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GROUP KEYI NG AND METHOD OF USI NG THE SAME TECHNI CAL FI ELD FR%ENT ON
5 The present invention is directed, in general, to a propagated signal

and, nor eVEpEUF78al 1y, to a propagated signal containi ng‘P‘H V02685031 at ed by
mul tiple pul se per group nodul ation and a nmethod of using the sane. 10
BACKGROUND OF THE | NVENTI ON El ectronic dgta transm ssion requires sone form
of signal nodul ation that encodes data onto an information 15 bearing
signal so that the signal can be propagated over a transmtting medi um and
denodul at ed to unanbi guously recover the data originally encoded.

Modul ation can be viewed as the process by which digital data, voice,

music, and other "intelligence" is added to radi o waves produced 20 by a
transmtter so that the intelligence is in a form suitable for propagation
Modul ation can al so be viewed as the addition of information to an

el ectronic or optical signal carrier in a manner that permts the encoded
data to be reliably decoded. Mdul ation can be applied to direct 27 JUL
2006 WD 03/065674 PCTfUS02/ 41521 -2- current (mainly by turning it on and
off), to alternating current, and to optical signals. one can even view

bl anket waving as a form of nodul ati on used i n snoke signal

MODULATION BY MULTIPLE PULSE PER GROUP KEYING
AND METEHOD OF USING THE SAME

—

TECHNICAL FIELD OF THE INVENTION

5
The present invention is directed, in general, to a
propagated signal and, more specifically, to a propagated
gsignal containing data modulated by wultiple pulse per
~group modulation and a method of using the same.
10

BACKGROUND OF THE INVENTION

Electronic data transmission requires some form of

gsignal modulation that encodes data onto an information

15 bearing signal so that the signal can be propagated over a
transmitting medium and demodulated to unambiguously
recover the data originally encoded. Modulation can be
viewed as the process by which digital data, voice, music,

and other "intelligence" is added to radio waves produced

20 by a transmitter so that the intelligence is in a form
suitable for propagation. Modulation can also be viewed as

the addition of information to an electronic or optical
gignal carrier in a manner that permits the encoded data to

be reliably decoded. Modulation can be applied to direct



transm ssion (the carrier being a steady stream of snoke) . 5 %gede,
I nvented for tel egraphy and still used in amateur radio, is & P4° of
nodul at i owotobesseises a binary (two-state) digital code SiP@Ilﬂfs'o 149544 he code
used by nodern conputers. nodul ation inplies the occupancy o %ancfwi dth, a
10 precious resource the conservation of which is of increasing inportance
to all but nost particularly to those in the data and information
transm ssi on busi ness. Bandw dth conservation requirenents has increased
the pressure on users to nake the nost efficient use of 15 bandw dth as
technol ogy permts. One nethod to incréase bandwi dth efficiency is to
utilize transm ssion techniques that maxim ze the anount of data or

i nf or mat i cxuttent i émainkyishit tedndnerit dnnanddoféni,odcofaliiemmatdng way to

i ncrease t nt ta. t.ransni. ove | s jod is to
utilize théc}g%%ulaalfﬂ{ otg’ac’ s ?ﬁg%lg?nssm 998 éé‘elglcéo‘?eolL‘}algeip“’a%tqr'iﬁlfgﬁﬁ’l‘rse"r% tted
over the atdwioatecs i ae permodbf Acmimdiaeriocof wmetlodsnarsmsioev IBdigrglused to
nodul ate el ectronic,sigpals to transmt digital datg. For st .radio and
Tel ecommuneirirpais e ¢ Hhin) il Sinrt ShmnaRl g
currents (AMgraw t boded ginedntedgeEst fePayeaphes.arfdmetafilt hese®r &rcomon
nodul ati on nmet hods |nclude: anplitude nodulation (AM, in which the

anpl i t ude AACQWe T erl SPGREENPE GArNedibREOR| TRAL fHe8RIen &Y DaT3HUl at i on
(FM 10 WddLdhady Qoupian doddiaifanbiretotnsi 4@ iided W iliesand phase

nodul ation (PM , whe phase of the carrier signal is varied over
time. Theseowputerg| classified as conti nuous wave nodul ati on net hods in

order to distinguisiuthem framidle RukSeocedgaARYY 3t Bhndwidth, a

10 precious resource the conservation of which is of

increasing importance to all but most particularly to those

in the data and information transmission business.

Bandwidth conservation requirements has increased the

pressure on users to make the most efficient use of

15 bandwidth as technology permits. One method to increase

bandwidth efficiency is to utilize transmission techniques

that maximize the amount of data or information that is

transmitted over a limited period of time. One way to

increase the amount of data transmitted over a limited time

20 period is to utilize those modulation methods that maximize
encoded data transmitted over the allocated time period.

