An RF communication system is for operating in the presence of a repetitive RF

interference source powered from an Alternating Current (AC) power line. The system uses



whi ch configuration produces-successful conmunication. 20 A et hod
.aspect is for operating an RF conmunication system 10 in the presence of a
repetitive RF interference source, such as a mcrowave oven 12, both
powered froman AC power line, although-4he phases maybe di ffer ent. The

genorating arekpyaffReLie nsgﬁch%'ﬁ%%tg RS0 ] OBl R,

error detect ﬂeagt qmrseq:omi demel mRbmumngnmmstm cbn@nseﬂdﬁmtd%etpmm@uce
25 repetitive firs n n ransm ssi ata et .
S A AR B R BT R Pl RE R Rl Be BAGLE e o

responsive to |ne 6 oHa A ‘One
second trans mﬁemse, mmmcpcefenabmompgsaanﬂﬁﬁamnﬁmdfoo&amdmﬁtﬁngma frE:qmcRBand
mterferenc&e ? urce: [ ecel Vin

at the recei ver ,deyice 20
operi 11 vad of Bt RERE kRER it b BEwET ifiRiiok S S seb et ARroller.
sel ecting onahbahadramnﬂt doinéroBerm generctes aqﬂunaytypofrdata)p&kéihen&oéachaiawpadday

d f f f
Communi cat 1 o SYUHE AR eEoF BReT R I RS Pasl foaooler APttt D B

i nt er f er ence txasmiter p@pﬁnhde i-erpaﬁumﬁﬁk and rsedmdgra(asnﬂssiohs bAE)samm pacrket

The syst em uses undant.. t ransm ssi on i zed wer ne
to ensure acéfﬁpgf'%w? g}ﬁ?% g FengoL:, ooy g%eﬂnt ‘lfttg fﬁ%%%s cond
conmuni cat ie0 rtra&misﬁmmfsl diﬁﬁlgéhnf OFB pexﬁtﬂmfahe IﬁépbﬁﬁﬁdRF litarferend¥GonenscThd | ne

' Tur . pr PEPBAC Ve piotseblf et Rt FHEE ol B st na S Fopelie

frequency baﬂﬂstanafsedoh@uamﬁhm&ns\oesﬂfe danﬁ ﬁrcket& and seledng 6ke ba%edmparﬂﬂeleﬁer
sensor, and dat a trans ntyol | er m t conhgf %?
generates a ;aﬂ effeting porugns tﬁmyfvﬁﬂlﬁte C’d%? R%tft“’e il tf"l&“ﬁﬁ
error detectisB@rc@Orti on. The data transmt controller also operates the RF
transmtter to produce repetitive first and second transm ssions of a sane
dat a packet responsive to the power |line sensor.- Accordingly, at |east one
of the first and second 10 transm ssions occurs during an OFF period of the
repetitive RF interference source. The second device also preferably

i ncludes a data receive controller for receiving the repetitive first and
second transm ssions of sanme data packets and sel ecting one based upon the
error detecting portions thereof to thereby avoid interference fromthe
repetitive RF interference source.

—




10 CLAI MS: 1 frequency (RF) communication systemfor operating in
the presence H"I M I nterference source powered from an
Alternating Currenty line, the repetitive RF interference source
having repetitive ON and O:If periods basq@ upon the AC 5 power line, the RF
~conmmuni cat i on cgwghAgn characterized in that a first device powered from an
AC power |ine which also powers the repetitive RF interference source, said
first device conpr lsAnadiafremmency GRB epmmunichiien systersfor eparating in the pressngepls
band of the r ¢RRkile KPinkletdrdcEbduiie AR i Allinating g Caferf Sy pdvieifine, the

sensor, and data transmt control ans for generatin ity of data
_packets with émummu}sqéqmcesmmvmrmhéw@i\l »a\d@%mengd@bﬂseqlbppn@nm or
operating sgi ¢y ?Ig_ dofdmd8, RQ}%E@%&&H%&%PS" and second '
transni ssions of a sane data packet responsive t power ‘| ine sensor so
that at | east one effirstidevice p@weradaéro d powanking which also pewensdhejrepetifivedRF
OFF peri od 15&&&@&4&9&@&;&@“@@&&&% fhgnce source; and at |east one
second devi ce conprising an recelver Tor teceiving in the frequency band
of the repetltlve mmmm:\der fensmittinga ird adfaequeneyc band of dhe repetiive RF
for receiving,; ldve first and second transm ssions 20 of sane data
packets and se ectlng one ‘based upon the error detecting portions thereof
to thereby Woid i mpewbehmesowm t he repet itive RF interference source.

