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specifically, to a propagated signal nodul ated by phase and tine shift
nodul ation and a 10 nmethod of using the same. BACKGROUND OF THE | NVENTI ON
El ectronic data transm ssion requires sonme formof 15 signal nodul ation
that encodes data onto an information bearing signal so that the signa
can be propagated over a transmtting nmedium and denodul ated to

unambi guously recover the data originally encoded. Mdul ati on can be
viewed as the process by which digital data, voice, nmusic, 20 and ot her
"intelligence" is added to radi o waves produced by a transmitter so that
the intelligence is in a form suitable for propagation. Mdul ati on 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 WO 03/ 065671
PCT/ US02/ 41258 -2 be reliably decoded. Mdul ation can be applied to direct
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 ation
used in snoke signal 5 transmi ssion (the carrier being a steady stream of
snoke) .

MODULATION BY PHASE AND TIME SHIFT KEYING
AND METHOD OF USING THE SAME

TECHNICAL FIELD OF THE INVENTION

The present invention is directed, in general, to a
propagated signal and, more specifically, to a propagated
signal modulated by phase and time shift modulation and a

10 method of using the same.
BACKGROUND OF THE INVENTION

Electronic data transmission requires some form of

15 signal modulation that encodes data onto an information
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,

20 and other "intelligence" is added to radio waves produced
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



Morse code, invented for telegraphy and still used in amateur radio, is a
nmet hod of nodul ation that uses a binary (two-state) digital code simlar
to the cod® wswesk7by nodern conmputers. 10 Modul ation i npl ireg/tSve/438 upancy
of bandwi dth, a precious resource the conservation of which is of
increasing inmportance to all but nost particularly to those in the data
and informati on transm ssion business. Bandw dth conservation requirenents
has i ncreased the 15 pressure on users to nake the nost efficient use of
bandw dt h as technol ogy permits. One nethod to increase bandw dth
efficiency is to utilize transm ssion te&miques that nmaxi mze the anount
of data or information that is transmtted over a limted period of tine.
One way to 2bei medédabeyt Hecadiednt doddded itorarmem thedrvered té ndieect i me

period is to iLlLize l.ati t imze 0co at a
transmtted Sggke#%e(gﬁﬁggg?gguFﬁ%gﬂg'riggggiéﬁgﬁﬁ%¢P%Tm%€t%%€s 5%%9% W
bei ng used t oumpéntat endetectpionézl siigrallss + o Onearsm evdhgiialw ibamketor

nost 25 radj tel eco icati-.o i er._beij d is
P br nati g W8yARd, ' S5OSO IR ALk O AaGPAc 108 GMdd ShDOLRG PRI SR | D
nore conmbn boduokatisshonmet(hbds carn¢budbeingphi s udadyodutrasmont (#dkel n

whi ch the anplitude f the_carrier_signal. is varied qver,_ tine; frequency
30 modul at | OHOLERY) , CTE whitGH STHE  Etioney SEARY carti et 4] ghged o
vari ed; and phaseumodablabi ohs (PMetivdibred taelulphdse ahathesearaileinsignal

s varied over Line. Thege are; all classif]ed a3, c0NNuous YOV orm
computers.

10 Modulation implies the occupancy of bandwidth, a
precious resource the conservation of which i1is of
increasing importance to all but most particularly to those
in the data and information transmission busginess.
Bandwidth conservation requirements has increased the

15 pressure on users to make the most efficient wuse of
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

20 increase the amount of data transmitted over a limited time
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

25 radio and telecommunication uses, the carrier being
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 wvaried over time; frequency

30 modulation (FM), in which the frequency of the carrier
signal 1is wvaried; 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
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nodul ati on, such as phase shift keying (PSK) and quadrature 5 anplitude
nodul ation (QAM, as well as nethods to nodulate optical signals 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 10 transm ssion of electronic data
over a distance. However, as nore and nor3e bandwi dth is being used because
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the art are wewiasdthevehtensity of a laser beam.
Depending on the intended use, all the foregoing
methods of modulation permit a relatively reliable

10 transmission of electronic data over a distance. However,
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,

15 even more pressure is exerted on transmission systems and
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.

