Di gital Modul ati on and Denodul ati on Techni que for
Reliable Wreless (Both RF And IR) And Wred Hi gh
‘Bandwi dt h Data Transm ssi on Background of the
‘Invention Field of the Invention 5 [0001] This
invention relates to transm ssion and reception of
signals. More particularly, this invention relates to
_ the.encoding.and nodul ati on of transm ssion signals
with digital data and the denodul ati on and decodi ng of
received signals corrupted by channel induced
.i.ntersynbol interference. Description of Related Art
Digital Msiglation @nd Qemqmlatmﬁﬂiomame far Relinble Wireless
(Both RIFand! IR)nAindeWiredtHiglh Bandwiti¢h BatanTeahsmission
arrival of multiple copies of a transmtted signa
that causes the gQf | nt of
information to C%EPWAJ’PQSIJ;%@W‘*@@& nt of
information. The multiple copies of the transmtted
signals occur generally because of reflections of the
Field ofitiseririviesdiosi gnal s within 15 the environnent. [0003]
The I evel of the reflection determnes the |evel of
degradation of the signal received and the
5 [0004} obabi This jnventiem eelates de pndwission and wcepiien obsignalg. More
errors in the reception of the signals. Al so, the
anparticulefly, tthisenverdjon reldtesco théencedihg and omsdulatich of transmission
transit fromthe transmtter to the reflection point
ansigihdie mdit digitdl bata anetheaderhoddibgsn ded ecading of Reeived signals
guantity of intersynbol interference. [0004] Refer now
t ocdriupted b? ChamhdliikfiéeediiBrsymbdl #itegérehpsuced
i ntersynbo interference in a wireless radio
frequency (RF) transmission. In this instance the 5
transmtter 5 is connected to the antenna 10, which
Deseription @f Related Artgnal . Even though the RF signal
emanates fromthe antenna 10 as a conti guous
_ wavefront, it is shown as three segarate wavef ronts
10 [0003F 40, Indhgtrapsmissiongnaiecgplionsef digitaldata, chanpelipdysed
the atnosphere in a direct path. The wavefront 40
t rialessnbelintedigrenchds tenwyspaleaf endfipleicopiestaf eclransmittedsignal
a landmass 30 such as nountai ns
that causes the information from one segment of information to corrupt a

subsequent segment of information. The multiple copies of the transmitted
signals occur generally because of reflections of the transmitted signals within

15 the environment.

[0003] The level of the reflection determines the level of degradation of the signal
received and the probability of the intersymbol interference causing errors in the

reception of the signals. Also, the amount of time required for the reflections to
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si grrugh the pdmesehergianglis re

10 and hills. The reflected wavefront 45 then arrives
at the antenna 15. The wavefront 50 travels through

the atnosphere and is reflected by buildings 25 of a

nmetropolitan area. The reflected wavefront 55,

i kewi se, then arrives at the antenna 15. [0005] The
antenna 15 is connected to the receiver 20. The

~.receiver acquires 15 the transmtted signal and

recovers the infornation nodul ated within the RF

SI naI It is aﬁ arent that the wavefront 35 travels
heifomthe tra $ fet ta theeflgetion paiptand thenee inineggeiver

10 to the receiving antenna 15. The refl ected

walietheodetermies dhel qeantity of intersymbel intetiegence:r i ve at

the antenna 15 at sone tine later than the wavefront

35. If the anplitude of the reflected wavefronts is

[000!4]ar ger RéfennbWwdo Fiy.einfor aatisritioh of chaeneltifduceddrteysmbol

will acquire the reflected wavefronts 45 and 55 2 and

beintdMéireidenia whalkke rddie frebhenoyaire) e mbssiore XWels instance the
that they will be delayed in tine. [0006] Refer nowto

Fi @anstnittef 5 % chrﬁféé?e?i l%ﬁh@fanfé?ﬁlaohﬁwméh #a@i’a‘!&ér fn dRF signal. Even

|ntersynbo : |nter erence wth W rel ess

b G R?%I E‘l‘gfggé&efr%%é gnteq! a|05asl$ E?ﬁtﬁﬂﬁug%avefront

sync §0n|2|ng he |npu si gna

B oS fuSeet I adtginavte A A b, the waygiront 35 s

fre shift ke FSK). In frequenc

qﬁ% %MW@%%E&’SP & '”@fd'fer?épa@! qﬁﬁ%‘{"zb%ff%{‘t 40 travels
represent| ng a digit having a binary 0 causes the RF

f&?tﬂ%ﬁf‘*}mf%lamgmaéﬁ 30tseh @sgneuntains

having a binary 1 causes the RF signal to 10 have a
sewuhhili$.r éheeeftactéd wavelronftddangn Arvivesraitkarantesnads. The
transmts the RF signal 110 fromthe antenna 10 as
dewaveflred 50hcavels thivugRRhe iagmasplieremsitis refleetaniibyt byildings 25 of a
paths as described with each signal being delayed in
t i mBtrogbIRal bt t THE refleedl wavefrbhb 58] IlKevdse, dicr Afives at the
antenna after a delay 81 145. The refl ected RF si gnal

ri'tglq?af"is.' ves at the 15 antenna after a delay 82 150.

efl ected RF signal ?L3 125 arrives at the

antenna after a delay 83 155.

[6005] The antenna 15 is connected to the receiver 20. The receiver acquires

the transmitted signal and recovers the information modulated within the RF
signal. Itis apparent that the wavefront 35 travels the most direct route from the
transmitting antenna 10 to the receiving antenna 15. The reflected wavefronts 45
and 55, on the other hand, arrive at the antenna 15 at some time later than the
wavefront 35. If the amplitude of tha reflected wavefronts is larger than the

environmental noise, the receiver will acquire the reflected wavefronts 45 and 55
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[0008] The direct RF signal ?i 115 and the refl ected
RF signals 22 120 and ?3 125 are superi nposed upon
each other at the antenna and transferred to the
recei ver 20. The receiver 20 enpl oys superheterodyne
techni ques to extract the 20 digital data fromthe
differences in frequency that defines the digital

.data. The 3 data nessage 130 shoul d change fromthe

bi nary zero to the binary I at the tine 170. However,

the del ayed reflected signals X2 120 and ?3 125

i nérd be indistinonishable fepmdide wasekontadd, exegrilthattbewwdl be delayed
cause an uncertainty 160 of the digital data. The

diigitna¢. data may remain at the binary 0 and is not
definitely changed until the tine 5 175. The

magni t ude of the del ayed reflected signals X2 120 and

[0008B 125 fd@%erna@vrtssiq.@fo'rﬁmdusaﬁmtdﬂm LI rRved IHdRekd intersymbol

interference. Simlarly, the data nessage 130 shoul d

° gaw%réﬁm&m PhiakYs RFiduth Bsrrmrr@ée}ﬁoﬂdszgténh.eThé WRyital data

owever, the interference fromthe ayed
OSBRSS I8k e o 1R D Sl s ot
ti 185. 10 Thj tai.nty tipe.165 n .
m £ eyt selbe BT BbRRG e R aidar B o8 LG ftg 05 s
Wi P Shif Feynsa RS G (S ERASTb RoWEs: PiPLAdE leye! of the
in Fig. 3. In this case the transmtter 205 and the
r edigitglctat® prpresentiparredigitingvieg @ bisaty Gravseas the Riosighaldo have a

The transmtter 205 excites the light emtting diode
( LfiEs) frequancytfo 135 and ¢k digaving a bipanal cayses the REsignal to

“transm ssion is on-of f-keying (OOK), where the LED is

exitavecal sécondiidquenayifngd® bi nary one and turned off
for data having a binary zero. The light is
transmtted to a photodi ode 215. The phot odi ode 215

[0007P CONNAgd RandrhittePs tiaRSRIits She RFGignaMii 01rons 4RV Sitenh A 80 as

received |1 ght signal and denodul ates the received

[C’io ib[T.ﬁ gbﬁffé{ﬁﬁé.éﬁ‘&ghéﬁ%t&h‘r’e‘jmbﬁ@ﬁ{ Oh&%@-d%%bad with

ght 'signaF as transmtte m t he

210 i s . ti f t,. but N '

ooty sided el s MRSy APk ABUURF Siarl AnEts B33zt e
and 250. The wavefront 235 represents the portion of

t hantengm after g delayith 5t Mhedeliected RF signal A2 120 arrives at the

antenna after a delay 8; 150. The reflected RF signal A3 125 arrives at the

antenna after a delay 83 155.

