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filed on Jan¥&2@D/@OD3, which is a continuation-in-part of U.S. applicatio®€&l&i201imMBer080/943,677,
filed September 16, 2004, which is a continuation U.S. application serial number 09/730,697, filed
December 5, 2000, now U.S. Patent 6,829,289; and a continuation-in-part of U.S. application serial

number 10/402,878, filed March 28, 2003. TECHNICAL FIEI D OOI%IZ#TE document relates generally
to communication s 09 HaRdwith a %ﬁé%@é@ 13 3&‘&%'{9meications systems

and methods. BACKGROUND [0003]Some wireless communications systems employ code division
multiple access (CDMA) protocols. S \% éjﬁlg | .encode the data in one
step and spread the freﬁé@%ﬁ%@éﬁﬁaﬁg‘é§%§ e t'.%&ﬁ@r@ding and spreading
steps in sucliggEigms maytgenssrie=adnittaamoprbeatitocasd Aphessisg et handdhe ability with
which a resultj 0 nd spread signal can communicate the received digital da er a medium
may depend*ﬁ%izﬁg’%ﬁgr&S%Fggypﬁfsgtoﬁgl\ﬂﬁéﬁ?eﬁsﬂ@Bﬁﬂ#@m@diﬁfﬂ?i&m% processing
power, and piogksstigairdhial suappded (od® ENcofilisng Saptsprieadirg) SBMsS, ShIBMARY [0004]This
document descrjbes syst , apparatus and. methods for efficie { unicatjn ta from a
ransmiter (0T HELRIOT s 2 MURAA A TGRS DLt el FLLAVE HEL w shor units that
correspond 2000e eh@ prietataninecBagmier ahdaiayatirmsatiai-argeaachl assciated (e.g., uniquely)
with a corresponding number of cqdes r itter can send t de that is associated with the
received unié)BPrh%?ﬁ,of?l ?)?5'@@ A e?é(&é@éﬂ?ﬁ?ﬂ%%@@l?ﬁh }%;%ﬁ?e implementations, the codes
are drawn from columns of a 2N x 2N Hadamard matrix whose rows have been randomly shuffled.
Only certain columns of the shuffled matrigeqyMie alPrEfERIghe transmitter, such as, for example,
columns having power-of-two indices; and a column to be transmitted may be dynamically generated

at the transnb®@ 2y appliéléhiérd@Glamﬁjlt:&B@ﬁ@@ti@ﬂﬂ@ig'.'yﬁﬂ-ﬁ%@@@@iﬁ&ﬁﬁlﬁh%%@lﬂ@ive-OR
function) to op Ré&%%ﬁ&ﬁﬂlﬁé?éﬁ%ﬁ%@% WP&@%E%&%_W(%HB@’ ﬁoé}%@%eérg correlators that

calculate correlations between received ddta and each possible code em y the transmitter.

Based on th&&fftRfifest calculated correlation, the receiver may determine which of the predetermined

number of data values the transmitter sent. Process gain may be set such that data can be

communicated between the transmitter and recei t very low signal-to-noise ratios.
BACKGROUND " >

[0003] Some wireless communications systems employ code division
multiple access (CDMA) protocols. CDMA systems may receive digital data,
encode the data in one step and spread the frequency of the encoded data in
a second step. The encoding and spreading steps in such systems may
consume a finite amount of time and processing power, and the ability with
which a resulting coded and spread signal can communicate the received
digital data over a medium may depend on various factors, such as physical
characteristics of the medium, available processing power, and process gain
that is applied in the encoding and spreading steps.

SUMMARY
[0004] This document describes systems, apparatus and methods for
efficiently communicating data from a transmitter to a receiver over a medium.
In particular, a transmitter can receive data in short units that correspond to
one of a predetermined number of data values that are each associated (e.g.,
uniquely) with a corresponding number of codes. The transmitter can send
the code that is associated with the received unit of data, in place of the
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[0005]In some implementations, a method includes receiving, at an electronic transmitter device, for
communication to an electronic receiver device, a first data value corresponding to one of a plurality of
predetermin® d&t&/8P4M9és; identifying, from a matrix of data bits in the forn? eTANIYMNadamard
matrix whose rows have been randomly or pseudo-randomly shuffled, a column of data bits that is

associated wiBdRe dingh e diedeidRs and IHaRsuting IEhiBRtGIRMEONHerBs 8 B e MIGRYIN Place of the
first data value, the identified column of data bits. [0006]The method can further include receiving data

at the electrdfETEEBITENS Yrfefating tHadeBIfEd ALY HRSBSRNIR G RRRHTRALBIS; and

providing thesfiis datacyaie detafkrmi mraces sedshy, Hedalestranmied e 61\ebrdy SAMR
implementations, correlating the received data to the identified column of data bits can include

calculating 2"@1PEMA RN E6n PleSrEBRIEd CRIMHIRI Y RIBRMSH AT IMErNgiSe St #28-Pbits to which
is aSSOCiate%@lG?nﬂftW@@Eﬁ&@éﬁﬂﬂé@ﬁﬁ?@e@%ﬁh@é@eﬂ?@@m Hhawdheieseives gata is most
a

strongly correlated to the identified column of data bits, culating can include calculating a sign of

the correlatiGPPAREIRAGHANIEEOMRTERE de@mbiinF A isRtPR RERUIREH SR @Rrrelating the

received datg i tion Jderiiedcelorarpetiiatdiis canuinelydearaleadrling aldadantasy wansform or fast
Hadamard transform. WO 21)10/090793PCT/US2111 0/020606 [0007]The method can further include

associating tHETHPS IETER RISESHRAE SRIFHAE FAETREGASDREMART frseiNedifa @AY alue can be
determined Ry #reppiesiBRNBHERCBIVPIolfedhesansnditteteeolBarLaf siatadEFoRgdserimination to

other data transmitted by the electronic transmitter device. Identifying the column of data bits can

include appl§lGHaBHCR AR VG S M5B RYIRIRL Y B HEAHE SRR eHRIAs s. Each

column in thadwe & GReKE £ QRIS thanaerritep werof nscesh guIrindey. Fpspdtisgdhe logical
function can include agglying, bit-wise, an exclusive-OR function to the two or more columns. [0008]In

some implerH&tda5h S O FAMYHBI CRIGhRENVESA it R EGA S RELFRAGIMG AL YA] column, and
applying the|ngisRjfunelioniseratitses applying, bit-wise, an exclusive-OR function to each

power-of-twq column in the matrix of bits whose Mth row has a value equal to. a first predetermined
Pale. The MOURR] can fulihSPTHE 18 SERAGPA I RES) G0 R HER ECEH Bec Ufitne electronic

transmitter dejdicgarnid il stetteprievieesirradgniaentcdtionNanairylasreespeadéigsio columns of the
matrix of data bits having power-of-two indices. [0009]Transmitting the identified column of data bits
can include DENSRAIShPBIAMALYE ISR LTRE AERbR PLAIEY R EREIATIAE colurmn.

Each of the peadeiglmiscdsiaia/ rijueseaa hanehedixedabiter thtdoeneomeE dagd bits. [0010]In
some implementations, a method can incluge reéeiving, ag an electronic frans itteT device, for

communicat/dA8 ARSI BB RASSVOMGIRE B0 GRRAVAN 8 CBHELSHARPE ¥ne of a plurality of
predetermingd dfital valgeRirigentitying, fienthatmatissotideda bitthithidérttrantf aallies ahtladamard

matrix whose rows have been randomly or pseudo:-randomly shuffled, an.Mth column of data bits that

o assoriated RTHLT P R B AEERtH BRI ESRIARF ST oE TREIGi Ao R Ring, pitwise. an
exclusive-O i rizsiotifite @aduon e d gravets of-two columns from the matrix of bits whose Mth row has
%: re eiﬁ_er device, in place

e e I A SR AL e e et 1

further includecgtivengdbhredhating taelageaided data to the identified column of data bits;
and providing the first data value for further processing by the electronic
receiver. In some implementations, correlating the received data to the
identified column of data bits can include calculating a correlation between the
received data and each column in the matrix of data bits to which is
associated one of the predetermined data values; and determining that the
received data is most strongly correlated to the identified column of data bits.
Calculating can include calculating a sign of the correlation, and determining
comprises determining based on the calculated sign. Correlating the received
data to the identified column of data bits can include calculating a Hadamard

transform or fast Hadamard transform.



matrix of data bits in a compressed 2" x N matrix in which only columns of the matrix of data bits
having power-of-two column indices are stored in the electronic transmitter device. Generating the mof
bits can incde2HEAHIHINg one or more columns in the compressed 2' x NPRBFHRWHE2MIll row has
a value equal to the first value, and applying, bitwise, an exclusive-OR function to the one or more

columns. [0Ggghizsome inplemi@iions, AP T OBDdNSAER IBNRIapkEans tragivaluand an

electronic transmitter that receives for communication to the electronic receiver a first data value

corresponding 10%H UM piLdaie sdreachannaedahif e dist 8 afh @I £8Ri€%ransmitter can

identify, fronyaigaiihealslptndirirhiadoandléer Zron adaalaeh madkonnaefeusahave been
randomly or pseudo-randomly shuffled, a column of data bits that is associated with the first data

value, and traifeniit ¥sHEERERRhie RIBENVER GRS THIRE YN & BEIRIGTRISENHR identified

column of daja\hils. Thengigmieptie M@W@P@bﬁ%@?@c@ﬁ%&%@'ﬁﬁb@]ﬁg%ﬁi@%P'ata to the
identified column of data bits, and provide to circuitry within the electronic receiver the first data value

for further protdiQRgO[HYe ArMoB<lemesahRistednseriaY 2T AR teFReNhat stores the

2N x 2" Hadapiardimattheaidpér Ritsréncdiconmareapasbddl X pomatibrimwitsiuemyradwmns of the
matrix of data bits having power-of-two column indices are stored. In some implementations, the

identified coldRMVEIAHE 19EG8LHNEHALERIMACH SRR IRD I SR B X tHES MR Bhic transmitter

includes circjiytiton gsnesatirgdhenBrsam|thergompressed 2N x N matrix by applying, bitwise, an
exclusive-OR function to gne or more columns in the compressed 2" x N matrix whose mhas a first

value. [001419A28]iectronild RREIGIMRLAMRNRICAH IAMLNEPEdhe cerah & CaRiEs EBRrelations
between theirengier claia anpitraoh otalgatrespRNSingymd e/ efealunmnaiohtbematgsof data bits

to which data values in the plurality of predetermined data values are associated. The electronic

receiver canFaRHEInBIAESGr QTR Ut IS PRIHARQDHRiEADY BV ESEL YO ¥dImns from the
matrix of datg gitadtas Biebatanasss edlCriaiethsaraaiior 4o heoradhiviesrdatact®y outputs a data

value from the plurality of predetermined data values that is associated with the determined

coresponditg Lomie TR B8, 0 A0 0RO ST GusgEagTory device noluded
each of the electronic transmitter device and the electronic receiver device, a
2" x N matrix corresponding to columns of the matrix of data bits having
power-of-two indices.
[0009] Transmitting the identified column of data bits can include
transmitting, in order and one bit at a time, each bit contained in the identified
column. Each of the predetermined data values can have a fixed number of
one or more data bits.
[0010] In some implementations, a method can include receiving, at an
electronic transmitter device, for communication to an electronic receiver
device, a first data value corresponding to one of a plurality of predetermined
data values; identifying, from a matrix of data bits in the form of a 2" x 2
Hadamard matrix whose rows have been randomly or pseudo-randomly
shuffled, an m” column of data bits that is associated with the first data value;
generating the m™ column of bits, including applying, bitwise, an exclusive-OR
function to one or more power-of-two columns from the matrix of bits whose
m™ row has a value equal to a first predetermined value; and transmitting to
the electronic receiver device, in place of the first data value, the dynamically
generated m” column of data bits.
[0011] The method can further include storing the 2 x 2" Hadamard