A number of methods are now being used to modulate

electronic signals to transmit digital data. For most

radio and telecommunication uses, the carrier being

25 modulated is alternmating current (AC) within a given range

of fregquencies. Some of the more common modulation methods

include: amplitude modulation (AM), in which the amplitude

of the carrier signal 1s varied over time; frequency

modulation (FM)}, in which the frequency of the carrier

30 signal is varied; and phase modulation (PM), where the

phase of the carrier signal is varied over time. These are

all classified as continuous wave modulation methods in

order to distinguish them from the pulse code modulation



27 JUL 2006 WD 03/065674 PCTfUS02/ 41521 -3- (PCM nethods usggJyg gﬂgode
digital and analog information in a binary way. There are al F onpl ex
forms of nodul ation, such as phase shift keying (PSK) and quadrature

anpl i t udeWRBMH#on (QAM), as well as nethods to nodul at #AEPRIERN si gnal s
by applying an el ectromagnetic current that varies the intensity of a |aser
beam Depending on the intended use, all the foregoing nethods of

nodul ation permt a relatively reliable transnm ssion of electronic data
over a di stance. However, 10 as nore and nore bandwi dth is being used
because of a constantly increasing anbynt of data to be transmtted, there
exists a need for even nore efficient data transm ssion capability. As nore

i nformati on degr)di@ichbagdusecQVED dRESIP ' EHPWR andexanted PArbEARSTLASI on
systens and 15 bandw dth demand. Al t hough | nproved equi pnent and technol ogy

is of someimeld bhnps¥oMavng tBhepeoirensleuseare byoawliaxcrikawed @énand for

bandw dt h, _othar. lLuti o) i . y i resol ve
t he probleﬁ?%#g%%ﬁﬁﬁﬂédsgg§ %gﬁ%aﬁﬁéHﬂ§§ﬂ%g&§ﬁ€5§g%ﬁ%$eah§tQﬁéﬁk?hg¥8arrier.
| f the aneunptligfuddatedulansicer ri@aM)yersaweildi eedmpehiodd 00 todelise

i ncreased, the infrastrycture and equi pnent required.t.o support such

i1 oot Puc R Gon SEBLEn BT ALY it e e sTintie FETRBRG FBHSI n ¢ he

art are new=ai¢ere intermEidodE 0 ImdH aleangl ectroni c signal s that

i ncrease the anount of digital dat.a th%{ can be trqfsf%{reg and the rate
at which such t PERSEENGNCBcctpe intended use, all the foregoing

methods of medulation permit a relatively reliable

transmission of electronic data over a distance. However,

[ 10 as more and more bandwidth is being used because of a

constantly increasing amount of data to be transmitted,

there exists a need for even more efficient data

transmission capability. As more information is digitized,

even more pressure is exerted on transmission systems and

15 Dbandwidth demand. Although improved equipment and

technology is of some help in resolving the problems caused

by an increased demand for bandwidth, other solutions are
also required.

' Cne way to partially resolve the problem of limited

20 bandwidth is to encode more data on the carrier. If the

amount of data transferred over a limited period of time is

increased, the infrastructure and equipment required to

support such infrastructure can be significantly reduced.

Thus, what is required in the art are new and novel

25 methods to modulate electronic signals that increase the

amount of digital data that can be transferred and the rate

at which such transfer can occur.



27 JUL 2006 WD 03/065674 PCT/ US02/ 41521 -4- SUWMARY OF THEmINVENTICN To
address the above-di scussed deficiencies of the prior:art, th JHe2lt

i nvention ' for a propagated 5 signal using nmultiple pul se per group
keyi ng an a&%ggﬁgd of using the sane. In one enbodi nent t 'TBF gé&k ed
signal includes: (1) an elenment of data contained within a tine period of
t he propagated signal, the tine period divided into a group of tinme slots;
and (2) nmultiple pulses 10 distributed in a predeterm ned nanner anong the
time slots by pulse group keying to encode the data. The present invention
therefore introduces the broad concepisz-of enploying nore than one pulse in
a group of slots that occupy a tine period in a propagated signal. 15 This

produces a dranatic i ncreassmpmiyeonr PRt rpfegaten that can be encoded on a
propagat ed signal. Such increase produces a significant and substanti al

I ncrease in data transnission capability over that of prior art data

modul ati on met hpgs e eIbOdiTNL AL e AOYEDLLOD: Lhe o8l eppat of

data in the group % tlne otsI's ascertal na I y mappl ng. I n anot her
enbodlnentpniothertnvbhelpmesémmtlmmentrms prpvudgsa&praaepzm@ageuedmhlIe in

h h I ' d h
ambod Mt S35 LRETENTUALBhe PRUBE, RETSBrred sy B gh B ePdnal have

differing shaiathgrilsd lsmnet.hUSnpehm ehboginManguBhe Shespaghted @ignal
nor eased YeLPALLL 9" A% iR Ao e, SoOdL BN 8T S e LR @
group of
period of the propagated signal, the time period divided
into a group of time slots; and (2) multiple pulses
10 distributed in a predetermined manner among the time slots
by pulse group keying to encode the data.

The present invention therefore introduces the broad
concept of employing more than one pulse in a group of
slots that occupy a time period in a propagated signal.

15 This produces a dramatic increase in the amount of data
that can be encoded on a propagated signal. Such increase
produces a significant and substantial increase in data
transmissgion capability over that of prior art data
modulation methods.

