WD 0151868 PCT/ 1B99/ 01800 METHOD AND APPARATUS FOR COMMUNI CATI ON USI NG
PULSE DECODI NG BACKGROUND OF THE I NVENTION 5 This invention relates to
comuni cati on between a transmitter and a receiver via a channel. It has
appl i catyygi14186d € €COMuni cations, recording, data storggermeedilde CONtToOl .
Wth the eve?oprrent of electronic technologies, it has noﬂv¥/3 lsz')e{eyrdl0

determ ned that transm ssion of radio frequency signals at the frequency of

nodul at i on i METHEDANDAPPARATUS FOR COMMUNICATEONSUSING™M from

subaudi o frequencies to nm crowgygLK ngm wever, heretofore, there
has not .been a nodul ati on and dermg"ﬁ atron technol ogy which takes

advantage of this capability. SUVMARY OF THE | NVENTI ON 15 According to the

invention, a signal of anBAOKNEGROUND OFTREINYSRANEGN'Y to an information
character of an encqding al phabet, is transmtted as an anal og waveform

defini g a synbol , tEs iRyspipn relatesctp sgmaypaication betweantmtransmiittdr andee, to a -
conmmuni caty ol - angl b hena. | .ecel . receiver is
converted I%a'f)lﬁ..‘g,;erroups 0 %u#sh%g%gé%grnz{’%ﬁ%@gn%&e\ég\%ﬁfiﬁmg Eﬁegroup of

pul ses mapmdicontolcount corresponding to a 20 character of the encoding
al phabet. The grou f | ses ar par af ed by, sil ences of, arbitrar
dulroat i on whi chgar epéy@é{hg;ée‘fﬁwel“ﬁgéﬁ PGieon "é?‘ik&élr?gieﬁgfﬁﬁsdﬁg‘fbeﬁﬂl ses. T%e
pul ses  haleeermined il tramngssireFir&lio ﬁ@@bn&f'ﬁgﬁdl@étﬂﬁé‘ﬁé’?&ﬁcf SanSduMin is The
syst em pernits b,i a%ﬁes .not require communi cation of relatively narrow
bandwi it h bﬁﬂbﬂ%fﬁ‘g.e Fractical averarbroad speirss romysubaadie Sieaeancieat di r ect
denodul at i idrdWeive Bdquehtied HowsleR HRrkicTR! fille Hak nbidtteRE WRAUARGR add) that it

does not require full characterization or extraction of the synbol by the
recei ver, dsmodplgtionsteghnology whichtaknsadvantageof tiseapability. be used. Furthernore,
there is no need or concept of inpressing information on a carrier or of

carrier recovery. There is |ikew se no concept of frequency conversion nor

detection in an internedi aSEMMARYCE YTHEINVENTION
15 According to the invention, a signal of any physical form corresponding to
an information character of an encoding alphabet, is transmitted as an analog waveform

defining a symbol, the waveform being cyclical at the symbol rate, to a communication
‘channel and then the Signal when received by a receiver is converted to groups of pulses .
separated by silences, wherein each group of pulses maps to a count corresponding to a
20  character of the encoding alphabet. The groups of pulses are separated by silences of
arbitrary duration which are greater than the time between individual pulses. The pulses
have a pulse rate greater than the frequency of the symbol. The system permits but does
not require communication of relatively narrow bandwidth signals.
The invention is a baseband modulation and direct demodulation method
25  andrelated system. It has advantages in that it does not require full characterization or
o _ex_tfactipn of the'sy;anl by the receiver, so that simple detectors and decoders can be
used. Furthérmore, there is no nieed or concept of i'mpfessﬁig information on a carrier or
of carrier recovery. There is likewise no concept of frequency conversioﬁ nor detection
in an intermediate frequency band.
30 The invention is applicable not only to electromagnetic transmission and
reception, it can be used with any energy form, whether or not coherent.
The invention will be better understood by reference to the following

detailed description in connection with the accompanying drawings.