matrix of data bits in a compressed 2" x N matrix in which only columns of the
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[0015]In some implementations, a system can include an electronic receiver; and an electronic
transmitter that receives a first data value corresponding to one of a plurality of predetermined data
values for cHfRUNIEARIA to the electronic receiver; and a means for transBETAGSAUHENENFansmitter
data bits from a matrix having the form of a 2N x 2N Hadamard matrix whose rows have been

randomly or MHQ%‘F aneepty ﬁ%‘&fﬂ@%éﬂ/@%ﬁﬂfd’&%lﬂ?ﬁhdﬂiﬂd@L&i“eﬁ&réaﬂrf qﬁ@_er include_ a
means for receiving data at the electronic receiver and for determining that the received data is

correlated tolRETRPEIGHRICANIETOGYEIM BRTEIRIHIETE (FtiorR U8 RidHiSfa0des éelectronic
receiver; andiafiRRIFRENBRNSIIE chiahiasei aselebrprEBYBIS 20N AOHRE RIGMEGUCHECeiver a first

data value corresponding to one olf a FI‘ur?lit of predetermined data values. The transmitter can
o g fke

identify, fromfRRFIR YPHLRLHHS ARHD IR IR dRIMARE ABRX MRS rows have

been randorndR Gl REBYAE 0 sl emdysrblede sl aakygnn of data bits that is associated with one of the
plurality of predetermined data values, and transmit to the electronjc receiver device, in place of and

based on thdMfHZlata valllLSAREIRINGEE REILANT of SYRISRCENdNSHTS AN e BF S dentified

column of datg-biterT BRElRTBRINGsAREIVARSANERGANEdaky O TERlatsnihrurRegINadidatr to the
identified column of data bits or the complement, and provide to circuitry within the electronic receiver

the first dataS/aRIOTSF fETRMEH R EESSHRIA[YBIA FRE BRI BID IR Ve R N Ritations are set
forth in the aseaiaranyinecianRgs IR thecdeseirRiing felumiBtheaferibresy ofirats, and

advantages will be apparent from the description, and,drawings, and from the claims. DESCRIPTION

OF DRAWINBE P& SftfeP SRR I B Apte Brior AAARTALL MAHE MRPSHRAEHTRYS's separate

channel and2i¥rtesiesotfg s bKeuddsrarlesk Warmadfasorxampiedsatems thaitgan have a high
process gain. !00%%FIGS_. 3A and 3B illustrate an example Hadamard matrix and certain properties

thereof. WO 687498p 811559212 0/8M 56 G8 0B2TFENS (2 HIE RSO ANESRY Wetail of the
example sysgeWicaWplace of the first data value, the identified column of data bits. The

electronic receiver can receive data, correlate the received data to the
identified column of data bits, and provide to circuitry within the electronic
receiver the first data value for further processing.

[0013] The electronic transmitter can include a memory device that
stores the 2" x 2" Hadamard matrix of data bits in a compressed 2" x N
matrix in which only columns of the matrix of data bits having power-of-two
column indices are stored. In some implementations, the identified column of
data bits is the m” column of the matrix of data bits; and the electronic
transmitter includes circuitry for generating the m” column from the
compressed 2N x N matrix by applying, bitwise, an exclusive-OR function to
one or more columns in the compressed 2" x N matrix whose m"” row has a
first value.

[0014] The electronic receiver can include a number of correlators that
calculate correlations between the received data and each of a corresponding
plurality of columns of the matrix of data bits to which data values in the
plurality of predetermined data values are associated. The electronic receiver
can further include circuitry that (a) determines which of the corresponding
columns from the matrix of data bits has the strongest calculated correlation
to the received data and (b) outputs a data value from the plurality of
predetermined data values that is associated with the determined

corresponding column.



in FIG. 2. [0022]FIG. 5 illustrates an example method of correlating a received block of data to a
symbol that may correspond to the data. [0023]Like reference symbols in the various drawings indicate
like elemen®OEIANIZY DESCRIPTION [0024]This document describes RSTEM30¥IBas8¢us and
methods for efficiently communicating data from a transmitter to a receiver over a medium. In

particular, a feaagitter cam AR SRAIGHITS dhatsartesppri i oe abarssgetermined
number of data values that are each associated (e.g%., uniquely) with a corresponding number of

codes. The tafRiYffiefRE PR&8AR N6 Je fvat itesBatiaes Vatanksictaide@ it of data, in place of
the receivedddnieapbeatars & ofesemegmrigmeniaingcheradearr o lRyRdrom columns of a 2" x

2" Hadamard matrix whose rows have been randomly shuffled. Only certain columns of the shuffled
matrix may BOSBIeAIERHAR A RRGIINIhrase et S nesRRE KalRy BEWErBRiwo indices;

and a columgothEanes HachBaRY ﬁ@rﬁ%‘ﬁﬁﬁl‘?ﬁ&'Meﬁﬂﬁ@%@W'@ﬁ Harvsgtian Sy appfgation of a
logical function (e.qg., bit-wise application of an exclusive-OR function) to one or more of the stored

columns. ThERSKVAIOSRYMRPIGY & PRFAIENSCRIM QaRSUACAEam BB ERfidRAREReen

received datgrand gatiipessiecorieccaplayad dyinbr iHaRsmMERTs Basetonitie gdtangest calculated
correlation, the receiver may determine which of the predetermined number of data values the

transmitter sEYft HEEERRLCJAFPMEY Heser SRlRTRAadBLH B RerMRtHaMdE Beilfbdfthe

transmitter agckeckiyes alavenuew signal-to-noise ratios. [0025]For context, FIG. 1 shows an example
prior art wireless transmitter 101 that employs separate channel and pseudo-noise (PN) codes. User

data signals 883Rland 10¥BSYEEHBRICREY ELIPbS R SYHSS), NAHIFEAN FleSrR8 fmplementations,

be digitized bycaveeodes HbcasirontotendviasioneelsinabefepdemHdnithaomwesdes 106 can both
digitize and compress the voice signal 103A in various ways, and the convolutional encoder 109 can

add informafforctHR CdS BRI\QIR UGRISRI SRR FOI FPOREINGbIPete R BRI ¥ohe
implﬁmegtatm@ae@@miqdataazbmgdgd tﬂabatthabagﬁtmmﬁdgabm(%@f@ml?tm@%liﬁm@rg@? 109 areh
translate into symbols. For ex mplg, € ﬁl’yt 0 bits ma e coded as a four-bjt sym ol; as another
e, ovEI LR BRREL O LA e PR RS & e N o e
convolutionaizgieedsr di09sean bedudoeipereaisad Dycigharsfel sedsits At some

implementations, each stream of data 103A and 103B can be coded with a different channel code by a
channel cod@F$@YAEAMN IO&?dQ% %&Hﬁw 9% QB%‘?&?%HI%Q:&%‘&%H@H&% AR M alsh

coder). Chanpeheaslgrearhrdatnveirerviow!neptiiderenbabannst ¢ odeticarifaciasevalggstem that
Channel of L1 ISCTLLiBHa AT Sr o BIP Co4E AL SAHTHIDE HETTBLrEN D b een
channels. Odegechi@nn@heodidiiteidresteney caniectdicdatnstonulatbdatarearibedurther spread,
for example by, PN (psqudorngise) SRrearsr A8 COATMMRIs shannels ot inforgaagion can be

circuitry within the electronic receiver the first data value for further

processing.

[0017] The details of one or more implementations are set forth in the

accompanying drawings and the description below. Other features, objects,

and advantages will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS
[0018] FIG. 1 shows an example prior art wireless transmitter that
employs separate channel and PN codes.
[0019] FIG. 2 is a block diagram of an example system that can have a
high process gain.
[0020] FIGS. 3A and 3B illustrate an example Hadamard matrix and

certain properties thereof.



121, and the output of the combiner 121 can be used to modulate a carrier signal 124, which can be
used to communicate the information through a physical medium. In other implementations (not
shown), a sSWGEURAANEPof data can transmitted, and the combiner 121 caRGE i@ RIS028]An
antenna and air interface are depicted in FIG. 1, but communication across other media are possible.

For exampleyopgayrier light gigaal|ceistde dnadidate ¢ bt ine: eaensineroHosA @nd skivgRA through a

fiber optic interface. Other carriers and media are possible. [0029]In some implementations, incoming
user data 1O'§Al:fﬁ5a@be already digitized data. (That is, the incoming data may be in a digital form,

rather than i g or prersamplastaeindaTEx bR phaimBleBTRBAtRNM dhe réeenras 106 and/or

convolutional encoder 109 may be bypassed, and the digitized data may be routed directly (e.g., along

path 115) to IRCKIRISIALORPYITE etheUhRRRRBESS Iead®@mple process, each step may

add additiongd@izdq. or pracResr&RiferiedRs egiRahsisnala fidli€¥AENIR 9. plcalis pes second (bps) of
data may be output by the vocoder 106, but every two bits 7 from the vocoder 106 may be

represented B§REBE-bit symbol by the convolutional encoder 109, such that the convolutional
encoder 109 outputs symbol data at a rate of 19,200 bps. Similarly, each bit of the symbol data may
be combined with a 64-bit Walsh cod t | nnel-coded symbols are part of a
1,228,800 bps (1.2 Mbps) stream of o(lagta. rtllg go%%ésmhsntations, channel-coded data is
combined wiip024preading ltisctobaney thie sznbe slays etes , Fgpexatopland tnathigsietream of

channel-coded. data,c e combin it-by-hi is.(e.g., with an lusive-OR function) with a
1.2 Mbps R %‘p%%ﬁ% r?%%&rdneu rﬂ}% O{Eﬁgr%n]tglﬁrqﬁn ﬁlﬁ%ﬁ%ﬁé%re% rﬁ\g?%glsvpgréé\é%gacrgéé,"fﬁé spreading
code can adbthguttitmnar, dateg spiiteessyedocivealta Butpshdatastie trat Thaesdnddch

ot LML E R doen e b P
of a sprgadim@mieiy()ﬂgimaecmﬂesobuh@im@ndmum. of ﬂw.ﬁaal'ﬁledm&mttﬁgnaa(esgmmg spre_ad,
Thus,inone D (e A e e T de 075,000 < 125, o
10 logio (128¢cepedBini0088Hitestsal. conts:; prodesteyédtiass froviddeas meidrmditation

from columns of a 2" x 2" Hadamard matrix whose rows have been randomly

shuffled. Only certain columns of the shuffled matrix may be stored at the

transmitter, such as, for example, columns having power-of-two indices; and a

column to be transmitted may be dynamically generated at the transmitter by

application of a logical function (e.g., bit-wise application of an exclusive-OR

function) to one or more of the stored columns. The receiver may employ a

number of correlators that calculate correlations between received data and

each possible code employed by the transmitter. Based on the strongest

calculated correlation, the receiver may determine which of the predetermined

number of data values the transmitter sent. Process gain may be set such

that data can be communicated between the transmitter and receiver at very

low signal-to-noise ratios.

[0025] For context, FIG. 1 shows an example prior art wireless

transmitter 101 that employs separate channel and pseudo-noise (PN) codes.