20 In one embodiment of the invention the element of data
in the group of time slots is ascertainable by mapping. In
another embodiment of the invention the time slots in a
group are adjacent while in another the time slote in the
group are not adjacent. In yet still another embodiment of

25 the invention, the time slots in the propagated signal have
differing characteristics thus permitting unequal slot
times and an increased versatility of use. '

In another embodiment of the invention, a group of
time slots in the propagated signal encode data that is

30 more than fifteen bits long. As will be recognized by
those of ordinary skill in the pertinent art, a data
element that is fifteen bits long permits a large number of

unigque codes to be encoded therein.



time slots in the propagated signal encode data that is 30 WD%W'{JE%?
fifteen bits long. As wll be recognized by those of ordinary t he
pertinent_art, a data elenment that is fifteen bits long permts a |large
nunber of WO/ Y§¥4codes to be encoded therein. 27 JUL 2006PCTAISRBISAS674
PCT/ US02/ 41521 In a particularly useful enbodi nent of the invention, the
el ement of data in the propagated signal is selected fromthe group
consisting of a header; an error detection nessage; a synchronization

el enent and a data nessage. of 5 course, as will be understood by those of
ordinary skill in the pertinent art, mgost propagated signals will probably
contain each of these data el enents. Another enbodi nent of the invention

provides for thg, 8rgeagaLedssignaletoy Penluiider. coFmOiset fan gl ural ity

of 10 time periods. Veérsa € present TnvéentTton al'so pernits a
pr opagat edtkegeakmbeati nf adastair ahi theopropagatpdr isidnatlhats cmiltedtrediar yi ng

i nformatiop, Anpther aspect aof this odi t provides for .the nunber of
pul ses en£36‘a ng 8aPEOPR GORSSE oS ﬂang‘enﬁrﬁ]ﬁfér sarbfelfﬁﬁﬁi%tee%l%l ses in
di fferent geoupgepfaskohshwbhhizatibf sdsmendr apAcat &t si goedagdor @xanple, a

header data el enment may._require the use of four pulses to encode data,
whil e ofe BPUTERe FBtYLE &%M@%@%%EY&PG&P ng SFHARRBNR FEdL + ebftii r e

six, seventpt 8ueRigkalt M Safod® BRSPESafaliasibukliBeryi20 quigienss, of the
versatility of the present invention isS “found in an enbodi ment where the
nunber of €PReainoeackant Ghegei AatReclPWENpEFi ods that make up the

propagated sigigbther embodiment of the invention provides for the

propagated signal to be further comprised of a plurality of

10 time periods. The versatility of the present invention

also permits a propagated signal having a plurality of time

periods that contain varying information. Another aspect

of this embodiment provides £for the number of pulses

encoding data to utilize differing numbers of multiple

15 pulses in different groups of slots within the same

propagated signal. For example, a header data element may

require the use of four pulses to encode data, while one of

the data elements carrying actual information may require

8ix, seven or even eight pulses to encode data. Further

20 evidence of the wversatility of the present invention is

found in an embodiment where the number of time slots can

vary 1in the time periods that make up the propagated
signal,

The foregoing has outlined preferred and alternative

25 features of the present invention so that those skilled in

the art may better understand the detailed description of

the invention that follows. Additional features of the

invention will be described hereinafter that form the

subject of the c¢laims of the invention. Those skilled in

30 the art should appreciate that they can readily use the

discloged conception and specific embodiment as a basis for

designing or modifying other structures for carrying out

the same purposes of the present invention. Those skilled



The foregoi ng has outl [ ned pr ef erred and aI ternative 25 featur es of the
present invention so that those skilled in the art may better27de?®pand
the det ai {ygfl, iption of the invention that follows. onal features
of the inverf?‘i%%ﬁﬁvm || be described hereinafter that for m@cﬁgbb ¥t of
the clains of the invention. Those skilled in 30 the art should appreci ate
that they can readily use the disclosed conception and specific enbodi nent
as a basis for designing or nodifying other structures for carrying out

t he sanme purposes of the present invention. Those skilled 27 JUL 2006 WO
03/ 065674 PCT/ US02/ 41521 -6- in the arteshould al so realize that such

equi val ent constructions do not depart fromthe spirit and scope of the

i nvention. ih 2fhd ULaﬁtOOGshd/hﬂd)?)/aﬂﬁs&ﬁ74:eBGIIkl§SOEh4ﬂ:52éueH SR BFra DERSERI PTI ON
OF THE DRAW NGS For (&te und rstang qf .t he esent invention,
ref erence anﬁSWJﬁﬁﬁl@nﬁoC?’n T'g %H?Jﬁb 8Ok %ﬁl5ﬁ§t TP ToRFuncti on
with the agpenpag¥hfgiondrawi ngs, in which: FIGURE 1 illustrates a
representation of a tine period in a propagated signal where an el enent of
data is nodul ated using an enbodi nent of the present invention; and 10

FI GUREsSz2A-2D il lustrate graphs of pulse positions for a conventional prior
art digital pulse position nodul ation



(PPM nethod where data is encoded by a pulse located in one of four pulse
positions; FIGURE 3 illustrates the group of four slots 15 seyald:200p
illustrated in FI GUREs 2A-2D, showing the correct conventional PPM pul se
posi ti on Wér03@6344 pul se; and FIGURE 4 illustrates a bl ock mitaggeameh a
conputer network using an enbodi nent of the present invention to transmt
and receive information via the Internet. 20 27 JUL 2006 WD 031065674

PCTI US02/ 41521 DETAI LED DESCRI PTI ON Referring initially to Fl GURE 1,
illustrated is a representation of a tine period 100 in a propagated signal
5 where an el enent of data is nDduIatgq_using an enbodi ment of the present

i nvention. The elenent of data within the tinme period 100 is divided into a

group 110 of time slots__120_(on f i i.s i ndi ). The group 110 is
represented by a col | eBRTER B&$€%ﬁ§T§B@{§91§HE égéﬁéhﬁ%e 10 slot 120 is
centered on a possible pulse 130 position (defined below) in the group 110.