30 The invention is applicable not only to el ectromagnetic transm ssion and
reception, it can be used wth any energy form whether or not coherent.
.The invention will be better understood by reference to the foll ow ng

det ai | edv@I®E1BE8Pt i on i n connection with the acconpanyi nBCHIBMOIS8E. WO

01/ 31868 PCT/ 1 B99/ 01800 BREEF BESURIPRION OBNE DRACVIRGHY NGS Fig. | is a

:bl ock di agram of a ¢o nicatign system accordi,ng to the jnvention. Fig. 2
exenplifies an arbi }gl,ggﬁ'ﬁ ablaskYagraof 3 cammewisation ?ﬁfﬁ‘%@‘é’ﬁ’f‘{‘%gmf}h%ynbol .

Fig. 3 ilklehfigd es an exanple of the pul ses corresponding to the portion of
the waveform di scussed in connection with Fig. 2. Fig. 4 is a sinplified
schematic of a receFige? exemplifics aejanbiseary\analog wavefpmn useditorepresentBESCRI PTI ON
OF THEs SPECLELC EMBODI MENTS Fig. 1 is a block diagram of a conmunicati on
system 10 according to the invention. The system 10 conprises a
transmtter 12 and Big 2dbistrates #Pexample afithe/pulser corbsponding &0the phrtionrofinsmi t t er

12 receives a data stream. 14 and.tra 1ts, via an output 16 15 an anal og
out put vva?g‘f%?v %ﬁggﬁc@%%mwg}sﬁgﬁ the formof a sequence of

symbol's.  The channpig. 26 4 SimpRREEEREhALD of rédeivirin Ad¥BriahePWitstheo t he
transmtted signal x(t), including noise, between the transmtter 12 and

t he recei ¥#DYON. The channel 20 yields a received signal y(t) to the
recei ygr 22. Hence, the transm ssion mapping function is given by: 20 Y(t)
= f(x?T), t) (1) The receiver 22 according to the invention produces an

output in the form JESFRIBFIONORTHESPECIFICEYBORIMENES naf t er expl ai ned,
(hat e 260! o0 9nf, S5 POl MR bRl AR Bk o0 S

invention. The system 10 comprises a transmitter 12 and a receiver 22 coupled via a

channe! 20. The transmitter 12 receives a data stream 14 and transmits, via an output 16

15 an analog output waveform 18, represented by x(t) in the form of a sequence of symbols.

The channel 20 is representative of all impairments to the transmitted signal x(t),

including noise, between the transmitter 12 and the receiver 22. The channel 20 yields a

received signal y(t) to the receiver 22. Hence, the transmission mapping function is given

by:

20 y(t) = f(x(1), 1) M

The receiver 22 according to the invention produces an output in the form
of groups of pulses or P(t), as hereinafter explained, that are applied to a decision device
26. The decision device 26 recovers a representation of the data stream 14 as a data
25  stream 14°. This is done for example by counting pulses in each group and mapping the
pulse counts of each group of pulses to the character established by the system character
set. |
Referring to Fig. 2, a sequence of symbols 18 is shown. The symbol 18 is
an arbitrary analog waveform which may be a sinusoid, a ramp, a sawtooth, a square
30 wave, an asymmetric waveform or a waveform having a shape selected to be optimized to
the a priori characteristics of the channel 20, or any combination of such symbols. Each
symbol is coded with information, for example by anything which affects the shape,
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25 stream 14'. This is done for exanple by counting pulses in each group
and mapping the pulse counts of each group of pulses to the character
established by the system character set. Referring to Fig. 2, a sequence
of synbol wOD®31868 shown. The synmbol 18 is an arbitrary arcI/ByOEOef or m

whi ch may bicRdingbu fétdimitedt@ BRplitads BehRRICH, sicheSPHASE ad3y\ BN Binafln =
asymetric waveform or a waveform having a shape selected to be optim zed
to the a pﬁhP’@Pf- characteristics of the channel 20, or any conbi nation of