User data signals 103A and 103B are shown (e.g., speech signals), which

can, in some implementations, be digitized by a vocoder 106 and encoded by

a convolutional encoder 109. The vocoder 106 can both digitize and

compress the voice signal 103A in various ways, and the convolutional



of how effectively an output signal will convey the underlying information through a medium. Put
another way, process gain can provide an indication of how resistant to noise and interference the
output signaVRiRBEIWERerally, the higher the process gain, the more noisePfATAUREHIH A Signal can
tolerate as it is propagated through the medium. In addition, higher process gain may also indicate that

a signal morgiggaly 165ARISadRIRsnIRESH Xt BANE: HOBALWIIErAOLRPRASE $5r Gtidr [0034]As
one will understand from the above example, process gain and data-carrying bandwidth are generally

inversely relSREC&EIRTE individual channel level. Thus, output signals that are very immune to noise or

interference fpayg)ave lesmdpsarearpirRaeAtsHRY) G SigaloiRE@sRimmEng® noise or

interference. To put this more concretely, an output signal with twice the data—carrying bandwidth and
) E

half the spreiRg PRI @ P MELBHOAGIENGAREE 168, AEsnErmstaie BLG T0SuRREY) EOLS dB, rather

than 10 8 logigkkdSb=ctb ARWD IO s HETUBHEE B ROfeaaRE dytaHereasendyhaalancing process
gain with data-carrying bandwidth parameters, a system desi%ner can design a communication system

to achieve pEMRAUREr&MBNIEPHLEE Bl R GREGHSR 8 &8BHE BYRHRIR: &Cis B A Siagram of

an example gystemfibat grNddmve RieRIRsaesse 080D dhe hoh RFREesD sl sameaable reliable
communication over a very noisy medium, In addition, the high process gain can add security to the

communicatfSiPB) FhaRAR tht2rdRPRTREH TR MERGH ISk, St fHRANV&N 4R B thainbient noise

in the mediunpdBAsGiAse drpisted ith engitxanPhhRSEER RO irdvdes eotapsanter 202 that
receives user data 203, ﬁlprocesses. the user data and communicates rée_i)resentative ata over a

medium 20692GNelFaHSh{EHAN FEdR PR LB PIRIOEBIRK MR iR 1 Ye T &t Y 3l kiver 208 that

receives thedegeepeatptiva slaiadmgl dsepassesshabreRveRentaisecpidichisnreamidhaser data.
[0037]In the example of FIG. 2, one of a number of different symbols (210A-210N) is communicated

over the medH 8 B5HEEFH GVBRRAEAEG O SN ANMIBF Y (AR ARSIERRURIF Ly Ribol that is

communicatetbaizgaghigivenime s seiprietk a0 cedtina fanelisdRPddtthRl pseresses the user
data 203. For example, the user data 203 can be processed by the encodin fugction %13 to control a

multiplexer 26 HACEORF GRS LICR G HREJEGHIBEEROREINE A& Fhedium 206,
via a transmzaies chipuic? EOdEIBReeuensyiememietiDasconRerohtwofsyadeisrabe transmitted for

each bit of data in the user data stream 203. Is, during a symbol time, each bit in the symbol is
Clocked out, M LEhTPUFAG, (01 ARG PSR EQi E3 i LSBAROG) i that is clocked out can
be selected peGEH on the MuNgseasting olal o infdhe diibef ctaia d Taombitmubthiscdessimeiion,
examples are provid lﬂlWith Elin ry data values (i.e., values of eitg r'l or E% but the reader will
ppresiate 1A AU PURH Ly Aok THGTE 1121 470 BELATE PGS URP AHIER muttstate
circuitry or deigaes 1Ray whighoyahiee Used, toromathetatnebafofnaksiiervalyes for each data
bit.) For example, the first s mm)bl 0A.may be clocked out for a bit in the user data 203 that has a
value of 0. BY SR GRS Gy OB By BB SRR B es AR HITHIE SR80 kR 703 that has a
value of '1." atdhedinntplesneitteadiomsd ehe obisisiaen tiffesenttsymitteds clocked out for every four bits
of data in th data stream 203; the particular symbol that is that is_clocked out may be selected
based on thi‘t@e&s the c&@gﬁgﬂ&ﬁl@?@a 'HQEQBsﬁ};C.eﬁ'rgt ’pégtaﬁln FC]8 %’%Ut

communication across other media are possible. For example, a carrier light

signal could be modulated by the combined signal and driven through a fiber

optic interface. Other carriers and media are possible.

[0029] In some implementations, incoming user data 103A may be

already digitized data. (That is, the incoming data may be in a digital form,

rather than in analog or pre-sampled audio form.) In such implementations,

the vocoder 106 and/or convolutional encoder 109 may be bypassed, and the

digitized data may be routed directly (e.g., along path 115) to the channel

coder 112.

[0030] In the above-described example process, each step may add

additional data, or process gain, to the original signal. For example 9,600 bits

per second (bps) of data may be output by the vocoder 106, but every two bits
7



set of four data bits may take on one of a number of different predetermined or expected values, and
each data value may be uniquely associated with a different code or symbol. For example, "0000" in
the user daty Q@81 TS ult in the first symbol 210A being selected and clBEREHS3U30090" may
result in the second symbol 210B being selected and clocked out” "1001" may result in the tenth

symbol beingselepeduaislonle iyt aiceMalavedmBILRAIABRNY MBY YRy different numbers of
symbols, and the different symbols may be selected in various manners. [0039]The symbol time can

depend on tREMYRAORAIGN RIS Pdatio0 NS LE eV YHeH EARERUA 4iSand the chip

time can depgngen dath dbe sxrakal tonEoanshie SivmBry ot Bils Bt iberxBhelbbra ssample, for a
user data stream 203 that supplies bits to the encod(i?r;f%function at 19,200 bps, the symbol period may

be 1/19,200 SE0R8 COMABEHLYIhsa 1B ik Wb dt B BHERIhedSSHEIRG (aPitess gain of

16), then ind@éééé'@?ﬁb‘&@ B%%@@k@ﬁ'@%%%@l&ﬂag1@QQ*M§b§ﬁ§9@anbﬁﬁﬁfé{.3-26 ps, ata
frequency of 307.2 KHz. If the user data stream 203 supplies bits to the encoding function at 19,200

bps, but eackP8hbols is 81 $9HiEs BRI MRVAIRSy AR peterAsAaiails 588P1psdntithhe individual
symbol bits ¢agope-lnkedihat mghierateref ddb%2R0 Tl Lkasesend Pravepst.4 ns, at a

frequency of 157 MHz. [0040]Various symbol rates, chip rates and process gains are possible. As

indicated ab8V¥&3Fe Fl-CRPS0 iR BRTLRRI CREAEE RMEBIHO¥RIE5IRESIGate and the
relationship RefvagreifusBhoReRth R MERHYINY 2 HisePRoseEsam§easdedidadiieve specific

system design ngals. In some implementations, it may be advantageous to have a chip rate that is at

or below 30 MHETHEEHHENS AR IR YR SRR 198, IR SRERPFHEGUENS BRILAH W hich

governmentalRinities| XRECISE (2684esativasendrolsamdderinsibioh thEfe isslepssempetition for
bandwidth. Because spigénals at this frequency maﬁ/ be more susceptible to interference than signals at

much higher PESIBRBIELCLePAFR L BHIRELNGANCHERASL FB@ FHGRIBIEAT R EPIMRISEle below

illustrates vagipHsexapw /P Naas aéeg. hawing, a teletiebitn B £hipsrasecgnd a relatively high process

gain. Data Rt 3ta Dt Brl orotess Bam ok by tresemed se s bganthra of a
spreading ratio (e.g., the ratio of the bandwidth of the final processed signal
(e.g., the spread, coded signal) to the bandwidth of the unprocessed input
signal), and may be expressed in decibels. Thus, in one of the above
examples, the process gain can be expressed as 1,228,800/9,600 = 128, or
10 log1o (128) = 21 dB.
[0033] In some contexts, process gain can provide a useful indication
of how effectively an output signal will convey the underlying information
through a medium. Put another way, process gain can provide an indication
of how resistant to noise and interference the output signal will be. Generally,
the higher the process gain, the more noise in a medium a signal can tolerate
as it is propagated through the medium. In addition, higher process gain may
also indicate that a signal more closely resembles noise, spectrally, than a
signal with a lower process gain.
[0034] As one will understand from the above example, process gain
and data-carrying bandwidth are generally inversely related at the individual
channel level. Thus, output signals that are very immune to noise or
interference may have less data-carrying bandwidth than signals that are less
immune to noise or interference. To put this more concretely, an output signal
with twice the data-carrying bandwidth and half the spreading ratio (e.g., a

spreading ratio of 64, rather than 128—or 10 log1o(64) = 18 dB, rather than 10
8
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log10(128) = 21 dB) may be less immune to noise and interference. By
balancing process gain with data-carrying bandwidth parameters, a system
designer can design a communication system to achieve particular reliability,
noise or throughput specifications.

[0035] FIG. 2 is a block diagram of an example system that can have a
high process gain. The high process gain can enable reliable communication
over a very noisy medium. In addition, the high process gain can add security
to the communication by making the transmitted information look, spectrally,
very close to the ambient noise in the medium.

[0036] As depicted in one example, the system 201 includes a
transmitter 202 that receives user data 203, processes the user data and
communicates representative data over a medium 206 (e.g., an air interface,
water interface, fiber optic interface, etc.); and a receiver 208 that receives the
representative data and processes that representative data to recover the
user data.

[0037] In the example of FIG. 2, one of a number of different symbols
(210A-210N) is communicated over the medium 206 at any given time (e.g.,
at each symbol time), and the particular symbol that is communicated at each
given time is selected by an encoding function 213 that processes the user
data 203. For example, the user data 203 can be processed by the encoding
function 213 to control a multiplexer 216 that communicates a specific,
unmodified symbol 210A-210N over the medium 206, via a transmission
circuit 219.

[0038] In some implementations, one of two symbols are transmitted
for each bit of data in the user data stream 203. That is, during a symbol
time, each bit in the symbol is clocked out, at a chip time, to the transmission
circuit 219. The specific symbol that is clocked out can be selected based on
the corresponding value of the bit of data. (Throughout this description,
examples are provided with binary data values (i.e., values of either ‘1’ or ‘0’),
but the reader will appreciate that each bit of data may have more than two
possible values. For example, multistate circuitry or devices may employ
three, four, or some other number of possible values for each data bit.) For
example, the first symbol 210A may be clocked out for a bit in the user data

203 that has a value of ‘0,” and the second symbol 210B may be clocked out
9
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for a bit in the user data 203 that has a value of ‘1. In other implementations,
one of sixteen different symbols is clocked out for every four bits of data in the
user data stream 203; the particular symbol that is that is clocked out may be
selected based on the values the corresponding four data bits. That is, each
set of four data bits may take on one of a number of different predetermined
or expected values, and each data value may be uniquely associated with a
different code or symbol. For example, “0000” in the user data 203 may result
in the first symbol 210A being selected and clocked out; “0001” may result in
the second symbol 210B being selected and clocked out” “1001” may result in
the tenth symbol being selected and clocked out; etc. Various
implementations may employ different numbers of symbols, and the different
symbols may be selected in various manners.

