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AND METHOD OF USI NG THE SAME TECHNI CAL FIELD OF THE I NVENTION 5 The
present iwWoeawemm is directed, in general, to a propagat@dTdisgnaiszand,
nore specifically, to a propagated signal containing data nodul ated by

mul tiple pul se per group nodul ation and a nmethod of using the sane. 10
BACKGROUND OF THE | NVENTI ON El ectronic data 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
transmitter so that the intelligence is in a form suitable for
propagati on. Mdul ation can also be viewed as the addition of information
to an electronic or optical signal carrier in a manner that permts the
encoded data to be reliably decoded. Mdul ation can be applied to direct
WO 03/ 065674 PCT/ US02/ 41521 -2 current (mainly by turning it on and off),
to alternating current, and to optical signals. One can even vi ew bl anket

MODULATION BY MULTIPLE PULSE PER GROUP KEYING
AND METHOD 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
signal containing data modulated by multiple pulse per
- group modulation and a method of using the same.
10

BACKGROUND OF THE INVENTION

Electronic data transmission requires some form of

signal 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
signal carrier in a manner that permits the encoded data to

be reliably decoded. Modulation can be applied to direct



wavi ng as a form of nodul ation used in snoke signal transm ssion (the
carrier being a steady stream of snoke). 5 Morse code, invented for

t el egraphyoandestv4 | | used in amateur radio, is a method eCTnsdukEei on t hat
uses a binary (two-state) digital code simlar to the code used by nodern
conputers. Modul ation inplies the occupancy of bandwi 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 transnission

busi ness. Bandw dth conservation requjirenents has increased the pressure

on users to neke the nost efficient usé of 15 bandwi dth as technol ogy
permts. One netho
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Modulation implies the occupancy of bandwidth, 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 wuses, the carrier being

25 modulated is alternating current (AC) within a given range
of frequencies. Some of the more common modulation methods
include: amplitude modulation (AM), in which the amplitude
of the carrier signal is varied over time; frequency
modulation (FM), in which the frequency of the carrier

30 signal 1s 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



30 signal is varied; and phase nodul ation (PM, where the phase of the
carrier signal is varied over tine. These are all classified as continuous
wave nodwweatmoesemet hods in  order to distinguish them fromcrhisopuisee code
nodul ati on WD 03/ 065674 PCT/ US02/ 41521 -3 (PCM nethods used to encode
digital and analog information in a binary way. There are also nore
conplex forns of nodul ation, such as phase shift keying (PSK) and
guadrature anplitude nodul ation (QAM, as well as nethods to nodul ate 5
optical signals by applying an el ectronagnetic current that varies the
intensity of a |l aser beam Depending on the intended use, all the foregoing
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methods of modulation 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 1is exerted on transmission systems and

15 bandwidth 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.

One 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.



increased, the infrastructure and equipnent required to support such
infrastructure can be significantly reduced. Thus, what is required in the
art are rwwoamessnovel 25 methods to nodul ate el ectroni c eCynshz4tshat
increase the anmount of digital data that can be transferred and the rate
at which such transfer can occur. WO 03/065674 PCT/US02/ 41521 -4 SUMVARY
OF THE I NVENTI ON To address the above-di scussed deficiencies of the prior
art, the present invention provides for a propagated 5 signal using

mul tiple pul se per group keying and a pethod of using the same. In one

enbodinegt the propagated signal incltdes: (1) an elenent of data
contained within a time per] ignal, the tine period
divided into a group of ti Pgs&ﬁhir@?g; rrquN[S)Ie pul ses 10 distributed

in adpreﬁetgrnined manner anmong the time slots by pulse group keying to
encode the data. The present invention,therefqre, intr.oduces, th ad
concept of eonB?iﬁ&dﬁﬁﬁétﬁﬁﬁl%ﬂ%vﬁﬁaéchﬁsﬁggF§$}QﬁenQﬁ%ﬁsofhg%gbccupy a
tine periqohidr aaP¥ Opagatget sdrghalnvekit (Bt pripwidieefor dr propagaitect ease in
the amount” of data that cap be encoded on a propagated si.gnal . u%p
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transm ssi op capabidid kaaver thabnefembé@imait thad dropedidtald eigmilhods. 20
I n one enbodi ment™ of the invention the elenent of data . .. .