20 One way to partially resolve the problem of limited
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 gignificantly reduced.

25

Thus, what 1s required in the art are new and novel
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.



met hods to nodul ate el ectronic signals that increase the amount of digital
data that can be transferred and the rate at which such transfer can
occur. VOWMIBI3MSSBT1L PCT/ US02/ 41258 -4 SUMVARY OF THE | NVENTI@QGN2/F@saddr ess
t he above-di scussed deficiencies of the prior art, the present invention
provides for a propagated 5 signal nodul ated by phase and tinme shift
keyi ng and a nethod of using the sane. In one enbodi nent the propagated
signal includes: (1) a period of time spanned by a pulse, the period of
time divided into a group of tinme slots, each of the time slots having a
uni que phase/tinme position; and 10 (2) tife pul se encoding a data el enent by
the phase/tinme position. The present invention therefore introduces the
broad concept of encodi ng daS¥MMRAREORH: FHE BHVENTIMN bot h phase position
and tine position within a group of slots of a 15 propagated signal. This
new and novel nethod of encoding a signal provides a dramatic increase in
t he amount of dat &o tdtraﬂraswtapagaamweﬁ@imum cdefycdeeciasspeti £he
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be mapped signal includes: (1) a period of time spanned by a pulse,
the period of time divided into a group of time slots, each
of the time slots having a unique phase/time position; and

10 (2) the pulse encoding a data element by the phase/time
position.

The present invention therefore introduces the broad
concept of encoding data by locating pulses by both phase
position and time position within a group of slots of a

15 propagated signal. This new and novel method of encoding a
signal provides a dramatic increase in the amount of data
that a propagated signal can carry over a specific periocd
of time as compared to that which could be carried using
prior art encoding methods.

20 In one embodiment of the present invention the data
element is coded and decoded by mapping. In anotherxr
embodiment the time slots in a group are adjacent while in
yet another embodiment the time slots in a group are not
adjacent. In either case the encoded signal can be mapped

25 and decoded at its termination point without any change in
data being transmitted.

The invention is sufficiently versatile that in one
embodiment the time slots within a group have a non-uniform
spacing. Further versatility is demonstrated by the fact

30 that another embodiment provides for more than one pulse to
be located within a group of time slots.

This new invention permits a substantial amount of

data to be encoded within a very short period of time. For



25 and decoded at its term nation point wthout any change in data being
transmtted. The invention is sufficiently versatile that in one

enbodi mrenwa dseesd7me sl ots within a group have a non-uni f orraT/GP2E1238.
Further versatility is denonstrated by the fact 30 that another enbodi nent
provides for nore than one pulse to be located within a group of tine
slots. This new invention permts a substantial anount of data to be
encoded within a very short period of time. For WO 03/065671 PCT/US02/ 41258
-5 exanple, in one enbodi nent of the present invention, a single group can
encode data that is nore than fifteen bits- in length. Those of ordinary

skill in the art will recognize that fifteen bits of data is substantial.
5 A particul @an,mnlﬁyf uina%?@cte@bodhéeﬁlhv@ﬁtlfdﬁﬁ ppoeisgas Imventieomyr oap to
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embodi ment , thypegr cupsdhawe di Ihepnrg emhovhierentof of i mhes| bhsention the
element of data encoded in a group is selected from a group
of different types of data consisting of a header; an error
10 detection message; a synchronization element; and a data
message. Those of ordinary skill in the pertinent art will
recognize that most streams of data will most probably
include all three different types of data groups.
In still another embodiment of the present invention
15 a propagated signal consists of a plurality of the groups.
In yet still another embodiment, the groups have differing
numbers of time slots.
The foregoing has outlined preferred and alternative
features of the present invention so that those gkilled in
20 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
the art should appreciate that they can readily use the
25 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
in the art should also realize that such equivalent
constructions do not depart from the spirit and scope of

30 the invention.