[0008] The direct RF signal A1 115 and the reflected RF signals A; 120 and A3

125 are superimposed upon each other at the antenna and transferred to the
receiver 20. The receiver 20 employs superheterodyne techniques to exiract the

digital data from the differences in frequency that defines the digital data. The

3



.directly to the photodi ode 215. The wavefronts 240 and
250 are transmtted toward the sidewalls of the room
200 and the wavefronts 246 and 255 are reflected to
the sidewalls to the photodi ode 215. The reflected
wavefronts 246 and 255 travel a |onger distance
t hrough the room 200 to arrive at the photodi ode 215
and thus interfere with the wavefront 235 that arrive
earlier. [0011] Referring to Fig. 4 for a discussion
of the nodul ation of the light signal as transmtted
f rdatatnhessagariS@ishoeld chemgeffram the Bnargrizerd 4o thechivaky BoLthe time
has the frequency rate that the digital data nessage
i sS17mt dowaiéhthe ddiaydd @fisticttsignalsd N, 120 and @, a8 intetfer@with the
clock (PPM CLK 305) that is used to generate the
f O¥ired® %&?v(fdoéighéllﬁs AR Rb & WwicenalntPh 68 BEthe digital data. The
transmtted signal- 310. Each tine slot"tl, t2, t3, t4
i S i intq f - | W afi — :
oSl bt B OHERS P ugfiely frangi unt he time
bi y_one, i his representation, . to rep ent . a

s ai i e aagntuinabine EiHEE afirsseq siorSla it an rigd”
be occupied for any one tine slot t1, 15 t2, 0, t4,
t héetedainag thaaimpast of ihigintarsymbeltaterfglanceo siimiady. the data
conbi nations of the two digit binary nunbers. The
f onesgagest3(siwiuld chamgedindratthel bisiagn dlto die binaryd@ahthe time 10,
nmessage illustrates the nodul ati on of the four

POosSLdles, thenaterfefbngtirad® Y delbyantefeofedidignalsiab 120 bind A; 125
data and is explained as follows: Tine Sl otDual -Bit

%@ﬁf&%@@ Qéla MARA009 360 ARt 43 BRARAD1 L AlIAB e 185.

pul se positfoned nodul ated signa

o IR UBA N B b I A

after a delay 81 340. The reflected light signal X2

325 arrjves at the photodiode 215 after a delay 82 .
10008f5. “rrimigr et Tciges TS GHRIDORstertagencs ¢Sy i ireless
phot odi ode 215 5 after a del aé/ 0
infrared light transmission as illustrate

in8I§ig.3%. In this case the transmitter 205
and the receiver 220 are generally enclosed within a room 200. The transmitter
205 excites the light emitting diode (LED) to emit infrared light. A typical type of

15 transmission is on-off-keying (OOK), where the LED is excited for data having a
binary one and turned off for data having a binary zero. The light is transmitted
to a photodiode 215. The photodiode 215 is connected to the receiver 220,

which recovers the received light signal and demodulates the received signal to

extract the transmitted information.

20 [0010] The light signal as transmitted from the LED 210 is a contiguous
wavefront, but for illustration it is shown as three separate wavefronts 235, 240,

4
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[0013] The direct light signal ?w 320 and the

reflected light signals X2 325 and 13 330 are

superi nposed upon each other at the photodi ode 215 and
transferred to the receiver 220. The receiver 220
recovers the pul se positioned data nessage 335. The
pul se positioned data 335 changes fromthe voltage

| evel of the binary 10 zero to the voltage |evel of

the binary one after the delay 81 340. However, the

del ay 82 345 and 63 350 of the reflected signals X2
328nGA0-XThe w@vetiontd3’ represemts tei partion ef thetlight sighal that travels
binary one for a time |onger than the length of a sub-

i ndiresatiyio thiphatadiods 2154 Thle watdfronts240 and 250 Zre transmitted
t4. The magnitude of the reflection maybe

I ntowiakd tHeesitiewallcolithe sd@ntA0P alel thewavefrohtss246 and 255 are
uncertainty time 355. 15 Further, if two synbols such

asrefledtbdfto theoviaewaNs B B8 pﬂ%ﬁ)d{é@é‘éﬂs t TRE réfltRted wavefronts 246
detection of the binary one extendi ng beyond the

Su%d 255 E[H?é]ta I%h elS stahide tﬁrﬂHQIfl te rbcio'nﬂTQO§ ltd’érrﬁléoﬂttﬂ?erﬁhotodlode

3, or t4 now I n eres Wt sequent sy
. e%( %ﬁé’ thu%flnttepfgrec Hﬂ?%daog%&rﬁcﬁs%gﬁacﬁﬁ rher
erence preven e extension 0 Badwi dt h

of commruni cati on syst em beyond the ability of the

onmuni ion t abI det ect d rec ver
mmﬁbcei vé%ea'I&Ea[m é% %é‘i‘@ﬁ‘% Oén qugely@gmgnal as

(Hol conbe) descri bes an out ut Si naI pul se wi dth
G ansatd em B tanssuiter 2HROTIOHEq THRGEL lodk 509 bas the

a data signal conformng to 5 a comuni cati ons

pricequenicy matei that the gligited dategvesisage is patas withindioe trensmiter 210.

by nonitoring a duty cycle of the data signal,
c onparmiodglatibn cthekyPEWE CEK 305) thaltiy usey ¢ gemerhtm tedeur-pulse
vol tage corresponding to the prescribed duty cycle,

ansbsifirumbtdiatePsighdlf tivé BhhsraittetiRigrinBao s Eash tinteosiot t1, t2, 13,
conformto the prescribed duty cycle of the protocol.

10t4[|9 g%e&ntcﬁfou%hﬁ-"ﬂcrém%ﬁfk &18,, (s(}hsp) OR& BLiBlifsreMent s4, s, S3,

tech nlque or encod I Ng data for serial transm ssion

o4 ﬂn%s%f’fgfaegﬂ%y%@i@?é P afsE b0 o it inry

S RBOE ke P Poisr <R Ry e of BRIy s tme siot 1
ek iy ‘écq%htr%ﬁc?ai‘» i EFEee NS IGir GORRPIR Forpgalions of the two
préﬁgﬁl ;’ﬁalr;() Qumbers The four-pulse position modulated signal of the data

message illustrates the modulation of the four possible binary digit combinations

of the dual-bit data and is explained as follows:

Time Slot Dual-Bit Code | PPM Encoding

t1 00 1000

t2 01 0100
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[0017] U S. Patent 6,118,567 (Al aneh, et al.) teaches
a waveform encodi ng nethod and device provide for
generating/receiving a power efficient binary
intensity nodul ated optical data signal froma binary
source signal which mnimzes a tinme between adj acent
pul se transitions and nmaxi m zes a pul se peak 20
anplitude for transm ssion over a | ow power wireless

“infrared link. 7 [0018] "Efficient Reconstruction of

Sequences,” levensht ej et al | EEE  Transactions on
Informati on Thepyy, Jan. 200igl,. Vdl umeigpdd, |sgue: 1,
pp. 2 - 22 __introduces! and provi des solutions for
probl ens of efngient recons{ructlcn of0@51 unknown
sequence fromits versions dlstorted by errors of a
certain type 5 [0019] " Spread- Response Precodi ng for

ansacilt @9%%5? h?EW&%%ﬂE@bé" '}43{?“‘%5'@%94 by Getivation of

Vol une: 42

" stppég@ 21Q pEH@ @'fﬁﬁteltas'a ﬁh‘!@e' %-03%‘? ?"é’(‘!?ﬁ @ém phqt%’ie% 2P after a
an arbitrary Rayl ei gh fading channel into a nonfading,

si depte 51\840.e Therseftsictad light Gignabh.aB2% eirives ch threnphotodiode 215 after
[0020] "Linear Conmplexity OO A Sequence Obtained From

A aelaQ@, 345 quRnefectBy i K&Mggﬁaliu 330 idrildg it the photodiode 215
Insertlng, O Del eting s Wthin One Period,

EE Tr ansactions on Informtion Theory,
@ﬂ%@o%e%(/g R |ssue: 3, pp. 1174 - 1177
provides a unified derivati on of the bounds of the

|inear conplexity for a sequence obtained froma

[0018br | odi Eresbeamb gl e AGBR8 ey tharellactes lighiisianais a4 38 and As

Inserting, or deleting k synbols wi thin one period.
[ O3B0Ldre" SUpefingpoSgd aubbn reazh lothertay thien phddediede 215 ardytraifsferred to
Random PPM Sequences, " Georghi ades, | EEE Transacti ons

onthkneesivat220) Terickived 220 rd&R8rs Wl pings pSditionddsdata: ‘message
1, pp. 146 --156, investigates the problem of