includes: (1) an element of data contained within a time

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
transmission 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 slots 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

unigue codes to be encoded therein.



in the group of tine slots is ascertainable by mapping. In another

enbodi ment of the invention the time slots in a group are adjacent while

i n anot hewotoh®edsr4re sl ots in the group are not adjacent. PCA/User/41sei | |

anot her enbodi nent of 25 the invention, the time slots in the propagated
signal have differing characteristics thus permtting unequal slot tines
and an increased versatility of use. In another enbodiment of the
invention, a group of tinme slots in the propagated signal encode data that
is 30 nore than fifteen bits long. As_w ||l be recogni zed by those of

?rdinary skill :n the pertinent art, a“data elenent that is fifteen bits
ong permts a |arge nynber, of. uni C . e e . WD
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the present invention also permts a propagated signal having a pluralit
of time pﬁﬁ@%ﬁ%ﬁt%%?hc%%tE?ﬁs%aé??%ggiﬂﬁ%gﬁﬁtion. Anot her aspecf y

Another 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

six, 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 in 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 claims of the invention. Those skilled in

30 the art should appreciate that they can readily use the

disclosed 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



of this enbodi nent provides for the nunber of pulses encoding data to
utilize differing nunbers of multiple 15 pulses in different groups of

sl ot s wi twWD3bss76ane propagated signal. For exanple, a Readso2/dEta

el enent may require the use of four pulses to encode data, while one of
the data el enents carrying actual information may require six, seven or
even eight pulses to encode data. Further 20 evidence of the versatility of
the present invention is found in an enbodi nent where the nunber of tine
slots can vary in the tinme periods th%t make up the propagated signal.
The foregoi ng has outlrned preferred and alternative 25 features of the

present inyention sg_ thaf il ndgr st and
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f eat ures otohberutnventi do wdd dnpamscfr@edtherepmaﬁteanﬁh&wopﬂwﬂﬁhe
subj ect of the,clai of the invention. Those skilled in 30 the art should

appr eci at e“Pfiat ™Yy 28n readily use the disclosed conception and specific
enbodi ment as a basis for designing or nodifying other structures for
carrying out the same purposes of the present invention. Those skilled WO
03/ 065674 PCT/ US02/ 41521 -6 in the art should also realize that such

equi val ent constructions do not depart fromthe spirit and scope of the
invention. 5



WO 03/ 065674 PCT/ US02/ 41521 -7 BRI EF DESCRI PTI ON OF THE DRAW NGS For a
nore conpl ete understandi ng of the present invention, reference is now
made to twe oBobicomi ng 5 descriptions taken in conjuncti oRCRUSH2/415e1
acconpanying drawings, in which: FIGURE 1 illustrates a representation of
atinme period in a propagated signal where an elenent of data is
nodul at ed usi ng an enbodi nent of the present invention; and 10 Fl GUREs

2A-2D il lustrate graphs of pulse positions for a conventional prior art
digital pulse position nodulation (PPM nethod where data is encoded by a
pul se located in one of four pulse positions; FIGURE 3 illustrates the

The correct convent i oRBLEPERERGREB N PFORRF PRANEE oo and FI GLRE 4
illustrates a block diagramof a conputer network using an enbodi nent of
e net 20 OB/ GoSBYAS PITURKS) 51 S5EE A AR BT DEGRI BTEON et er ri ng
initially {Q,EhOURE, 1, rkEbusheat edgsi s row r epidsentat | aheof falfliowengeri od
100 in a propagated signal 5 where an_ el ement . fh d@lglg iasccrcr:?nd%lnatiend usi ng
an enbo?i ngggcriptions  taken in conjunction wi panying
drawings, in which:
FIGURE 1 illustrates a representation of a time period
in a propagated signal where an element of data 1is
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 of the present invention to

transmit and receive information via the Internet.