The foregoing has outlined preferred and alternative features of the
present invention so that those skilled in 20 the art nmay better

under st anda s@estgt ai | ed description of the invention that Haltvsses125s

Addi tional features of the invention will be described hereinafter that
formthe subject of the clains of the invention. Those skilled in the art
shoul d appreciate that they can readily use the 25 discl osed conception and
speci fic enbodi mrent as a basis for designing or nodifying other structures
for carrying out the sanme purposes of the present invention. Those skilled
in the art should also realize that such-&quival ent constructions do not
depart fromthe spirit and scope of 30 the invention. WO 03/ 065671

PCT/ US02/ 41258 -6 BRI EF BXESIR PE3CRN EFLONHBDDRAE NBAWINGS nore conpl et e
under standi ng of the present invention, reference is now nade to the
following 5 descriptions taken in conjunction with the acconpanying

drawi ngs, in whiclforFl 8UREoAe i Idatstlcateesuadgiraphndhawi ngf t theal powabhe
positions for,_a convention rior art group of four_ pul ses SLT digital
pul se positi o moddi At ot 1C90 ¥ cURB"2 i“\aldﬁstrteffest%egrgﬁ 8’% ng
al | owabl e spuldeecrp@siildrenstdbah dhe deljheriadiel ywsthuadiy edctOmparging
over | appi ng spaci.ng significantly smaller than Tmn; FIGURE 3 illustrates a
graph of an &Ny 12 HHF° "with pul ses separated by a slot width of

Tm n/5 showi ng anFIGURE 1 illustrates a graph showing the allowable
positions for a conventional prior art group of four pulses
using digital pulse position modulation (PPM) ;

10 FIGURE 2 illustrates a graph showing allowable pulse
positions that are deliberately structured to have
overlapping spacing significantly smaller than Tmin;

FIGURE 3 illustrates a graph of an example of a signal
with pulses separated by a slot width of Tmin/5 showing an

15 attempted five-fold increase in data transmission over that
shown in FIGURE 1;

FIGUREs 4A and 4B illustrate graphs showing
implementation of an embodiment of the present invention
with real and imaginary parts of overlapping pulses and an

20 added phase shift of +90°; and '

FIGURE 5 illustrates a graph of an embodiment of the
present invention using a phase increment other than 90° to
demonstrate the substantially improved discrimination
between a correct state and its neighboring states with

25 allowable pulse spacings of Tmin/5 and using a 78.5° phase

difference between adjacent allowed states.



15 attenpted five-fold increase in data transm ssion over that shown in
FIGURE 1; FIGUREs 4A and 4B illustrate graphs showing inplenentation of an
enbodi menwoof3/osheg1present invention wth real and imgi naor/ ek ssef

over |l appi ng pul ses and an 20 added phase shift of +90; and FI GURE 5
illustrates a graph of an enbodi nent of the present invention using a
phase i ncrenment other than 90 to denonstrate the substantially inproved
discrimnation between a correct state and its neighboring states with 25
al | owabl e pul se spacings of Tmn/5 and using a 78.5 phase difference

bet ween adj acent allowed states. WO 03/ 065671 PCT/ US02/ 41258 -7 DETAI LED
DESCRI PTION Referring initially to FIGURE 1, illustrated is a graph 100
showi ng the al |l owabl e positi onsDEBAIREDSDEEGRERTILONal prior art group 105
of four pulses 110 using digital pulse position nodulation (PPM. The
illustrated group can be viewed as four slots 120 with Tm n being the