Sy@at | oé@l%é%Bsﬁi@ﬁe@ﬁh%cﬁy&éﬁge%éﬁﬂi‘ﬁfﬂ@%lﬁa@en@@élb'f e binary

sequences under the 20 assunption of

2?#%5 t % ﬁ%ﬁ%@%@é g‘ﬁﬂﬁaﬁ I‘\gl&r or% %fﬂ%%{lé) Hg#ak}fﬁél%ggb?-\owever the

synchr onl zation that indicate the exjstence 8
delay 3, 345 and 83 350 of the reflected signals A2 325 and A3 330 causes the -

photodiode to detect the binary one for a time longer than the length of a sub-
increment s4, S2, 83, 54 of a time slot t1, t2, t3, or t4. The magnitude of the
reflection maybe insufficient to consistently determine this uncertainty time 355.
_Further, if two symbols such as a 11 followed by a 00 are transmitted the
detection of the binary one extending beyond the sub-increment s4, s2, 83, sS4 0f 2
time slot 11, t2, t3, or t4 now interferes with a subsequent symbol. The severity

of the channel induced intersymbol interference prevents the extension of the -



of a severe performance floor are derived. A way to
elimnate the performance floor is suggested by
inserting 'special' PPMsynbols in the random data
stream Sunmary of the Invention [0022] An object of
this invention is to provide a conmmuni cati on system
where 5 pul se positioned nodul ated data signals is
~conpensated for channel induced intersynbo
interference. [0023] An object of this inventionis to
extract ul se positioned encoded data froma received
&W figsramunicatipresigtena beyaad hegability &f imermmunication to
|nterference [0024] To acconplish at |east one of
t hesligblyisietent anddcaien e tasebedgata MEssageuni cat i on
system has a transmtter and a receiver. The
transmtter transmts a signal containing pul se
[0018psi ti dpes. Patdnt 6160, 7654 Hotoopte desctiskat #h ostpibsigRal pulse width
The receiver acquires the signal containing the pul se

PO&Hrér cHMRGtioNeRElifhRd nfEMhad WHERM SrrofsSR V@ita sidhl BdiBrming to
syrrbo s, and extracts the data. [0025] The transmtter

s D8 KRR 00 AR b#“%"@ uﬁ?gﬁ%q% [efark i fekfed by
m’%%i@ it 438 YRS tﬁeﬁﬁﬁ%ﬂﬁﬁa'sgowﬁﬁ@@@ﬁ ity gycip g a duty

an i nduced inters erference

no'aﬁ?eaﬁf%rﬁna% ﬁi@&%ﬁ%ﬁ Eﬁhe PW&BBP%C’H&%GH and adjusting
whi ch receives data synbols to be transmtted and nmaps
t hé Pulggividdefibe datasignalita senfoss;te the Birscribgbduty cycle of the
nodul ati on appar atus conpares two adj acent data synbol
dipyotagol.i f the two adjacent data synbol digits have a
first data level, the data synbol digits are
: transmtted. If the first digits of the data synbol

10 [0018] gi t s WaS. Ratent 5,894 418 (Cher) expraina atecliniquelfayiencofiing data for
the data synbol digits has a second data |evel, the
dadetiah iraRahRssRintar] the dofrRRANE té&HhiqUdoree detedihd tHd@afsmitted
f| rst and second data synbol digits have a second data
n’% transmtting a first of the two adjacent data
sy digits is transmtted, a second of the two
adj acent data synbol digits is converted to the first

1001B e A a%‘%%?ﬁ?ﬁﬁqﬁxe'@a@iu'ﬁ%@%g "fufifelaf it Fbtnoa for

a ratus to cov data s th
pé?c?ap?‘lve equallza%on vﬁ{hln an <?nteg};/ra serw%es w?reless local area network to

15 prevent fading and intersymbol interference due multiple path radio propagation.

[0017] U. S. Patent 6,118,567 (Alameh, et al.) teaches a waveform encoding
method and device provide for generating/receiving a power efficient binary
intensity modulated optical data signal from a binary source signal which
minimizes a time between adjacent pulse fransitions and maximizes a pulse peak

20 amplitude for transmission over a low-power wireless infrared link.



10 presence of the channel induced intersynbol
interference. The denodul ati on apparatus has a
sanpling circuit in comunication with a signa
receiving circuit wthin the receiver to sanple at a
regul ar period received data synbols acquired by the
receiving circuit. The sanples of the data sanples are
retained by a sanple retaining circuit in
comuni cation with the sanpling circuit. The sanple 15

_ retaining circuit transfers the retained sanples to a

[0018) nbol “FiiiieHReconsiietionfSeaseneers.” keyanshipin stali (EEE
then recovers the data synbols. [0027] The synbo
mapiginsgctisinscn Infarmation dbeanndano00 o Motureenvar, ilsayiet Repp. 2 - 22
data synbols by first determning fromtwo adjacent
dainfodyecascandipgvidesisbludions fartpreblates oftafigienttreconstuction of an
present in the data synbol digits. The first state
t 1 grikhiotWrosequle € ofAsit lersiont distbité® by @frofd6f 4 ¥brtain type.
adj acent data synbol digits is at the first data | evel
and a second of the two adjacent data synbol digits

5 [OO‘Ebe at he %??éﬁbngéﬁcﬂwéeqyl%bo?lhé f&r@o%hﬁﬁﬁcajﬂgn%@rq-'admr?eChannels,”

nsition is present tate transition
or oSG, SREE TkansisTols bl ngphiaton TS e, 16 Yolume: 42

transitj n ues unt,l,l it r esent 0028].. \Wen
t HBS0: 2, PP, 468 2D Hrceis tsoreachtabeBhf s Bfbcodngo Eieet vy
state transition is 5 determned to be present in the
dairansiomban aghitsarysRayteigh dadigg ghapng! @tpraarﬂ@}fa@laa simple white
indicates that a first of the two adj acent data synbol
di yarginglly Gaussian reigepbamala | evel and the first of
the two adjacent data synbol digits is the second data
| evel . When the second state transition is present, a

10 [0028pcond “tingae Conplaiityi @A Segaence ObttoediEcbm AReriddie Sequence
di fference between the first state transition tinme and

t ey EfhseSasslingtingt thsers OriD¥lefiig™® SynbdiEWithin One Period,”
calculated. If the tine difference is less than a

bomaﬁ@évaﬁ i Eﬁiané?ef,%hs%nq Rkmaton TRESHSKEBoodi %Mme 46,

rece ed su equent e second data synbol 'digit

1H08 4 T S AR A 4 v

h t he bound
L AP ok DS, AR G amiorlot L ee QU PR by
5 Syplbr sHbgIG Dkl Ak Opieteg yimtls W degeeiod:

[0021] “On The Synchronizability And Detectability Of Random PPM Sequences,”
| Georghiades, |IEEE Transactions on information Theory, Jan. 1989, Volume: 35,
Issue: 1, pp. 146 — 158, investigates the problem of synchronization and
~ detection of random pulse-position modulation (PPM) sequences under the
20 assumption of perfect slot synchronization. Bounds on the symbol error

probability and the probability of false synchronization that indicate the existence
8 o .
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Is set to the first data |l evel and a second data
synbol digit to the second data |evel. [0029] All
data synbol digits received subsequent to the second

- data synmbol digit of the two adjacent synbol digits

having the first state transition and prior to a 20
data synbol boundary are set to the first data |evel.
The data synbol digit arriving subsequent to the data
synmbol boundary to a second data |level and all 11
remai ni ng synbol digits of one data synbol subsequent
t oot seveie pedforrpanceiingl@se dedyed. sAwaydtotaliminatedhe ggrfermance
IeveI [ 0030] The nethod for recovering the data
syﬂﬂmlis suggasteriby inserithgt 'epediall REM $ynabols isthedatdom data stream.
synbol digit of a synbol is at the second data | evel.
If the last data 5 synbol digit is at the second data
| evel, all synbol |tsof foll ow ng data synbol
are determined if ﬁhﬁiﬂ 38 Ndata level . If
all the data synbol dlglts of the follow ng data
are at the first data level, the first synbol

synbol
[0028fgi t A opjest @fdmsawwoeas o QSﬂYﬁiﬂ a pamauinigatiopgystem where

second data level. Brief Description of the Draw ngs

t oploa pojitiher modukated datagiigmaldis ednepensatert fopshaifnel induced
wreless radio transmtter and receiver illustrating

c hiatersymbaoldnieefdrenceer f erence of the prior art. [0032]
Fig. 2is atimng diagramillustrating the effects of
channel induced intersynbol interference on received

[ooszgl t al aglabRct & tmsnﬁ{r@ﬂ@nnél% extrdct %%%prsnﬂélh@ﬂ Rlco@éd data from

e prior art. 15 [0033] Fig. 3 is a diagramof the
op.
¢ SRR ) Uil BLESTI CRGTHCR ockic B RiTbisyFboPflerorpee.
the prior art. [0034] Fig. 4 |s a timng diagram

002 U BB b PSR i S B st

wireless infrared channel of the prior, art 0035
Fi gpmmunicagon syitegrhag %f’ﬁ@%ﬁﬂtﬁ apd ieecpiyer- tT'&%HGL l
nmodul at ed synbol s bei ng

transmits a signal containing pulse positioned modulated and compensated data

symbols. The receiver acquires the signal containing the pulse positioned

modulated data symbols, recovers the data symbols, and extracts the data.