[0039] The symbol time can depend on the rate at which the user data
203 is supplied to the encoding function 213, and the chip time can depend on
both the symbol time and the number of bits in the symbol. For example, for a
user data stream 203 that supplies bits to the encoding function at 19,200
bps, the symbol period may be 1/19,200 second, or about 52 us. If each
symbol has 16 bits (corresponding to a process gain of 16), then individual
bits can be clocked out every 1/(19,200 * 16) second, or every 3.26 us, at a
frequency of 307.2 KHz. If the user data stream 203 supplies bits to the
encoding function at 19,200 bps, but each symbols is 8192 bits long, then the
symbol period can again be 52 ps, but the individual symbol bits can be
clocked out at a chip rate of 1/(19,200 * 8192) second, or every 6.4 ns, at a
frequency of 157 MHz.

[0040] Various symbol rates, chip rates and process gains are possible.
As indicated above, process gain, and bandwidth—which can be functions of
the symbol rate and the relationship between the symbol and the underlying
data it encodes—can be varied to achieve specific system design goals. In
some implementations, it may be advantageous to have a chip rate that is at
or below 30 MHz. In some locales, this frequency may be a threshold
frequency below which governmental entities exercise less restrictive controls
and/or in which there is less competition for bandwidth. Because signals at
this frequency may be more susceptible to interference than signals at much

higher frequencies, a very large process gain may also be desirable.
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The table below illustrates various example data rates having a

relatively low chip rate and a relatively high process gain.

Data Rate Data bits/symbol | Symbol rate Chips/symbol Process gain Chip rate
26,367 bps 4 54 MHz /8192 = | 8192 8192/4 = 2048; 54 MHz
6,592 Hz 10 log10 (2048)

=33dB

3662 bps 1 30 MHz /8192 = | 8192 8192/1 = 8192; 30 MHz

3662 Hz 10 log10 (8192)

=39dB

2400 bps 1 2400 Hz 8192 39dB 2400 * 8192 =

19.7 MHz

1200 bps 1 1200 Hz 16,384 16,384/1 = 1200 * 8192 =
16,384; 10 log10 | 19.7 MHz
(16,384) = 42 dB

4800 bps 1 4800 Hz 4096 4096/1 = 4096; 4800 * 4096 =
10 log10 (4096) | 19.7 MHz
=36d dB

9600 bps 4 2400 Hz 8192 8192/4 =2048; | 2400 * 8192 =
10 log10 (2048) | 19.7 MHz
=33dB

Table 1. Example data/symbol/chip rates
[0042] In some implementations, data may be transmitted in binary

form, without the need for a carrier signal. For example, binary data may be

converted to an analog signal (e.g., a one-volt signal), and the analog signal

may be used to directly drive an antenna, as is described in more detail in
U.S. application serial number 09/772,110, filed January 26, 2001, now U.S.

Patent No. 6,982,945. Data may be transmitted in other ways, including, for

example, in ways described in co-pending U.S. application serial number
10/943,677 and in co-pending U.S. application serial number 10/402,878,

both of which are herein incorporated by reference.

[0043]

At the receiver 208, symbol data can be received at a receive

circuit 222, and the symbol data can be correlated against each possible

symbol (i.e., the symbols 210A-210N that may have been transmitted by the

transmitter 202) by corresponding correlators 225A-225N. The symbol that is

determined to correlate most closely to the received symbol data can be

deemed to represent the underlying user data. This user data can then be

directly provided by a circuit, which, for purposes of illustration, is represented
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as a symbol selector 226 and multiplexer 227. Additional details of example
correlation processes are provided below with reference to FIG. 5.

[0044] The above description is provided in the context of the
transmitter 202 and receiver 208 employing a common set of symbols.
Various methods of selecting and coordinating symbols between the
transmitter and receiver are possible, and any suitable method can be
employed. By employing different sets of codes for different transmitter-
receiver pairs, simultaneous communications between pairs may be possible.
Moreover, by replicating multiple transmitters 202 (each employing a different
set of codes) within a first device and multiple corresponding receivers 208
within a second device, parallel communications between the first device and
second device may be effectively increased (e.g., aggregated) without a
reduction in process gain. More specifically, for example, each
transmitter/receiver device pair can include multiple transmit/receive circuits,
each circuit employing a different set of codes and/or a different antenna to
form multiple communication channels. Each channel can employ a relatively
high process gain, as described above, but different data (e.g., different
portions of a single input stream) can be sent through each of the multiple
channels, such that data-carrying bandwidth across all of the (aggregated)
multiple channels is increased, even though each channel’s process gain is
fixed (e.g., at a relatively high value).

[0045] Several advantages may follow from the system shown in FIG.
2. As one example, process gain may be readily adjusted. More particularly,
by changing the length of each symbol, or the ratio of the number of bits in the
user data that are used to select a symbol and the number of bits in the
symbol itself, the process gain can be readily adjusted, as is exemplified in
Table 1 above. In implementations in which the symbols are drawn from a
Hadamard matrix (e.g., as described in more detail below), increasing process
gain may include employing a larger Hadamard matrix, or portion of a
Hadamard matrix.

[0046] As another example, a modulation step may be eliminated. That
is, as mentioned above, the symbol data may be used to directly drive an

antenna in a binary manner, without requiring a carrier signal and the
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associated process and circuitry of modulating the carrier signal on the
transmit side and demodulating the carrier signal on the receive side.

[0047] As another example, multiple user data may be effectively
coded and spread simultaneously. That is, the specific group of symbols that
are used for any given channel may differ from the group of symbols
employed in other channels, such that the group itself serves to code a given
channel. Moreover, if the length and spectral content of each channel is
carefully selected, the symbol itself can provide enough spreading of the
underlying user data that no additional spreading may be desired. For
example, as is described in greater detail below, a symbol that is 8K bits long
(e.g., with bits that are randomly or pseudo-randomly distributed) may serve
to effectively spread the spectral content of an underlying data signal. (Note
that for purposes of clarity, bits are described throughout this document as
being “randomly” shuffled. Unless explicitly noted otherwise, randomly
shuffled bits can include bits that have been shuffled through a pseudo-
random process.)

[0048] In some implementations, Walsh or Hadamard codes provide
useful initial symbols. The bits in Hadamard codes can be randomly or
pseudo-randomly shuffled, which may improve the usefulness of such
functions as symbols for coding data as is described above.

[0049] Hadamard codes can be generated using an iterative process of
constructing a Hadamard matrix. Starting with H1=[0], the Hadamard matrix

Hn Hn
H2n:
Hn Hn

[0050] For example, the Hadamard codes of lengths two and four are

00
H, =
0 1

can be built by:

shown respectively as:

13



10 log10 (4096) 19.7 MHz = 36d dB 9600 bps 4 2400 Hz 8192 8192 / 4 = 2048, 2400 * 8192 =

WO 2010/090793 PCT/US2010/020606
0 00O
0 1 0 1
H, =
0 0 1 1
01 10
[0051] From the corresponding matrices shown above, the Hadmard

codes are given by the columns (or rows, given that an unshuffled Hadamard
matrix is symmetrical about its main diagonal). These Hadamard codes can
be useful given that they are orthogonal to each other. As such, different
signals can be coded by different orthogonal Hadamard codes, then
transmitted over the same frequency channel, and the different signals can be
recovered at the receiving end using the same orthogonal Hadamard codes.
[0052] Two additional properties of Hadamard codes and matrices are
now described. First, Hadamard matrices have a property that enables them
to be stored in compressed form. In particular, as is described in more detalil
below, only the power-of-two columns need to be stored; the rest of the
columns can be dynamically determined from the power-of-two columns.
Second, although short Hadamard codes have not typically been employed as
spreading codes, longer Hadamard codes can be so employed, particularly
after the bits have been shuffled, as described in more detail below.

[0053] Storing Hadamard matrices in compressed form is now
described. Any column of a Hadamard matrix can be dynamically generated
from the power-of-two columns of the Hadamard matrix, as is depicted in
FIGS. 3A and 3B. For purposes of referencing particular columns in this
description, an 8 x 8 Hadamard matrix is shown in FIG. 3A, and this matrix
can be generated in the iterative manner described above, or in any other
appropriate manner. Each column and row is indexed from 0 to 7, and the
power-of-two columns (i.e., the columns having an index that is a power of
two) are indicated as such.

[0054] To generate a column having a particular index from the power-
of-two column(s), an exclusive-OR function can be applied to the power-of-
two columns whose values are ‘1’ in the row corresponding to the particular
index of the desired column. Thus, with reference to FIG. 3B, to generate

column([5], the rows corresponding to row index 5 in each of the power-of-two
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implementations, data may be transmitted in binary
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columns can be inspected, and an excusive-OR function can be applied to
those power-of-two columns having a ‘1’ in the [5] row. In this example, the
“29 and “2%” columns have a ‘1’ in row [5], so an exclusive-OR function can be
applied (e.g., cell-by-cell, in each row) to these columns to dynamically
generate column[5], as shown. This same process can be applied to
generate any other column of the matrix.

[0055] In the preceding example, the Hadamard matrix is small, and
relative to the small size, it may be efficient to store all columns of the matrix,
rather than dynamically generating columns that are not power-of-two
columns. For larger Hadamard matrices, however, storing the Hadamard
matrix in compressed form can significantly reduce the size of memory
needed to store the matrix. For example, a Hadamard matrix having
dimensions 2" x 2" can be stored as a 2" x N matrix. For N=13, compressing
the Hadamard matrix as described above results in a matrix having 8192 x 13
entries (e.g., just under 128 K entries), rather than the 8192 x 8192 entries
(~56 M entries) that the matrix would have in uncompressed form.
Compression in this manner with N=13 results in a matrix that is about 630
times smaller than its uncompressed counterpart.

[0056] Modifying the above-described Hadamard matrix in a manner
that improves its ability to perform a spreading function is now described. As
indicated above, Hadamard codes (e.g., the columns of a Hadamard matrix)
are not generally employed to spread the spectral content of a data signal. In
part, this may be because the spectral density of many standard Hadamard
codes is concentrated in a small number of discrete frequencies—as may be
evident from inspection of the example 4 x 4 and 8 x 8 Hadamard matrices
above and in FIG. 3A, respectively—and more particularly, from the
observation from these matrices that several columns have regular patterns of
bits (resulting in a concentration of energy at discrete corresponding points
within the frequency domain). However, by randomly, or pseudo-randomly
shuffling the rows of the Hadamard matrix, desirable properties of the
Hadamard matrix can be maintained (e.g., the orthogonal nature of the
columns relative to each other, as is described in greater detail below), and
the spreading ability of the matrix can be improved—resulting in a shuffled-

Hadamard matrix that can be used for both coding and spreading.
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form, without the need for a carrier signal. For example, binary data may be converted to an analog
signal (e.g., a one-volt signal), and the analog signal may be used to directly drive an antenna, as is
described if¥AKE HWRPH U.S. application serial number 09/772,110, filed PahiEAY Y2961, now
U.S. Patent No. 6,982,945. Data may be transmitted in other ways, including, for example, in ways

described in ding UsGosprlication seiiplmurheai®dBerand iuve-pesding U.S. application
serial number 10/402,878, both of which are herein incorporated by reference. [0043]At the receiver

