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SYSTEMS AND METHODS FOR HI GH EFFI CI ENCY TRANSM SSI ON

OF | NFORVATI ON THROUGH NARROABAND CHANNELS CROSS
WERHBRENCE TO RELATED APPLI CATI ONS Thi s appl i cRCT®IS2005/040496

claims priority to U. S. Provisional Application

No. 60/ 626, 212, entitled "USM (Ceneric, Symmetrical and

Asymmetrical" and filed on Novenber 8, 2004, the

entire disclosure of which is incorporated herein by

(SYSTERE anth SpirHaps ko MR E ey TRaNimsson

t hr o R INFORMATION THROUGH NARROIVBAND GHEANNELS
this invention provides systenms and net hods for
transmtting information at very high data rates

t hrough narrowband comuni cati on channels using a
novel nodul ati on schene and sophi sti cat ed

MHCE mOGERATED APPLICATIONS. BACKGROUND OF THE
nces jn connunlcatlo t echnol ogi es
conb% lﬁa% sdaa’é%prpélaa Yadépt .‘iﬁ oPTOwFigBHa| Application
N680TB2BI2q 8! bﬁﬁlegeﬂms(de;lgxﬁs 'r'gmmé’cﬁxaﬁ dnl VR%%%hg@l'céledand filed
are

the way information i's di sse ated an
on Nayemier &n 2084 theweltire odikélomre of divltiels tik yint@paatgduhatin by
1@%% kt ops, | aptops, personal digital assistants
R’s"), cellular tel ephones, digital nusic players,
and ot her portable devices over wired or wrel ess

FIEDD D& QHEQNSENTIONVi ding a virtually unlimted
connection experience for all users. In particular,
t he Tiapiifvaxipeasiafs glhewll!’yetbetﬁé tﬁaﬁ%ﬁ@ibﬁ%feﬁlf&ﬁﬁtlon through
fuel ed the demand for faster and nore efficient
corppigafion; changets ssM@ﬁe specyiaadly, thistiayentionl provides eysteans and
foem m,t.t ed Qv
m@hO8 o Bk’ RN i Fvohd BT i Stef (g narrowband

codestnicaionochabyelsmesing Dhoeecl whodilehs whefbtindadobRiBScated high-
as the conventional system shown in FIG

Prié{mﬂ’(lg}&“?%‘gﬁﬁﬂ’rgest form wirel ess communications
system 100 includes: (1) nodul ator 105; (2)
' (3) wireless channel 115;(4) receiver
For 125. Modul at or 105 processes

t he A@\f&b@iﬂ @dShlmumcatlons technologies, combined with the widespread

adoption of personal communication devices (“PCSs”), have revolutionized the way

q—n

information is disseminated and shared. Information can now be delivered directly to
computer desktops, laptops, personal digital assistants (“PDAs™), cellular telephones,
digital music players, and other portable devices over wired or wireless connections,
providing a virtually unlimited connection experience for all users. In particular, the
rapid expansion of wireless technologies has fueled the demand for faster and more

efficient wireless transmission of voice, data, and video on a global basis.

Information is transmitted over a wireless channel from an information source
to a destination by means of a wireless communications system, such as the
conventional system shown in FIG. 1. At its simplest form, wireless communications

system 100 includes: (1) modulator 105; (2) transmitter 110; (3) wireless channel 115;
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into a formsuitable for transm ssion over wreless
channel 115. The information may be in the form of
woaim®s3mat a, audi o, i magery, video, or any ot ReT/USYPE/040496
of content conveyed in an information signal, also
referred to as a nessage signal. Mdul ator 105
essentially transl ates the nessage signal i nto a

| e r ansm on _ov
APAEEPEAAD SUATDG A TS 15} BReRSel e mormaion
inoay foerh @uitslé 55 tRhsissnlove wittle@adhanddl g 15D THE &ifSfnation may
signal is passed on to wireless channel 115 by

berigntbsifpme rOf mpe piag udis.uEnagsery, i vides, or A qhqﬂ fyb¢ @ content
I i SI on. h
DT A PR LoBR o P ST AG1 al Sttt
106 reskasially itraslates Cthe rreestsagens@mlvmeﬂ at edulnkd rsigtal Qfitable for
sour ce, and dest.i nati on. i?g transmtted through

tRPSTRISEISR O¥Fawelpssichannel S by anpdifiee gm@q»ramonescha@p@@s@@s ofa
chf}g:r aﬁ?ﬁla‘lf | el DNoduBREd % glaisg gﬁ%eﬁa&? th %ﬁ’el@éﬁcgﬁﬂiﬁe@mﬁ by

attenuations Intr uring transm ssion
tmhsmitwsé 1¢,haimiok lusddll. fikermahd ymplifies theamedilhtcé d1gzagpﬂbr to its

EgRE RSt e Bnlor HenBFIoR SHarieloL B a0 sl & Whkdess lnk or

cBdcAbABEGReP theanirmbliss &u?&rﬂﬁﬁrﬂe&%dti‘éﬂs (ﬁﬁéé &Qﬁ@nﬁ%@ through
as W rel ess conmunications system 100 1Is,

witedesatchannsl 11 5 éhpmotlvlatrdrsignabis detestedoahdl mluitﬁedehygrepewer 120

L3081, S o PR et B o

wategarsalchamd abd. eFinally ! th MEAEnSiGE@ Sighal @sieh@dﬁlaﬁéurHyZ&rﬁJ&ﬁuamr
use of the overall éstem resources. For exanpl e,

125 g0 aptorareduegicdosesatimates therpsiginnl gesssasgisienal. nodul at ed

signal having a frequency spectrumthat, when filtered

and t’I’h@unﬁég}‘ i drinSed ¥ & tv'h?&n%gn (,Iof‘r ?J?la {hn@ssﬁ{eﬁ'{]%&l{ ta? yireless

110, wo I ze onl
camanmelatibansyaiedt HOO iShﬁT pdxy dmhzabdl by gherperfornmacesofl is modulator,

e or PRHARE d i of CE/BRTHSaT dest b FOPPRFTES ipL AERYeEHng the

nWsEdge%léﬂagﬁtd)ﬁ silcRAINRREKe fdr! tia%ﬁmiﬁlo‘h@% s kG RRRIntiE & thelie of the
ensure optimal preservation of the frequency spectrum

owpérall heystene ubsoueessi dioal exadple smhlgh petfeysance modulator should

PR, R, FEROERET FERGY, PrSlroR, BB b BllErea ana
trahdrhitted eyt BOrdnsiviifer) suchr @qi@editter 110, would utilize only a small

fraction of the total channel bandwidth, thereby enabling many users to share the

channel bandwidth simultaneously. A high performance modulator should also work
in conjunction with a high performance filter in the transmitter to ensure optimal

preservation of the frequency spectrum of the modulated signal.

Current wireless communications systems use many different modulation
techniques, including, but not limited to, amplitude shift keying (“ASK”), frequency
shift keying (“FSK”), binary phase shift keying (“BPSK”), quadrature phase shift
keying (“QPSK”) and its variations, minimum shift keying (“MSK”) and Gaussian

minimum shift keying (“GMSK”), among others. These modulation techniques are
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shift keying ("FSK"), binary phase shift keying

("BPSK"), quadrature phase shift keying ("QPSK") and
wosgoexasdoat i ons, m ni num shift keying ("MK") BQ@US2005/040496

Gaussi an mni mum shift keying ("GVSK"), anong ot hers.

These nodul ati on techni ques aredigital techniques in

whi ch the nessage signal is represented by a sequence

iRl AU P RERaB Bt SR RANN Mon R binary

symtpile alBayh syibslemayp duvebhe or tractenbity elspaidirigcn tiie k@ydulation
the anplitude, frequency, and/or phase of a carrier

teghiag Ussdcording to the binary symbols in the nessage
signal, e.g., according to binary synbols "0" and "1."

For  t1dkd fRb8NAIATREHMEARS ahAchISad h i
reprggs&gg%ﬁygo?%h{)i narlgll téyrr‘ool s in A%ﬁ, dei ffekfrﬁgntt e amplitude,

fréqueges ranides rase 0 adcatrier rsegiab seedrdingt th the hanayy symbolssin the
i n FSK nd differ.en hases arge used,t.0,r.epresen .

GRS HEV § B s ORASE G 19 DBk apei 0, 80§ R kB Rplsy different

m@%&sﬂar%k@&td Yéprd¥ehtSooti bIRFE sPhBold 38 ASIE rdiﬁb’ﬂéﬁ@ﬁe?uencies
y

e phase of the carrier takes on one of four equal
arg pae@ P vepresest bafhdhinay spmbels dn BSK,and dferent phases agcised to

| . i i . e. .
ref 5447 KGOS RERERAT: RSkl R, BADBlariof pPRRSRiin Wilen o
bitthbeE thokd @rectigedgseri synibal. r iThe phiagel o€ niky cArfiontalee ofii dher of four

synbol to another is half the bit rate of the massage
eqggialy apaced Nalugssaeh foh 4. Ta 28 §1iZa Withagh ¥alne gorresponding to a

t.echni gue for use i a_w.rel j [ .SYS .
GG e 007 B0 Tladp b ISR GRTERINE RegRplist o HK in
whieH thath@ge i ¢ e ik qinoy ifbas ohe biraiy syl ito bAdtASH idthalf the

low signal-to-npise ratios, occupies a m ninmm
bip il e messagestEnak wel | in the presence of nultipath

and fading conditions, and is cost-effective to

| mpl ﬁﬂ@%lecﬁﬁped}dbngigﬂﬂ hRRAURGST Rhnigh@rBFLRET & 1aCSvireless
of the channel, required | evels of pertformance and
cdnamyeicativans dwstcm depsdds of feverad dagtorsodAl desirare timitahinpdekition
i 1.| prove.to be.a better fit .than. others. . .
teglHgr AN Pt OGRS 4 Jovh SEPdRls ey pagupies 2
mAGARRT Ah8wldeN,ehe@bmaWRIICYn tAY apleadtice HPMUMIEHR, ark (ading
target hardware cost, size, and power_consunption. For

canditrgpise  aniln i eoslorfBiictivo nteuimplemenh s yJapending het er physical
ch%rallc?ér%%css %P 3itd Icgé:"nrnel, required levels of performance and target hardware

trade-offs, some modulation techniques will prove to be a better fit than others.
Consideration must be given to the required data rate, acceptable level of latency,
available bandwidth, and target hardware cost, size, and power consumption. For
example, in personal communication systems that serve a large subscriber
community, the cost and complexity of the receivers must be minimized. In this case,
a modulation technique that is simple to detect is most attractive. In cellular systems
where intersymbol interference is a major issue, the performance of the modulation

technique in an interference environment is extremely important.
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community, the cost and conplexity of the receivers
must be mnimzed. Li this case, a nodul ation

woeatsrsspoe that is sinple to detect is npst at PCamIS2ONE/040496
In cellular systens where intersynbol interference is
a maj or issue, the performance of the nodul ation
technique in an interference environment is extremely

i npo r t
TP e TR R B T T S
pb\a&daﬁidﬁehcﬁﬁﬁd bareivdyth eﬂﬁxkda{cyefffdvﬁsr %ﬂ@c}ierﬁ:@&ﬁ:ﬁuﬂﬁﬁ thd&bility of

ability of a nodul ation technigue to_ preserve the
af m’é}l g0 fechnique, o aﬁre%‘(%h@ el 1%r i-8s ¥t Gssenteble ybit error

RS el
p%%%ﬁr catl g%ﬁ‘%s% eﬁ%r,laq lﬁwr i e {llf% rhzqué res O%hﬁﬁhcauon
smegnsalhlgimmeﬁdelffy eeqmem rlnngﬂey svdmiat fpotvbe  Sihg narhoyaavieyr wh1ch the
uId be. i ngrease obtain a certain level, o
e el haangren s oY 8 CoRuaJRA o6 sk dspeas on the
t}ﬂﬁ@eop‘?ﬂ&fulﬁfo“rﬂ 6 uryxd of The d%lcgzlféralzfmeil & ?”ggﬁg gfrl](%iﬁltion

is a nmeasure of owfavora this tradeof
tdCthlquqa tisy aan@hsgregnﬁhowdweqrablsz tiisdradeafifobétweer fninlity and signal

rati o o ener per bit to .
PRYPLE SR A0eh SRl pt 0o 800 PPibs SR MoheRtainjp hoise
pbREpedtad] dendi reqhifedt Heabedivdringft f&d é&«tam%ﬁaﬂmmyfbf etror.
ef ficiency describes the ability of a nodulation

techni que, t o acconmpdate data within a limted
bandkperiwidih eifigierayafescribesr es phigity 1 @anedulation technique to

a%c%%b o(f(ﬁted gtk CARA% 1mﬁedoy$ﬁ@%gmhdt 1) e&wpa% Cﬁ%a%lletaﬁhé the data rate

y , Ich I ncreases andw d
irgelieg wiectehsing thieqiudseewidthedfl aedlgﬁalmgmbef fwhidheintieysds ke bandw1dth

RGNS AR
u@ﬁ‘ied"'q;aﬁlévhd{h Q‘:fﬁél&?cr}‘r ib ﬁ@ﬁlﬂ\é&jishthe Tﬁ‘tﬁ) sV &b %E‘oﬁglﬁﬁﬁ d%bé Qe per

a digital nodulation technique is directl
Htf:tte itha gtiwh dahdwidth. cTlensygtenf capaeityrofia ﬂmtaIUnOdtdathnn golknique is

Si hge ul tlont hnigue hay, r.eat er
aselfreler 8 e paRe ST PiriRan it B8 Bedifiin bachmique, since =
R0 E@ﬁhiquwh@{fing%gérbﬁ& bardwaenestatiendyOfH Bhhs@fit more data

techni ques trade bandwi dth efficiency for power
ireg given eneeyumpdlocaticnpl e, FSK is power efficient but

not as bandwi dth efficient and QPSK and GVBK are

band f

oSt i ‘geﬂ?rgi; anggi/\gltgg%g lﬂ%{}hﬂ&%&@ﬁfﬁ%"‘ﬁﬁ[ﬁdﬁﬁ&b e’nc? 3¢S power
efficemupn Fyr spanpley FSKIik powtt effieient but not as bandwidth efficient and

QPSK and GMSK are bandwidth efficient but not as power efficient. Since most

wireless systems are bandwidth limited due to frequency spectrum allocations,
modulation techniques that concentrate their performance on bandwidth efficiency are
generally preferable. In fact, most wireless communication standards available today
use more bandwidth-efficient modulation techniques such as QPSK and its variations,
in use by the PHS and PDC Japanese standards, and IS-54 and IS-95 American
standards, and GMSK, in use by the GSM global standard.
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nodul ati on techni ques that concentrate their

performance on bandwi dth efficiency are generally
wonefemsaioke. I n fact, nost w rel ess communi cat POWUS2005/040496

standards avail abl e today use nore bandw dt h-effici ent

nodul ati on techni ques such as QPSK and its variations,

in use by the PHS and PDC Japanese standards, and

IS5 - ean, st ' .
by ¢ Ea° CERRTER bR e R oy, AR i B ques
cucdntlg\addpied Uyhthe dvigilesal stammldtdsadre, oovtewel) indyu &8 the order of 1-10
currently ado d.by the wre|l ess standards are, . .
b szh %%ndﬁ%tﬁ ef‘%éefkﬁ“?fé’rre Bot bla by Bpsiyripe ragidly rising demand
fo*i’afgéjc% dhd it FHERR! RFeREE s@Vcee R cjfr@ cHfbIS bY stRfhg a large
rapidly rising demand for faster and nore efficient

nwnberlof sisers smwiltaseouslyat are capabl e of serving a | arge
nunber of users sinultaneously. To address these

concgrn t new sets of nodul ati.on .techni ques haye

been | AGOICET e PSS, RipeR SeE of M IRTO FRiiaues Tdve been
d&REIPRAAUES; sprball (spdctimh I @wdandonOtbdh@lih@n &ﬁﬁmb Ok@fowband

Spread spectrum nodul ation is a technique in ich the

megdelation derhaiqyeal Spaerdwinechumsmedelation éaptteghnigusein whish the
t o . . . S
BN ML RSG50 AT DG o SO et s

bardsie@hn i width ekgansipagagehievad bynosivg 4 Qirictien (e & Médpendent
The function_is a pseudo-noi se g PN'). sequence or PN
ofthgemessazc AN knewipic dheyreseiyEen dae dinction dp edprssudasheism{ PN
r 0
sRHbncE0 PR SR SRS o Bt St Wl o WaAobu] 2 ve
rdpyodurc b £ determbinistiomanhertttyghe emeiver dDemgddbtion atithareceiver is

synchr.onousl ygenerated replica of the w.de-band P
ahmpnghedBY, GG Siriaion, phabt et HEtal iy dapireously-

gér_féﬁitel:d‘i%bﬁci bf RBRdCHARAIPN cabferactive for use in

wirel ess systens. First and forenost, spread spectrum
nmodul ati on enabl es many users to sinultaneously use

t he Spived Faaefratmodilatirs has iaanyf festivey Yhat imakd dv pagicularly
ol J0Fo R8s Faals et BN g5155, B8 ek iy mapiation

ehidER MASCURYs thambiameoSplgQist Uhe shfe Bardeadiht witheuteshificantly

.sSpectrum systens _are_very resistant to interference,
infgrfesing, Wity one angtheta ¢ {Thg disg of Egpdespdlopisdhe geceives to separate

e%ﬂt“iﬁ%xlrj %ﬁ@%ﬁ%ﬂe&ﬁx@u@?ﬂ?ﬁ%t& Bodup TRHE Sk WRUn 1A d £ekfld spread
spectrum systems are very resistant to interference, which tends to affect only a small
portion of the spectrum and can be easily removed through filtering without much
loss of information. Additionally, spread spectrum systems perform well in the

presence of multipath fading and Doppler spread.

The main disadvantage of spread spectrum systems is that they are very
bandwidth inefficient for a single user or a single wireless cell, since the bandwidth
utilized is much more than that necessary for transmission. In fact, bandwidth
efficiency for a single user is so low that most spread spectrum systems report

bandwidth efficiency for the whole channel, to emphasize their ability to
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| oss of information. Additionally, spread spectrum

systens performwell in the presence of nultipath
woadicrvgsmnd Doppl er spread. The nmai n di sadvant aQe/Us£005/040496

spread spectrum systens is that they are very

bandwi dth inefficient for a single user or a single

wireless cell, since the bandwi dth utilized is nuch

rv: i i . ct o,

RGOy Pt RGRapeR il B AR baddNid Ry gtaiion
spiead sppctead spraisr ae slgstransh Hepe IcomplsxdWat bystems employing

efficiency for the whole chanpel, to enphasize their )
trgditional, mgdylation dreluuiauss, SBRIFRY nHseas®er OveRaly sysem design,
d@%l%%h%ﬁf,%n&ﬁﬂﬁ%an@@%ﬂ dth. In addition, spread

specttrum systens are al so nmuch nore conpl ex than

systens enpl oying traditional nodul ati on techni ques,

t her prrawiene asedwdatmnetealniquess swein aetiogn desteibbd ymEhS, Patent

NS DAL RaIeE ey AR ORE R SRR B 1, prgyide an
eﬁ%&%g di}@egent%];&oaa@.t GhdteddOof ﬁ)rjgefﬁﬁlgo%&sigfeh@ oVerSa widd 8RAdwidth

. 6,445, 73 provide an entirely different approach.

rangstte Aptivtizesthe anmbayek wrerssshyring thewhannel hpntbwisthrsimidateously,

r i3 unbe [S ring.the .
o5 OO b Ry AR B Bt oo
aagttbat d onbiicapogbidle @t drdemio haxisipeclRRr thdBarldnedtt &ftdiency

spectruminto a as narrow of a band as possible in

forr areindivadyal usdriand the prerH shapmstingliraton 91 & Jasgroyumplr ofysers.
. | .

i At S0 B0 DS Bk aOERED B ocruring

befodell ia theomiddds hhiheg wad, adexdfter a bagetibd pei used phgeerate a modulated

S{ﬁ%\éggsal s occurring before, i ' e, at the end,

n the mddl
RUPS 45 Of S GEEYaTcERiEed B 3 afer 50w nypluGenitted at 2

cirR HeqlladyNAIRRE: Of th'bts%rﬁf‘ 8RRy MR tFALELH thd ndrrow peak,
very narrow peak centered at a Carrier frequency. As

tnapsiniseibnt dieths ingrshulatech sigyyl ingy dberrceomplished byntrédsmission of the

oBROR e e RORERT, Sorble T A8 A o n

itdieidalyusst.gni fi cantly inproving the bandw dth
efficiency for an individual user. Wile achieving

bandwi dt h effi.ciencies of 30-60 bps/Hz, these
nar r o¥BURachisring Rendwidik cHitiensiss ofr0-6(bbpy/Bizy these narrowband

SRR ecRGGRAS et BRY vESIpialeal BEcHRE Bly Fequire the use of a

specialized analog crystal filter with a resonant frequency tuned by a shunt capacitor.

