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5 THe pr inyention is directed, in general, to a propagated signal
and, nnréﬁggé@F¥¥§ally, to a propagated signal nodul atedF] ﬂﬁﬂ%@@”ﬁnd time

shift nmodul ation and a 10 nethod of using the sane. BACKGROUND OF THE

| NVENTI ON El ectronic data transm ssion régquires sone formof 15 signal

nodul ati on that encodes data onto an information bearing signal so that the
signal can be propagated over a transmtting medi umand denodul ated to
unanbi guously recover the data originally encoded. Mdul ati on can be

viewed as the process by which digital data, voice, nusic, 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 al so
be viewed as the addition of information to an electronic or optical

signal carrier in a manner that permts the encoded data to 27 JUL 2006 WO
03/ 065671 PCT/ US02/ 41258 -2- be reliably decoded. Mbdul ati on 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 transm ssion (the carrier being a

st eady stream of snoke).

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

TECHNICAL FIELD CF THE INVENTION

The present invention is directed, in general, to a
propagated signal and, more specifically, to a propagated
gsignal 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 ag 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

gignal carrier in a manner that permits the encoded data to



Morse code, invented for tel egraphy and still used in amateur radi oy g 2806
nmet hod of nodul ation that uses a binary (two-state) digital code simlar to

t he code dern conputers. 10 Modul ation inplies ncy of
ban dmndtﬁwﬁggmg%ﬁgPous resource the conservation of which %s o$& |%%rea3|ng

i nportance to all but nost particularly to those in the data and

i nformati on transm ssion business. Bandw dth conservation requirenents has
i ncreased the 15 pressure on users to make the nost efficient use of
bandw dt h as technol ogy permits. one nethod to increase bandw dth
efficiency is to utilize transm ssion techniques that maxim ze the anount
of data or information that is transmtted over a limted period of tine.

One way to 20 9&1@%@ t hecd nt %a%afa%fdé@rb%[% tﬁ@d £led !:b”h%?g Eata

period is to utilize t ose nodul'ation netho ze enco
transmtted overenhe (mhiodat év tiwam iger iidd .om amdrb@ff bf pet Abtieramreingw

bei ng used to.apdulat gqel ecliony s1.nal s, Lo dAnsll Lulioltal, fita For

nost 25 radi o and-t el econmu the carrier béeing
alternating naviagt {AC)a wittohrim afglmedulamgen odsédeqmen@meke Semgnaﬂ t he

d ti t d d d t whi ch
o o ERasRt heTel KPS car S ¥ e BE o e FhsBar B Ebhedy '

modul ation (#Mrse idbdéh) chnw’@eltferdeqmcxtelfegﬁ@rgar Bngl s6idDaludesi vahi ed;
and phase nodul ati on ere Hgax%phase of the carrier signal ,is vari ed

over tine. Tﬁ@@EeﬁFerg%}Pfc¥%s%|W? L eadie i@ thi@gsati BARAEY hods
in 27 JUL 20Q6wo\\6xQBLPERES 1t RETLEGEO 24 Al2B8r -35 the code used by modern

computers.

10 Mcdulation implies the occupancy of bandwidth, a
precious resource the conservation of which 1is of
increasing importance to all but most particularly to those
in the data and information transmission business.
Bandwidth conservation regquirements has increased the

15 pressure on users to make the most efficient use of
bandwidth as technology permits. One method to increase
bandwidth efficiency is to utilize tranemission 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 varied over time; freguency

30 modulation (FM), in which the frequency of the carrier
signal is wvaried; and phase modulation (PM), where the
phase of the carrier signal is varied over time. These are

all clasgified as continuous wave modulation methods in



order to distinguish themfromthe pul se code nodul ation (PCM nethoosLpeed
to encode digital and analog information in a binary way. There are al so

nore co of nodul ation, such as phase shift keyl ﬁé}s and
quadr at H%S@;g%ﬁtude nodul ation (QAM, as well as net hoé?}ﬁ]osggfo o at e
optical signals by applying an el ectromagnetic current that varies the
intensity of a | aser beam Depending on the intended use, all the foregoing
nmet hods of nodul ation permt a relatively reliable 10 transm ssion of

el ectronic data over a distance. However, as nore and nore bandw dth is

bei ng used because of a constantly incrgasing anount of data to be
transmtted, there exists a need for even nore efficient data transm ssion

