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

transmtter, such as, for exanple, colums having power-of-two indices; and
a col um wo 2om/momasni tted nmay be dynam cal | y gener at edpatr/ush@oemnsmi tt er
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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, a column of data bits that is associated with the first data value; and
transmitting to the electronic receiver device, in place of the first data value,
the identified column of data bits.
[0006] The method can further include 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. 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.



transformor fast Hadamard transform [0007] The nethod can further include
associating the first data value to the colum of data bits in a manner
t hat the worsto/datoa val ue can be determ ned by the el ectconiseowsewyer ,
fromthe transmtted colum of data bits, in discrimnation to other data

transmtt t he ectronic transmitter, device. ldentifying the columm of
data bi tsﬁﬂ%ql%i ncl yﬁbe %tﬂg)bﬁ@naﬂiﬁa%ﬁ '@S'IUd?lﬁﬁ\iSIPPEHngcdﬁh?&)Iiﬁté:atgrﬁ?'@ecol ulr:ns of
bits fromg iR dBlimhorfatsBltd iPhianrerthattPbUiidt ddia Vakid & 8 More col ums

can have a power-of-two colum index. Applying the I'ogical function can

i ncl ude aggpteyiningd by theatleetronia regeivesifiom R franemitied cadumheofdata or nore
col ums. 008],.In sone ipplenentations..identifying the, colum of data
bi to can Plie0disd aERETer, FEGTER Bofh koeaniieh Dahe Aifrae s etrt g ca
function gevel $@sntiARG Yh&Bolubi oS8, bidrcapxiatiuak\eppifihd Bnegican to each
power-of -two colum 1n the matrix of bits whose nth row has a val ue equal

to a firsfunsiiende eveonswregoliennypebiteimeutheanatriraliata bitel E@ehstoring in a
memory dew i AGhHIRE drhER Y RET|RE!S ABE: bE ANSBBLAT indgyl ce and the
el ectroni ¢ recei ver device, a X matri x Correspondrng to col'ums of the

mat ri x of Agplyindoiheslobrel ugichionvean dicltid® applgings it-Wiee 08 eXeclasisgi®RI ng t he
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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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the el ectronic receiver device, in place of the first data val ue, the
dynam cal ly generated nth colum of data bits. [001 1] The nethod can
further iwol2zathe9st9dri ng the 2N x 2N Hadamard nmatri x of aatrasbemwm2i6ne a
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[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
maitrix 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.



plurality of colums of the matrix of data bits to which data values in the
plurality of predeterm ned data val ues are associated. The electronic

recei ver warofoumvtyer i nclude circuitry that (a) determ mes/ushoiol2ahe t he
correspondi ng colums fromthe matrix of data bits has the strongest

calculated. correlatjion to.the recej.ved data and (b), outputs dat a val ue
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recei ver; ttanelearoriceet¢iost and farustettiaingtthat theeeeeved datd isceomalaiedat i on to
the electronic receiver a first data value corresponding to one of a
pl ural i t ylohedirgbdater@lyed data val ues. The transnitter can identify, from

a matrix ta bi i - ri x whose
r ows haveﬂfnoe@ randgﬁ?(gm%rlﬁlglséeﬁﬁgt%?gﬁ\%dggn? @St‘gﬁ‘ﬁ%‘ §|P|g§$%gr82% Bdrfﬁé of data bits
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data, correlate the received data to the identified colum of data bits or
t he conpl bitehayingritie ferovotie 2 21 Hadameyd wmatrik whose rewsdtaverbeen ecei ver t he
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descri pti ggsdeated.with 68é of 8rt pluRsity 6PprR@eSsermined data values, and transmit
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. The electronic receiver can receive data, correlate the received
data to the identified column of data bits or the complement, and provide to
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.



and advantages will be apparent fromthe description and draw ngs, and from
the clains. DESCRI PTI ON OF DRAW NGS [0018] FIG 1 shows an exanple prior

art wrelweotwenmai tter that enpl oys separate channel aou/usbbioodesss [ 0019]
FIG 2 is a block diagramof an exanple systemthat can have a hi gh process

in. 00 El GS. 3B ill trat ) | Ha d tri d
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the exanp|epgystem shown in FIG 2 . [0022] FIG 5 illustrates an exanple
met hod of correlating a received block of data to a synbol that may
corresponfl@22]t he dEiG.5 [llosalesldarkexaraplerreaithodwfdonietating a receivad ous

d ] i ndi | ] k | . DETAI LED SCRI PTI ON [ 00241 Thi d
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transmtter can receive data in short units that correspond to one of a
predet er nele&REHEber of data val ues that are each associated (e.g.,

uni quely) with a correspondi ng nunber of codes. The transmitter can send
the code that is associated with the received unit of data, in place of the
received unit of data itsel fDETAIBRDESGRIAREIRNL i ons, the codes are drawn

shut 11 od. Y cor AN BT BICoRE SidiefReaBaaRITs S0t 900 2t " ne

transm tt efficightlgtorsmuiieatity a1 fomcPlrdn®itlato ageponer ovdrd wedintdi ces; and
a colum to be transmtted may be dynam callyr?enerated at the transmtter

by appl i cht P@frﬁicélﬁr,gﬁ fragsreiiler candeseie datayin shart upitsshahppiresrR@ndie of an
e’ onp! g BB e, R e L PR P LIRS tE g o0 !
recei ved daigaebnavitea bopessariding aadbeempbogesl Die thaasiitéarssantdeard Based on
the st ron%heesct:ode that is associated with the received unit of data, in place of the
received unit of data itself. In some implementations, the codes are drawn
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



calcul ated correlation, the receiver may determ ne which of the

predeter m ned nunber of data values the transmtter sent. Process gain my
be set suwb2wtvamomat a can be comuni cat ed bet ween t he t pamdarseamseocand
recei ver at very | ow signal -to-noise ratios. [0025] For context, FIG 1

shows an exa e rior art wireles ransmitte t ha mpl oys separate
channel  aRAS L o3 b Sheoel BB St Bl eser e 2
shown (e. goweémﬁﬁch signals), which can, in sone inplenentations, be
digitized by a vocoder 106 and encoded by a convol utional encoder 109. The
vocoder 10264n bot h sbmetimpteragtationpressh n hits obvegodsidyiath that3xei n vari ous

ways, and, th oI ut| nal encoder, o ad |nfo matlo that. can be
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an o1 9Nt Bl P oo HAP Oh o R o T BTN s ORI 8! ercoder