Such a filter is very difficult to implement in practice due to tuning imperfections of
the shunt capacitor, irregularities of the crystal material employed, and other
challenges associated with designing high-precision analog crystal filters.
Furthermore, these narrowband modulation techniques are very susceptible to
intersymbol interference, may not perform well under high bit error rates, and require
higher transmission power than traditional modulation techniques such as FSK and
BPSK.
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speci ali zed analog crystal filter with a resonant
frequency tuned by a shunt capacitor. Such a filter is

woenos/odsdti cult to inplenment in practice due tBCTWS20§/040496

i nperfections of the shunt capacitor, irregularities
of the crystal material enployed, and other challenges
associ ated wi th desi gni ng hi gh-precision anal og

cr Betalsef duh*eﬁﬂ%avzﬁwbleh A Fion t t@&ﬁﬁ’ %Mﬁ& Oheen able to

nodul ati on techni ques are very susc pti
achigve high %Wldﬂhm p@mrmféclemys Wbﬂe perfouming weelll underl earious

r e d re er tran ssi_on
chanﬂge\goﬁ&tl% n@ o\%tal{?lep %lel Gt feélgﬂﬁl l&{ggsp ofusers
s1m1ﬂ-'t8ffedii§l:j/ msrﬁoseﬁa usen ety @éwd}aedavmdhaé&ﬁcéﬁo%hﬁf b&8ble to

techni ques have not been able to achieve high
SEIVe, Hsrd%i Vit Vi faéneudion Amegaticansk vigkp |16 hp@br e miteg and|lbw
g8 hreV Ghan d wirel es
mfraser Vi ce@sisﬁgfs °F eacﬁ% kllq%%pgléit ‘%1081%83“ 31 Services should
also dienable atn exptisdiye hlay @umbtr ybétus@e@énfekﬂ by teae eNedtiopUsithe
1 ser\[ﬁ_ces shoul d be able to serve users with voice,
allocgted freqnenaysPesti@yer y, and video at hi gh data rates and
| ow i nfrastructure costs to service providers and

co C .
o s AL 4 o2 580 1 429 Pl o

P
technjgug jthaft pdhvevies Ydig highobadsddthr dﬁumncy wglec tvatious i dhannel
condYt gl of the foregoing, there is a need in this art for
igital nodul ation technique that achieves very high
bandvvl dth efficiency under various channel conditions.

Thehee lisa furfhier hdedrinAkiGdrti for & Righ-fRedisibRmafkowband digital filter
hi gh- preci si.on narrovvband digital filter for use’in

for Wsonjity kT UBRLQH tHith Haraonband digigalt modatsdion aethmmique in a
th t h
com A T 50 LS R By, §tn Seimiting

inforimafion tavighmartombagh coamuaivhaddclzansisini cati on channel s
There is also a need in this art for a
tim zes.bandw dt h

cTHRES i st S 5 B0l By 4 poruPuEEaiovpBes Pat gptimizes

bandWalth etiBRer whén pESVigin o163 B ANGs Yo U iR ke
channel conditions. RY OF THES N I\ﬂ'%()ﬁlﬂlb&ugf users
simultaneously under various channel conditions.

SUMMARY OF THE INVENTION

In view of the foregoing, a general object of the present invention is to provide
a digital modulation technique that achieves very high bandwidth efficiency under

various channel conditions.

In one aspect, the present invention provides a high-precision narrowband
digital filter for use in conjunction with a narrowband digital modulation technique in
a communications system that achieves high bandwidth efficiency when transmitting

information through narrowband communication channels.
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In view of the foregoing, a general object of the

present invention is to provide a digital nodul ation
woeatsrisspoe t hat achi eves very hi gh bandw dt h ePETaiSe6p40496

under various channel conditions. In one aspect, the

present invention provides a high-precision narrowband

digital filter for use in conjunction with a

narr digil.a ] : e, | C e
comminARftrcbl B b FBELC, Bupnicqigns system
thaf foptimées ybanddedth raiisation iwhgni prbeidimg marldshirsengdes to a large
nay r owband co ni cati on channel|s. | n anpt her aspect,
g bergH S8R piny %ﬁwsghwg:#bwm cga%hﬁmtwﬁ ons system
that optim zes bandw dth utilization when providing

Wi relrgSe s VORES affecR bRNKBE JINEREInRintibg 4 accom_Flished by
si mul taneousl y under various channel conditions. These

pantlicg temnaspeations ofysteme gmde sethods nthehafeo shatpeterized by their

bR TRGEIG o Bt SiSedthy SEheskps piRucaRn . The
cthinuficBng, syskdh SRt shafids Sofa b ?ma&cﬁﬁeﬂfd@ employ a novel

capaci ty. The communi cations system and net hods of the
ngrexkang digitad madyinationpgediyiicae np genjuneiianciita A digh-precigion digital
|_aut.i hni iL.10:coni: ' i
L0 SO G AL bl spct
br oadband-1i ke services within a narrow frequency
specThemovel hartoobehd dagitabmbduldtich gichailqueroflthegirent invention,

techni que of the present inyention, herejinafter .
h«?r@méft?rgfe?wdée a@g‘iplrra Sgpeed Modgsam cLRAE) (echajquy, comprises a
rehﬁﬁbtﬂ-!zglléemogﬁm%hst%‘?hxﬁ?ﬁee{ﬂﬁ rﬁs&@'agﬁ%)@ prRgu kﬁéﬂg@é‘ to represent

techni que that uses abrupt phase chandges to represen
incoundny hipaty wpmpokyimbe|modutated rsighal, alarein siefpmad, tohes @i HTUSM-

f dto, "USMrodul ated si .
gAY T S, PR DOBIRAG A AR Bhise shibeRP Gop ik pulse,
i.b.; @ thel Middle ofiadsik ?eﬁéd,aafté't tan Affeb@dnuBbdrest @R1dsnéelB carrier

nunber of cycles of the carrier signal. In an
sigralmn an gxenplan srabrdimentps iaesy syrked) ¢.g.e Q. or “10is ggpresented

O R I ¢ t i n_i e y
with o b B GBEPLF L, 20! QRERChr TLBRRE Bhef 5 G
cde 25 usdert devbngihase gidukaohbasR cgolds wleaised el phvk@shift, with
cycles are used at .a phase shift, wth_ the abrupt
theihewt shasershyfe eeﬁqm%nm%aulﬁw Inpong embedimenty By modulated

STER IR LRI B PR SR SRR L RERRY spcfpom vt

two wide spectrum sidebands and no carrier.

The USM technique represents all the information in the message signal with
the abrupt phase shifts occurring in the USM-modulated signal. That is, all the
information conveyed in the message signal may be recovered by knowing where the
phase shifts occur or by preserving the positions of the phase shifts during
transmission. As a result, transmission may be accomplished by transmitting only a
narrow band of frequencies required for identifying the phase shifts, i.e., by
transmitting only a portion of one or both sidebands in the USM-modulated signal

within a narrow band of frequencies.
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two wi de spectrum sidebands and no carrier. The USM
techni que represents all the information in the
woresage0si gnal with the abrupt phase shifts oeCcuUuS2ING/040496
in the USM nodul ated signal. That is, all the

i nformati on conveyed in the nessage signal may be

recovered by knowi ng where the phase shifts occur or

by p : . DOSiL ] _ Jhase. shi .

7 ananr Juial i ARdRd BARIAL 4 IR0 Y attefhie WphiBkatea
digitabfiftén thhed dbje tormusanvd the pgsitinhy ofithe phasevehbnith ©fery narrow
fr encies .requi.red fqr |j tifying the phase shifts,
N A AL R R TS e
dsdigehandsrdify e M IREULRE SdbShigRAs ot thd gFes@nﬂ"i?l%lﬁ%n and

band of frequencies. The present invention SO
dpscobediberembielayhp@dutesve filtdred signal witip hitiptd wepade diayiatairately
filter that.is able to eseyv e positjons.of the
idshhibe whetbuiad oo e B al Esh PRl st Pt

Filtering the USM nodul ated signal with the digital

fil1tef aqrefedregEnioanhdi e (dizitdd €il1RF kG 1 &Si@RE by selecting a

e

enbodi nents of the present invention and descri béd
cerdere figpuensy prbdubdarsdvadty bessdeon syruansl fiapteh bafur¢atien patterns

Ly 1 dentifi he abru
of RRE R 108 rRREY" bl SNl 3] Bhe Usm
tqeheihes oLthegroedt R aitionpredutegh USMmdduited@Eyndihaving a unique
desi gned by sel ecting a center frel_%;Jgncy and a,

HeRChH sResruBhthahmay Be fmodeled| wigh fragtelhifuseation radiers or a
s&%@%a%ﬂaﬂ%&ﬂi&é&e frequency spectrum of a USM nodul at ed
signal . e USM techni que of the present invention
produces a USM nodul ated si gnal having a uni que DSSC
f r eqlieagyefsped tembodinhent, thefrabial hifurshtieh pattens amotelicted so as

bj furcatio tterns or a s f fractal ,primtijves.
oply & nafaveprlfioL Hsdlmtion b8 be Youshflee s 4R Bty firrowband
tiRAdhIGSIOS oI BrfSrehfioh eflap GeagccpYisiedNdhéd WnllaA0n&tow band of
frequenci es need be transmtted. As a result,
fieavensice ofi the wasssas signdmayfbs msmitied 8 anyrdgsitsd data rate. In one
RHT LRBSpRAL G Atoesd JRHRAANL o Kiprht SYFRARER of tre
peesitimendeh are stileto thansmites Mespaipl avery asfbod iSOEIz clidi@el.
W rel ess communi cati ons systens and net hods of the

resent inventiqn able . to transmt Mops ip .a
\F,) ery F@smﬁ% o%_& ﬁ:ﬁ\g_ ulated sggna may be ac%ompﬂshed by two

unique transmitter approaches: (1) a fractal-based transmitter filtering approach; and

(2) a fractal-based look-up table transmitter approach. In the fractal-based transmitter
filtering approach, the high-Q, low-tolerance digital filter is designed based on the
selection of a fractal bifurcation index and a given data rate desired for transmission.
The digital filter is used to filter the USM-modulated signal prior to transmission

through a communications channel.

In the fractal-based table look-up approach, the USM-modulated signal is
transmitted through use of a simple look-up table storing samples extracted from the
fractal modeling of the frequency spectrum of the filtered USM-modulated signal and

used to represent a binary symbol, e.g., a “0” or a “1.” Transmission of a binary
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Transm ssi on of a USM nodul ated signal may be
acconpl i shed by two unique transmtter approaches: (1)

wa 2006880k - based transmitter filtering approacRCTAIS2005/040496
(2) a fractal -based | ook-up table transmtter
approach, hi the fractal -based transmtter filtering
approach, the high-Q lowtolerance digital filter is

' h I ' . . .
SR PDS e AAHRRL G b e BybBOE Rk, i spgpponcing
sdnigsles slofesli i he [bbR-ugitghlé.al filter is used to filter the

USM nodul ated signal prior to transm ssion through a

conmuni cati gns channel. I n the fractal -based_ table ]

| 0ok ASEOEHELAWR, Ui TeRsRTcHBRRROathes may s dised & conjunction with
ol DR o (R of LY Rl Spadieetp 0N Y tre Glsfinod ignal
(h)he fractelbeased repaedrr Gitewdg tappraach;t ende d2)USMfrapthirbaded dspectral

el 8 e R e B B o G, o
rREGRMMIeS RRERYd SEdRAiNg 9D CRE 1 fRgdtd] fb@ﬁli?éﬁfﬂi’%ﬁ' inb & %lna ttRe desired

correspondi ng sanples stored in the | ook-up table.
trawssmisgom dhip ratewpused ito exirace thei tvassmiiedrsignah eTheralpclh s recovered

used in conjunctign wth either one .of .the t uni que
o S RRL T B8 eetiPe "ot whRf 8 il uiiRpifed' Vi the
trens@fiabd sighhl.a A ldegbataasedudiagel ¥@reldtbt, tL£phaM@ detector, and a
approach; and (2) a fractal -based spectral estinmator

decisien Plack dpthen a6ad to reporiethe trapvaittedsigadl. r ecei ver

filtering approach, a receiver filter designed

accokdi t ' j: ' .
dosi PEYRPhclaliRed GACLE ol MrRLGAR BB A et gugmator
istusadh sontecoed the gpeatrum Di¢hectransinitites] signabvArspecteat delastedis used to

hase | ock the receiver clock, which ,is then
sdlokt o theo AR Byl feqiencies dnefbet FEOVEErd iRpCtrg. A demodulator

iREIReL 8bREIatdICh F&Hﬁs@gi_e?ecﬁﬁ,r 5 2HisioR bRIRSE t1SHREH ¥ recover
and a deci sion block h

_ _ Is then used to recover the
therteamsmiittadesiigsil.gnal . I n the fractal -based spectra
esti mator receiver approach, a spectral estimator is
used r ver ect r um, of ransmitte o
o7 ondP® PREERLE LIRS ARSEPLIAR Bupldlf b BRARykocEfieg polaizaion
approfdnduifabld fof eguRinct@Bmunichiivhsl ThoyRellitt SReRtiidMMons system
enodul at or . i ncl udi ng a correl ator, a, phase detector,

makes wsegridiogizontay peletized enbrertisdly nRodatizsd stgnnanie transmit and
dét%&rﬁgM—{n%quﬁ{eqr@énals. The satellite transmitter includes a signal generator

for adapting a USM-modulated signal for transmission through the polarized

antennas. The satellite receiver detects the transmitted signal by means of a spectral
estimator or a fractal-based receiver filter, a reference phase lock loop, a spectral

selector, and other receiver circuitry.

Advantageously, the communications systems and methods of the present
invention enable data rates exceeding 5 Mbps to be delivered through frequency
channels as narrow as 50 KHz under a variety of channel conditions. The
communications system and methods of the present invention may operate as a

standalone network or be integrated into existing wireless systems at very low

-10-
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The present invention also provides a unique
transmtter/recei ver polarization approach suitable

woanocaatmb | i t e comruni cati ons. The satellite PCT/US2005/040496

conmuni cati ons system nmakes use of horizontally

pol ari zed and vertically polarized antennas to

transmt and detect USM nodul ated signals. The

it e ) . . )

over g Kbt 15 R Bk P RAER, BBl nBRIR i Rhe pkent
inverttioncmgbletvhieel psl sarvicegtoaidessnto gsoviddieroadiiald] wir€legsaeBiis o

detects the transmtted signal by .neans of a spectral
a Targg (ke O PSS rymetaneo i Y pesseting e fully-ullizg frequency
specthth 88 AEE HRNBSRcd REK yéme,chm&%q%@ nﬁ?FvaeB iafdgd

ot her recCeiver circuitry. Advantageously, the

comruni cations systens and net hods of the present
BRIEF PESOippIONORDIEDARVENGAL es exceeding 5 Mops to be

delivered through frequency channels as narrow as 50

KHEhe faegoing sk qthsrypbigctsceffhn aresens Hyientiom will pepparent upon

. i i t . . S t he . .
conSl|ﬁnven§ iogﬁ&hao@ﬁgvge a?égblgégld%&?{-@t‘g%élt%% E‘ef %ﬁé&%}p Weth the
accorhpdrgg tdeawings,0 irexilsith ngkenirefeledSs chyatierss réfer 6T Mke parts

| owgver head .costs. I n addition, the conmunications
thronghaitedidi0 Ve hods of the present invention enabl e

Wi rel ess service providers to provide broadband

WIHTe], ©5SisS 8 VdxeRdldrd RhbRLEE BMIRRT 0Py UBRYchtional wireless

si nul taneously by accessing a fully-utilized frequency
comngigueationssystet: may be di vided into various channels of

very narrow bandw dt hs. BRI EF DESCRI PTI ON OF THE

h 0i: n her. ohj ects pf

oG o %, 28, s S a0t € Rl el v Ll impntpred
signabicdobding @ thepringiptis taai kedodiasnts dfthefresdnkf@ntich;

conjunction with the acconpanying draw ngs, in which

like reference characters refer to |ike parts, .

t HrlBli g At exempanliggreret &-mogglaf&ﬁ sigeahidbity frequency

; r -

P A R Dl Rl AR O, i Brventions am

of a nessage signal and a USM nodul at ed si gnal

addbr di isgant exarhplanyr dingliapl ehoveingl adiBdinedwniatedodignahend the
s RSN v, Vo Ryt iR

principles and embodiments of the present invention;

FIG. 5 is an exemplary diagram of a magnified frequency spectrum of a USM-
modulated signal according to the principles and embodiments of the present

invention;

FIGS. 6A-B are exemplary diagrams of two sets of fractal primitives for
modeling the frequency spectrum of a USM-modulated signal according to the

principles and embodiments of the present invention;

FIG. 7 is an exemplary fractal bifurcation tree generated according to the

principles and embodiments of the present invention;

-11-
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spectrum according to the principles and enbodi nents

of the present invention; FIG 4 is an exenplary
wdizeqgroasnogshowi ng a USM nodul at ed si gnal and t heCT/UuS2005/040496

filtered USM nodul ated signal filtered with a filter

desi gned according to the principles and enbodi nents

of the present invention; FIG 5 is an exenplary

di a LiJ :

UseRiear 28 TRl S ATy BRRGHE 1B Blaid by adding o se
ofefrbatdl prEntitvesfadcbrliny esahd principles i and; ethbédmenitd-d thieepresent
. exenpl ary diagrans of two sets of fractal primtives
IYGHIO®pdel i ng the frequency spectrum of a USM nodul at ed

signal according to the principles and enbodi nents of

the presen al @X&Hﬁlb@néch@n@tic didgPar@ RhEWBEPhB s¥lefiACbAL filter
bi furcati on tree ‘generated accordi n%it o the principles

baadwidthiaod cendentfsequeneyhaccprdangdnta fraviad ifuraticd Gee;8 i s an
exenpl ary nodel ed frequency spectrum generated by
addi set of fr [ M car di t 3
pri n]?g‘?jla1 S5 dna*E 53@? %}ea HB S fgffﬁ{eﬁ ggrbcrﬁi@gehn%h?%%\? ea(r%tc <:f>rgﬁng to the
principleParidSeraliodekernt ba the (FedRanab et wedua @ FdeemMifgrchlien index
selection of a filter bandw dth and center frequency
fop a gbvepidegireddata fal%ict al bifurcation tree; FIG 10 is an
exenpl ary graph of a filter bandw dth sel ected

acc g N LACI ogy f ot
o oo o BEerRanC KRR SpRing HeNpERY. B1 & cohtunications
sybtem desfiined ncabeding ¢d thetgivincipddsend EhBodiieritsofahe presenslimvreption
raph. shqui. t.he.capacity of a communications system
v %@i%@@qg&@gﬁaﬂpﬂﬁl@g’ the principles and enbodi ments
of the present invention versus a fractal bifurcation
| ndepyG. b Gs ad éxdnSplay FREEdmBlvRigthe Pﬁ%&u@f&?%s@@nkﬂﬂ a high-Q, low
frequency response of a high-Q [ow tolerance,
toleransar -lpisasphage giligipl ffilfer eq?esumd gireg@rding oedithiy prisciples and
rinpcipl ' ts of the present invention;
er@f@%@“?’?@%%%@ﬁ%ﬁé@%chemati c diagramof a
communi cations transmtter
FIG. 13 is an exemplary schematic diagram of a communications transmitter

system using the fractal-based transmitter filtering approach to transmit message
signals through a communications channel according to the principles and

embodiments of the present invention;

FIG. 14 is an exemplary schematic diagram of a communications transmitter
system using the fractal-based look-up table transmitter approach to transmit message
signals through a communications channel according to the principles and

embodiments of the present invention;