2. An RF communi caty, on. 3y sk e, itk !’Eﬁ%ﬁiﬂ; a‘éﬁét@xgﬁmgéi Helta
control nmeans conprises neans or gener nge% pac error *

det ect’i ng por ma&etmmgmmtmwgpmm antl foroperating faidRpeansoaitterfto progluse
power i ne,

Catabl i sh onl Yol A b NS BB R el o pock BB G bR R
comuni cati on ssmtmma&thdashmedfﬁ\eﬁstmdaeﬂonmwemwsmas@I:crﬁlismtingenDEEperiod
conpri ses aﬁdl? Utu%gﬁmte peTelolele) tcén at | east one audi o signal for
transm ssi on, Ut [Ffeast one "secan devi ce conprises at |east one
speaker for repr oduclem;ohh&cﬁd&emtcompﬁsxagdi o signal, in which the RF

T N RS S alad AP M A B

control neans soackuads Cyclic Redundancy Check (CRC) neans for generating a
CRC checksum

data receive control means for receiving the repetitive first and second transmissions
20 of same data packets and selecting one based upon the error detecting- portions thereof to
thereby avoid interference from the repetitive RF interference source. )

2. An RF communication system as claimed in 1 wherein said data transmit control
means comprises means for geheratingeach data packetand error detecting portion tobe less
than or equal to one-half a period of the AC power line, with said first device and said at

25 Jeast one second device establish only a one-way communication channel therebetween.
3. An RF communication system as claimed in claim 2 wherein said first device
-. comprises audio input means for accepting at least one audio signal for transmis’sion; and
said at least one second device comprises at least one speaker for reproducing the at least one
audio signal, in which the RF transmitter and RF receiver operate in a frequency range of
30 about2.45 Ghz.
4. An RF communication system as claimed in claim 3 wherein said data control

means includes Cyclic Redundancy Check (CRC) means for generating a CRC checksum



11 error n for each data packet, and said RF-transmtter is
}a spread” mﬂm tter; and said RF receiver is a spectrumreceiver.
. An RF Eontruru ca stemas clainmed in claiml wherein said at |east

one second devi ce corrprl ses indicator nedanls for indicating correct recei pt
of a data pack

. enabl e a user, 1o ect o tio f .said f]

devi ce for onﬁr?Jrfé"tt R EOFHRRS ?"Falcﬁg 'Br?&glée& qu?é‘g tgeell%%fﬁrﬁ ?Pé’&ﬁgm
Crahsmttin amﬁm?mwﬁkf“fﬁd?mp&“?ﬁﬁwmm Cve selscted oo
ransmitting each data packe ase upon re i eece
phase, said power i A& ‘f“’d‘r‘?ﬁ%ﬁh@@?f eﬁ"é’l‘lé?gtarlgﬁe@séme
sq ualr edvva\ée r Eéi:ﬁﬂd{l abﬁee édi’n;ﬁﬁ@éiinﬂﬁafoh meé& naow%cagng\ eori?d&dreaéipedgﬁiﬂe paddebto
coupl ed thereto for tri ring transnssi a ovver
line. 6. A Paffp ?%‘éﬁﬁﬁ@%&?‘ Rg‘? frshdeyiee oy *Bee%ﬂr"@&ea F'a@rerrﬁ'
roclrJ esen;:e(zfc , dalphR&t dleletﬁﬁgfiﬁaﬂs% f@é a&aﬂg?eamwf i&ﬂné&@i@dﬁfbrﬂ\liﬂeﬂrdhﬁyl ng

rren i ne e repeti i nterference source havjn -
repetitive G\lgﬁf\fg% fegmEmyifting gach d@%s@&{‘?}\é’ﬁ??ﬁ:: on fe T6RRREHVY qef?ﬁtedlpﬂ@’eﬂmg said
conmuni cat i ONpgwet BRe SRBHY dotpiBinkta comparatdr forlglheraitng & 8quRREBa®E réshoiisivd1toAC

power 1|ine mhrch al so powers_the rep titive ference source said
first device ém&tlé?ﬁ PRWET ineang F°"é¥ﬂ€‘{e‘§ﬁ-‘i frforlriggeting CYRIUSSHAR o

signal for for aasdl &b AQ oﬁgrm{eansmtter for transmttl ng in a frequency
band of the repetitive RF nt erference source, power %é{re

sensor, and dat at Pafidadip f’@ﬂ‘r‘ﬁ“ﬂb (Rﬁ}ﬁ%?ﬁg‘%ﬁ‘ﬁbﬂé'?@tf%%?eéa%&ﬂ‘ 5‘!"1 Rrﬁseefe