20



of the present invention. The element of data within the tinme period 100
is divided into a group 110 of time slots 120 (one of which is indicated).
The gr oupw08/06%74 represented by a collection of tinme sloPSTARD2/4Bach tine
10 slot 120 is centered on a possible pulse 130 position (defined bel ow)
in the group 110. The illustrated group 110 has sixteen tinme slots 120,

al though, as will be recognized by those of ordinary skill in the
pertinent art, a group 110 can consist of any nunber 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 digi | se [ dul ation (PPM net hod
where data is encoded by a ﬁT&%@Oq%%?A{fgﬁdrﬁ)one of four pul se 20
gps!glgns 210. Conventional prior art PPM provides for a streamof data

ivided into separate, sampl e val ues and transgyutting,each. sanpl e
value with a si %rm%elﬁéﬁlahﬁgr . F&Eﬁ%@t r%t e&TFLHSIEIr%Bﬁés ]Z'% %% are
the four possidde yalseSof ¥ PSS POsId i1 216 pabpadpitlese s220a25 wi t hin
a discrete sanple val ue represente

by a _span aof tinme. The.faur | se
posi ti dns Wh%ﬁ%aﬁna?%%mﬁﬁtvPEm@Etﬁslsb@PHQEPBEEtEﬁlpﬁ 879 F5RS &Fe%§u?
slots. By ShapgingrtBenPoshiéRPich. t hehpubseméal wift Aanat ke thgnotmeof slots
over the discrete tine Ber[od,_the data or 30 information.in the sanple is
encoded. ALeeiRerdPdpliPlelpodividnd2anter angkPuli ohf PE %&Weu§§& 0

transmt apppentdde S eamieh dada.imRiindedul sesTR0 ghospbsequents

represented 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 values, or pulse positions 210, of a pulse 220

25 within a discrete sample value represented by a span of

time. The four pulse positions 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



WO 03/ 065674 PCT/ US02/ 41521 -9 time spans simlarly transmt the

i nformation contained in subsequent sanple values. Turning now to FlI GURE
3, illustwetoadeicss t he group of four slots separately ill @srAsvrdisen

FI GUREs 2A-2D, showing 5 the correct conventiona
for each pulse 220. As noted above, conventional PPM provides for the
transm ssion of only one pulse 120 in a group. Wen

is perforned at each all owabl e peak pulse position 210 in the group,
of the sanples wll

sanple will a value or anplitude of uUnhity. If sanpling during
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t hr ee

10 have a value of_essentially zero and the correct

! ‘ _ se position 210
fasingaMple dblude. anplitude at a neighboring location will
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30

demodulation sampling is performed at each allowable peak
pulse position 210 in the group, three of the samples will
have a value of essentially zero and the correct sample
will a wvalue or amplitude of unity. If 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
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
interval between pulse positions 210. As a general rule,
PPM reqguires 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
FIGURE 2A 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
pulse 220 and separate it from the “inter-symbol”
interference, if any, caused by close or adjacent pulses
220.



recogni zed mninmumtime spacing or separation between allowabl e peak

pul ses 220 required for PPM Tmn is designed to inprove the ability
during dewodalets7on sanpling of being able to accuratel yPcadsp/irea
particular 30 pulse 220 and separate it fromthe "inter-synbol"
interference, if any, caused by close or adjacent pulses 220. WO 03/ 065674
PCT/ US02/ 41521 -10 Another factor to consider for reliable transm ssion

of data is the synchronization of the timng of sanpling to potenti al
pul se positions 210. If sanpling is not_ properly synchronized to pul se

positions 210 or if the pulse 220 is 5 Yot properly within its intended

slot, the anplitude for_ the "correct" .pul se It 2 11 ess than
unity, while t%%°§%%¥iFﬁ8E05tE8 ﬁgpﬁﬁggFi%SIF%%&%%ﬁqﬁﬁq%a %ﬁﬁ%ﬁ?dqeuger
than zero.oEv@td fid kil wehehrondeslti onhodebe, tihingsofredmploisty rcobabl y

can still be correctly denodul ated because_PPM. gengr al Vi for
only a si ngPeSput e RPHF 1P Hhi%t e %dﬁ?ﬁnﬁgﬂlﬁﬁel%erﬁ%&ﬂ{ﬁ?petﬁx t hat
constit ut esyAcHronPzed b0pelsdipodayt Esmor2 becmest e milse @ragbliem i f
significant noise exists I n the syst
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larger than zero. Even if this were to occur, however, the
signal most probably 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
noise 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