FIG. 15 is an exemplary schematic diagram of a communications receiver
system using the fractal-based receiver filtering approach to recover message signals
transmitted through a communications channel according to the principles and

embodiments of the present invention;

-12-



systemusing the fractal -based transmtter filtering

approach to transmt nessage signals through a
woansasomat i ons channel according to the princppras2@ad40496

enbodi nents of the present invention; FIG 14 is an

exenpl ary schematic di agram of a communi cati ons

transmtter systemusing the fractal -based | ook-up

t abl r it r h t.o transmt nessage signal

throttt Dot ey BRE Sutwtife e Eilsbeal Tegpepae ppe AER-G, tow
tqléraned, pligsar-phaksee Mdeichl nRBéiSero filleh esupefMPoied AN O Frequency

FIG 15 is an exenplary schematic diagramof a
respamsnticahignQ, lew delprnce Jinearphesk higitah drapsmisten filton degigned

ad REBLY il Bl A0 ARRIBR Gt Cof REBYSL ARRARGE S1 ONal o

trans ough a conmuni cat1 0 channe ccordi ng
to the principles and enbodi nents of the present
5 i nveflGotf] Bl«B. exbplay achematindliayrym pif atdeatvdwiaig foese with the

frequen response of hi gh- | ow t ol erance,
c?lpﬁglg}c_aﬁﬁgsrgc%yarisygtpn}szleg{pgré]?%.i]|5(; er superinposed with
the frequency response of a high-Q |ow tolerance,

l'i negGphase i eidniflardy’ 106 SAdvhias 4 'lréfEl_%ﬁcéj%%hQnﬁ)dRe used in a
according to the principles and enbodi nents of the

matehed filter gpcerdingte thepanciples prd embediseptsad jhegubsenhinivention;
di agram of a denodul ator for use with the

co hcad i Lver., SVst: in.FIG 15. FIG
a1 SR o Sl B P AR B CoeeP grAe Costas
10 déudsius tubpi for aseniBtacdvgtintuitdtions ewediet kyigenh @cdofding to the principles
m%{i nci pl es and enbodi pents of the present invention;
emnbadymepts of G RIPSEY VP, of si gnal s generated by a
second order Costas decision |oop for use in a

COMECaY iORR &HRERIMG rscﬁéﬁ%étﬁ”&i%%ﬁgf dF R9cdnBnbfiEations receiver

principles and enbodi frents of th esent invention
syste® wing sharfrastalrbabed spentiak restimatoti sgeiaer @appmach to recover

communi.cati ons receiyer systemusing the fractal -based
oY ol PR B, et CGbHBl Aot ShasoRl foording %o the
15 pHRSPREBnS biEPGlifhehfsdTIE préedt REMUE) a communi cations
channel according to the principles and enbodi nents of

the present invention; FIG 2 1 is an exenplary )
emboHIGrehk isotn gxeplplyheabadimerl efys femmyairpienseystem designed

according to the principles of the present invention;

FIG. 22 is another exemplary embodiment of a communications system

designed according to the principles of the present invention;

20 FIG. 23 is another exemplary embodiment of a communications system

designed according to the principles of the present invention;

FIG. 24 is yet another exemplary embodiment of a communications system

designed according to the principles of the present invention;

FIG. 25 is an exemplary embodiment of a satellite communications system

25  designed according to the principles of the present invention; and

-13-
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according to the principles of the present invention;
FIG 22 is another exenplary enbodi nent of a
woansasmat i ons system desi gned accordi ng to t RET/US2005/040496
principles of the present invention; FIG 23 is
anot her exenpl ary enbodi ment of a conmuni cati ons
system desi gned according to the principles of the

pres i nvention., Fl G i s _yet. anpt her e lary . .
Erbodiiet Horet BT rEb e eRArPLE S E ] Borbmbnications
SPRER Hééigﬁbdt&cbﬂﬂl@ﬂohﬂ&ﬂnﬁﬁ%e@éfﬂﬁ PraRéSeRntibMvent i on;

FIG 25 is an exenplary enbodi nent of a satellite

comuni cati ons system desi gned according to the

DETANLEDMESCRIFTION OF EMBOPIVMENTR/@GNTHRINVENTION G 26 is yet
anot her exenpl ary enbodi nent of a satellite .
conm L TonlS syt BLER i Prages: dORUMIEAe systems and

mfihdAs | 1B} ﬁﬁné?ﬁitﬁrg/iéﬁéﬁﬁﬁﬂﬁ tmoggmhaﬁswb%wnhﬁaﬁcaﬁon channels.
DESCRI PTI ON OF ODI MENTS THE | NVENTI ON General |y,

Infhengioas entsedrheesin, may be tvihd derne ofmeiné, clatal awdis,yistageny, video,
and thods for transmitting information through

P 7Y 81055 HP U TIL AUPSHE: HEpth BYS T ion SHeRal - Hofpgred to as a

QG NGERILN, THRYN&SadeNsigite reprelRm iPhffKiondBY dneadld b Obinary
i magery, video, or any other type of content conveyed

symbels, Wit eachesybel Bavingene ¢fimerebéerred to as a

nessage signal. The nessage signhal represents

i nfo i an..: [ r éﬁg%l - W .

synbo %%I Snlg%{ %ﬁ%@%@dﬁ rtg t@?tﬁs{‘e ssaegté()ﬁév:ageﬂg%gﬁﬁted prior o
trasanissiom ghroogh heommaséntionnctenhelonA ahenmt) dis lua¢dEherpimi, aray be

to transm ssion, throu commuyni,cati ons channel . A
ARy SAMEIINICAEOBS eaarwéﬁégﬂzﬁﬁﬁf Béred Fhoeiintfe CaboRs 2 wircless
N gén@féh,qgél)&lﬂ?tﬁon%fe%olcth@ BRRkss B Which $§BHRatidy co?;]iveyed

W rel ess” channel . general , nodul ation refers to the
ipthecmsssagyy sighilcls dnaddedrmta carricinsigraldd gdenerbiieca modalatgd signal.

ignal js encoded in a cargyier signal t ner.at e .
TlHa Gt earoging tovelyes malitying gng & micyaicRirTuics 88 the carier
TR orbiach OIREhS bindPY Smiblod iAGhEiebdak6 Sighhl. tAearfar & @il may be

Ssignal according to the binary synbols in the nessage

agy gnalpg signelaefr 3 giveniftpauenciyaiprisxample, asiiusejdali wens atJOOKHz.
Vi regu : S -

AR SHRL RS yoof BB o Rt AR U ko il

aCevrdingto Sieghekaddwignahas been nodified

The modulated signal has a frequency spectrum representation comprising its
frequency components. Modulated signals according to the ultra spectrum
modulation (“USM”) technique of the present invention have frequency spectrums

. comprising no carrier and two bands or “sidebands” of frequencies, one above (the

“upper sideband” or “USB”) and one below (the “lower sideband” or “LSB”) the
carrier frequency. Transmission of one of the sidebands is referred to as single-
sideband suppressed-carrier (“SSSC”) transmission and transmission of both

sidebands is referred to as double-sideband suppressed carrier (“DSSC”) transmission.
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according to the nessage signal. The nodul ated signa

has a frequency spectrumrepresentation conprising its
wobnrewssoy conmponents. Mdul at ed signal s accor #CTSL@®S5/040496

the ultra spectrum nodul ation ("USM') technique of the

present invention have frequency spectruns conpri sing

no carrier and two bands or sidebands of

fre nci es, abo ; si deband” B"
ona reeninof Sreamoduts SenatiBEgh Pt agey o ghainel may
ﬁz%ta‘bé' REohpREHEANEY - ﬁl’EEhﬁ?SﬂHbeﬁb@&la@H f5R1ab &ffict the necessary
I debands is referred to as singlesideband

ﬁwpmleﬂsse%bcoaiinglﬁr th@ 8eddatedt sigmd mags borfiltaiel by an analog or

B T pr—

dl%lvtﬁ riﬁtréf §§ﬂ&ﬁnﬁécﬁﬂéi&h§élbﬂn Hfiltth) @s tRdHepdieds ehg féice, process,
roug a conmmuni cati ons channe may first be

aaémm fenkiaritig the spesHPAgOR higwd doip gtver band phfregeencies. The
r t he
bar%é (96 ?r%{lueél'éws e g%%rc'a"i‘i"y)fgfe{‘r? [Fer eg% (ﬁgxgﬁlac%'aﬁgh er.
digital fil ter In one enbodi nent, the nodul at ed
Si griEtle bandiwidtheofettle blyarmel 'rafelarte pllmabmddd»fgﬁb@ienéﬂek tBocates for

descrj bed_ her ei nbel ow. lter use erei.n, is
trangIPISFIon; Seons, Ph AN mqsiel 35‘? Sigpali o Pﬁ“ﬁrev iPrighappgl having a

| tst fyr
GRSRAL 10D VLR SR AR AR b A0 SR s

withie abﬁwcnmndy Bp@trumhef 00 Métz. Ifhter lexnample dedeh ahodulaed signal is

ha refers . he f freque cie .aI cat ed
SR APmcis € LPBivitt B d Oob Hin il g, 1€ o, Sregy the
tr%AgR|od ofal (OTNaRK stpavisN Tt adEivio tiita @hat AR bihansferred in a

supports t he transm ssion of one or nore nodul at ed

l@ngqialnasn% ghgiven Hapdyiddhdy rgi@e@tl rt@ngsothe] dhgangels (;hata rate and
SRl AR RS 08 ol bbb B Bl o

gisep paidwittie doisnkntls ahd otlod ch@mﬁb])&ssmqmm deakferredhte as the
anount of data that cag be transferred in a channel

h‘?ﬂ%lﬁgp@“éjla%}@ﬂ“ﬁﬂﬁ’dﬁﬂ hanngnsFatley thegramy as t he

channel's data rate and expressed in bits per second.

The FELRWR tﬁé‘hﬁreﬁ@éﬁﬁﬁﬂh@ﬁ’ﬁfo‘ﬁ& By 1R e ql%deﬁlﬁg of sidebands

gi ven ‘bandw dt h, noi se | evel, and ot her channel
umﬁaqjah wifigcation petiemseut frastad printitivesh ah Hiesictat,sgsasied perging is a

BirEi il riher Ay oURAS FBiEAERCOR SERE HotiBerdh) Teyels of

mﬁgﬁﬁ@@i&ﬂs A fractal can be generated by a repeating pattern, in a typically

recursive or iterative process. The repeating pattern may be referred to as a fractal
primitive, or simply, as a fractal bifurcation pattern. A fractal bifurcation pattern is a
geometric object that may be bifurcated a number of times to generate smaller, self-
similar patterns at different scales or levels of detail. The number of bifurcations is

given by a fractal bifurcation index.

The present invention further provides for the design of a digital filter,
transmitter and receiver based on fractal modeling of sidebands. A digital filter may

be designed based on a fractal bifurcation index and a desired data rate as described
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using fractal bifurcation patterns or fractal

primtives. A fractal, as used herein, is a geonetric
wohpesms3ot h a sel f-simlar structure that occBCS/USR005/040496

different |levels of magnification. A fractal can be

generated by a repeating pattern, in a typically

recursive or iterative process. The repeating pattern

A o B R A B LRt o

USMEsibgalhicdnsip@d] tresy alsd Be g@@smitiel hyobjigta fasdal-bR¥d Reok-up
bi furcated a nunber of tines to generate smaller,
takle) withAntrigs graetatedpecarding 1o bedpactal aagdeling of the,gflebapgds of a
[ e er . fu 1.aNS | ' b :
Uglrglté%to g?la% £ E@g? [ or¥Si {ffr?gééli B%Atg}%es?}e@to gilﬂn%lgsnt(lyfoﬁecewers for
deéimodibging the wadsasitted mddutated siggal afd @cehegingahe foriginal message

transm tter and, receiver based on fractal nodeling of
sigalj &tsealeR ées&ngﬁcb_fi%rambﬂq“t- of w@ﬁﬁéer&@squﬁwts@@a aghevy and
. - . I e - .
GEERSL Sl RALLRR) BN Rty inil oo
cipiinyt ateedewsilopedt sueh WEhditlatodm taginaiquesh dilidgSMesigd udpptoadhes, and

si gnal al so be.transm.tt.ed by usi . .
treheIRifer O KSCER o BRRUTK Tt 09 4 C AP By s mpseiigvention.
according to the fractal nodeling of the sidebands of
I.a USbhppdpéaiaMeddagbn D fferent alternative
enbodi nents of receivers for denodul ating the
transmtted nodul ated si and recovering the

nal
or i m@' Sﬁ%@b é@@ﬂﬁﬁ%ﬂ ("g}sé\’fé)l SIPIESSS ra! Fsb@rn-to-zero modulation
a . e T .
oA LTS Bl Sl et KERMIGE 3 BRRGG KA 36 bRl rooming
binpprsegmbbis Thantrupt pirsrichareges acchr medeulses i.cj indhe middlao®a bit

devel pped .such noqul at.ion techni ques,. filter design
el S AT G O Pyt ST oA B A % A iy Tn
arfbe iy AnRTREAL £4idaYy thaber e.%gnb” loR €Ntk QBpredented with an

~U'tra Spectral Mdulation Utra Spectral Mdul ation
infegeiSMimberovipeyckese.g., meeysles, 06 azarrsr sighal, afivdrich /2 cycles are

t echni gue 1 hat es .abrupt phase ch es in.a.carrijer
usef B R PE phe ot B o AR xORORR ahP 5 ot eyt 1 rupe
plabs sift déb@‘iﬁlgﬁﬂiﬂfiﬁl@&. ORte thodi16ke® UhiSiOr sipndl-is rdfBrréd¥® herein as

mddle of a bit period, after an integer nunber of

the yUSMEmerlulated signali’er signal, or at a bit boundary. In

an exenpl ary enbodi nent, a binary synbol, e.g., "0" or
L o , , o
e. g.l,{éi%n{: C gg,en%’f Egla cetélﬁll r*@%‘%%% dﬁ%?iiﬂ fiagﬁeén‘s%%'j sighal and

a UgM-amdatated signal according to the principles and embodiments of the present
invention is described. Message signal 200 is a signal represented by the following
binary sequence: “010010.” Message signal 200 is modulated using the USM
technique of the present invention into a sinusoidal carrier having a given carrier
frequency, which in this case is four cycles per pulse-width. For example, if a pulse
representing a single bit lasts one second, then the carrier frequency would be 4 Hz,
i.e., 4 cycles in one second. Alternative, if the carrier frequency is set at, for example,
20 MHz, a carrier signal with four cycles per pulse-width or four cycles per bit would

result in a data rate of 5 Mbps.
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used at a given phase and the other n/2 cycles are

used at a phase shift, with the abrupt phase shift
woaonsrossang m d- pul se. The nodul ated carri er si gaaluSe®s/040496

referred to herein as the "USM nodul ated signal ."

Referring to FIG 2, an exenplary schematic di agram of

a nessage signal and a USM nodul at ed signal according

to the.prifci.ples d_enbodi nen of .t he. present . ;

| ovenSirUREt 8 88 fE R SR AN B5iB R i paing 2
cdrfipr €rQuémy Bylehdfietwiod lodWhedlabi Raé \oro@ee ie&dulated signal 205.
"010010." Message signal 200 is nodul ated using the

Modmiatet pignali20%is @ HEISPIdkREVS Apens drut mhesa shifts every mid-

PRELRRULRY 2B\ e Suflo B BRI i

foextepfist haff of thel pelse-epdtsent, fuy the Shmgkwo ivklek aftthe carrier
one second, .then the carrier f reqé‘%ncy woul d

be 4 Hz, .
frequency.qand, & |"datup,pbip npatiez iasHng Apr e raeqnpehalf pf fhgepulse-width,
e £21R61 BE 1dsF RABIGRE4 df?hé%iéliﬁ?c%lgﬁcfxanm e, 20 Mz, a

rier signal®”wth four cyc er pul se-w dth or
four cycles per bit wuld result in a data rate of 5
Mops AUdita itpsierndone ¢gineathinarg sligig e.gsi ‘Wiialr “20thasiatphase that is

lonusoi dal _carrier having.a rri.er fre ncy. at_ | east .
155 4ot vl Tiem T el o7 off adum Ritiea sl g Allafjogpin gdata bit
pdvRiinfer £diveh Ofiatly SR HaS adptakdtHapisdi@0° WBMeed AWy Hom the phase
abrupt phase shifts every m dpul se. Each bit i's
Of@srfg?ew patteip of thovgdhey buargidigit: Petaxempis, as itlugtatad e data bit

ttern |.ast. for thepsfirst.half of.th se- Whalt h,
pfRih S OTHLRR 4 Bhesh 08 oyt Fotupf bt pafieRdp? i 0 bit has o
phds8 ONCY., CRAkrely, dAddibRigatteabi £ btk Q%hss%rofteh-en while

second half of the pulse-width, e.g., for the last two
theydahas bifpattéra faathe (‘7 bit hesjaipinsy of & data bit pattern
for a given binary digit, e.g., "0" or "1," has a

phasg,that. is 180.degrees y. from the .phase of the .

Gt G PR SRHRFISUR (P STt eHeiasches (BiLpe goibpGRiFoe shift
odRkrife MidPuIe] NPk abkupt %hib%%lﬁft@ﬁﬁ?%é bRbveli Sas18ther layer of

degrees away fromthe phase of the data bit pattern of

phase rexensals gdenming agi tgp wof tBditionxlBRAKe modslatiph teshnigbesdin which

data, bit patter . "Qr bit _h a_phase qf ile
pife Bl eP i A b b el Lo oR oA Sat pllecl e the
datui biCpatient Rbied i edell pulbé Endadstagettrd-83-zéo Modultition Aéhnique
a phase of g - p while the datumbit pattern for the

witha BISSGh fgquengh sBectipn,gf.e., without energy in the carrier frequency, as
described hereinbelow.

It should be understood by one skilled in the art that the carrier signal, carrier .
frequency, and phase values used to modulate a signal according to the USM
technique may all be selected as desired. Further, it should be understood by one
skilled in the art that the abrupt phase shifts may be of 7 +/- ¢ degrees, where ¢ is any
phase value between 0 and 180 degrees. It should also be understood by one skilled
in the art that the phase of the data bit pattern for the “0” bit may be selected as
desired, with the corresponding data bit pattern for the “1” bit being a phase shift

away.
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The main characteristic of the USMtechnique lies in

t he abrupt phase shifts occurring m d-pul se. The
wahoospis3ghase shifts nmay be viewed as anot her PayaiS2@5/040496

phase reversals occurring on top of traditional BPSK

nodul ati on techni ques, in which phase shifts occur

only at the bit transitions, i.e., at the edge of each

DU = S B O DS AEHR L) R B i B G0 B

frefpiidhcs Bebuhr eauRityg SIHRC twitéh specttum Widebpids QNE Y carrler
in the carrier frequency, as described hereinbel ow

Refrsing ¥ imbilrsos Pptpley skhqmatie ﬁilﬁgltaﬁb of et USMrmodulated
S 250 P Bl S LM B LR e o e

pteeahnimﬁmaom daistritiee. ddbdidatedsigralB@iis espresbnted hethe frdquency

shoul under st ood by e skilled in the art that )
dematng Vug‘?q%ﬁ‘é)é egpgﬂ‘iﬂﬂfls y Beduency spectpmygels oas two main

n n d ee%
SR fic SRR, BER SRbE IR VR LR Fada SR SRBich are
raspattivbheaholwaamd bélowheardert freduencypQ ailﬁ(i) Mblz. tUm)ei‘ 8idebartd 310

o D SR Sty D RSB S prting
am Iﬂ'&ﬁﬂdt&?mg;ﬁamdaﬁd\!vﬁ'bﬂbﬁmmwe results in a DSSC

nmodul ated signal having a frequency spectrum
contai ning two wi de spectrum si debands and no carrier.