109 can be processe annel

i mpl ement ahamé!,codacmzt nreaomefuw@aéraeri@aénamhch%&mnfbetacwtﬁtd amdt h a
di f ferent channel code a channel coder géya%channel coder 112, which,
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data stregmuid RoBefh 15 aLkich MQMRE! I%ﬂ?erﬁéfbrfsa?é b iR drdSWBlgpm t hat

acconmodat es nany users on the sa rre@?equency, the same tine. |In many
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t he conbi ﬂﬁ“fhei%pﬂeé‘cﬁﬂo@@@ﬁblbttﬁﬂa PN (pseudo-noise) spreader 118.
[0027] Multiple channels of information can be combined at a combiner
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 single channel of
data can transmitted, and the combiner 121 can be omitted.
[0028] An antenna and air interface are depicted in FIG. 1, but
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
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[0028] An antenna and air interface are depicted in FIG 1, but

conmmuni cation across other nedia are possible. For exanple, a carrier |ight
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optic interface. Qther carriers and nedia are possible. [0029] In sone
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br ocess gl 54 bommises Wi A8 Siaien 835, SlchipPlty by MBS BBR - s econa
(bps) of daded BRYIbBR dratpait oy 11428, 8@@@9@(1 ifi\ﬁbpsbtgtre%wwdéwo bitsfromthe
vocoder 106 may be represented b four bit synmbol by the convol utional

encoder 1031uch tmasomﬁem@tﬁm@ntatlomaxha@ﬁ@b@@edl@@tadappm@n@ywﬂb| data at

e o e i

conbi ned WI suc annel coded

synmbol s aseemrdfchtanaellcmaéx@dwsbé cdmbihddps p tﬁ&b;ebmb@éuso(etga, [0031] In
sone inpl enentations, channel -coded data is copbined with a spreadi ng code

havi ng t h@"tge?r?ee%lﬂ%w@ SR funesienp witha &2 Mbes EW@agtﬂge%ﬁﬁeofm(ﬂ’faﬂrnel - coded

data can ﬁ{gg]l gve- OR
function) t atwsﬁﬁgge@ﬁbﬁegﬁr?ﬁ%%deﬁ P%sgt erﬁ\q eg?%?ré’b\;égtlons t hat
enpl oy a sgditedaintpte poieprochss gamemjthegomipdtadatarstmadn afldiat ispmasuatat a, or
process ga|

to the output d t tions,
Cach bt TRPERSPHAT O PERD AL it ST TLAAPEA Sk SEEAD, FELPRPDRDAR | pl o PR

bits (e. gwuth%mblhbﬁe PR dist(@.g. 22 Bits S4 bfé, 5)th§ 64bits, Jetc ) 0032] COverall process
gain can be represented as a Iogarlthm of a spreading ratio (e.g., the

rati o of [MB2)andwi vieralf prosess gail cas b@é@weaeaﬁegra;ﬂ a (agagithmtaie@ spr ead,
coded 51 8Pl BB B B RERE BB B BBl 2 e
can be exps gs3esspeatl, 88eB8RYNAI)GE8Che baRGwidM 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 log10(64) = 18 dB, rather than 10
8



10 logio (128) = 2 1 dB. [0033] In sone contexts, process gain can provide
a useful indication of how effectively an output signal will convey the

under | yi rgoiznfoaomBi on t hrough a nmedi um Put anot her wapCTaSeTie®060@i N can
provi de an indication of how resistant to noise and interference the out put

signal w |l be, Generglly, the higher the process. gain, the nore noise in a
redum o SGmAPSERR T Sy beSs Pung IS pRiR A0 (Ve IRTSROE hBYedi um 1 n
addi ti on, phiakRg (rOBEESEamA i aBt-G4riAng BAhERIEh Papdmatets aNaysterr e cl osely
resenbl es noi se,” spectrally, than a signal with a | ower process gain.

[ 0034] Asdesignei Can dasignst eordnmunigationesystsow éo egbigpe eartinuareetialyliyn and

dat a- carryi ng b%ﬁd"“ ﬂt h, are .@qen.eral ly inversely related at the individual
channel Q&P O TIPS BHE%C' aé'l‘?QFs that are very immune to noi se or

i nt GFTEF e[ou3 518y _haFﬁGJ Eﬁa%cﬁ(-dﬁégrram Bﬂa@@ﬂdmpﬁﬁ byétém”thé’t eaahavé hat are
| ess imune t0 noise or interference. To put this nore concretely, an

out put si ighl Precess gaine el hehkighfracess 93N kgNRNANG trliirblenePrREIUNiGatiens pr eadi ng

ratio (e. [ . at i f th = QU | 0(.64) = 18
0B, rat hep e dueRLRASY Rerlh) M ehion it fEh roRRsd San R AL

i nterfereticthe mbahation dyphakiegshgdansmiittdd thidranativnrigokgsgaetraity dt h
paraneters, a system desjgner can design_a communi cation systemto achieve

parti cul averry_eq'@%&)tq fheyambigng goise iR M IINHIP- speci fi cat i ons. [0035] FIG 2
is a bl OCEOr(fg gram af o?&icﬁé&”i?ﬁ ﬁe%&?%,ttﬁétsxﬁtgﬂl DY h@udBgh process gain.

The hi gh 0oCEess galn n enable re e Cco ni cati on over a very noi sy
medi um | traasitittar @02 thherdoegiesprsec esta a3, proaessescthearser idbata aiod t he

comuni cati on by King the transmtted infor ion | ook, specirally, very
ol ose 1o PHETHRSARE reideseniaive REhee AMaUIBHUCHE Gefr Birdhie techne
exanpl e, {RGerSHeErREe 2Mer dIfcUARSfaRe! ERNS BhiilerecdRer bbBlhAtaeBLVES thser data
203, processes the user data and comruni cates representative data over a
medi um 20eeresentativer daiar anchpegdesses thaitrepresantativac@ta ta moovepthec i nterf ace,
etc.); ang %,Qﬁgeiver 208 that receives the representative data and

P a? epresentative data to recover the user data.

processes
[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



[0037] In the exanple of FIG 2, one of a nunber of different synbols (21
QA-21 ON) is comuni cated over the nedium 206 at any given tine (e.g., at
each synbwb 20iwmd793and t he particul ar synbol that is corcuniscamwmeocas each
given tinme is selected by an encoding function 2 13 that processes the user

data 203. _For, exanple, th I ta 203 can, be processed by the encodin
onatton 519 DET R sy ATa DS thildias a Samenat (Bl maienbatlfedl o "

unmodi fi edngwiBpkech diffbreht sSPMBRNSTs dIBEIEAItUBF SPhy f¥LPhIRs &f ddta T B5d On
circuit 2 19 . [0038] In so I mpl enentations, oné of two synbols are

transmni t t gaerf datasdclanb203 phedxaricular synaboldbat igdbat istolacked208 mathbe | s,
during a symhol, tine, each hit in the synbol s clocked t,. at chip
Lime, o SHECRRmRTOT B et b 5Feshondio e 8Pt BE, Thosisthah o !
cl ocked oyst grFBUPGatzEdiRChal tased ohB df Rengrabecsdifigiend praddigrmeihetihe bit of
data. (Throughout this description, exanples are provided with binary data

val ues (i Oeexpeciedi¥glues, and kaeh dataralge)maype unigualeaseciaied Wihdr eci at e
that eachgfite - fats %&?%r@gﬁ‘lpﬁ@a{%éw Qﬂé%ls& BathP I frayr8L |§Xa”p' €
(0] tHI‘ ee I¥E Olfl er

nmultistate Cifcuitry o evi ces “nmay ' enpl oy , tour, ‘or so

nunber of irphesfirbl synviadI DA being aetedted andictockel@ut,€080Wt maytresult i st synbol
2 10A may be clocked out for a bit in the user data 203 that has a val ue of

0/ and t H® SRENHEWIRRAIAT0B beipg seipcird and clasued ot orl 08Thmayireselhd user

data 203 d@{e ' ' ri gpl tions, one of

Si xt een d|E ferngﬁ?y@?érégﬂc)#@gi%%le&%dc ré%lb@t??é %Pt’eé\}g'rygﬁggfe bits of data in the

user dat airgplesemt2@Bs mhy epaploy diffeaentsyurbloérstdiasymolg, lzand the differeked out may

be sel ected Bgéer(rj] on th(? val ues the corresponding four data bits. That is,
r

each set 8YM A%PS e VRLLS BRNBRE of a number of di f f er ent
predet er njaph or exPRELGFhDGMIHRScarPOEL&REON 4Rt Aotk 3l YhidFhDgsdiaaiel Y

associated with a different code or synbol. For exanple, "0000" in the user
data 203 REY is sgpplicd ta theentodisg fapetan 273,204 theiadp Hmesearederent! @h ocked

ol ocked ot e%ybiotitng Pod e AFBRReMY IR P BT BB S e BPlsE e anc
cl ocked ouser @ite-stiéai 208 thaEupPREs Blts eNthe@coIfy Ahctibh flagrnermoonunber s of
synbol s, and the different synbols may be selected in various nanners.