packet s from $élebititd RE st er@id€sciin poweeRid R AN AltéMnhtth ol frhentl A Bhe, the
i ncluding an error detecting portion, and for operati g‘?p sai d transmtter

to produce repenetitiveRF iterferengpspuseehavingrenatisive ON apd OFSiperiodshasediapon the Acet

responsi ve t 0 pg@kfROWRIRF dodfEndRi8iBh sPterh Béthprising? 5 | east one of the
first and second transm ssions occurs during an OFF period of

t he
repetitive BF int epfisstdeviee powgred fromyan A prweaclinegricl alse Rewers fhefepetitive RF

conpri sing a”nﬁgrférﬁﬁ&'sﬁﬁfce,s%ﬁr&%ﬁééH&nﬂ)ﬁhxﬁé‘e frequency band of the
repetitive RF interference source, 30 data_receive control

means for receiving theaydipaput meanstfpy acepiing atleass gge audio signal for transmission,
an RF transmitter for transmitting in a frequency band of the repetitive RF

interference source,
20 a power line sensor, and
data transmit control means for generating a plurality of data packets from
said atleastone audio input_means with each data packetincluding an error detecting
portion, and for operating said RF transmitter to produce repetitive first and second
transmissions of a same data packet responsive to said power line sensor so that at:
25 least one of the first and second transmissions occurs during an OFF period of the
repetitive RF interference source; and
at least one second device comprising
an RF receiver for receiving in the frequency band of the repetmve RF
interference source,
30 data receive control means for receiving the repetitive first and second
transmissions of same data packets and selecting one based upon the error detecting
portions thereof to thereby avoid interference from the repetitive RF interference

source, and



transni ssi ons of same data packets- and sel ecting one based upon the error

.detecting p%u“lwwlltnm “ﬂ thereby avoid interference fromthe
repetitive il Rl urce, and 12 at | east one audi o speaker
operatively connected to said data receier control neans for reproducing

the at | east one audio gj . R SRLLD st. as_cl ai ned i
claim®6 wherein said dat§ gg%?gtﬁsa%d%ﬁ%%%%ﬁ? _rrea#YSC%é%er?% Fi i%s/%asl‘??%tgﬁ%ce’fvglfcongd
gener ating each dameapsfok eepredutingitheat Iéast one audipetiggal.i ng portion to be | ess
than or equal to one-hakf ' f e . Line, and said fi.rs
device and said at | eastb ) cé?\leﬂgédggﬂgﬁaaeéﬂ%csgé gg{)a%\ll)&%ﬁ& gn?lymnégc‘)” §5%§md &am
communi cat i on chantrehsmit cordind meemscomprisedinednsfdregeRratingeschidatagracketdnderror

recei ver opgrate i@l : of abo 2. 45 . Giz. . §. radi o .
frequency-(%F) comgﬁnl ceﬁe&gﬁ&g%s!{eg%g o3 °56%‘Fagh??§'watﬂ$€°§8fé'eﬁép?}?’?5@%e
of a repetitive RFandsadifistelevice amdisaiéd apleastioad sécondrdevice’dstablisinbhlyG drerwraynt

AC) power |ine hayj - DI ity .of ases. _t.h e I tive RF .
i(nt)er!‘oerence sourc\é$£a|%l\??l%lcghﬁpe |%‘iﬂ\t/eé.e%%v%eﬁ‘dmd§ﬂ&b %(g and BF rechivenc
power |ine, the RFopemtwinihf@iuany sangtefatontPdsGHag: a first device powered
froman AC power |ine i ch _ak.s ower s e 15 . .  repetitive RF, .

i nt erferencg sour ce, S\E;.\Ilg'd *?i’?‘éf’%%b‘ﬁ%cg majugication és%?q‘agﬁ’éﬁi’?‘f‘g?g i the
transnitting in a bresqnmbf;qrebeﬁtﬁiemiﬁibﬁexfelﬁmbﬁké y@md?Edﬁaﬁ\&hfﬁﬂfeﬁmEglsﬁwef@,
a power |ine sensor ata trapsmit contr.o ans for generating a plurality
of Iodata packets 20ACIPower g'ﬂ?%@ 'b“g‘ iﬁ%ﬁ?fﬁ%‘%@@ﬂ“@@'ﬁ%@%e

| east one transmi shaving aematitive ON afid GFF frfods abeddugtin tha CAC Giodel Tink SthBfRF