As a general rule, unless the signal to noise ratio is very 20 poor
(small), the signal can be successfully denodul ated as long as the timng
error i s wegg/oeswan Tmin/2. Although PPMis wi dely used, treTasousts2nf data
that can be encoded within a discrete tinme period is significantly
limted. The present invention provides for 25 a new and novel nethod of
nodul ation that permts a nunber of pulses 220 to be included in a group
of slots. This feature permts substantially nore data to be encoded and
transmtted within a given discrete tine increment. Turning again to Fl GURE
1, distributed anong the group 30 110 of sixteen time slots 120 are

multiple p 130 e ent vef i 0c be any
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synchroni zaticonveneé odC ekn(:)Lwn i,n thg grt. ac(glntie sl ot .120 containing a
Ul 6. 130" D e d Eh gy PR SvRtBrond #E gk et 7 KB ¢
nore pul sesofi naanumber of synchronization methods known in the art.
Each time slot 120 containing a pulse 130 can be separated
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 sufficiently small and synchronization 1is
particularly good.
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, 1f, 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 FIGURE 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



group, the separation can be less than Tmn if the noise |level is
sufficiently small and synchronization is particularly good. If one tine
sl ot 120 wowmageishe illustrated sixteen 15 tinme slots 120PC3/usorupseed 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 slot 120 in the group 110 is
occupi ed by a pulse 130, the nunber of states 20 produced in the group 110
is significantly increased. For examlg, with four pulses 130 in the group
110, as illustrated in FI GURE 1, there are 1,820 different data states

that can be producad. tH & J CRESIERIHR f AIBLI fnaAnd=SEGRE! Leanhelner ease

in the nunber of states that can € enco over t nunmber that could
be encoded Wisialy am ivwirllakte PRModRUZddeby ithosiegltf pmds@@rmek@éﬂ; pa used

in a grouq:gel%%%%égﬁhe#c%{ e, s 4 oi & 420, 4 here are 12,870 data states

t hat becone av I'S” an even nore S|gn|f|cant | nprovenent. Even
nmore dranatic ré@uitSnvamtbensdesbtabaédhareyﬁMyKOVﬂiﬁ& for eevwmrailne
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permts ™ as many as erent I's perm nunber of
different dateststatés da» betentaded tion Is¢ X ticemt\Woa03/ @)656?4 R/ USQE/ 41521
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nor do the t1me slots 120 necessarily have to be adjacent
to one another. A single group 110 can be defined such
10 that it only has a fixed number of occupied time slots 120
or, alternatively, it might allow for a varying number of
occupied time slots 120. A single 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 using 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 signal 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
using the present invention to encode a data message 1is
clear. A vast amount of information can be encoded on data

elements within a propagated signal that permits the



the pertinent art, is significant. The invention described herein provides
for several 5 enbodinents. One such enbodi nent provides that all tine

sl ots 120wOm3nets7have to be identical (they can have unedqoalusst/ets2w dt hs,
pul se anplitudes, etc., for exanple) nor do the tine slots 120 necessarily
have to be adjacent 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 mght allow for a varying nunber of occupied tinme slots
120. A single data nessage could incluyde nore than one type of group 110
(for exanple a header m ght be one type of group, actual data could be in

15 a second:typerof QEOEQbséaﬁﬁﬂﬁﬂ”a%‘téatdv@}eAe\F@ﬂF éH %Q?Egdt wge, and

an error detection/correction word mght be in a fourt These are
al | variantsihatthite eeneryyingdandwitidy. scope of the present i nventi on.