Ref eSicadhagidebands @e symmeiriex Eapiraission el isidebands is not
re 'uﬁ’g ar?\%es@a SM#{RI?Hla?t@edlﬁW% uﬁl?é%l engrf Jﬁgﬁ%ﬂgaoﬁ a SSSC

rum acc he” principles an
S}&fenh hénap r1e,s&mﬁsnn1rwe Nwithra aingled eftlebanded. Hobelet,akiace the USM

toe PG A SpB Al B DS 229%%%&?@1%%%@% R S
sﬂ{ﬁg %cg%ﬁﬂgﬁﬁ itfe %ﬂg%ﬁiéate&el 11, 3119603 Ak &ﬂwlegé’&sfn the

sl deb 15, whi are resp tlvely above and
message esigoial qubrdlfﬂ: yecd2€redtby2knoviizg Wippe thes plibsb ahifts3d@ur or by

PIESCIVARE b RRSRP SLLE BRI Crr OB ASA o 16} sk the Phase
shaB A knbwhf théloribilal ﬁbﬁﬁge E@ﬁalsézﬁle@@%&v%@ For example, as

symmetric, ‘transm ssion o si debands i s not

1lhx§qaﬁed el FIG nés Jagwing ghgummy pbeseusmtimdUSMmdalmed signal
coxji‘e% SH&StE ‘IOE1 ?hesg%ftmns of the phase shifts every mid-pulse, and the

occurrence of a phase shift at the beginning of a pulse when there is continuity in the

bit pattern conveys enough information for a receiver to be able to recover the original

message signal.

As a result, transmission may be accomplished by transmitting only a narrow
band of frequencies required for identifying the phase shifts, i.e., by transmitting only
a portion of one or both sidebands in the USM-modulated signal within a narrow band
of frequencies. The USM-modulated signal may therefore be filtered with a very
sharp narrowband filter as described hereinbelow that preserves the abrupt phase
shifts in the USM-modulated signal and attenuates the other frequency components.

Because the phase shifts are abrupt, i.e., occurring at once with an immediate change
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system that is, transmtted wwth a single sideband.

However, since the USMtechni que represents all the
wonbwrossmzon i n the nmessage signal with the abPaptus2005/040496

phase shifts occurring in the USM nodul ated signal,

all the informati on conveyed in the nessage signal nmay

be recovered by know ng where the phase shifts occur

in ﬁ?xl'ascbych@ LRRIR {0 i Eﬁas% ;réﬂe‘a{éﬁ 'gftP% %dg a@%?rgﬁhélgitgbsagfl% that

during transm ssio
mayk howvilfer¢dheutoby gi matowhend ofijter sis gibad:nhhﬂnh@@nbélﬁwvt@r #@duce a

o AT o S i e
Thet ﬁnﬁ;m%up ahfl Qio%f' hf BRI m?ﬁ@tﬁﬁ té(i“ g}x.«ﬁll i?vef%é (of the

he occurrence o ase s

retuyety- mpﬁ@MtGChnmmbse when there is contl nuity in the
bit pattern conveys enough information for a receiver

t the origipal nessage si l .
aorlgegﬁ gq}orrwgtns \s{?(r) %?pg%gyg%ﬁ‘ﬁl Sﬁ@?{g@ %W‘m"‘ﬁmd
signial amdb ik tilterd @SWnﬁdﬁlafeﬁ@%r]lbﬂﬁﬂ@er@d WitheLHIeH %ﬁgned %ccordmg

{lequ”ed for |dent|fy| ng e phase shifts, i.¢€
to the Jusiplesi 3y embodiznesty of dhe ElfeS@ﬁemU@ntmm @sq@quysm-

modub b eIt b Mg el AP BR R s

moduildted rs@hal/vléu()li a Ther naﬁ&l&bmdnﬁrtém\&bah dof gdnbiRife Ftered USM-
@fﬂ% C[ éﬂ‘@ﬁ ei nbel ow t hat preserves the abrupt phase

modgyfied & A BNEINEY G e P RPRFYARN M §1VeR apdRidgls thah avere

sele€ibd q{y ERREMRACY PRIRCOGHL YesiRACAMSE &fh%h%%%? I%’?rel Ivn%% the

are abrupt, 1.e., occurring at once wi
abruph Bh@jelshlﬁp lim e, USNEmsduldted signiaf within pbatesinarro®fdsgobdble.

t d ds t hat filtered
As §83ptifi BEEEPPRRG shiSp et BPOUrcy B8 haBaiicle céth Sraw bend
ﬁltepmgt&ese@cfeulﬂasécedn dabaRdHé1Ateest Bk g‘féaheﬁcg hedtAMPIF HAM-

and down according to the phase shift e ranpi ng up
modylpdediignnl A0t R9ing s ensures @SMVerptokatamurad fhering 1$r0aess that

SM.t ech Ref e
i, sh & inte bt oL 6700 abit RRFT S o fn Bt
moduBkédmighal 40&d signal and the filtered USM nodul at ed

si gnal filtered with a filter designed according to

nci es and enbodj ments of the present
lcl W?{L EaRt, phsse) shiflgpaespmsing: wgUSMperulatsd signal 400

deteﬁhﬂn%%feﬁ% SWaiRYs Ein "iﬁ%?&i"@@ﬂﬂmoﬂhfa?erd &iPnA%08" Rhh ramps wp

filtered USModul ate
and down according to the abrupt phase shifts. For example, abrupt phase shift 410 in

USM-modulated signal 400 results in a peak in filtered USM-modulated signal 405
while abrupt phase shift 415 in USM-modulated signal 400 results in a valley in
filtered USM-modulated signal 405.

It should be understood by one skilled in the art that the narrowband filter
must be carefully chosen in order to accurately capture the position of the phase shifts
in the USM-modulated signal. As described hereinbelow, it will be appreciated that
the narrowband filter must be a high-Q, low tolerance, linear-phase filter with a very

sharp passband, very sharp transition bands, and very sharp stopbands. In one
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si gnal 405. The narrowband filter used to generate

filtered USVhodul ated signal 405 has a given center
wobnrewwssowy and a gi ven bandwi dth that were sel ecrag2y/040496

simulation to produce the desired result of accurately

preserving the abrupt phase shifts in the

USM nodul ated signal within a band as narrow as

possi bl e desqgri.bed herei nbel nt er
o TR Pe ATUET B RIS Grvd asrsard bR @T i theke thaty 01 4B
anl% SEfPGLchHAAS %&a&ﬁtlﬁﬁ € hidlbadi OB, ngu&fa tiler &I REIgRA Yased
spectrum of USMrodul at ed si gnal 400. ? SO ensures
orafracgal ampdebing of e freguendyi speetiinn gf pl&éwdu atest sigral. an
even nore accurate positioning of the abrupt phase

hi ft | . .
1| WBo0R LRl ARLTRC N L BE o et imvenion
proPidesadis Mt a6dshen %ignépﬁ)a\@l@é @mmqae Hm&eq)lﬁemé?dsbeqtﬁmh N The

filtered USM nodul at ed si gnal 405, which ranps up and
unigrgrfeaticestidhe fegeench épeaﬁrl@plﬁ theth Qseea@mt phase shyfés ocourring mid-

TR R S S R ot
de@étﬁhsu@ﬁa&bﬁll Hlﬁlredlrougiatt@hasefrsctta]fﬁnm;hﬁes rReferring now to FIG.

USM nodul ated signal 400 results.in.a valle
5,41 EREPMATYISIP: ‘FFB%F%H dipgruy o ﬁanla%e%ecp freaueney, P%eos%lm of a USM-

mU@ﬂ%&tﬁ% 10) cgﬁﬁn k! t@dplifkiplee Mt eknbBBdinidA® of the ?resent
nar r onba ter st be carefully chosen in order
maen‘tmnaséésynbabture the position of the phase shifts in

t he USM nodul at ed signal. As described herei nbel ow, it

wi | bea reciate at .the narr n f||t f.
o ERTesBD SRR SORES o ol SIRERRE todttart Sprietlc Bbuna
thy Qe R RerReS SH Bé{mrﬁ Wofstha sfilebiiRgs fdmﬁteﬁaﬁdﬁe sélﬂ-d1m11ar
ban I n oneenbodi nent, the filter is

very sharp stop
pad@ms%b@i Bhide aad SdsShariders peif-simglar patiere cre mgretpdiwith

o, SPGB 0Py gL O con

freqaty ag ofiltétteantiwaii dordlye qumbanmfﬂtfer of thiSptesentihedrdicn.
signal. Mdulating a signal with the USM technique of

t he present invent duces a USM nodul at ed si gnal
Hhaviﬁﬁ’cg‘ oMe ?}Elgjéjé‘q?lf"é@ﬁency spectrum The uni que

feature of the frequency spectrumis that the abrupt

phasepsfiif-bigiRe ?Hftérh@ gre%rd i IfRQuéRSWpbctiuin S00@BeRASn FIG. 5

that have repea f-simlar spectral |ines that
mampybebmodeled usmg a set of fractal bifurcation patterns or fractal primitives.
Refetring now to FIGS. 6A-B, exemplary diagrams of two sets of fractal primitives
for modeling the frequency spectrum of a USM-modulated signal according to the
principles and embodiments of the present invention are described. Fractal primitive
600 in FIG. 6A is a bifurcating fractal primitive with a trapezoidal shape. Fractal
primitive 614 in FIG. 6B is a bifurcating fractal primitive with an arch-like shape.
Fractal primitives 600 and 614 may be generated by any fractal pattern generator
capable of generating fractals, such as various fractal pattern generators implemented
as software routines. For example, a Moire or Mandelbrot fractal pattern generator as
implemented in the art with Java™ or Matlab™ may be used to generate fractal

patterns.
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nodel ed using fractal bifurcation patterns or fractal
primtives. Referring nowto FIG 5, an exenplary
wecehwrmasioz di agram of a magni fied frequency specrmusmo6040496
a USMrodul at ed signal according to the principles and
enbodi nents of the present invention is described.
Frequency spectrum 500 has two mai n si debands that are

AR BT LS Yt LA
bﬁ’ﬁi‘daﬁélﬁsanﬂlarﬁ?outﬁlblﬁ%catﬁﬂld that ff’t?aP/ Jd @net ShikurshtBl | 8" generate

patterns are nodeled with fractal primtives, as
agédisiensl pbiduteatierisn ble [difigrerdneralasd rt:smhttms,s et devdlorofodetdl. The

R I T e

1&venof fhie tf&debﬂe@@tmfg aSliffefeanstale] hesoffibh, & 1BV detail. The root
patterns present in frequency spectrum 500 shown in

of fhg treg eRiyespandrdgehe qrigwphfagtakpimives ¢-g¢ tfeactal primitive 600 in
Fl%f ‘f*gf”‘ﬁ?@ﬁ@‘%@e%‘*% Ff(ﬁaéﬁ al primtives. Referring

now exenplary ‘di agrans of two sets of
fractal primtives for nodeling the frequency spectrum
of aAtStdchoshbisequedt dévghah the cibacdilniifitrcatione tipe,i Bavhpbiftrcation

and enbodi nt S.Q he r. sent invention are .
SRR GBcedCpora drockl TRIEVE doRnthe erach gome sircture as it
oﬁﬁfn‘dﬁﬁgﬂtﬂaeﬂil IrRatad, Rbégh thbtvﬁ 1¥V'a§ Iﬂ léw&r ?&ﬁz Bt H&her resolution.

ape.” Fractal primitive

Baplt qmt@abnﬁmgamramt the new |fmctail vemmtehls amtaued at lthd«mt@’rmi;ges of its

pporlie s Phr o8 Exiipile o turtpthel Boeis! PoRBTG B generaidS Hactal

phhﬁt@&e@'@)z &dodu4asithand Saise Sthakiralas BatlaEpAMIBRESGT /Bwith the
i npl enent ed as software routines, For exanple, a Mire

ogfer heperatiproof diagiel Arimaaas<f0? gehé%mteraé at ithe emtsntedges of

gt 1 SR G P s 3 BTt

pgmfitrfal;%t libaand GIGDWWHHTEM@ staicture eatﬁtaouaspnﬁ;ﬁtwm@m and with the
ati.on and an outer ion,

oplgF DifBicaPRPE deci! PETGLSr le T PONGRT 1 e Cdter Shges of

f@gta%lmrggtﬁﬂ%ppal es, resolutions, or levels of detail.
T e bi furcation process can be thought of in terns of

"fractal bifurcation tree," with each Ievel of the
t r ee Epdp bfgegation ptep i inflexednwitbcan @tegenstsfartddoty, herein as the

“hactgll biﬁfrce(tjueotnailnliex ’Thﬁlerﬁ)a?cttal bifurcation index indicates the scale, level of
detail, or depth within the fractal bifurcation tree. At each scale or level in the fractal
bifurcation tree, there are 2" fractal primitives, where N is the fractal bifurcation
index. For example, N = 0 denotes the root or start of the fractal bifurcation tree with
original fractal primitives 600 (FIG. 6A) and 614 (FIG. 6B). At N = 1, there are two
fractal primitives, 602-604 at FIG. 6A and 616-618 at FIG. 6B. At N = 2, there are
four fractal bifurcations, 606-612 at FIG. 6A and 620-626 at FIG. 6B.

Referring now to FIG. 7, an exemplary fractal bifurcation tree generated
according to the principles and embodiments of the present invention is described.

Fractal bifurcation tree 700 is shown at a depth or fractal bifurcation index of 5, i.e., at
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of the tree corresponds to the original fractal

primtive, e.g., fractal primtive 600 in FIG 6A or
wonawioaboopri mtive 614 in FIG 6B. At each subBegusmios/040496

l evel in the fractal bifurcation tree, each

bi furcation generates an additional fractal primtive

t hat has the exact sane structure as its originati ng

al t
5 iftEieRh oRAed ) IFelarot Blei obeeh Vel sk bOH BRdree root
cd%@éb&ﬁ&ctb @ne B¥ak A f)l‘lf{lﬁnﬂesgeﬁ@lﬁie@ro?ﬂﬁé’étaltﬂ}ﬁnﬁ% &h5 3@ esch level

Its previous bifurcation. For exanple, bi fur cating
oﬁ thadmeaJ tvpied thetfragtal ﬁoantg@a én &teaye\flwcheaﬂ pei A fiiactelsprE0Rives,

nd 604 th the.sa ture as a rimt.ive
e 5Bt PR PTG b I it g AR o o R i & ! racta
pritaitiel 71057180 Atane ﬁ%r@@f&i@ﬁﬁﬁa@ﬂ prigitives, ale., GRS phitives
fractal primtive 600. Simlarl y, bi furcati ng fracF
T¥-Y#-tive 614 generates fractal primtives 616 and
618, with the sane structure as fractal primtive 614

d TN '

516 Bl g et Blen tuat ek RAAR il {ACLE, oP el ¥FSs two
sitefands atdund eﬁﬂaémﬁacﬁecpleﬁw cEHor enangtlepfractali priteitied 7056 tchn be
OBty Shdt GhVPRRRED T HOYREBHO OE LT GHCPAREOf @ USM-
mb fliafedt ﬁgnahheAsfﬁ@&e@ed trea{@éncwspg&ﬁﬁr |that %oxéecﬂsruwrés%eles or

the frac bi furcation tree. At each scale or 1evel
appnoxitvetdsr the tsalebivids i @aly S¥hmpdulated tsigmab mayshenfdre de tggherated

bPr i.mti i.furcation index.

P st pepiygs b TerR R gk oBHoRIar of ¢t he

fractal bifurcation tree with original fractal

pri NFidcitd prieffvdsHuch abAhctahshibitided G00FIGBHA) Aid 6|14=(PIG 6B),
there are two fractal primtives, 602-604 at FIG
caanbe 93wl L Biode] thecreqgencyapperirum qfipe USMpaodulated rsrgaelt%y first

cat A
scgtpe fe iy AU fluricy™ 157 HoS? e [iemodeled
frequenc g apeatrunt slemidybe ar thieant ghead cﬁnedumxp,ytspectﬂwn panidrdetgpindsng a
and enhodinents. of. the esent entlon i s descri bed.
QSRR INg HIRCAOR AP SBIUHSG I olien e dsitrdarFuey: | The
mBHélG& Heqbddyr sﬁ@éthﬁ’ﬁ‘ nia?%‘éh 1 géherdied®y acﬁﬁég Qll fﬁfagfaﬁﬂitﬁlrcatmns
scal es gr [ ével s of detail %ach vertical |ine beyond
attdhlelewleefﬂmcftacmbbrfmptmmlseet o one fractal primtive
generated off fractal primtive 705. At each |evel of

the Roffrind B85 HES & S GhmiB Pt RedibnlP bl s8rasea

by addmg a set of fractal primitives according to the principles and embodiments of

the present invention is described. Modeled frequency spectrum 800 was generated
by adding, at each frequency, a set of fractal bifurcations at a fractal bifurcation index
of N = 6. As it can be seen from the figure, the higher the fractal bifurcation index
used to generate a modeled frequenéy spectrum, the higher the resolution and the
closer to the spectrum of the USM-modulated signal the modeled frequency spectrum

would be.

It should be understood by one skilled in the art that centering the outer
bifurcations of fractal primitives at a given tree depth at the outer edges of the fractal
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are generated. For exanple, at N =1, there are two
fractal primtives, i.e., fractal primtives 710-715.

waRod/053@2 there are four fractal primtives, PCEUS2005/040496

fractal primtives 720-735. It will be appreciated
that each fractal primtive can be thought of as two
si debands around a particul ar frequency. For exanpl e,

rimifiv@cCitahe Bfdvitvsitég d6PM &dhy i
i rough rmgel ed 'regr egtglnt at ieg%agpg:iﬁ%%?grg@ger@g\ég@&gmWIH
returnovrrse it e earsegequengy, ried 2 0eMHz foq ube sinusqgidalt ganiertshgial
e re es or I OXi, t he  si debands
used BPbel T S SRR Fndl s REJoR AR NG o B84 Jbfer iaveg and
uppertlimits oNMe IS tmstful 6 RE R bRRdWIlI, V.85 a0 sid 3 ﬁ@ﬁf
| evel s of detail. Fractal primtives, such as fractal
primtives 600 %FIG 6A) and 614 (FIG 6B), can be

1. Fractal-Based Rigital Elter Desigancy spectrum of a
USM nodul at ed signal by first selecting a desired

41N . : I 11NQ: . he
ol Bas PRPRSARN tlat fsing 8 EATEHEIRNISH ARE fo Grods) the
frequéncy capectoym syfec USrmodnhitedesigualinmiynige thowght 65 poaflidife the

T OO A i T
signaldRHERALREIdNd FGhIRy AddectiACER st GG q‘l.gé e aﬁ{l nlﬁglééﬁ%f\;\?d

l evel s of the fractal bifurcation tree. ferr
frequangy spestngn S8R sbrenph &G, foded Bliertd eqttencligisqieftiter biaving a

- ddj t f t al imti )
eiven SEAGE elflenty BUEL BB ipredlon thRn s Rlrefhactd Smpaion to
produps else desitodvegilk off dosuwdRKE @ké@@;@mgm@ema f PRAYEIENs in the

spectrum 800 was generated by addi ng, _a? each
USM-mqdulatert signal vahin g pand ascnaarovibbandras gobssibls. &fowever, aintakhe

[ ' [ = 6 [ b f t
froquecy UpEGhIrp b LA BN IndlduFocdt oifil shay B mi¥ic R i 1R bl
bifurchtiorge mer daseriedrhdelratiofe, eq Usighyt-psRadbh Uaigith g1kl b8y be
desi tge regol ut.i o%éanﬂ tiﬂf ¢l oser to_the spectrum of the

g9\ P35 R ik ey eptgh bifurqatons gauied ftp etpliisveythe prsirn-denzero
charadd@i¥tids BEthelfeqBBR! g??ﬁgm'tt‘ﬁflﬁl'éﬁmg%%lﬁ&f?i ylledin

the art that cen e outer ur cat Fons of
fractal primtives at a given tree depth at the outer
eBgtesrieg nowe t¢ (Gt A, pan ekepley athenfaticpdiegianushowing the

selecti\%lﬁ ﬁtflg tﬁ?e?%raﬁéw}dwgn& cr;]e%téri etq%crﬂ?cgr Jccrzgr(cjiynegnt%ya i?rgg’cglt lgikfjurrrcl:ation
tree is described. Designing a high-Q, low tolerance narrowband digital filter to
preserve the abrupt phase shifts in a USM-modulated signal, e.g., USM-modulated
signal 400 shown in FIG. 4, starts with the realization that the filter bandwidth may be
selected as the narrow bandwidth needed to model the frequency spectrum of the
USM-modulated signal with the fractal primitives, as illustrated in diagram 900.