ti me separation béeeweewitke ahiltoiwable po SBIGURE pagk ipbsstraved lins PRM

only one of these pu s 110 i.n this 10 grqu 5is transmtted to avoid
i nt er synbol rgﬁfag?‘f erjei(ie SWArH & a '%ce%tﬁc?g’%) eent?%?’rg/l%]afac%rﬂr puf'se
110. If denoduivanitdeonsdnplding exrtdenewrt 1de dbufoat | owbdée peakusing
positLons: | Uhieg.gt Lo samplss b bg cssent ally, zerg engl Lhe corgent |
i's not propegltpup can be viewed as four slots 120 with Tmin being the
time separation between the allowable pulse 110 peak
positions. In PPM only one of these pulses 110 in this
10 group 105 is transmitted to avoid intersymbol interference
with an adjacent or potentially adjacent pulse 110. If
demodulation sampling is done at the four allowable peak
positions, three of the samples will be essentially zero
and the correct sample will have an amplitude of unity.
15 If sampling during demodulation 1s not properly
synchronized to the peak positions, the amplitude for the
“correct pulse” location will start decreasing while the
amplitude at a neighboring location will become larger than
zero. However, the signal can still ©be correctly
20 demodulated since only one pulse 110 is transmitted and the
correct position for the pulse 110 can be ascertained
without much difficulty. If noise is also present in the
system, the probability of incorrect demodulation will also
be increased because of the timing error. However, if the
25 timing error is small, the degradation is negligible and
the signal can be demodulated. As a general rule, if the
signal to noise ratio is sufficiently small, the signal can
be successfully demodulated as long as the timing error is
less than Tmin/2.
30 This ability to successfully distinguish between two
possible positions of a single pulse 110 even when the
pulses 110 are partially overlapped can be used to increase

data density at the expense of signal to noise ratio



synchroni zed to the peak positions, the anplitude for the "correct pul se”
| ocation will start decreasing while the anplitude at a nei ghboring

| ocat i on wid d3/0eswone | arger than zero. However, the signalCreesegiaskl be
correctly 20 denodul ated since only one pulse 110 is transnmtted and the
correct position for the pulse 110 can be ascertained w thout nuch
difficulty. If noise is also present in the system the probability of

i ncorrect denodulation will also be increased because of the timng error.
However, if the 25 timng error is small, the degradation is negligible and
t he signal can be denodul ated. As a gener&t rule, if the signal to noise
ratio is sufficiently small, the signal can be successfully denodul ated as
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than Tmn. I%Verlapping spacing significantly smaller than Tmin. In

fact, the allowable spacing has been reduced to one unit as

10 compared to the five units in FIGURE 1 and each slot 220

has a width equal to Tmin/5, thus representing a potential

five-fold increase in the number of states available to

encode data. However, this method of increasing data

density is rarely used because of the reduction in the

15 detection margin available for distinguishing between
neighboring pulse positions.

Turning to FIGURE 3, illustrated is a graph 300 of an

example of a signal with pulses 310 separated by a slot 320

width of Tmin/5 showing an attempted five-fold increase in

20 data transmission over that shown in FIGURE 1. The

difficulty of demodulating such a signal using prior art

methods 1is readily apparent because of the limited

detection margin. To demodulate a signal with such

strongly overlapping pulses 310, it would be necessary to

25 sample the received signal at the peak locations of all

possible pulse positions (i.e., at all integer locations on

the horizontal axisg). It i1s readily apparent that

amplitude discrimination is particularly poor with respect

to adjacent pulse positions, which discrimination problem

30 will increase for the next adjacent pulse 310. The present

invention provides a novel modulation format to overcome

these modulation problems.



fact, the all owabl e spacing has been reduced to one unit as 10 conpared to
the five units in FIGURE 1 and each slot 220 has a wdth equal to Tm n/5,

t hus reprexensiieigia potential five-fold increase in the rmomeso2ei2sst at es
avai l able to encode data. However, this nmethod of increasing data density
is rarely used because of the reduction in the 15 detection margin
avai l abl e for distinguishing between neighboring pulse positions. Turning
to FIGURE 3, illustrated is a graph 300 of an exanple of a signal with

pul ses 310 separated by a slot 320 w dth of Tmn/5 showi ng an attenpted
five-fold increase in 20 data transni ssiof-over that shown in FIGURE 1. The
difficulty of denobdul ating such a signal using prior art nethods is
readi |y apparent B&Saupresentheinventedn derecides oy modidydesodohete a

signal with ron rl.appi pu 't]%QFI n ssary to
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03/ 065671 PCPFUSS2 1258 . o HHE DEBEN BeAvan on (reviaes. PRFSRoAFPSi ng
the allowablpellpe sés tse tthatiléabhvpukse® natheomuldwmatat = 2 will have
+180°, the pulse at t = 3 will have #270°, the pulse at t =
4 will have +360°, etc. This combination of simultaneous