208, symbol'@a&PEa BeyEles g aey leielledifeuieesk, BiRei tHERyieRRAClHR be correlated
against each-ppgsiblaByImPakycpibEraprnbolseea08eZdANchahiRay Bavadaaardangtiited by the

transmitter 202) by corresponding correlators 225A-225N. The symbol that is determined to correlate

most closely%@ the RGN HIIRIAR L &Y BRRI¥EIE ST B e prise i th & DRbRNYMERIERIN data. This
user data cagdiven SetdiesdiRieyiged by a-BifGely WALKS, fenniirResas oy Tealonfigrepresented

as a symbol selector 226 and multiplexer 227. Additional details of example correlation processes are

provided belBAARBR ARSI PGS RUTHOA 7RO AR EeRR PRSI BrRVRIERS N #lRtEEhtext of the

transmitter 2Q2-ak6 AN IR BRPIVEIDB OB EALRS, SYRBLs- (Maneus meghods of selecting
and coordinatin%symbols between the transmitter and receiver are possible, and any suitable method

can be empl8YEHE8yOE APlolifg tHABRRAIS B8 B CRIE S For UMRIRIRAFLAR ARRGTRIL RIS Wi,

simultaneougpp@BMunicaBsrpheWaENrB3FEdNRY the BEPTIghAYIgrevies ddiurplisatingemultiple
transmitters 202 (each employing a different set of codeis%)nwithin a first device and multiple
I

corresponditiPRABREI SRR P JoeRtfiieE (WHIh Qe ARG ABE SR WERSEEPRe first device

and second deyisednnabasitrridelysnareiased éergw A HERIRSHINMEBI0H R BR@UCN in process gain.
More specifically, for example, each transmitter/receiver device pair can include multiple

transmit/rec&PELRLHENCRIFR M LHFHIRM CdifrRnast dBebmalping e CLbReaaiYntenna to
form multipleyeevaragniaatio rehianrlise &acbteBannel can employ a relatively high process gain, as
described ahqye, but different data (e.g., different portions of a single input stream) can be sent
through eac 8 muItipﬁ%EﬂﬁaFﬁ{é%Q%[YCﬁhl‘ﬁ { %%Q%@%aﬂ&\'ﬂiﬁ& §ﬁ%%tsa§ll of the
(aggregatedjrivaliintthghaiinel PN ineieased-eyesdkayed paglvehasnebagregessmeain is fixed (e.g., at
a relatively high value). [0045]Severg| advantages may follow from the system shown in FIG. 2. As
o examnid TEE e ARORE B0 S Dk L ATAF 55 ERBH R el Rength of ech
symbol, or thegaiieief Hiel nuambkivarthiicintheussidatatiteatarfiise thio salecinaisiapbel and the
number of bits in the symbol itself, the process gain can be readily adjusted, as is exemplified in Table
: R RS APEL R !

1 above. In ithBleARREHUHEREAHIERYRd YRR SN Hiath¥ (e.g., as
described inusiprg aetiitieloty) ongreasingentocessrgatrdeay frirydekenip)ayinbidard® Hadamard
matrix, or portjon jadamard, matrix. [0046]As another example, a.modyl|atiqn step may be
ciminated. Bt 2R oot AR C O PSS B ALy D BLBIP NP SEG TACR an antenna in
a binary mamnetsixwititutaredpniigg Bufsderasignal anch thignassaeidie @ ficetess/andhaielitry of
modulating the carrier signal gn the transmit side and demodulating the carrier signal on the receive
side. [0047],&9%1%1%@53%5 |<§',”H+ﬂ] I%Oﬁ'sc‘&'data may be effectively coded and spread
simultaneoufpeélijat is, thelGpécificgiraigs aidsyabalsdiiilave theesl/ foe anshgivenciFagna, may differ
from the grog&%s%m%)ls emglﬁg}/ed in other channels, such that th%%rourppit?elf serves to code a
given channd [A0EBVEE RS ISHGHCAT BFAcEa EOHERIEP LD ShiRRe M AU IR selected, the
symbol itselfncadipnovitrepartioglarspf Eadihgeyithe acdadyitg esamgaathmtiseratittdional spreading
may be desired. For example, as is described in gre etail beJow, a symbol that is 8K bits long
(0.0, with DIt AT TaH TR 7 GO R R D ELRG R GG S EREioly spread the
spectral contestsyhanwinidartyiog sklte sigral. {8l drewratron pu Hedses ef d ety ixitscaresiescribed
throughout this %%cugnent as bﬁf‘k}? éke\ndomly" shuffled. Unless explicitly noted otherwise, randomly
shuffled bits can m%luag%ﬂsr}ha iave been shuffled through a pseudorandom process.)

[0061] As depicted in the example of FIG. 4, a user data stream 203 is

provided to the encoder 213, and in particular a sequence of bits “11,” “01,”
“01,” and “00” are provided to the encoder (elements 411, 412, 413 and 414,
respectively). (The bits are grouped for purposes of explanation, but the
reader will appreciate that that encoder can receive the bits in a continuous

stream of data (e.g., “11101000.”)) In the example implementation shown,
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[0048]In some implementations, Walsh or Hadamard codes provide useful initial symbols. The bits in
Hadamard codes can be randomly or pseudo-randomly shuffled, which may improve the usefulness of
such functioW® 3818{i58%s for coding data as is described above. [0049]HaBaREPAMBHEY¢EN be
generated using an iterative process of constructing a Hadamard matrix. Starting with Hi=[0], the

Hadamard megighy @ RROUANDE isetndl direlI0SBRbFHRTIGUBEhiAdaRIASH Bgsles of lengths two

and four are shown respective}l%/gas: [0051]From the corresponding matrices shown above, the

Hadmard colt¥@RAGIGEIRBY Y EXRIMNE (818 RRCEPeDthY HR BRSRARIATRRidRfard matrix is

symmetrical shoshitsiiain demenaltedhese Sadamard-codes noor Pedisgisbiven thak they are
orthogonal to each other. As such, different si%r;als_can be coded by different orthogonal Hadamard

ff
codes, then {PARYYARHEY SVERRRb sERORAdddnkd Wi, 28 B tabPeACS gfAIRWaH BY recovered
at the receivinghehsl Higgiherra@mestoe0sh Hadamard §a8€sSquent symbol periods. In

other implementations, a different encoding scheme 213 can be employed.
[0062] In an implementation such as the one depicted, in which data
bits are used to directly control the multiplexer 206, the encoder 213 can
include circuitry, such as a shift register (not shown), to receive the serial data
stream 203 and hold an appropriate number of bits (e.g., two) of the serial
data stream 203 for a sufficient period of time (e.g., a symbol time) to allow
the appropriate symbol to be clocked out. The encoder 213 can be
synchronized to a chip clock (not shown) that actually clocks out the symbol
data. In this context, clocking out symbol data can include transmitting, in
order and one bit at a time, each bit in the symbol (e.g., each bit in the column
of a matrix of bits, such as a column from a Hadamard matrix with randomly
shuffled rows).

[0063] The symbol data that is clocked out at a chip rate can be
transmitted through the medium 206 by the transmit circuit 219. For purposes
of illustration, data that is transmitted through the medium 206 is represented
as data blocks 421, 422, 423 and 424 (corresponding to Symbol11, Symbolo;,
modified Symbolg1 and Symbolgg, respectively).

[0064] As depicted, the symbols can be drawn from columns of a
matrix of bits (e.g., from columns of a Hadamard matrix (as shown), which
may have its rows randomly shuffled (random shuffling not shown in FIG. 4)).
In some implementations, a large Hadamard matrix can be stored (e.g., in
compressed form) in a memory device in the transmitter 202 and the receiver
208, and circuitry (not shown) can be employed at each end to select a subset
of columns to use as symbols by a particular transmitter-receiver pair. The
set of symbols (e.g., columns) may be dynamically determined, and may be
periodically and dynamically changed. As indicated above, the appropriate
set of symbols can be coordinated in various ways between a paired

transmitter and receiver.
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[0052]Two additional properties of Hadamard codes and matrices are now described. First, Hadamard
matrices have a property that enables them to be stored in compressed form. In particular, as is
described if¥Acd ¢eiPBelow, only the power-of-two columns need to be SEIEHSIND/AEL0WSf the
columns can be dynamically determined from the power-of-two columns. Second, although short

Hadamard cpstrssfiave nonypiealyiaegnraryiayed a5 iagriasies yslat Hagamsard codes can

be so employed, particularly after the bits have been shuffled, as described in more detail below.

[0053]Stormé%ﬁ.ﬁﬂ%‘?&?ﬁﬁfﬁ@@%%nﬁ"r‘e@é@@?&rﬁf@'ﬁ%\ﬁ'&‘éﬁrimﬁﬁ%ﬁ?%lmﬁ%f a Hadamard
matrix can béﬁﬂ&”ﬁ@ﬁ“hﬂﬁﬂ@é@é@tﬁ@@ﬁ@q|B@‘é’@r1§fdéf9&é@mrb‘?atﬁ Medraganard matrix, as is

depicted in FIGS. 3A and 3B. For purposes of referencing particular columns in this description, an 8 x

8 HadamardRRZiFK - dheia NG Pk carBhiGs IRRirRle dah &GeRERIRRS ihare Refative manner

described alipyEe@hANREY SLH S GENIT, '@@dﬂ‘@é‘f@fhgﬁﬁ@ﬁfémﬁw Ruds{ndssed &om 0 to 7,
and the power-of-two_columns (i.e., the columns havin %an index that is a power of two) are indicated
u

as such. [00B AR FRiSePARYA é'almﬁrm%q}mﬁ 2R AR Ul ORGE oA BRI REIS 8 Imn(s), an

exclusive-Olg duagtiga 20000 applied RdbgURRVIHIEWErFSMIBAYAIRSS YRleS asedlidn the row
corresponding to the particular index of the desired column. Thus, with reference to FIG. 3B, to

generate colRAYST, the m%réﬁﬂ%m&ﬁbat@wf?ﬁd@%%&ﬁﬂ H?QE@&QM@F‘W%}SIumnS can

be Inspectecbmarbyéoe%pu@%@aéu@ﬁtm%bmanm@%@thw@m PHe\wceplsmns having a ‘1’
in the [5] row, In this example, the "20" and "22" columns have a '1' in row [5], so an exclusive-OR

function can%@éﬁpﬁ%br@%"eﬁmeoyrl’gsfflrlYmgﬁ\t?cjmrfbttﬂ%%@eédi@}ﬁr%trm%lcg‘?fp%renerate

column[5], agysfieiis. rﬁh;stémm@&@sm@a@ iPecrRpEad4QraeN Qiese BepiBRICRITE. of the matrix.
[0055]In the preceding example, the Hadamard matrix is small, and relative to the small size, it may be

efficient to sKOEORN columAt Br&HECRARN2REna ﬂ%VMEHHlEZ%?dQHQP%Q'%&%nS that are not

power-of-tweigplaiRINAci@ingy a0 Hagapatisaatices?hapd e s@mnwg@ﬁriédamard matrix in

compressed form can significantly reduce the si f. memo need store the matrix. For example,
o Hadermar o B R A G B SEH AL SR 220 o SOPIOLR S R AR ACSFSY Nos

compressingifig irladarrwdwrﬂ@éltm@rdcw@@doahmrmﬂtﬁynwer@ﬁrtmhavm P23 entries
(e.g., justund r 12 tr| rather e 819 entrles -56 M entries) that the matrix
would have ﬁ’ﬁ (Eﬂﬁre@ fé?nj] %ﬁ&sﬂﬂ% féé s W RPSLQF ﬁ}?rﬁpg'ﬁ%tnx that is
about 630 timesreawier ﬂwamumaﬁgmne@rszdz:etmmwméoaﬁa]Medmm@lgbeye]@lescnbed
Hadamard matrix in a manner that impraves its abilit erform a spreading function is now
described. ASEHERETLO00 LAHAMERS CoME (4P FRoBR HS B SCPEHRErd ativy are nor
generally enyyloyeatbtbtaptese theospesticn h@stbemf@sc@dmedabummwme ouryehstdrecause the
spectral den stand rd Hadamard codes is concentrated, in mber of discrete
frequencies- Z%a&gg Qﬁ@eﬁf RSHYAEPESUARITHER ﬁ?&%’\f§ @%ﬁ%ﬁj %rd matrices
above and int EfGaridf 2dspestive|yyandonorst paaticuiadyb demtthesofiged/sijahdrom these matrices
that several rEolumn%}é’:\zﬁ egular patterns of bits (resulting in a concentration of energy at discrete

correspondi gan')rﬂ{ ‘the frequency domain). However, by randomly, or pseudo-randomly

shuffling the[mm?pf the Hﬁdm@aﬁdmbdvdelsiigbiﬂs)thmthétUetlalMar@@hﬁtm’)@pan be
maintained ( ﬁgép 0%03?9% nat e of co umn relative t other, as is described in greater

detail below) Stﬁ%) W2 %rﬁ?%?/é’& ALRAYRR S Y ffledHadamard
matrix that caynbl@oms@dvfnclbwmemémganaobapreamegadﬁdvvm 29 BB IPETAS 24\l 0/020606

00 7 Prope s B BB A B NS B SbaTeT, Symbolio and Symbol; —
are transmitted by the transmitter 202 and received (possibly in corrupted
form) by the receiver 208; accordingly, the receiver can employ four
correlators 225A-D—one for each of the four possible symbols.