This narrow bandwidth is a fraction of the total bandwidth of the USM-
modulated signal. The fraction of the total bandwidth is given by the division of the
frequency spectrum of the USM-modulated signal into 2" fractal primitives. That is,
the bandwidth of the filter, denoted herein by BWF, may be selected as:
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return-to-zero at the carrier frequency, i.e., 20 Mz

for the sinusoidal carrier signal used to generate
wOSMernsshok at ed si gnal 300 shown in FIG 3, andrar/uskms/040496

| oner and upper limts of the USM nodul ated signal

bandwi dth, i.e., at 10 and 30 MHz. Il1. Fractal -Based
Digital Filter Design It will be appreciated that
using a fractal bifurcation t to nodel the

frequency spectrum of a RIBW | at ed signalpmay be
t hought of as dividing the ba’dwi dth of the
USM nodul ated signal into 2N bifurcations. The

: j ' I r t
B TR LB DS PAE  SEE DR\ S0RE
biatidroimdex.n FIG 5 was filtered with a digital filter
havi ng a given center frequency and a given bandw dth

t hat re sel ect ' atiqn to. produce the |

desi TB8 totalshapg Wit b éﬁf@?ﬁrfg}%ﬁ@g@ FiRlgmEY Be ghieppin turn, by a
dRRE St irhtl Stot Rranbfiselt Mee balesle S Walidthe e dritbMsign1afdd to

as narrow band as possible. However, since the
génesate &y -seddatedimgol 20fecflUSKE (Pobisling édcyslegpat pwlag-widih, the

el.ed with the fractal bifurcations as described .

offearfenicbe o Reniaeh Heed] b e iR fpf Fts tagpsised data
€ shgried based on the fractal bifurcations required to

achi eve the return-to-zero characteristics of the

frequency spectrum of the USM nodul at ed si gnal .

Ref err i Wﬁpqy\ﬂ’E@aﬁ{@fe 9, DagaReseenpl ar x%%schemati c

S

di agram ow ng phHe sel ectyon of a fiTter bandwidth
and center frequency according to a fractal

bi furcation tree js.descrjbed. Designing a high- | ow
t ol el8f @%ﬁmﬁ(&%ﬁ@g&@i low) tokergnce Pg‘{f%w @g&é ﬁc%?é that may
. . ¢ .
bRl RRERG (AT abiupy bhsd AV M F6JAEE Henalindl therefore
b¢ piven eshifwation of & klasiradndatd atet amd aofradali tdfuncatimy ildex. Similarly,
sel ected as the.narrt.ow bandw.dth eded taq npdel the
sl espemingt I Gt BRGealed FEt a8 Bynaay fiot fven as a
filnBBoh LREkAHesHeA Watd MES fraafal bifhikeatibR iRidx] dhdttha ¢har $uency
This narrow bandwi dth is a fraction of the total

Foagoewdiefoof the USMrodul ated signal. The fraction of
the total bandwi dth is given by the division of the
frequency spectrume t e USM nodul at ed signal into 2N

fract Al ~FJ (27 vers) N is, 3)

VK =2M — 1, where M = 1:(2N""), and N #0.

Accordingly, the capacity of a communications system (given in bits/sec/Hz)
that uses the USM-modulation technique of the present invention and a high-Q, low
tolerance, linear-phase narrowband digital filter designed with a bandwidth and center
frequency as above to transmit a fraction of a sideband of a USM-modulated signal

may be given by:

c=2""? 4
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the bandwi dth of the filter, denoted herein by BW,

may be selected as:BW * - (1) where BWis the total
woamawissioh of t he USM nodul at ed signal and N i BCThS2005/040496

fractal bifurcation index. The total bandw dth of the

USM nodul at ed signal nmay be given, in turn, by a

desired data rate for transm ssion. For exanple, wth

the carri sigpal, used to generate U ul at e .
S1 gnd Sl b upeston? R nf BB 1Bk ap bl i on oy dpseribed
htReBand Wit hhofvatike dromal cefefl Utedubitys FPRAthiiMaNe Bfhge of the
given by four tines the desired data'rate, that is:
frequency spadbarafRemd FoaZWE) o (Fc + BAVE).i N 2 . (2) The

bandwi dt h of the high-Q |ow tol erance narrowband

digit [ eg. ar ve .t t
phas éﬁl}sff?wc{ %ISﬁS rt{ ¢ gﬁ rrg 37 S’I Oglt% esglﬂsel(aglﬁzf ﬁé %nétytﬁ?théelﬁ%r?ga:hg& of Fr
g gkideroudsdea theinetdindbodé merdaied edngatisédton andiven fractal
fractal ~bifurcation index. Simlarly, the center

bifprcgtionienfFarirsampls, L1 1sidepipeh to sqlsRb eehiprereguanasoytside the
i f [ [ .
TR HEnSEY MR ol #15 BOMOTnd DRI o g@zétgodfe 8 Cdoscribed

ffurcation i‘ndex the carrier
hé&ejnabovomdy hesétdo ayaleoffs¢tdy-BWF. (3) VK = 2M - 1,
where M= 1:(2N~1), and N 0. Accordingly, the

capacj ,0f a co i,cations stem (gLv [ .

b1 ¢ S/REBTIRE POVHaT b 0. i SRANCBAET Bk BT ssiocted
abQRARE IS M pridtyRsd hNeAbsliBedts 8 11 preaiit IRl e&sus a fractal

| i near-phase narrowband digital filter designed with a
bifaredtipal intdes for & @ivesr desiredydatmegte as dessoibed.t GiraphaH¥M shoavs that

fraction. of a sideb of ul L.gn .
ol Bl RicRon? SR B0 s Pt YR, R P BBty Fecins s
M ®Kbé |REvdred theugh tfrdq]héﬁcyﬁﬂiaﬁﬁél@ s (Bitrogke 8€ SODKHZ under a
her ei nabove gi ves the values of the center frequency
vaetyjof shanneh@nddions. of the frequency spectrum from (Fc

- BW) to (Fs + BW).

Referring now to FIG. 11, an exemplary graph showing the capacity of a

communications system designed according to the principles and embodiments of the
present invention versus a fractal bifurcation index is described. Graph 1100 shows
that broadband-like wireless services may be achieved with the communications
system of the present invention within a very narrow frequency spectrum.
Transmission of a fraction of one or two sidebands results in a capacity exceeding 100
bits/second/Hz for a fractal bifurcation index of 9 and above, far superior than any

currently-available wireless communication system.

It should be understood by one skilled in the art that selecting a given fractal
bifurcation index is a function of the system design for a particular application. For
example, if it is desired to transmit 100 channels in a total bandwidth of 36 MHz, the
fractal bifurcation index may be chosen to optimize the filter design for a given

desired data rate, carrier signal, number of users accessing the channels, and so forth.
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It should al so be understood by one skilled in the art

that other values of FF may exi st outside the
waenwiodzoove nmentioned range based on a gi ven PcamiSa105/040496

bi furcation index. For exanple, if it is desired to

select a center frequency outside the range from (Fc -

BWF) to (FE + BVF) the value of Fc in equation (3)

S Taeda s bl SAAbG BTy S S b i oy i g low

toielr&dc@r 1hRACYRAE hd%ﬁth}ﬁgn@ﬂ @5kl Botding e Bid NRinRlpESs and

and errbodl nents resent I nvention versus a
emhbetimgnts jof therprasenb mwemté»(hds @ddalogal/@ﬁlme@rmwa ather than the

i@ Gk hidll 354 o056k pELARLY et A0 MRoVa oborl Bmple, fo aphieve 2
vaiishaipaliepbamds @Relighab iop s obd lesighi 9ithch ifaHS iopband

fre uency channels as narrow as 50 KHz under a variety
ugiinarefefor eya@ple ahlsast AR ABy rmtmmmmzeﬁh@passlnandaﬂpple the

§he [

ﬁﬁé%) s RR VM d AEREIRAE thds Mot L dpy s stsngent
filperi designl @mditivgs eni;og‘exfm(t ﬂzgm‘al titersphesent large aniniben of filter
versus a fractal bifurcation jndex is described,. GraP
taps: 0 0T ose i terh AaYh Pe ABBigsTed i ?W‘é\iaé% ysigg sppeially pppiigured
ciR%it2BhAaY ed Mtﬁhdéd?éasm%”ﬁb&‘a'w%?é | Qf3R, Séﬁ%% et 1§ be easily
present I nvention Wthi'’n a very narfow frequency
ingpenentedin demhsffegbieomnoér. a fracti on of one or two

si debands results in a capacity exceedi ng 100

bits cond/ Hz  f racta bi f x of 9

ana BEGTRR AT 1€ Bl bR Efhpra Ml ot etehuRgy ponse
of\a'EbREE BAM0IBI66, | RMEas)isdsedighi]l Hhau h@b@ﬁdumgf(ﬁﬁgqa the
by one skilled in the art that selecting a given
priniciples pnd, pobpdizianimol thadxesent Hvenien isonowfdesdibedy regyency

I
refifotsg P20t nBRNG, I64 (BleraiPh 1ER PR G AR pa blcording
tol:tha qivmdplms ahd 3ﬁlbw&hnemm the pedsaht lavéntionds slovwn wikhxversayharp
e osen to |mz g?rwélt r desi for a_qi

ScdrasAian P, aag sop DashaRd atoDlst Of g digital filter
f
h@ﬁggeun eﬁ%@&@cy hespolad @Ed)(ﬁ s A0 S &F tddigh Lat f%ﬂleahlﬁosta@oand

rstood” by ‘one skilled in the art
attepvationl & anlo/ehlglu nelde- pindwidthii of ¢ dfgltlat dilter] dm\vg]geﬂequency

accor inci pl es odj f the
reffSe e B A nBh L SRR ST RTEE A T peaf etency was
dRighed at Bpprokideately 47.6 KHz away from the carrier frequency used. Using
such a filter enables the transmission of 5 Mbps within the very narrow bandwidth of

the digital filter.

IV.  Fractal-Based Transmitter Filtering Approach

Referring now to FIG. 13, an exemplary schematic diagram of a
communications transmitter system using the fractal-based transmitter filtering
approach to transmit message signals through a communications channel according to
the principles and embodiments of the present invention is described.

Communications transmitter system 1300 may be used to transmit a message signal
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filter bandwi dth and center frequency sel ected as

above. For exanple, to achieve a very sharp stopband,
woheosthsgioral filter may be designed with a uni POTMIS2005/040496

stopband attenuation of, for exanple, at |east 60 dB.

And to mnimze the passband ripple, the filter may be

designed with a passband ripple of no nore than 0.1

e BT SR WYy i U
m&&ﬁl‘éﬁf 1869 % mbieRE the RgeMhabatd ARhERE IEHIgﬁQ 4nd high-Q, low

ardwar e using specially configured circu boards.
toltarvedinraepbasegdigaldiiter d 3t0 designesiastabioive, tsoels agrghe digital filter

easi l.y i npl enented jn.a,cost-e Ciq ve nner .
e SR R b 1200 885 mERchol 16 RBNRE M ppodulated
sibhg. frequency response of a high-Q |ow tolerance,

I near - phase digital filter designed according to the
pri nciesgl es and enbodi nents of the present invention is

now Besbevldoes) ungeraigad hyyoneedilleds &1 ot dhat pdditippalgfunctional
I I L - Wl fd r Si
oy B B D ARG b Ay 1005 p ARG o channel
erpoésentinirodiestredimdancysinoiva mdssdge\signal ptier o padisbidordby USM
transition bands, and stopbands. The passband fripple
mefulels 1405 RBA R (FATSTRRT REGHLAGA 1R 40 ST IPLRpBHRLY 1h fressage
i : | edu@iia fcbfiing ' st opband
<t BV ARl R cbffinicatlOhs Bk, he af gi ta
filter having frequency response 1200 was designed to

Vbe ar olfrdcGd-BasedH.ookd/ it Hiable dirapsmitterApprogclnas
desi gned at approximtely 47.6 KHz away fromthe

carriper frequepcy u . [ fi n
t he #F%H%nrﬁ slg(l)“:%’(\')n){%f§ M&%’? %gt%%%{hl \7léﬁre$art1§r ?fg‘\{ﬁ%&n of a
chramewicalidhsofarshettel ghteml using ther fradtAl-bakeédbbriupBabledransmitter
Transmitter Filtering pgroagg Referri,ng nowto FIG _
appgoachio Eeappit ARGPsAerEALSI throyEh g comugmicglip glaering to
r ' r S ' t a Da £ ANST :
o AL B S SRR e, i chlabeshiubpanar oo
Campomications tranemsitteh systeal 140Q oragi begused to frengmit pangdsege signal
ention i.s describ

d..enbodi t f th i d.
aqEorin e g BHecples puitiepthofinagits ofiiessets pisatos gip £ gimple

1dokaipsibie dbelRDaABRicHI-BAR A6ALHS tbl: 140518 @eirhid bl sBfpling a
and errboddi%rerents of the pr esentpi nventi on%by usi r?g USI@I g
modeled USM-modulated signal, such as modeled USM-modulated signal with

modeled frequency spectrum 800 shown in FIG. 8.

Since the frequency spectrum of a USM-modulated signal may be modeled
with fractal bifurcation patterns as descn'bed hereinabove, an alternative embodiment
to transmission of a message signal involves sampling the modeled USM-modulated
signal as above and transmitting the samples through the communications channel.
Sampling the modeled USM-modulated signal is an approximation to sampling a
USM-modulated signal filtered with a narrowband digital filter, as performed in

communications system 1300 shown in FIG. 13.
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nodul at or 1305 to nodul ate the nessage signal into a
carrier signal and high-Q |ow tol erance, |inear-phase

wdi2gietoabooti | t er 1310 desi gned as above, such aBCThs2005/040496

digital filter having frequency spectrum 1200 shown in
FIG 12, to filter the USM nodul ated signal. It should
be understood by one skilled in the art that
adgiaki f ' t.in
 ConatRDEd MO D R 1S TR BB it rom the
time giasponed cemdoglert ¢foa ntdelpduteyueadu sstetiom ohatEVIBRSSAGR
USM nodul at or 1305 and a

. i gnal rjor to nodyl ati.o

siengl, S8 sRblef ars Pafrenderhait e DS MRS b Ahgh i oy way
be cRBS&S ' | tiRé | hi$ S 1

c CHBSAGHSIM dfl6 e rpoh® LAAaRhT HOF MRy fqueney
spectrym 9f rany't @S MAmodelaieh siekkend nspdninvihe drafirissibd, ofamy USM-

ry schematic diagram of a conmmuni cati ons
mom??%%?ﬁﬂ?%/er syst em usi ng the fractal -based | ook-up
table transmtter approach to transmt nessage signals
t hinosrghembedinteny)i fetal-dasedClvarup! taBleCRING! Ahidifs TS rows of
rinciples and enbodi ments of the present i1nvention Is
samplgss With 5egh r¥ reirssreRdingie a diffprent bimary syydobm.g.460” om§l.”
] o) a it S ' L, _according,to th
The S8mbfRE ok ok BREY B> R0 HAE by SERHIN db P hdcled
frequency spestrumpl e 4 USM-mpdtiatedesigpbied hétihg Whieh tpalteda 88k as a

0pk- tab)j e 1405 i enerated b anpling a nodel ed
ol G057 b e S st s ot T oot o
binargs 8bl W & |§§,ai AU ROYSIRRGG) Eiﬁ‘%}}g gﬁ’co%ﬁ}%’g“{he' Hmbol

8. Since the Trequency spectrum

into itgIresnhmidingedmplaystoredhinloble upitabdd B4D5Wi t h fr act al

bi furcation patterns as descri bed herei nabove, an

al i ' t LOqLyansm Ss .0f. a ssage

oith R b En ERRSAL AT Bl S0uoL B 1A0R Be® sl ased ook
table strgmalissiv approgctand veraREMIEt Adid coNRIEAIR 65 MM in

.the co nications channel. Sanpling the nodel ed
additigayp ASHieV Rl | dgRatates swithin perosaamer Gequency appitimg At

i ¥ ' ar r. owband .

shoull ot e bRBR, skiied LGS, o R S8R S etpue i
oversaiBpling kovetuice thé Goisd 3n Fiasystdm A eRhic0® khdlBedirll @il A0S

.. therefore ores s extracted fromthe
w1thoup %emg signi 1cant?y a?fgé{gé %y channel distortions. For example, if 32

samples are used for each binary symbol and the carrier signal used has a carrier
frequency of 20 MHz, the sampling rate is 160 MHz. For a channel of 50 KHz,

desired data rates of 5 Mbps and above can still be achieved.
VI.  Fractal-Based Receiver Filtering Approach

Referring now to FIG. 15, an exemplary schematic diagram of a wireless
communications receiver system using the fractal-based receiver filtering approach to
recover message signals transmitted through a communications channel according to
the principles and embodiments of the present invention is described.
Communications receiver system 1500 may be used to recover a message signal

transmitted according to the principles and embodiments of the present invention by
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time response counterpart of a nodel ed frequency

spectrum of a USM nodul ated signal. The sanples are
wonadspssent of the USM nodul at ed signal, that PCSUSRIR6H40496

may be extracted fromthe time response counterpart of

a fractal -nodel ed frequency spectrum of any

USM nodul at ed signal and used in the transm ssion of

any. USMrodul at ed _signal . Ln ane _enbodi rent, .. ..
i} SUCRDE Ras bR apreLpis BAEE JoR it insapaless digita

ARATH03S Dggotaﬁ‘ @eehs 0P & Qi'ltre? %%Q%%sé@ oA HilkH- be'itﬁ@ kolerance,
bi nary sy 0" he sanpl es f each

€. g.
lidanphgsesdighial filkerel 0t $1@Mtnem EK} oki’s el egnteh éreqmmy ad digital

r n tru of. a Mnndu at ed si
syt PSR RRST b b fioR arh R i = acs%%abé%rcastn index
ahas el Bate otrafeeap ogmmntﬁlgauoro (3P degtribdd "hereinabove. The
Transm ssi on of bi nary s in a nessage signal is

bandwodth| af skigithl l@rtersliﬁﬂ i3 sewééd.aﬁg fpmpaogm@oﬁaqmt qatjon index
i SRS thef SR 52 5B b0y AEPof AN, b into

adchinst dhaagd] distdreemcsuch ak faAding aldl iatet-sanbeliiset forenafps Geliws:
is very sinple and cost-effective to inplenent, in

addi tion to achieving high data rates within a very
narrowfrlﬁqpenﬂééiﬁ _I19%eReh|,ds al so hs)
under st ood by one 28ki II in e art t hat such a

system enpl oys hi gh oversanpling to reduce the noise

in the syste nd, achi eve the desired dat
WAFTER t%am%ﬁ ?iﬂtﬂqpf Fﬂ@gﬁtwsarﬁt%&@'t QP svaréﬁ%ﬂtaeﬁamfm is the
d&ﬁr@{}lﬂg | 9Snd rs(‘g)l‘lﬁa)%alq%ﬁﬁéaﬁ%ﬁt gples are used for,

eac I nary sy e carrier signal used has a

carrier frequency of 20 MHz, the sanpling rate is 160

MHz . TtFdould b&tmmmtoqﬂ bgonkiskilledés tireeatt it zqnaticns(Spis erived
e _can.st

eppe e aomLE oug Bkt foerbaduRfilof hsfsitalansmicter it with the

a@%ﬁ@ftﬁé@naﬂl%an@@fﬁé‘tﬁféﬁh@i)ﬁ schematic diagram of a
W rel ess conmuni cations receiver system using the

fractal -based receiver filtering approach to recover
mes s Bgeersngynat do FiGnbhiantaxgmplary olph skoveia githm requeneyresponse

f A 31% @SE ?ql%t{z}]g e ﬁlﬁﬁa{rb zmager 'glcg?tﬁlgregé%ve%ntdlte%%ggmﬁs@steg w1{h the
frequency response of a high-Q, low tolerance, linear-phase digital transmitter filter
designed according to the principles and embodiments of the present invention is
described. As illustrated in plot 1600, the frequency response of receiver filter 1505
is slightly wider than the frequency response of a transmitter filter designed as
described hereinabove, such as transmitter filter 1310 shown in FIG. 13. The
frequency response of receiver filter 1505 also shows that receiver filter 1505 has
slightly smaller passband ripple and an even sharper stopband than its corresponding

transmitter filter, such as transmitter filter 1310 shown in FIG. 13.

