Digital Switching Wreless Receiver Diversity and Buffer Diversity-for
Enhanced Reception in a Wreless Digital Audio Communication System
Background of the Invention 5 Field of the Invention [0001] This invention
relates to nethods and apparatus for the transm ssion and reception of the
broadcast signals nodulated wwth encoded data. More particularly this
invention relates to nmethods and apparatus for reception of broadcast
signals nodul ated with encoded data 10 enpl oyi ng recei ver diversity and

f'egﬁnfjhﬁggs'%@f@‘&ﬁ%ﬁ“ﬁfﬁ%‘%ﬁ Ractiver Dvarsiy ahdl Bofea? /ccopt)on i n
an envi ronpéV@erfQVtEl@ aneas Raceptian in arWIresleiSﬁdmgrtahﬂmlm er

diversity enploys nultipl e@onmmﬁmcaltlomﬂysmlm transmitters 15 coupled to
mul ti pl e antennas to broadcast signals such that a receiver is nore likely

to receive one of the sigal r diversity, nmultiple
antennas or nultiple antennasg égﬁﬁéﬁt?gqmﬁ recei vers are enpl oyed
to.receive the broadcast signal. In the fading channel, the |ikelihood
that one of the receivers will 20 capture the broadcast signal justifies

t he expehisid of thelltiveindlosl ant ennas and receivers. 1 [0004] Refer now to
Figs. 1 aand 1 b for a review of receiver diversity of the prior art. In
Fig. la, the transmtter 5 nodulates a transmt S|?nal such as an RF
frequenclfORilt h a dEiiainyvieghien relatestte avthedsand appalisioetha ransnit  si gnal

to a transducer su_ch as the antenna 10. The antenna 10 radi ates a
transmission and reception of the broadcast signals modulated with

encoded data. More particularly this invention relates to methods and
apparatus for reception of broadcast signals modulated with encoded data

10 employing receiver diversity and time diversity techniques.

Description of Related Art

[0002] Diversity techniques are well known in the art fo insure the quality
of reception in an environment where the broadcast signals are fading.
Transmitter diversity employs multiple antennas or multiple transmitters

15 coupled to multiple antennas to broadcast signals such that a receiver is

more likely to receive one of the signals.

{0003] ~In receiver diversity, multiple antennas or muitiple antennas
coupled to multiple receivers are employed to receive the broadcast
signal. In the fading channel, the likelihood that one of the receivers will

20 - capture the broadcast signal justifies the expense of additional antennas

and receivers.



5 broadcast signal that results fromthe nodul ated transmt signal. The
broadcast signal as is known is a wave front of el ectronmagnetic energy
shown here as separate broadcast signals 12, 13, and 14. Ceographic
obstacl es such as nountains and hills 15 and buil di ngs 20 may bl ock or
reflect the broadcast signals 12, 13, and 14 such that the anount of io
energy arriving at any of the antennas 25a, 25b, 25c is not sufficient to

be dete by th [ ver-:35. re just aone agntenna,.then any
of the ALY "ReIE B BFIOS 1 and WS ARG HEFesB BT AEERIRA NS he
receiver. Ho the-mul tiple antenn 25a, . 25b, 25c.all ow the antenna
G toh 30 o P arty RS b Bt impaliaria oot Sl sdfhas s 19 13,
15 and 14 and t%égl ect one of the antennas 25a, 25b, 25c having the
strongest si gAARF Brayenayyritly a data signaleang; ansters thamogiulatedtansmi r ecei ver
35 to have the highest quality signal to process to extract the received

i nformati on. $iODAHP 3 kamsdycen sich asthet anigamd 10eThs anteririaatd adiafdsibat es a
transmt signal 20 such as an RF frequency with a data signal and

transf ers thebreadaasitsighal thatsasultssrgndhe modaldtedradsioidsighathThs t he ant enna
10. The antenna 10 radiates a broadcast signal that results fromthe

modul at ed tr abmadtastsigiedlas igkeown tadaast fRingbRklecRSmagnétidewergys a wave
front of 2 electromagnetic energy shown here as separate broadcast signals

12, 13, and ddowd heregg@gé@érbiébr%a&@éilsﬂ%ﬁw@m 5 ahbel4avaédapaicand hills
15 and the buildings 20 simlarly may bl ock or reflect the broadcast

si gnal s 12, 1§bstaé!egls$éh a's'i‘nédﬂtéin??éﬂﬂmil%%éa,gﬁ%ggf,]tﬁ@@%?o@ebléép 25¢ are

r
coupl ed 5 respective to the receivers 3 ndent upon the

Zgge”ggg Of IR cLHRANGATast sNEIS12E43, AR 13 W ich @ We AmdURE ANt €NNas  25a,

10 energy arriving at any of the antennas 25a, 25b, 25c¢ is not sufficient to be
detected by the receiver 35. If there were just one antenna, then any of
the broadcast signals 12, 13, and 14 cannot be distinguished by the
receiver. However, the multiple antennas 25a, 25b, 25c¢ allow the antenna
switch 30 to monitor the strength of the received broadcast signals 12, 13,

15 and 14 and to select .one of the antennas 25a, 25h, 25¢ having the
strongest signal for transfer to the receiver 35. This allows the receiver 35
to have the highest quality signal to process to extract the received

information.

[0005] fn Fig. 1b, the transmitter 5 similarly modulates a t_ransmit signal
20 such as an RF frequency with a data signal and transfers the modulated
transmit signal to a transducer such as the antenna 10. The antenna 10
radiates a broadcast signal that results from the modulated transmit
signal. The broadcast signal, as is known, is a wave front of

2




may not have sufficient for detection by its respective receiver 35a, 35D,
35c. As in the previous exanple, if only one antenna and receiver existed
and it was bl ocked fromreceiving the broadcast signals 12, 13, and 14, io
the receiver would not be able to recover the data signal. Al the
receivers 35a, 35b, or 35c are connected to the receiver switch 40, which
dependent upon the quality of the received and recovered signal swtches

sel ects the recejver 35 35b 5¢ having the bhest recovere ta,signal.
0006] " Tho- exBIREIrETagRaf gRord) ShoRRere BYsePaEts Bioadzon sarals 2 B o) s
frequency (RF li.cation for diversity. Refer nowto Fig. 2 for an

exanpl e of re%@‘?ggr mfﬂvl%gbﬁtﬁﬁ\eﬁéﬁfchﬁséhm%r@%ﬁs ?Hglhﬁﬂse@ a¥bl i cati on
for digital audio headphones. The transmtter 50 is provided digitally
encoded audi ot Rjfildings 2theimilady s1av bleek soreflechthe broadeagt gignalsi 2, 48coded

audi o signals with synchronization, control, and error signals. The 20

formatted enceoed4ddn thisreramates thenanteanss2ba s25im @5csiraicbapletio t he RF
wirel ess, except in this case the signal nmay be pul se positioned nodul at ed

rathes than frespeeialy ghihbtrekelyed 38a, 35bRE50 Depesdent Uponipeutrangtd si gnal
is used to control the radiation of a light signal fromthe light emtting

di ode 3 (LED) obthe bFb&dddstBignaisofel38and 34iasteRs bntepnh 2shessiphapes 60.
The headphones 60 have at |east two photodétectors 70a and 70b. The

phot odet ect or ga((it fBde Egﬁic%rn.?f&%é?écﬁilohﬁyﬂgsgl.%%q_%(gﬂlgtr%ei%rtﬁ Ssfies of the

headphones 60 t0 receive the light sign etected el'ectfical 5

750w ch densitl AegL T VoS Aoy Bbf e e A1 e B SRR T anet er
o £ o o o RRLF B g o 1 B BAPERC 17 ol ose
10 the receiver would not be able to recdver the data signal. All the receivers
3543, 35b, or 35¢ are connected to the receiver switch 40, which

dependent upon the quality of the received and recovered signal switches

selects the receiver 35a, 35b, 35¢ having the best recovered data signal.

[0006] The examples of Figs. 1a and 1b illustrate a wireless radio

15 frequency (RF) application for diversity. Refer now to Fig. 2 for an
example of receiver diversity as applied to a wireless infrared application
for digital audio headphones. The transmitter 50 is provided digitally
encoded audio signals. The transmitter 50 formats the digitally encoded
audio signals with synchronization, control, and error signals. The

20 formatted encoded data modulates a transmit signal similar to the RF
wireless, except in this case the signal may be pulse positioned modulated
rather than frequency shift keyed as in RF wireless. The modulated signal
is used to control the radiation of a light signal from the light emitting diode
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headphones 60. If the system had only one photodetector 70a or 70b, the io
i ght signal 85 would be not be detectable if the photodetector 70a or 70b
was not pointed essentially directly at the LED transmtter 55. Having two
phot odet ectors 70a and 70b all ows the receiver to always have detected

el ectrical signals. The photodetectors 70a and 70b maybe sel ected by a
switch that which of the phot odetectors 70a or 70b has sufficient signal

f 15 detect t el fact th
sel ection o LL%E?»S“% fios Torfislana)ABan bristien S e Bhedireeie” et ved audi o
to the speak Oa a 80b [00071 A techni que commo referred to as
time diversit§ Wﬁvgrqté%@ﬁtﬁ‘fjoé’ﬁ‘of%t%&@@ %Hﬁhn-ﬁ her ror

correction codln to |nsure that 20 the received digital audio signals are
recover ed. ThBthﬁfj@ﬁePBH% A ang 0k arecaenesally pjaeadson resoiac Kides obthet he
digital audio and transfers them at non-contiguous tines. This allows for
errors to occheadphonen 60He reegive tredlighd signah85t dhe letenteddiedtritat a t o be
recovered when the received 4 digital audio data is rearranged to

de-i nt er | eavesighalsddtive phactvdtiectons 70a@and 10bvaregrarefertet ©ahe PScdvst
correction perfornmed on the received data. Thus even marginally received

broadcast si gpglwhieRdeRfbdelAELaRd Véfbbfnél%f%ﬁ‘é%ﬂ@odé’d@udlb%]gﬁ’ﬁi@fofeCOVered 5
[00081 U.S. Patent 6,351,630 (Wwod, Jr.) describes a wreless

communi cat | Ongayfef RIhBAkARe S EAHRD ﬂ@‘f (TREBbEskd: 888 %rAagRAke! Pl ©

sel ect abl e ant ennas up tab e a representing antennas, and

e "Soma ek AR O e SRR BB e 10
6,272,190 ( Caﬁ@f&p?‘lones Gb qlr ﬁ)’l\él scir%tsem ha SotnFyrr(]):?enghotodetector 70a or 70b, the
10 light signal 85 would be not be detectable if the photodetector 70a or 70b
was not pointed essentially directly at the LED transmitter 55. Having two
photodetectors 70a and 70b allows the receiver to always have detected
electrical signals. The photodetectors 70a and 70b maybe selected by a
switch that which of the photodetectors 70a or 70b has sufficient signal for
15 detection. Alternately, there, in fact, may be two receivers with a selection
circuit determining which 'receiver transfers the received audio fo the

speakers 80a and 80b.

[0007] A technique commonly referred to as time diversity employs
interleaving of the encoded data and error correction coding to insure that
20 the received digital audio signals are recovered. The interleaving
separates contiguous data packets of the digital audio and transfers them
at non-contiguous times. This allows for errors to occur within the
encoded data and to the encoded data to be recovered when the received
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met hod for wireless transm ssion and receiving of information. The nethod
includes transmtting data and then after a tine delay retransmtting the
data. The data for each transm ssion contains an error correction code.
Upon receiving the first and second data transmi ssions, 15 the data is
processed to identify, by use of the error correction code, erroneous data
within at |east one of the data transm ssions. The identified erroneous

data is replaged with non-erroneous, data fromthe other data fransm ssion.
H0010] U & PiEal e 33 RO TS Bl favs i detedBkSf Ak heDT or 20
di versity tecgni que for wireless comunications. A sinple block coding
arrangenent i 92Y§ BHPRERIGFIN adporectionpasianined ordbereceiypd date; t\huss

transmt channels. The diversity created by the transmitter utilizes space
di versi ty ande¥gn merginaliereseived dyerdaast signalssianbe swsessfuly ©cefgdent

6, 181, 749 (Urabe, et al.) details a diversity receiver. A denodul ator

obt ai ns nodul anédtheddata recoweredinber of channels. The 5 channel s have subband
filters and differential detectors for denodulating the data. Error
estimating circuits estimte and output the nunbers of erroneous synbols

and egro[ogostat i ong.S.®ateRd)351880 Pool, 92f deschiBEP ahitkddsssconpar es the
denodul ated data corresponding to the error |locations with the denodul ated

data in the cesmRRPRAELAYsYRERLMARTy rindrRiePEEUSBARNEAS of Mufigisr m ne

whet her the error location is correct. e data conparator provides a
deci sion sign ] e t S ' ' , or selects
one of the de%%@g{ee%ﬂggﬁ%'f'?é&nﬁrke lﬂ%ga%t(l:%éﬁ?ﬁgl%léa&agﬁéqr%equlégia??éor}%%[tshe nunber s

of erroneous syiRglRaPahibi%o ARk ShWlad! A, ANMn24L Bl 8. Ligy ot @ as

attempt communication with second transponder

10 [0009] U.S. Patent 6,272,190 (Campana, Jr.) provides a system and
method for wireless transmission and receiving of information. The
method includes transmitting data and then after a time delay
retransmitting the data. The data for each transmission contains an error
correction code. Upon receiving the first and second data transmissions,

15 the data is processed to identify, by use of the error correction code,
erroneous data within at least one of the data fransmissions. The
identified erroneous data is replaced with non-erroneous data from the

other data transmission.

[0010] U.S. Patent 6,185,258 (Alamouti, et al.) teaches a transmitter
20 diversity technique for wireless communications. A simple block coding

arrangement is created with symbols transmitted over a plurality of



15 [0012] U.S. Patent 6,088,407 (Buternowsky, et al.) describes a digital
diversity receiver systemenploying one or nore transmtters, a plurality
of receivers, and at | east one two-way personal paging unit or pager. The
t wo-way pager receives pages fromthe transmtter, and sends response
signals, which are detected by the receivers. A mcrodiversity receiver is
20 described as two receiver conponents provided at a single receiver site,

with a separ ; r receiver conponent. .Signals as received
2t the oilter SRS EiaMS" ThR Ot irtFled SRR ARy Yl Sace)

i ndi cation information conbj.ned to increagse the reliability of the system
in detecting Qﬁﬂgﬁ&%aieﬁ@ef ’é‘ep?étgﬁ@rquﬁa‘ébaw@@"gynbol s. [0013] U.S. Patent
5,799,042 (Xiao) describes a wireless digital conmunication systens that
apply an _antenna diversity scheme to conbat 5 fading in a received radio
system hB¥1dL a siH§ Fatetd, 1@1.749 Gdrabenat alaiptailse divarsiynptaivemnd® r obust
antenna diversity schene. Radio signals transmtted to the receiving

ant ennas has desdoddatar obidins medutated data tald owinher efrchannelst et | on at
reception side. [0014] U S. Patent 5,073,900 (Mallinckrodt) provides a

cel lufar 10 ccmammeicidveonbbaydifitars snddiferaltid] d6leb@rs foreRehaikatihgum syst em
wth code division multiple access (CDMA), and enpl oying forward error

correction cogentatd FECe) ebmatiMpbrcuifshastifize ahd batHAkK: AfdbsRl gctivity of
the system A digital data interleaving feature reduces fading. [0015] U. S

Pat ent 4, 517, &ghddiseshitidls ot oftbr locdfS dh2a0R ERAAC ela15 apparatus f or

codi ng nessages communi cat e etween a primary station and renote stations

of a data Comb%?c;rg%@oo%‘éém eTrHSdLﬂB% rcf%{fl%gpggﬁén%\{r?g %nth%rbtrpor;]na

di versity schene mruni cati ons  cornt
locations with the demodulated data in the corresponding locations in

10 other channels to determine whether the error location is correct. The
data comparator provides a decision signal in response to the
determination. A data selector selects one of the demodulated data from
the channels on the basis of the numbers of erroneous symbols and the

decision signals and outputs the data as selected data.

15 [0012] U.S. Patent 6,088,407 (Buternowsky, et al.) describes a digital
diversity receiver system employing one or more fransmitters, a plurality of
receivers, and at least one two-way personal paging unit or pager. The
two-way pager receives pages from the transmitter, and sends response
signals, which are detected by the receivers. A microdiversity receiver is

20 described as two receiver components provided at a single receiver site,
with a separate antenna for each receiver component. Signals as

received af the different receivers can be compared and have the



the primary station. Variable |ength nessages are communi cated between a
general communi cations controller (GCC) and a plurality of 20 portable and
nobi |l e radi os. The variable | ength nessages include a bit synchronization
field, a nmessage synchronization field and a plurality of channel data

bl ocks for efficiently and reliably handling |long strings of data 7 or
text. Each channel data bl ock includes an information field, a parity

field for errQr- r i the information field and a channel _state field
i cat § ng. wneeaEreheleshOh S ruaiel FRabRBH 1 Beferp to? reBARY pobee,
Japanese Patent Lai.d-Open No. 4-8031 JP4008031 (Hiroyuki 5 describes a
reception di v&YSiemjn deecting E\Nﬁi‘@?og@ﬁé G {PEgeLIEsSEPPYR SEBP‘%'écti ng si gnal
indicating the correction every tine received data is corrected. The error
correcti Rg) signal is sent to an error correcting signal conparator, which
counts t {18l ror cUrS-RateniP.s99R4R (Sieopdeswibesa wirgleas digithk om nul tipl e
receivers to decide which receiver is providing the best 10 quality
reception. [ OCaminuhigatinesysteatsthat applyd-aOmarena dite®dp d80er0&itly opmbat et al .)
provi des a systemfor mnimzing the effect of reception |evel fluctuation

and phase f| ufddiraf inanredeRretiaativtiyatbm Ebﬁngraa@ﬁ@rétré@éivéﬁﬂﬂﬂ-dﬁdansm ssion
informati on converted encoded with error detection and correction codes. is

The receiver ganpa&ss 4 BRnpl8 GRUBHUStHREATRE di08rsRY sBhétha! raRieagAsIs The
system perforns an error detection and correction on the received

i nformation aﬂ?né?ﬁﬁt%ﬂ t8%hd F&e\f}@ﬁj’?ﬁtgﬂﬁa@bé?Féqﬁﬁ%ﬁfﬁeorgr%ﬁbn%lr ecei ved

information selects the recei Infornmation Trom enna wth | east
0018] * Coehafiafig st PelBnfir & s8R S0t rhr ough Timel Space
[0014] U.S. Patent 5,073,900 (Mallinckrodt) provides a cellular
10 communications system is provided using spread spectrum system with
code division multiple access (CDMA), and employing forward error
correction coding (FECC) to enhance the effective gain and selectivity of

the system. A digital data interleaving feature reduces fading.