10 phase and time shifted modulation substantially improves

the ability to discriminate between neighboring pulses.
Turning now to FIGUREs 4A and 4B, illustrated are

graphs 400 showing implementation of an embodiment of the

present invention showing the real and imaginary parts of

15 overlapping pulses 410 and an added phase shift of +90°.
Because phase multiples of 90° are used, the odd numbered
pulses 410 (1, 3, 5, etc.) have real parts equal to =zero
and the even numbered pulses 410 have imaginary parts equal
to zero. To demodulate this signal, it is necessary to

20 sample the real part of the received signal at the peak
locations (t = 0, 1, 2, etc.)as well as shifting the phase
of the sampling signal from one time slot to the next such
that it would agree with the expected phase of a pulse 410
if it should occur at that slot locations.

25 In general, a wide range of phase angles can be used
all of which will be within the intended scope of the
present invention. Many of these phase angle will give
equal or better performance than the example illustrated in
FIGUREs 4A and 4B. For example, a stepping angle could vary

30 around the 90° value by more than +20° without significant
degradation of performance when using slot separations of

Tmin/5.



different tinme position but also an added phase step between each adj acent
pul se. For exanple, if a phase step 5 of 900 is added between each adj acent
pul se, theo @hese7pul se at t = 0 (time equals zero) nay haweTaud2piase, the
pulse at t =1 will have 90, the pulse at t = 2 will have 180, the pulse
at t = 3 wll have 270, the pulse at t = 4 wll have 360, etc. This

conbi nation of sinultaneous 10 phase and tinme shifted nodul ati on
substantially inproves the ability to discrimnate between nei ghboring

pul ses. Turning now to FIGUREs 4A and 4B, illustrated are graphs 400

showi ng i npl enentati on of an enbodi nent -dP-the present invention show ng
the real and inmaginary parts of 15 overl apping pul ses 410 and an added
phase shift of +90urBéogusewphasBIGURE | pl esllofstOrtad issedgrapb 6680 of

nber ed t ; dth
gsene:lﬁnberpgé pu?@%‘gd%%@nﬁave |%§%| %B?éggﬁﬁfﬁ%‘gﬁﬁﬁo’?g@eﬁ@? %grggarr% ul atg
this signal, incregenéc eddmry tlmR00¢amy elenmmstea tparke ofubkieanetel Ved
signal at th%m@).ergbﬁ l Oé;laéélog'ﬁ rgattlon bé Wéénet C- (2(%: V\Eil_l %SdtShl ftd n?%%,[]ei i

phase of th ng si o bneFIRE™s Pot e ReXt Ss(ic
woul d agr ée wueughbbelesgpesjiaaanohasiahofaldopmme 43 se f 50D szt;md:dugzcc«uf at

that slot lo s. 25 In_general .,a w de rapge of phase an can

used all of %\?O&HZE qF Iuﬁén% f—’lhieg'?hepWﬁanGégggfgﬁggose %eg é‘%@ﬁ?n

i nventi on. I\/anyowfadl beseecphase phglse dnlctregiewe oefeal thanbetor Iej‘_s pehdwnmance
e, a_stepping

ggglnet Eguf)c(la\y ylydl%s%%ﬁ%e r}?:?ng%)lﬁl?/% %Sbél%pg“ﬁgﬂ% %r(?‘ﬁ 182 GEPRI cant

between the correct state and neighboring states for a wide

10 wvariety of phase angles. FIGURE 5 also illustrates the
dramatic improvement in discrimination as compared to the
identical allowed pulse spacing without phase shifts that
was illustrated in FIGURE 3. FIGUREs 3 and 5 each have an
identical five-fold improvement in the number of possible

15 states when compared to the more conventional PPM with
allowable pulse spacing of Tmin. But, without the phase
shifts, the detection minimum margin is only 0.067 while,
with the phase shifts, the detection margin to adjacent
states is now 0.81, as shown in FIGURE 5, which is close to

20 conventional PPM that has a detection margin approaching
unity.