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.
10



[ 0039] The synbol

bot h t he wortbmloovisae and t he nunber of bits in the synbecT/uSeroex@mpl e,

time can depend on the rate at which the user data 203 is
supplied to the encoding function 2 13, and the chip tinme can depend on

f or

a user data stream 203 that supplies bits to the encoding function at

19, 200 bp
each symb

3.26 ns,
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s 16
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I .
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In some implementations, data may be transmitted in binary

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

1
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exanple, in ways described in co-pending U S. application serial nunber
10/ 943,677 and in co-pending U S. application serial nunber 10/402, 878,
bot h of wOchiczmwersBer ei n i ncor porated by reference. [0028j/UARoloeosnecei ver
208, synbol data can be received at a receive circuit 222, and the synbol

data can be correl at ed against each possihle nmbol , (i,.e.,. the synbols 2
LA 21 ONBS RADTHRR) SRRRODEh At SRatpIBra ey, ARBrastals of xBopny
cor r esponghig|aGeh rp%@és%é§ a?@%ﬁ@&ﬁ“be%ﬁwﬁbf%eﬁ&@ﬁo Figs.determned to

correlate nost closely to the received synbol data can be deened to
r epr esent [A0]under THempous elesdeption wHirevidedrin tha eontent otbe be directly

provi ded a Gl rcut ich, f urposes of illustration, is

Fepr esent HRETE Ap A el es 208 ARG Popmarsetst SYARR ¢ onal detai s
of exanpl gafiets plethb@SoPssleeHTEan@ E8oRivtindesnisd|o et édh tRf erence to FIG
5. [0044] The above description is provided in the context of the

transmi t t BANSWites aadireceivebarepessibigl ayd agy suiteteoneked e s mbol s. Vari ous
nmet hods o [ j ' - smtter and
ecer ver - SBOYEk; B sHoRakerdh it Y Hoded o SRR ElerhBE" s,

enpl oyi ngrebiehiferreivs, sietutapkoas demraicatidrissetniechrnsmay eermssibier pairs,
si mul t anepus communi cati gns between pairs mai bea(g,ﬁOSSi bl e. Myreover, by

replicati MPreQyarn By éerlicatingimyldple teansmidarsn? PRy dord differentset  of
q LT e > : . . 208
\(/:\n'ot ﬁ?)n \glé%ﬂcgn%dggél%tgﬁlﬁ%gfsgldl%gf&e%%ﬂt@g?%'rrqg IEet we%ﬁe({ ﬁe ?:Q‘régts devi ce
and seconditdava secomydeecef paratiehcammiuncatase detveean theduggr égatcedipdwi t hout a
ducti ' in. ifically, f I h
{r ansn ¢ ¢ SPROTELEP UGS NP ETREIETE Ko FHRE LD ne Ve B SR B r ecei ve
circuits, \@arRoRiin P%des@@%'ir?ywﬂe 3paLifitaneir S&im@k, 6ades and/or a

different antenna to formnultiple comunication channels. Each channel can
enpl oy a trehamittesireceiveghderic pis cgaiincluas midipeitiansnitiece|vemitcuds f f er ent

cat . o Sene L ERRRIG heEhy 5 8 BuBn PRt SRR AT o1
across al i‘orﬁﬁlc multpld 88NAEAEHAN éﬂdririel!d.eEémﬁﬁé?rhﬁelic&niéiﬁplg?%&féJatR/\é@n t hough
S e probess gan, S dastrbed above, Bul different data (... aiferent o ' o &)

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

12



[ 0045] Several advantages may follow fromthe systemshow in FIG 2 . As
one exanple, process gain may be readily adjusted. Mire particularly, by
changi ng wbeoloemgtoh of each synbol, or the ratio of theprourdsesiontoshéts in
the user data that are used to seI ect a syrrbol and the nunber of bits in

t he synmbol itself, the ess ad|I aduted as is
exerrpl>/| fi QESQQHat?QH?r@C%S E'rCLI” ﬁﬁ’l%ﬂ‘ﬁf PPN HE synbol s are

drawn frofAstitdadBagd %Frfdd’&le(t%g&he c%?n&esﬁ@ﬁélt?ﬁfjth'er}eﬂ&bé sitps ai | bel ow),

i ncreasing process gain may include enploying a |arger Hadamard matrix, or
portion of0GMadamaid mmequnmﬂﬂﬁmuml%luaemtaeuawbe@ffeatlvmwuI ation step

may be elimnate nt i-on bove he s t y be used
Lo i rect FOCSH PUR SRIFSeheEIHEN PR oA i Tk weso AT PEAS 17 a
carrier spgnaseditst driyapvsehais niaPa s franfthel gr@Upth)éKﬁfbo@dm ating the
carrier signal on the transmt side and denodul atin e carrier signal on

t he recei @809¥eS injadbar7ghamnels suRb thatiamareup Heglf S@W@Sd@épd@I@tQV%y be
effec“"eh r‘r‘r?é?e‘ﬂﬂ&ﬁgvérprﬁﬁ8|eﬂg<ﬂa‘h% %‘éﬁ!af’corﬁ@ﬁfdo#escht&% t;s'f'c group of
may di ffer

synbol s t are used Tor an ven channe e group of

symbol s egplehyiRdsdlectet nibie syhatyoléself cab@hovitetenbgh $peedding oetHe serves to
code a given channel. MNbreover, if the Iength and spectral content of each

channel i gn@%rﬂsémvﬁw dafedhako afjﬁ@oﬁ%%pa ngdnay @Srﬁjeél‘régl d®renough
spr eadi ng %mgfee a%rlgﬁlegé’rﬁ%ﬁ M F%to%té h@éloﬂloa%gﬁjﬁ B Eﬁ%qbﬁg may be
Cri er detai y

desi r ed. e, as 1s d reat ow, a synbol
that is 8k.4i, twatH lmhgth@éa@ rando'mnybrpseucﬂmaradcenltymstabugedc)mq;smrde random y

di stributed t ffect I t | t of
under | yi np HEEGNeRGRREad e eStaiconle il AR uidmy Rt Rig i Ntear o
descr i bedyidiigusiiaated b siaflgs vilsate BssaRicRiNSARNIAS dbBUfeheds Unl ess

explicitly noted otherw se, ‘randomy shuffled bits can include bits that

have beenbsingfrarstoraly? elnulgﬂﬁed pEestoexpliedymaied odsswjsd, 0@admiyn sone
The bits FUTEAE e dadket B B RIS T LR 2 Ay snat ea.
whi ch mayradgom®peoddse.)usef ul ness of such
[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



functions as synbols for coding data as is descri bed above. [0049] Hadamard
codes can be generated using an iterative process of constructing a
Hadanmar d watnionso8sarting with H =[J, the Hadamard nat PCI/Usanobeochali |t by:
[ 0050] For exanple, the Hadamard codes of |engths two and four are shown
respectively as: 2 0 1[0051] Fromthe corresponding matrices shown above,
the Hadmard codes are given by thelc8l ¥m@)(or rows, given that an
unshuffl ed Hadamard matrix is sy tni gal jabout its nmin diagonal). These
Hadamard codes can be useful ¢gi,ven that they are orthogonal to each other.
As such, different signals can be olled bﬁl di fferent orthogonal Hadamard
codes, then transmtted over the s@ang fireguency channel, and the different
Si gnal s can be recovered at the receiving end using the sane orthogonal
Hadamard codes. [0052] Two additional properties of Hadamard codes and
matri ces [0051jow defoornhiee coffessonditgaeateces BMWIH eesvda,alhe Hagmegerty t hat