capability. re~l Qi i i -0 ¢g.Lzed o
exerted on t?g%ésqr)ri Egi o@r}%gg?yg%hazcﬁr@a#w d%ﬂéggrﬁrgﬁg rg,&lyd%h%g I rrtre)lr%I?/ed
equi pnent andPCHEectthody usedftosemsolel gightadsohdianpide jrfohimstsl graused

by an increased_d d_for_bhandw.dt ot her -sal utions al requi red. 20
one way to pja?tﬁaﬁr%{grrégoﬁq%}é'th\gh%roe'blaelr}? o%lF’Pm“%‘Derf %%Enﬁ%\neﬁt %glr St oogencode
nore data ommédeleaionersudih dhehaamoent fof kdgtiagt (PEKS eamédnmdratanta m t ed
period of tine js__iLncreased, .the intrastructue and ui pnent required to
suppor t sﬁchatf‘ﬂhﬁg‘{l?u‘&?ﬁ?iag ?Phé@g&f‘)ghi?? BTt VP éﬁ‘?}'—?g%ég oy -A%Ghat is
required in $¢peigal SEnABYRNGPRAYENng BBt BDdettomagHet atecetesht hA

signals that 1 ncrease the ampunt of digital data that can be transferred
and the rat eV25ieRntRA SDERNELEKRsPEr2cARSBECHRAM27 JUL 2006 WD 031065671

PCT[ US02141258 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 pregsure 1s eXerted on transmission systems and
bandwidth demand. Although improved equipment and
technology is of some help in resclving the problems caused
by- an increased demand for bandwidth, other solutions are
also required.

20 One way to partially resclve 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 significantly reduced.

25

Thus, what is 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.



-4- SUWARY OF THE | NVENTI ON To address the above-di scussed defi ci ergj@s20b
the prior art, the present invention provides for a propagated 5 signal

modul at e e and time shift keying and a nethod of wshrRgebApsgane. In
one enbogkﬁéﬁﬁggﬁe propagated signal includes: (1) a period of tﬁ%e spanned

by a pulse, the period of tine divided into a group of tine slots, each of
the time slots having a uni que phase/tinme position; and 10 (2) the pul se
encodi ng a data el enent by the phase/tinme position. The present invention
therefore introduces the broad concept of encoding data by |ocating pul ses
by both phase position and tine positiaa-within a group of slots of a 15
propagated signal. This new and novel nethod of encoding a signal provides

a dramatic increase in the answika®¥ RAteurtfide@rPsgpagat ed signal can
carry over a specific period of tinme as conpared to that which could be

carried using prior art encoding nethods. 20 In one enbodi nent of the
present inventio h gﬁ; LS, d - RPRIANY n

anot her enbodingﬁé ?ﬁe t%ﬁeggﬁgngFﬁéﬁ%ggﬁgﬁgﬁg% g%?gggﬁﬁgﬁgglgh?nthéet
anot her enbgurimntarthe theepseststiineegroop prevides Adraseptophagatetiher
case the encoded signal -can be mapped 25_and decoded. I.ts termonation
point w tioﬁl%ﬁfcﬁ?ﬁ&&#ﬁé)d%’a Sﬁeg PPEn NS eﬁﬂ“?’%e ]f?‘xje?ﬁi c?l?at s?

suf fici entl ynevetisdhtad exdirad the eagre entiadofenémbbéimene shetsrabadabed group

have a non-unj form B spaci.ng. Further versatility is denonstrated by the fact
30 that  anotTRFENHHE RIRES br 631 d8s PRELOROPE LY SRETRALPY o BE Foeat ed

within a graupe Pertid® St Hime 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
gignal provides a dramatic increase in the amcount of data
that a propagated signal can carry over a specific period
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 another
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



This new invention permts a substantial anmount of data to be encodeguL 2006
within a very short period of time. For 27 iUL 2006 WO 031065671

PCT/USOZ«ﬁéé§§§§§Pane, i n one enbodi nent of the present %E*ﬁﬂ%&ﬁ g

single gr encode data that is nore than f if teen bi'ts 1T'nTength.
Those of ordinary skill in the art wll recognize that fifteen bits of data
Is substantial. 5 A particularly useful aspect of the invention provides

for the group to be used to encode a variety of different types of data. In
one enbodi ment of the invention the elenent of data encoded in a group is
selected froma group of different types of data consisting of a header; an
error 10 detection nessage; a synchroni zation elenent; and a data nessage.