The illustrated group 110 has sixteen tinme slots 120, although, as wll be
recogni zed by tFeSe f Mrai na@YPLREe | undanftagstimichept ke DXef®sUp 110 can

consi st of;.any,nugber £hbi sl otig 120 .and, be | it Eﬂﬁ iyt ended
scope of t%e ﬁ?gsgﬁf i%%en%?%ﬁ. Turni ng nod%?% FF%SRE?QEA-f%} I I{fgtrated
are grdphsie2goiptipusscapesi timnsonjontsioa odmlenthenacqunipenyamyg digital
pul se position. ul ation. (PPM net hod where data is encoded by a pul se 220
| ocat ed iﬁé%%éygﬁgfoﬁé pu*éE'ZO positions 210. Conventional prior art PPM

provides for a FIGURE 1 illustrates a representation of a time period
in a propagated signal where an element of data is
modulated using an embodiment of the present invention; and
‘ 10 FIGUREs 2A-2D illustrate graphs of pulse positions for
a conventional prior art digital pulse position modulation
(PPM) method where data is encoded by a pulse located in
one of four pulse positions;
FIGURE 3 illustrates the group of four slots
15 separately illustrated in FIGUREs 2A-2D, showing the
correct conventional PPM pulse position for each pulse; and
FIGURE 4 illustrates a block diagram of a computer
network using an embodiment o©f the present invention to
transmit and receive information via the Internet.
20



stream of data divided into separate sanple values and then adinttlng
each sanple value with a single pulse 220 therein. IIIustratéH

2A- 2D ar ewbhgkfdy possible val ues, or pul se positions 211Q3Tf8§02ﬁ1%1| se 220
25 within a discrete sanple val ue represented by a span of “tine e four

pul se positions 210 can al so be viewed as being |located in a group of four
slots. By changing the position of the pulse 220 within the group of slots
over the discrete tinme period, the data or 30 information in the sanple is
encoded. A series of pulse position 210 transmi ssions is now used to
transmt an entire streamof data. SrBgle pul ses 220 in subsequent 27 JUL
2006 WD 03/065674 PCT/ US02/ 41521 -9- tine spans simlarly transmt the
informati on contained in SUDBTHINED SEAARIREHANS. Turning now to Fl GURE 3,
illustrated is the group of four slots separately illustrated in FlI GURES
2A-2D, showing 5 the correct conventional PPM pulse position 210 for each

pul se 220. As naied-afigyeingenxentd ongl FRBMRE" ov| d@.&lﬁz@tratt%ﬂtﬁ.énsdn ssion
of only one pulse 120 in a_group. \Wen denDduIatlon sanpl i is perforned

at each alMeREasentRison i f Heg Mot 30t ithe grelRda §1c9‘naf]he
sanpl e Wiyl A0 m\/&éné/ﬁ% Ugs Oéa€§5§§t héhhxa%eao ue&%gt he R RGmaRP! e

wi Il a value or anplitude of unity. anpling during denodulation is not
properly s;ﬂmdih@rwlzeeamb m‘e@etp@ek 'ﬁbsu elemsnth@\ﬁedeﬂ:a whidiirhdpul se 220

ampl i t ude  SETT6F L Pl 9240851 £LON, 240! b 151 A 1d5er eagig whil e
15 the anp 3% a nelg orlng OC&%IOH mé??ﬂ% econe Targ

120 (one of which is indicated). The group 110 is

repregented by a collection of time slots 120. Each time

10 =slot 120 is centered on a possible pulse 130 position

(defined below) in the group 110. The illustrated group

110 has sixteen time slots 120, although, as will be

recognized by those of ordinary skill in the pertinent art,

a group 110 can consist of any number of time slots 120 and

15 be well within the intended scope of the present invention.

Turning now to FIGUREs 2A-2D, illustrated are graphs

200 of pulse positions 210 for a conventional prior art

digital pulse position modulation {PPM) method where data

is encoded by a pulse 220 located in one of four pulse

20 positions 210. Conventional prior art PPM provides for a

stream of data divided into separate sample values and then

transmitting each sample value with a single pulse 220

therein. Illustrated in FIGUREs 2A-2D are the four

possible wvalues, or pulse positions 210, of a pulse 220

25 within a discrete sample value represented by a span of

time. The four pulse pogitions 210 can also be viewed as
being located in a group of four slots.

By changing the position of the pulse 220 within the

group of slots over the discrete time period, the data or

30 information in the sample is encoded. A series of pulse

position 210 transmissions is now used to transmit an

entire stream of data. Single pulses 220 in subsequent



than zero. It is readily apparent that to assure a reliable t jﬁf@ﬁﬁion of
data, there are a nunber of factors that nust be consi dered. of "whi ch
is the m gj 6' 20 interval between pul se positions 210. As a general
rule, PPMTequires the mninumtime interval between pul SECTE415ns 210
to be sufficiently |arge enough to ensure that the skirt of a neighboring
pul se 220 is essentially zero at the peak of an adjacent pul se 220.
[l'lustrated in 25 FIGURE 2A and FIGURE 3 is Tmin, which is the generally
recogni zed mnimumtinme spacing or separation between allowable peak pul ses
220 required for PPM Tmin is designed_-to inprove the ability during
denodul ati on sanpling of being able to accurately identify a particular 30

pul se 220 gide sgpanat£ihi1d+ oM ¢ Agnshit &ins PR rmat i1 Sdiraneey 44 any,
caused by cl ose or adjacent pulses 220. 27 JUL 2006 WO 03/065674
PCT/ US02/ 4a8baeqgpenhepaipte ovatee8onsi der for reliable transmission of data