[0015] U.S. Patent 4,517,669 (Freeburg, et al.) describes a method and

15 apparatus for coding messages communicated between a primary station
and remote stations of a data communications system. The apparatus
employs an antenna diversity scheme for a communications controller at
the primary station. Variable length messages are communicated
between a general communications controller (GCC) and a plurality of

20 portable and mobile radios. The variable length messages include a bit
synchronization field, a message synchronization field and a plurality of
channel data blocks for efficiently and reliably handling long strings of data
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Diversity," Calderbank, et al., |IEEE Transactions on Information Theory,
May 2000, Vol une: 46, Issue: 3, pp. 922 - 932 discusses wWreless 8 systens
that are subject to a tinme-varying and unknown a priori conbination of
cochannel interference, fading, and Gaussian noise. The wreless systens
di scussed provide diversity in time by channel coding. [0019] "Interference
Cancel l ation Using Antenna Diversity for EDGE 5 Enhanced Data Rates in GSM
and TDWMA1136, " PI gdég et al., Fr oceedip Vehi cul ar, Technol og%/ Conf er ence,
1999, pp. 1958" exbeback Gnannel dgjafipels inlydes an afqrmetiom figid, BBEEY enhanced
data rates for global evolution). The paper further discusses antenna
diversity, whiielf fenemprecoracting e bferaationdield and archasnelstate fiebSummary of
the Invention [0020] An object of this invention is to provide a

communi cat i oninsicatisgnvihetherramotihe fadip amahned sdhusyrmy feeebr oadcast  si gnal

nodul ated with coded data. [0021] Anot her object of this inventionis to
provi de a communi cati on system applying diversity to inprove reception of

coded dafedi6h pr esdapmetb FHatétdiaigrOpentMe 4£802416R$0080TN@iroy(IKP22] To
acconplish at | east one of these and other objects, a conmunication system

i ncl udes a trassdribebe redBpticH NiQEit) ySRAEWHIEh gdstatds’ &bl t €r acquires
i nput data, appends an error coding and a | ocking signal to the input data

to form the coseskilat dondiRsLdRRTAL bbREckdiPB @) RAhoahes ddieisbr oadcast

signal with the cod ata, and~propagates oadcast signal through a

transmtting Eérgt%‘ao%gf the emf‘ cBFrggtﬁ{H éibti*lg'l% sgrrltatgsa%ué:r%r c%??é%ﬁng gig%g} enna or a

light emtting

comparator, which counts the error correcting signal compares the signals
from multiple receivers to decide which receiver is providing the best

10 quality reception.

[0017] Japanese Patent Laid-Open No. 1-265739 (Kiyoyuki, et al.)
provides a system for minimizing the effect of reception level fluctuation
and phase fluctuation due to fading. The transmitter sends transmission
information converted encoded with error detection and correction codes.

15 The receiver decodes the received information by plural antennas. The
system performs an error detection and correction on the received
information and based on the amount of errors present in the received
information selects the received information from the antenna with least

error among the received information sets from each of the antennas.

20 [0018] “Cochannel Interference Suppression Through Time/Space
Diversity,” Calderbank, et al., IEEE Transactions on Information Theory,

May 2000, Volume: 46, Issue: 3, pp. 922 — 932 discusses wireless
8




[ 0023] The diversity receiver systemreceives the coded data nodul at ed
broad cast signal froma transm ssion channel. The transm ssion channel 5
is characterized by nultiple transm ssion paths having vari abl e

transm ssion tine and variable attenuation characteristics causing nultiple
copies of the coded data nodul ated broadcast signal. The diversity

recei ver system has a signal acquisition device in comunication with the
transm ssi on c¢channel for receptjon,.of the rmultiple copies of the coded data
i 0 nodul at ed %‘F%%'Béé’%‘?t AP GH el.?’E %%“Eﬁeg‘fm’”a&ﬁ‘&i@lkf'PWH &RNAte eval uat es
signal characterjstics of one or nore copies of the multiple copies of the
coded data moBRINANEHOHLPHE ekintgpriarencs fadieg endh@agstiar naisea, Theont r ol
signals, and |ocking signals fromthe one or nore copies of the nultiple
copi es of theWkelges Systerns diselssed sireyide diversity in §menbyomannel cedingn with t he
15 signal acquisition device to receive the signal characteristics and the
coded data, the control signals, and | ocking signals, the diversity circuit
sel ecti nfPOFOPm t he'lisiedamnce lGaraet|atiorstUsing, Aritéena Diviersity for BD@BE, and t he

| ocki ng signals, one of the copies of the coded data nodul ated broadcast

signats. The Hhh&ficd VataeRateY & GIHAS afd TOMAM 38 HiHddjb @f ak] Prokbédihg 20
comuni cation with the diversity circuit to receive the coded data fromthe

sel ected cobyvehicliap TeRRSKlogALAEAMAEdoDEp ARSI 106118 4 The er ' or

eval uation circuit eval uateS the coded data 'signal for ‘errors and providing

an error S1 9nGch ke Sl MAEAL 1 DRI dnaAdLE BLIATGPEIGR State of the

10 sel ected data, erein the drvers second copy of
the coded da dyl at ed broadgast,.signal. [0024] The signal ui sition
devi ce i ncl ud%@olgﬁoﬁﬁur FiRaP<h urﬁbecféji'%ﬁu%ﬁes ?'?%HE?!H]:"@@& o %{'éa%i ennas or
phot odi odes, syc as antennlaﬁ or

interference-cancellation methods.

10 Summary of the Invention

[0020] An object of this invention is to provide a communication system for

transmitting and receiving a broadcast signal modulated with coded data.

[0021] Another object of this invention is to provide a communication
system applying diversity to improve reception of coded data in presence

15 of fading of the broadcast signal.

[0022] To accomplish at least one of these and other objects, a
communication system includes a transmitter and diversity receiver. The
transmitter acquires input data, appends an error coding and a locking
signal to the input data to form the coded data. The transmitter then

20 modulates the broadcast signal with the coded data, and propagates the




5 phot odi odes, in comunication with the transm ssion channel. Each
transducer acquires one of the copies of the coded data nodul ated
broadcast signal fromthe transm ssion channel and converting the copy of
t he coded data nodul at ed broadcast signal to a received electrical signal.
The received el ectrical signal varies in magnitude dependant upon the io
transm ssion tinme and variable attenuation characteristics of the

transm ssi on Eh%ggel ..In g?fi rst enbodi ment, the signal acqujsition device
has a pl ural i P{PagFasteinal dirougiadranseaitingdransduesy. ¢ $AHIEn with one of
the receiving transducers to anplify and condition the electrical signal
and to extrafansdyicer Brayhe @ antean by alight ¢nitling digde. | ocki ng signal's from
the is received electrical signal. [0025] Each of the plurality of the
receiving transducers is assigned a selection priority such that the

r ecei ver [A023¢ ormunThadiversityirebeiver sstmiracpivés thesmbded datd madoladdb st
priority is selected by the diversity circuit. If the error signal

i ndi cat es t hebmedegistsigdalfrorns transehiesion chBenéli Vidlesttdrisntisdion chardil
det erm nes another receiver having a valid | ocking signal and transfers the

data of the rgcharsdtedzed BEmRItiph traNSGhiddlonQihtsd heWhg vadbbigr nately, if the
error 11 evaluation circuit indicates the selected data Is in error but is

correctabl e, &Qﬁsrﬁrrssagh tﬁe{@hng%ﬁ%zs!ahgupéﬁcﬁ%ﬁa% tﬁri&tﬂ% éa‘%ﬂsﬁqa}{ggmg@ a.

[0026] A second enbodi ment o e signal acquisriron device

I it f I\ t hot odi odes, in 5
o urt 1 o B8 A8 o am AN B AR e AR 0005, 5
f th i f.th ded dat dul at.ed d t si | f th
O e oD, e SR 2L BB, 928 5L LSNP o

broadcast signal to a received electrical signal. The plurality of
transmission channel for reception of the multiple copies of the coded data

10 modulated broadcast signal. The signal acquisition device evaluates
signal characteristics of one or more copies of the multiple copies of the
coded data modulaied broadcast signal, extracts the coded data, control
signals, and locking signals from the one or more copies of the multiple
copies of the coded data. A diversity circuit is in communication with the

15 signal acquisition device to receive the signal characteristics and the
coded data, the control signals, and locking signals, the diversity circuit
selecting from the signal characteristics, the control signals, and the
locking signals, one of the copies of the coded data modulated broadcast
signals. The diversity receiver has an error evaluation circuit in

20 communication with the diversity circuit to receive the coded data from the
selected copy of the coded data modulated broadcast signal. The error
evaluation circuit evaluates the coded data signal for errors and providing
an error signal to the diversity circuit indicating an error state of the

10




receiving transducers is in comunication with a transducer sw tch, which,
fointurnis in comunication with the diversity circuit. Upon reception
of a transducer selection signal fromthe diversity circuit the transducer
switch selects one of the electrical signals of a selected receiving
transducer. A receiver is in comunication wth the transducer switch to
anplify and condition the electrical signal from sel ected receiving

t ransducer an 5. extract. the coded data, control signals,_ and |ocking
S gnal s fr om PRBSep A ATEIn BB BTl seitte erdhd Boar selPon oi rcur
transfers the %@gf& data to the error evaluation circuit. Each of the
plurality of f ginedigated bipadeast sigrak assi gned a sel ection priority
such that the receiving transducer of a highest priority is selected by
the diversity circuit. If the 20 error signal indicates the coded data
recei ved (74l ext r athegighabacquisitioreleice incilidesi ayplarality of reeeivizigect ed
receiving transducer is in error, the diversity circuit generates the

transducer setrensdusersisgohlastantaelasadr phot@iedun] satieas antainasiognal from a
second receiving transducer to be 12 transferred to the receiver, the

seconsl el ect r phetodDidgsah dorgfumiastictowah Wi irghsrhidsiohnGaph@natacind transfers
the data of the receiver to the error evaluation circuit. Alternately, if

the er ror evautdiRr BLAGH orldh halcepicshd 1oHstIEA mosagieued and

extracted fromthe electrical signal of the selected receiving 5 transducer

S n erOr DbloduBaSUARE AN o FIRAALLEN YRR LARN ho EBRYBELS LN

coded data received and extra rom electric

sel ected recejvi r CEer . 027] The diversity. receiver inclpydes a
data regi st er{h:énébgc?m?%@&%eé&mq’flctaﬁgs'g?@é?éirfaﬁg'g?&@fﬁ#”%s'lgg? in the
coded dat a rex[:si ved.a%ﬂ extr a]ct,ed 10 fromthe electrical signal of the
sel ect ed recei ?ﬁ%ce[l\f %Iaa@gg signal;varies In magnitude dependant updn the

10 transmission time and variable attenuation characteristics of the
transmission channel. In a first embodiment, the signal acquisition device
has a plurality of receivers. Each receiver is in communication with one of
the receiving transducers to amplify and condition the electrical signal and
to extract the coded data, control signals, and locking signals from the

15 received electrical signal.

[0025] Each of the plurality of the reqeiving transducers is assigned a
selection priority such that the receiver in communication with a receiving
transducer of a highest priority is selected by the diversity circuit. If the
error signal indicates the selected data is in error, the diversity circuit

20 determines another receiver having a valid locking signal and transfers the

data of the receiver o the error evaluation circuit. Alternately, if the error

11



communi cation with the error evaluation circuit so that the error
evaluation <circuit can retrieve the coded data. A de-interleaving circuit
in comunication with the diversity circuit to organi ze the sel ected data
such that the coded data received and extracted fromthe el ectrical signal
of the 15 selected receiving transducer is in a contiguous order prior to
transfer to the error evaluation circuit. Brief Description of the

Drawi ngs [0028] Figs. la.ang. | e djagrams il]ustrating the concept of
recei ver di veP&?If'?g?'b?'r%"wgﬁﬁ%zﬁ?zﬁeteﬁ%ﬁﬁiiﬁt@é& IR é‘-‘rﬁ‘?ffeqt'ﬁgepri or art.
20 [0029] Fig, 2 is a diagramillustrating the concept of receiver
diversity for the §FoTRv@luationGirgpe goreatnihe salectss dafat em of the prior art. 13
[0030] Fig. 3 is block diagram of a comruni cati on system enpl oyi ng

diversity reception of this invention. [0031] Fig. 4 is block diagramof a
transm t¥@}26&f t heAcesans eododimentyoftteersighat adquisitoredeviemhasal 0032] Fig. 5
Is a flow chart of the nmethod for formatting and transmtting encoded data
of this invenpiuoality pDE®8]virtg Wandilucersy sdclaas amannasor pabtotipddseid or mat  of

t he encoded data of this invention. [0034] Fig. 7 is block diagramof a

firstsenbodi nesininiddtiondiitehsitianshPsdi@s ehaifiel OEabh GrapSdBLMaeglir&n system
of this invention. [0035] Fig. 8 is atimng diagramillustrating the | ock

detection of bRE of Bfefhoptss &f the Wokisd Qhtd %dgia‘g—?ﬂ g}o%}ﬂcéﬁggé%ag@omth%hi S

invention. [0036] Fig. 9 1s a flow chart o rst ment the

method for regghdhididhthahREPAT b ety RIS br M Boda ddtlS ' nvention.

modulated broadcast signal to a received electrical signal. The plurality of
receiving transducers is in communication with a transducer switch, which,

10 in turn is in communication with the diversity circuit. Upon reception of a
transducer selection signal from the diversity circuit the transducer switch
selects one of the electrical signals of a selected receiving transducer. A
receiver is in communication with the fransducer switch to amplify and
condition the electrical signal from selected receiving transducer and to

15 extract the coded data, control signals, and locking signals from the
received electrical signal. The error evaluation circuit transfers the coded
'data to the error evaluation circuit. Each of the plurality of the receiving
transducers is assigned a selection priority such that the receiving
transducer of a highest priority is selected by the diversity circuit. If the

20 error signal indicates the coded data received and exiracted from the
electrical signal of the selected receiving transducer is in error, the
diversity circuit generates the transducer selection signal to select a
second electrical signal from a second receiving fransducer to be

12




15 [0037] Fig. 10 is a timng diagramillustrating the transfer of the data
from the transmtter to the receiver and enpl oying receiver and buffer
diversity to inprove the quality of reception of the encoded data of this
invention. [0038] Fig. 11 is block diagramof a second enbodi nent of the
diversity receiver of the comrunication systemof this invention. 14 [0039]
Fig. 12 is a flow chart of of a second enbodi nent the nethod for receiving

and recovering_t he encoded data this jnvention. 040] Fig. 13 .is a

S ng_di agr et ERER OBl Er Joe settnd AeEhor Ronti et havndpadlid: | st os
to determ ne HQ a received el ectrical siq%nal froma 5 transducer of the
second enbodi REKP9sIInahanditiapstars the dataio) die eceiver o therrrearigvahiationt ai | ed
Description of the Invention [0041] The conmuni cation systemof this

i nvention, asCiERwAlfasnately, ifdhe erras evaluationseirauitdndicates dhel cadet! dalasi ty
recei ver 200. The transmtter 100 10 acquires input data and appends an
error codi ng egegived arckexitpctadyinain the eladirical signtl ofdthea selectert mceivingded dat a
frame. The transmitter 100 then nodul ates the broadcast signal with the

codeds dat a f raamsdusedis inreoadat sscdrieetdbieabe asior evgnation Gitcuitvopreghs a
transmtting transducer, such as an antenna or light emtting diode. 15

[0042] The ditergided d=fs fbosiled?A aafibté® ot P e BdsiHicd afhral spgeast si gnal
150 through nmultiple receiving transducers. The receiving transducers 200

may i nclude agdighia réé’éivih@‘il%\in‘éh{}&er!?': broadcast signals or photodiodes for
receiving light broadcast “signals. The diversity receiver then extracts

the encoded data frame, acquires the locking signal to 20 extract the
digital ﬂﬁ)‘z";}] The diversity receiver includes a data register in communication

with the diversity circuit to retain the coded data received and extracted
10 from the electrical signal of the selected receiving transducer and in
communication with the error evaluation circuit so that the error evaluation
circuit can retrieve the coded data. A de-interleaving circuit in
communication with the diversity circuit to organize the selected data such
that the coded data received and extracted from the electrical signal of the
15 selected receiving transducer is in a contiguous order prior to transfer to

the error evaluation circuit.

Brief Description of the Drawings

[0028] Figs. 1a and 1b are diagrams illustrating the concept of receiver

diversity for a wireless RF communication system of the prior art.