such synbol s. Each | : \ ' @bl N, f.Q y
anything which affects t gbgﬁgﬁggﬁg%ﬁgﬁgﬁgﬁwl%gwl@ﬁ% udi ng
?ﬁt no]E Iil_ne'achdlfonlllainplcpara@e:offarcharaetnfgﬁtomlmwgqf{vakbigmﬂ_lr?mﬁm@h@eyfﬁion
er eof . code r et , e transmtter

nmaps easc.h hﬁ%ﬁﬁ %II‘HPH'((’I;'[OII %ﬁm %‘ﬁ%ﬁ’;bcetagp 1%$Xéhecﬁng%:§§?@.?’r§e lsonlﬁTlB'h%%t&mamval ues
tﬁ at : egg tcmepcﬂﬂ_rh _emlbieﬁfeenlﬁjchh'ﬁctawﬁﬂalsymbo]s yIhe Gintplés? gh&a@&&bib tiedxet o the .
channe ...There js typicall ope-{9- carrespondence between a

char act er a‘ﬁﬂ”’é{'°"§"yf‘?ﬁ‘?)l‘%41 TREOs g@i%&ﬁ%&‘@%’%’t"m m%‘-“?_@“ﬂpmfr’?m?éf " one"
and "zero" @fichafabiéfy'in @iethadadles Rt ofhe thhd'SrabtidabliMRatido¥ihpdse® By Aftd) frwalinber

of characters in the character set other than practical linmtations inposed
by natural 3bawkthe auwber of hits persymbole {Thgimose pharactsssing chamgter ey the laveerict er s

in a chgyache f‘ob%@ﬂiesstfbf(;z} i9¥i?énei‘g§v_}ﬁ;ee9 g{/ tﬁg 8{&9’1&@ bPfioise. ;'lg{e sgﬁnpélvrgﬂ: igneray

|l evel in the presence nol se. rate 1st c rel"atively
sl ow wi t h riypicallyt relativellslopuwitle raspest to ths pulsetrainl extrastedftheyefrorRef erring to Fig.

ccording to-t e nviHBRE Rk Rlis BBk SpRaR R 0 oo
gl ¢ g8y B%'p

according to the inventr
24. Thus fpilses B¢ agoplingiothsinvéntion, Bach synbplinags tgarsitighi grovp ofisilseb24.9r eat er

t han the sypbol. 15 rate, and,the durgtion of. the silences betwee ul se

o oups must T8 feh @4l Pamesss. B dats o} il GiempRGH o Bier JERdhSorst The

dur at i oy Of rafelgndStht BiaBsn o thé silehSesbetwileh Bllls® Erolipemust BY lpfelitel i B OF F €SPONdS
to duration 28 of a synbol. However, the silences are of arbitrar

dur ati on grexReded pulse senematione The dvrationipftheisilences plusdhe durption ofbey set of
pul ses can gfiitiain corresponds to duration 28 of a symbol. However, the silences are of arbitrary

duration greater than the time between individual pulses. Thus each set of pulses can start

(@ = )]

and terminate at any time within the duration of a symbol, assuming as contemplated,
20  decoding is in real time. The number of pulses in each pulse group can thus readily
correspond to the information character represented by the symbol to which the pulse
train corresponds. The waveform 18 may have many different mappings to a specific
pulse count. This provides further robustness through coding redundancy.
Referring to Fig. 4, there is shown a basic circuit for the receiver 22. It
25 comprises two elements Z 30 and Zp 32. A signal source 34 represents the received
signal y(t), which is here represented by a voltage Vs. The output is P(t). The signal
source 34 applies the waveform to a first generalized normalized impedancé element Z
30, which in turn applies the output across a second generalized impedance Zp 32. The
combination of the first and second generalized impedances Z 30 and Zp 32 produce the
30 pulse train output P(t). The generalized equations expressed in voltage terms and in

current terms are given by:



and termnate at any tine within the duration of a synbol, assum ng as
contenpl ated, 20 decoding is in real tinme. The nunber of pulses in each