[0025] The transmitter includes a modulation apparatus connected to receive

data and convert the data to pulse positioned modulated data symbols, the pulse
positioned modulated data symbols encoded to compensate for the channel
induced intersymbol interference. The modulation apparatus has a symbol
mapping circuit, which receives data symbols to be transmitted and maps the

data symbols to a transmission code. The modulation apparatus compares two



mapped to conpensate for intersynbol interference of

this invention. [0036] Fig. 6 is a plot of a stream of

pul se positioned nodul ated synbols transmtted and

recei ved denonstrating intersynbol interference of

‘this invention. [0037] Fig. 7 is a plot illustrating

the detection of state transitions of a received
~stream of pul se positioned nodul ated synbol s and from
~the state transitions of the received pul se

posi tioned nodul ated synbols recovering the

t r agigeentidata synbeldigits iiftthe fwel agiagentdatd sygiebdigits have e first

presence of intersynmbol interference 10 of this

i ndatatiéwst, thp@RB83yRbl. digits aredrapisotitted.| idhe fitst digits ok the data

reconstruction of the pul se positioned nodul ated

sysymbds digittrhdshe first dataviedelcrine ssadreiddigy obitle duta eambof digits

this invention. [0039] Fig. 9 is a block diagramof a

t r RS AsbEGHd QhtallBrel CRBTEHM SRNbOR a7¥ StsdMtasmiifed hHOWever, if the
invention. [0040] Fig. 10 is process flow di agram of

t e
S ol RS R A SRS LS 1Bl B End BAG IR Ransypitp a first
Fi r
cofhinmtebBohehfiss vﬁ'?fo?ﬁ?g% g a%éf%{%faﬁfhe two
12¢ ocess flow dja f th
of et el BB @&%@ﬂ#v Eﬂqf@&qlﬁ%% val g i Second
of the receiver of Fig. Det ai | ed Descrl pt| on of
t héatp syabol Gﬁg'tﬁdﬁ)ﬁ‘ﬁ]‘ t"F’f’i'@"'l“Fﬁ‘i’qr:rsyn‘ool interference as
descri bed above linmts the frequency 5 spectrum
usable for the transfer of digital data. The transfer
[0026} | ongThs reicaiyer bas agtepsoduatiomrappasatub éavscoveydatargymbols in the
bet ween zeros and ones causes corruption of the

10 di presahcelaf the dhaenhel indhecenilinterpanibol diibdetehice hThei dethdulation
the intersynbol interference described. The use of

P UbSifar 108 i Has GNeShpREHEi ASUItaN cBmPMiriG:ion witteh signdPlecelny circuit

switching rate. Once the receiving systemis

S Y\R{Ehh PR FRRiVeR td B8mple at a regular period received data symbols acquired
by the receiving circuit. The samples of the data samples are retained by a
sample retaining circuit in communication with the sampling circuit.' The sample

15 retaining circuit transfers the retained samples to a symbol mapping circuit. The

symbol mapping circuit then recovers the data symbols.

[0027] The symbol mapping circuit executes a method for recovering the data
symbols by first determining from two adjacent data symbol digits if a first state
transition is present in the data symbol digits. The first state transition indicates

20 that a first of the two adjacent data symbol digits is at the first data level and a

second of the two adjacent data symbol digits is the second data level. [f the first

10



10 received signal, the recovery of the data is nore
reliable since the errors that occur are not position
dependent and do not propagate. Certain synbo
arrangements however, do cause limtation of the
frequency due to the nmultipath effects that can
create intersynbol interference. In synbol
~conbi nations, (11) followed by (00), and (10) foll owed
by a (00) of a four pulse position nodul ated 15
encoded data, the intersynmbol interference is _
sustatectrangitiaroisppsesanti afirsy state trapsitiem Bmeria segarded.dHthe first state
and nake the transmtted data not recoverable. The
metrénaitiemid nod peesent Hfe sdareh tondetatrmioe teefitsd gtate transition
recodi ng of the pul se positioned nodul ation to
c oppeingas a@nfildt istgresentnbol conbi nations (11) fol | owed
by a (00). The synbols conbinations (10) followed by
a (00) are determined as a result of the patterns 20
[0028Ft €Ct 8fhedhé ﬁ%ﬂéﬂat@ﬁﬁﬁéltl&?i’g &étel'lz'hlﬁed a Eé’éorf'él éfoeetransmon is

detail ed di scussion of the recoding of the pulse

po{:;é [en‘rﬁiﬂ%ﬂt ‘Hrééérﬂm r%ed?détﬁégn%bﬁl (?igﬂs?aﬁ'h@’% d&h& B8 transition

trans her

H@ﬁ&%&%&?@a it R %&Pﬁ%@ﬂ?&ﬂf@%@é‘ sda@? iy 3rd data

g&ﬁ;&r% Sﬁﬁ%{{g%% ﬁgﬂﬂﬁ%nt % E/loll@glgcnh tﬁé spﬁgﬁd data level.

are the first of the potentlal |nters nbo
i nfbendhe seeondsiate Hansition Wr%e%%fﬁb%ﬁgc%‘iﬂl\ﬁtﬁteéﬁ@@m time is

contain the synbols 11 and 00 that are the second of
t hrecpustegnt Thel time diffesgmdsobetmeen the:fiesh state raasition Eme and the
- [0045] In the case of the four pulse position
noskdoatishate temsidieadimdédsahem cilicglatel. If hectirob differbade isdess than
divided into four different tines slots sl1, s2, s3,

angl bednddraifhd, iafReassbé of &Y eaymbbl digits re@livéd1subsequently to
synmbol and only one of the four different times slots

Si theSecofid daftl ¥\l it GFARE MG abiiReNOdynRsts d'lgﬁféeﬂavmg the first

‘representative ‘of the binary one. The intersymb

' n%tgfef E s IQ 5e ﬂ&e(hémp%l%la?a Y, n‘%f 4 f?’f&dtl ﬂ%}{éﬁce is greater than

npensa It si

e U s
%Zf’fqiﬁgm%sdeﬂﬁoitn%ﬁ?«éSé}a%’?mgffﬁnrqBF@iqﬁ%agéinta3@? R —
at a

is set to the first data level and a second data symbol digit to the second data

level.

[0029] All data symbol digits received subsequent to the second data symbol digit
of the two adjacent symbol digits having the first state transition and prior to a
data symbol boundary are set to the first data level. The data symbol digit

arriving subsequent to the data symbol boundary to a second data ievel and all

11
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10

15

pattern as shown for synbols SYM 4 and SYM5 are
recoded or mapped to the format of the transmt

signal (XM T SIGNAL), where the synbols SYM 4 and SYM
5 are now coded as (0001), (0000). 20 [0046] .
Referring to Fig. 6, the transmt signal (XM T SI GNAL)
-nodul ates a wireless RF signal as described in Fig. 2
~or a light signal as described in Fig. 4 15 for
broadcast. The wireless RF or |light signal is acquired
at the receiver. The receiver anplifies wireless RF
or remajpingsiygvhel digite of ese datassynieo! subsgqusat &0 theadata syméol
received signal is delayed as described in Figs 1 and
3 bowdarhard saints thd firstidatilgvell by a del ay 5. However,
the reflected signals X2 and X3 of Figs. 1 and 3 5

del ayed and are superpositioned on the direct signal

[0038}. [ 00fHd mEffbdPlek foovkfihd tHf dAta ShmbBESIntinues by Aetdrhfning if a

pul se positioned nodulated data is extended for at

'Sil.%f(ﬁl ﬁﬁ)@ﬁd@ﬁ'ﬁgl syijd I Is %t'gg@ gYmd Ghta IS¢l. F3he %’fst data

synbol s contalnln

| 51 é:‘;gﬁt @%882€§€§°%f383% I%@[%ﬁ ﬁrﬂﬂ?a@t atfgl?ovying ggta
f‘ﬂ%réé’q@a% cRlermnigtf Ineiara t e e o i oy 45k gmoo

synbols_ SYM 4 and SYM5 are simlarly, corrupted

be@sw‘eOE hedeljowing daia syrbr! are at thedyg faé%e' ohe §msymbol digit
is nowinterfered with fromthe previous synbol SYM

4. off the 4gjowing: daiecanmlio) insetitnthe seasndaintpig

positioned nodul ated signal is shown 15 in Fig. 7.