20 [0029] Fig. 2 is a diagram illustrating the concept of receiver diversity for a

wireless infrared communication system of the prior art.
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15 [0043] In a first enbodinent, the diversity receiver has multiple
receiver circuits each coupled to the receiving transducers. The extracted
digital data is de-interleaved. An error detection and correction is
performed the de-interleaved digital data and the receiving circuit
providing correct digital s data is selected for reception of the digital
data. The diversity circuit nonitors reception of each encoded data frane
for cont ignals. a | ocking signal and the ability to detect and
correct 199387 < o ik 3 ploBE Slaiierty d ditarifimicqioh s terler B Bbr c i ¢
capturing the,l ocking signal .and either capturing the correct digital data
or correctingdVAB¥AGEeRIDY Qlitysdnifendigha. 10 [0044] In a second enbodi ment,
the diversity receiver has a transducer switch coupled to each of the

mul tiple transducers. The transducer switch is coupled to one receiver
circuit. 0833kl ect Bigghds bleek diagramoferarsnufter dfdhe sohmyiieattanansducers i s
to be connected through the transducer switch to the receiver circuit. As
in the first sydbeniofdns inwdntéiodi versity circuit 15 nonitors reception of
each encoded data frame for control signals and |ocking signal and the
ability to detect and correct errors. In the second enbodinent the

di ver si t joogeper at esigt Bes §9ABW MarbdftRaimdtRéd fdi9olmatieg dRe transiitligd and
transfers the transducer providing the nodul ated broadcast signal that

al lows for Ca@ﬁéﬁdeﬂ%ét%%fﬂﬁé‘fr&ghti&i.gnm s, the locking signal and 20 either

capturing the correct digital data or correcting the captured digital
data. 16 [0045] The transducers may be provided a selection priority that

pri of i ¢ él"%ds?%? oot 11 a0 By > R Bf el S o et bn @hgoen e BRERCl et on
a transaucer %(/ention.

[0034] Fig. 7 is block diagram of a first embodiment of the diversity

10 receiver of the communication system of this invention.

[0035] Fig. 8 is a timing diagram illustrating the lock detection of the

receiver circuits of the diversity receiver of this invention.

[0036] Fig. 9 is a flow chart of of a first embodiment the method for

receiving and recovering the encoded data of this invention.

15 [0037] Fig. 10 is a timing diagram illustrating the transfer of the data from
the transmitter to the receiver and employing receiver and buffer diversity

to improve the quality of reception of the encoded data of this invention.

[0038] Fig. 11 is block diagram of a second embodiment of the diversity

receiver of the communication system of this invention.
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receiver that ensures capturing the correct digital data or at |east
capturing 5 correctable digital data. [0046] Refer nowto Fig. 4 for a

di scussion of the operation of the transmtter 100. The transmtter 100
acquires the digital data 105 to be transmtted. The digital data 105 may,
for exanple, be the digitally encoded audio signals such as provided by
conpact disk read only io nenory. The digital data 105 is received and
ret ai ned he data ipput . reqgister 110. A data ¢l ock signal 112 fromthe
synchr oni%gﬁ on cl E'@k&(ﬁ ?@Bth‘fétd’efﬂ@.Seﬁﬁ’”grer”?)t?o‘jé’ﬁ??tet@?i”g‘ﬁﬁ% gener at or
115 extracts the digital data fromthe data input register 110 and creates
an error cor r BRIV BB ECCOVRHRD the errasieddite plilits thwenlin.di gital data. The
digital data with the 15 appended error correction code is transferred to
the interleave circuit 120. The interleave circuit 120 rearranges the
order of [A04€] dat a Biggidis 8 tin{iny diegram iNustrating the segaatineofdbasigpabus dat a
segnents. This insures that these data segnents will be transmtted in
non- sequent i atharadieristics foedetempiae it eckcetveti alectacgl sigranfror® | i kel i hood of
errors destroying the digital 20 data is mnimzed. [0047] The interl eaved

di gital data franddieer bf tiesderbhe @nibdimient 6fane diversBirecbiverofithis25. The frame
format circuit 125 wll serialize the data and 17 concatenate a | ocking

signal to thejngehiigH i zed data to forman encoded data franme to be
transmtted. The | ocking signal has a synchronization signal, which is
used by the receiver to synchronize its oscillator to the synchronization
clock 130 of the transmtter 100. Additionally, the locking 5 signal has a
start signal that indDedaied Deslriptionngf thetlnwestionl i zed digital data.
The l'ocking signal may optionally have a stop signal
[0041] The communication system of this invention, as shown in Fig. 3,
has a transmitter 100 and a diversity receiver 200. The transmitter 100
10 acquires input data and appends an error coding and a locking signal to

the input data to form encoded data frame. The transmitter 100 then

modulates the broadcast signal with the coded data frame, and

propagates the broadcast signal 150 through a transmitting transducer,

such as an antenna or light emitting diode.

15 [0042] The diversity receiver 200 acquires the modulated broadcast signal
150 through multiple receiving transducers. The receiving transducers
200 may include antenna for receiving RF broadcast signals or
photodiodes for receiving light broadcast signals. The diversity receiver
then extracts the encoded data frame, acquires the locking signal to

20 extract the digital data.
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indicating the ending of the serialized digital data. [0048] The format of
the encoded digital data frame is showmn in Fig. 6. A digital data frane
190 consists of the |ocking signal 191. The | ocking 10 signal 191 incl udes
t he synchroni zation signal 192 and the start signal 194. The optional stop
signal (not shown) would for the ending nessage of the encoded data frane.
The data interleaves 195a, 195b, and 195c are then serially concatenated

after th king signal 191..The encoded. digital data frames are then
seri al | y??d(#ied toFr\‘%ﬁFﬁtteﬁﬁ’qdfrﬁﬁ%trﬁles‘i%ﬁﬁfs'ty§e‘?%‘tﬂ§]asfﬂ®t‘8'@r’ PS§'YSed encoded
data is then conyeyed to the transmt signal nodulator 135. The transmt
si gnal nmodul afEruitRachaspladiothe recrivag granaducers §he gxtrasied digiBhl no
signal to forma nodulated transmt signal. The transmt signal nodul ator
135 woul d usedptedggeriolerieaved. Rayarray detactian angrostegtion isaprtfgsmieddhgosi ti on
nodul ation for a light signal. 20 [0050] The nodul ated transmt signal is
the input to tiednterleassd digdalidata ahd@he Tdueivingl diratitgetotidagsaartecs digital
provides the stinulus to the 18 transmtting transducer to cause the

nodul at ed br odétas tselicgrafor Hedeption oitheadigithindfa t ITRe @rsigna®Ait. [ 0051) As
is knowmn in the art, the transmtter 100 may include a digital signal

processor. Thenditeid Rlceplicaf edIHOSRBURH dabf frBfheFof SOMH| sifhafysiEM 5
executes functions and processes being prograns stored on data storage

medi um f or exﬁﬁkh.qug?g@{ ahﬁqhér%bmggt.osd}ﬁéﬁ Al ikt Brro e dir@hdedls theame  data

i s acquired (Box 5) and retarn process continues by generating an

Frame oata. THeeaign fafre eeifShahd odudR o8 g S8BT 919G, et on

code is the tgg&u:r'ire]& hreag ?gcttd?gi{a%g aI oerac\é)erreﬁcgr?g);( thleGggptEirba% cﬂg‘;igahtd%%a.

10 [0044] In a second embodiment, the diversity receiver has a transducer
switch coupled to each of the multiple transducers. The transducer switch
is coupled to one receiver circuit. A select signal determines which of the
multiple transducers is to be connected through the transducer switch to
the receiver circuit. As in the first .embodiment, the diversity circuit

15 monitors reception of each encoded data frame for control signals and
locking signal and the ability to detect and correct errors. In the second

| embodiment the diversity generates the control signal for the transducer
switch and transfers the transducer providing the modulated broadcast
signal that allows for capturing the control signals, the locking signal and

20 either capturing the correct digital data or correcting the captured digital

data.
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frame data to separate contiguous data. As described above, this allows
correction of errors that may occur to contiguous transmtted data. The
digital data franes are then serialized (Box 170) and formed (Box 175)
into frames by the concatenation of the |ocking signal to the digital frane
15 data with the included error correction codes. The | ocking signal as
descri bed above includes the synchronization signal, the start signal, and
t he opti |_.stop sjgnal. The serialized data franmes then nodul ate (Box
180) a t&gﬁéiﬁt si-E'h‘gﬂ?”ﬁq’i@eﬁ%Hlﬂyé%%ﬁfoﬂ’idﬁﬁﬁ@e%tiwori%thﬂﬁ@ﬂsgéﬁt ( Box
185) to a transmtting transducer for broadcast to the environment. 20
[0052] Ref er r iha$ atcertpingtransducgeisfistrated wifially o dbeaslectiogpaioriyss, of t he
first enbodinment, is acquired by a nunmber of transducers 205a, 205b, ..,
205n. The trmodifieddrystheabegrsipoghguit.to eng0fnthat thepdadestionsutréngduaer as t he 19
nodul at ed broadcast signal 150 may be fadi ng causing an el ectrical signal

devel oped by teaveiver tiveteincares c2phainglBblzorrect digRainddte ov at pagt ddptiriiey
intensity of the nodul ated broadcast signal 150. As described in Figs. 1 b

and 25 the nmogerredtasleliigigfieast signal 150 may be bl ocked by geographic 5
obstacl es such as nountains, hills or buildings. These bl ockages cause the
strength or intensity of the nodul ated broadcast signal 150 to vary as it

a1 eS OABREN Ol i bl 4 16 SHRSIGh Y88 odBllin gy 200 190591
Lranstert ed  fohSepihn el nifel ARSI BRI GBIGE A ORI
Cranari ¢ i gndRPRR: HoeaTal del o8 Misfaforeomas A e BB ol | zod
enCoded O A Cotad mudic Signais suth a8 proviaed by compact disk read only - © 0K
10 memory. The digital data 105 is received and retained by the data input
register 110. A data clock signal 112 from the synchronization clock
circuit 130 110. An error correction code generator 115 extracts the digital
data from the data input register 110 and creates an error correction code
that is to be appended to the digital data. The digital data with the
15 appended error correction code is fransferred to the interleave circuit 120.
The interleave circuit 120 rearranges the order of the data segments
(bytes or words) to separate contiguous data segments. This insures that
these data segments will be transmitted in non-sequential order to be

separated in time such that the likelihood of errors destroying the digital

20 data is minimized.

[0047] The interleaved digital data is then transferred to the frame format

circuit 125. The frame format circuit 125 will serialize the data and
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synchroni zation circuit 225, where the synchronization signal is detected
15 and the receiver is synchronized to the frame clock 127 of Fig. 4. \Wen
t he synchroni zation signal is detected a synchronization |ocking signal
227a, 227b, ... 227n for each receiver 21 QGa, 210b, ... 21 On. [0054] The
serialized encoded data is also transferred to the startlstop circuit 220.
The start/stop circuit 220 exam nes the serialized encoded 20 data to

detect the st ' | wiit.hin each frame of ¢ ncoded data, . Wien the
start signal ?éﬁccfi‘%%@%é’d?c‘f'ﬂ%S@f‘ﬁﬁto/tb?é‘ﬁr'ﬂli'%e&fs]aﬁagﬁ rgkangrspdedecei ver
210a, 210b, ..., 21 On ovides a stagrt signal 222a, 222b, ... 222n 20

i ndi cati ng thgatﬁébqrﬂ?\itc%eg'ﬁ”?%%%tﬂ?q logkiBg sign@ has agypahranizatiohe i ncl uded
error correction code. The conbination of the synchronization | ocking

si gnal 227a, 9igngl, which isprpad Bydhe Receivesie syngnanize s scillapto the 222n are
conbined to formthe | ock signal as described above. 5 [0055] The data
stream of t hesywhrenization cocotRtiotthedraremitter2tiOh, Additionally 7ihedockindie | ock
signal (synchronization |ocking signal 227a, 227b, ... 227n and start

signat 222a, &igAalhas a s@PXNigndthatdadibatesded VeginAhGaof tRd Bbrialized. 21 On are
the input signals for the diversity circuit 230. The diversity receiver

sear ches eachdigigikdathgmak ddkiiy Sighhl rag eplieialiy Hide 28 signal 10 210n to
determ ne that the receiver is synchronized to0 the transmtted

synchroni zat i RRidafR& KD eSHBE Y t the start signal. If all
recei vers 210a, ! 2&110%, e IZQOn rﬁé;%%@i?ggt?‘ﬁgfgﬁgl , the diversity circuit

230 chooses one of the receivers 210a, 210b, ... 210n havi ng a hi ghest
Di7a 2T 5 PSR L BieBoRh L g pin ¥ SRR e
Ci,ilgngSt pri or é:litg}{taIvde}:!t:l:\J ?ra(r:nheo"f 561 cgr?s?ssts %?Tthehl%\él?ing sgg%%lﬁa‘-\ .gﬁlﬁ!e ’Ioctk?n% priority
10 signal 191 includes the synchronization signal 192 and the start signal
194. The optional stop signal (not shown) would for the ending message
of the encoded data frame. The data interleaves 195a, 195b, and 195¢

are then serially concatenated after the locking signal 191. The encoded

digital data frames are then serially joined to form the transmission.

15 [0049] The serialized encoded data is then conveyed to the transmit signal
modu!ator 135. The transmit signal modulator 135 combines the encoded
data with a fundamental no signal to form a modulated transmit signal.
The transmit signal modulator 135 would use frequency shift keying for an

RF signal and pulse position modulation for a light signal.

20 [0050] The modulated transmit signal is the input to the transmit driver

140. The modulated transmit signal provides the stimulus to the
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for the receiver is lowered and a next receiver 21 Ca, 210b, ... 21 On with
the highest priority value is chosen until a lock signal is present. [0056]
Refer to Fig. 8 for a review of the function of the | ock signal. The 20

| ock signals 255 is shown as a conbination of the synchronization | ocking
signal 227a, and the start signal 222a fromreceiver | 210a and the | ock
signal 260 is shown as a conbination of the synchroni zation | ocking signal

21 227b, d { 22h f 2 d
serial i zegnenﬁgﬁﬁﬁﬁtﬁﬁtﬁ'ﬂ %9?)%' " t\égr}?é‘? %Sﬁ?‘g'i'ﬁt-) ! Ogtgﬁ: \rllg si gnal

191, which inc es .t nchronlzatlon 5|gnal 192 and the start signal

194, and the 5%@%8&303%?3 WWORSBeRE- 195, If the receiver 1 210a is not able 5
to acquire ei ther the synchronization signal or the start signal, the

| ocki ng naI 255 remains at a zero level fromthe tine ti to the tine
t2. Maa[ﬂﬂﬁ i fAS iscknavoeinibe apt, theobsansmisier 409 maydndude antigitalt he
synchronlzatlon signal and the start signal, the |ocking signal 260 changes
to | ogical (1$ighaiebcéssom The digitat sighal procbssdrj beng 2 donthutiati sygtenfne
receiver 10 lock. If during the reception tinme of the encoded data 190D,

the receiver @xecllédbfunsticred ar&bﬁﬁ;cb@s@&ﬁélhg PredrahRstbied Gy deth stitagat | on
signal or the start signal e locking signal 260 remains at a zero |evel

from the timemlediun®fdriectiidfeby the M%?ff%héﬂo@vn Ih‘;r %.@ TRE Bigha] frdmg10a is able

to acquire both the synchronization signal an start” signal, the

| ocking si gn%aﬁﬁéaﬁﬂg%@el y .‘559 alnggk%ﬂfi naThé Syo%ksé COMBARE gy e t3 to the

time t4 indicating t durlngth reception

e of e CqRgg %8 Bt Bl o O R 21T,
L OnA R oo e it S sy othe 8 Famd dhta Vil ine ihSTuéd Srior ™ 15 1O the
10 correction code is the then rearranged to interleave (Box 165) the digital
ffame data to separate contiguous data. As described above, this allows
correction of errors that may occur to contiguous transmitted data. The
digital data frames are then serialized (Box 170) and formed (Box 175)
into frames by the concatenation of the locking signal to the digital frame
15 data with the included error correction codes. The locking signal as
described above includes the synchronization signal, the start signal, and
the optional stop signal. The serialized data frames then modulate (Box
180) a transmit signal. The modulated transmit signal is then sent (Box

185) to a transmitting transducer for broadcast to the environment.

20  [0052] Referring to Fig. 7, the modulated broadcast signal 150, of the first
embodiment, is acquired by a number of transducers 205a, 205b, .., 205n.

The transducers 205a, 205b, ... 205n are placed such that as the
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20 210a and receiver 2 210b are | ocked. [0057] Once the lock signal is

present at the receiver 21 OGa, 21 Ob, ... 21 On, the data streamof the
serialized encoded data 217a, 217b, ... 217n of the chosen receiver 210a,
210b, ... 210n is transferred to and retained within 22 the data register

235. The de-interleave circuit 240 extracts the digital data with the
i ncluded error correction codes fromthe data register 235 and rearranges

the digital dat i e.appr.Qpri at ont i quous dat segnents are now
pl aced correc O?UFE’?%%H&%&C% esfjﬁg'gag\}gﬁ rﬂ?ﬁﬁ?iﬁ"ﬂﬁ%gﬁu?@g ag e?‘?%%%ﬁéﬂ"@fﬂ to the
error det ectian Efnd%ﬁgrg%;ti on circuit 245. [0058] The error detection and
correction ci PEYRIPPEHRY Meiransducers 203, 2008 .- A8t warvy¥ithdhe and if the
data is correct or is correctable transfers the data 250 to_external
circuitry. |fingensityaf ihe modylatedbraagdeast sional 180EEs dascabed i Gigal 1247
inforns the diversity circuit that the data streamis corrupted i o and not
correctabl e. Fp2dibganedulatesi broadcastisignat #50 oteydbe blockertky geggrapbicof  each
receiver 210a, 210b, ... 21O0n to determ ne a next receiver having a |ock
signabt. The dobsiaslespuch asmdurttiias, hilsosbeiidings) eTheset biokkages icaasen of
serialized encoded data 217a, 217b, ... 217n of the chosen receiver 210a,

21 o, ... 21tf'@rsttemgtﬂ”l_6r ety @Bt MbddRbed BraRddadtisigial 480 %o varyamai n de 15
interl eaved by the de-interleave circuit 240 and exam ned for érrors by the

error detectipBriidsGticack P thd multipfe H#a4R .c'éré“2’(§5.£c2r0“5§?t abpgn this process

continues until an evaluation time period expires and the receiver 210a,
210b, ... 210n having the valid lock signal is chosen to provide data 250

{0 e B ¥ bieear BohARTMS fnt FNRul R B gy T L er sl
processor, be-b@ﬁ'l Gre rgﬁs%;rgg to the amplification and conditioning circuit 215 within
10 each receiver 210a, 210b, ... 210n. The amplification and conditioning
circuit 215 amplifies the electrical signal and removes the fundamental
transmit signal from the electrical signal to extract the serialized encoded
data. The serialized encoded data is transferred to the clock
synchronization circuit 225, where the synchronization signal is detected
15 and the receiver is synchronized to the frame clock 127 of Fig. 4. When

the synchronization signal is detected a synchronization locking signal

227a, 227b, ... 227n for each receiver 210a, 210b, ... 210n.