i nterference source, and, phase sel ecting means for selecting operation of
the data transmt SORPHBIC F@éﬁ’l§@'{ff’n@ﬁ’é t the plurality of power phases;
and at |east one secondadisti deviceqrivdred ABn?an AC power line waHicHRblsh §cbet€ khd OF
receiving i the fr%%ﬁgnc%%banp of the r%‘)& dtive RF interference source,
and data reCeive c Y Ne S iergice patres é‘sfﬂ%"l"éth@&?F‘gone transni ssi on
to an RF transmitter for transmitting in a frequency band of the repetitive RF

interference source,
a power line sensor,
data transmit control means for generating a plurality of data packets
20 responsive to said power line sensor so that at least one transmission occurs during
an OFF period of the repetitive RF interference source, and
phase selecting means for selecting operation of the data transmit control
means for one of the plurality of power phases; and
at least one second device comprising
25 an RF receiver for receiving in the frequency band of the repetitive RF
interference source, and
data receive control means for receiving the at least one transﬁﬁssion to
thereby avoid interference from the repetitive RF interference source, said at leastone
second device comprises indicator means for indicating correct receiét of a data
30 packet to enable a user to select operation of said first device for one of the AC power
line phases. |
9. An RF communication system as claimed in claim 8 wherein said phase

selecting means comprise delay adding means for adding a predetermined delay



t her eby i ok f fromthe repetitive RF interference source, said
,at least E”ﬁ" ﬂgﬂ!@ﬂi’ﬁmp conprises indicator neans for indicating correct
recei pt of+ ac s x packet to enable a user to select operation of
said first device for one of the AC powepsline phases. 9. An RF

conmuni cati on syst.em as_cl ai.n ' i ' L d. ol

nmeans conprise deI%yorgg'é‘l“ﬁ'ém”@%@%ﬁﬁﬁg%?ﬁggﬁgﬁﬁtgg%?%%%pﬁ%g&ggﬁg%;ﬁmﬁ
before transnmitti ngihddta ttansmipankrel means edmprisas ntehns forgamemtinga pluplifytof data

power phase, said datg transmii,. control n S :
generating a pl uraﬁ’ﬂc‘.kés‘é'ftﬁc?% é{a B %ﬁtyﬂ%%ﬁc %@g&gﬁg’? ’?I{\dgf)ruodjieﬂaém n
error detecting podaid RR transmitiboto epductrepayitive ficst RRd secand transmissions qf acgdmee
repetitive first and second transm ssjons : AeKShd
responsi ve %o sai Réﬁ&‘e{]ﬁe?%onglgﬁsosrm‘isgo‘?’?{a eg?ﬁ% east?atgﬁleea%tf&tgtﬁgd?i g
second transni ssi ossorabarsmistions ngrussduiig andPFFoperiofl of the repatitive RF inferfftence
interference source, in wh.ch sai.d data receive contr ' piotels) sl AR

neans for recei vi ﬁ“ﬁ‘ﬁ’e“%%@i??‘?é%‘ﬁ?‘é’? c%ﬁr;frc? lg‘ee%%sn% Prgég%srs%gés}%ifgns o‘?ﬁgg}eﬁe
data packets and sgipetitivefiystandscoontithnsmissiohief same data prekets sndugleoting orebased

t hereof to thereby avojd i '

interference fromthe 1 repetitive RFE
interference sourc'(l}l.’m‘.lfy‘.e"75\r '%W&B?mm%ﬁoﬁ&’ g‘efegﬁiago re é’ﬁ%‘fg(rﬂlg) the
comrunldc?t i10n Syz}fﬁﬁeﬁﬁwdmﬁnﬁﬁﬁfﬁﬁ&@uﬁea repetitive RF interference source
power e rom an ternaj] reent C) power. |ine e repetit.ive RE .
interference source havi%&%%@éﬁ?ﬂ%%%%%&ﬁum@?‘ﬂgg éﬁ%‘eﬁ?’s, ac
ngiegl P (rabn;[ gﬁ AC_power ité':?tea. m?jeﬁuk‘lﬁal s.o' oerem:e s’? f)‘}velfte'dg'mmufa.glr:ﬁSlt goe
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20 the steps of:
sensing the AC power line;
generatinga plﬁrality of data packets with each data packetincluding an error
detecting portion, and for operating the RF transmitter to produce repetitive firstand
second transmissions of a same data packet responsive to the AC power line so that

25 at least one of the first and second transmissions occurs during an OFF period of the

repetitive RF interference source; and - '
receiving at the RF receiver the repetitive first and second transmissions of
same data packets and selecting one based upon the error detecting portioné thereof
to thereby avoid interference from the repetitive RF interference source.

30 11. A method as claimed in claim 10 wherein the step of generating the
plurality of data packets comprises generating each data packét and error detecting
portion to be less than or equal to one-half a period of the AC power line, including
the step of establishing only a one-way communication channel from the first device
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