enables themto be stored in compressed form artl as |
descri bedc?ﬂe%'l'eeg'bj@@gﬁylth%épwn mrio‘("ﬁeg'ﬁﬁﬂérﬂat(ﬁ @E‘P‘ﬁ[ﬁ@gaﬁﬁé to be

stored; theigwls L}i?ﬁmbﬂ?ca%béﬂlﬁmﬁﬁ fndth Q%QGﬁQI?”Tr?@f Maé‘%rh‘éFdrbG&-ﬂs E4qpm the

power - of two col Second t hough~™s amard code ave not
typi cal | ybbe&safLélgmemedt tﬂheysqreen{mqggnebt@wch athger Asisdahpdiffersndes can be so

enpl oyed, cuI he hav n shuffled, as described in
more det aPion Lﬁ %tdéﬁqrﬁap%m I-%g%mq{gschﬁ SclffPr essed formis
now descr trBﬁé‘rmtt‘é@No@'tHénéaﬁfe fle PRI, lany tharyife el sighhisaldnybedener at ed

fromthe power-of-two colums of thé Hadamard matrix, as i s depicted in
FIGS. 3A mroverd sihegecpivingsenst using dhe samepriaganel Hadagwirdsadesn t hi s

can be gelBeq s n PRI ol of HA08 Bl eBit pud MafliR bty Crher "
appr opr i ahewnasseeibed EFabt, Hdamarantatriees inaive rdenopartl tieat éhdotes’theand t he
power -of -two colums (i.e., the colums_ having an index that is a power of
two) are [heestared iy gompegssed form. In particular, as is described in more detail

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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[ 0054] To generate a colum having a particular index fromthe powerof- two
colum(s), an exclusive-OR function can be applied to the power-oftwo

col utms wNozeiwmbises are "T in the row correspondi ng toPCmaspanizos ar

i ndex of the desired colum. Thus, with reference to FIG 3B, to generate

pouer - of - PALEISAAISOS KiFPBE Ech EpBrLac 3 B LRBUST 587 BR AHRHES @ can be
appl i ed tmdsa%wmwéaﬁ%m@r;@ﬁfggm‘1hwmag[5?,rémi.1,m tHi§ ekBRpledlthé ow. In

this exanple, the "2" I 'drms have a "inrow|[5], so an
excl usi ve:23Randri2t’icoturoas hbee app! ingaw([8],$0, ar extlugiye 2R fungtionezarhbe ow) to

t hese col umms dynam cal |.y. generate .col um as_shown. This sane

bt ocess cHRPRS (it PRl Faeinerai Bl S ps cQbmmiiosoRPRica: i x [ 00s5]

I n the prgegésiatd ceaMbE astshwradpigsanigbiocsss eas el dppliagdor el ative to the
smal|l size, it may be efficient to store all colums of the matrix, rather

t han dyna@feenats agy edreitqoligna of thmeatmat are not power-of-two col urms. For

| arger FamEd MRt i By cROURY e dlOr % A ERATRe TA

iyn
n
conpr esse can sig I'éan Uce the size of nenory neeged to store

the matri xelatha toctkenphall siae Hadeayebel effieiont o bve Bl cdiumens bdie Ablrk, 2N can be
stored as a 2N x N matrix. For L/=1 3, conpressing the Hadamard nmatri x as
descri bedraiBeyBapedynamically gengiating calamnggthat aEnQt POvemRrtds (e. g., j ust

under 12805%%iﬁﬁ)lgrq]e?tﬁﬁﬂarﬁé}@%éﬂﬁeé, H&/@?%r?stjo%ﬁ GRE Heinarg® Mentries)
that the matrix woul ave 1 n unconpressed form ﬁ‘presm on 1n this manner
wi t h L/ =1ntatmesgutdreprassad et can isigatifidamtigbeducesd@ sirerosmemedryer than its
unconpressed counterpart. [005 Modi f yi ng, t he above-descri bed Hadamard
ik nHSS P Orh e MAlPovesr Prmall: FHARA B BT FSRAA by ead ng
function {enaoeestkidedhn Bs stdrdd aatesl i‘WH%itriﬁaFlét{WEq'BFétﬂﬁérés%i -, the

colums of a Hadamard nmatrix) are not generally enployed to spread the

spectral H#entedamard madex as siegerbed apoymrasultsfin & malyixevirg 8182 xt1ke
spectr ol SAPR ! L PR TR PR B R RS L 2o
exanpl e 4(-6aHvesttri8s xthat troaaBhowoBldrisRsinabRyth RassddonG.  3A,
respectively-and nore particularly, fromthe . .
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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observation fromthese matrices that several columms have regul ar patterns
of bits (resulting in a concentration of energy at discrete correspondi ng
poi nts wiwbi2niodee798r equency dorai n). However, by randompgT/use010/020606
pseudo-randomy shuffling the rows of the Hadamard nmatrix, desirable

| X, can be I ntai ned (e. t he orthogonal

ti th d d t )
P o ToqRTI ot LG ids Pre Hasteiaam ToamB NGRS fane G2tk PRt | b oy ooy or

detai |l belmomi@RAullR SR RAYbAENREIsELESe®! FirdtewiBresdetdd e
i mproved-resulting in a shuffled-" Hadamard matrix that can be used for both

codi ng andompressibiliyy.des06F¢d Pboperhdcasisefany dehdanwf @ Madamardwmesex r ows have
been randaonmly shuffl.ed are now briefly. discussed. Eirst. wth respect to
Che compr C28 P8 M ey Gy A ot b BB AL SRS Ve Mo afiEier o

mat ri X capoWer-eyaadcerRiMns aeasbatidrd baBil Bhagirve hialingiryws @Rettgnction to
certain power-of-two columms on a row by-row basis, and since shuffling

rows af f e8eh el il Ao Sudinghas BAIMPACYN HescaleMNrsiees. 6alative col um
values, 16l BLIYBID FREN i/ Wlen o MARCANN L MERG BN dlnl y. et her

the rows aré’s anar tri X can conpressed as

descri bedshbifiee or N0056¢ Hevtomard matrix daespecompressed ay désgibedldboyeof t he
colums in the Hadanmard nmatrix relative to each other (which can enable the

col ums t PB8lused 2ECOPGIMEN rQﬁﬂ?@E}Q th@kﬁffmgoﬁ‘@'itt)’ifé‘_th%\%@mé‘?'?se@ttgeeach
columm, SUCHAENRY HFARK r?l%hb'é’ﬂ;f Egﬁr‘?of r[@ﬂlc‘n' HYplb hé cORATMY ot
ty of the co

mai nt ai ns the orthogonall ms relative to each other. [0059]
Third, ranosediayg chhohél codgs) rehufiting tihasoves affetts aaachfdobohn asuaioithat at i ng wit h

a PN a channel - coded si gnal j.n onventi on system nanely the random

Shut 11 noceaRoPhib ot A DReiaabul L Shentd dhatihaitdns Jhs BrehaaoTahe  and
t hat di veppiHeYedl@mnk MeL8a8 € 88ch Behdrengt h of the code increases (i.e., as
the nunber of rows in the Hadamard matrix increases). Thus, by using a