[0054] The serialized encoded data is also transferred to the start/stop
circuit 220. The start/stop circuit 220 examines the serialized encoded
20 data to detect the start signal within each frame of the encoded data.
When the start signal is detected, the start/stop circuit 220 of each

receiver 210a, 210b, ... 210n provides a start signal 222a, 222b, ... 222n

20




system executes functions and processes being prograns stored on data 23
st orage nedium for execution by the nmethod shown in Fig. 9. A group of

recei ving transducers, such as antennas or photodi odes, receive (Box 300)
broadcast signals nodul ated with encoded data. The broadcast signals

i nduce electrical signals in the receiving transducers that are 5 conveyed
to the digital signal processor. The digital signal processor will anplify

and condi tion, Box (L?mg the electrical signal to extract the encoded data
from each of ln alirg B?Q'PB'@QWF'P@"‘tt?féﬁ%@géjéﬂ'ta'ﬁ/ﬁiac\ﬁ'th theripelupdedd and

retai ned (Box 310) for further processing. A data streamcounter (X) is

initialized (R Samctiop codeedheqipanbinatianeofthe sysehreaizstion loskingded data 10
extracted fromthe broadcast signal fromone of the receiving transducers.
The dat a st r esighals22%aa@Rvied.. t 22Tretied the startdigret 22242821,z 222ararsi gnal to
synchroni ze (Box 320) the receiving clock of the diversity receiver with

the transm tcaudbimpgdddieam thetlbcsighgnad desdiibedalbavst reamis then examni ned
to detect (Box 325) the start signal to indicate the beginning of the 15
interleaved digital data with the included error correction codes. If the

synchg onjoggk} on si %Ha@@réaﬂ?oﬁ%@er%hﬂ&%n&f dRpdtd ZQ%‘:?Tﬁij (Boxes 320

and 325), the receiver is said to be |ocked e receive o¢k™is then
det d t d t

o er o (oot et B M S O AR ST
d t f t dat | ocked
(Boxes. 320 antt hEhd SHESRHy2a, 2285 cu 244D Preddifereyey 2108 Aloberent od

Box 335) and the data st t.ed he . t t
i ned 1 or - ToRPhETS BBERUY A (o406 ANGrRID St Gahi e AvarBRer m ned. 24

receiver searches each lock signal from each receiver 210a, 210b, ...

10 210n to determine that the receiver is synchronized to the transmitted
synchronization locking signal and has detected the start signal. If all
receivers 210a, 210b, ... 210n have a lock signal, the diversity circuit 230
chooses one of the receivers 210a, 210b, ... 210n having a highest
priority value to provide the data stream of the serialized encoded data

15 217a, 217b, ... 217n. If the receiver 210a, 210b, ... 210n having the
highest priority value chosen does not have a lock signal, the priority value
for the receiver is lowered and a next receiver 210a, 210b, ... 210n with

the highest priority value is chosen until a lock signal is present.

[0056] Refer to Fig. 8 for a review of the function of the lock signal. The
20 lock signals 255 is shown as a combination of the synchronization locking
signal 227a, and the start signal 222a from receiver 1 210a and the lock

signal 260 is shown as a combination of the synchronization locking signal

21




[ 00601 Once the receiver is |ocked, an evaluation tine period is
initialized (Box 340) and the data stream of the encoded data fromthe
receiver that achieved the data |ock is selected (Box 345) for eval uation.
The encoded data is rearranged to place the data segnents in their
appropriate 5 contiguous order to de-interleave (Box 350) the encoded data.
The selected encoded data is then checked for errors and if needed and if

ossi bl e, the a is corrected ox, 355). [00611 If the encoded data is
get er ni ned (862?%'6@35% 55%’%‘ §i9est ég{h HBF‘e’?ece%ﬁézéapﬁ- Jhedgreivedint er is

incremented (Box 335) and the data stream 10 indicated by the data stream
counter is evfirlized engested datzol e 190B) ..a190¢ eensists ofthe laeking sianebhm f r om

the receiver selected pointed to by the data stream counter is eval uated

(Box 355) for 19brwhich innludssrthe slyathrenization signial 192 and &t start sipval ect abl e i s
determ ned (Box 360) to be present in the data stream of the encoded data.
| f the eval ual9érartd tie éreodetl eatd seRbEIBA951 % tB6 ecaiair 1t 210wmisenctypig ed, the
remai ni ng segnents of the data streamare continually eval uated (Box 355)

for cerrect ofo seyuireCditier ehe@frhediization sighdl ar Hie SRR skl ahetbdking he data

stream counter remains as the current data stream Wen the evaluation

time is deter glgRg24BRmalRs bt & QehikGel ﬁéﬁﬂitﬁ@qmgttggo 1[;1‘%'[tﬁ’m§tt{. eami s

transferred (Box 370) to external circuitry an e process begins again
10 L o P s OO0 23408 U8 a0 phtGnde"S o o L1
oYL O S Ao BB Shh o Yo g SYSRe £1 '
]9 Ir girréagoggf a 4%18[%9}02?{1,) !(iavsei R’gimntglettirrr?g %jtgrtlrlee %rr}eotzﬁnhdeicgt{ngr%ﬁéﬁ rééeei\arrersySt em Each
10 lock. If during the reception time of the encoded data 190b, the receiver 2
210b is not able to acquire either the synchronization signal or the start
signal, fche locking signal 260 remains at a zero level from the time t; to the
time t4. Meanwhile, if the receiver 1 210a is able to acquire both the
synchronization signal and the start signal, the locking signal 255 changes
15 to logical (1) level from the time t3 to the time t4 indicating the receiver
lock. Finally, if during the reception time of the encoded data 190c, the
receiver 1 210a and receiver 2 210b both acquire the synchronization
signal and the start signal, the locking signals 255 and 260 change to a

logical (1) level from the time t5 to the time t; indicating both the receiver 1

20 210a and receiver 2 210b are locked.

[0057] Once the lock signal is present at the receiver 210a, 210b, ... 210n,
the data stream of the serialized encoded data 217a, 217b, ... 217n of the
chosen receiver 210a, 210b, ... 210n is transferred to and retained within

22




S 402n of the digital data 400 has an error correction code generated and

included within the frame 407a, 407b, ..., 407n to formthe franes of
encoded data 405. The encoded data 405 has the synchronization and start
signal s appended for formthe frames 412a, 412b, ..., 412n transmt data

410. The transmt data 410 nodul ates a fundanental frequency (RF io or
Infrared), which is then radiated to the environnent. [0063) The radi ated

signal is recgiv and ex cted by, mujtiple antennas and receivers and
the franes 41%,‘?33??%9'“.%? EE"341 ﬁ‘%@t&lfk’fé(? cysyif 240 extracty Sheg,digital ocej ved
encoded data 415 and 420 is retained in multiple buffer <circuits 15 [0064]
Buf f er di ver sfaka Wisthednelyded egps corsestion gasies diam the datasegisier @36han one

set of receiving buffers to performthe acquisition task in parallel. In
this case thanereareangss thedgilahdatarid aligo #lievappropagtewncintiguedsedatedul at ed
signal with the encoded data. The data 415 and 420 extracted by the

recei ver is ssegraenisrarénewplaéed corréctlyl tTThef de-intertdaved digitt €aiisg. The two
Buffers contain 20 the sane data synbol stream 417a, 417b, ..., 417n and

422a,5422b, . transfégéd td trnedrdreddiabtich ddPESréctionGiicMie24gni ts. I deal ly these
two buffers should 26 contain the sanme data but in practice, interference

wi Il cause these two buffers to be corrupted differently. [0065] The error
ot et oo, o1 o84 4 B RSl b sl IR dBig, 411%,,
[Te0 2 0 PR B B Bl 5 P g o "
correctable. bhn LeSaRchRubs! 6 oila t b oSk SRBeL IR Bb R S 415 10
signal 247 informs the diversity circuit that the data stream is corrupted
10 and not correctable. The diversity circuit then searches the lock signals of
each receiver 210a, 210b, ... 210n to determine a next receiver having a
lock signal. The diversity circuit then transfers the next data stream of
serialized encoded data 217a, 217b, ... 217n of the chosen receiver 210a,
210b, ... 210n to the data register 235. The digital data is again de-
15 interleaved by the de-interleave circuit 240 and examined for errors by the
error detection circuit 245. If the data is not correctable, this process
continues until an evaluation time period expires and the receiver 210a,
210b, ... 210n having the valid lock signal is chosen to provide data 250

to the external circuitry.

20 [0059] ~As is known in the art, the diversity receiver 200 may include a
digital signal processor. The digital signal processor, being a computing

system, executes functions and processes being programs stored on data
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data stream 425 of the first buffer is stored as the franes 432a, 432b,
., 10 432n of the data stream 430 in a "first-in-first-out" register. The

déta frames 437a, 437b, ..., 437n of data stream 435 are the transferred
to external circuitry. [0066] If however, the data stream 415 of the first
buffer is not correctable, the frames 422a, 422a, ..., 422a of the data

stream 420 of the second is buffer is evaluated for correct or correctable
data. If the data is correct or correctable the data stream 420 is correct
or correct abl 80r3GRMEFIUT i sxecriioyy theppgthogshewn in Fig.7A gspuR Ak dat a
stream 425 of the first buffer is stored as the franes 432a, 432b, ...,
432n of the dERCEIVING Bansdigers. sugh asfanteinasrprighotadiendns: reqsijestBsx. The dat
frames 437a, 437b, ..., 437n of data 20 stream 435 are the transferred to
ext ernal ci r c@0@ybroaflons 3lgnRksk modulatdd with ehcddad datdi Jhedsoadcast t he second
enbodi nent of this invention. The nodul ated broadcast signal 150 is

acqui red by asignakdnducielettritalosigrhils T theT86eivingARIMsducers Wdtrare The

transducers 505a, 505b, ... 505n are placed such that as the nodul ated
broadgast si gogiveled tote &gitaﬁs?@hm@r@@sgbnmﬁ@d@hgpézgﬁﬂ@ro@s@ﬂﬁbvjﬂevel oped
by the transducers 505a, 05b, ... 505n to vary with the intensity of the

modul at ed br oggpAgtard m:itio?l5(§%9%0>$§ tt)rgéeﬁrféﬁir@sgsi%ﬁ'al kb %?(tratlstt}hé%ﬂgédec} he

nodul at ed broadcast signal 150 ocke y geographi ¢ obstacl es such
o, Tount .1, el gt Bl o FASATOPLSHARER NP BRI 270, |
o hee et SRl ba g8 ML P PRALARE 2 BoRkeioR Pt ey ©
S05n are tr an%gt%r“rzgg (I:I';(?x g1§)rtggsé e%(t: SEe So\%m;tl‘;[ecgatg%zréa%geofte%%gggg (c:igtra swi teh
10 extracted from the broadcast signal from one of the receiving transducers.
The data stream is examined to detect the clock synchronization signal to
synchronize (Box 320) the receiving clock of the diversity receiver with the
transmitted synchronization signal. The data stream is then examined to
detect (Box 325) the start signal to indicate the beginning of the
15 interleaved digital data with the included errof correction codes. If the
synchronization signal and the start signal are both detected (Boxes 320
and 325), the receiver is said to be locked. The receiver lock is then
determined (Box 330). If the receiver is not locked, the data stream
counter is incremented (Box 335) the next data stream indicated by the
20 data stream counter is examined to determine if the data stream is locked
{Boxes 320 and 325). The data stream counter is repetitively incremented

(Box 335) and the data stream indicated by the data stream counter is

examined for locking (Boxes 320 and 325) until a locking is determined.
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507 receives an transducer select |ine 532 which, based on a priority
setting of the transducers, selects one of the nultiple transducers 505a,
505b, ... 505n. The electrical signal of the selected transducer of the is
mul tiple transducers 505a, 505b, ... 505n is transferred through the
transducer switch 507 to the anplification, conditioning, and eval uation
circuit 515 wthin the receiver 510. The anplification, conditioning, and

eval uat i rcuit 515 | fies l ectric n and r ves the
fundarrenf(gqa%hransnpf‘ % Cef"refir'ﬁ {Oﬁge‘gIaé‘c?‘fall'{aio@lrg‘i‘ﬂﬁf’”?%‘*‘é? i the 20
serialized en &c&at a. The anﬁ_l ification, conditioning, and eval uation
circuit 515 f(HPh40)and thedata @@rﬁﬂ%?@‘ﬁqdﬁcﬁ@a@mﬂ@r@P@(\,‘@ﬂh@éI si gnal
from the selected transducer of the nultiple transducers 505a, 505b, ...
505n to det epPhinedhe daln leckds gataciad (Bsix 348 fer evaluationl Tshegembdaﬁu al | ow

the 28 extraction of the serialized encoded data. The anplification,
condi ti oni ng, datarid rearsanged torplage thei datd $6gmentsrintiesir apprigprigieal i ty si gnal
519 containing results of the evaluation of the characteristics of the

el ectsical sigmatiguoli@6ddr tohue-intaricale 7BEx 860PHEENEaHEd Hatd rERsferred to the
cl ock s synchronization circuit 525, where the synchronization signal is

detected andséiBetetatRbYEH dafa extnérhbﬁ@wee%ﬁ BrrbiiCarld iRABeGdPGHd #27 of Fig.
4. Wen the synchronization signal is detected, a synchronization | ocking

signal 527 fgig dlg]g {h%%tgm&;&téé&%&{]g%@t ed indi cat i ng that the receiver

510 has achi eved synchroni zation 0] The serialized encoded data is
al so transferred to the start/stop circuit 520. The start/stop circuit 520

R R PR O B R T AN K N
start/stop ci {h éatta5s rgartnhc(:aourn e:rellenecremented (Box 335) and the data stream
10 indicated by the data stream counter is evaluated (Boxes 320 and 325) as
locked. The data stream from the receiver selected pointed to by the data
- stream counter is evaluated (Box 355) for correct or correctable data until
correct or correctable is determined (Box 360) to be present in the data
stream of the encoded data. If the evaluation time is determined (Box
15 365) not to have expired, the remaining segments of the data stream are
continually evaluated (Box 355) for correct or correctable data and the
data stream selected by the data stream counter remains as the current
data stream. When the evaluation time is determined (Box 365) to have
expired, the data stream is fransferred (Box 370) to external circuitry and

20 the process begins again with the reception of the broadcast signal having

the next frame of the encoded data.
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510 provides a start signal 522 indicating the beginning of the interl eaved
15 digital data with the included error correction code. The conbi nati on of
t he synchroni zation | ocking signal 527 and the start signal 522 are
conbined to formthe | ock signal as described above. [0071] An exanpl e of

t he eval uation of the characteristics of the electrical signal fromthe
sel ected transducer of the nultiple transducers 505a, 20 505b, ... 505n is

shown in_Fi 13. The. anplifjcation, copditioning, and evalyation circuit
515 oval L (e %wpﬂﬁﬁﬁﬁha{ﬂﬁafbﬁimum efaumUgicatien syslemat sl 700 from
the selected fransducer of the nultiple 29 transducers 505a, 505b, ...
505n. The denBWENYRN ohNe ERmMUNicaliap systany ahivg ventajssiiegtured i nduced
electrical signal. The anplification, conditioning, and evaluation circuit
515 extracts Da¢e 3@inading oéfragmesctfida, 402k a.. h#02o b the digitaltiatal 400 datat ed

el ectrical signal 700 to a reference 5 voltage |evel 705. If the anplitude
715 and 730 ofs hdinrg trensfdukbdtethe whramitiec aysteing izdch7tdimée 409a,0402ky, .t.han t he
ref erence voltage | evel 705, the serially encoded data stream 710 changes

froma first 402 of thewdiyitdldlata 46@0hasdnlcp@ir &otrewidn cife gomMatddaridie pul ses
725 and 740. The pulse width 720 and 735 of the pulses 725 and 740 being

det erm ned byinch@ie@Wathi thkOir@heldo, 4678, .L.N30Re P Hihahedrphacsr i cal signal
700 remains at a voltage level greater than the reference voltage |evel

705. [0072] | gndduacibith l4bBIenélencBhied %f%@@?ﬂ%%?{%n%hﬁ%fd&ﬁﬁ}arﬁ gnal 700

is greater than the reference voltage erio me 720

such that th : i rial e ed d stream 710
pernmts 1s cogtr"?l Fe}tzjslt@%_el%_@éﬁgne%gfp P[‘%‘Iénh@lgﬁfagp%,hi%%gggg dat@tﬁ'ltﬁ"?nstnﬁg] RF
qual i 1Y st 9nalaraohd. A 68 OBl oREih b RSkt Rk ikl (R 1S

10 or Infrared), which is then radiated to the environment.