IS the synchromny ' t e f | : fi I
positions 210.n¥%fé%£ |?%§ Pg %E?bggogérﬁ359€§nct%§hﬁ§§ ?gbggt?ggcggsitions
210 or if fder milces 2Zpdrateinot lpusperitpdni nhF EGURES | 24 cildledlsiwiing t he

anplitude for _the "correctff .pul se Ition 21 11l b e t han,,unity,
whi |l e the télﬁ%l Fragecat cé’%ﬁ’ i'fl&t’}l?grai ng | ocpallef)%% %gfﬂﬁé%o%b I%g)rrge?a% an zero.
Even if thbslyere200 oAsuhpthdwabere,t kenvengrianalosrMprpdeatildescafosti || be

correctl enodul ated 10 because PPM gener.al | rovides for only_a single
SRR TR i et B st LA it ERCE T g R B

demodulation sampling is performed at each allowable peak
pulse position 210 in the group, three of the samples will

10 have a value of essentially zero and the correct sample
will a value or amplitude of unity. TIf sampling during
demodulation is not properly synchronized to these peak
positions, however, then the pulse 220 amplitude at the
“correct” pulse position 210 will start decreasing while

15 the amplitude at a neighboring location will become larger
than zero.

It is readily apparent that to assure a reliable
transmission of data, there are a number of factors that
must be considered. One of which is the minimum time

20 interval between pulse positions 210. As a general rule,
PPM requires the minimum time interval between pulse
positions 210 to be sufficiently large enough to ensure
that the skirt of a neighboring pulse 220 is essentially
zero at the peak of an adjacent pulse 220. Illustrated in

25 FIGURE 22 and FIGURE 3 is Tmin, which is the generally
recognized minimum time spacing or separation between
allowable peak pulses 220 required for PPM. Tmin 1is
designed to improve the ability during demodulation
sampling of being able to accurately identify a particular

30 pulse 220 and separate it from the “inter-symbol”
interference, if any, caused by close or adjacent pulses
220,



constitutes a group of slots. Timng error becones nore of a ﬁ%&ﬁhégbﬁ
significant noise exists in the system The probability of 15
denodul atywenzmesepki ng is i ncreased when systemnoise is ¢C ﬁg 51
substantial timng errors. On the other hand, if the timng error I's smal

t he signal can usually be denodul ated even wth the presence of S|gn|f|cant
noi se. As a general rule, unless the signal to noise ratio is very 20 poor
(small), the signal can be successfully denpdulated as long as the timng
error is less than Tmn/2. Although PPMis w dely used, the anpbunt of data
that can be encoded wthin a discretel&tnme period is significantly
limted. The present invention provides for 25 a new and novel nethod of
modul ati on thaLAmm£m¢rsfa0hunbep comspdesed 22 (realoldisl ¢ nctamieni $aiangr oup of

slots. This ture r t.iall re tQ:b d.and

T ans 11 S0 AR 5 Ol B i R B b T SRl AL E R BT AGS d To FI GURE
1, distribpdeshiahehpulese poriri@s 210 of Ifi sampmlhgnésshotSpﬁd@eﬁly

mul tiple pul 130 e ted by,wavefo ul se an be any
type of GREF a%r el RRGRLTS PR LTPI0 oLy o7 | L 1P U PRF 2020158 hae an
i denti ol MeyeppspeeePt GReAinN 1P DhtdMded7sibh, 2006 MPIOH Q5674
PCT/U802/41521 group's 110 four tine slots 120 or pul se positions. The

pul ses 130-Bg e"EPE¥eFBUL BHLFH EoﬁﬁédéﬂePﬁpn@aléaﬁﬁ%ﬁl%%ﬁ e déit 8%, gr oup
110 with ap, el enerd %Spﬂﬁf:ﬁdéhéE Sa RGPS P Do AR aled ¥MO&8mE he

signal is decoded or denodul ated. To~“code and decode the | ocation of each
pul se 130 aFgew rhate apwup Evernsdft khdsduenechn decwus) i hpvgver, the

signal wmost prcbably can still be correctly demodulated

10 because PPM generally provides for only a single pulse 220
to be transmitted during the period of time that
constitutes a group of slots.

Timing error becomes more of a problem if significant
noigse exists in the system. The probability of incorrect

15 demodulation sampling is increased when system noise is
combined with substantial timing errors. On the other
hand, if the timing error is small, the signal can usually
be demodulated even with the presence of significant noise.
As a general rule, unless the signal to noise ratio is very

20 poor (small), the signal can be successfully demodulated as
long as the timing error is less than Tmin/2.

Although PPM is widely used, the amount of data that
can be encoded within a discrete time period is
significantly limited. The present invention provides for

25 a new and novel method of modulation that permits a number
of pulses 220 to be included in a group of slots. This
feature permits substantially more data to be encoded and
transmitted within a given discrete time increment.