suf fi ci enf08569]ong cabied(r@ngomlpahuffitngotheéaowsthadiaq siaKlar Bifecbagd2 bits, 256
R R e R
channel cofgmeRntheShaath shuTlingaaedngbiucd 88eSiderable spedttdl daiersitye®
additional detail of the systemshown in FIG 2, .
the code, and that diversity can increase as the length of the code increases
(i.e., as the number of rows in the Hadamard matrix increases). Thus, by
using a sufficiently long code (e.g., on the order of 8K, 4K, 1K, 512 bits, 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 simultaneously.
[0060] FIG. 4 illustrates additional detail of the system shown in FIG. 2,
which can be used to receive, process and communicate user data over a
medium. In particular, FIG. 4 depicts a concrete example of a user data
stream being processed by the encoder 213 to select particular symbols to
transmit, which themselves may be drawn from a Hadamard matrix such as
the one shown in FIG. 3A.
[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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whi ch can be used to receive, process and comruni cate user data over a
medium In particular, FIG 4 depicts a concrete exanple of a user data
st ream bewogopromemssed by the encoder 2 13 to sel ect parCirastaw/osondol s to
transmt, which thenselves may be drawn froma Hadamard matri x such as the

one shown n FI G 061 n the e of FI 4, a user
Gata sty oSHPOYO isast Paaaey 45 oReChreatial e BemBaRiRIhicker 20Bul ar 2
sequence Moréf%ﬁlculérlylfor e>9a1mple th@proce@élﬁg b9Qhe%h§o@ér02’13ijjthb0 the encoder
(elements 4 , respectively). (The bits are grouped

f or pur posteamfofeigsn aﬁatqa@rresblmn Swébolaad@mwﬂ 100" ppinecseleetediast, t hat

7000, -y ) Tlola Tk SmBalor (oPeRDAT LY ABHNE ARl SR RerbR: Biblediny useq to
direct I y Sgﬁitfo%h dghfh éwcurs«)lnwauot(romqn@n 1306 subbsguart st hbidl petivds.f Br

exanpl e, e processin encoder 2 13 of the stream of data 203 can

resul t i nowpiﬁr@erﬁ@gorﬂﬁ)@ﬁ?r%@eﬁg%l@gé@héﬂlq 21 ean pglareplededy Symbol oi
d I ' ' d
("00001 1 uri nﬂ]lé%;u(ﬁnﬁ 8{‘8}% &%%b% Oﬁgdeggy&,l nmﬁg{ﬂp%@ agai n an

Synbol oo 1001 sequen peri

i npl enent pits arsused b eﬁfr@crttgfrrtorﬁmmh n@lt&ﬁébmozlﬁwe:emlcdl%rmlcared [0062] In
an i npl enentation such as the one depicted, in which data bits are used to

i rect |y ESHSPrAUS). FHOh g5 2581 reas e (AL SrRwlb o feceive i et date |
Cireul U Y strashhdtPaid Abld 4n 5@&; opfigte AObeP BPBRY (e 5 hEF6H the %e*ﬁ% serial data

stream 20 an appro nunber b| s”(e.g., two o t he serial
dat a str edata2fiBed208 feu fsuffiosertt qmoda:dtm‘ie (e.ge a(yngoql timeptatatibwt i ne) to

Synchr oni VEPRGORTEN THRIAR BERROER (ISR By ke out (e
synbol dabﬁﬂcHertzBd 0] %%?ﬁ&ébck%@%d%)%ét Sot0hn) cI@éR@oGﬁﬂHe's‘Wb&e

transmtting, in order and one bit at a tinme, edch bit in the synbol (e.g.,
each bit fata H tbisl aamtexit clackiag ouk symbbl data cancinclasledransmitiingt irom a

Pz RS AT SRR LS HhallS R R0,
the transgf i neatfig of bitd, skith. ad@coRiniP adaba ¢faddnatatrmhatrixatith eiddniipat i s
transmtted through t he nedi um 206 is represent ed

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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as data bl ocks 421 , 422, 423 and 424 (corresponding to Synbol n, Synbol oi,
nodi fi ed Synbol oi and Synbol oo, respectively). [0064] As depicted, the

synbol s oao 20m/omdn from colums of a matrix of bits (@eCyuUus261002060©! urms
of a Hadamard matrix (as shown), which may have its rows randomy shuffled

(random s ing nqt shown in FIG. 4)). |In sonme inpplepentations, a |arge

Hadamar d MGH]X canxﬁéﬁgld\é?ae@q(@%m;‘te%ﬁhr@HﬁBrﬁlé%gé?ﬂW@r. itfM8Y R€rory devi ce
in the transeldibR toARterftféndd CARRS@INYAE oRBRe kPO GhIcHErERYe, (WHEn Shown) can
be enpl oyed at each end to select a subset of colums to use as synbol s by

a parti curauses iadiidua data bitstovee flipgied, isThepicied inflata/block ¢28e.1g. , col ums)
may be dynam cal | etermned, and may.b eriodicall nd nam cal |y
changed.” RaMierbed @B EoT dPen iiriafEudl G GrBeNe DR he

coor di nat ﬂg)gba i &id Qb MBYIS 4281 NeRRIVeao RAE bRl R iRk iittsd epbol (ie.,

recei ver.£ 65] As the data is transmtted through the medium 206, it nmay
be suscepiletiaiatis shawarin diemesium?0Sampl 1903 1bn satkienihast therariginalvence,

whi ch cau Lo v taghi ' ' | ot ' ata bl ock
425 1 paror i OU8RL 7 anesichgsn 8 Rtk HREE pleheE St REPIE Li 1 o ¢ hat
have beenrddoveptte umdériinglater datacand & progkss gath that fshadweintagetalsly

transmtted synbol é‘i .e., the data is shown in the nedium 206 as " 1 1001
111, " r at REWIQ¥eshinitthe carrelatierInrpcessa tigintedace Bgyenapie the regeivglise of the

correl ati 9pg 36 Qﬁl?t?%g/@ﬁhé lgn&bsr%gg}eéfatraeﬁ&rﬁ g Hé‘%eétthéﬁnﬁ‘%éfs‘ﬁth@ﬁt a, and

t he process gain | S advant’ageously eﬁ%?oyed [ e correlation
process, sysemstraay dmeratagvenahdre intesferened than 08 is deptatéd inrfel€over t he
underlying data fro he user gg%a stream 203 g)éher .sgstems may tol erate
even nor elqOROd,  er AL NG IRGRNRRZ0S; @ TReG)Ve CEQUT AZETRECIVES VARIEG] ~ At t he
recei ver 208alsaifARRhY & HAGUIbCIRRE21 o8B M3 RS AaWiSrsi@al s, i ncluding the
data bl ocks 421, 4227 423 and 424. |I'n sone inplenentations, the receive
circuit 2implemesyatignse tezwateime ¢irquiie?22 isrsynthropizesuwith thelgangmidh t hat t he

a1, " azocraib At betebeleruh s8R0y e SAfca Rheod FRME: ver 208
and t r ansgf fheadatd Blockset PO APRbL L3, afl42heverioas htstRods 6f BRichiesieingbed i n

any detail herein; rather, for purgoses of this description, it is
the receiver 208 and transmitter 202 are possible, and these methods are not

described in any detail herein; rather, for purposes of this description, it is
assumed that synchronization has been established, such that the correlators
225A-225D can subsequently compare each received data block 421, 422,
423 and 424 to each symbol that may have been transmitted by the
transmitter 202.