The rising transitions and the falling transitions of

h I ved d h
i oronce v TBOR ESEIBUR BRI Drolinds ™ ..

falling transitionis determned If the tine

|fference ti is less _than a preset paraneter, for,
1003h ancH: his @ Hiagrain of Hie Sl ot aivRless ol transgiiter and

synbol digit of the sequence of bin 1's is

r etegpivetillgstrating @hﬂmabledu@wnt@fereﬁ%e eﬂy thgmyiopaE. and

the remaining 20 synbol digits are set to the voltage

| evel of the binary zero. The synbols SYM 4 and SYM5
[0032] | ust rEige2 isha §mirkhdiabest illegtrbiing thegiffects ofsshanokl iBYiet

and the first 16

intersymbol interference on received digital data in wireless radio frequency

channel of the prior art.

[0033] Fig. 3 is a diagram of the operation of a wireless infrared transmitter and

receiver illustrating channel induced interference of the prior art.

[0034] Fig. 4 is a timing diagram illustrating the effects of channel induced
intersymbol interference on received digital data in wireless infrared channel of
the prior art.

12
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18

synbol digit of the synbol SYM 5 have a voltage |evel
of a binary one. The last synbol digit of synbol SYM
4 is retained at the voltage | evel of the binary one
and the first synbol digit of the synbol SYM5 is set
to the voltage level of the binary zero. This retains
the recodi ng descri bed above. 5 [0049] Alternately, if
~the tinme difference r is greater the preset paraneter
the first three synbol digits are set the voltage
| evel s of the binary one, followed by the binary
[0038kr 0, flim) Dk plgt of AstearefPWsRpesitionedngdylged symbols being

remai ni ng synbol chtS of a synbol are set to the
vomapged leoehpensaié rbniieeswnlzaimierfeneecspﬁm mnvsmion
and SYM 3 illustrate this recovery. The last two

synbol digits s3 and s4 of the synmbol 10 SYM 2 and the
[0036] r st tmig. 68 dplot 8f gistream ofgllsesBogifioridiemayniaiid sybdis

all have the voltage |level of the binary one. The

ti fiEndrhigtBY bha rétévwdéméﬂ&rétlr@ﬂnﬁéy?ﬁ%l uﬁtﬁﬁ‘ereﬁ%@‘b‘i‘ ‘Fhls

and third synbol digits of the synbol SYM 2 and t

f all bt ransi tion betvveen the third and fourth

synbol digits of the synbol SYM3 is greater than the

preset paraneter (duration of 3 synbol digits). The

ird sy | digit f 15 e.s SYM 2..a
003t o1 FyRoos &Pt inuSiafiio heddesit Snp ragf»@OPﬁP&?ﬁ%%ewed
at the v?ltage | evel of the binary one and the
af guise pasigpnedmagiaied symbRisandframathe 8‘3(‘%33“3’“0“3 of
voltage | evel of the binary zero. The remai ni ng synbol
di {§etreceiyedpulsg posifioped uates symbety recayasingdne transmited
vol tage | evel of the binary zero. [0050] The recovered
si puise positionart medtistecheyrnbels dmthet présenemel intsfsyRaby intsrference
and 6. 20 Fig. 8 illustrates the final decoding to
r esfakigrintdmtionecei ved versi on of the original pulse
positi oned nodul ated data. The recovered data is
exam ned for the 17 existence of a synbol code having

[0039] voltagg & ave FIo‘Pfllu@tré‘ﬂ[rﬁfhﬁé reBSnsttuctibf of fie dllse pyshied
git s4 and all the sy digits sj, S2, s3, and s4

BB@Ia éy g s cﬂ%ﬁrﬁmgl rec&bﬁ%k?ﬁgﬁﬁséeg%ﬁ@g?#r@éfﬁ lof fis

a nary rst I grt

fa Q]g syrrbol digit is set to the voltage |evel of
a Bv%ﬁl’ one. Exam ning the synbols SYM 4 and SYM 5,
the | ast synbol digit s4 of the synbol SYM 4 |s at t he

vol tage_ | evel of a binary one and t he synbol g
[003g]  s2 Figa9 isz3 hlogh diggrameofa franmmitter of the communi tion system of

this invention.

[0040] Fig. 10 is process flow diagram of the method for compensation of pulse

positioned modulated signals of the transmitter of Fig. 9.

[0041] Fig. 11 is a block diagram of a receiver of the communication system of

this invention.

13
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15

20

SYM5 are at the voltage | evel of the binary zero. The
first synbol digit s1 of the synbol SYM5 is set to
the voltage | evel of the binary one and the synbol
codes for synbols SYM 4 and SYM5 are recovered as
(11) (00). 10 [0051] Refer nowto Figs. 9 and 10 for a
description of the structure and operation of the

~transm ssion subsystem of a conmuni cati on system of

this invention. Digital data DO ..., Dn 400 is
acqui red (Box 440) by the data input register 405. In

[0042hi s i | Figst t2a + dAc isierogpes flew dirgramiof the mgithed of for recovery of

paral |l el data such as would be created, transforned,
anpulse positioned modofabed sigpatsyd tharecEher dbFigyddhr oni zi ng
clock circuit 410 provides the data clock 412 to gate
the input digital data DO, ..., Dn 400 to the data

i nput regist 405 the. data rate shown . in Fig. 4.
The data 4073@3@&@@@%’3'3!3 %Pgtﬁﬁdﬂwel%%ter 405
is transferred to the pul se position nodul ator 415.
The pul se positioned nodul ator 415 groups the data

[0043b7 t o Fhe intgrRyRbaslerigigndesedesaribed abpye figpitgithys frequency

synbols as shown in 20 Fig. 4. For a four pulse
pospactronedsahiel idrdbé transfien of digital di33. iThe draoafes @f lamgostrings of
two bit or binary digital synbols. The synchroni zi ng

cl zarbs @nd onie of h@apy twgglieg betvwrdnseeropand bhes edusdsosdtruption of
413 to the pul se positioned nodul ator 415 to determ ne

t hipelfgiil dat desid thenrdtipae EiRcisthatinaaek e inkexyribél)

for each of the fornmed synbols. The pul se positioned

%@féﬁe"'&&é SeRABEY ?Hﬁ@tusb(bftgﬂ%f%ﬂjgﬁt%n%?ﬁédmﬂ% provides a

ulation clock 305 of Fig. e pul se positioned

OB SIRRE SIS 14l LR ifonzpa o e

data 417 to ul se i.tj oned modul.atiqn i n
c; taed s die RNED BBe et B a ST g that
circuit 420 conpares adjacent synbol digjits of .the
PUPGSHIr 3FR, 804 PSR GRRakDT SR danat Bropap terdperiain SYee)
the pul se positioned nodul ati on data 417 to provide a
coapRtgamenta hpwieven dogasse fititaien ehitherfeaquenpydue do the multipath
i ntersynbol interference. Wien two adjacent synbol
di effects thrad cao coeatp intersy(Bokiniatorencrl karsyniml kombinations (11)
vol tage | evel of the binary one, the pulse positioned
nofdlibwed by (08 phd §10) follawed bptg00Bofka 0 pulseegpositivomdodulated
synbol digit of

encoded data, the intersymbol interference is sufficient to potentially corrupt the

received data and make the transmitted data not recoverable. The method and
system of this invention employs a recoding of the pulse positioned modulation to
compensate for the symbol combinations (11) followed by a (00). The symbols
combinations (10) followed by a (00) are determined as a result of the patterns

detected.