.pul se group can thus readily correspond to the information character

repr eseru,@gl,gmt he synmbol to which the pulse train corpespsdsso The
waveform 18 may have many different mappings to a specific pulse count.
.Thi s provides furthdm fKL/m&JIJed% t hr ough codﬁzhg redundancy. Referring to
Fig. 4, there is shown a basic circuit for the receiver 22. It 25
conprises two el emerg&sz_30 Q D 32. A si | source 34 represents the
received signal y(t) dtwhiBh 152here represeited by a voltage Vs. The
output is P(t). Theg%gnal source 34 applies the waveformto a first
general i zed normal i i npedance element Z 30, which in turn applies the
out put across a secongygeneralized inpedance ZD 32. The conbination of the
first and second genérarEdgeHypedances Z 30(4nd ZD 32 produce the 30 pul se
train output P(t). Th tgeneral i zed equations expressed in voltage terns and
in current ternms areggi ven by: 3 WD 01/31868 PCT/1B99/01800 VD =VS
-ZJIDdt5 (2) at VD I'§+Er=R3)-¥0R)Z dt = VS -(5YD (4) 5 s dD =ID-"Y(VD) (5)
Equations 4 and 5 are "lual s of Equations 2 and 3. The equations describe a
direct conversion ofEquatiense slidpee dinlcofBquations2 andl 3 afhe eycationpdésatibd r ai n

upon proper  choice of LI'(.), where |1'(.) .is the transfer characteristic
of the i rrp%@é‘?‘f&@”é’?’é’r?&r?kafﬁ‘%élﬂﬁ mméqe%@gq@r ISR UPHRIPRE . 10 Thi s
i nventi on hag.eReen sk fi§ % ik thndté BhRbRRstcOrfIRCpeimcE ERALNIENeSs O her
enbodi nents will bé evident to those of ordinary skilll in the art. It is
t herefore msmallpqmet_wdwpmaet.hi s invention be linmted except as indicated
by theloappended cl aifg, inVention has been explained with reference to specific embodiments.

Other embodiments will be evident to those of ordinary skill in the art. It is therefore not

intended that this invention be limited except as indicated by the appended claims.



WO 01/ 31868 PCT/1B99/01800 WHAT IS CLAIMED IS: 1 1. A nethod for

comuni cati on between a transmtter and a receiver 2 conprising: 3
generati ng an anal og waveform corresponding to an information character 4 .
of an enowabI8e8 phabet, said wavef orm defining a synmbol PCEHE9901880/ ef or m

bei ng cycl i 9a{AT IS et AmEDsIgbol rate; 6 transmtting, fromsaid transmtter
to said recerver via a comuni cations 7 channel, a source signal
characterized by said wavef orm matching sai d synbol, said 8 communications
channel thaving a channel ¢hmetod &rcommupication berween wansgutterjand girersiver o 9
yield afec&;nyﬁg- kgnal; and 10 at said receiver, extracting fromsaid
received signal, information in the 11 form of groups of pul ses, said

pul ses BBei ng separ at ¢ignespting dnaveleg vave@rbicomresponding tetandnformatien chataster t han

time betweene i ndi Vi 115%94‘ s [ 1 Q;m;gr f Ln each,pul se
13 grouﬁoér}}agsr}g%a/ndé%l@h on §%¢W§%}§&ﬁ?ﬁ Afﬁ?l on c’hsﬁ“l(r&a‘c'%Eeékoéglrsbeeﬁfgecggﬁ‘faéd by

sai d symbol at thewymbbliratdjer ei n sai d pul ses have a pul se rate greater than the
frequency of said synbol..1 2. The,, nethod of ¢laim1l, ,wherein sajd anal og

wavefor B is sel ected & framseis HAnSTHer 19 SafdFeomivearvin A cammpications,

asymret rj C, chapidl G¥olirce Sipall hariBeriSdacy Mald waveRidin it SaldSthbol lsait The
met hod according to claiml, wherein said anal og waveform_ 2 conprises