Referring back to FIG. 15, once the transmitted signal is filtered by receiver
filter 1505, the transmitter clock is recovered and used to phase-lock the receiver

clock by clock detection circuitry 1510. The phase-locked receiver clock is then used
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Communi cations receiver system 1500 may be used to

recover a nessage signal transmtted according to the
wonrbwsmsploes and enbodi ments of the present i nveariuszos/040496

byfirst filtering the transmtted signal with high-Q

| ow tol erance, |inear-phase digital filter 1505.

Di gital filter 1505 is a filter designed based on

gh-Q. low tol erance, l.inegr S it filt
to m@r%momwuw@onfgmﬂﬁ% ik ﬁ* &’Fg @%Fd&ﬁgnafa’r piger to
exgaétttﬁé bitakPsinSoote itk @tksaszedidnaNEldoRBd fito TrcCadiiipt Phase shifis
requency,” d fractal bifurcation index and a desired

in theet transati ttedogigigl. v Ele ingssage sighalns (eggwemgdsby femedulator 1515.
her ei nabove. The bandw dth of digital filter 1505 is

< Rl R DT S 06

foassl wath fHeeennAthiesidne ﬂeadﬁeeri $YsRnRglouD tin cm@nnslls described.
di stortions such as fading and inter- synbol

Dampadlgter el 1e8avers| # ofREssage  Sighshi anshutiesh (hyRepwImpApoations
t f
trap;rgat%g%g@t egl ge ¥ Wéﬁig Ig}uz%rgd ban %&% transrsmt{: eSyStem

140esshbed whaFHG.r Bt e Taa oﬁrét\/sﬂep towerdf rremivahng) itheinmeatagersignal is
i ndex, It shoul d rstood one skilled in t :
pegfprmed By coFetor &385 SWH’P cqBFiatrs aﬁfﬁr Rase-derkat iredelves fﬂ"’k with
0i I t
th&??ﬁégerd’ Jcr%ﬁh%%tt&ﬂ Iq}é’: %ft‘% ]Eflfn% ﬁg@gﬁngte@ s1gﬁlﬁﬁﬁ$t9i‘eﬁ B receiver
fitfer 4§02 shoves il FICReh‘Se i Dr@r m@wcttaﬁt ﬂ:leGranSm,ltt@nm@@é ﬂptharcgcsned

pl ot sho t he u onse, of..a hi
PG & oS B/ BhaBe BcripnPieh POt 29y Rpgpetor rouitry
m%%% 'oﬁpgﬁﬁedmﬁlé a&hﬁcfuﬂﬁ@mﬁ@uedrfﬂ&@@ﬁsﬁwf a high-Q
l'ow tol erance, |inear-phase digital transmtter filter

desi gned according to the principles and enbodi nents
of tHeferingsrayt to e S @hexegnrd@ml%@am@sa refprgage signad to be
| neng
usi;c:iq lu? rlﬁitégqu{igérgq%cém i w an tﬁ%ﬁqt{o@ﬁﬁ%ﬂéﬁfﬁ the present
invé&nioans elesdribad.t rl?aafermﬁet agnaﬂl 1]8()9 lis desiogplede isuretgrskermﬂnmdldal
her ei nabove, such as transm tﬁeer ftL I éﬁ 1310, sh in
waecgeneaaieq 7 the eefih EFavaSy oiisstedtiof dhe tipasmitie} filier used to

tra%é@ﬁ @hléesagg Elgﬁaétfgﬁtec&?&ﬁ by QembirhibeF 1#@33%11&1% t?inbﬁme'r Yilter
er ri pp e and an even sh ar per St Op and
13t1bashoiwtns irc HEG.etp endlidesighedibasedt ¢re thef frmt@lr modelitg assdescribed

hetrcglga Sor\T/]et tﬁgfe];énlcetz es{gn I?’JIQO(?' tﬁ?&%’n beI: I?lselﬂ mn correlatmn with the filtered

.41)

transmitted signal in blocks of four cycles to generate a noiseless output signal with

the same phase as the transmitted signal.

The matched filter employs four-cycle reference signal 1800 in a receiver
system for which the corresponding transmitter employs a USM technique using four
cycles per pulse-width to modulate a binary symbol into a sinusoidal carrier signal. It
should be understood by one skilled in the art that the number of cycles chosen for the
sinusoidal reference signal used by the matched filter may be selected as any number
of cycles that match the number of cycles used by a ultra spectral modulator when

encoding each binary symbol in a message signal within a given pulse-width.
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Referring back to FIG 15, once the transmtted signa

is filtered by receiver filter 1505, the transmtter
wohowkssm2r ecover ed and used to phase-| ock thePCEMS2ONE040496

clock by clock detection circuitry 1510. The

phase-| ocked receiver clock is then usedto synchronize

communi cations receiver 1500 with the transmtted

eoo RSl ik hCERE 1 Pl Phs Ll b, SYRREwRnl ebidFoegd by

cbi€lator ATHBit dedcet Biaphasd ikted®s 9T90, SR ddté&ted phase is then
recovered by denodul ator 1515. Referring now to IE—I G

ugerd With 1be owphsignak seeaied by icagelater d7 08 talsisdbit dedsion block
1758 i ot oE AL GREUBLR, 4 SRR LPL Y Rcover

tiessagge sipgilaData bindeniside tlobly 1Zimunibe afpatnted with any well-

transmtter system 1300 shown jn_ Fl 13 or, .
KE@WHhSIAI2 B [SFISion Clis i f%?n%%{lqu%oaréwamdma Wiflga Costas
ddésiof 6o i rst step towards recovering the nessage

é?%‘ﬁafw?‘i perfornmed by correlator 1705, which

correlates the phase-| ocked receiver clock with the

filt Refetring apwniot Fléd 19 gremplaidy. pdots ofisignalshgenerated by a second

t({?agas?n%tt d .si %nal filtered by receiver filter 1505 .
OLIFE w1 dEPEon 100D fo UF ffbf CPBTURICATR TRV e opwging to
i ﬁﬁﬁéi})@b dnB entisiin ets forals GRS inveidrE i HEriB5 PIRY 1900

be inplemented with any correlator circuitry known to
slaaves Hiei fietsagq fighdetransmittedhwith di eammuricttéansfiransmitier system of

ﬂgel}{%l‘\%égﬁlg {r%(fen f gﬁJh' J&%o%ﬁg%tigh@éa%s?gga{kggéﬁiﬁoﬁ ;?}é%\% (frtl FIG.

Fefrérence s
18 iantl @bnAcaidationg trimsniitter Pistenc i 400eshoamdinerion dit.neiot $96F shows

the present invention is described. Reference signal
theglgedyeacy respense i g lll?%vrar&?@%glé?rﬁwé iRy the Grsfas 100p, and plot

1980 §ﬁ%§%ea&ﬂ5tlhfsei uggggelfa{ea meyc&@és%t)g%g{éégrngdg%g% with the

transmtter to transmt a ness
nfessage stgmakreyovsyeddenthd (lostasloop705, such as transmitter
filter 1310 shown in FIG 13 and desi gned based on the

o ond® iSRG e, BRaSERTHOIERS (EIShahr tignal Tar A Flot 1900
wekd tGtAlyireanedttyefie Togfag lodpiin %@6\&?u@§igﬁﬂ Blottel h BFot 1910.
gna

to generate a noi sel ess output si wth the sane
Thpgsemplery festas laar whed tedeevghtie bimpre syrbelh sas fleigred with the

' ; ] 100+ S i Lver o
SO BPI FRUBLE IS0 ST oS00 2 gt

céntbiSkedwmoniod Wige tandmgit fidter selected according to equation (3) above. It
should be understood by one skilled in the art that other parameters may be used in a
Costas loop for recovering message signals transmitted and received according to the

principles and embodiments of the present invention.
VIL Fractal-Based Spectral Estimator Receiver Approach

Referring now to FIG. 20, an exemplary schematic diagram of a
communications receiver system using the fractal-based spectral estimator receiver
approach to recover message signals transmitted through a communications channel

according to the principles and embodiments of the present invention is described.
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cycl es per pulse-width to nodul ate a binary synbol
into a sinusoidal carrier signal. It should be

wanaerissood by one skilled in the art that thePaumseNns/040496

of cycles chosen for the sinusoidal reference signal
used by the matched filter may be sel ected as any
nunber of cycles that match the nunber of cycles used
C iGathhnt "rceBRE Cykiin ARG nityOpe W b i
Omng‘%lnr%ary sf?ﬁool icsﬁ/ga nmessage @F%naﬁﬁ?ﬁ%agg@%gge signal
transmpitted acourding tGRélie principleb and embodit@nts1f, the Ipeespritaneemion by

. _the output si ener at ed correlator 1705 is .
using gAtatia BTy PGS KETERAT ier FionGh P eyl B8 bapsmitted
ggnmphase is then used with the output signal generated by

correlator 1705 in data bit decision block 1715 to
recover the binary synmbols encoded in the transmtted
siOmealthe frequencyt specaamadthe insmadesbsigna iig gruleratetalyaspsictral

. Lshon bl 71 . { hpl e i & n
et 5O AP kAP Y85t IPLSIRTHE b o
desireld fregneéncids] i.e.] atché dhignivied frequebdivt asthdeticsh@owbaselected
Referring nowto FIG 19, exenplary plots of signals

for the &gasrgissign ijten bandvpidth wcaednatoseauation Dsibowe.| Jbp message

a5y TR BBy Y ARGl B
clocki ganerdtedbyi slodksdetedima. ciPtuitry 18006 shdwhet imsmisshgénals

siggal trafsg;ttgzg) ﬁvith a conmuni cations transmtter
recoverod P spesfral seleciitOdt i nvention, such as

comuni cations. transmtter system 1300 shown in FIG
1% s %@‘Weﬁs%ddofiﬁ drieafSMd! i kheS Yt @t {46 oRA0WRCIA
~ FIG 14. Plot 1905 shows the frequency response of a
estimatipher speciraln SElgehoni lapdr deedilatipnt Hirc@BEt away ooy, usedd by
I . J u i_gnal,.gener at.e he
comsRbydn foBVE Syt 000 nof e BRien 3G BUEEy 9abRay be
implefefited ewldl thy cortelatopspiase |depror,Atnd ddth Wit décision theuitry of
bi nar&és%snbol s of the ms\ssalgtgE signal .plotted in plot
demodwater heteshewmnria di Gy 1 arbdeserdhedpbovewitbaeicrsscs oG- A 7.
the output signal plotted in plot 1910. The exenplary
vIIL Cost@ag & Rehficover the binary synbols was
desi gnré1 vvlct?ﬁ ?ﬁ§?"5‘ owi ng Costas | oop paraneters: Kl
= 0.1, A =0.16665/4; B = 0.01389/16; and F center
f Hesheaht glsofbet wadarstaed biytorfei skildad wethecart dhat conmolimication

syster (PR oy B (b ORI A AR PR Been

invenfiéh 8nay be implemented using any combination of the communication

transmitter and receiver systems shown in FIGS. 13-14, 15, and 20.

Referring now to FIG. 21, an exemplary embodiment of a communications
system designed according to the principles of the present invention is described.
Communications system 2100 is implemented with communications transmitter
system 2105 and communications receiver system 2120. Communications transmitter
system 2105 is a transmitter system designed using the fractal-based transmitter

filtering approach as described hereinabove with reference to FIG. 13.
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Costas | oop for recovering nessage signals transmtted
and recei ved according to the principles and

wenhwdssmat s of the present invention. VII. PCT/US2005/040496
Fract al - Based Spectral Estimtor Receiver Approach
Referring now to FIG 20, an exenplary schematic
di agram of a communi cations receiver systemusing the

fractal -.based .spect y al t.i mat or receiver .approach,t
CrizgaihavSay BRI 2P is ABieRveb S am StdRe S tne factal
b&RARIRIveRilteYNSs S3pR04B as A6KEIHEA ReteinabbeawiH idfsreded FAGI1S5.
enbodi nents of the present invention is

descri bed. Communi cati ons recei ver system 2000 nmay be
usedRermingonev donddSagdsi ywhlert rexaapiary egmbedistest ngf a

H S O : _ '
LR 5Bk S e B e g
ist Besclib&l L ERaMuaRetiéisusystdn 2RO tis dmphenidned ®itGnedmmnieations

the frequency spectrumof the transmtted signal is .
trejasaiten wetery 2 205 end oA aROTeC Iy eIy SiePletd P a | Communications
P e 4 .
b e 20053 4B R S i B B Fffl-based ook
up ntabsis miangratitef rpproacic iae slesuribhd rhetdemboze mathbreictesa e FHE. 14.
for the transm ssion filter bandw dth agcordi,ng.to
A GHOP A ST 175 SGENE SYRMT G Tfeg s the factal
bds28 QERNRE AR HEIMAARLR dext BB hékindBowrSwitR#rend to FIG. 15.
phase-1 ocked receiver clock generated by cl ock

detection circuitry 2015 and the transmtted signals

r ecoRefesinsyneyeder dGseléct aotimy1 eyemplars hembgdigeent of a

under st ood by, _on ikl . t Lt .
cQrirnunic iilongssty%/tﬁglt ?eg?%‘ﬁeé 6e%{8}1§ %s] g}reg%il}cg 2& oaiintégﬂes%l%qglrentlon
isdésredbddat Commertications bystent 1BOOUS eichphamamsinuithcesmmasications
recei ver system 2000. For. exanpl e, denodul ator 2020 .
trapgniger syRisMepAdRt g GRMDIEGREOBSTECBIVER DFtemydd4le Communications

t i i.Si i b daFY B
nfEREOED Sy 0! B Tl BRI Sl LElludle the fatalbased
tramsnhittee fikerdme epproadt & distribsd hbreir@bove mithateforasce to FIG. 13.

stens It should al] so .under st ood by one skilled i.n
CoMPR Gt AR RIBRE ® & P BirE ST el cisuiedin gactal
bés‘édtsﬁ&;_tﬁf LRhROCRcAVE HPRALH BRBLErBEd hd¥8nBRB St reference to
I nvention may be inplenented using any conbi nati on of

Fthe2conmuni cat i on

 d

Referring now to FIG. 24, yet another exemplary embodiment of a
communications system designed according to the principles of the present invention
is described. Communications system 2400 is implemented with communications
transmitter system 2405 and communications receiver system 2415. Communications
transmitter system 2405 is a transmitter system designed using the fractal-based look-
up table transmitter approach as described hereinabove with reference to FIG. 14.
Communications receiver system 2405 is a receiver system designed using the fractal-
based spectral estimator receiver approach as described hereinabove with reference to
FIG. 20.
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transmtter and receiver systens shown in FIGS. 13-14,

15, and 20. Referring nowto FIG 21, an exenplary
wenhwdissmat of a communi cati ons system desi gne#CT/US2005/040496

according to the principles of the present invention

I's described. Communications system 2100 is

i npl emented with conmuni cations transmtter system

e S A T

siystans of FIGS. Xy34 ey dpea@ifd susidilont harelebdadtMorlPasBSintegrated
transnmitter fllterlnglaggproach as descri bed N
TperexishaB gveelogstskrndads pam sxsteras 1 \Gry kav auerhesd easts. dnsaddition,

C er . [ CQ)iV t.em desi.gned_ .
tEg;i %‘% gﬁ%@@%@&i %assédo% r g(I:('éSV zl'f‘{ Ilﬁ éfib%g uggéprlga@h vagety of
cdasamidatidnd eppdicathoy mchididp inehetieeewstds Withbpoldized transmitter
Rgferri ng now to FIG 22, another exenplary enbodi ment
3P ISPCVGRARIATRSt | ons syst em desi gned according to the
principles of the present invention is described.

Commupigat i Is bl 3 th'ltt
contuni cg%’ilgﬁgolﬁ(?}%g%dtg 1i'%geglrads s? gér)nsgzﬁg(ghg% hat although the
sygems raind amictheds rafcievreseny Seamtid@ 1¥ere Glesenibede svithoreference to

transmitter .system 2205 i trapnsmiter system :
piEeos] rompiticelonn dhesr Y 4o B el Wsged gprhppigations to achieve
6B &1- lik & virdd BERRE wRBite e nReSw TRESIIFRAYE M t h
reference to FIG 14. Communi cations receiver system

2215 is a receiver system designed using the

fractal based receiver filtering approach as descri bed

her ei nabove with reference to FIG 15. Referring now

X0 PGttt cafthliitaiobe Wi@hy enbodiment of a
communi cat i ons system desi gned according to the
principles of the present invention is described.

Communi catRedersing ymsve ho 23G0 26 s an repbmplenyt exibodintent of a satellite

communij cations transm,tter ,syst 2305 .and . .
GBI HeRs Siitern dePl cccddtg o 345 Bncifnth e arpagnb invention
i¢ aapgped t SdicliySEQMMAROMIdS sPstbhAFDUIidySe 19348 if Me transmission
desi gned usi n% the fractal -based transmtter filtering

of signdls anodiatad st thed T rtechmatisvel the Dreserifiaveniion. t & message
oy \ . ; Lo 5350
o e HTHRRR N OB THRRNIS! 23 SRR e i e

tapenitteafilteshd apgroachr @okeé ViattaRbged a6dk-gstabRs@drnshifler approach,
now

hgr‘inaggg)ve W th refereﬂceto FI G, 20. Referrinsg )
apd aapted fox transmisgiontYeT hekORRINPlaEd anivaRa 25KS and vertically
polarized antenna 2525 by signal generator block 2510,

—

The transmitted signal is received at horizontally polarized antenna 2520 and
vertically polarized antenna 2530. The message signal is recovered by spectral
estimator 2535, reference phase lock loop 2540, time synchronization block 2545,
clock detection 2550, spectral selector 2555, information decoder 2560, and data bit
decision block 2565.

Referring now to FIG. 26, yet another exemplary embodiment of a satellite

communications system designed according to the principles of the present invention
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comuni cati ons system desi gned according to the

principles of the present invention is described.
waansasomat i ons system 2400 is i npl enented w t RCT/US2005/040496

comuni cations transmtter system 2405 and

communi cations receiver system 2415. Comruni cati ons

transmtter system 2405 is a transmtter system

d .

AT SURDY BRI, SRBRE SN R Be A8 B (he gpnsmission
off @ferle neelulabed-ivizh thel USTH nen]nmquatof alxspresatiinedntioy s t £ Message

sl i afvsagéﬁf@ € by Y SUE NGB T0sorvil ciler dueosil-based

trilRaf#HEPERe rpg(gdgﬁ\b% i frlothICfREE g@ﬁitﬁ)otfﬁﬂeq}rangﬂﬁ%%tapproach,

shoul d be unde od by one skill e art t
andnaslaptednfion itransthission syert lemzontallF pGidriz&tl atdnmme’ 6 1o paxdategtically

i.n.a standal Wi reless nt r be integrated into
‘é%?zsefiﬂ?g 17‘3?23% sigha] SRprlor Odkg&i(t)'ems at very |ow
over head costs. In addition, the comunications

Sy st En& trehslte® sighdt R4esmybdog ‘hesigshtally polMArdd®interfa 2620 and
comuni cati ons appli catl ons, including in satellite

vagtjeallyrpoltized agbanar 2630y Comipanicationp reapiyer Sistamy 3635 is a receiver

e od |
o8B PR BT HatP S R R ittt descrv
hemhhiﬂﬂ& wnfth rdferemeetsé«m}. 15 iventi on were described with
reference to wirel ess communications, they may also be

use Wred c jcations to a hleve br ogdband- 1 ke

¢ ophd Spitine eTona & ARScifg, SN e A best mode of the
pIRRAE ikvdhtioh haveadedh gxés%n{éermy HuBRktOHs 11%%65!& and description

Referring now to FI an_exenpl ary enbodi nent ? g

ongat dlhky tage ponmtanided:td bmsxlwsumrde dimgh 8w invensicai toghe precise
t he ent_inventi i s. descri bed.

fol§ gl PEL L SR S Teher B5dhuentoEat iy i Sab Ay ties and

ndthe dthassor e bf shiRAleRcTOAN! aﬁdi‘dn)wféaﬁlré hgayBcombined
techni que of . the present invention. A nessage signa

with ofljef dqatyres|in ancerdapse Wh?démfﬁloér Stene of thesleaeritedinmeqesses

o B ESBA QETIATIALELCH HhOSL IR OB

wanecbhaﬁpztmbﬂe‘smbddrxamctarmbem egplain th@pnﬂcﬁple@ of the invention and
ol ar i nt enna vertlc 1.y polarized
its, prag aQB @tw 9 éﬁggy ¢ Qthses gq.l inytheprt to best utilize the

invention and various embodiments with various modifications as are suited to the

particular use contemplated. Further variations of the invention will be apparent to
one skilled in the art in light of this disclosure and such variations are intended to fall

within the scope of the appended claims and their equivalents.