14



the pair or synbol digits to the voltage | evel of the
bi nary zero. The mapping of the pul se positioned
nodul ated data 417 is equivalent to the nethod
described in Fig. 5 where a data synbol (11) is
adj acent to a data synbol (00). The pulse 15
posi ti oned nodul ati on mapping circuit 420 has forned
the transm ssion signal 422, which is transferred to
the transm ssion signal nodulation circuit 425. The
transm ssion signal nodul ation circuit 425 nodul ates
[0044Box 47R§fennewdadlig.£Pior ahaore dedaitedl discussiomsefi the eegoding of the
ei ther Frequency Shift Keying an RF Signal or gating a
| i pinse posigoméd mbdelation 4d ateate aisiprall whith then nfiiulatpsithe
signal to the transm ssion driver 20 that excites a

U T RASIHBEH s%%h&é@:e? FRlid fré?ﬁéﬁc%ﬁdr%@hﬁﬁbﬁé]@}i e PPM:Bignal

1 or the Fig he nodul ated signal 43

TR RO atng gty e
5 Wéig %ﬁ\ﬁ t h;ﬁf;@nedo {I‘iﬂ%s@“g §\f|\ﬁ‘2°efnd é?ﬁl 3 conta:n the

ni catlon S nventron1s s

ool 1By lﬁﬁ%t %gzﬁctye Tt o5 beGtal fieEe ?F?éﬂ?faﬁerence

the antenna_20 o or the LED 210 of Fi
ArGATAGAEPS R o syapls Sl haes) SV & conBythe HITI9ed 1 and 00 that

~denodul ates, and conditions (Box 560) the received

si anedhe ss00nd of iheqetentiahnterspmbokint rencepeaididated

nmodul at ed data 512. Cenerally, the transmtter of

Fig. 9 will have enbedded a synchroni zation signal and
[0048] st ar tin theadass obthe[fos pulsd pesitibnm mddatationaas desdribed in Fig. 4,

signal . The synchronization signal is detected by the

10 cl &adh SYISAli® Qiviridi iad four Giffefend limeabts B, <3l 8¢land s4. Each time
synchroni zation 10 circuit 515 generates (Box 565) a

r eQSLﬁé?Fes%ﬁé §'%di siake EW\BOI SncPbhIgBRE of ‘Pné ffr dftfEP&sdRsks slots

sync nization signal .  The start”signal 1ndicates the

beg r?p {I ﬁ?a(yféc{nﬁélﬁgﬂtl ar@fég%%@?’ rQ#He%ﬁta’hUngjﬂ%ttﬁ{né(ry one.

upo
%éyltn gl lgge(r}gelﬂg%éﬁj{ér f th;?b(ﬁggﬁm &}%%%@rfﬁgé%pensated
Efﬁs@ﬁ\'gp ng3e VBRI s s Fa 8 bty Abe aﬁfﬁ%@%tﬂ@%ﬁem for the

signals within the received pul se positioned
15 noli@insmisgionisignal.. This is an illegal character for the digital data and can be

corrected at the receiver as describe hereinafter. Thus all symbols having a data
pattern as shown for symbols SYM 4 and SYM 5 are recoded or mapped to the
format of the transmit signal (XMIT SIGNAL), where the symbols SYM 4 and

SYM 5 are now coded as {0001), (0000).

20 [0046] Referring to Fig. 6, the transmit signal (XMIT SIGNAL) modulates a

wireless RF signal as described in Fig. 2 or a light signal as described in Fig. 4

15
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15

20

100531 Upon detection (Box 570) of the start signal,
the received pul se positioned nodulated data is
sanpl ed (Box 575) by the data sanpling circuit 525.
The clock synchronizing circuit 515 provides a
sanpling clock to provide at | east one 20 sanple
during a synbol digit sl1, s2, s3, and s4 tine to

~determne the voltage level of the binary digit being

sanpl ed. The sanpl ed pul se positioned nodul ated data

527 is transferred to the sanple register 530 where is

i t for breadeest. (Bwxwaelgps Riv ordight signakisiasquised ahthe receiver. The
transmtted pul se position nodul ated data that is

c oreceivee dniplifies wirelesy Rbobr light sighel amtecoVers the redeiest signal.
sanples are transferred to the sanple mapping circuit

540he réueifedosiginal lisrgelahed axﬂéaﬂibe@’inﬁ ¢ hentdraihemithé ednsmitted
pul se positioned nodul ated data. |, 00541 The

cu t f I
58§51§:ﬁ5‘| bﬁg?%‘&é"ogio‘ﬁ%\?fnp%g reﬂ’écgétg §I or.;@gp‘ﬁil gloeﬁ,; éfaq% e‘l and 3
S t heflrst vp] t age | evel
" e Al B ri o St innirad SontfAsy ool “di gi ¢
|s a the second vol tage Ievel i ndi cating a binary
one, a rising edge has occurred (Box 590). If the

[0047] si ng Beryeulse xddthef eacls symbal dipilof theepwempasifiensd modulated

i ndi cates that the previous synbol digit has 10 the
sedatads eslendee foreat édast adiecand sgmaobdigi tignecsiet synda,ts3e0r s4.
current synbol digit has the first voltage |evel
I NPhwathengntbdks S¥YWY 2 280 G YM Bacontaihing the gyedols 1and 00 are now
occurred (Box 620). However, if the previous and the
C U d t‘gydgﬁ%n ek rﬁb&rcfét@?ﬂtﬁlﬂ ({‘FUG)h‘i’frthétﬂ@flefdtééklgnals 22 and
Ieve icating a binary zero or the second | evel
cat.i n r en nq tran
&9*3'%93 i ﬁ ot 9%&33/3‘3%%%9{, R85 L 41E SRy acigl be
ai ned ( Box or conparlsonN&Box 585 with the
nowoﬂﬂb(fﬂd@% Taaﬁtsméolq%ﬂysﬁaw&( 5@%%@} BYFOryRIRd @
(Box 590), the sanple tine at which the rising edge
oclerame 0044 61a08). Thus teocodatdatd ok SYMEis nqwmterfered with
between the recorded tinme for the rising edge and a.
pr feomdhs prealidusgynelol SYM 4det er m ned (Box 600). 20 Upon
conparison (Box 605) with a preset tine PO for
instance 3 xrs ('rs being the tine duration of a

[004§K%0| Thaidcbvely dffife edehvidgiase pbsBorfsd mddDRtedIsiga&Ias shown

an the
in Fig. 7. The rising transitions and the falling transitions of the received srlgnal

are recorded and the time difference t from the rising transition and the falling
transition is determined. If the time difference t is less than a preset parameter,
_for instance the time of three symbol digits, the ﬂ_rst symbol digit of the sequence
of binary 1's is retained as the voltage level of the binary one and the remaining
symbol digits are set to the voltage level of the binary zero. The symbols SYM 4

and SYM 5 illustrate this. The last symbol digit of symbol SYM 4 and the first
16 |



21 preset tinme PO, the next sanple is taken (Box 575)
and retained (Box 580) for conparison (Box 585) with
the now previ ous sanple. [0056] When a falling edge
occurs (Box 620), The sanple tinme at which the
falling edge occurs is recorded (Box 625). The
difference tine A2 between the 5 | ogged tinme of the
rising edge and the logged tine of the falling edge is
calculated (Box 630). The difference tinme A2 is

npared (Box 635) to a preset tine Pl (for instance
3 &yml'sql dlglt ofthe SWTbe‘P‘é’NBé havena vajtage lgvetof 2 hinary aee. The last
preset tinme Pl, the synbol digit at the rising edge
hasymigolidigit of(ﬁw‘latg.é SYM dlis ogtained abthevgltagedevelof the binary one
retai ned (Box 640) at the binary one and all synbol
di gnd therfasesyming digit ¢fithe 39mbph®YM 5ijs det 6 tree daltdgerigvel of the
edge are set (Box 645) to the voltage | evel of the

-bi Bifhdy ze#8! ThisTietfindHaVied6ding R stgscVsbovedf the synbol

digits as discussed above for SYM 4 and SYM5 of Fig.
7. [0057] If the difference tine A2 is greater than

5 [004&9]‘15I gr e&lgérnétijeg& |fPI]re tlh'réedzﬁ r@pl% thée gl'eitater(tﬂe %ﬁ'e%e)t Ql'ar%]t%r the first

10

15

e Vo ta e one

IS, retaine 5(B Qne.

ad} hé%eeﬁ!{mEéj‘rFﬁQiFs %ﬁegﬁq?ﬁlgsv@{agfye\(e? %(%B%éﬁ’@) folloyed by the
the voltage | evel of the binary zero and the next o
adpinaererayipeved byithe pigppt ong ?/1 413 apd e FrpaipBEeYsE) digits of
at the voltage |evel of the binary one. This provides :
t h@ symbobarersgt &4 thenwltagetriel of tethinary z¢re cliBe symabls\&YM 2 and
for SYM2 and SYM 3 as discussed in Fig. 7. 22 [0058]

TheYM 3 filestatechisireeovsyi The test twospmbebdigBe s; 6@ 54 bbthe symbol
" an even longer preset tine P2 (for instance 5 x is).

| f SYWE2 dhdl e A€ Bvd BYMbdIAigits O &al &5 ofithe symbePSYM 5 all have the
preset tine P2, the final slot next to a synbol

boyiRkYelet of He BiRRY &@)Tﬁ@tlﬁﬁg%on’( M @éiﬁg irﬁﬁﬁhor‘i’ﬁeﬁf&&n the
b| nary zero. The first synbol digit (Slot” 1) of the

: %%@g@%&?‘gﬁa gp &Fﬁtﬁg{tﬁgﬁh%%ﬁg{b?ﬁ§Yﬁlf?)anrﬂgtprg|?£lm transition
bi %%85@%%'%%@5%% of §of o HEF I R/ p areater than

Sy trﬁ%oplres %%92,{%@? %&ra? ion O%)f SE)r}r%bloPcrlllgﬁé). plrh%stﬁ}rd symbol digit s3 of

the symbol 8YM 2 and the first symbol digit s4 of the symbol SYM 3 are retained
at the voltage level of the binary one and the last symbol digit s4 of the symbol
SYM 2 is set to the voltage level of the binary zero. The remaining symbol digits

(s3 and s,4) of the symbol SYM 3 are set to the voltage level of the binary zero.