Thus the presentrifyen)i ol ScBeSr@fing agl erizedspeacel UBLNG M LRl ©

pul ses 140 in a group 110 of tine 120 arranged in a nanner t
encodes datdiaBEmappi AgcPmpULterc sddogdt & 00 ustintatan cambbdimeht abify

decoded Or e @ﬂ@dln&gﬂgggg CONSLLL UL 88 gnﬁrggggfgg]gﬁgorﬁgEgg%?nent

or agreenent er eby an ‘enco daf a nessage or as a specific
meani ng atﬁﬁﬁbuth@lént@IMEttﬁ@ﬂ)canAlbhOagbeﬂﬂE:nehluﬂEnath@ éxbapiessage

or signal éﬁ? £ duhg&ggte;h5§dgﬁ&ggg%%%ntlgr dﬁgﬂg@%%g t§¥etkhe form

of a protoco n agreed upon tabl e of CO a cértain
encoded S|ghmneﬂu§t6141QA ablte aypdild 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 thereof, 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
first computer 430 as well as a data bank 455 in the second
computer 450. The mapping protocol 460 enables the first
computer 430 to encode or modulate a data message 420 using
25 the present invention and the second computer 450 to
demodulate and recover the same data message 420. Mapping
assures 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



30 ascertainabl e nmeaning when it is decoded. The advantage of wusing the
present invention to encode a data nessage is clear. A vast anount of

i nf or mat iwo odaesehbe encoded on data elenments within a propagatser4segnal
that permits the WD 03/ 065674 PCT/ US02/ 41521 -13 transfer of substanti al
data over a very short period of tine, thus conserving bandw dth. Turning

now to FIGURE 4, illustrated is a block diagramof a conputer network 400
usi ng an enbodi nent of 5 the present invention to transmt and receive
information via the Internet 210. Although the illustrated exanple shows a

conmputer network 400 in conjunction with the Internet 410, it would be
Clany “BREIE aPectreliErt Thu Aty TaRY MeeBanp a0 SRR R Y
gener al i zedshontterpetriodnyt coime natheon comseolinanthmdwidtiot hers. In the
comput er 430 A e AT Sk 0ci STAA IS i th The fP SR Ut 450
transmts térdoadimentssafemé2Bodisa fiolre durpergeatingl G t 9ignabdemis4@ne
sevclaied MR Ssstend AU sh A0 E s ils e 1
a predet er aeal agrésmend ahimer gpacodd 466 2the egarogang telte shgpahg hof
Dok, 2'32 P fxﬁjeé‘{ﬁé‘“gﬁge%%eté‘é‘}cioﬁnfr?@% W LNAVE PeeRCheied 1 e a data
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.



first conputer 430 as well as a data bank 455 in the second conputer 450.
The mappi ng protocol 460 enables the first conputer 430 to encode or

nodul at e wodawvesemessage 420 using 25 the present inventi oRCarusor/mes2second
conputer 450 to denodul ate and recover the sane data nessage 420. Mappi ng
assures that the data nmessage 420 received is the sane as the data nessage
420 transmtted. The advantage of using the present invention for 30
encodi ng and transmtting data nmessages 420 is clear. The propagated
signal described herein allows a vast amunt of data to be encoded on data
el ements within the signal and WO 03/ 065674 PCT/ US02/ 41521 -14 permts the
transfer of suchygatargessasmey2Pgover a very short period of tine, thus
conservi ng bandw dth. The present invention al so provides several

enbodi ments of nmethods for propagating a signal. In one 5 such enbodi nent

the met hod cal |l sqfor A3$P$5ﬁb§@eﬁ'§?§3519fC§@%?5¥@55!” atinme period of the

propagat ed signal by viding the ne per Into a group of time slots.
The nethod thereproledestfeof daserrbutehgeduitiipie puktdes perdaod of

pr edet ergn nggh frappgr - aap i1me S pul roun .10 keyi to
encode the data ?n Fﬁg.s%gc%ggé %ﬁré%%%ngﬁé §§4ané§1%é%#i%8F§d§§
several ot #Efowpholi hene ssbtgietdmdls for propagating a signal. Sufficient

detail has been geft; fgéé&#ggéﬂé&é % qQne. of i nary skill in the
pertinent art to uUnderst and practice (ﬁéﬁgg?ﬁgégé cruied manner
among said time slots by pulse group keying to encode said
data.
10
2. The propagated signal as recited in Claim 1

wherein said data is ascertainable by mapping.

3. The propagated signal as recited in Claim 1

15 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.

20 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 group encodes data that is more than fifteen
25 Dbits long.

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

30 a header;
an error detection message;
a synchronization element; and

a data message.