Those of ordj Kild, i h jﬁgﬂq aEt d | niz& dhat S
streans of d%?gﬁé%?r ﬁ%%teggo§§%$§£1|nc ude aw%itﬂféggggffgﬁgnt c?ggsgof
dat a groups. siing$ei gkoanpotherernbddi darn tdfatt He presewhannfefiteen bitsa
pr opagat ed sign consists..of a plLurallt. t .groups. Sti

anot her enbo%lgmzirﬁz}gif e grgglgssehaég 3’#4%&}51?;% g%&%ergnoft4$né%tgl o‘f’%.ﬂThe
f or egoi ng hageauotyhiined tpaef Eifédeantizilst efnduitwe isf eabetentdklt.he present
i nvention_so that_thos

.Skilled in .20 the art better understand the
detailed Gescri pt PoRSBFLERLAF hYeREPERL (FRRET 0 A ToRbe ABYFPEGRE PRERESrSs of
the inventigarwhe bedigsad hed (haieinafdiefoddal vorietfeor sabgeetent the
clainms of the invention. Those skilled in _the art_shoul d appreciate that

they can real¥VP§sust tARL25 dj St BB FHREEPESn 2hd tEsedH e teiRfbdERent as

a basis for odeskApRi Bg Q&tHDQﬁéM&@H,%@%ﬁdﬁ%@%@ie@%&%&b&ﬁi B9gPHLp the
same purposes of the present invention. ose skilled
of different types of data consisting of a header; an error

{
L]

10 detection message; a sgynchronization 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 skilled 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.



in the art should also realize that such equival ent constructions ¢omoioeos
depart fromthe spirit and scope of 30 the invention. 27 JUL 2006 WO

03/ 06567;‘,3@%&%2/41258 BRI EF DESCRI PTI ON OF THE DRAW NGrafsods s €

conpl ete understanding of the present invention, reference is now nade to
the followng 5 descriptions taken in conjunction wth the acconpanying
drawings, in which: FIGURE 1 illustrates a graph show ng the all owabl e
positions for a conventional prior art group of four pulses wusing digital
pul se position nodulation (PPM; 10 FIGURE 2 illustrates a graph show ng

al l owabl e pul se positions that are delilkerately structured to have
over | appi ng spacing significantly smaller than Tmn; FIGURE 3 illustrates a

graph of an exanple of apsi 1 ﬁﬁ%f FRAH a slot width of
Tm n/5 showing an 15 at %%%?Eﬁ@\#eﬁ ol i%’?cr easﬁ%&é‘gga transm ssi on over
that shown in FIGURE 1; FIGUREs 4A and 4B illustrate graphs show ng

i npl enent ati on of _an enbodi nent_of tge prqgent iqgentio i th real an

i magi nary parts o hvet | gﬁﬁiengccﬁrﬁ}:’%g  antF S ST AER d CJ&na “sHrfToF+900;
and Fl GURE 5intvénsical es rafetrapireof ian emdodi mede ofcct hechgr eBeblowhxgnti on
Usi ng a phase increnment other than 900 to denonsirate.the substantially

i nproved di sSCFPRFHREFBRS Nl CHVEOCEICR VihY it T HBRRTRYNE! at es
with 25 al | opedlengyl senskpebAgs of Tmin/5 and using a 78.50 phase

di fference between adj acent allowed states. 27 JUL 2006
FIGU 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 '

FPIGURE 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.



WD 031065671 PCTI US02/ 41258 -7- DETAI LED DESCRI PTI ON Referring initialy2d0@

FIGURE 1, illustrated is a graph 100 show ng the all owabl e positions for a
5 convent j | jor art group 105 of four pul ses 110 usi gL tal.. pul se
position vﬂrﬁ@%ﬁ#?lon (PPM. The illustrated group can be \?gg&]‘esghggh our

slots 120 with Tmn being the tinme separation between the allowabl e pul se
110 peak positions. In PPMonly one of these pulses 110 in this 10 group
105 is transmitted to avoid intersynbol interference wth an adjacent or
potentially adjacent pulse 110. if denodulation sanpling is done at the
four allowable peak positions, three of .the sanples will be essentially
zero and the correct sanple will have an anplitude of unity. 15 If sanpling