[0063] The radiated signal is received and extracted by multiple antennas
and receivers and the frames 417a, 417b, ..., 417n and 422a, 422b, ...,
422n of received encoded data 415 and 420 is retained in multiple buffer

circuits

15 [0064] Buffer diversity basically refers to the instantiation of more than one
set of receiving buffers to perform the acquisition task in paraliel. In this
case there are two antennas and receivers capturing the modulqted signal
with the encoded data. The data 415 and 420 extracted by the r:aceiver is
stored in the buffer circuits for further processing. The two Buffers contain

20 the same data symbol stream 417a, 417b, ..., 417n and 422a, 422b, ...,

422n from the two different receiver units. Ideally these two buffers should
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reception. Alternately, if the anplitude 730 of the denodul ated el ectri cal
signal 700 is not greater than the reference voltage |evel 705 for a period
of time 735 sufficient to guarantee a pulse width 735 of the serially 20
encoded data 710 that permits correct detection of the serially encoded
data 710, the RF quality signal 519 indicates that the serialized encoded
data 710 is not adequate for reception. If the RF quality signal 519

i ndi cates that _the serialized encoded, data 710 is not adequate for 30
reception, théo?tﬁ%@ﬁﬁég}‘e égtﬁéﬁ{t ’%P'@?QF‘WB‘?%@?&@%‘ ﬁﬁﬁ%ﬂﬁgﬁ‘{‘@ sel ect an
alternate tragsgé_cer. [0073% Re,hur ning to Fig. 11, the data stream of the
serial i zed enPHUR/§ aRerornipied diferedlyqual ity signal 519, and the |ock
signal (synchronization 5 |ocking signal 527 and start signal 522) for the
receiver 510 are the input signals for the diversity circuit 530. The

di versi t 00851 cui t FBe errer detectien and isatrection eirait245cef Figi §asdminesof
sufficient quality that the extracted serialized encoded data is valid and

the receiver the datadiTandtdal .t.0417e anda22aj 4224 ...s¥P2Msequerdiallpto | ocki ng
signal and has detected the start signal. If the io transducer having the

hi ghest pri or etabligh the infegrifieoMtb idald SyrhbalBFEcEIRsE TR efror §febtion - - 505N
chosen does not have an electrical signal to guarantee a good extraction

of the serial hageoRBERACEr AR ZASetBrhiAB if 1 PR latd Qe 495iid Yo¥gdiue for
the selected transducer is lowered. The diversity circuit 530 then

I
e g o2 oPehiediniby ithe dafa Bidieh Br dortdafRde 8 Alain 41830

505n and recodes the transducer a next 01.‘ . t he
multiple tran r 0 . 0050 wit t i gh pri,ority val ue.
The diversi tyéfg#écg&?tcgg%gfaggq’z% goré%%tﬁgir s %@ﬂgg?gpﬂ'gl?it?{‘)?fttt?%nsducer
until a ock aét%ns }ea?nzzlz!i %f ﬁ\reeﬁrgp [E)L'lfferis stored as the frames 432a, 432b, ...,

10 432n of the data stream 430 in a “first-in-first-out’ register. The data

frames 437a, 437b, ..., 437n of data stream 435 are the transferred to

external circuitry.

{0066] If however, the data stream 415 of the first buffer is not correctable,
the frames 422a, 422a, ..., 422a of the data stream 420 of the second
15 buffer is evaluated for correct or correctable data. If the data is correct or
correctable the data stream 420 is correct or correctable, the corrected
frames 427a, 427b, ..., 427n of the data stream 425 of the first buffer is
stored as the frames 432a, 432b, ..., 432n of the data stream 430 in a
“first-in-first-out” register. The data frames 437a, 437h, ..., 437n of data

20 stream 435 are the transferred to external circuitry.

[0067] Refer to Fig. 11 for a discussion of the second embodiment of this
invention. The modulated broadcast signal 150 is acquired by a number
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[0074] Once the lock signal 522 is present at the receiver 510 and the 20
recei ver characteristic signal 522 indicates an adequate signal, the data
stream of the serialized encoded data 517 of the receiver 510 is
transferred to and retained within the data regi ster 535. The de-interl eave
31 circuit 540 extracts the digital data with the included error correction
codes fromthe data register 535 and rearranges the digital data to align
the appropriate contiguous data segnents are now placed correctly. The de-

interl eaved dPgirangdugatss93a, 60ahs+<H08y The traesdicery 50@a. &88bon- and

correction 5 circuit 545. 10075] The error detection and correction
circuit 545 ef@dmareplaced suehythadias thiemodutated braadsaatrsigndl 150analpbe i s
correct or is correctable transfers the data 550 to external circuitry. If
the data i s nfadirgpeausingbh electriival BiGGakdevaiopesi iynihle thahdduoérsraddat he
diversity circuit that the data streamis corrupted 10 and not correctable.

The di ver si t y565ls,cui 505mien/drpwiththé htemsityasfithy medulied BFoadchst sighsct ed
transducer. The diversity circuit the reevaluates the priority of the

mul tipl e transgpicAsHeaBMFad PG8s. 1b andP8IMhednOdliSEAIRSad Mt Efgﬁaﬁ%ef

sel ect signal 532 to select a next of the nultiple transducérs 505a, 505b,

505n with hghes L Or L LA T, Vv i o .t 530 selects
15 each next w:agﬁoeeg%lgprl Oﬁgf{]égqr?g%gﬁcs@%sn%hd%%@'bgg{agnséb[ﬂr%?& ed fromthe
el ectrical si . of e lected transducer is corre or .correctable.
10076] As desg'p}l?dﬁré%‘a @Qﬁg,slﬁ{ﬁgg&s\fgpg??hye P@%Séﬂ %‘f%@@%&rﬁ'{/'qt%ﬁ'{‘f a digital
signal procesgor. e digital signa cessor executing functions and
processes bei%'ﬁf’g‘aﬁﬁ%@@?@?ﬁ S&?ahagé?%‘t’%'b’ef@ét %H?ﬁﬁ\tgﬁ‘Fh@ B8uting 20 the
met hod shown in Fig. 12. A recei Vi n&transducer of a group of receiving
transducers, S\iple¥ansiucern30en 3095: odPBABs, has a transducer

10 [0068] The electrical signals induced to the transducers 505a, 505b, ...
505n are fransferred to a fransducer switch 507. The transducer switch
507 receives an transducer select line 532 which, based on a priority
setting of the transducers, selects one of the multiple transducers 505a,
505b, ... 505n. The electrical signal of the selected transducer of the

15 muitiple transducers 505a, 505b, ... 505n is transferred through the

| transducer switch 507 to the amplification, conditioning, and evaluation

circuit 515 within the receiver 510. The amplification, conditioning, and
evaluation circuit 515 amplifies the electrical signal and removes the
fundamental transmit signal from the electrical signal to extract the

20 serialized encoded data. The amplification, conditioning, and evaluation
circuit 515 further evaluates the characteristics of the electrical signal from
the selected transducer of the multiple transducers 505a, 505b, ... 505n to
determine whether the quality of the electrical signal will allow the
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priority set (Box 600). The transducer having the highest priority is 32
sel ected (Box 605) to receive (Box 610) broadcast signals nodulated with
encoded data. The broadcast signals induce electrical signals in the

sel ected receiving transducer, which are conveyed to the digital signal
processor. The digital signal processor will anmplify and condition (Box 5
615) the electrical signal to extract the encoded data from each of the
group of receivj ng. tra}nsducer_s, whi ch is received and retained for further
processi ng. TR¥rftiopqfithe pedalizrdiencrded data. sEheemelifiqationi sansifioninghsducer i s
further evaluated (Box 620) to determne if the characteristics such as the
anpl i tude as @Bdevalpation girgyiyd15 generatasfdri BFenalitysignal wil@eoataining ect  dat a
io stream The results of the evaluation (Box 620) is exam ned (Box 625)
for suitabil resylts jof thehevatliationrofdhé chamgetaristicoof theeleattieal tsephat.ecei vi ng
transducer is not sufficient, the priority of the selected transducer is
adj usted (Box 635) and the transducer wth the next highest priority is

then sel ¢ao6eyl ( BoXTROBeriallzebidncabed vatdiatizpRdrRoGROLIdcRdi cates that the
el ectrical signal is sufficient is to provide a correct serially encoded

data stream gﬂﬁ;kﬁ&ﬁiké’tﬁdrﬁ’ciﬁﬂﬁ%‘?wh@ﬂ% ﬂ‘xeséyfn%ﬁmniiz%tﬁﬁg%gn‘ég% cﬁeﬁ@&‘tﬁﬁ?’o) and

the data streamis exam ned (Box 640) to “detect synchroni zati on

TN o sy G A RahBPis SRR £/RE %Mo LBG AoV SEFID 4. RRE VT L0

the transmtte chronization signhal exam ned
to detect (Boyx. 20 645) .the start.signal to indicate_ .the peginning of the

interl eaved d |%§Pﬁ5‘}ﬂ@t'°ﬁﬂ%aﬁ f‘?ed‘?[ﬁaegdﬂéy%? rgpization E’G&r‘gﬁ-" es. If the
synchroni zatig iq al and 5515% start signal are both detected (Boxes 640
and 645), the Eéf%ﬁ G%Fecfeévef i0ds gsnprated hidicating faat the eecaiver|BIBass t hen

determ ned (Box 650). If the 33
achieved synchronization.

10 [0070] The serialized encoded data is also transferred to the start/stop
circuit 520. The start/stop circuit 520 examines the serialized encoded
data to detect the start signal within each frame of the encoded data.
When the start signal is detected, the start/stop circuit 520 the receiver
510 provides a start signal 522 indicating the beginning of the interleaved

15 digital data with the included error correction code. The combination of
the synchronization locking signal 527 and the start signal 522 are

combined to form the lock signal as described above.

[0071] An example of the evaluation of the characteristics of the electrical
signal from the selected transducer of the multiple transducers 505a,
20 505b, ... 505n is shown in Fig. 13. The amplification, conditioning, and
evaluation circuit 515 evaluates the amplitude of the demodulated
electrical signal 700 from the selected transducer of the multiple
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receiver is not |ocked, the priority of the selected transducer is adjusted
(Box 635) and the transducer with the next highest priority is selected
605. The data streamcounter is repetitively increnented (Box 635) and the
data streamresulting fromthe next selected transducer is examned for 5

| ocki ng (Boxes 620 and 625) until a locking is determ ned. t00771 Once the
receiver is |ocked, the encoded data is rearranged to place the data

segnents in their, appr i conti gquo order to, de- interleave (Box 655)
t he encoded dE?ﬁ?d“ﬁ%Es S@{’%gog ’e'ngggﬁd &téﬁm%d"'@tﬁé‘ﬂemtﬂge@‘% or errors and
if needed and,if possible, the data is corrected 10 (rBox 660). [00781 If
the encoded dftnslamentalifeaayeReyiromdrdeery elestrisal siardlr Mbetatppificatiome priority
of the selected transducer is adjusted (Box 635) and the transducer wth

t he next hi gheendifiening.iand ¢wlaflonirenitdids. extiaetsdthe sedtlizegrencodedh t he

sel ected transducer is evaluated (Box 660) for correct or 15 correctable
data until codatadly companingitieaddneoddatedtebeottic dignBDX0® Gb réferdie present in
the data stream of the encoded data. The data streamis transferred (Box

670) t0 exter valtagei leveli 705y 1A 4MEIitNHO 725 2NBSBONS tAEabmModidtdy t he reception
of the broadcast signal having the next frame of the encoded data. 20

[0079] In thee@@ﬁ%ﬂsi@ﬂﬂ%d‘i@@'&‘eﬁ%r {3 the YeRkd ’letgg?We'i (761'5{}Eeof the

transducer (antenna or photodi"ode) nmust be sufficiently fast at bl ock of

the received datq : r@oﬂ@& thfg &y mw?%ﬁ‘ﬁhg’éﬁﬁgﬁ‘f?hg?‘ot@'g%@' t8fa t he 34

received data permts a continuity o n-an 0 application,

this continui r t.s unwant ed nojse or distorti t he audjo stream

[ 0080] Furthe%é((fq%gqé&%?‘f%fyaso&qm'qﬁhgr%@‘i?cgcej}l'%[?J’éci]Fn‘?é]'s%ﬁé’” W#Ehce for
720 and 735 of the pulses 725 and 740 being determined by the amount

10 of time that the demodulated electrical signal 700 remains at a voltage

level greater than the reference voltage level 705.

[0072] If the amplitude 715 of the demodulated electrical signal 700 is
greater than the reference voltage level 705 for period of time 720 such
that the pulse width 725 of the serially encoded data stream 710 permits

15 correct detection of the serially encoded data 710, the RF quality signal
519 indicates that the serialized encoded data 710 is adequate for
reception. Alternately, if the amplitude 730 of the demodulated electrical
signal 700 is not greater than the reference voltage level 705 for a period
of time 735 sufficient to guarantee a pulse width 735 of the serially

20 encoded data 710 that permits correct detection of the serially encoded
data 710, the RF quality signal 519 indicates that the serialized encoded
data 710 is not adequate for reception. If the RF quality signal 519

indicates that the serialized encoded data 710 is not adequate for
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different | osses for the nultiple paths of the broadcast signals to the 5
different transducers. A transducer having lower | oss due to multiple path
interference nay be selected primarily over one with nore | oss. [0081]
VWhile this invention has been particularly shown and described with
reference to the preferred enbodi nents thereof, it will be understood by
those skilled in the art that various changes in formand details may be 10
made wit hout departi fromthe spirit and scope of the invention. 35

n 0]
Clains 1 1. Jﬁ?%me%stﬁwranéééwreﬁel%cwtg@m 720 changgsstaly T@Sdedelrat anmodul at ed
signal from 2 a transm ssion channel, said transm ssion channel
char act er i zedabbgmatenfi@ngdsicer.t r ansmi ssi on paths havi ng variabl e transm ssion
time and variable 4 attenuation characteristics causing nultiple copies of
sai d coded data 5 nodul ated signal, wherein said diversity receiver system
conpri sef0073] 7 8 9R&furdihgla FiR 114 tHbddta stréam of the serialized encoded data
517, the RF quality signal 519, and the lock signal {(synchronization
5 locking signal 527 and start signal 522) for the receiver 510 are the input
signals for the diversity circuit 530. The diversity circuit 530 determines
that the electrical signal is of sufficient quality that the extracted serialized
encoded data is valid and the receiver is synchronized fo the transmitted
synchronization locking signal and has detected the start signal. If the
10 transducer having the highest priority value of the multiple transducers
505a, 505b, ... 505n chosen does not have an electrical signal to
guarantee a good extraction of the serialized encoded data or a lock
signal, the priority value for the selected transducer is lowered. The
diversity circuit 530 then reevaluates the priority of the multiple
15 transducers 505a, 505b, ... 505n and recodes the transducer select signal
532 to select a next of the multiple transducers 505a, 505b, ... 505n with

the highest priority value. The diversity circuit 530 selects each next

highest priority transducer until a lock signal 527 is present.

[0074] Once the lock signal 522 is present at the receiver 510 and the
20 - receiver characteristic signal 522 indicates an adequate signal, the data
stream of the serialized encoded data 517 of the receiver 510 is

transferred to and retained within the data register 535. The de-interleave
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18 19 20 21 22 a signal acquisition device in comunication wth the

transm ssion channel for reception of said nultiple copies of said coded
data nodul ated signal, for evaluation of signal characteristics of one or
nore copies of said nultiple copies of said coded data nodul at ed si gnal

for extraction coded data, control signals, and |ocking signals fromthe
one or nore copies of said nultiple copies of said coded data; a diversity
circuit in connun{g%ﬁion with the si%naL acquisition device to receive

sai d signal chAFELPH £XiFacts thedigitalidata witb dhe ingludedsairer cosmeckion cedefal s, and
| ocking signals, said diversitg circuit selecting fromsaid signal

char act eri st i B8 gidata maister 535 pgd searranges tbaidipilabdaiarig alipgithe s, one of
said copies of said coded data nodul ated signals; and an error eval uation
circuit in coappropdate amtiguohs thia sHgneerds tiye nowqladed dovrecdgeiThe dehe coded
data fromthe selected copy of the coded data nodul ated signal, said error

eval uation ci intedéavedaligitdl dath isSRindfarasded tHeefrop deratioh and ebfrétisorand
providing an error signal to 36 23 24 25

5 circuit 545.
[0075] The error detection and correction circuit 545 evaluates the digital

data for errors and if the data is correct or is correctable transfers the data
550 to external circuitry. If the data is not correctable, the ECC error
signal 947 informs the diversity circuit that the data stream is corrupted

10 and not correctable. The diversity circuit then lowers the priority value for
the selected fransducer. The diversity circuit the reevaluates the priority of
the multiple transducers 505a, 505b, ... 505n and recodes the transducer
select signal 532 to select a next of the multiple transducers 505a, 505b,
... 505n with the highest priority value. The diversity circuit 530 selects

15 each next highest priority transducer until the data extracted from the

electrical signal of the selected transducer is correct or correctable.