Thus the present invention is best characterized by
simultaneously shifting both the phase and the time
location of a pulse communication signal in a known manner.

25 By mapping the encoding shown above, the amount of data
that can be sent and decoded is very substantial. In one
embodiment of the invention more than fifteen bits of data
can be encoded in a single group and, by mapping the codes
used, reliably decoded. Mapping constitutes a

30 predetermined arrangement or agreement whereby an encoded
data message or signal has a specific meaning attributable
to it that is ascertainable when the encoded data message

or signal is decoded or demodulated. This arrangement or



degradati on of performance when using slot separations of Tmin/5. WO

03/ 065671 PCT/US02/ 41258 -10 Turning nowto FIGURE 5, illustrated is a
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i ncrenent other than 90 to denonstrate the substantially inproved

di scrimnation between a correct state and its 5 neighboring states with
al | owabl e pul se 510 spacings of Tmn/5 and using a 78.5 phase difference
bet ween adj acent allowed states. A phase increnent other than 90 is shown
toillustrate the substantially inproved discrimnation between the
correct state and nei ghboring states forld-wide 10 variety of phase angles.
FIGURE 5 also illustrates the dramatic inprovenent in discrimnation as
conpared to wgreamearh i cah dakewethpulfogmspati ag mwotowel phasehshid t ent hat

wes 11 ustrated iy FLQURE: 30 E| GRES, & and 5 eagh bave an iflentisal,s

five-fold inprovenment nunber of pPosSi at es en conpar ed to
t he nore conesventrdna?RM wnehningl dwablae puhcscedescp)a(augyladf when. But is

T T T L e

now 0. 81, SaS@tm@\de i Fd@jRE ﬁesmbgeh is oct]cmio 2& ccra\sent mopahtPPyEt hat

123 2 et ot R PR RR L g, T L SRS TR

| ocati on of @xm:lagat@miﬂmjgmal |t<bnatspgma\|1tl.sntaekn@mSlfamnelf. Substantlal
data over a very short period of time, thué conserving
bandwidth.

10 While the embodiment of the invention considered
herein used uniformly spaced time shifts and uniformly
spaced phase shifts, those of ordinary skill in the
pertinent art will understand that non-uniform spacing of
either the time shifts or phase shifts (or both) is well

15 within the intended scope of the present invention.
Similarly, groups can vary in the number of slots and/or in
the number of occupied slots and still be within the scope
of the present invention. Also, a single group can be
defined such that it only has a fixed number of occupied

20 slots or, alternatively, it might allow for a varying
number of occupied slots. Also, a single data message
could include more than one type of group (for example the
header might be one type of group, the actual data a second
type of group, and an error detection/correction word might

25 be of a third type). As will be recognized by those of
ordinary skill in the pertinent art, all of these variants
as well as others are well within the intended scope of the
present invention.

The present invention also provides several

30 embodiments of methods for propagating a signal. In one
such embodiment the method calls for designating a period
of time spanned by a pulse, with the period of time divided