[0067] To decode received signals, such as the data blocks 421, 422,
423 and 424, some implementations employ a correlator for each possible
symbol to which received data can correspond. In the example of FIG. 4, any
one of four possible symbols—Symbolyg, Symbolg1, Symbolig and Symbol1—
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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assunmed that synchroni zation has been established, such that the

correl ators 225A-225D can subsequently conpare each received data bl ock 421
, 422, 42802nth/09273t 0 each synbol that nmay have been tr @aosnisteiem2dsyes t he
transmtter 202. [0067] To decode received signals, such as the data bl ocks

421 , 422, 42 nd 424, sone i | enent at.i ons enpl oy a correl ator for each
possi bl o SyWIIO SEISHHIT A7 GRLFE GRRIRDUA GLRSata 0 PR FTRUSekanpl e of
FIG 4, aBHsé’dPSn@acﬁ%éeipéé%VMb%I.SWH%@eS(aﬁYﬂl@%lfF‘IG.@’tﬂ@@gﬁibolsynb()' 10 and

Symboln - are transmitted by the transmtter 202 and recéived (possibly in
cor r upt edsélecioy 22p mhay coeirel & srulBoexeraddyothat aglegls aprropeateidaia can enpl oy

four correglators 225A-D-one for each of the four, possible s ols. [0068
n-some. | RBFeRRR 88 PeReIot SenBRLAREPuBY BRurdbbeB MRt G ARG Ch he
ot her corsgbamhZ3b. FbreéxdripleOle6n feckbtiofiheelstd Blotkl4l2g, treCriceR@r the data
bl ock can be conpared concurrently (or nearly concurrentlr;?;‘)mgto each of the

possi bl e 20&heAsdetarine ihat Biebobnywas tsansnuided.andgage@ceerdiiglvut put of each
correlato ut ?ﬁ“&gscri bed in one inplenentation with reference to FIG 5), a
synbol se eclor’ 226 can cause appropri ate decoded data to be provided,

based on [E069]r ecei F&d. S5yrhades & pidtbealesprageataionfdf@nedexdrhglesy ol

sel ector 226 may control a nultiplexer 227 that sel ects appropriate data
based on DMhedteberaelalingsireapived PIqal & data ta BPesiblesyaRels thatdnan out put
stream 23 ' f I Leceiver
208 oy oGP AP NS Fhar o aRer LI RRs, ThoTeadb ol Aol e el it U out put
"01 ." [006éSgrigFioB.reprasents desnaepiuat simphficatapr tosgraphicaty illoktretecomsxanpl e

t hod of | ati ' bl ock dat i bl e. | s that
T o oS bk Al B S S RS eP S Py e S, L ey
this descyimlémrsigens AR apoosas eBkfltion HBlHoki G b@Bridtoy#aRtical | y

illustrate one of many possible mathematical and al gorithm’c nethods of
correl at i agampte, goffeeimpiementaiions .canrgmplpyreoidadamere transfoam; tast met hod can

D P! o el o AR . of B SRR SETIASHL AT 0 SRt o A

corr el at eal@pRisperdiAgisymisol.
[0070] As depicted in the example of FIG. 5, incoming data (e.g., the
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 correlator can compare
the incoming data to a different symbol. As shown in this example, correlator
225A compares the incoming data to Symbolgo (“001100117); correlator 225B
compares the incoming data to Symbolgs (“11001111”); and so on. In one
implementation, each correlator 225A-D may determine how many bits of the
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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a correspondi ng synbol. [0070] As depicted in the exanple of FIG 5,
I ncomng data (e.g., the data block 423 ("1 1001 111"), which was descri bed
above as weizng/®obpected to interference) is received bpCrhs20ieo2ice
circuit 222. The incom ng data can be provided to each correlator as shown,

and each orre ator . can co are t ncqni n ata to a different synbol. As
Shown 1 SRS ERAItETS e8 PBRa fongsiX TR ComSTREb A Eednt o 1 o

Symbol 00 (e QR er JéPfdltH'e DeceWrrc%h%r%loﬁ%ﬁB &%@@ &ird|BRrs BRQHREJE M 10
Synbol oi ("1 1001 111"); and so on. In one I nplementation, each correl ator

225A- D magatéchasad mthﬁ)swgmmyheaouts»;)uws)i—laaooarmmcwgelamrawnthta:marctlouhaespondu ng
bits in the si bl e. symo the correl ator determ ne a magni tude
of ' the corV@PaL fuh OIS BR6lEs Nalendnt 2 dormaictontt B Sfeer at | on
process i syebf CdnRdicad®h JuebRaRsa Qhluel haghitadée ean bk &hpliyed as

nunber - of - mat chi ng- bi t s- conpahson is dep| cted (e.g., a magnitude). In this

i || ust r at Aescricageatove tidistinguisheeiwesy Mattiplepessblesymismfiasf bits in
Symbol oi %o %%l&[);%et%r {hAe R & uﬂ c@r‘@?nét@ﬁg\mhn&éjﬁé@cﬂ%(:h any of

the other s n-sonme i np ions, a Si or the
correl ati gpympan al so be enpl oyed to encode and decode data For purposes of

illustration, sign is depicted by the (+@and I ndi cators next to the
out put of [ [Q0721 cor r B imRIEMEHIRSIONSARgHE TP @H'&'H'es%‘?ff?'at%$ Aythe synmbol or its

conpl enen t
correl at oy e A B b BE SR Gin FERAERh o fuRalizt 2
positive bendwidit.i bor exampke, b6t b depats ayaybtEm arawhlohldmmablés ohe data val ue,

and a negatlve correlati with the sane synbol .can indicate a second data
Vol ue: aBiPTIRIETAN e HRei aoRE RCERRIE. Broh e RS dheOGR bet veen
mul tiple oK ' M reis a

suffici enteﬁﬁgf?%h@mﬁ@gir@*spar gﬁ?ﬁﬁﬁ%@ﬁ%gﬁ%ﬁ%% é}?jny?ﬁ%lggnenltggt I ons t hat
enpl oy nukwIpitKNg signe pAtasidgionel bihef mtoranatian cambe énagdénfia. nréohitbased on

e s iy L S e L e

(i.e., effesymy, () 8Ynbids @§SP#Bol1o, (-) Symbolig, (+)Symboliq, and (-
)Symbolq1, where (+) represents the symbol itself and (-) represents the
symbol’s complement (e.g., one’s complement)).
[0073] In systems that employ correlation sign, the transmitter can be
configured accordingly. That is, a symbol’'s complement (e.g., one’s
complement) can also be associated with a particular data value and
transmitted when that data value is received. For purposes of illustration, the
one’s complement 510 of the received data 423 is depicted, along with a
correlation value 513 of similar absolute magnitude but opposite sign for
Symbol .
[0074] Output corresponding to the number of matching bits (or based
on some other value in a 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
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one of the four synbol s- Synbol oo, Synbol oi, Synbol” and Synbol n). By

enpl oying sign, an additional bit of information can be encoded (i.e.,

t hree bi twoebfoawdissel y decode one of eight "symbol s"- (PrEguskab/odwos ( -)
Synbol oo, (+)Synboloi, (-) Synboloi, (+) Syrrbol io, (-) Synbols, (+)Synboln,

and olii, where r sents th Q tself d re resents
the synbolaudomaimemecteh 708 shesaccie fus o403 poener qwgy)steng t hat

enpl oy 00b6§é|94b' %@dlg'@e Pt m%.ﬁg é@ﬁﬂﬁkﬁqqa%ﬂaﬁﬁfu%%ﬂéh)g@éﬁ&'m@‘%ﬁ@r dingly.
That is, a synbol™s enent” (e.g., one's conplenent) can”al so be

associ at eaymbols tarwhmeuhedlumiw \eficdleorsgldting datsamietcee@dva’céhet hat data
value is receiv For ur.,peses o |IIu tration, the one' onpl enent 510
of the 1 elaal 24 5 Sadh (ARG ERs bl sy lPl RSt B ek BB AR ardelon val e 5 13
of sim | arecaiverddii-evamanhdivideabbits 6PRaSIrhRtedi Ydok afy B@lpted.in RO 74]