[0050] The recovered signal now reflects the transmitted signal of Figs. 5 and 6.

Fig. 8 illustrates the final decoding to recover the received version of the original

pulse positioned modulated data. The recovered data is examined for the

17



time P2 allows for the recovery of a set of synbol

digits having a coding of (101001) from a received
corrupted pul se position nodul ated data of 10

(11111111). The worst incidence of this occurring

woul d permt the reception of the received pul se

positi on nodul ated data (0001) (1111) (1110) and then
recovery of the transmtted (0001) (0100) (1000).

[ 0059] Upon conpl etion of the recovery of the

transmtted pul se positioned nodul ated data, the next

s agxistents of alsymbpBeodestTd)ing avoltagalavetiof(Bbinagsane abthe fourth
15 conparison (Box 585) with the now previous sanpl e.

| f syanbolsligigseatgkall the sientsol digitscs( 80963 581) s4 dfithe folloaving symbol
the rising edge is recorded (Box 595). The difference

't gigit Aaveatvurage Idvel BT £ virws zéral ITH&"reﬁg,enmdjuqrt@. of the

present rising edge is determ ned (Box 600)

di fofl@@ﬁ@%%rﬁﬂd"ﬁlgﬁ i5 %eFt%rfﬁéﬂt‘éﬁaéeBMeﬁ&@ bingrni . Bx&afing the

|rre3xrs and 1 f the difference tinme A |s greater

. %&?glsxm%;énggsfﬁl 5 tﬁ?r%%t E@Bg'ﬁﬁq :tE ﬁyﬂiﬂﬂ SYM 41s at the
evel of _the

ed A?]ve(:f %E}nﬁ%@%ﬁ%laﬁg t§§ ﬁ%’\éﬁ 0 g% §1 $% $3 gnd sa of the symbol
t hé%ﬁ%rq figheie @9? 2 B8 OBHE pinsy £RG- e Ty Appor it s: ofthe

boundary The sa and recovery process then

o o SN s oot Ruthobaige Vel SamIbeasy ane AnaiiBe symbol codes
reception of a stop signal or synchronization signal.

5 fo08phpolRBYM and SYNES gre tecoveras aa1(19 (§Dsi t i on

nodul at ed data.540 recovered by the synbol mapping

“circuit 535 is transferred to the data extraction

10 [o_osctjh r cui tR&Mbnow IO FigaBaareki 0 i tal dusceiptioniof the4frudireodad

15

20

e pul se position nodul ated data to extract the data

S Yoo Btha trishlissiom §ul§’s¥sfbrﬁbﬂ’8%ﬁ1rﬁlﬂm&é‘tﬁm system of this
originally encoded data. [0061] The synbol ‘napping

ClihGehto Tn(Ser 3 gﬁé\éﬁ%@ gJOd at %ﬁ)&bb%%b@ﬂr&f (‘B%Bi'ﬁﬂ?ﬁg ti% Batainput

the pre ogi cal state nac

SRR 4, %étt@*sg@{&rgﬂaggh% BRGSO Vgexa:@fpgrgﬁeu YatPouch as
el A agieas b Rlmbd art &5 h & bR Sdem. The

synchronizing clock circuit 410 provides the data clock 412 to gate the input
digital data DO, ..., Dn 400 to the data input register 405 at the data rate shown
in Fig. 4. The data 407 retained by the data input register 405 is transferred to
the pulse position modulator 415. The pulse positioned modulator 415 groups
the data 407 to form (Box 445) multiple bit or binary digit symbols as shown in
Fig. 4. For a four pulse positioned modulation, the data 407 is grouped into two
bit or binary digital symbols. The synchronizing clock circuit 410 provides a pulse

positioned clock 413 to the pulse positioned modulator 415 to determine the
18
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20

acconplished within a digital signal processor or
simlar conmputing systemw th 15 the functions and
processes being prograns stored on data storage nedi um
for execution by the processes. [0062] Further, the
preferred enbodinent illustrates a four pulse
positioned nodulated data signal. It is in keeping

. wWith the intent of this invention that any nunber of

pul se position nodul ated synbol digits may be enployed

to encode 20 the digital data. The structure and

nePWse Pesitiphed fop ancedingdBex 4fp bior eack of thefermed symbols.
functions with a higher order pul se position nodul ated
entoRiPHige msitioned ZlockHd 3de eauivhleat tootre msyest positiened modulation
shown in Figs. | and 3 illustrate w rel ess

t r dlnsk 388 iobRigo#t. tThe pauis=posieénetomiodalatioh engrddd synbols are then
keeping with the intention of this invention that the

nogiahsrhitied Segai) (B 455)a8thé pake\Woshioned ncdilifted diatd 817 to the
an electrical S|gnal in a copper cabling or a |ight

si ginaé p¥sitiBhéd %Jd'uté%n‘?ﬁémﬁngj:él%tﬁt 420, [ BRSO Alys¥osRioh8d S

i nvention has been particularly shown and descri bed

!y LA Bre G558 HFRAELTFSG I % putcs
W sah@edﬁﬂéa@?ﬁﬂgﬁﬁ%ﬁf Rfaf ot Hed)he o wHEd

oy BEBHERE) ettt i aVie Pt saton fai e sresetios & channel
synbol s the presence of channel induced intersynbol

i n'DQP‘F%q wtRreymbael interfsrensiemihea fwe adiagsntnimblaisigitiang:

4 a transmtter for transmtting a signal containing
satampered (Bpxd6bhrand sunbethsit agoltage level of the binary one, the pulse

positioned modulation mapping circuit sets (Box 470) the second symbol digit of
the pair or symbol digits to the voltage level of the binary zero. The mapping of
the pulse positioned modulated data 417 is equivalent to the method described in
Fig. 5 where a data symbol (11) is adjacent to a data symbol (00). The pulse
positioned modulation mapping circuit 420 has formed the fransmission signal
422, which is transferred to the transmission .signal modulation circuit 425. The
transmission signal modulation circuit 425 modulates (Box 475) a signal 427 that
is to be fransmitted, either Frequency Shift Keying an RF Signal or gating a light
signal. The modulated signal 427 is the input signal to the transmission driver
that excites a transducer such as the transmission antenna 15 of Fig. 1 or the
LED 210 of Fig. 3. The modulated signal 435 is then broadcast (Box 480)

through the transmission medium.
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9 10 11 12 13 14 15 16 17 18 19 20 a nodul ati on

appar atus connected to receive data and convert said
data to data synbols, said data synbols encoded to
conpensate for the channel induced intersynbo
interference, said nodul ati on apparatus conprising: a
synbol mapping circuit which receives data synbols to
be transmtted and maps said data synbols to a

transm ssion code by the steps of: a) conparing two
adj acent data synbol digits, b) if said two adjacent

[005aht a syimdlustiaion of tha\s&rugture ppd ppgeation|of leg receiving subsystem of

transmtting said data synbol digits, c) if said data
sytheglonnyhicatiorasystemef this invedtiom is $howe! indrigs.al saadbhda — 12¢.
data level, transmtting said data synbols, and 26
The modulated signal 500 is acquired (Box 555) by a receiver 505 either through
the antenna 20 of Fig. 1 or the LED 210 of Fig. 2. The amplifier and conditioning
circuit 510 amplifies, demodulates, and conditions (Box 560} the received signal
500 to create the received pulse positioned modulated data 512. Generally, the
transmitter of Fig. 9 will have embedded a synchronization signal and a start

and/or stop signal within the transmitted signal. The synchronization signal is

detected by the clock synchronization circuit 515 and the clock synchronization

- circuit 515 generates (Box 565) a receiver system clock that is aligned to the

embedded synchronization signal. The start signal indicates the beginning of the
transmitted data follows immediately upon completion of the start signal. The
stop signal indicates the completion of the data message and any following
detected data signal is not part of the fransmitted message. The start/stop
recovery circuit detects the presence of the start and/or stop signals within the

received pulse positioned modulated signal.