into a group of time slots such that each of the time slots



25 By mappi ng the encodi ng shown above, the anmount of data that can be
sent and decoded is very substantial. In one enbodinent of the invention
nor e t hanwia @3tesa1ibits of data can be encoded in a singl eqresep/i4eassl, by
mappi ng the codes wused, reliably decoded. Mapping constitutes a 30
predeterm ned arrangenent or agreenent whereby an encoded data nessage or
signal has a specific neaning attributable to it that is ascertainable
when the encoded data nessage or signal is decoded or denodul ated. This
arrangenment or WO 03/065671 PCT/US02/41258 -11 agreenent can take the form
of a protocol, such as an agreed upon takl-e of codes, that assigns a
reliable and ascertainable neaning to an encoded signal when it is
decoded. The hadvantadevef pisisey tilve poedénn.nThet metnhbd Shencpdevaddat a
nmessage i s cl . u i_nf o Lon _capn_be encode n_data
el ements wt r’ﬁ%%r acg%%/g% g%tn}%dnélllg%\%l t?’haérq%%(?%ﬁ s Ciﬁ]%te‘—’lt regr?g}eélg gr?y %he
substanti al pdetse/diere possrtylshorTheeinoehoioni iecltfias senseali ngher
bandwi dth. 1 i e, embadi nent, of the invention considered herein used
uni forn'y sp%ggg)dtl%r?téﬁs% f?g an“éer%u O|<$Sor n%?r spREJPFIRRERIshiF t sSPHBLe of
ordi nary &ki lSufifictileent phrttdiletiasarbeen | detunfiersh andré hat toosndpl & obie
spacing of either,the tinme.shifts, or phase shifts (or bot i S Il 15
within the iﬁ%%ﬁﬂ%%”§¥aﬁé£%+ffhéonggeﬁ r%ﬁ@? i&ﬁ#:'%?n??§%¥§Fa€$oaBé can
vary in the punlercef tdeotvamrbnd/Orenbodintgtrisiersuwh aehidgd sl ots and
still be within tﬂiéﬁ%ﬂ?ﬁ the present invention has been described in

detail, those gkilled in the art should understand that

10 they can make various changes, substitutions and
alterations herein without departing from the spirit and

scope of the invention in its broadest form.



of the present invention. Also, a single group can be defined such that it
only has a fixed nunber of occupied 20 slots or, alternatively, it m ght

al | ow f orwa o8aw57ng nunber of occupied slots. Also, a sirgUsbates8essage
could include nore than one type of group (for exanple the header m ght be
one type of group, the actual data a second type of group, and an error
detection/correction word mght 25 be of a third type). As will be

recogni zed by those of ordinary skill in the pertinent art, all of these
variants as well as others are well within the intended scope of the
present invention. The present inventionl8Fso provides several 30

enbodi nents of nethods for propagating a signal. In one such enbodi nent
the met hod cal | s MBIATHdS HTRNIMEP d5eriod of tine spanned by a pulse, with
the period of time divided into a group of tinme slots such that each of
the tine slots WD 03/065671 PCT/US02/41258 -12 has a unique phase/tine
position. The netlod tRepryumgadesl sigmadgusiongrtikd ol se to encode a data
el enent by the phase/t. jo sition. The i.nvention.includes. several other
embodi nents of neﬁhéﬁ?”f%f ﬁ?o%%@%t?ﬂﬁnﬁegiéﬁaﬁ.Qy%ﬁﬁﬁi%ﬁ%gnpﬁﬁ&% | ©has
been set fHor thneeddivided emahl @ omeupobrfotdmBaesyoski | kath biespedt tngat art
to understand.and ,practice _the various enbodi nents of such nethods.

Al't hough thes&%éeﬁ]ta‘ﬁ%ﬁti%‘&%s%@éﬁ/%&@r PHSFHIPRIdETA |, those skill ed
in the art shoul dsaidefpsilard enkatdingOat BayacanefBke ¥ar 5848 SRABELEime

substitutions and.
position.

10 2. The propagated signal asg recited in Claim 1

wherein said data element is ascertainable by mapping.

3. The propagated signal as recited in Claim 1
wherein said time slots in said group are adjacent.
15
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

20 wherein said time slots have a non-uniform spacing.

6. The propagated signal as recited in Claim 1
wherein more than one pulse is located within said group of
time slots.

25

7. The propagated signal as recited in Claim 1

wherein said group encodes data that is more than fifteen

bits long.