[0076] As described above, the diversity receiver 200 may include a digital
signal processor. The digital signal processor executing functions and
processes being programs stored on data storage medium for executing

20 the method shown in Fig. 12. A receiving transducer of a group of
receiving transducers, such as antennas or photodiodes, has a transducer

priority set (Box 600). The transducer having the highest priority is
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said diversity circuit indicating an error state of said selected data,
wherein said diversity circuit selects a second copy of said coded data
nodul ated signal. 1 2. The diversity receiver systemof claim1l wherein the
signal acquisition 2 device conprises: 3456 7 s 9 10 11 12 13 14 a
plurality of receiving transducers in conmunication with said transm ssion
channel , each transducer acquiring one of said copies of the coded data
nodul at ed si gn transm ssi on channel and converting said copy

i d
ot o deu” Salectc o boBap EScahim (How 0 Brendragt Foedis MemIAeT wial - ooy

received electrical signal varying in magnitude dependant upon the
transm ssi on enaedethdataarfihehireadeast sigmalsoindutmelectrenl sighals infhe sai d
transm ssion channel; and a plurality of receivers, each receiver in
communi cat i onselectedomeeeining transducer, which are conveyed to the digital signal
processor. The digital signal processor will amplify and condition (Box
5 615) the electrical signal to extract the encoded data from each of the
group of receiving transducers, which is received and retained for further
processing. The electrical signal from the selected receiving transducer is
further evaluated (Box 620) to determine if the characteristics such as the
amplitude as described in Fig. 13 is sufficient to provide a correct data
10 stream. The results of the evaluation (Box 620) is examined (Box 625) for
suitability. If the electrical signal from the selected receiving transducer is
not sufficient, the priority of the selected transducer is adjusted (Box 635)
and the transducer with the next highest priority is then selected (Box 605)
until an evaluation (Box 620} indicates that the electrical signal is sufficient
15 to provide a correct serially encoded data stream. The serially encoded
data stream is received (Box 630) and the data stream is examined (Box
640) to detect the clock synchronization signal to synchronize the
receiving clock of the diversity receiver with the transmitted
synchronization signal. The data stream is then examined to detect (Box
20 645) the start signal to indicate the beginning of the interleaved digital data
with the included error correction codes. If the synchronization signal and

the start signat are both detected (Boxes 640 and 645), the receiver is

said to be locked. The receiver lock is then determined (Box 650). If the
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said receiving transducers to anplify and condition said electrical signal
and to extract said coded data, control signals, and |locking signals from
said received electrical signal. 1 3. The diversity receiver system of
claim2 wherein each of the plurality of 2 the receiving transducers are
assigned a selection priority such that the 3 receiver in conmunication
with a receiving transducer of a highest priority 4 is selected by said
diversity circuit. 37 1 4. The diversity receiver systemof claim2 wherein
i f said error FeGelieslis pof Ingkeds the pderity %é?%%@'@@fedé&aasdlscqfﬂﬁ adiusted t he
diversity circuit determ nes 3 another receiver having a valid | ocking
signal and tr 8@ €3% andethgdransdeceravithaing naxt bighest priorith is satecied 608) uat i on
circuit. 1 5. The diversity receiver systemof claim2 wherein if the error
eval uati on 2 ¢hedata streath cateter sarapetithedy tneterdettedi(Bok 638) and tHeut i s
correctable, said error 3 evaluation circuit corrects said sel ected data.

i 6. The di vedatatstreaee edsuttingsiysrhahe abxidetedied rbHEARRT i€ OXEMineH ARG a dat a
register 2 in comunication with said diversity circuit to retain said

sel ected dat ajgaRihg (Bokss 620'BHAI628Y LA é"ioEPinP'?:@d@trerrlﬂfne?‘.’a' uation circuit so
that said error 4 evaluation circuit can retrieve sald selected data. 1 7.

The diversity receiver systemof claim2 further conprising a de 2

or gani s0l007L; (°sohet MERTENR Koeeh, the Bobatfed 8T ipatiaheidh | ' o
cont i guous ors Lo 4 ar{?or to ttran fer to said error evaluation circuit. 1
8. The divers ﬁ? i Bpiasealatta i et aPRioRTjate AEpligueUs aEdes; " acqui sition
2 devi i .3

BV e COMPl teeave (Box 655) the encoded data. The selected encoded data is

then checked for errors and if needed and if possible, the data is corrected

10 {Box 660).

[0078] | If the encoded data is determined (Box 660) to be uncorrectable,
the priority of the selected transducer is adjusted (Box 635) and the
transducer with the next highest priority is selected 605. The data stream
from the selected transducer is evaluated (Box 660) for correct or

15 correctable data until correct or correctable is determined (Box 665) to be
present in the data stream of the encoded data. The data stream is
transferred (Box 670) to external circuitry and the process begins again
with the reception of the broadcast signal having the next frame of the

encoded data.

20 [0079] in the second embodiment of the invention, the switching of the
transducer (antenna or photodiode) must be sufficiently fast that block of
the received data are maintained. Maintaining of the blocks of the
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456 aplurality of receiving transducers in comrunication with said
transm ssion channel, each transducer acquiring one of said copies of the
coded data nodul ated signal fromsaid transm ssion channel and converting
said copy of the coded 38 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 data
nodul ated signal to a received electrical signal, said received electrica
signal varying in magnitude dependant upon the transm ssion time and

vari abl e attenuati (2;1 characteristi.cs, of
received data permits a contmuaty of the data. In an audio application, this

continuity prevents unwanted noise or distortion of the audio stream.

[0080] Further the priority of the transducers permits the allowance for
different losses for the multiple paths of the broadcast signals fo the
5 different transducers. A transducer having lower loss due to multiple path

interference may be selected primarily over one with more loss.

[0081] While this invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by
those skilled in the art that various changes in form and details may be

10 made without departing from the spirit and scope of the invention.
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said transm ssion channel; an transducer switch in conmunication with the
plurality of receiving transducers and in comunication with the diversity
circuit, which upon reception of a transducer selection signal fromsaid
diversity circuit selects one of said the electrical signals of a selected
receiving transducer; and a receiver in comunication with the transducer
switch to anplify and condition s&lalmsi ectrical signal from sel ected
receiving transducer and to extract said coded data, control signals, and

| ocki ng 91 gnahsdiférany feieiler 8SteHPRr RA&HiRG E8llediSRGho (DI cati on

@4 dteld'si
with the error evaluation cifcuit to transSfer said cogegdgsa%a to the error

eval uation ci F‘ﬁ"é‘.nl%mi%sk%} cﬂ%‘ﬁ}eﬂ,is\éﬁf ﬁgﬁé/mfsgfb%i éﬁ%ﬁaé%ﬂa%@t&fizéa ym 8 wherein

each of the plura e receiving transducers are assigned a

sel ection prigrj I i.ving transducer of a highest

i ortty o o inte BHfgmlssRl dite pdybg GHEb BIAERISE oo aB T
recei yer systemof claim8 wherein if said error signal 2 indicates said
coded® dat a re@g%%'ogr?@aé@&t?r FE&GPFIBH]WWgP'&C@mSiCH%P'%?W| A9 3 of the
sel ected receiving transducer is in error, the diversity circuit 4

gener it es t heModHReq, eignak whersin saidsdiyersity receivar systes eompreseS| ectrical 5
signal froma second receiving transducer to be transferred to the 6
receiver, said second electrical signal then having a valid |ocking signal
7 andstransfers the sigmahacquisition dedceirveomtmunidadion withrthe frainsaisson ci rcui t .
1 11. The diversity receiver systemof claim8 wherein if the error

eval uation 2 circuit chadneldbe®ceplich cbskd nilafiple copies ¢f daidrsbdedidagst ed from
the el ectrical

8 modulated signal, for evaluation of signal characteristics of one
9 or more copies of said multiple copies of said coded data

10 modulated signal, for extraction coded data, control signals, and
11 locking signals from the one or more copies of said multiple

12 copies of said coded data;

13 a diversity circuit in communication with the signal acquisition

14 device to receive said signal characteristics and said coded

15 data, said control signals, and locking signals, said diversity

16 circuit selecting from said signal characteristics, said control

17 signals, and said locking signals, one of said copies of said

18 coded data modulated signals; and

19 an error evaluation circuit in communication with the diversity circuit

20 to receive the coded data from the selected copy of the coded

21 data modulated signal, said error evaluation circuit evaluating

22 said coded data signal for errors and providing an error signal to
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3 signal of the selected receiving transducer is in error but is
correctable, 4 said error evaluation circuit corrects said coded data
received and s extracted fromthe electrical signal of the selected
receiving transducer. 1 12. The diversity receiver systemof claim8
further conprising a data register 2 in communication with said diversity
circuit to retain said coded data 3 received and extracted fromthe
electrical signal of the selected receiving 4 transducer and in

commfii cation with t t?é‘"gﬁ"l"é'is'té\?ﬁpw&ﬂd&?t'egﬁﬂﬁrforﬁaf?@fsa'dﬁ%%ﬁtﬁd error
evaluation circuit can retrieve said coded data. 1 13. The diversity
receier system of cldatanwhargintsaid diversilyiclicny salegts @ seennst¢apanafisgicti r cui t
in conmunication with the diversity circuit to organize 3 said selected
dat a 2such that sai d coded déta emodekded/ signahd extracted from 4 the

el ectrical signal of the selected receiving transducer is in a contiguous
s order prior to transfer to said error evaluation circuit. 40 1 14. A
met hod f@r redhe\divigsioorediventpstemdil oddiet Sngrsh tid Sghal ddgarmEnssi on 2
channel, said transm ssion channel characterized by nmultiple transm ssion
3 paths havi ngeVigeicBRlppisk&:ansm ssion tine and variable attenuation 4
characteristics causing nultiple copies of said coded data nodulated 5
signal, said nethod for receiving the coded data nodul ated signal 6

ol &t ed si gnal + B Py o Bl behRdhicaefi bbb ERRER VR B0 more -

copi es of said 9 nulti Ie.co(g) es of said coded data npdul ated signal; 10 11

12 transmissi r%channel, each transducer acquiring one of said
5 copies of the coded data modulated signal from said
6 transmission channel and converting said copy of the coded
7 data modulated signal to a received electrical signal, said
8 received electrical signal varying in magnitude dependant upon
o the transmission time and variable attenuation characteristics of
10 said transmission channel; and
11 a plurality of receivers, each receiver in communication with one of
12 | said receiving transducers to amplify and condition said
13 electrical signal and to extract said coded data, control signals,
14 and locking signals from said received electrical signal.
1 3 The diversity receiver system of claim 2 wherein each of the plurality of
2 the receiving transducers are assigned a selection priority such that the
3 receiver in communication with a receiving transducer of a highest priority
4 is selected by said diversity circuit.
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13 14 15 c) extracting coded data, control signals, and |ocking signals
from the one or nore copies of said nmultiple copies of said coded data;
d) selecting one of said copies of said coded data nodul ated signals from
said signal characteristics, said control signals, and said |ocking
signals; 16 e) perform ng an error check and correction upon said coded
data; 17 and 18 19 20 f) if the error check and correction is not able to
correct said coded data, repeating steps d) and e) until a data block is

successful |y Theeiiveesity rteilel BystdmeofoRdimOZwabreih #isaidldmahsgeiin the step of
extracting the coded data 2 includes the step of rearrangi ng the coded data

such ghat - dat fafédiéd Sai8efbotcls RG99 rfaNar, s teRAYIBlPUBIGATHRS. a 16. The

nmet hod of claim 14 wherein creating the locking signal conprises the 2
steps,of: 3 d ' | Zatl i i 1.0] j data 4
Todul &t ed of gaarte R ARRAGA VAR ORGSR ot Loh e R BEEEE 2

modul Qt ed si gggild;receiver to the error evaluation circuit.

1 5. The diversity receiver system of claim 2 wherein if the error evaluation

2 circuit indicates said selected data is in error but is correctable, said error
3 evaluation circuit corrects said selected data.

1 6. The diversity receiver system of claim 2 further comprising a data register
2 in communication with said diversity circuit to retain said selected data and
3 in communication with the error evaluation circuit so that said error

4 evaluation circuit can retrieve said selected data.

1 7. The diversity receiver system of claim 2 further comprising a de-

2 interleaving circuit in communication with the diversity circuit to organize
3 said selected data such that said selected data is in a contiguous order

4 prior to transfer 1o said error evaluation circuit.

1 8. The diversity receiver system of claim 1 wherein the signal acquisition

2 device comprises:

3 a plurality of receiving transducers in communication with said

4 transmission channel, each transducer acquiring one of said

5 copies of the coded data modulated signal from said

6 transmission channel and converting said copy of the coded
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6 and 7 detecting the control signals indicative of a beginning of said 8
plurality of data blocks within said coded data nodul ated signal. 1 17. The
nmet hod of claim 14 wherein each copy of the nultiple copies of the 2 coded
data nodul ated signal is assigned a selection priority such that 3
selecting one of the nultiple copies of the coded data nodul ated signals 4
conprises the step of choosing the copy of the nultiple copies of 5
nodul at ed coded data havin hi ghest priority. 1 18. An apparatus for

recei Vi ng coded dat a(}r??g%mog’f‘%&e%g'@ﬁéhoﬁ geelved sleciicatisidiabsalhannel , sai d
transm ssi on channel characterized by multiple 3 transm ssion paths having
vari abl e transni ssi one¢§ived aleglirical sighalvarying inmagnitede depgndanérpet i cs
causing nultiple copies of said coded data 42 5 nodul ated signal, said
appar atus for recei vithgjtrangmissitedirdaiaad vadabletatitneatomoldractenpticésofing t he
steps of: 7 8 9 10 11 12 13 14 15 16 17

10 said transmission channel;

11 an transducer switch in communication with the plurality of

12 : receiving transducers and in communication with the divefsity
13 circuit, which upon reception of a transducer selection signal
14 from said diversity circuit selects one of said the electrical
15 signals of a selected receiving transducer; and
16 a receiver in communication with the transducer switch to amplify
17 and condition said electrical signal from selected receiving

18 transducer and to extract said coded data, control signals, and
19 locking signals from said received electrical signal and in
20 communication with the error evaluation circuit to transfer said
21 coded data to the error evaluation circuit.

1 9. The diversity receiver system of claim 8 wherein each of the plurality of
2 the receiving transducers are assigned a selection priority such that the
3 receiving transducer of a highest priority is selected by said diversity

4 circuit.

1 10.  The diversity receiver system of claim 8 wherein if said error signal

2 indicates said coded data received and extracted from the electrical signal
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18 19 20 21 a) nmeans for acquiring the multiple copies of coded data

nodul at ed signal; b) neans for evaluating signal characteristics of one or
nore copies of said multiple copies of said coded data nodul ated signal;
c) neans for extracting coded data, control signals, and |l ocking signals
fromthe one or nore copies of said multiple copies of said coded data; d)
nmeans for selecting one of said copies of said coded data nodul ated
signals fromsaid signal characteristics, said control signals, and said

| ocki hg si gnaPktheselentethrecebingtansdugenis inrerery tbe diversiky cirmlitcor r ect i on upon
said coded data; and f) neans for repeatedly activating neans d) and e)
until 4a dat a generelesitbedtancdecdrdelgctionsignat th selécttehsecndaiecttiealk and
correction is not able to correct said coded data. 1 19. The apparatus of
cl ai n3 18 wher signalt fremesstenti oeceving acinstgedriie beafte@fetratifohencl udes nmeans
for rearranging the coded data such that data within 3 said coded data is
in copti guousreueler, saAdsbeati clEbicaPNghatthién ﬁéviﬁé?'\@lié}%dﬂﬂ@' §igRaimeans for

creating the |l ocking signal 2 conprises: 3 neans for detecting a

synchgoni zat i Ry haskaks Weldltd of 8hid re&6&- Bah& error evaluation circuit.

1 11.  The diversity receiver system of claim 8 wherein if the error evaluation

2 circuit indicates said coded data received and extracted from the electrical
3 signal of the selected receiving transducer is in error but is correctable,

4 said error evaluation circuit corrects said coded data received and

5 extracted from the electrical signal of the selected receiving transducer.

1 12.  The diversity receiver system of claim 8 further comprising a data register

2 in communication with said diversity circuit to retain said coded data

3 received and extracted from the electrical signal of the selected receiving
4 transducer and in communication with the error evaluation circuit so that
5 said error evaluation circuit can retrieve said coded data.

1 13.  The diversity receiver system of claim 7 further comprising a de-

2 interleaving circuit in communication with the diversity circuit to organize

3 said selected data such that said coded data received and extracted from
4 the electrical signal of the selected receiving transducer is in a contiguous
5 order prior to transfer to said error evaluation circuit.
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4 nmodul ated signal; 5 neans for synchronizing said receiver to said coded
data 6 nodul ated signal; and 7 8 9 neans for detecting the control signals
i ndi cative of a beginning of said plurality of data blocks within said
coded data nodul ated signal. 1 21. The apparatus of claim 18 wherein each
copy of the nultiple copies of the 2 coded data nodul ated signal is
assigned a selection priority such that 3 neans for selecting one of the
mul ti ple copies of the coded data 4 nodul ated signals conprises neans for

choosiing 1the aQR¥tHAY bR CBNA] Bdded Pata PRbRFatel sf@%ﬂr@ﬁweéjtrﬁﬁﬂggsmt a havi ng

a highest priority. 1 22. An apparatus for recelving code ta nodul at ed

2
signab from acg,{faAnstyy ﬁgh&gis%%n&%nneﬁajlé}aétt%ﬂgéﬁg%Lﬁ’fﬂ)lg %Hgﬂe\ssion

characterized by multip transm ssion pa I'ng‘varia
transgi ssion ] variable 4 attenyation chargcteristics causing
mul ti g} e copi Eém%fr%gg}gd@%%ggeﬁ%%?@Sg@”#ﬁ%?ﬁq (‘:‘ﬁ”%t?a}ﬁﬁﬁﬁr,w%téﬂnd appar at us

ti rocess for receiving.the 6 coded data npdul at ed si gnal
géﬁglrjﬁls? ggat Egﬁgrtag !Sﬁ?sf cezws?@gg] ipi%cgales o?sal co?led data modulated g

5 signal, said method for receiving the coded data modulated signal

6 comprising the steps of:

7 a) acquiring the multiple copies of coded data modulated signal;

8 b) evaluating signal characteristics of one or more copies of said

9 multiple copies of said coded data modulated signal,

10 ¢) extracting coded data, control signals, and locking signals from
11 the one or more copies of said multiple copies of said coded
12 data;

13 d) selecting one of said copies of said coded data modulated

14 signals from said signal characteristics, said control signals,
15 and said locking signals;

16 e) performing an error check and correction upon said coded data;
17 and

18 f) if the error check and correction is not able to correct said coded
19 data, repeating steps d) and €) until a data block is
20 successfully received.
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12 13 14 15 16 17 18 19 20 a) acquiring the nultiple copies of coded data
nodul at ed signal; b) evaluating signal characteristics of one or nore
copies of said nmultiple copies of said coded data nodul ated signal; c)
extracting coded data, control signals, and | ocking signals from the one
or nore copies of said nultiple copies of said coded data; d) selecting
one of said copies of said coded data nodul ated signals fromsaid signa
characteristics, said control signals, and said |ocking signals; e)

per f og mi ng. anTﬁérn%thsaet:lslaﬁﬁel4qmér@mtthe%téw@meﬁ@cﬂngﬂﬂc?@bdw@ataand f) if
the error check and correction is not able to correct said coded data,

repeaging st epg|filesand sk d'fl’rf%é mﬂﬁglﬁg E&)cﬁ’éﬁ(détﬁ S@H?ﬁﬁ%safté'wtﬁmrsea?@' ved. 1

23. The apparatus of clarm e ste extra the coded dat a

2 inclkudes th f; n e coded data such that data within
} Ecgﬁe%c?aatg is fnet%r{t@ughg 3rdd)

said 3 coded I n contt guous™ orf der .