-35.



10

15

20

25

30

The transmtted signal is received at horizontally
pol ari zed antenna 2520 and vertically polarized
wani®wnz02530. The nmessage signal is recover edPOY/US2005/040496
spectral estimator 2535, reference phase | ock | oop
2540, tinme synchroni zation bl ock 2545, clock detection
2550, spectral selector 2555, information decoder
ég@gi ggg qgﬁa bit decision block 2565. Referring now
—et anot her exenpl ary enbodi nent of a
satellite conmuni cati ons system designed according to
the principles of the present inventionis described.
1.Sat el | iA syseanioicaahitdns S Ehan 3600 ehB)ohBniEefiohs channel,
the transm ssion of signals nodulated with the USM
the exstem go@pPEsinghe present invention. A nessage signal
is first t . 60 [ .t her
the 4 PRROH ST, Samknare FREM, AR 405 gty Bl Rl Fien «
mésagd digedl ab ghasad a hdlktand dighl Batinguxdeast bae sidptndagdd,
and adapted far transnission over horizontall
pol & fraRistst dpmizanspuiting popIEeR jof 3t ﬂ%asrpen%ﬁdf%@d through the

ﬁﬂaﬂygggﬁmﬁ%Lsignal generator bl ock 2610. The

ransm signal is received at horizontally
pol ari zed antenna 2620 and vertically polarized

ant epna 2630. ications._receiver system 2635 is. a
2. coc o Vgi; e L o TERFtEE: G CHMAF PR CPRIPT S 8l eneode? for
eng;ﬁaﬁg ifirst binkf dynthoRRith QFEE: 1@@1&%@5 thel: behsl BRPNEportion

reference to FIG 15. foregoygg descri ptions
ofothe spedérf signalnbadigrent isteged nhmber noxfecysflest wed pt @sfirst phase,

nventi on have been sent ed for, purposes of. .
ol PVELbY R R Re et PR Rt iy B BFO5] gOfigp of the carrier
si%rﬁl RAARE ah htbEor SXRBESA bF&clds ah@ at 4 §¥8cbnd PleaskWRHENON t 0

he precise forns disclosed. Specific features of the

i nvethe iseapngdiphaseHo wip Phase sl ayvaxifonythedist nhose.i n

ot hers, for purposes of convenience only, and any

feature may be conbined with other features in
3.accorlgaswesrviof leldih e, ifniesttdoatprisisg epsodifig hecaebbihategmbol
. processes .may be reqrdere r conbi ned, _.gnd ot her .
inky 2 purdegrting of g G, St tgﬁ*ﬂ%{;?%éﬂ?% oh e g signabhiaving
anqﬁ&%éf R&fbdrh & Qfles bd DEAL Sj&%ﬁ{i Shite! B8oREH BGaRb&Sh Portion of

the“rnvention and Its practical "application; to

the barieb yigank ithefoorth postiakof the dairier sigealdravingarbad¢ger number n
idi inv3$tion and vari ous enbodi nents with

utilize,th
“%%Wk%ﬁ%dﬁﬁgFﬁ#g #8ns as are suited to the

4. The system of claim 1, wherein the transmitter comprises a transmitter filter.

5. The system of claim 4, wherein the transmitter comprises circuitry for

horizontally polarizing the modulated signal.

6. The system of claim 4, wherein the transmitter comprises circuitry for

vertically polarizing the modulated signal.
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particul ar use contenplated. Further variations of the
invention will be apparent to one skilled in the art
wonodeiogbm2 of this di scl osure and such vari at i ORETAIS2005/040496
intended to fall within the scope of the appended
clainms and their equivalents. WHAT IS CLAIMED IS: 1. A
systemfor transmtting information through a
comuni cati ons channel, the system conprising: a
nodul ator for nodul ating a carrier signal at a carrier
7.f r equRO Gy steht bf ldiS SAGehepdii Nt tiAsMAET aé@ngitises circuitry for
nodul at ed signal having at | east one sideband; and a
transantingthe pogntallynedarized mglulptodoignabn of at | east one
si deband t hrough the conmuni cati ons channel. 2. The
systemof claiml 5 wherein the nodul ator conprises an
8.fenCO’m”Bd§ systenrefoclaing A Wheein khen .maysrﬁmebh' faionipﬁses @ircuitry for
irst, portion of a_carrier sigpal, the first portion
“@?Smlﬁ@gég? ?”‘?%‘Palgi Rfanzed 409 t‘gfﬂ“g?ﬁleger nunber n of
cycles and at a first phase, followed by a second
portion of the carrier signal, the second portion of
9.t he The riystensiafnelhinnadsi whewem ithe dgesmrttarbfliem iofcentered at a
cycl.es and aj. a secon has wherein the second phase.
i, o e iRy SRS o CeREetr e bERSER e i iteer
ca¥a! 8RyincG! Mdide thaH§thRF FIRAPEIndiidth COIQMN Based on fractal
second binary synbol into a third portion of the
bifencatians. si gnal , the third portion of the carrier
signal having an integer nunber n of cycles and at the
second phase, followed by a fourth portion of the
1@arr Teé syitgmabs clalie 9, ouhidrbinpOet fraeal BifilrbRiohardohffise a set of

signal having an integer nunber n of cycles and at the
fraqtalshifipatias afa frepfal bijurcatiproindey o odelipg dhceitpruepey spectrum

Oé@lgﬁdﬁuie{t&i&igﬁ?ﬂp” ses a transmtter filter. 5. The

emo m 4, wherein the transmtter conprises
circuitry for horizontally polarizing the nodul at ed
ignal. 6. The systemof claim4, wherein the .

1 f-r an ih? .tsy%t?mc‘bq’(’ég‘% 5 Wg’ﬂeérb i%%er Yanspittef sqonfer &{l qapency 1s S.ele"ted
bRehald i Gatfee FRHMAL @d asdiRaakanfmiskivh ML &8, AndCthal Mictal

o, wherein the transmtter conprises circuitry for
bifuraatson inléng t he hori zontally pol ari zed nodul at ed

si gnal .

12. The system of claim 9, wherein the transmitter filter bandwidth is selected

based on a desired transmission rate and a fractal bifurcation index.

13.  The system of claim 1, further comprising a receiver for recovering the
message signal, the receiver comprising:

. a receiver filter centered at a receiver center frequency and having a receiver
filter bandwidth, the receiver center frequency and the receiver filter bandwidth
selected based on the transmitter center frequency and the transmitter filter
bandwidth;

a clock detector for detecting a transmitter clock and generating a phase-

locked receiver clock; and
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8. The systemof claim7, wherein the transmtter

conprises circuitry for transmtting the vertically
woabwroszee nodul ated signal. 9. The system of eCaiuseeds/040496

wherein the transmitter filter is centered at a

transmtter center frequency and has a transmtter

filter bandwi dth, the transmtter center frequency and

h fil . dw dt h I db d
e AP L oL A o0 booed o

wherein the fractal bifurcations conprise a set of
fractal bifurcations at a fractal bifurcation index
14 -or BeleYsieny of wlaimy iy réeesin Hisaiseqivien enter Hiedreigy| carmagises the
stemof claim9, wherein the
ngﬂg%ﬁ%egléerrﬁegg%ny' frequency is selected based on the
carrier frequency, a desired transm ssion data rate,

and the fractal hifurcation ndex {%E The syst em of
1z

l%r i T SySHFTB OB ok, Y igreiitha Tecoiver flter Bpadigih cRmpises the
R R R AU S DA PEPEL ARG S (IR Ppomitor
ﬁRmﬂﬂhdwuhhnprrsrng a receiver for recovering t he
nmessage signal, the receiver conprising: a receiver
filter centered at a receiver center frequency and
181avi e %yit&ﬁedﬂ/cﬁﬁmf 'lBt %GIQMW b duldis &ﬁﬂ‘ﬁ'ls\é@ b correlator a
center frequenc the receiver filter bandw d
]ﬂsebédﬁgérmat@ﬂa ndﬁﬁ@onmmn@thter center frequency and
the transmtter filter bandw dth; a clock detector for
detecting a transmtter clock and generating a
1 Rhasehesysadn bEdeiny €6, Whasik thadhaldenmiritos nfathed filter.
recovering the nmessage signal. 14. The system of claim
13, wherein the receiver center frequency conprises
he 1Ltter G r 5. -he F .
1405 TRERHp R CEETY B whEERIRE Sl ek REEHEY Ghnprises a
Cogiaploopes the transmtter filter bandwi dth and a
narrow band of frequencies added to the transmtter

19. The system of claim 1, further comprising a receiver for recovering the
message signal, the receiver comprising;:

a spectral estimator for estimating the frequency spectrum of a transmitted
signal;

a clock detector for detecting a transmitter clock and generating a phase-
locked receiver clock;

a spectral selector for extracting a set of frequencies from the estimated
frequency spectrum of the transmitted signal; and

a demodulator for recovering the message signal.

20. A system for transmitting information through a communications channel, the

system comprising:
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filter bandwi dth. 16. The system of claim 13, wherein

t he denodul ator conprises a correlator, a phase
wdebwmssn2and data bit decision circuitry. 17. PTAIS2005/040496

system of claim 16, wherein the correlator conprises a

mat ched filter. 18. The system of claim 16, wherein

the data bit decision circuitry conprises a Costas

| oop : LG t | 5l

rcoet el SoSUSA SR o BB dnol W kBB BRI Berrate o
mbéelated sigrah mipy mednigtedasigpbatt @ edrries frequsnoy afidhaving at least one

.estimating the frequency spectrumof a transmtted
Slgét&ﬁglaﬁnda cl ock detector for detecting a transmitter

cl ock ﬁﬁlexdfog ¢iMefiAs b’]ﬁﬂa BolBA B8 LPRK QDb RRRLYRT, tifd M1t cofltered at

spectral selector for extracting a set of frequencies
a frosmtite esttemuitegderfaye qué fwyingp ec ttrapsmisfer t filger bandwidth, the

G SGRARY, 5h hedrUPETaTh Fbr bendnidi s ieRge Based on
frhdhiyif®éduens.t hrough a communi cations channel, the

system conpri sing:a nodul ator for nodul ating a carrier
signal with a nessage signal to generate a nodul at ed

i gn t he | at sianal ..at carrier frequenc
2nd R g it 20 SRR o8, R AR S 4P ioder for
ericolin@la fivgt Hiry&yR®o! inta 6fst pbrtio@aFthe¥eriéd stkeaB Mk fitshBortion
filter centered at a transmtter center frequency and

ofnthi pRyrigr Figaplshaving Anf infogek nRERENIAeh Cyelet apd ahdnfirst grhase,
foglgﬁztgg trbg/f dz[ E&Uﬁ‘@ ‘f%rtﬁa?ldoii g cﬁlgil%? E*Entaf, Ghe gééogq !i)o&ﬁ)gldg? b Rarrier

ased on fractal cat'i ons. system
sigial hheinmaR htegdn @nmbar h bécyrisd whdtova second phaseswherein

encoder for, encadin first binary s ol.into a
1 oiheiseo pfacss ehEoRue phiBravay groat SRR RIasS: *por i on
of the carrier signal having an integer nunber n of

cycles and at a first phase,
22.  The system of claim 21, further comprising encoding a second binary symbol

into a third portion of the carrier signal, the third portion of the carrier signal having
an integer number n of cycles and at the second phase, followed by a fourth portion of
the carrier signal, the fourth portion of the carrier signal having an integer number n

of cycles and at the first phase.

23.  The system of claim 20, wherein the fractal bifurcations comprise a set of
fractal bifurcations at a fractal bifurcation index for modeling the frequency spectrum
of the modulated signal.

24,  The system of claim 20, wherein the transmitter center frequency is selected
based on the carrier frequency, a desired transmission data rate, and the fractal
bifurcation index.

25.  The system of claim 20, wherein the transmitter filter bandwidth is selected

based on a desired transmission rate and a fractal bifurcation index.
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foll owed by a second portion of the carrier signal,

the second portion of the carrier signal having an
wonvwgassoonunmber n of cycles and at a second phBE®US2005/040496

wherei n the second phase is at a phase shift away from

the first phase. 22. The systemof claim 21, further

conprising encoding a second binary synbol into a

third portion of the carrier signal, the third portion

of the carrier signal having an integer nunber n of

2¢ycl dbe apsiennt of kkhune®nrthérasenpfisihg anvesbelyyr dorf cacovéring the
rr{%ortio.n qf the carrier .signal, the fourth portion of

FReeg Siepilafhed Feghver CRBPTHEEan i nt eger nunber n of

cycl ggeceiér HMitet Bentbied St a RERBRr céiter FRGuehYH LRIMAVing Laailg?éiver

20, wherein the fractal bifurcations conprise a se
fifterabardwidths (the ae¢edves eentes frequeney abilfthe cacdiver filietekandwidth

SRS s 05 LARRHRAC TSR b e

biddavigiit tter center frequency is selected based on the
carrier frequency, a desired transm ssion data rate,

and &rféodks deteaipr iox detegdingon trangaitter ockTard gpmeratingof phase-

kﬁk 'ﬂkégmnﬂﬂﬁfghﬁ the transmtter filter bandwidth is
selected based on a desired transm ssion rate and a

f r ach dbmbdlatoc fdrirecovieriniethe 2bessdgessignadt em of cl ai m 20,
further conprising a receiver for recovering the
nmessage signal, the receiver conprising: a receiver

271 | t §he GRALRLELIANL B, WRERIY Blc CEAVE! el Bh ﬂ&%gfc%pﬁses the

having & receiver filter bandw dth, the recelv
trawsmtither dentey (reqegnesnd t he receiver filter bandw dth

sel ected based on the transmitter center frequency and

the transmtter filter bandw dth; a clock detector for

28let eThé Bgstéin lof RNE 26, SWhefdiR Glife AREivEL AREABANASidth comprises the
phasel ocked recei ver clock; and a denodul ator for

tragsgytien filieg bendvidds apdenarqnhand of/frequeacisy addsthte thectrarismitter

ﬁﬁ%ﬂﬁﬁﬁﬁkﬁﬁn the receiver center frequency conprises
e transmnitter center frequency.

29.  The system of claim 26, wherein the demodulator comprises a correlator, a

phase detector and data bit decision circuitry.
30.  The system of claim 29, wherein the correlator comprises a matched filter.

31.  The system of claim 29, wherein the data bit decision circuitry comprises a

Costas loop.

32.  The system of claim 20, further comprising a receiver for recovering the
message signal, the receiver comprising;
a spectral estimator for estimating the frequency spectrum of a transmitted

signal;
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28. The system of claim 26, wherein the receiver

filter bandwi dth conprises the transmtter filter
woamwissioh and a narrow band of frequenci es ad#ed/usSen05/040496

the transmtter filter bandw dth. 29. The system of

cl ai m 26, wherein the denodul ator conprises a

correlator, a phase detector and data bit decision

circuitry. .30, The em of claim 2 wher ei n t.he
corr@f° gﬂ%rd%%‘ﬁ%rr ?@e@(%&’ﬁﬁt% W@BS‘?M“{ g?d("kﬁ% FRIETUNG, & phase-
loBkeClediiRréfockherein the data bit decision circuitry
conprises a Cost as | oop. 32. The sfystem of claim 20,

f ur t aspeatsipelestongion exiedingep Febrofr Bedigasiph drondhe estimated
nessa C rising: a spectral
ﬁ%%%epﬁgﬁpgp&&gaoféh% &%S{“? %{ al’fa?ngguency spectrum of a

t r ang dtthé@datst ﬂﬁrabco&e@ﬂxmlsnmn@etsognator detecting a
transmtter clock and generating a phasel ocked

recei ver clock; a spectral sel ect or for extracting a

et Qf ugpc enc
3 pects I FlchERgiAT b fegis TR R bmmunications
clf@hel[&ﬁ@y&temru@nimmmessage si gnal 33 A system for

E: rhgﬂg ?}Jkt-\lfﬂ:%b%gte S a g S Eg%gg s‘rﬁu%ljl)gqﬁkcogﬁsg e at& RIS data
bif L b B ofld Ettro%fsa gfes eén&,asmlﬁg t&QEéc%ﬁﬁgi‘cﬂ 'bﬁgthreﬁl

I'rst dat a second set of
cor r esponthieniyst scteofseupies avl thebiccondbrb rodisamples dre rggperated
sea of. sanpl.es and the second set of sanples are

op e S#HYK fractal bifurcations. 34. The
system of claim 33, wherein the fractal bifurcations
conprise a set of fractal bifurcations at_ a fractal

345. f uTbasysemi ofdelrint 33, whaksin ty fieak Plgueinny copaise ifet of
el RS 86 HoBRbiruPion P Y rifefibe ey spectrum

Sl gna conpri ses

of a modulated signal.

35.  The system of claim 34, wherein the modulated signal comprises a signal

generated by a modulator.

36.  The system of claim 35, wherein the modulator comprises an encoder for
encoding a first binary symbol into a first portion of a carrier signal, the first portion
of the carrier signal having an integer number n of cycles and at a first phase,
followed by a second portion of the carrier signal, the second portion of the carrier
signal having an integer number n of cycles and at a second phase, wherein

the second phase is at a phase shift away from the first phase.
37.  The system of claim 36, further comprising encoding a second binary symbol

into a third portion of the carrier signal, the third portion of the carrier signal having

an integer number n of cycles and at a second phase, followed by a fourth portion of

-41-



10

15

20

25

30

generated by a nodul ator. 36. The system of clai m 35,

wherei n the nodul ator conprises an encoder for
wenewdissng2za first binary synbol into a first peCcriuszosfn40496

a carrier signal, the first portion of the carrier

signal having an integer nunber n of cycles and at a

first phase, followed by a second portion of the

f . th
SRR ER R REEPH Pt b S g s

oS@}&Qé&bﬂﬂMﬂ%ﬁl\ebﬁ{agé.n t he second phase is at a phase
shift away fromthe first phase. 37. The system of

claim 36, further conprising encoding a second bi nary

ynb i r [
R R T T
musmgemgmamha:x}ecémsmnqbnainga second phase fol | oned by

afourth i on oftge carrier si , the faurth
port F‘&ﬁc% e fHis? cntpredat e AR eﬁ eawracma@ dedravimgreseeiver
fikePharfgl®s and at the first phase. 38. The system of

cIa|n133 further conprising a receiver for recovering

t he me&siedg de@p@n dbr, defeeting oefrarmmitteyngodks and):geaerating a phase-
lcff{ iver f||t entered at a receiver center

] Sﬁﬂ?é?ﬁ’é’ %lﬂ ing a receiver filter bandwidth; a

cl ocl dgioaslafsr f&ﬁ@c&k@hﬁgmme@agéﬁgﬁm tter clock and

generating a phasel ocked receiver clock; and a
dermodul ator for recovering the nessage S|gnal. 39. The

yst ai t.he re ver, center .
3§.r equenc yst% gg}céur{l 3(’#1 S%Iéeren tﬁ gece veFlcgptef %eél&gﬂccyyl’s sglected
baedidned ciftien SregBaic9Na dadited wadmiknf weebad th fuEeebifgbation
.index. 40. The systemof claim 38, wherein the

geiver filter bandwidth is sel ected based on a
desired transm ssion rate and the fractal bifurcation
i ndex. 41. The system of claim 38, wherein the
48enodhk aiysnem: ofipiime3l, avhacmethet ieccivar fihaseardiRtiditit Brselected
deci.si.on circu he s t em of

dat tr
bafaa o o SRS et G Este s oB it ched
filter.

41.  The system of claim 38, wherein the demodulator comprises a correlator, a

phase detector and data bit decision circuitry.
42.  The system of claim 41, wherein the correlator comprises a matched filter.

43.  The system of claim 41, wherein the data bit decision circuitry comprises a

Costas loop.