Turning again to FIGURE 1, distributed among the group

30 110 of sixteen time slots 120 are multiple pulses 130
represented by waveforms, which pulses 130 can be any type
of energy signal known in the art. Each illustrated pulse

130 has an identical waveform centered in one of the



recovered, the signal nust be synchronized by using any one 4 36 er of
synchroni zati on nmethods known in the art. Each tine slot 1207contarning a
pul se 130 can be separated 10 by Tm n although, in sone cases to permt nore
pul ses i V038656, the separation can be |ess than Tmi n PETUSE2Z/MGRLe | evel
Is sufficiently small and synchronization is particularly good. If one tinme
slot 120 anong the illustrated sixteen 15 tinme slots 120 is occupied by a
pul se 130, four bits of data can be encoded in the group 110 and si xteen
different data states can be produced. However, if, as provided by the
present invention, nore than one tinme-ghot 120 in the group 110 is occupied
by a pul se 130, the nunber of states 20 produced in the group 110 is

si gni fi canigppuigred easedioln®r tinsaenbes Woloh JroWuus sess180chd. t henar oup
110, as illustrated in FIGJRE 1, there are 1,820 different data states
that can b@UERfuct0 TKEs dahrdduined al@r andcdetarmisieshi Tanie¥ thcr ease
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encoded using prior I Further, if eight pulses 130 can be used in a
group 110 afelsiablaen adaertsiigted 12d1en heflee ar @1g2aB870is dadacedades crhat
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-12- of a number of synchronization methods known in the art.

Bach time slot 120 containing a pulse 130 can be separated

i 10 by Tmin although, in some cases to permit more pulses in a

group, the separation can be less than Tmin if the noise

level is psufficiently small and synchronization is
particularly gocd.

If one time slot 120 among the illustrated sixteen

15 time slots 120 is occupied by a pulse 130, four bits of

data can be encoded in the group 110 and sixteen different

data states can be produced. However, if, as provided by

the present invention, more than one time slot 120 in the

group 110 is occupied by a pulse 130, the number of states

20 produced in the group 110 is significantly increased. For

example, with four pulses 130 in the group 110, as

illustrated in PFIGURE 1, there are 1,820 different data

states that can be produced. This represents a dramatic

and significant increase in the number of states that can

25 be encoded over the number that could be encoded using

prior art PPM. Further, if eight pulses 130 can be used in

a group 110 of sixteen time slots 120, there are 12,870

data states that become available, which is an even more

significant improvement. Even more dramatic results can be

30 obtained if seven, eight, or even nine pulses 130 in a

group 110 of sixteen time slots 120 are used, which permits

as many as 35,750 different data states. This permits a

number of different data states to be encoded in sixteen



time slots 120 to correspond to nore than 15 bits of data, “?}ﬁ@tz&ﬁ;v“ll
be recogni zed by those of ordinary skill in the pertinent ar?, 15

si gni fi cau o3068e241 Nnventi on described herein provides for seygsssish
enbodi mrents. One such enbodi ment provides that all time slots 120 do not

have to be identical (they can have unequal slot w dths, pulse anplitudes,
etc., for exanple) nor do the tinme slots 120 necessarily have to be

adj acent to one another. A single group 110 can be defined such 10 that it
only has a fixed nunber of occupied tinme slots 120 or, alternatively, it

m ght allow for a varying nunber of ©ot®upied tine slots 120. A single data
nmessage could include nore than one type of group 110 (for exaqgle a

header mi ght™BeSbRkSt PR oF GPHLPEPIRTE e TRE¥D it iDL 1f FRond type

of group, @nSRChEENGZR] 00 SLEH8RLzéd By E1ibdd ¥ ROrd Ash-RNelel 10N in
detection/ correction word mght " be in"a fourth type). These are al

vari ants tie pertinentnartheisnetanefiicanpe of the present invention. Thus

the present inv [ ' t [ 1SL.Ag t | ses 140
n a group 110 oot thyeBrdfl RN Mefedt pedridlll e 20 By
mappi ngs t hembedinerds dat &nes uyoirthd atmbadimdet r proabllgsdeébadedldr time

denodul at e Mappi gnsti.tutes_a predetermned rr epent _or, agr eenent
wher eby ang%%%%dgﬁﬂgaaa &§§§a98V8r‘§% gan%.e%%%c%fspgggpfcgﬁgaﬁ?%gé
attribut abhsedwal t slbat widohsbepadeer baplddudeaen t&dte .datforeseagele)y signal
is denodul at eg(.a g’glﬁs arr angement

S

r _agreenen c$p taﬁgbthe ormof a
protocol , 8%%h L3Pged Bﬁénlggbpg 6P Se5ddY, DaMfereébPSR 3B FSFRE encoded
signal hast@ pgbki ablcthand 30pascagtal RaRhe NERN B8nWhen ddf inedleseeied. The

advantfge gﬁat it only h ' i i

y has a fixed number of occupied time slots 120
or, alternatively, it might allow for a varying number of
occupied time slots 120. A gingle data message could
include more than one type of group 110 (for example a
header might be one type of group, actual data could be in
15 a second type of group, a synchronization element in a
third type, and an error detection/correction word might be
in a fourth type). These are all variants that are within