[0068] In some implementations, each correlator operates in parallel
with the other correlators. That is, once a data block is fully received, the data
block can be compared concurrently (or nearly concurrently) to each of the
possible symbols. Based on the comparison (e.g., based on an output of

each correlator, as described in one implementation with reference to FIG. 5),
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randomly shuffled are now briefly discussed. First, with respect to the compressibility described above,
because any column of a Hadamard matrix can be dynamically generated by applying an
exclusive-OR QB0 ertain power-of-two columns on a row-by-row ba&sTArgdHiHeEW«uffling
rows affects each column in the row, shuffling has no impact on the column values, relative to each

other, Withi“é‘erGB@rséPé\bt&CQQBjBéﬁi)bé’MB@tB]BspFBBﬁgw&aﬁﬁfﬁ%@a%%’é’ he\idgpmard matrix

can be compressed as described above. [0058]Second, with resdgect to the orthogonality of the

columns in tREIFERABRAGHIEEH! YRhBYEIRPkalthBheXAMRh A dH En4biB &Y e¥IGns to be used as

channel codgg)e sty fiivg ihg, revsraffacisraoR eHyumn tsHEBdRRtSaph eHER aage is modified but in
a manner that maintains the ortho%onality of the columns relative to each other. [0059]Third, randomly

shuffling the?88RARIS BSiAG SY ORI GNA QB WS PRIGFIEhARE-BH8 Sy in a
conventionakgysigNPBSMEYt iBRaFAPRO SN Hissi Sedr iEogkiceronsdesalte saeetial-diversity to the

code, and that diversity can increase as the length of the code increases (i.e., as the number of rows
in the Hadarﬁgﬁjrﬂ?éfr‘i{?tﬁ%%e@ba.tﬁﬂﬂb@p%‘fﬁa HaNFRied\ P sh 8y REeE NGV the order of 8K,
4K, 1K, 512 §itg; 256 bits, 128 bits, etc.), drawn from a correspondingly dimensioned Hadamard matrix
with randomly shuffled rows, a data signal can be_effectively channel-coded and spread

simultaneout#P§8bsojFIG- IBHindtram esiRibisiaTakiaREefINRRA SABEHARIE. 2, which can be

used to recefetHQCTOARILEPE A Hateale d SR SlatT a¥el BIPeditie kyRAIRMBEL Mgy 4 depicts a
concrete example of a user data stream being processed by the encoder 213 to select particular

symbols to tRNERTRORAIN iR resaled e eiaitn o EriRambAPRIEEIRSUBREE e one shown
in FIG. 3A. [geetinsiciepigiassinteaaxaippir i Simpfifiaatiner Wadeapreeam2fgddesevded to the

encoder 213, and in particular a sequence of bits "11," "01," "01," and "00" are provided to the encoder
(elements 491 M35y PPSSIRE MANRTRLCRA A0S ey 'HH?'&r@SFBQQ@@?&PH&JB 88dWPexplanation, but
the reader willrairerecirjadhat dat epeasinitarceasivohenelison aerptinmphssearrsi data (e.g.,

"11101000.:3 In the example implementation shown, 16 e\gﬁg two bgs can be used to directly control
the symbol miftipR%er908 M@@’H&Hi‘ﬁﬁ\%’ﬂ?,%’? 5931@11%9? JrRYBIPIAL &Rloder 213 of the

stream of dattad@mead tiesigtomSunbale(kdbld GRjbhging teetecterh e st dellaueaskiy tSymbol,
("OOOOllll“édurin the next symbol period, followed by Symbol, again and Symboloo ("00110011") in
subsequent )ﬁﬂH& ORI FVB QF'impIementations, a different encoding scheme 213 can be

employed. [§062Dp an implerdepletienisunb agdheprnefdagic®dnitowinehddata bits areeused to directly

control the multiplexer 2 he 1213 can inclugde circuitry, such as a shift register (not shown),

o receive 1B AP S Ao I TB08 vk HENE e ESH GOSN IEES BPENE BUBRBIEH the soril

data stream {203 tierfersnidieo entqesiosdobithe (R.ceivie yrobivl2ime) Thallaw thie apptapriaie symbol to

be clocked %gjt. The aa&&der 213 can E?ZQs{ynch onized to a ch'gn cloclj ot shown) that actually clocks
n

out the sym S 851%{! B eERE So?h%v&b%?%%c e 3RS Rﬁf,eln order and
one bit at a tineeireachihi dathecsynliftdieng syeabblbitis shewalimthisfexanati ebitsagirch as a

oot at 2 chip 2R G B A RGP T 2Ry QU s ATSIRLN 2251 For purposes
of illustratiorcafateatiestttsetiansmitigdititeottn 8 yheboleditim GBI i51repaesestednasidataddlocks 421, 422,
423 and 424 (og R NAY E S T RbratsY Bo8R D oS S S YRk SR AT RO B P ectively).

incoming data match corresponding bits in the possible symbol (e.g., the

correlator may determine a magnitude of the correlation); in other

implementations, a more complex correlation process is performed. For

purposes of illustration, a simple number-of-matching-bits-comparison is

depicted (e.g., a magnitude). In this illustration, the six bits of incoming data

match corresponding bits in Symbolo1, while only four or two bits of the

incoming data match any of the other symbols.

[0071] In some implementations, a sign for the correlation can also be

employed to encode and decode data. For purposes of illustration, sign is

depicted by the (+) and (-) indicators next to the output of each correlator.
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[0064]As depicted, the symbols can be drawn from columns of a matrix of bits (e.g., from columns of a
Hadamard matrix (as shown), which may have its rows randomly shuffled (random shuffling not shown
in FIG. 4)). WNQame/ipementations, a large Hadamard matrix can be stor@§TeU§20m/6ellsressed

form) in a memory device in the transmitter 202 and the receiver 208, and circuitry (not shown) can be

employed algsel @ PPeiRs iSR! ATSRHIEEMIBAISS 38 Rumkmnidnhg Bartiilar

transmitter-receiver pair. The set of symbols (e.g., columns) may be dynamically determined, and may

be periodical§C&NEEFRAMICEIN? ERNRHEANATIRIYREE SOV GOEBIHPRARLEEEPIGHIRIS can be

coordinated ipyRHAYE VY SHRE BfQH@BQQDUﬂ@FmﬂtBbﬁWé%?Pé%tidNQ/ith a particular .
21)10/090793PCT/US2111 0/020606 [0065]As the data is transmitted through the medium 206, it may

be susceptibR¥RPRItERRIBIEAIR PRI AR BIUhERME BEFREMREEE! ANARI B IBESRERIdual data
bits to be flippgabis egRiFiakNdataciony ddt aRrisidghithediehinnodialbierarhies indicate that

two bits that have been flipped in the data block 423, relative to the originally transmitted symbol (i.e.,

the data is sHERATIRPAERRYEIIRFEIEALISDRIVERT ThatHRIG RIS HRECORYTEN tAhdffted

"00001111")wBeerusaahiiarpuelatien precessdhalfrisediatiecaierdhe Baeaslying user data, and
the process gain that is advantageously employed in the correlation process, the interface may enable

the receiver 20888!still recover the underlying data from the user data stream 203. Other systems may
tolerate evenopeng ime_rfelﬁﬂﬁﬁ)@mmbﬂbi%dﬁﬁ't(‘éﬁ@b%fPﬁulﬂp[@%@ﬂéibtb@srﬁﬁﬁh\éef 208, a receive
0

circuit 222 receives various signals, including the data blocks 421, 422, 423 and 424. In some

implementatiSREMAE RISQPEIBIRN B0 SAREH I WHANHCLRARGHRLIFORDY I CaHOR that the
receive circusiagrinidentifyghesaiarbr - ROADEepR B dataiblaekeniidd BA2.0123, and 424. Various

methods of synchronizing the receiver 208 and transmitter 202 are possible, and these methods are

not describel{ATHIFNABtSAMERAITTSHYE!Y EPTRHRLASH (- dBUBRHBN; YO 2USMFEa9Rat

R B e R e
Compare each receive ata bloc , s n o ea Sym that ma ave peen
Famettod GO YA R PB S THORLES! B P0G B G COTP A B BlScke 421,

422, 423 angf@disinedotlerstafienmersplayeson¢laByriticiach-peateisymbol to which
received data can correspond. In the example of FIG. 4, any one of four possible symbols-Symboloo,
Symboloi, s?ﬁ)g%ﬁ&b%’éy}r%mli@ %r?ﬂ%@%ﬁ@@f E)?)tﬁlérﬁgﬂ?é?n ffé%&@%’(?jﬁu fB€dived (possibly in
corrupted fon®yapdng Leseieer+308pansarcingly sihaerrief san emnmpipydesiiteatiglators 225A-D-one
for each of the fqur possibléigs%mbolsédoow In some implementations, each correlator operates in

parallel with SHE'BH & CURRIGIBR R iLURS L BRIEBREs fully received, the data block can be
compared c@goQuBENtly (olmegsheerneiaTentiy)oip aaebl sfidhesppssiketsymshiiserBasedeon the

comparison (e.g,, based on an output of each correlatpr, as described in one implementation with
reference 1o Y S G SEotd DG c A PHALE S6PIBFIRE ToLbBec RS t bo provided, based
e
at selects appropriate data based on the decoded s ol and outp selec ata into an
output strealfESE RGP AATPIECL OB rAEMBLOFRE Hath HIBLRYD RS PLUMSIAIBA ) determine
that Symbolaingasdsansieitiedt &1d mbgh aceasslirglydatipie 303 .4 4pNH6LE ISobgovwithdes a pictorial
representation of one example method of correlating a received block of data to possible symbols that
may correspaNATE 1R L] BIRCR OF BLEL M oSN PSR SeR S 19Y ilscription
represents ayonbeftual simplification to graphically illustrate one of many possible mathematical and
algorithmic s of correlating two different signals. Any appropriate correlaion method can be
employed. Forexample, s ; adamar
oyed. P2 mple. <HE B IRERETTERY Lo ErhOY S BhCh e g AU o D FSE Hadamard
tran_sform_ , Obatbersuddide \adxgmiihra t;ys_kmmebﬁepley&igad@i@t@cbmale&rmmmﬁrg sgmibel. [0070]As
depicted in tB?o%@equg t%ferlyc/srhgb G 95?(&%3F}E% 2 and 4), and based on a
comparison of outputs of each correlator, the strongest match can be
determined (e.g., as a means of predicting which symbol was correlated to the
incoming data, at the transmitter 202, before the data may have been
corrupted in the medium 206).
[0075] As the above example illustrates, adding process gain to a data

stream 203 can facilitate recovery of data, even after the data is transmitted
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data block 423 ("11001111"), which was described above as being subjected to interference) is
received by the receive circuit 222. The incoming data can be provided to each correlator as shown,
and each coMebYe8R%ompare the incoming data to a different symbol. ACIHEWRALIHBRIYExample,
correlator 225A compares the incoming data to Symboloo ("00110011"); correlator 225B compares the

incoming datade,ghrahaiel( hERIH1AGE. apg 8ACIHING FRE dBRIeyeatini eprbusorrelator 225A-D
may determine how many bits of the mcommg data match corresponding bits in the possible symbol