15 enbodi nents of such nethods. Although the present invention has been
described in detail, those skilled in the art should understand that they
can nmake warBoes7£hanges, substitutions and alterations I[reraisn2/aisehout
departing fromthe spirit and 20 scope of the invention in its broadest
form WD 03/065674 PCT/US02/ 41521 -15- WHAT IS CLAIMED IS: 1. A propagated
signal, conprising: an elenent of data contained within a tinme period of 5
sai d propagated signal, said time period divided into a group of tine
slots; and nultiple pul ses distributedgL a predeterm ned manner anong
said time slots by pul se group keying to encode said data. 10 2. The
propagated signa. as Tiegi Rdpaiabedl Myignihersl n saiiddat ani 1asGer tai nabl e
by mappi ng._ 3. The propagat eg signal as recited in Cdaim1l 15 erein said
tinme slots THFEY FEIH S ] lity ofhesakdbpdgea abwiapml as recited
in Cdaiml wherein said tine slots in said group are not adjacent. 20 5.
The propagated signal _as recited in Caim1l wherein said tinme slots have
di ffering characteri sti®sPreragréegr opbgpetd & gherifedr et t €d.dim CBai m 1

wher ei n ssaiyhedrep gRSAMHSlEA hhL 16 MRS APaRufbELEeN s multiple

pulses.

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

10 periods.



25 bits long. 7. The propagated signal as recited in Cdaim1l wherein said
el ement of data is selected fromthe group consisting of: 30 a header; an
error detwotiBoessmessage; a synchronization el ement; and &caatsazsesssage. WO
03/ 065674 PCT/ US02/ 41521 -16 8. The propagated signal as recited in Claim
1 further conprising a plurality of said time periods. 9. The propagated
signal as recited in Caim8 5 wherein said groups have differing nunbers
of nmultiple pulses. 10. The propagated signal as recited in Claim8
wherein said nunber of time slots varyjim said time 10 periods. WO

03/ 065674 PCT/ US02/ 41521 -17 11. A nethod of propagating a signal,
conprising: form ng A&t ts HrdsiahMddin ﬁs{dé@ %’m&qﬁngﬁal d
signal, said ti? period divided into a group of tinme slots; and 5

di stributing nult9PMEPupPBesiprertpddedatdi weahimndert ingropersad dofi ne
slots by puesiel @iiakeWd A herde il vidRi@ into a group of time

slots; and

5 distributing multiple pulses in a predetermined manner
among said time slots by pulse group keying to encode said
data.

12. The method as recited in Claim 11 wherein said

10 data is ascertainable by mapping.

13. The method as recited in Claim 11 wherein said

time slots in said group are adjacent.

15 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.
20
16. The method as recited in Claim 11 wherein said

group encodes data that is more than fifteen bits long.

17. The method as recited in Claim 11 wherein said
25 element of data is selected from the group consisting of
a header;
an error detection message;
a synchronization element; and
a data message.
30
18. The method as recited in Claim 11 further

comprising designating a plurality of said time periods.



12. The method as recited in Claim1ll wherein said 10 data is

ascertai nabl e by mapping. 13. The nethod as recited in Caim1l1ll wherein
said tiMwoIBO6X74Nn said group are adjacent. 15 14. The neChamsozasiseecited
in Caim1l wherein said tinme slots in said group are not adjacent. 15.
The method as recited in Claim1l wherein said tine slots have differing
characteristics. 20 16. The nethod as recited in Caim 1l wherein said
group encodes data that is nore than fifteen bits long. 17. The nethod as
recited in Claim1l wherein said 25 elegment of data is selected fromthe
group consisting of a header; an error detection nessage; a

synchroni zat i on e eneMie A8Ehod Ea! @cERESATGN 3<§>1a1§n T@ewﬂeke% ggilgeci ted
in Caiml1l further conprising designati g a plurality of said tine

peri ods. WIXPHRBSEVE PETT Isolia mmbexs of guliiep ke tRivses- recited in
Claim 18 wherein said groups have differing nunbers of multiple pul ses.

20. The method as recited in C aim18 wherein said 5 nunber of time slots
vary in said tiﬁﬁ)pef$Q%smethOd as recited in Claim 18 wherein said

5 number of time slots vary in said time periods.