1 16.  The method of claim 14 wherein creating the locking signal comprises the

2 steps of:

3 detecting a synchronization signal within said coded data

4 _ modulated signal;

5 synchronizing said receiver to said coded data modulated signal,

6 and

7 detecting the control signals indicative of a beginning of said

8 plurality of data blocks within said coded data modulated signal.

1 17.  The method of claim 14 wherein each copy of the multiple copies of the

2 coded data modulated signal is assigned a selection priority such that

3 selecting one of the multiple copies of the coded data modulated signals
4 comprises the step of choosing the copy of the multiple copies of

5 modulated coded data having a highest priority.

1 18.  An apparatus for receiving coded data modulated signal from a

2 transmission channel, said transmission channel characterized by multiple
3 transmission paths having variable transmission time and variable
4 attenuation characteristics causing multiple copies of said coded data
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1 24. The apparatus of claim 22 wherein creating the |ocking signal
conprises 2 the steps of: 45 3 detecting a synchronization signal within
said coded data 4 nodul ated signal; 5 synchronizing said receiver to said
coded data nodul ated signal; 6 and 7 detecting the control signals

i ndi cative of a beginning of said 8 plurality of data bl ocks within said
coded data nodul ated signal. 1 25. The apparatus of claim22 wherein each
copy of the multjple copies of the 2 coded data nodul ated signal is

assi ghed a seFé@PFeé?ﬂ gignal iseld appaiatusder recevingctheegded dats meddlated t i pl e
copi es of the coded data nodul ated signals 4 conprises the step of
choosfng the &gpgl eamprigingrthe $tepeotopi es of 5 nodul at ed coded data having a
hi ghest priority. 1 26. A diversity receiver systemfor receiving a
broadcast signal nodulated 2 with coded data, having multiple transm ssion
pat hs7 sai d di ver sa}means ésraicgeiringdn®nigtipe coficd df c6dSd dafdl mbalilatad of

recei ving transducers, each transducer acquiring said broadcast signal and
convegting said broadcaggngtgnal to a received electrical signal, said
received el ectrical signal varying in magnitude dependant upon an
intensity of said broadcast

9 b) means for evaluating signal characteristics of one or more copies
10 _ of said multiple copies of said coded data modulated signal;
1 c¢) means for extracting coded data, control signals, and locking
12 signals from the one or more copies of said multiple copies
13 of said coded data;

14 d) means for selecting one of said copies of said coded data

15 modulated signals from said signal characteristics, said

16 control signals, and said locking signals;

17 e) means for performing an error check and correction upon said
18 coded data; and

19 f) means for repeatedly activating means d) and e) until a data
20 block is successfully received, if the error check and

21 correction is not able to correct said coded data.

i 19.  The apparatus of claim 18 wherein the means for extracting the coded
2 data includes means for rearranging the coded data such that data within
3 said coded data is in contiguous order.
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signal traversing said nultiple transm ssion paths; 46 9 10 11 12 13 14 15
16 17 is 19 20 21 22 a plurality of receivers, each receiver in

comuni cation with one of said receiving transducers to anplify and
condition said electrical signal and to extract data and | ocking signals
from said received electrical signal; a diversity circuit in comunication
with each of the plurality of receivers to receive said data and | ocking
signals, said diversity circuit selecting one of the data signals fromone
of the pl20ral Thy apphrates ef veins 1Bavidrginanyatd @rbﬁ@dﬁhg%élcﬁ;ﬂm g digvehicati ng
said receiver is able to retrieve said coded data fromthe electrica
signab; and aBombfigss:eval uation circuit in communication with the diversity
circuit

3 means for detecting a synchronization signal within said coded data
4 modulated signal;

5 means for synchronizing said receiver to said coded data

6 modulated signal; and

7 means for detecting the control signals indicative of a beginning of
8 said plurality of data blocks within said coded data modulated

9 signal.

1 21.  The apparatus of claim 18 wherein each copy of the multiple copies of the

2 coded data modulated signal is assigned a selection priority such that

3 means for selecting one of the multiple copies of the coded data

4 modulated signals comprises means for choosing the copy of the multiple
5 copies of modulated coded data having a highest priority.

1 22.  An apparatus for receiving coded data modulated signal from a

2 transmission channel, said transmission channel characterized by multiple
3 transmission paths having variable transmission time and variable

4 attenuation characteristics causing multiple copies of said coded data

5 modulated signal, said apparatus executing a process for receiving the

6 coded data modulated signal comprising the steps of:
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to receive the selected data signal, said error evaluation circuit

eval uating said selected data signal for errors and providing an error
signal to said diversity circuit indicating an error state of said
selected data. 1 27. The diversity receiver systemof claim26 wherein if
said error signal 2 indicates said selected data is in error, the diversity
circuit determnes 3 another receiver having a valid |ocking signal and
transfers the data of 4 said receiver to the error evaluation circuit. 1
28. TRe diversity Abaequidng thesmaltipls cenies of clegrdataimpdulated sigaat; or
evaluation 2 circuit indicates said selected data is in error but is
correctable, said error 3 evaluation circuit corrects said sel ected data.
47 1 29. The di ver b} eyaluatig signalsyharastenstics|ofiione b2 éndrercopies ofgafer i si ng a
data 2 register in comunication with said diversity circuit to retain said
sel ecbed 3 data and i nmeftipiaiobsies bbsaidicoled RiatLmoatla®Psidasl on circuit so
that said 4 error evaluation circuit can retrieve said selected data. 1 30.
The diversity receiver systemof claim26 further conprising a de 2

interheaving cir CUE% eitfhc‘ﬁﬁg‘&ﬂéﬁﬁ‘étao'&omr&@; ﬁ&ﬁss,éqn‘bqﬁélgh%a InafsUrdmt ©

organi ze 3 said selected ta such that sa ecte alsin a

31 Arethod for ricﬁf'vﬂg&f;’e o R S o b bl PR A brRkehieh Ut 2

corrprI%S| ng the steps ofd f a) acquiring said broadcast signal at one of a
ity of receivers; alg, b) creating a | ocking signal indicating said

pl ura

recei ver has successfully 5 acquired said broadcast signal; 6
13 d) selecting one of said copies of said coded data modulated
14 signals from said signal characteristics, said control signals,
15 and said locking signals;
16 e) performing an error check and correction upon said coded data;
17 and
18 f) if the error check and correction is not able to correct said coded
19 data, repeating steps d) and e) until a data block is
20 successfully received.

1 23. The apparatus of claim 22 wherein the step of extracting the coded data
2 includes the step of rearranging the coded data such that data within said

3 coded data is in contiguous order.

1 24. The apparatus of claim 22 wherein creating the locking signal comprises

2 the steps of;
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7 8 c) if said locking signal is able to be created, repeating steps a) and
b) until a locking signal is created indicating successful acquisition of
sai d broadcast signal; 9 d) extracting one data block of a plurality of
data bl ocks of said 10 coded data from sai d broadcast signal; 11 e)

perform ng an error check and correction upon said data block 12 for
elimnating errors fromsaid data block; 48 13 14 15 16 17 18 f) if the
error check and correction is not able to correct said data bl ock,
repeafing steps a)deiectiug s synchienizatian gignal witbipisaidscodagcdatast ul Iy recei ved:
and g) repeatedly performng said error check and correction until all

remai fi ng dat a bl ockdneduigigddignabadcast signal are extracted and
successfully checked and corrected for errors. 1 32. The nmethod of claim 31
wherein the step of extracting the data block 2 includes the step of
rearranging the dasgndbronikingsalitl teltalvettd saidichbed datdl Moddlatkd sighalock is in
contiguous order. 1 33. The nethod of claim 31 wherein creating the | ocking
si gnak conprises theand

7 detecting the control signals indicative of a beginning of said

8 pturality of data blocks within said coded data modulated signal.

1 25. The apparatus of claim 22 wherein each copy of the multiple copies of the

2 coded data modulated signal is assigned a selection priority such that

3 selecting one of the multiple copies of the coded data modulated signals
4 comprises the step of choosing the copy of the multiple copies of

5 modulated coded data having a highest priority.

1 26. Adiversity receiver system for receiving a broadcast signal modulated

2 with coded data, having multiple transmission paths, said diversity

3 receiver comprising:

4 a plurality of receiving transducers, each transducer acquiring said
5 broadcast signal and converting said broadcast signal to a |
6 received electrical signal, said received electrical signal varying
7 ' in magnitude dependant upon an intensity of said broadcast

8 signal fraversing said multiple transmission paths;
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2 steps of: 3 detecting a synchronization signal wthin said broadcast
signal; 4 synchronizing said receiver to said broadcast signal; and 5
detecting a start signal indicative of a beginning of said plurality of 6
data bl ocks within said broadcast signal. 1 34. An apparatus for receiving
a broadcast signal nodul ated with coded data 2 conprising: 3 a) neans for
acquiring said broadcast signal at one of a plurality of 4 receivers; 49 5
6 78 9 10 Il fromsaid broadcast signal; 12 e) nmeans for perfornm ng an
error 2check and cofmbgeliyrefugeriverai eactoregaiver il earkmioicatidn withaner§ errors
fromsaid data bl ock; 14 15 16 17 18 19

10 said receiving transducers to amplify and condition said

11 electrical signal and to extract data and locking signals from

12 said received electrical signal;

13 a diversity circuit in communication with each of the plurality of

14 receivers to receive said data and locking signals, said diversity
15 circuit selecting one of the data signals from one of the plurality
16 of receivers having a valid locking signal indicating said receiver
17 is able to retrieve said coded data from the electrical signal; and
18 an error evaluation circuit in communication with the diversity circuit
i9 to receive the selected data signal, said error evatuation circuit
20 evaluating said selected data signal for errors and providing an
21 error signal to said diversity circuit indicating an error state of

22 said selected data.

1 27. The diversity receiver system of claim 26 wherein if said error signal

2 indicates said selected data is in error, the diversity circuit determines
3 another receiver having a valid locking signal and fransfers the data of
4 said receiver to the error evaluation circuit.

1 28. The diversity receiver system of claim 26 wherein if the error evaluation
2 circuit indicates said selected data is in error but is correctable, said error

3 evaluaftion circuit corrects said selected data.
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b) neans for creating a | ocking signal indicating said receiver has
successful ly acquired said broadcast signal; c) neans for activating the
means of a) and b) until a locking signal is created indicating successful
acqui sition of said broadcast signal, if said |ocking signal is able to be
created,; d) neans for extracting one data block of a plurality of data

bl ocks f) neans for activating the nmeans of a) through e) until a data

bl ock is successfully received, if the error check and correction is not
able 40 o0 r eqhosiidlstiptatoRlepSlisteitt din PR | Yatger f ormi ng
said error check and corrgct ?oirflseunti(?ala r@n@%?é@%gbg%%égks of said

br oadgast si gnal r ] ful checked an orrected for
errorg. 1 35. ’%@ég‘p%"ﬁﬁ@‘l‘f@&%ﬁ gr&@tﬂg%@ﬁﬁ&%esrlt ich&f"ﬁgo rr#zgﬂssa}ag%eﬁ%%? acting

t he data bl oc 2 1 ncl udes neanps f rearrangi,ng.the data bl ock such that
dat a \?\n t hin Sélaﬁ] af%@t%’%ﬁ"&@ﬁ?aﬁ%n Wﬂh&%f&frBDS%%'u%ﬁ'%‘?ffcui S§’6t.P‘atl"F?éd appar at us
of claim 34 wherein nmeans for creating the | ocki % signal 2 conprises: 50 3
means*f or det EFPT AYRILEWQNEIFFanteinsyesaihatlediedifat-sai d broadcast 4 5 6 7
signal; means for synchronizing said receiver to said broadcast signal;

and neans for detecting a start signal indicative of a beginning of said
1 30. The diversity receiver system of claim 26 further comprising a de-

2 interleaving circuit in communication with the diversity circuit to organize
3 said selected data such that said selected data is in a contiguous order
4 prior to transfer to said error evaluation circuit.

1 31. A method for receiving a broadcast signal modulated with coded data

2 comprising the steps of:

3 a) acquiring said broadcast signal at one of a plurality of receivers;
4 b) creating a locking signal indicating said receiver has successfully
5 acquired said broadcast signal;

6 c) if said locking signal is able to be created, repeating steps a) and
7 b} until a locking signal is created indicating successful

8 acquisition of said broadcast signal;

9 d) extracting one data block of a plurality of data blocks of said

10 . coded data from said broadcast signal;

11 e) performing an error check and correction upon said data block
12 for eliminating errors from said data block;
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plurality of data blocks within said broadcast signal. 1 37. An apparatus
for acquiring coded data froma plurality of receivers, each 2 receiver in
comuni cation with one of a plurality receiving transducers to 3 anplify
and condition an electrical signal acquired by said receiving 4 transducers
and extract said coded data and | ocking signals fromsaid s received
el ectrical signal, each receiving transducer acquiring a broadcast 6
signal and converting said broadcast signal to said received electrical 7
si gndP, said recei Ddidthelastarichegk asi gaekchicir iginog able towgniectishid dafgendant s
upon an intensity of said broadcast signal, said digital signal processing
9 system executing a prblgcikmepealing stepg a) eosgepyuntl :a ddladjockds ecti ng one
of said plurality of receivers; 11 b) detecting said | ocking signa
i ndi gating said recei vesudvessillly sespesis il y acquired sai d broadcast
signal; 13 c) if said locking signal is not able to be created by said,
repeating 14 steps a) and b) until a locking signal is created indicating
15 sygcessful acquypidy bl ' ; racting one
data bl ock of a pl gf?}pﬁa& 0 p%@?@'ﬁ?%@ S 0 rczfae.gﬁg‘i‘? C??)r é@orﬁg?tg)é?!r om sai d
el ectrical signal; is e f.arm [ k._an rrecti upon said
1 ; ?en?ﬁﬁlfng d4td] 9Io%?§ §fn E%Qibggﬁéciag?gggglﬁa’refgérﬁt%g

data block 19 for elimnating®errors 2 23 24

18 and successfully checked and corrected for errors.

1 32, The method of claim 31 wherein the step of extracting the data block
2 includes the step of rearranging the data block such that data within said

3 data block is in contiguous order.

1 33. The method of claim 31 wherein creating the locking signal comprises the

2 steps of:

3 detecting a synchronization signal within said broadcast signal;

4 synchronizing said receiver to said broadcast signal; and

5 detecting a start signal indicative of a beginning of said plurality of
6 data blocks within said broadcast signal.

1 34. An apparatus for receiving a broadcast signal modulated with coded data

2 comprising:
3 _ a) means for acquiring said broadcast signal at one of a plurality of
4 receivers;
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25 f) if the error check and correction is not able to correct said data
bl ock, repeating steps a) through e) until a data block is successfully
received; and g) repeatedly performng said error check and correction
until all remaining data bl ocks of said electrical signal are extracted
and successfully checked and corrected for errors. 1 38. The apparatus of
claim37 wherein the step of extracting the data block 2 includes the step
of rearranging the data bl ock such that data within said 3 data block is
i n cohtiguous ordeb) meass fordreatiygpalaecking sifnalliadioatdiy sdié redaiverthasat i ng t he
| ocki ng signal conprises 2 the steps of: 3 detecting a synchronization
signak w thin said broasuasssfilgaatuiredissiy bedadyaisesigaalisai d recei ver to said
broadcast signal; and 5 detecting a start signal indicative of a beginning
of said plurality of 6 data blocks within said broadcast signal. 52 1 40.
A diversity recei V@Im%ﬁﬁé%F‘efc‘ﬁ%aﬂir@ﬁie}&h@@n§8ﬂ&)da%ﬁmg%&&ﬁgﬁsighﬂna' from
z

2 a transm ssion channel, said transm ssion channel” character d by 3

mul tiple transm ssion p%tgpéaﬂéaqﬁagat@gﬁuﬂ{a%?%fpfe%ﬁa{ s dids Igﬁja%:& gvvariabl e

4 attenuati on char act eri'stics causi _ _ es of sa co ed data 5
modul gted signal, wher el sairdofl B8LRG SnaP RIS To BY RGP ses: 67 8 9

10 d) means for exfracting one data block of a plurality of data blocks
11 from said broadcast signal;

12 e) means for performing an error check and correction upon said

13 data block for eliminating errors from said data block;

14 f) means for activating the means of a) through e) until a data block
15 is successfully received, if the error check and correction is
16 not able to correct said data block; and

17 g) means for repeatedly performing said error check and correction
18 until all remaining data blocks of said broadcast signal are
19 extracted and successfully checked and corrected for errors.

1 35. The apparatus of claim 34 wherein the means for extracting the data block
2 includes means for rearranging the data block such that data within said

3 data block is in contiguous order.

1 36. The apparatus of claim 34 wherein means for creating the locking signal
2 comprises:
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10 11 12 13 14 15 16 17 18 19 20 21 a plurality of receiving transducers in
comuni cation with said transm ssion channel, each transducer acquiring
one of said copies of the coded data nodul ated signal from said
transm ssi on channel and converting said copy of the coded data nodul ated
signal to a received electrical signal, said received electrical signa
varying in nmagni tude dependant upon the transm ssion tine and variable
attenuation characteristics of said transm ssion channel; a transducer
switch in communi cEE20A fon detecting plsynchironizgation signali within saidrtrosdieasér s, whi ch
upon reception of a transducer selection signal selects one of said the

el ect#ical signals ofsignatel ected receiving transducer; a receiver in
comuni cation with the transducer switch to anplify and condition said
electrical signal froma selected receiving

5 means for synchronizing said receiver to said broadcast signal; and
6 means for detecting a start signal indicative of a beginning of said
7 plurality of data blocks within said broadcast signal.