during denodul ation is not prOpﬁﬁiﬁ#%%%pﬁgéﬁééﬁfﬂgﬁo t he peak positions, the

anplitude for the "correct pulse art decreasing while the

anplitude at a neighboring |ocation will becone |arger than zero. However,

the signal can stjll be,corrthLylﬁgrdenDdulated since only one_pylse 110 is
i"gh

transmtted and t%%feEBFﬂﬂcﬂﬂﬁﬁﬁQ_ FBrE%ﬁy&ﬁH§¢ Tt HeEhsdér t&i ned
W t hout muchgglabhi culdoy. bﬁoﬂ@h?e ithed| SQ1PEREBNE | Mddkerisy$t eFort heg
probability of Tincorrect denodulation will also be increased because of the
timng er?orcorsaRbePnalf PraeT28rEi ArAYPedOsr ofs faua Ipukare delt againgn is
negligible agfostfe sLonal oeanchendnmpdubaied deg genaldl: iuleriighe
signal to noi s& ratio is sufficiently small, the signal can e successfully
denodul at ed ascupngansbehaiewsidngsefioor isdotised 0t ik Hiimid 2 be8ng hike

ability to S€£885558$é¥a9£8£irEEﬂd&QnPeH%ﬁfna&W%wable 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
demeodulation 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 demcdulation is 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 cne 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 demcodulation 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
gignal to noise ratio is sufficiently small, the signal can
be successfully demcdulated 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



possi bl e positions of a single pulse 110 even when the pulses 110 3k §uL 2006
partially overlapped can be used to increase data density at the expense of
signal t | atio 27 JUL 2006 WD 03/065671 PCT[ US02/ 50z

sensitivi égyﬁﬁﬁé increase in data density is achieved byﬁ%%agyﬁgrg?lomable
pul se 110 positions closer together so that the skirt 115 of one all owable
pul se 110 overlaps the skirts 115 of the nei ghboring pulse 110. 5 Turning
nowto FIGURE 2, illustrated is a graph 200 show ng all owabl e pul se
positions 210 (one of which is marked) that are deliberately structured to
have overlapping spacing significantly gmller than Tmn. In fact, the

al | owabl e spaci ng has been reduced to one unit as 10 conpared to the five

uni ts in Fl QURE. L apd. gachesl gt 2205208514 whALNGEAUAL, 9o THLAL D CHNKS
representing a potentral ive-Tord ' Rcrease Th the nuibar of States
avai | abl e t omoeimgdeldavablidovievkse flAi0s pas hiotoms choseasitupeatdisr density

. | ; . : . h i Labi
For | di st | nguf SRF nGobesTeEh Tha ShbaPPrg  bireBtSoBre Pone b TAYRE AP RO ERFGLRE
3, illustratgkitssaigraph 8A6 atighboexagpbalek aivi.gnal with pul ses 310

separated_by a slot 320 w dth of_ Tmn/5 showng an attenpted five-fold
i ncrease ?n 20 daf 8 PiBEsAPYsitEh TVERYE nat %mh%%tFﬁtP 3 9%hpeh 200

difficulty ofnéfimgulatifighisiue hpalsbdiRlsUsidigs PRl afte BBt RAdseH sikeadily
apparent because of the limted detection nmargin. To denodul ate a_ signa
with such sTeBREY ovetdtappitd§ pufsésbsrately wostEpeiredesssry haves

sanpl e the re¢eryYeln$hgNdpadlin 6% RARKEIOGR I PNEml18Y than Tmin. 1In

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 is 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 axis). It is 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.



possi bl e pul se positions (i.e., at all integer locations on the hOfﬂﬁﬁP%&i
axis). It is readily apparent that anplitude discrimnation is particularly
poor. with respect to adjacent pulse positions, which discrinnation problem
30 will WiI84891for the next adjacent pul se 310. The pr &&FAYSO2{41%8n¢t i on
provi des a novel nodulation format to overcone these nodul ati on probl ens.

27 JUL 2006 WO 03/065671 PCT/ US02/ 41258 The present invention provides for
nodi fying the allowable pulses so that each pulse not only has a different
time position but also an added phase step between each adjacent pul se. For
exanple, if a phase step 5 of 900 is adﬁgd bet ween each adj acent pul se, then
the pulse at t = 0 (tinme equals zero) may have a 0' phase, the pulse at t
=1 will have 90 theIpuIs at t = 2 will_ hay 1%90, the, .pul.se at .t = 3
Wil have 2700, t SSSBE ( LIVERCHPR| REQEIRB0, 1 ¢ MR SHIDIRR | on of

si mul t aneoug1hQwEse il dddre shi thad nedehat pehssubsdantdraly y Ha®pr @ves
the ability to discrimnate between nei ghboring pul ses. _Turning nowto
FI GUREs 4A sidfaxeny | Gdfmeat BaShF&CPr 23@SShati meded| shaftsat iSdfPof an