44.  The system of claim 33, further comprising a receiver for recovering the
message signal, the receiver comprising:

a spectral estimator for estimating the frequency spectrum of a transmitted

signal;
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43. The system of claim4l, wherein the data bit

decision circuitry conprises a Costas |oop. 44. The
weoeysaicmIsood cl ai m 33, further conprising a recePCeUSE®E/040496

recovering the nessage signal, the receiver

conprising: a spectral estimator for estimating the

frequency spectrumof a transmtted signal;a clock

det ect ' Lt er -

genorag ook Bttt 30 Uiothd AL clbouGlla Whrpting o phase-
lekedoiceivef cloclgxt racting a set of frequencies fromthe

esti mat ed frequenc spectrum of the transmtted .

si gnél SPegiRy s¢ ?fé%oéﬁl %it’é?t‘m?‘%ra ey EBrfigcien ofrom sthg grstimated
S EHIRY spdttrunf'o fBE Baskohifed s#ARSFAd ting i nformation

t hrough  a communi cati ons channel, the nethod

conpeidsinedulaton derire¢cdvieging theamedsege sgrhal at a carrier

freguency with a nessage signal to generate a

nodul at ed signal having at | east one sideband; and

4% I aninkihiod FoRrRRmitiaR iMbraktidedfugh A ofind @@ ns channel, the

t hrough the communi cati ons channel.” 46. The net hod of
methedreonmrisiiger ei n nodul ating a carrier signal at a

carrier equen it h.a message.signal conmprises .
encoai:%ﬁlbl{agl% i F %ﬁ%r}l\%lg%l %tyan%ﬁigf #te%‘geet\w?(iwl 2 JBPeigsnsigpal to
géregate amidddated gpiedl hatihg af leasttonpeidebmd; @id t he carrier
signal having an integer nunber n of cycles and at a
firstrapyaiiing ¢ grrtionedfl #hyleastsaneovidebged threngly the pemmunications
cie@hkl er signal, the second portion of the carrier

si gnal having an integer nunber n of cycles and at a
second phase, wherein the second phase is at a phase

hift away.fro he firs hase., 47. The net hod of )

481 ai (e gucthed eI fhpr MUK SHCBlG % caBED SIS Hap yoarrier
ﬁ?ﬁfgﬁi ; gy vl Oridsdalld i ﬂ%&ﬂ;ﬂﬁe@éncbbﬁg%aﬁﬂéi ﬁh@n@ﬁ%l ol inkd§ first

portion o e carrier signal having eger

pertirhenf the sautiey sigosl, fhredfitst potionsefcthe dapleasgnal bavinyed integer

bﬁ{ a fogrt é)or&ion of . .
nurhber n of cycles and at™a first phase, followed by a second portion of the carrier
signal, the second portion of the carrier signal having an integer number n of cycles
and at a second phase, wherein

the second phase is at a phase shift away from the first phase.

47.  The method of claim 46, further comprising encoding a second binary symbol
into a third portion of the carrier signal, the third portion of the carrier signal having
an integer number n of cycles and at the second phase, followed by a fourth portion of
the carrier signal, the fourth portion of the carrier signal having an integer number n

of cycles and at the first phase.
48. The method of claim 45, wherein transmitting a portion of at least one

sideband through the communications channel comprises filtering the modulated

signal with a transmitter filter.

-43.



10

15

20

25

30

the carrier signal, the fourth portion of the carrier
signal having an integer nunber n of cycles and at the
woiowtospinase. 48. The met hod of clai m 45, wher BCI/US2005/040496
transmtting a portion of at |east one sideband
t hrough the comuni cati ons channel conprises filtering
the nodul ated signal with a transmtter filter.49. The
498t hagle Of Ghal IR 4Bim e Ghreln el ;@ﬁ‘sﬁﬁ'ﬂt&f q{Ite{‘ Ltc%ﬁtekéd at a
centered at a transnmitter center frequen nhd® h
trhnsomister tewter fredquency ad dves dt t‘ranshh’&ert ﬁhelshaﬁdtm&dth,c Em:t ‘eansmltter
freque nd the transpitt Iter angw df h
cgrgere%{e Il?é(s%‘?f{ e tragspifer ]ffiﬁr .8 ?ﬁteffrll?éseﬁlef’ﬁogac’fal
bRfircatigasn 49, wherein the fractal b| fur cations conprise
a set of fractal bifurcations at a fractal bifurcation
index for nodeling the frequency spectrum of the

|, .51, . The nethod of.cl.ai m.49, wherein
o TR Rehod BF clai 49, Wieah b repler Bufiellionr eptigipeh set of
ﬁﬁ&@l Bifitirch@dns fat @ BHBAL YifuR aG@BIniSd fdrARRMing Felhé)ﬁ‘%%@ﬁéy spectrum
rate, and the fractal bifurcation index.

ofthermoeiwated sighdh 49, wherein the transmtter filter

bandw dth is sel ected based on a desired transm ssion
rate and the fractal bifurcation index. 53. The nethod
50f clTakmethod MJdSlhiinﬁE H9 cwhpeinsths andrhitie£ béMier Requency is selected
transmtted signal with a receiver filter centered

bgserl bithie caioh {TBIAUERDG o AEred nigrnsBIsSig: datpetats, v the fractal

b pdwi dth, the receiver center frequency and
ffh’lggﬁé%gﬁvgr filter bandw dth sel ected based on the

transmtter center frequency and the transmtter

%ielnte ﬂ'@ B{‘l&? ?‘ES%B‘ %bg’ét r a?%g%%t ter %ﬁl&(fmdt% is selected

b£s%8 ewddaged {hsHRSIGRSIHANGS ﬁmtalfblﬁué’a%faﬁ%ﬁe%t or. 54.
he net hod of claim53, wherein the receiver center

frequency conpri ses the transmtter center frequency.

?u | tﬁ‘ B‘gﬁ%‘% %t ﬁﬁ@ggégrﬁfhﬁsﬁﬁgi;” the receiver

filtering a transmitted signal with a receiver filter centered at a receiver center

a3

frequency and having a receiver filter bandwidth, the receiver center frequency and
the receiver filter bandwidth selected based on the transmitter center frequency and
the transmitter filter bandwidth; '

detecting a transmitter clock and generating a phase-locked receiver clock; and

recovering the message signal with a demodulator.

54.  The method of claim 53, wherein the receiver center frequency comprises the

transmitter center frequency.
55.  The method of claim 53, wherein the receiver filter bandwidth comprises the

transmitter filter bandwidth and a narrow band of frequencies added to the transmitter
filter bandwidth.
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transmtter filter bandw dth and a narrow band of
frequencies added to the transmtter filter

woaomwssioh. 56. The nmet hod of cl ai m 53, wher ei nPCIAIS2005/040496
denodul ator conprises a correlator, a phase detector
and data bit decision circuitry. 57. The nethod of
cl aim 56, wherein the correlator conprises a matched

it T d AT '

541 1 3 RO 180l ARG S B8 o o

pHaze detetiopanddats bitidevidfon cironitrher conpri si ng: estimating
the frequency spectrumof a transmtted signal with a

spectral estimator; detecting a transmitter clock and

sgen eT?E #d%ﬁhoﬁ IR lRAHE 960 %@Qﬁf B €o1¥&htof g&?ﬁbﬁse‘é‘ ’éﬁ%@c&ﬁédrﬂte?.

set o requencies fromthe estinmate equen
spectrumof the transmtted signal with a spectral

SSienmiht oGt oSSR 36 HErepohe Kl e SRk rmRsises 2
c{;g}g@}é,_gp__ a communi cati ons channel, the nethod

conprising: nodulating a carrier signal with a nessage
signal to generate a nodul ated signal, the nodul ated

i gn at .a.carrier, frequency and having at |east one
5% de@g%afethf)fllc’?&[ﬁuﬁg‘tso rﬁoél?ﬁ_frfsb%'of at | east one

si debamhtingt the afréquehey spéd@nd bf taetrafs@iitied &fknal with a spectral
center frequency and having a filter bandw dth, the

ctiBteE frequency and the filter bandwi dth sel ected

base fr b f ' : WLk LG X
por t [ ebtng ifinitr kAl 3BT BiCe MARINE KRG Biel

of cexatrattifa sehef Gequempits|faim g estiemted fequehgn specwuirhof the
a nmessage signal to generate g nodul ated signal
“W%F?@ggnéﬁ‘g@tﬁ?ﬂfcg erstor@iiiary synbol into a first

port fé&Bvé%fnrgttH@nfEera"gb Slensl Weh derthb&uthiof St portion of

the carrier signal "having an integer nunber n of

cycles and at a first phase, followed by a second

SEL Pl B R e S SOt e
method comprising:
modulating a carrier signal with a message signal to generate a modulated
signal, the modulated signal at a carrier frequency and having at least one sideband;
filtering out a portion of at least one sideband with a filter, the filter centered
at a center frequency and having a filter bandwidth, the center frequency and the filter
bandwidth selected based on fractal bifurcations; and

transmitting the portion of the at least one sideband.

61.  The method of claim 60, wherein modulating a carrier signal with a message
signal to generate a modulated signal comprises encoding a first binary symbol into a
first portion of the carrier signal, the first portion of the carrier signal having an
integer number n of cycles and at a first phase, followed by a second portion of the
carrier signal, the second. portion of the carrier signal having an integer number n of

cycles and at a second phase, wherein

-45.



10

15

20

25

30

cycles and at a second phase, whereinthe second phase
is at a phase shift away fromthe first phase. 62. The
worbdesmd3omd cl ai m 61, further conprising encodi RQTAIS2005/040496
second binary synbol into a third portion of the
carrier signal, the third portion of the carrier
signal having an integer nunber n of cycles and at the
seco f ol four of the
car v Mer Bt bR PR n T A R el | or
si gnal haV|ng an i nteger nunber n of cycles and at the
first phase. 63. The net hod of claim®60, wherein the
63.r acthy mstlodraflainnGl, dethsr p@@paﬂgeten@ﬁdufgr Hgqeand binary symbol
f bi, f
m?r% %&?@é&@]ﬁﬁ Eﬂé@ﬁgerhglcglg{baéc e thi o%r&?]ﬁn o?gf? ax}%r signal having
arbingepet nuriBer nfbfcyhishnd adthe stinthpbfse, Ydllewved ftbytahiBurth portion of
transmtter center frequepcy is. selected based on the
thegapries signgh diefryth ROTHER Pt 1 cPPrish Signakhayinsan mtpgar @umber n
rcation index. 65. The nethod of
%ll mqg%%{%wtg?éeﬁ@h%&he transmtter filter bandwidth is
sel ected based on a desired transn1SS|on rate and a

63y s RB% e PE PTG Qo isioih e, el BLERiss oggioe & det of

ﬁ)i‘&thﬁmﬁlréa%fbﬁb \A€£ fifablal B eRnShEsk R n?ocfeﬁﬁﬁth\éqfe(?‘[ﬁ@ﬂﬁpectmm
frequency having a receiver filter bandw he

Oﬁ@wemv@hﬁ%bm@@ﬂ frequency and the receiver filter
bandw dth sel ected based on the transmtter center
frequency and the transmtter filter bandw dth;
64let eThd nEttddl sfadlsim 60,.exvhatiaake anskngiGBetaatdr rfﬂsqﬁency is selected
phase-| ocked receiver clock; and recoverin
based saydies PHHST fRIPANGY, defesias drapmisen daie rﬁf@t lfed the fractal
erein the receiver center frequency
bﬁ&%&%ﬁ@ﬁngﬂe transmtter center frequency.68. The
nethod of claim66, wherein the receiver filter
i Ses he transm tter fi bandw d

6§ﬁ3d %ta%ﬁf?ﬂ%éﬂa% Whefsenier densmifiey 'ﬁitsr banelwidth is s elected
bés"eé%ﬁ Aigbdifdd t@éﬂsﬁﬁé’sﬂ?ﬁﬁ%"&n@tﬂfrac@ﬂblfﬂéﬁtlmﬁlﬁé’)g of claim

6, wherein the denodul ator conprises a correlator, a

66. The method of claim 60, further comprising:

filtering a transmitted signal with a receiver filter centered at a receiver center
frequency and having a receiver filter bandwidth, the receiver center frequency and
the receiver filter bandwidth selected based on the transmitter center frequency and
the transmitter filter bandwidth;

detecting a transmitter clock and generating a phase-locked receiver clock; and

recovering the message signal with a demodulator.

67.  The method of claim 66, wherein the receiver center frequency comprises the

transmitter center frequency.
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phase detector and data bit decision circuitry. 70.
The nethod of claim69, wherein the correl ator
woanrisyes a matched filter. 71. The net hod of PCIAiSm005/040496
69, wherein the data bit decision circuitry conprises
a Costas loop. 72. The nethod of claim 60, further
conprising: estinating the frequency spectrumof a
68T aN§HE Il kb S LRI bb t\k)h&eﬁxptﬁg tré ivef itb Bdfwidth comprises the
detectlng a transmtter clock generating a
trpheasiger Bltkdundwiokh aed 2 ohwok ba&d( t)f frequengjenadiad tofthe transmitter
ﬁ% qﬂ?ﬁ s fromthe estimated frequency spectrum of
itted signal with a spectral selector; and
recovering the nessage signal with a denodul ator. 73.
A method for transmtting a nmessage signal through a
68omiih¢ seatheshef elaamfél wherein thet deyaodudnterr ¢apnpripes a correlator, a

[ QWi r storing a first set of
P %ﬁﬁf"g“" 8??%& §1t M1 1510%101rgu?ryrst data bit and a second
set of sanples corresponding to a second data bit,
wherein the first set of sanples and the second set of

74 anpilbe methodpdiedainy a9y Wha@eathé soxrelator sprmpyises agaetichedstlter.

and transmtting the nessage signal by converting the
nmessage signal into at |east one of the first or
7$ecoiitle sedthaf of elajrh @9, shereqdthiendathbit Idecikion Eitcatttyecoldprises a
The {EEt hod of claim 73, wherein the fractal

CBti ons conprise a set of fractal bifurcations at
a fractal bifurcation index for nodeling the frequency
spectrum of a nodul ated signal. 75. The nethod of
721 ai Whé'methddmfe:ilaiamd@eﬁtrthdubcanwisg gnal conprises a

O B0 Rl TR B el "Bl e

efthatecodi ng a first b| nary synbol into a first
portlon of a carrier signal, the first portion of the

car r fefectilgmmmsmitieniock i geaejating iy pisse-lorked respisien slock;
and Q)Etra%t&lér Slet B!? %%auenmes from the estimated frequency spectrum of the

transmitted signal with a spectral selector; and

recovering the message signal with a demodulator.

73. A method for transmitting a message signal through a communications
channel, the method comprising:
providing a look-up table for storing a first set of samples corresponding to a
first data bit and a second set of samples corresponding to a second data bit, wherein
the first set of samples and the second set of samples are generated
based on fractal bifurcations; and
transmitting the message signal by converting the message signal into at least

one of the first or second set of samples stored in the look-up table.
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foll owed by a second portion of the carrier signal,
the second portion of the carrier signal having an
wonvwgassoonunmber n of cycles and at a second phBE®US2005/040496
wherei n the second phase is at a phase shift away from
the first phase. 77. The nmethod of claim 76, further
conprising e encoding a second binary synbol into a
Irhl r ﬁfhe Ghtthd oPlcldiier £ aktidrEh (b GFital bﬁﬂﬂ{-’cahﬁ%é' Qorﬁﬁﬁ% e §8et of
of the carrier signal having an integer n
fragtel bvfulaambmtat alfmceébxfnmamaﬁiex fairhodetidigliye frequamry bpectrum
ortloF¢(% carrier signal, the fourth portion of
ﬁEK@5 T e gnal havi ng an i nteger number n of
cycles and at the first phase. 78. The method of claim
73, further conprising: filtering a transmtted signa
7% t h Theraetbpd of daim: &, whereior b¢ medated ségnabcomerisesra signal
freaqu ing a receiver filter bandw dth;
sgsfee ?BXgI%‘ﬁﬂ%§§n1tter clock and generating a
phase-| ocked recelver cl ock; and recovering the
nessage SH%E wth a denndulator 79. The net hod of
@rod

781 ai rhhpgne |Gl &5, wherriie thecrapultor P@@H@ﬁ@yaﬁ §ncoder for
R £ B 3500, A 4 Bl BEERHER SNy FBkA S it posion

of sk xai®ier sTgrel mevingchrointegei mantidr nvo€ rogb]&s tdmd ateg dirstephase,

[ter, bandwi dth i.s s |.ect ed base n a desired
M&%.Sﬁﬂblﬁﬁ%ﬂ%a theccamier-signa bt&F3 §reond; rastiomn g€ the carrier

s%ﬁal h-ER}i-h t1 &%eﬁimﬂe@h'@f%?cleé"ﬁﬁf £laReddi@ r(ﬁll Q\Q‘Je‘f”én?r

onpri s correl ator, hase detecto ta bit
deci ﬁimc@ndr phais¢ rsyat a@hase'ﬁhd’t awshomahe Gishphas8l,
wherein the correlator conprises a matched filter. 83.
The met hod of claim81l, wherein the data bit decision

7% I CUME MeGOATS Slfitn F6CTolias ¢@Risindle e6diNBt HQEcHAl binary
claim 73, further conprising: estimting the frequency

sypleeltiptma Brirdspartiemeihecarios isigmal, the thitd postneces; the carrier signal
hﬁﬁ% gﬁtuqtreéerdﬁfnﬁ:? ' n(?fo%l(cieegaaﬂﬁrgt.ttﬁeegecg+c9 gﬁ_s%,ngollowed by a fourth

generat a phase- receiver clo
portion of the carrier signal, the fourth portion of the carrier signal having an integer

number n of cycles and at the first phase.

78. The method of claim 73, further comprising:

filtering a transmitted signal with a receiver filter centered at a receiver center
frequency and having a receiver filter bandwidth;

detecting a transmitter clock and generating a phase-locked receiver clock; and

recovering the message signal with a demodulator.
79.  The method of claim 78, wherein the receiver center frequency is selected

based on a carrier frequency, a desired transmission data rate, and the fractal

bifurcation index.
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extracting a set of frequencies fromthe estinmated

frequency spectrumof the transmtted signal with a
wepemtosado2z est i mat or; and recovering t he nmessagecsiugzmb/040496

with a denodul ator. 85. A nethod for nodul ati ng an

information signal for transm ssion through a

narrowband communi cations channel, the nethod

86 0PIThS xighho® S Yl 9 vl G %b&'@&] iRt BufEHSS selected

requency, encodlng a t binary sy

bdsed s apiesiredmamsinissiaaratd awd the fachl bifureatfonrisdexpor t i on
of the carrier signal having an integer nunber n of
cycles and at a first phase, followed by a second

8port iTgs n‘i’éth&cf'@f %ﬁﬁl'mr whefbiAthe déﬁ%‘ocﬁﬁé%&”é’oxﬁﬂ‘isteb ‘arbo?xfelator a
the carrier signa aV|ng an i nteger nunber n

legsglde‘@cm@,ndadataby;ei@@!ﬁ@nmram@y wherein the second phase
is a phase shift away fromthe first phase. 86. The
met hod of claim 85, further conprising: encoding a

83.COMte RigMRIdorEHHAN 1, inbeRirdtht Bbir6lafdR ComPAsdafa hitehed filter.
carrier signal, the third portion of the carrier

signal having an |nteger nunber n of cycles and at

g3 hesgg0 qgetﬁ&@?? c]ta{glrgl O% ol Ja?auf)ftpl ?lgfohl c?r%m compnses a

carrier portion e carri
Csstgmliiophaw ng an int eger nurrber n of cycles and at t he
first phase.
84.  The method of claim 73, further comprising:
estimating the frequency spectrum of a transmitted signal with a spectral
estimator;
detecting a transmitter clock and generating a phase-locked receiver clock;
extracting a set of frequencies from the estimated frequency spectrum of the
transmitted signal with a spectral estimator; and

recovering the message signal with a demodulator.

85. A method for modulating an information signal for transmission through a
narrowband communications channel, the method comprising:

selecting a carrier signal at a carrier frequency; and

encoding a first binary symbol into a first portion of a carrier signal, the first
portion of the carﬁer signal having an integer number n of cycles and at a first phase,
followed by a second portion of the carrier signal, the second portion of the carrier
signal having an integer number n of cycles and at a second phase, wherein

the second phase is a phase shift away from the first phase.
86.  The method of claim 85, further comprising:

encoding a second binary symbol into a third portion of the carrier signal, the

third portion of the carrier signal having an integer number n of cycles and at the
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second phase, followed by a fourth portion of the carrier signal, the fourth portion of

the carrier signal having an integer number n of cycles and at the first phase.

-50-