30



alterations herein wthout departing fromthe spirit and scope of the
invention in its broadest form WD 03/065671 PCT/US02/41258 -13- WHAT IS
CLAI MED | @0 @B/06%67pr opagat ed signal, conprising: a period dfcvusw/4ssanned by
a pulse, said period of 5 time divided into a group of tine slots, each of
said time slots having a uni que phase/tine position; and said pul se

encodi ng a data el enent by said phase/tinme position. 10 2. The propagated
signal as recited in daiml wherein said data elenent is ascertai nabl e by
mappi ng. 3. The propagated signal as recited in CCaim1l wherein said tine
slots in said group are adjacent. 15 4. -THe propagated signal as recited in
Caiml wherein said tinme slots in said group are not adjacent. 5. The
propagat ed signal fas rddiq eBrPraghaem Isi@@alhherei mesdicédt i i $lletisn have a
non-uni f or m spaci h g n Lize

wherein nore thanélglneg%l%sgllgégﬁgcg{fggiﬂa?hlfl%l %%Il %r E)iufo%ro %l?erreggf)}%?s 25
7. The pr opag:*ﬂ@d@lgmlofass recited in Caim1l wherein said group encodes
data that is nore thanafll,fetaec\f\er}’ bits long. 30

5 an error detection message;
a synchronization element; and

a data message.

9. The propagated signal as recited in Claim 8

10 further comprising a plurality of said groups.

10. The propagated signal as recited in Claim 8

wherein said groups have differing numbers of time slots.



WO 03/ 065671 PCT/US02/ 41258 -14 8. The propagated signal as recited in
Claiml wherein said elenent of data is selected fromthe group

consi sti nyoof3ess7neader; 5 an error detection nmessage;, a SATCWBIOAIZE8L | on

el enent; and a data nessage. 9. The propagated signal as recited in Claim
8 10 further conprising a plurality of said groups. 10. The propagated
signal as recited in Claim8 wherein said groups have differing nunbers of
time slots. WD 03/065671 PCT/ US02/ 41258 -15 11. A nmethod of propagating a
signal, conprising: designating a period of tine spanned by a pul se, said
period of tinme divided into a group of tdl®e slots, each of said tinme slots
havi ng a uni que phase/tine position; and 5 causing said pulse to encode a
data el enent by sdild phassthodreopaeidpagatit®yy alheigrethodcaspriecinaed in

Claim 11l wherein s iﬁ%gd I S ascertai l.e by n@gpi .. 10 _13. The t hod
as recited in d aic% I\If\?f{inlée:%l s %aefréofionnﬁaél%sﬁ%o SEH s?actiln%ygrao bl are aséﬁr%cent.
14. The nmet hq:txai;pd exdi tteidngd rliGHadad ihtwher gimowgaict tlimet igtetsl, oesdhn ofai d
group are no%é%ﬁé%¥ﬁg'slots having a unique phase/time position; and

5 causing said pulse to encode a data element by said

phase/time position.

12. The method as recited in Claim 11 wherein said
data is ascertainable by mapping.
10
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

15 time slots in said group are not adjacent.

15. The method as recited in Claim 11 wherein said

time slots have a non-uniform spacing.

20 16. The method as recited in Claim 11 wherein more

than one pulse is located within said group of time slots.

17. The method as recited in Claim 11 wherein said

group encodes data that is more than fifteen bits long.

25
18. The propagated signal as recited in Claim 11
wherein said element of data is selected from the group
consisting of:
a header;
30 an error detection message;

a synchronization element; and

a data message.



15. The nmethod as recited in Caim1ll wherein said tine slots have a
non-uni form spacing. 20 16. The nethod as recited in Caim1ll wherein nore
t han one wa ®&es@1l ocated within said group of tinme slots.PCTIUS02/F 38 et hod
as recited in Caim1ll wherein said group encodes data that is nore than
fifteen bits long. 25 18. The propagated signal as recited in Claim1ll
wherein said elenment of data is selected fromthe group consisting of: a
header; 30 an error detection nmessage; a synchronization elenent; and a
data nessage. WD 03/ 065671 PCT/ US02/ 41258 -16 19. The method as recited in
Claim 11 further conprising designating¥plurality of said groups. 20.

The propagated signal as recited in Caim18 5 wherein said groups have
di ffering nunbers b-tiRees|melkhod as recited in Claim 11 further

comprising designating a plurality of said groups.

20. The propagated signal as recited in Claim 18

5 wherein said groups have differing numbers of time slots.