enbodi ment  @fettifn RIRILMUASJNGH RN HNOWFRG: harraal, agd i pRgiRAYpArts of
15 overlappiéb pufgesl410 gnd an éggéd phase shig?ﬁbf +90§.5%e§ausee%ﬁase
mul ti pl e$ ofof000+8P8 dsedddatt begweribenel adibsest4mmige, 3then &he ) have

real parts t ro aﬂg- qugﬁgr 4 i i_nary
parts equal %q{igéezg%o.zteTo Odennﬁ%%@% S Si ngx?alpﬁas\?e; ané(%e gl\ér%”pg 0
sanpl e the nedlsepatt tof= flheildcbaved+8DYnalhatpulee pgak = Gcatiildnhapte = O,

L 2 etc)asuell gs shiiting the phgse; AL Le, 5@TPIL0 fhanal,d rom one

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 ¢f an embodiment of the
present invention showing the real and imaginary parts of

15 overlapping pulses 410 and an added phase shift of +90°.
Becausge phase multiples of 90° are used, the odd numbered
pulses 410 (i, 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.



that it would agree wth the expected phase of a pulse 410 if it 5'3?&'4192006
occur at that slot locations. 25 in general, a w de range of phase angle

can be u of which will be within the intended sco h pr esent
mvenUoWgﬂ?é‘%&df t hese phase angle will give equal or E@Fﬁfg@%@ﬁ or mance
than the exanple illustrated in FIGJREs 4A and 4B. For exanple, a stepping
angle could vary 30 around the 900 value by nore than :t20" w thout
significant degradation of perfornmance when using slot separations of
Tminl 5. 27 JUL 2006 WD 03/065671 PCT/ US02/ 41258 Turni ng now to FI GURE 5,

illustrated is a graph 500 of an enbodi.yent of the present invention using
a phase increnent other than 907 to derbnstrate the substantially inproved

discrimnation b [nec an gk bo

al | owabl e pul se nncg% (% tF]:?"tn[’ﬁ{tr‘fjeg 'dL E%F%a‘%% %%%%a%ﬁf% ence
bet ween ad] mentamba:ldlmrt Sbat e’sheAmimu ndherertti ool heslhjgana9cpha§eshom
toillustrate the substantia I nproved .di scri n1nat| ween f he correct
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conventional PPMw th allowable pul se spacing of Tm n. But, t he
phase shif tasllawed delialees on & phiasen Ma¢yements onhgr othar 87 lies shewh t he

phase shi fts,o tigadefeation M2 Gl dharRUAGY " im3taYEa I M Bk 58 Shown

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 Ehe phase shifts, the detection margin to adjacent
states is now 0.81, ag 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
gimultaneously 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



20 conventional PPMthat has a detection margi n approaching unity.zgpgﬁzaﬁe
present invention is best characterized by sinultaneously shifting both the
phase and the tine |ocation of a pulse conmunication signal in a known
nmanner. Y0 B8¥/%38Hpi ng t he encodi ng shown above, the anpbunPCHUSAIESE t hat can
be sent and decoded is very substantial. In one enbodinent of the invention
nore than fifteen bits of data can be encoded in a single group and, by
mappi ng the codes wused, reliably decoded. Mapping constitutes a 30
predet erm ned arrangenent or agreenent whereby an encoded data nessage or
signal has a specific nmeaning attributable to it that is ascertainable when
t he encoded data nessage or signal is detoded or denodul ated. This
arrangenent or 27 JUL 2006 WO 03/065671 PCTI US02/ 41258 agreenent can take
the form of 29%p®HeRbl Caductrse &he affEBdCpoh PERLECER coMed @FataBssi gns
a reliable agdre@dgcapbal RalH1® NBANLREeED @Ma@NGRded S 9gab-awhemiid 484
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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 gslots or, alternatively, it might allow for a wvarying

( 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



Simlarly, groups can vary in the nunber of slots and/or in the nunbg{ 9os
occupied slots and still be within the scope of. the present invention.