1 37.  Anapparatus for acquiring coded data from a plurality of receivers, each

2 receiver in communication with one of a plurality receiving transducers to
3 amplify and condition an electrical signal acquired by said receiving

4 transducers and extract said coded data and locking signals from said

5 received electrical signal, each receiving transducer acquiring a broadcast
6 signal and converting said broadcast signal to said received electrical

7 signal, said received electrical signal varying in magnitude dependant

5 upon an intensity of said broadcast signal, said digital signal processing
9 system executing a program comprising the steps of:

10 a) selecting one of said plurality of receivers;

i1 b) detecting said locking signal indicating said receiver has

12 successfully acquired said broadcast signal;

13 c) if said locking signal is not able to be created by said, repeating
14 steps a) and b) until a locking signal is created indicating

15 successful acquisition of said broadcast signal;
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transducer and to extract said coded data, control signals, and | ocking
signals fromsaid received electrical signal. 53 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 a diversity circuit in conmrmunication with the receiver to
receive said signal characteristics and said coded data, said control
signals, and |ocking signals, and in comunication wth the transducer
swtch, said diversity circuit selecting fromsaid signal characteristics,
said control signals, and said | ocking signals, generates the transducer
sel ecbi on si gnal ddsextratinggnentatablockaifa ploligsofefats biodks ofisalddat a
nodul at ed signals; and an error evaluation circuit in comunication with

t he rieceiver to coded data from said electrical signal;
18 e) performing an error check and correction upon said data block
19 for eliminating errors from said data block;
20 f) if the error check and correction is not able to correct said data
21 block, repeating steps a) through e) until a data block is
2 successfully received; and
23 g) repeatedly performing said error check and correction until all
24 remaining data blocks of said electrical signal are extracted
25 and successfully checked and corrected for errors.

1 38. The apparatus of claim 37 wherein the step of extracting the data block
2 includes the step of rearranging the data block such that data within said

3 _ data block is in contiguous order.

1 39. The apparatus of claim 37 wherein creating the locking signal comprises

2 the steps of:

3 detecting a synchronization signal within said broadcast signal;

4 synchronizing said receiver to said broadcast signal; and

5 detecting a start signal indicative of a beginning of said plurality of
6 data blocks within said broadcast signal.
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receive the coded data fromthe selected copy of the coded data nodul ated
signal, said error evaluation circuit evaluating said coded data signa
for errors and providing an error signal to said diversity circuit
indicating an error state of said selected data, wherein said diversity
circuit generates a second transducer selection signal to select a second
copy of said coded data nodulated signal. 1 41. The diversity receiver
system of claim40 wherein each of the plurality of 2 the receiving
transducqus apenpesitgRadiver SbRAt o Redivin ggé{%@t}s{é @Bgﬁla{éaesi?liaijr%%' ving

transducer of a highest priofity 1s sele sal ver si circuit. 1

> nl?ia?ieleééiﬁﬁéﬁﬁ%ﬁ%%ﬁ%ﬁ%’iﬁﬁﬁ%f‘%@%isg&fr el HPabibrrd @vr(] et rical
ci toutt 54 a NS ERFRE T PrunaTRRaH e dansiuraor bigrend el cor o

second el ectri ﬁal signal froma second receiving transducer to be
transferred t8Uepationgharaetensticsicausivgsnulliplecopiascefisald epfad datan having a
valid locking signal and transfers the data of said receiver to the error
eval uation ci MAgitated sigpal, whereinagiddiversity cesajear syptemeppmprisesti m 40 wherein
if the error evaluation 2 circuit indicates said coded data received and
extracted fromthe electrical 3 signal of the sel ected receiving
transducer is in eapturalitytof receiving dahadilegrs in communication with said

7 transmission channel, each transducer acquiring one of said

8 copies of the coded data modulated signal from said

9 transmission channel and converting said copy of the coded

10 data modulated signal to a received electrical signal, said

11 received electrical signal varying in magnitude dependant upon
12 the transmission time and variable attenuation characteristics of
13 said transmission channel;

14 a transducer switch in communication with the plurality of receiving
15 transducers, which upon reception of a transducer selection

16 signal selects one of said the electrical signals of a selected

17 receiving transducer;

18 a receiver in communication with the transducer switch to amplify
19 and condition said electrical signal from a selected receiving
20 transducer and to extract said coded data, control signals, and
21 locking signals from said received electrical signal.
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4 said error evaluation circuit corrects said coded data received and 5
extracted fromthe electrical signal of the selected receiving transducer.
1 44. The diversity receiver systemof claim40 further conprising a data 2
regi ster in communication with said diversity circuit to retain said coded
3 data received and extracted fromthe electrical signal of the selected 4
recei ving transducer and in conmunication with the error evaluation circuit
5 so that said error evaluation circuit can retrieve said coded data. 1 45.
The dRversity receddiergilysaienitdn cemmunicatiohwitthtbe recsiper toiraceive daid2
interleaving circuit in comunication wwth the diversity circuit to
organbze 3 said sel signatickamatesistits ahdsaisaioded adé] sdat eontet signeld, and
extracted from 4 the electrical signal of the selected receiving

trangsducer is in a cendilgeonssighall ded irdcorBmuhibatioanithahe trans@ickrer r or
evaluation circuit. 1 46. A nethod for receiving coded data nodul at ed

signak froma transmisgstcRNsald @N@?éi@!oircﬁﬁiselécfi@ﬁmﬁiaﬁi@'aﬂn,ne'
characterized by multiple transm ssSion 55 3 paths having vari abl e

/ Co ti . _ _ . - .
ransg ssion tine a”‘éhé{r’ﬁc't%e 65,%&:&8&'@&?%@@&%%%%ﬁoellfobﬁuhgi%ggr%ﬁ,‘s' ng

mul tiple copies of said co data no signal, s hod f or

LI th ded ' : 1,S] t t f: 7
ot tPhg 8 priority vaPIErre Hedisgpod Bedn gyt oalife fhS0E 7 7
t d , id pl it f Y t in 9 icati
w % he 17 anem st of RIHRI O cored el FOTBerR@F g  ansducer o

convert one of the copies of the coded 11 data nodul ated signal to a

received electrical signal; 12 b) selecting one of the plurality of
recei¥i ng tr ansduc®? §TRRGYFYatiomaravitgheemnumieationywith the receiver to

30 receive the coded data from the selected copy of the coded data
31 modulated signal, said error evaluation circuit evaluating said

32 coded data signal for errors and providing an error signal to said
33 diversity circuit indicating an error state of said selected data,

34 wherein said diversity circuit generates a second transducer

35 selection signal to select a second copy of said coded data

36 : modulated signal.

1 41.  The diversity receiver system of claim 40 wherein each of the plurality of

2 the receiving transducers are assigned a selection priority such that the
3 receiving transducer of a highest priority is selected by said diversity
4 circuit.

1 42. The diversity receiver system of claim 40 wherein if said error signal
2 indicates said coded data received and extracted from the electrical signal
3 of the selected receiving transducer is in error, the diversity circuit
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14 15 16 17 18 19 20 21 22 c) evaluating signal characteristics of
recei ved electrical signal fromthe one receiving transducer having
hi ghest priority; d) extracting coded data, control signals, and |lo

signals from

t ransducer ror
correction upon said coded data; f) if the signal characteristics,

si gnal s,

the received electrical signal fromthe one receiving

havi ng the highest priority; e) performng an error chec

| ocking signals, and results of said error check and corr

i ndi cAt e t hat 9ER@rateihg; tiansderercsaledtion signalde selecha secastelacEcalor
reconstruction 56 23 24 25 of coded data fromsaid received el ectrical
si gnaP, adj ussighgl fremi aiserandrriecyivingl ttansdficardioder tearssferredta thensducer to a
priority; and 26 g) repeating steps d) through f) until said
data bs succesafeiNdrysaid second electrical signal then having a valid locking signal

| ower

7

43.

44,

45.

46.

and transfers the data of said receiver to the error evaluation circuit.

The diversity receiver system of claim 40 wherein if the error evaluation
circuit indicates said coded data received and extracted from the electrical
signal of the selected receiving transducer is in error but is correctable,
said error evaluation circuit corrects said coded data received and

extracted from the electrical signal of the selected receiving transducer.

The diversity receiver system of claim 40 further comprising a data
register in communication with said diversity circuit to retain said coded
data received and extracted from the electrical signal of the selected
receiving transducer and in communication with the error evaluation circuit

so that said error evaluation circuit can retrieve said coded data.

The diversity receiver system of claim 40 further comprising a de-
interteaving circuit in communication with the diversity circuit to organize
said selected data such that said coded data received and extracted from
the electrical signal of the selected receiving transducer is in a contiguous

order prior to transfer to said error evaluation circuit.

A method for receiving coded data modulated signal from a transmission

channel, said transmission channel characterized by multiple transmission
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27 received. 1 47. The nethod of claim46 wherein the step of extracting
the coded data 2 includes the step of rearranging the coded data such that
data within said 3 coded data is in contiguous order. i 48. The nethod of
claim 46 wherein extracting the control signals and the | ocking signal
conprises the steps of: 3 detecting a synchronization signal within said
coded data 4 nodul ated signal; 5 synchronizing said receiver to said coded
data nodul ated siqgnal; 6 and detecting the control signals indicative of a
begi nAi ng of 8aihg eviNLYaliabls transmigsipndine redweriablg atiendatienied dat a

modul ated signal. 1 49. An apparatus for receiving coded data nodul at ed

si gnat from acharectaiistics sausing midiinde copigs of saidrended slabm mudulated
characterized by multiple 3 transm ssion paths having vari abl e

transmi ssi on sigmal, sati wmathcalfoe rebeiing theatiden ddtaraziubated signal causi ng

mul tiple copies of said coded data 57 5 nodul ated signal, said apparatus
for receivi ngcoinprisingete daipd ofpdul ated 6 signal conprising: 7 a) neans for
setting a priority value for each of a plurality of 8 receiving
transducers, said plurality of receiving transducers 9 in comrunication
with the transm ssi ; I eced Ming: transducers
convetrit one of thehgg%tﬁggagﬁotr%gaﬁ@?Q%ngl%%&ﬁéggg@pgnal to a

receiyed electrical sig X ) . ecti.n ne of. the plurality
of r egei ving tr ansducer@%%d%é#ﬁg@&ﬂ?a&hgéﬁrﬁgélivl&git{%ss%ucers in

9 communication with the transmission channel such that said
10 receiving transducers convert one of the copies of the coded
1 data modulated signal to a received electrical signal;

12 b) selecting one of the plurality of receiving transducers having a

13 : highest priority;

14 c) evaluating signal characteristics of said received electrical signal
15 from the one receiving transducer having the highest priority;
16 d) extracting coded data, control signals, and locking signals from
17 the received electrical signal from the one receiving

18 transducer having the highest priority;

19 e) performing an error check and correction upon said coded data;
20 f) if the signal characteristics, control signals, locking signals, and
21 results of said error check and correction indicate that the

22 received electrical signal is not adequate for reconstruction
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14 15 16 17 18 19 20 21 22 23 24 c) neans for evaluating signal
characteristics of said received electrical signal fromthe one receiving
t ransducer

data, control
signal fromthe one receiving transducer having the highest priority;

means for

nmeans for adjusting said priority value of said receiving

havi ng t he

hi ghest priority; d) means for extracting coded

signals, and locking signals fromthe received el ectrical

e)

perform ng an error check and correction upon said coded data;
transducer to a

lowerBpriority, if the @f¢used datairaot eaiflsecaived eleahicabsigralgadilisting ocki ng
and results of said error 58 25 26 27

si gnal s,
24

25

26

27

47.

48.

49.

said priority value of said receiving transducer to a lower

priority; and

g) repeating steps d) through f) until said coded data is successfully

received.

The method of claim 46 wherein the step of extracting the coded data
includes the step of rearranging the coded data such that data within said

coded data is in contiguous order.

The method of claim 46 wherein extracting the control signals and the

locking signal comprises the steps of:

detecting a synchronization signal within said coded data

modulated signal;

synchronizing said receiver to said coded data modulated signal;

and

detecting the control signals indicative of a beginning of said

plurality of data blocks within said coded data modulated signal.

An apparatus for receiving coded data modulated signal from a
transmission channel, said fransmission channel characterized by multiple
transmission paths having variable transmission time and variable
attenuation characteristics causing multiple copies of said coded data

57

f)



check and correction indicate that the received electrical signal is not
adequate for reconstruction of coded data from said received electrica
signal; and 28 g) neans for repeatedly activating nmeans of d) through f)
until said 29 coded data is successfully received. i 50. The apparatus of
claim 49 wherein the neans for extracting the coded 2 data includes the
step of rearranging the coded data such that data within 3 said coded data
is in contiguous order, 1 51. The apparatus of claim49 wherein neans for
extraéting t h&esuiated signak isgishappasawstiaeraceirigne sogad idatromodileted t he 3
means for detecting a synchronization signal within said coded data 4
modul at ed si gatgnal Eompesisgf or synchroni zi ng sai d receiver to said coded
data 6 nodul ated signal; and 7 8 9 nmeans for detecting the control signals
i ndi cative of a beginning of said plurality of data blocks within said

codedsdat a nmodul at @fimeaing féH settingb pridfitydlanal Rf éach of a pREFSIityioRg coded data
nodul ated signal froma 2 transm ssion channel, said transm ssion channel

charagterized by multiplReivhd trra’%ﬁmcé?é,%Qid%&#&ﬁt;}lﬂ%@&vmg&}aﬁlebGcers

transm ssion tine and variabl™e 59 4 attenuation charactelistics causing

mul tiple copies of saidy mﬁi@ﬂ}]g@é@péwﬂﬂqﬁé ARSI RN Avantdl i ARREY atus for

recei ving the coded data

10 said receiving transducers convert one of the copies of the
11 coded data modulated signal to a received electrical signal;
12 b) means for selecting one of the plurality of receiving transducers
13 having a highest priority;

14 c) means for evaluating signal characteristics of said received

15 electrical signal from the one receiving transducer having the
16 highest priority;

17 d) means for extracting coded data, control signals, and locking

18 signals from the received elecfrical signal from the one

19 receiving transducer having the highest priority;

20 e) means for performing an error check and correction upon said
21 coded data;

22 f} means for adjusting said priority value of said receiving

23 transducer to a lower priority, if the signal characteristics,
24 control signals, locking signals, and results of said error
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6 signal executing a process conprising the steps of: 7 a) setting a
priority value for each of a plurality of receiving s transducers, said
plurality of receiving transducers in 9 conmunication with the transm ssion
channel such that said 10 receiving transducers convert one of the copies
of the coded 11 data nodul ated signal to a received electrical signal; 12
b) selecting one of the plurality of receiving transducers having a 13

hi ghest priority; 14 15 16 17 18 19 20 21 22 23 c¢) evaluating signal
char@éteristics of sai doheakeangeepregationindigateshafrihe recaivad elecisical r ecei vi ng
transducer having the highest priority; d) extracting coded data, control
si gnaks, and | ocki ng si gigadldsobadequate facecomsruetiec bf coddd datgrimim f r om t he
one receiving transducer having the highest priority; e) perform ng an
errorzzcheck and correct said reqeived giedtricabsignglabad f) if the signal
characteristics, control signals, |ocking signals, and results of said
error check and correction indicate that the

28 g) means for repeatedly activating means of d) through f) until said

29 coded data is successfully received.

1 950. The apparatus of claim 49 wherein the means for extracting the coded
2 data includes the step of rearranging the coded data such that data within

3 said coded data is in contiguous order.

1 51.  The apparatus of claim 49 wherein means for extracting the control

2 signals and the locking signal comprises the:

3 means for detecting a synchronization signal within said coded data
4 modulated signal;

5 means for synchronizing said receiver to said coded data

6 modulated signal; and

7 means for detecting the control signals indicative of a beginning of
8 said plurality of data blocks within said coded data modulated

9 signal.

1 52.  An apparatus for receiving coded data modulated signal from a
2 transmission channel, said transmission channel characterized by multiple
3 transmission paths having variable transmission time and variable
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received electrical signal is not adequate for reconstruction of coded
data fromsaid received electrical signal, adjusting 60 24 said priority
val ue of said receiving transducer to a lower 25 priority; and 26 Q)
repeating steps d) through f) until said coded data is successfully 27
received. 1 53. The apparatus of claim52 wherein the step of extracting
the coded data 2 includes the step of rearrangi ng the coded data such that
data within said 3 coded data is in contiguous order. 1 54. The apparatus
of cl 4 m 52 wAHeitioaghasagtenigjiosrausipetmeltiple; apiigssofsaill eededdatacki ng si gnal
conprises the ster of : 3 detecting a synchronization signal within said
codedsdat a 4 Rs¥laieddigonlysaid agpasghus Heooneiceiving thaicdded datasmodulateshi d coded
data nodul ated signal; 6 and 7 detecting the control signals indicative of
a begbnni ng osignal exeguphg agirotessofomiaisindtrecdtepsof:hi n sai d coded data
nodul ated signal. 61

7 a) setting a priority value for each of a plurality of receiving

8 transducers, said plurality of receiving transducers in

9 communication with the transmission channel such that said
10 receiving transducers convert one of the copies of the coded
11 data modulated signal to a received electrical signal;

12 b) selecting one of the plurality of receiving transducers having a

13 highest priority;

14 ' ¢) evaluating signal characteristics of said received electrical signal
15 from the one receiving transducer having the highest priority;
16 d} extracting coded data, control signals, and locking signals from
17 the received electrical signal from the one receiving

18 transducer having the highest priority;

19 e) performing an error check and correction upon said coded data;
20 f} if the signal characteristics, control signals, locking signals, and
21 results of said error check and correction indicate that the
22 received electrical signal is not adequate for reconstruction
23 of coded data from said received electrical signal, adjusting
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24

25

26

27

said priority value of said receiving transducer to a lower

priority; and

g) repeating steps d} through f) until said coded data is successfully

received.

33.  The apparatus of claim 52 wherein the step of extracting the coded data
includes the step of rearranging the coded data such that data within said

coded data is in contiguous order.

54.  The apparatus of claim 52 wherein extracting the control signals and the

locking signal comprises the steps of:

detecting a synchronization signal within said coded data

modulated signal;

synchronizing said receiver to said coded data modulated signal;

and

detecting the control signals indicative of a beginning of said

plurality of data blocks within said coded data modulated signal.
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