Qut put corresponding to the nunber of matching bits (or based on sone ot her

value in @Werﬁ@ﬁpl@@ﬁr@%r@(&mﬂiﬁl datadieciet 23 iragcucaighbeorelaigdded t o
the Sy”boto §§t'n%8 hole r\?q%7tp8§§ﬁtt\§e (§5%“6’ftﬁ?a but@’?r‘i'tt?é”@@ﬂbﬁ@m?er&‘ﬁ d son of

outputs o est rmatch cah (e g., as

a means oﬂuﬂmgedensmr“@ummbugrytﬁmﬂnewu&nccrlheerbaﬁetdvvmca;imecuammmt‘rga data, at
the transmtter 202, before the data may have been corrupted in the nmedi um

206) . [00987CceRis OhihisBYa@PIEHmDPe r?@‘l"l}’s‘?)?tﬁ'i“é%d YCR OB YEPYRin to a
d
Cransm (¢ ool ARAGl 3VABols Palifl BB TG ey bl ey, B PN ' O o

f our possnbiseersyediots i{ @hich, moss ﬁ@naZ&%lﬁfﬂmebltHadamdph‘ednsymbnys sendi ng
the synbo|s through the ium 20 elatln dat ei ved at the
oce ver DB SYEIOBrOINE Godks Brce BBl oy aoniey el et ory

recover edg@¥€Roister M8y dual b| ts of transmitted synbol s are corrupt ed in

the medium Thus, in the above exanple, data block 423 is accurately
correl at eEDQ7(5]SynboP~01U,mWeof Imwtﬂlgﬁntﬁmn%h%G pze%d@fscmb@ b| ts in the

synbol f durin s, on r eader
o 1T appr NevatthbBRS: t PHLOE BrbeAREst 7% RAcO &S BieRH -l B R 14t ext ended
to much | Fbgékambr@%ﬁous forms of the flows shown above may be used, W|th

steps re-ordered, added, or removed. Accordingly, other embodiments are

within the scope of the following claims.
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For exanpl e, synbols having 128 bits may accurately convey data through a
noi sier nmedium in which nore than 25% of the bits are corrupted; synbols
havi ng ewso 20ow@oPBts (e.g., 1K, 2K, 8K bits, etc.) mayPcoruseyomdaicas t hr ough
even noi sier nedia. [0076] A nunber of inplenentations have been descri bed.

Nevert hel nder stood that various nodifications may be nade.
For exarrpﬁ@iATéé %JM@# of the flows shown above nay be used, with steps
re-ordered, added, or renoved. Accordingly, other enbodinments are within

t he scope1of thqnéfp,bbqwnﬁ&,g;ﬁ@l ms. WHAT IS CLAIMED I'S: 1. A nethod

conprising: receiving, at an electronic transmtter device, for
communi cati on feSeNingl @ldn eartonieduinsstitterdeies, far eomstundcationvalane

et Fyi HECTPhBBRESE pPyBh 7 Attt bk R BbPhIRl P R A AR it e o

mat ri x \/\hgﬁgrerd@v@mhﬁg@dbmm@@dom y or pseudo- random y shuffled, a colum
of data bits that is associated with the first data value, and transmtting
to the el ectroiientifydtmifiaim agealrxeof data PFtédbtr&foﬂﬁé)ffa 2sx 2{ddadarmerce, t he

| denti fied £OL Wils8ho Sth%vB He? r%nd?t:ﬁgﬁoﬂﬁéél% -ndbhiy ShdrfiehUs t her

corrpr|5| ng: receivi ng ata at he e tronic receiver, orrel atlng t he
recei ved daluenrt of ddite bitdehat ikiasdociatadwitiothelfitsh data saluamhq)r oviding the

first data val for furt rocessi ng by the el ectron recejver. 3 . The
ot hod of ol ot HensPiing e eRrEsaR FeESPrce e SindetARe Srtats dent i 1 od

col um of \ dabaiHy ,Hgnﬁﬁggaé(?@%. oﬁ‘@étﬁlﬂﬂltgtl ng a correl ation between the

recei ved data’ and each um 1 nt matrix of data bits to which is
associ ated one of the predeterm ned data val ues; and determ ning that the
Lletcgl ved chata ‘rﬁe ,&108torf(g:[‘uaquny1 (*T&[ﬂr]eerl c?()trﬁgr|§|r?gt he identified colum of data

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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4 . The nethod of claim 3, wherein calculating conprises calculating a sign
of the correlation, and determ ning conprises determ ning based on the

cal cul at edo2bgmoo®3. The net hod of claim 2, wherein cor Pelratseog/ordses
received data to the identified colum of data bits conprises calculating a

Hadamard fransform or fast Hadamard transfarm6 . The npethod of claim1,
Further cBpr | SNAGMERET Sty tHENFT FTDUsG 25speiative et SEefemm of dat a
DIt 11 aygRBNBTné BBR NG A4t HisAmEARBANBR i8I e daf bt he

electronic receiver, fromthe transmtted colum of data bits, in

di scri m ndetesminesl by tw elgatranicrrapsiner, from the trarsraittedtaobuiio of datsmi tt er
device. 7. The.nethod.of claim,1 wherein  identifying.the colum of data
bi 15 compPlisds Sagary Al i ofeEkfta FET e P P FanEB s Tof bi ¢ s
fromthe gayieex of data bits. 8 . The nethod of claim7 , wherein each
colum in the two o r nore colums has a power-of-two columm index. 9 . The
nmet hod of claim7 , wherein applying the |ogical function conprises

appl yi ng, 7bi t -w si ve- OR. f. 4 nore col ums.
16" Ve’ Fet odngrne il SRl (icrkin HaRHA b8 cllinh 47 i oS, 2701
conpri sescothpntes vpplying@ loyidal dandetion, toawd crpnors aguinhe df s d@im thenct i on
conprises applying, hit-wise, a n exclusive-OR function to each

powver - of - MY b8 iinn tthhee nmmaattrriixx cof bits whose nth row
has a value equal to a first predetermned value. 1 1 . The nethod of claim
7 , further conprising storing in a nenory device included in each of the

el ect roni 8. t r ambaime¢tbodad claim Grwherka edatcolomncnrtee évoer nieei ce, a 2N x N

matri x correspondi ng to col.ums of the matrix of data bits having
power - of - EANIRIE0E POWST-OF{R ChIMBHUSK. ¢l ai m 1, wher ef n transm ¢ ting the
identified colum of data bits conprises transmtting, in order and one bit

at a tinme, each bit contained in the identified colum. 13 . The nethod of
claim 1, @hereiThegaethodfof claamps,erharemaprivingdne lagi¢al dgnction comprises

applying, bit-wise, an exclusive-OR function to the two or more columns.

10.  The method of claim 7, wherein identifying the column of data bits
comprises identifying the m™ column, 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.

11.  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.

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.