the intended scope of the present invention.
Thus the present invention is best characterized as
20 wusing multiple pulses 140 in a group 110 of time slots 120
arranged in a manner that encodes data. By mapping the
encoded data, such data can be reliably decoded or
demodulated. Mapping constitutes a predetermined
arrangement or agreement whereby an encoded data message or
25 gignal has a specific meaning attributable to it that can
be ascertained when the data message or signal is
demodulated. This arrangement or agreement can take the
form of a protocol, such as an agreed upon table of codes,
whereby a certain encoded signal has a reliable and
30 ascertainable meaning when it is decoded. The advantage of
uging the present invention to encode a data message is
clear. A wvast amount of information can be encoded on data

elements within a propagated signal that permits the



using the present invention to encode a data nessage is clea

anount of information can be encoded on data elenents within a propagated
signal that permts the 27 JUL 2006 WO 03/065674 PCT/ US02/41521 transfer of
substantWG§%5§74over a very short period of tine, thus BoHY&MA1A

bandwi dth. Turning now to FIGURE 4, illustrated is a block diagramof a
conputer network 400 using an enbodinent of 5 the present invention to
transmt and receive information via the Internet 210. Al though the

il lustrated exanple shows a conputer network 400 in conjunction with the
Internet 410, it would be equally appligable to an application involving a
Local Area Network ("LAN'), a Wde 10 Area Network ("WAN'), an intranet, an
extranet, arageferaldeshibgtartied]l dAayacowbicnat veryt hdieof , pantiodasy

ot hers. In the il Lustrated enbodine a_data nmessage 420 is entered into a
first conplt&i® 43U STOFEMVARE &??gyl & 15 with the first computer 430

transmts the dataniRssagewsdddb ViFrdure | ot ereluddPatoda mpdam A48ck
associated with a second conputer 450 where the data nessage 420 |s decoded

and del i veFedgTAT Siided EOTREERT aRECHREBdE OPhisdaga & memt af
predet egm ped nga&fe;%%{}ﬁcatuﬂfen‘%&%)% Hoh i ¢ 6030 Ak dda1ne ﬁHPBhHQt%BPOSS' bl e

pul se arrange encode w |l | have been entered into data bank 435
in the fivde ddmpulntengetaglfel | aAtthodakhatbgnkildBstreted sseunde
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encode or usin resen nventlon and the
second comiuttexrné®0 #40, 1t would be equally appllcable to an

application involving a Local Area Network (“LAN”), a Wide
[ 10 Area Network (“WAN”), an -intranet, an extranet, a
generalized internet, any combination therecf, and many
others.

In the illustrated embodiment, a data message 420 is
entered into a first computer 430. A modem 440 associated
15 with the first computer 430 transmits the data message 420
via the Internet 410 to a modem 440 associated with a
second computer 450 where the data message 420 is decoded
and delivered. In order to code and decode the data
message 420, a predetermined agreement or protocol 460
20 regarding the mapping of possible pulse arrangements that
encode will have been entered into a data bank 435 in the
3 first computer 430 as well as a data bank 455 in the second
cbmputer 450. The mapping protocol 460 enables the first
computer 430 to encode or meodulate a data message 420 using
25 the present invention and the second computer 450 to
demodulate and recover the same data message 420. Mapping
assureg that the data message 420 received is the same as

the data message 420 transmitted.
The advantage of using the present invention for
30 encoding and transmitting data messages 420 is clear. The
propagated signal described herein allows a vast amount of

data to be encoded on data elements within the signal and



denodul ate and recover the sane data nmessage 420. mapping asgy{lﬁﬁz &slt t he
data nessage 420 received is the sane as the data nessage 42 ansm tted.

The advary@egoeidf7qusi ng the present invention for 30 encogipfasasnshs2i
transmtting data nessages 420 is clear. The propagated signal described

herein all ows a vast anmount of data to be encoded on data el enents within
the signal and 27 JUL 2006 WD 03/065674 PCTI US02/ 41521 -14- pernits the
transfer of such data nmessage 420 over a very short period of tine, thus
conservi ng bandw dth. The present invention also provides several

enbodi ments of nethods for propagatingl4-signal. In one 5 such enbodi nent
the method calls for formng an elenent of data within a tine period of the
propagat ed PSitgHdls e GRATHLIRY (He Ty FrEd oHeFRRBSa4dPoaYeaT & iTRS| ot s.
fhe et hodpdien UAULISS fiinell MWD d amdii gy, |0 a

predet er mi ned mariner anong the 'tinme slots by pul se group 10 keying to encode
the data in the TEeci finederitme paviend.ionThe alsgent powvildelsudesesmaslal ot her

enbodi nment f 0 gat.in i . Sufficient detail has been
et forth BRI o he ShERET LB BBl e B HEEEL TR (o
under st 8nd sameth Erdcidinerithe heametbod Haldebddimdatramioky smcleleatehrodof

1 the art BUI 8 BALBY & ahinFh3E Ty Ot at kBT ORARBRE CIBIgRAT BY
substituti gasidithg Al wineonfetii®i ihih tAogtodePart thfef BOBEENE spigit and
20 scope of the invention in its broadest form ) ,
method then provides for distributing multiple pulses in a
predetermined manner among the time slots by pulse group
10 keying to encode the data in the specified time period.
The invention includes several other embodiments of methods
for propagating a signal. Sufficient detail has been set
forth herein to enable one of ordinary skill in the
pertinent art to understand and practice the various
15 embodiments of such methods.
Although the present invention has been described in
detail, those skilled in the art should understand that
they can make various changes, substitutions and
alterations herein without departing from the spirit and

20 scope of the invention in its broadest form.