Al so, a w(ggiff'ﬁsgﬁoup can be defined such that it only hagcgafdo¥gfhspunber of
occupied 20 slots or, alternatively, it mght allow for a varying nunber of
occupied slots. Also, a single data nessage 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
m ght 25 be of a third type) . As will be recognized by those of ordinary
skill in the pertinent art, all of these,yariants as well as others are
well within the intended scope of the present invention. The present
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enabl e one of erdinaty $¥Killll iin tige ppettirsht abirtt adngdedsisttdnandnd
practice the various enbodi nents of such nethods. Although the present

i nventi on haRrdeehcacteri Begirns GEPSﬁF?eFHESQfSﬁPFPeE%ﬁ%Q@ﬁe art should

understand that ADrhBEYhCRRPR AL A et RARILHa S URSEH L@é4OPEHEADin
detall, 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.



alterations herein without departing fromthe spirit and scope of tg:FJ L 200
invention in its broadest form 27 JUL 2006 - 13 WHAT IS CLAIMED I S: If ; ﬁ\
system for producing a propagated signal, conprising: a neans for encoding a
single elenent of data within a period of tinme spanned by a pul se, said
period of tinme divided into a group of tine slots, each of said tinme slots
havi ng a uni que phase and tinme positi,on; and said pul se encoding a single
data el enent by both said phase and tine position. 2. The propagated signal
as recited in Caiml wherein said data el enent is ascertainable by

mappi ng. r ted signal as recited in Caim1 wherein said tine

sl gts m“gﬁ‘l‘iqgmg@ dj acent. 4. The propagated signal as recited in
Claim|l wherein said tine slots in said group are not adjacent. 5. The
propagated signal as recited in aiml wherein said time slots have a

non- uni f brm A petémdor pBodiFlves pojpageedsgsil,goalpriamgr ecited in Caim | wherein
nore t hanmeas fpudeeding alstpdd elememiof Hita wiriitla feriudofeimed spadnesll t9t Spulse, salde

pr opagatofdme dviatd ko & 8@up @ tit? sfdtaichdnl o fhiarRA 158 halvia QWRiRL pAARSndaHR t hat
IS podion; boen fifteen I|ts | ong. 8. The propagated signal as recited in
Caml w i g n I S1S r roup consisting
of: a he%%@gc%ﬁﬁg#lﬁ%g S%‘ te‘%:aﬁo‘gﬁlq%e&é%ggégS%aqe@%gégﬁdotﬁﬁgﬁ %él?tg%rgel enent; and a
dat a nessage... 9. The pr.opagat ed .si.gnal .as recited in Caim@8 further

Conr o 7o a HinarzeIor Sy odn Lo ietie S Bt & SR e ¢ e

i n CGPBR'AS-8 wherein said groups have differing nunbers of tine slots.

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

7. The propagated signal as recited in Claim 1 wherein said group encodes data that is more
than fifteen bits long.

8. 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.

9. The propagated signal as recited in Claim 8 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.

11. A method of propagating a signal, comprising:

designating a period of time spanned by a pulse, said period of time divided into a group of time
slots, each of said time slots having a unique phase and time position; and

causing said pulse to encode a data element by both said unique phase and time position.

12.  The method as recited in Claim 11 wherein said data is ascertainable by mapping.
13.  The method as recited in Claim 11 wherein said time slots in said group are adjacent.



11. A method of propagating a signal, conprising: designating a peri?ﬂ“ﬁgﬂmG
time spanned by a pul se, said period of tinme divided into a group of “tine
slots, each of said time slots having a uni que phase and tinme position; and
causing said pulse to encode a data el enent by both said uni que phase and

time position. 12. The nethod as recited in Claiml | wherein said data is
ascertai nabl e by mapping. 13. The nethad as recited in Claiml | wherein
said tinme slots in said group are adjacent. 27 JUL 2006 -14 14, The net hod
as recited in CQaiml | wherein said tine slots in said group are not

adj agent . 15. . The nethod as.recited.in.Caim]| .l erein said tine slots
navdia nahe TP S FrEBaER i TR BBk Tt h RS BT “per e n
nore than one pulse is located within sajd ,group of tine slots. 17. The
met hod ad3r ecthesethad et geied in Clayref bivherssy 5&“’3’4‘8@1 plotsrhagea sopanHormspacing. nor e
than fifteen bits long. 18. The propagated signal as recited in Caiml |
wherei n $&i d Ehemethbd of reda¢dain Jaigel Eehedin rhoenharhmeguibaeps tonsd stithilgsadd . a
headejup oitime@lofy. det ection nmessage; a synchroni zation elenment; and a data
message. 19. The nethod as recited in Caiml | further conprising

desi gnat jng a ' i@, - 205 T '
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sl ot'’s. '

18.  The propagated signal 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.

19.  The method as recited in Claim 11 further comprising designating a plurality of said
groups.

20.  The propagated signal as recited in Claim 18 wherein said groups have differing numbers
of time slots.