13. The method of claim 1, wherein each of the predetermined data values

has a fixed number of one or more data bits.
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has a fixed nunber of one o r nore data bits.14. A nethod conpri sing:

receiving, at an electronic transmtter device, for conmunication to an

el ectroniwonenaiov®s device, a first data val ue correspomrdirng2aio/oerses of a

plurality of predeterm ned data values; identifying, froma matrix of data

bits in thg form 2N x. 2N Hadamard matrix whose rows have been randomy
a

of
or pseudo’ ndé‘rﬁ’?t@amgéf'ngin mh colum of data bits that is associ ated

with the first gahanyatusy clBBRERIBLBNifEr dics FbtEdmRIundtdn tbfl udi ng

appl ying, bitw se, an exclusive-OR function to one or nore power-of-two

col ums f e@eirohie neaeivexdevice| a Srsildeta vaitl qosvwshasdiaguvalone afquplurality a fir st
predet er m_ped val ue; d transmtting to the electronic receiver device, in
pl ace of PEBr%e %rfn"a%(ﬁiga@a\'ﬂ%?s’t he dynam cally generated mh col unm of data

bits. 15 . Theid@tifiash, dfors ladhBtrikdof dats bheiin grMekinsdf02's k imdddrhgr#N x 2N
Hadamard matri x of 'data bits in a conmpressed 2N x N matrix in which only

col ums ofmatiie WRRSe IrRWshayateehi resdamly AgPsRULE-raeiomiy sbeffgiman ﬂ@ﬁcgs are
stored ingfhe J)F&ét%%ﬁ?%fi@%%%&%ﬁ%d \gﬁi‘('tr?eefirs%gata JAlgemet hod of cl aim 15,
ing the col'um o I

wherei n génera ts comnmprises determ ning one or nore

col umms i n t hegensntiag skeel nZNcaluMmat itsx indasieg abplyirgybitadsey anal ue equal to
the first value, and applying, bitw se, an exclusjive-OR function to the one

or nore cBKEHAYEIR TUnCUOKIoRe-QniplTe PAYer-ahwp 6elHIR EOMABEIM@FX and an
el ectroni gy i&s’j‘ﬂ/ﬁB‘gé%‘?’” r \/{?%S%E\Faq’bé(%guéﬂb eplfi’@g@cfé%%r’rﬂﬂe Q/ah{é‘?aﬁhe‘:t ronic
a n to one o |

receiver a first data val ue correspondi ng a plurality of
pr edet er mi ned trabhsmitihg ésthendlecteomctreecietredeviomiic placensfithe tfiest dadent i fi es,

froma matrix of data bits in the fgrmof a 2N x 2N Hadamard matri x whose
r ows havevﬁlé‘énﬁ}eam'ﬁaﬁ}fg%%@g?ﬂWarﬁ%‘l‘ﬁ”i? cgﬁgitq Pi%l, a colum of data bits
that is associated with the first data value, and transmts to the

el ectronic receiver device, in place of the first data value, the
i denti fi edScol Uiha ne¢thadiad cleimst4, dudherheonaprising staringcthedhix2r ecei ver

receives gata, CoNSHRLT datdEitd %Cae'c(\)/r%%ressed 2N 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.

16.  The method of claim 15, 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.

24



data to the identified colum of data bits, and provides to circuitry
within the electronic receiver the first data value for further processing.
18 . The wo=vmmoefo3cl ai m 17, wherein the el ectronic tramEEFUSR@0/02@BOPri Ses a
menory device that stores the 2N x 2N Hadamard matrix of data bits in a
conpresseq_2N ;& N\ﬁgﬂtrix in. which only colums of the matrix of data bits
havi ng powér - of “ YR SPUIAISI Wi ces are stored. 19. The systemof claim 17,

wherein: the i dgriiddtidefc FESeiay: ghgdata bits conprises the nth colum of the
matrix of data bits; and the electronic transmitter further conprises

circuitry for gemsigcitdnigtrangemitteh thatlreneives don ednemaoigaties $@theN x N matri x
by applying, bitw se, an_exclusive-OR function to one or, npre colums in
Che bomor BEcHAs RS Ne TR FRAalR veliear s HED o R € BURLY 050, “The

syst em of pedcitéindided \WAET @4l0eshe el ectronic receiver conprises a plurality
of correlators that calculate correlations between the received data and

each of a corr@¥geridithe eactiogid trgnsnitiepidemtiesirame matrs &f data@isanbits to

associ at e Or A2 o & dhei At el P RE Il hRE oPA B0 2CE: ver

further cpspudsemdonigshuffied; bajolrah of éaer bithtmt Wwhasdocidted dthctber espondi ng
colums fromthe matri x of data bits has the strongest cal cul ated

correl ati Bt f8ta valupeaid frapsie & Hiruelesiopigrpteiyerdemen: 0 4ake oo t he
plurali tygr%ft dBEae%hé,rﬂPﬁ'eﬂﬁgnqﬂPetdacd@@H%io‘atﬂé‘bité;sarﬁassof“ ated with the
determ ned correspondi ng col um. . system conprising: an electronic
recei ver; and aheetipcihe elgotronicanesaivet ezcdivest dataceovelates therrsteisdatla val ue
corresponding tp one of a plurality of predeterm ned. data values for
cormun caporBeden st & P o hiaRg 6 Srcai R fiong f rom ¢ he
transmtt gloctdhr rRickivef (it 8Bl Valud WA EheNSrokesshgl a 2N x 2N Hadanar d
matri x whose rows have been randomly or pseudo-randomy shuffled, in place

of the first data val ue.
18.  The system of claim 17, wherein the electronic transmitter comprises a
memory device that stores the 2N x 2N 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.

19.  The system of claim 17, 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.

20. The system of claim 17, 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.
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23. The systemof claim 22, further conprising a neans for receiving data
at the electronic receiver and for determning that the received data is
correl at esot2o10idee798i r st data val ue. 24. A system conpri CmgIS2@0/02d6e€t r oni C
receiver; and an electronic transm’tter that receives for comunication to
t he el ect 8nl c;l_becel verﬁg fir ta vaI ue rrespondi n o0 one of a

plurality BSyalem 8'38"8 |eﬂ%§ ?\ﬁ PRIG 1RECEANEM Tt er i dentifies,
froma ”aEéﬂnbrlgé%@ﬁ‘é@trg'tﬁét rﬁﬁ?ﬂéﬂﬂm‘irﬁ& \R/chﬂ‘d?ft nf‘cgﬁ‘e§?&%lr§§‘€8m%r% matrix

whose rows have been r or pseudo-rando , a columm of data
bi t s t hat from thegveirixtaidiath bis djae tho¢ strheg@tmaédulatydabr@daiwterthe ned data

val ues, and tra ts th ectr.oni r cei,ver ,devic i n_.pl ace ,of and
basoq.on- Teneve e ) ot fults B Nafie FOBuNE By S cnedeBififgad, 5
conpl enengaf vdlhies trien aés&ﬁbt@@ |vMﬂ‘T‘th@fdé1éﬁnﬁ‘mbd tcdrre8pendingcelumi he

el ectronic receiver receives data, correlates the received data to the

I dentified colum of data bits or the conplenent, and provides to circuitry
Wi t hin th§2el eﬁ\tsrygﬂairﬁ cB%eFstned' the first data value for further processing.

an electronic receiver; and

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

a means for transmitting from the transmitter data bits from a matrix
having the form of a 2" x 2" Hadamard matrix whose rows have been

randomly or pseudo-randomly shuffled, in place of the first data value.

23. The system of claim 22, further comprising a means for receiving data
at the electronic receiver and for determining that the received data is
correlated to the first data value.

24.  Asystem 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 the
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, and 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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