27 JUL 2006 - 15 WHAT IS CLAIMED IS: | . A systemfor produci gg}@
propagated signal, conprising: a neans for encoding a single é % dat a
within a tine period of said propagated signal, said tinme period divided
into a group of tine slots; and nultiple pulses distributed in a

predet erm ned manner anong said group of tinme slots by pulse group keying
to encode said elenent of data. 2. T propagated signal as recited in Claim
| wherein said elenent of data is ascertai nable by mapping. 3. The
propagated signal as recited in Claiml wherein said tine slots in said
group are adjacent. 4. The propagated signal as recited in Caiml wherein
said ti mwsiAOt s CLAAMED gEoup are not adjacent. 5. The propagated signal as
recited in Claiml wherein said tinme slots have differing characteristics.
6. The propagated signal as recited in C1aim| wherein said tine period is

divided into a g ou Cﬁl eentln{e t1 ndanunber of data states
corresponldl ng 8 z"’tﬂﬁ% cf"igfatpé%l??gﬁf“il §1gg&1°c§’g£p§51 P ncoded wt al d
group. 7.2 THfBS cRfingRIsIRglg plgmentof date wi Fﬁmﬂpﬁpﬂﬁ?? Tepagaied;sign P

of dH’f"beP@d@é‘{l@@tlé@ ¥ grovp of tee gp6ugndconsi sting of -. a header; an error

det ect i ormuyttigls aglscs distyihutad oma praddterminddemanmer araeng; saiddgroep n%tssfayets bg pulspie

pr opaoat legingitg madodasaid elenteatofidataCl aim | further conprising a plurality of
said time periods. 9. The propagated signal as recited in Caim8 wherein
sai d timg perimgdprdpayRediibha ad ReitedIHUIEMS] VherBi!shidRi@ndt bB&4ia ishSoertiible
pro%ﬁ%glgna as recited in Caim8 wherein said nunber of time slots
vary

3. The propagated signal as recited in Claim 1 wherein said time slots in said group are
adjacent.

4. The propagated signal as recited in Claim 1 wherein said time slots in said group are not
adjacent.

5. The propagated signal as recited in Claim 1 wherein said time slots have differing
characteristics.

6. The propagated signal as recited in Claim 1 wherein said time period is divided mnto a

group of sixteen time slots and a number of data states corresponding to more than fifteen bits of data
can be encoded within said group.

7. The propagated signal as recited in Claim 1 wherein said element of data is selected from
the group consisting of:
a header;

an error detection message;
a synchronization element; and
a data message.

8. The propagated signal as recited in Claim 1 further comprising a plurality of said time
periods.

9. The propagated signal as recited in Claim 8 wherein said time periods have differing
numbers of multiple pulses.

10.  The propagated signal as recited in Claim 8 wherein said number of time slots vary in
said time periods.



said time periods. 27 JUL 2006 -16 11. A nethod of propagatiwﬁ?b&nal
utilizing a nmeans for producing a propagated signal, conprising: formng a
single elenent of data within a tine period of said signal, said tine period
divided into a group of tinme slots; and distributing nultiple pulses in a
predet erm ned manner anong said tinme slots by pulse group keying to encode
said single elenent of data. 12. The jrthod as recited in Claiml | wherein
said data is ascertai nable by mapping. 13. The nethod as recited in Claiml
| wherein said tine slots in said group are adjacent. 14. The nethod as
recited in Caiml | wherein said tinme slots in said group are not adjacent.
15. The nethod as recited in Claiml | wherein said tine slots have
di f f eri nglbhar Ammethddsafipeapagating, a signal wilizingcr means def preducing agprapagated sighds ei n
sai dcompmsimeriod is divided into a group of sixteen tine slots and a nunber
of data sfaainéfy adiglespasgtiofidath avithid £tifnbperidd dtse@rsiduial, Saidftintbadesiod divided into
encogd@ghupbf timtRBrdTaAA0d as recited in Caiml | wherein said elenent of data
is selec Sfétrfbml%ﬂmﬁﬁi 1eHuReR LRl RE I8 arRng éaid%ﬂn@&lﬁ%%y{fg‘ﬁﬁs@%ﬂu n
eSS gaRi A AU AU AR JONFLPTRNT: and  d datd"eSsage. 18 Fhe Fethod as
reci &N arm i urther conprising designating a plurality of said tine
periods. 19. The nethod as recited in O ai mq}%S wher ei n,s%i d groups have
di f f er i nglfhunbBhesmehod ps regited| 1 Clajmsld whepgin safgl dataids 456ertalableRy PaRpgy O ai m 18
wherein said nunber of tinme slots vary in said tinme periods.

13.  The method as recited in Claim 11 wherein said time slots in said group are adjacent.

14.  The method as recited in Claim 11 wherein said time slots in said group are not adjacent.
15.  The method as recited in Claim 11 wherein said time slots have differing characteristics.

16.  The method as recited in Claim 11 wherein said time period is divided into a group of
sixteen time slots and a number of data states corresponding to more than fifteen bits of data can be
encoded.

17.  The method as recited in Claim 11 wherein said element of data is selected from the
group consisting of
a header;
an error detection message;
a synchronization element; and
a data message.

18.  The method as recited in Claim 11 further comprising designating a plurality of said time
periods.

19.  The method as recited in Claim 18 wherein said groups have differing numbers of
multiple pulses.

20.  The method as recited in Claim 18 wherein said number of time slots vary in said time
periods.