(e.g., the coRBRGNFry A Gtk A B2 YHeadrreAIH GHBtheraRsIshiBRtations, a more
complex coreglgfiyisdifeRihithRemedned 409, RWdesperRitiHg WRHIRCRISEARY the

number-of-matching-bits-comparison is depicted (e.g., a magnitude). In this illustration, the six bits of

incoming daf&FRAEh 2Pk p8RRIAG BRFASS RITBYEN BRIy TGN RS BFEWREEH the incoming data
match any ofdhg\RIRRI_SKARIS iteR/dllal srEe i MalReRtlishnRBIgRddohetel ghefin can also be

employed to encode and decode data. For purposes of illustration, sign is depicted by the (+) and (-)

indicators néREHUYAL ollipSt B B ARVFRIBIIRG K RIAHS AR RCHY ERIRY £9IRgRICImbol or its

complementiPRJreERGEINE € s LM toRelies CREnaBPIRY BRE B tOEysRI6elalers asbdacode the
data based on the sign of the outrg[trjt(s)-a ositive correlation with a particular,S)(?rnnbol can indicate one
8

data value, ZHti'BhEGARIHSIAREABHANIR &2 LMD syrBJFELF i ARPEesRisn i aktas alue;

magnitude caprie SRBICYRE @aAqser e Bb avedin distiaggshteenieaNdRY ik Mesmble symbols, or
as a way of determining whether there is a sufficient match with one particular symbol. [0072]In
implementat'zcﬂfseﬂ‘r%ﬁr@?ﬁpmmﬁﬂ@\@!?ﬁélgﬁ)f@tﬁm?é( REHARE M RBWRY ﬁﬁtﬁrﬁﬁ%ﬁrﬂ)ésed on sign

can increasent16isoMBtHNIHEAIO W RidRCWEHN tHzT 2BeqTiTl€r & Kis e pistizi pteys®fmisbwhich two bits of
information can be effectively communicated (i.e., effectively, two bits decode one of the four

symbols-SyfBYias, SSEmE5e &YiSato AKe RS BSTEMMIBYiRgryEH daiatiiRieH bit of

information earhe erRdeddig., three bits effectively decode one of eight "symbols"- (+)Symboloo,
(-)Symboloo, (+)Symboloi, (-) Symbologi, (+)Symbolio, (-) Symbolio, (+)Symbolii, and (- )Symbolii,
where (+) rebégéats the Y IQ%é?? HHBPE')%%H%EE}%QFI%&E&RBA%%RS ment (e.g., one's
complementNe[Rifalas3ystambsibaireispiayoettielkalianosig mdesficansnytins pae besernfigured

accordingly. That is, a symbol's complement (e,g., one's complement) can also, be associated with a
particular datUA&f 1?@5%%@%8%@%@%%%%@8&@\7@ Y B8 i ol of illustration, the

one's complerapstrelfroéibe, regedmhdasrmd3ds depicrathgiontheiteatsediaianenar@lue 513 of
similar absolute magnitude bléégﬁg?site si(?nf r. Symbolio. [0074]Output corresponding to the number
of matching Bits'} ?&%ésa% BUITHIGE IS system employing more complex correlators) can
be provided to the symbol selector 227 (see FIGS. 2 and 4), and based on a comparison of outputs of
each correlator, the strongest match can be determined (e.g., as a means of predicting which symbol
was correlated to the incoming data, at the transmitter 202, before the data may have been corrupted
in the medium 206). [0075]As the above example illustrates, adding process gain to a data stream 203
can facilitate recovery of data, even after the data is transmitted 20
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through a noisy medium 206. By encoding the data 203 as one of four possible symbols (e.g., using a
shuffled Hadamard function), sending the symbols through the medium 206, and correlating data
received at the receiver 208 to each of the possible symbols, data may be accurately recovered-even
if individual bits of transmitted symbols are corrupted in the medium. Thus, in the above example, data
block 423 is accurately correlated to Symboloi, even though two bits (25% of the bits in the symbol)
were flipped during transmission through the medium. The reader will appreciate that the concepts of
this example can be readily extended to much longer symbols. For example, symbols having 128 bits
may accurately convey data through a noisier medium, in which more than 25% of the bits are
corruptedly sy ISLeMAD ¢ven more bits (e.g., 1K, 2K, 8K bits, etc.) may convey data through even
noisier media. [0076]A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made. For example, various forms of the flows shown
above mhy be ASBERRRIFLRSS AL ordered, added, or removed. Accordingly, other embodiments are
within the scopeecéithegfalicanielgatamesradgmAier |G Giea fvtEDMBiuriicakion ethadetermpnisirggeiver

receivingy N LIRAIRRIC URBIBIHRL BRI 1 Une gy é%é&&lﬁﬂé@@ﬁt%ﬂ&ﬁ device, a first

data value corresponding to one of a plurality of predetermineg data values; identi%/ing, from a

matrix of data BAETHAS P B AP AR HGPRAR6sE oW A" BERHTPANESHRY S
pseudo-tavedreén sandfiedy arqsiendn-cindatalpasuffiad is associede darthitthendirst akseciadddeyith
generatipg:theddentifigd.column of data bits based on a proper subset of the columns of the matrix of
data bits, each of the columns in the proper subset having a power-of-two column index in the matrix

of data bits, the9P6RINGUBEIS T IS GT dRiRbiS RBRGAS BPIRBSHIHARESPHLR I S*hroper
subset nttecoatpxisirpti biisersdied tu wolnnoidiatth®ivsoRerGubsetrhagngttmg we toé tele ctronio receiver

device, ithiagh PlthRdibsbOaim Yk endNs dpen IR AP AL AR o OFTRSHIAE &AM 1.

further comé)risin_% receiving data at the electronic receiver; correlating the received data to the

identifie®EOMATSF R WEL. SRS AR AR R 4 A ddentiad, S¥YM AhLR B RS 88fhg by the electronic
receiver. 3. Theangthitidgtodizeraléstwhersieo@ndiaicey ithplaceoiibd tistalatatiialudetigfied column of

data bits;GOmREIPESiumn of data bits.

2. The method of claim 1, further comprising:
receiving data at the electronic receiver;
correlating the received data to the identified column of data bits; and

providing the first data value for further processing by the electronic receiver.

3. The method of claim 2, wherein correlating the received data to the identified column of
data bits comprises:

calculating a correlation between the received data and each column in the matrix of
data bits to which is associated one of the predetermined data values; and

determining that the received data is most strongly correlated to the identified column of
data bits.

4, The method of claim 3, wherein calculating comprises calculating a sign of the
correlation, and determining comprises determining based on the calculated sign.

5. The method of claim 2, wherein correlating the received data to the identified column of
data bits comprises calculating a Hadamard transform or fast Hadamard transform.
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calculating a correlation between the received data and each column in the matrix of data bits to which
is associated one of the predetermined data values; and determining that the received data is most
strongly correlated to the identified column of data bits. 4. The method of claim 3, wherein calculating
comprises calculating a sign of the correlation, and determining comprises determining based on the
calculated sign. 5. The method of claim 2, wherein correlating the received data to the identified
column of data bits comprises calculating a Hadamard transform or fast Hadamard transform. 6. The
method of claim 1, further comprising associating the first data value to the column of data bits in a
manner that the first data value can be determined by the electronic receiver, from the transmitted
column of data bits, in discrimination to other data transmitted by the electronic transmitter device. 7.

The metgod of ¢laim, din¥ih6f %I'Qirﬂ%”ﬁfﬂH&gcﬁ?ﬁdﬁ&H@ %@9&%@%&9@@@&5@&9% {ReTABRIng a

logical functlon to the two or more columns of bits from the matrix of data bits. 8. The method of claim

7, wherefth SBBINdtReMBBREAIGh ol L SABHALCLBPNT G CIGHHREE, W S IE R oBIERSKRtion to the
two or mivoencbéuimansmi@ed nelumetiod davd titdnindisehmieatige eotiangldtetidesified bgltnan of data bits

comprisesgepRratinsthadih clumn of the matrix of data bits, and applying the logical function
comprises applying, bit-wise, an exclusive-OR function to each power-of-two column in the matrix of

bits whose Mth row has a value equal to a first predetermined value. 10. The method of claim 7,
further c@mprisitiee stethugl iof alame homatein gemnecitide dhmidadified tiobuglecirdais bitsnsmifiésedevice and

the e|eCt£1‘BBI9|ﬁq%el'é!&[:éll%ﬂﬁ%oﬁ N P GREBRRANINIGiTO A AR Al e mmalinif data bits

having power-ot-two indices, wherein all of the columns of the matrix of data bits stored by the memory
device are columns having powerof-two column indices in the matrix of data bits. 11. The method of
claim 108wherdihestogthgdtheckin K wiztretcappbspo tdingptcatbloctins afrtipdsestpplyindatat-bits having

power-of;hwo IpAICeR SOBBHSER SIRRA1R4wy B MatEXdhatigcludes only columns from the matrix of

data bits having power-of-two indices in the matrix of data bits, the stored columns having already
been randomly or pseudo-randomly shuffled. 12. The method of claim 1, wherein transmitting the
identified®columirheihttadits damgrisdes teangenitaiggitherdentdied oplerbit eitdatinbés eactpiitsontained

in the idejuiiegtifg WaM™ column of the matrix of data bits, and applying the logical function comprises
applying, bit-wise, an exclusive-OR function to each power-of-two column in the matrix of bits

whose m™ row has a value equal to a first predetermined value.

10. The method of claim 7, further comprising storing in a memory device included in each
of the electronic transmitter device and the electronic receiver device, a 2" x N matrix

corresponding to columns of the matrix of data bits having power-of-two indices, wherein all of
the columns of the matrix of data bits stored by the memory device are columns having power-

of-two column indices in the matrix of data bits.

11. The method of claim 10, wherein storing the 2" x N matrix corresponding to columns of
the matrix of data bits having power-of-two indices comprises storing a 2" x N matrix that
includes only columns from the matrix of data bits having power-of-two indices in the matrix of

data hits, the stored columns having already been randomly or pseudo-randomly shuffled.