m xt ur e of commynisatiops chapes! baving 9 shannel; charagigrization inpkuding yoisey icordente| 3

optim zed sypRQrSceived4i hﬁndEEt hod according to claim1 wherein said at
pul ses hav?ia 2 peak %gcr)laibea anplitude of at |east zero to a maxi num

rel ati vl t o non- osci |ak seid teaeivar, Sxtracting fromsaifl geceivedwignalc informatibeintben a

transm{.ter.an ' , .C | sing. ' g trapsmtter for
gener at g (oA % BroBeGLal e e FRR] b rmmsel B9 Blencls S bbb e ot or
of an el odiregierethahikhe betwsan mdividoal mulses, wherein the number of pulses in each pulse

13  group corresponds to one of said information characters represented by said symbol, and

14  wherein said pulses have a pulse rate greater than the frequency of said symbol.

2. The method of claim 1, wherein said analog waveform is selected
2 from the group consisting of sinusoidal, ramp, asymmetric, sawtooth, square and channel-
optimized symbol.

3 The method according to claim 1, wherein said analog waveform
2  comprises mixtures of different waveform types, including time-varying channel-
optimized symbols.

4. The method accdrding to claim 1 wherein said at pulses have a

2  peak to peak amplitude of at least zero to a maximum relative to non-oscillation.

1 5. A system for communication between a transmitter and a receiver
2  comprising: ' )

3 means in said transmitter for generating an analog waveform

4  corresponding to an information character of an encodix_xg alphabet, said waveform

5  defining a symbol, said waveform being cyclical at the symbol rate and for conveying a
6  source signal characterized by said waveform matching said symbol, said

7  communications channel having a channel characterization including noise, in order to

8  yield areceived signal; and

5 W



5 defining a synbol, said waveform being cyclical at the synbol rate and
for conveying a 6 source signal characterized by said waveform mat chi ng
said synbol, said 7 communi cati ons channel having a channel

char act eWPBHBI86% i ncl udi ng noise, in order to 8 yield ECTEBW0I8E si gnal
and 5 19!11111111111inearslih kil kdckiver for bktFactifiy, Fon3d86 fectlvdd 5iBRA/ 01800 9

means LA said recei.ver for extractin fromsaid, received,signal, 10

i nfor ngﬁl owf?m%ﬁglqﬁﬂgﬁ?ﬂ ° BEPﬁfnggﬁﬁaF@gg}ﬂggsehe&%ﬁp%@g gishepcsepfar at ed by
sil enceb Ofubitiaty dudation greyterlthan tim@beBeea iklividha BulssTWhERINEE RuinBeli o dual

pul ses, .wherein the nynber of 12 pulses in each pul se group corresponds to

one of 13ai BUISEYIBCEART grpun correspands tans of paid informption charaetersyerresentednd
wher ei 13 Sapgl sid sPBBol@dewifréit P& Qf 14
said s _rrbol.ﬁsl G.ﬁﬁThe systém (%éggflgleﬁna%g%h%gt%%gt%d ang}%%e%}g%cgfo&m IS
sel ect 2sdidgymbdle group consisting of sinusoidal, ranp, asymetric,

sawt oot h, square and channel - 3 optim zed synbol. 1 7. The system accordi ng

to clai 1, wherein aidm ol ONnY i xtures of .different
wav ef orm types, incl ﬁ'di ng ti Xgﬂl\?%% l%&%ﬁ&@%%@?rﬁ%@%@%%ﬁ?% 1 8.
The nethodfravdbe gioup consistingiofisifrusofdal,eamp,waytimptics esvtbeth Sqaare @l chadntlo peak
anpl i tuge of .atéeasl'it‘qlzero to a mximumrelative to non-oscill ation.
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7. The system according to claim 1, wherein said analog waveform
2 comprises mixtures of different waveform types, including time-varying channel-
3  optimized symbols.
8. The method according to claim 1 wherein said pulses have a peak
2 to peak amplitude of at least zero to a maximum relative to non-oscillation.
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