12. The method of claim 1, wherein transmitting the identified column of data bits comprises
transmitting, in order and one bit at a time, each bit contained in the identified column.
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13. The method of claim 1, wherein each of the predetermined data values has a fixed number of one
or more data bits 14. The method of claim 1, wherein generating the identified column of data bits
based on a proper subset of the columns of the matrix of data bits comprises: without using any
columns of the matrix of data bits that do not have power-of-two columns, generating the identified
column of data bits based on a proper subset of the columns of the matrix of data bits that includes
only columns having power-of-two column indices. 15. The method of claim 1, wherein generating the
identified column of data bits based on a proper subset of the columns of the matrix of data bits
comprises: generating a particular column from the matrix of data bits that does not have a
powerof-t&0 colinameatblek offeéajpndp errsudisetacbrofpttisi pee(i¢tarfirsiedalatanadiaaatia ditbat is already
shuffled rglative dpdhe SRR column in a standard Hadamard matrix, the first column of data
bits having a first power-of-two column index in the matrix of data bits, and (h) a second column of
data bits that is already shuffled relative to the corresponding column in a standard Hadamard matrix,
the secoihdl colurhm roéthathdbittainatingharsecgertk ponwe thefidentitetlenlunmdekddifidrienbésza dhe first

power-ofshyo. FOIHIN BREX cokBndd 6 RETRAH REEIRIM idesatiay the identified column of data bits

based on a proper subset of the columns of the matrix of data bits comprises: identifying a first

column index foF G PAARDBRVORAHAST thEFERIVOTEAS RIS RRbeo g dpne ower-85 M ing, from
among tlcelgohsngsnefalaatbé stheifibd celpowef -ddtabit chasathamdipesprr Hubseadfishefcdmtarisits, each

column of e RS RGNt RRTFHIBE AL SARFROMINRS MG BbRdRY-RRY EMLMFAMuIRAEX equal to the

first column index; and applying, bit-wise, an exclusive-OR function to each of the selected columns of
data bits. 17. A method comprising: receiving, at an electronic transmitter device, for
communicationTieeanethectadcieine ¢ civiesrdeviea caafingt tiaid erdiiies cotvesp ohditaytits drasest @nElurality of

predeter BH%‘F' Qﬁ%’eY@Nﬁé'columﬂg%ﬂﬁwiHﬁtﬁ%ﬂo%@ﬁﬁé’&%ﬁﬂ%@sbits in a form of a 2" x 2" Hadamard

matrix whose rows have been randomly or pseudo-randomly shuffled, an Mt h column of data bits that

is associated wiFHEfISAPYHVEHIEC UMM FORLIAG A e NAHC ISR SR ShERYG AP BBl ing,
bitwise, aftexctoliver DBefu it prope teideetrnare mnge() affivsbocodiomios devarbitsehatatridrebliyts whose

Mth row by Ak RO B HESh BRBRBLESTIE th \Pdueh ANY Hada AP MEHRIHR W6t BISGHAYE

receiver device, in B_Iace of the first data value, the dynamicall ,generated mm column of ddata bits.
data bits having a first power-of-two column index in the matriX of data bits, and (i) a secon

column of data bits that is already shuffled relative to the corresponding column in a standard
Hadamard matrix, the second column of data bits having a second power-of-two column index
different from the first power-of-two column index.

16. The method of claim 1, generating the identified column of data bits based on a proper
subset of the columns of the matrix of data bits comprises:

identifying a first column index for a particular column of the matrix of data bits to be
generated;

selecting, from among the columns of data bits that have power-of-two column indices in
the matrix of data bits, each column of data bits that has a particular predetermined value in a
row having a row index equal to the first column index; and

applying, bit-wise, an exclusive-OR function to each of the selected columns of data bits.
17. A method comprising:

receiving, at an electronic transmitter device, for communication to an electronic receiver
device, a first data value corresponding to one of a plurality of predetermined data values;
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18. The method of claim 17, further comprising storing the 2" x 2" Hadamard matrix of data bits in a
compressed 2" x N matrix in which only columns of the matrix of data bits having power-of-two column
indices are stored in the electronic transmitter device. 19. The method of claim 18, wherein generating
the Mt h column of bits comprises determining one or more columns in the compressed 2" x N matrix
whose Mth row has a value equal to the first value, and applying, bitwise, an exclusive-OR function to
the one or more columns. 20. The method of claim 17, wherein generating the Mth column of bits,
including applying, bitwise, an exclusive-OR function to two or more power-of-two columns from the
matrix of bits whose Mth row has a value equal to a first predetermined value comprises generating
the Mt h columidentiitedyrapplyingibiohisea thts exalissvei@R furltidadarasktnafropenasel sohst

includes \pRly RANEEUING SPESTIRD IFARAJhR DRt QT RIS WOAGS M ARV RS & VOIS RAAHE) to a first

predetermined value. 21."A system comprising: an electronic receiver; and an electronic
transmitt¥HHEE FHEEAAR ¥IMBommunication to the electronic receiver a first data value corresponding
to one of a plurgéitectipgetieterriolethdafis| ines)divigsrpitythe: birétoric trahsinit@R function

identifiesfFRE R MR BoRer Brakie s de i A fReahhitiZ b BiRdRRRE Ml B esSE s Davs been
randomly or pseudo-rar_\doml%/ shuffled, a column of data bits that is associated with the first data

value, 2 first piRgetermiaed Xali&nafed column of data bits based on a proper subset of the columns of
the matrix, eaclrafsnétiogltorins etetivepeopeeiseitatitr wing aa g oivke-ifstwetgghinentirdex in the matrix

of data bj sl ore columns of the matrix, the proper subset not
b&%éﬁ&&lﬁ??@ﬁéﬂé‘%ﬁ?ﬁ@%ﬂﬂﬁm 442 Bfdn
[

comprising the identified column of data bits, and transmits to the electronic receiver device, in
place of the first data value, the identified column of data bits; and wherein the electronic receiver
receivesifata, dheetatbodiné ceosiléddtiertcotherislegsfiethg therdioR Heltal bitsy dnthiprovidesato

circuitry Within 4ne R ISeHQI S 60qINRRARE IR HadAY 8BRS BItNEMBIRCEFEME bié nhtRgEYStem of

claim 21, wherein the electronic transmitter comprises a memory device that stores the 2N x 2N
HadamaP@ 58P GRt B eS it ddy DR SR e e IWRHISMSFcolumns of the matrix of

data bits having power-of-two column indices are stored. 23. The system of claim 21, wherein:
19. The method of claim 18, wherein generating the m" column of bits comprises
determining one or more columns in the compressed 2" x N matrix whose m" row has a value
equal to the first value, and applying, bitwise, an exclusive-OR function to the one or more

columns.

20. The method of claim 17, wherein generating the m" column of bits, including applying,
bitwise, an exclusive-OR function to two or more power-of-two columns from the matrix of bits
whose m™ row has a value equal to a first predetermined value comprises generating the m"
column of bits by applying, bitwise, the exclusive-OR function to a set of operands that includes
only power-of-two columns from the matrix of bits whose m™ row has a value equal to a first
predetermined value.

21. A system comprising:

an electronic receiver; and

an electronic transmitter that receives for communication to the electronic receiver a first
data value corresponding to one of a plurality of predetermined data values;

wherein the electronic transmitter:
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the identified column of data bits comprises the Mt h column of the matrix of data bits; and the
electronic transmitter further comprises circuitry for generating the Mth column from the compressed
2N x N matrix by applying, bitwise, an exclusive-OR function to one or more columns in the
compressed 2N x N matrix whose Mth row has a first value. 24. The system of claim 21, wherein the
electronic receiver comprises a plurality of correlators that calculate correlations between the received
data and each of a corresponding plurality of columns of the matrix of data bits to which data values in
the plurality of predetermined data values are associated. 25. The system of claim 24, wherein the
electronic receiver further comprises circuitry that (a) determines which of the corresponding columns
from the matrix of databittfirasitire stoatgest datalittead atmmlatier?'to HeHat@nad thatexand (b)

outputs §dala MG ERBIRR r%@”%}’&fd%r&%%t‘?éF{HBﬁlﬂ/QﬂEﬁrl\éﬁl%éoﬁD%i%ff’&ﬁ%ﬁéffﬁa‘f"u@h the

determined carrespanding column. 26.A system compriSing: an electronic receiver; and an
electroni@STaAEIRAWIRHAS FLEAAR A Rommunication to the electronic receiver a first data value
corresponding to one gérepitastiy oeptiéde miorimed data hitdbaspd on whensin shiestteofshatter

identifies, JRaadTak I o idata s by LM AR AE Bropd: HasamMAUAR A WERRESI0 WsiiaYe been

randomly or pseudo-randomly shuffled, a column of data bijts that is associated with one of the plurality
of predetBffiHRd 85514 R TR T Mt REW RORIRRT i TRE B WaiRG SN RAR EBRAAAIET tha"% x 2
Hadamaticemeitpir, subsethetremriprising isenittetifie eohtes tfeldtdbicelanth by applying, bitwise, an

exclusive-OR functionio,aya Of MR & ILMSh RALEBRE RN D SR ffh@ P iarLaalotibe two or

more input columns havinfg (i) a power-of-two column index in the matrix of bits and (H a value in the
Inth row SRIEEFO4TE ATHRBIRI & mined value; and  wherein the transmitter transmits to the
electronic receiwbeavibe, dleglace ofcane baseterdiie, st elates Tatuectne ttemtffedneolumn of data

bits or a geMREMSA Bitddepilieths W@e@ft%%@i_ﬁ?ivﬂm% the SHRGISHIE HBRIGEIHRNIFI BGRIvVer

receives data, correlates the received data to the identified column of data bits or the complement, and
provides\ @S QG RES M ctronic receiver the first data value for further processing.

22. The system of claim 21, wherein the electronic transmitter comprises a memory device
that stores the 2" x 2" Hadamard matrix of data bits in a compressed 2" x N matrix in which only

columns of the matrix of data bits having power-of-two column indices are stored.

23. The system of claim 21, wherein:
the identified column of data bits comprises the m" column of the matrix of data bits; and
the electronic transmitter further comprises circuitry for generating the m™ column from
the compressed 2" x N matrix by applying, bitwise, an exclusive-OR function to one or more
columns in the compressed 2" x N matrix whose m™ row has a first value.

24, The system of claim 21, wherein the electronic receiver comprises a plurality of
correlators that calculate correlations between the received data and each of a corresponding
plurality of columns of the matrix of data bits to which data values in the plurality of

predetermined data values are associated.
25. The system of claim 24, wherein the electronic receiver further comprises circuitry that

(a) determines which of the corresponding columns from the matrix of data bits has the

strongest calculated correlation to the received data and (b) outputs a data value from the
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plurality of predetermined data values that is associated with the determined corresponding

column.

26. A system comprising:

an electronic receiver; and

an electronic transmitter that receives for communication to the electronic receiver a first
data value corresponding to one of a plurality of predetermined data values;

wherein the transmitter identifies, from a matrix of data bits having a form of a 2" x 2"
Hadamard matrix whose rows have been randomly or pseudo-randomly shuffled, a column of
data bits that is associated with one of the plurality of predetermined data values, the identified
column of data bits being an m™" column of the 2" x 2" Hadamard matrix,

wherein the transmitter generates the m™ column by applying, bitwise, an exclusive-OR
function to two or more input columns from the matrix of data bits, each of the two or more input
columns having (i) a power-of-two column index in the matrix of bits and (i) a value in the m™
row that is equal to a first predetermined value; and

wherein the transmitter transmits to the electronic receiver device, in place of and based
on the first data value, the identified column of data bits or a complement of the identified
column of data bits; and

wherein the electronic receiver receives data, correlates the received data to the
identified column of data bits or the complement, and provides to circuitry within the electronic

receiver the first data value for further processing.
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