[0053] Upon detection (Box 570) of the start signal, the received pulse pos'itioned

modulated data is sampled (Box 575) by the data sampling circuit 525. The
clock synchronizing circuit 515 provides a sampling clock to provide at least one
sample during a symbol digit s4, s2, $3, and s4 time to determine the voltage level
of the binary digit being sampled. The sampled pulse positioned modulated data

527 is transferred to the sample register 530 where is it retained (Box 580) for
20



21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
39 40 41 d) if said data synbol digits have the second
data level, transmtting a first of said two adjacent
data synbol digits, converting a second of said two
adj acent data synbol digits to the first data |evel
and transmitting said second data synbol digits; and
a receiver for acquiring said signal containing said
dat a synbol s,

extraction of the transmitted pulse position modulated data that is corrupted by
intersymbol interference. The retained samples are transferred to the sample
mapping circuit 540, which performs the exiraction of the transmitted pulse

positioned modulated data.

5  [0054] The current sample for a symbol digit is compared (Box 585) to a previous
sample of a symbol digit. If the previous symbol digit is at the first voltage level
‘ir_ldicating a binary zero and the current symbol digit is a the second voltage level
indicating a binary one, a rising edge has occurred {Box 590). If the rising edge
has not occurred, but the comparison indicates that the previous symbol digit has

10 the second voltage level indicating a binary one and the current symbol digit has
the first voltage level indicating a binary zero, then a falling edge has occurred
(Box 620). However, if the previous and the current symbol digits are equal
(either the first level indicating a binary zero or the second level indicating a
binary one), then no transition has occurred and the next sample is taken (Box

15 575) and retained (Box 580) for comparison (Box 585) with the now previous

sample.

[0055] When a rising edge occurs (Box 590), the sample time at which the risihg
-edge occurs is recorded (Box 595). The difference time Aq between the recorded
time for the rising edge and a previous falling edge is determined (Box 600).
20 Upon comparison (Box 605) with a preset time PO for instance 3 x 1s (1s being
the time duration of a symbol digit) if the difference time A4 is not greater than the

21
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15

recovering said data synbols, and extracting said
data, said receiver conprising: a denodul ation
apparatus within a receiving systemto recover data
synbols is the presence of channel induced

i ntersynbol interference conprising: a sanpling
circuit in conmmunication with a receiving circuit
within said receiving systemto sanple at a regular
period received data synbols acquired by said
receiving circuit, a sanple retaining circuit in
copiesat aeiRdy the pextisample istgkem (Be $ER)i and retajned B3ox 580) for
sanpl es of the data synbols, and a synbol mapping

ci caaparisom (Boxrass) wdthitba nowtdrevibas ssmpid. e r et ai ni ng
circuit for receiving said sanples of 27 42 43 44 45
46 47 48 49 50 51 52 53 54

[0056] When a falling edge occurs (Box 620), The sample time at which the

falling edge occurs is recorded (Box 625). The difference time A; between the
logged time of the rising edge and the logged time of the falling edge is
calculated (Box 630). The difference time Az is compared (Box 635) to a preset
time P1 (for instance 3 x ts). If the difference time Az is less than the preset time
P1, the symbol digit at the rising edge having the voltage level of the binary one
is retained (Box 640) at the binary one and all symbol digits remaining in the
symbol up to the falling edge are set (Box 645) to the voltage level of the binary
zero. This provides the recovery of the symbol digits as discussed above for

SYM 4 and SYM 5 of Fig. 7.

[0057] If the difference time A; is greater than the preset time P1, the symbol digit

(Slot 1) at the rising edge having the voltage level of the binary one is retained
(on 655) at the binary one. The adjacent symbol digit (Slot 2) is set (Box 660)
to the voltage level of the binary zero and the next adjacent symbol digit (Slot 3)
is retained (Box 665) at the voltage level of the binary one. This provides the
recovery of the symbol digits as discussed above for SYM 2 and SYM 3 as

discussed in Fig. 7.
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55 56 57 58 59 60 61 the data synbols and for

executing a nethod for recovering said data synbols,
said nmethod for recovering said data symnbols
conprising the steps of: a) determning fromtwo

adj acent data synbol digits if a first state
transition is present in said data synbol digits,
said first state transition indicating that a first
of the two adjacent data synbol digits is at the
first data |l evel and a second of the two adjacent

[0058ht a syFhsmtifiéraricedime 4. isttbes eompareth{Box 6X01to ab)evien longer

the first state transition is present, recording a

fi preeblimb P2 fNAstahed 5t 18, Ifthe idiffdréscd imetA,58 gfciter the longer
transition is not present repeating step a) unfil

F biobL P2 LA 308 BBt Ryl ot o e

R0 B o AR08 5 P 581 8P ctovin

el o880 Ribah Bot bhitacthe YifiadarRvel S RSN ary'3h 8 and ai
remaining slots of the symbol should be set (Box 685) to a binary zero. The
sampling is skipped to the next symbol boundary (Box 690). The longer preset
time P2 allows for the recovery of a set of symbol digits having a coding of
(101001) from a received corrupted pulse position modulated data of
(11111111). The worst incidence of this occurring would permit the reception of
the received pulse position modulated data {0001) (1111) (1110) and then

recovery of the transmitted (0001) (0100) (1000).

[0059] Upon completion of the recovery of the transmitted pulse positioned

modulated data, the next sample is taken (Box 575) and retained (Box 580) for
comparison {Box 585) with the now previous sample. If a rising edge is
determined (Box 590), the time of the rising edge is recorded (Box 595). The
difference time Aq between the previous falling edge and the preseht ﬁsing ed'ge
is determined (Box 600). The difference time A is compared (Box 605) tb the
preset time 3 x ts and if the difference time A1 is greater than the preset time 3 x
s, the first symbol digit (Slot 1) of the symbol subsequent to the falling edge is

set (Box 610) to the voltage level of the binary one. The remaining symbol digits

23




62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79
.80 81 data level and the first of the two adjacent
data synbol digits is the second data level, e) if the
second state transition is present, recording a second
state transition tinme, f) determning a tine

di fference between the first state transition tine
and the second state transition tine, g) if the tine
difference is | ess than a boundary

are retained at the voltage level of the binary zero and the sampling skips (Box
615) to the next symbol boundary. The sampling and recovery process then
continues until the message is complete with the reception of a stop signal or

synchronization signal.

5 [0060] Returning to Fig. 11, the pulse position modulated data 540 recovered by
the symbol mapping circuit 535 is transferred to the data extraction circuit 545.
The data extraction circuit 545 decodes the pulse position modulated data to
extract the data symbols and assemble the data symbols to the originally

encoded data.

10 . [0061] The symbol mapping circuit 535 and the data extraction circuit 545 are in
the preferred embodiment logical state machines capable of extremely high
speed recovery of the data symbols and extraction of the data. However, it is
known in the art that the structure and method described above may be
accomplished within a digital signal processor or similar computing system with

15 the functions and processes being programs stored on data storage medium for

execution by the processes.

[0062] Further, the preferred embodiment illustrates a four pulse positioned
modulated data signal. It is in keeping with the intent of this invention that any
number of pulse position modulated symbol digits may be employed to encode

20 the digital data. The structure and method of the communications system of this

invention functions with a higher order pulse position modulated encoding.
24 |



time, setting at |east one of any data synbol digits

recei ved subsequently to the second data synbol digit

of the two adjacent synmbol digits having the first

state transitions to the first data level, and h) if

the tine difference is greater than the boundary

time, setting a first data synbol digit received
subsequently to the second data synbol digit of the

two adj acent synbol digits having the first state
transition to the first data |evel and a second data

[0063) mhol therempainigations sygamsds shawsvialFiged ang3 ilipsirate wireless
comuni cation system of claim1 wherein the nmethod for

r etransmisaign2f ¢z broddtastsyoddatedfsigndiett is kegping @dthtthe intention of
steps of: 3 setting all data synbol digits received

af thig investicreihatthedabdulatedsiyn al bectraishiitteddthinue odble Oeither an
the second data synbol digit of the two 5 adjacent

sygleetricdi 95ha il a\dopPet &@)Iiﬁ‘lgroﬁ'ta IRfhe RNkl RiMisihtd fier 3pdc cable.
prior 6 to a data synbol Dboundary to the first data

level; and 7 8 9 10 setting a data synbol digit

o tooaBfL! ¥, NV SRS THRRof R Bol S Y o A0 i
polSRaPGS oSt SRR e herar ikl B iRloge fyfose
sygéil?erg icr)tfthg la_ﬂltmatlva%%rs% gngt;gs? in otrrL]'%%dfd%rtai[ser%gy\// Ezlnque without

departing from the spirit and scope of the invention.

[0065]
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20

said data synbols further conprises the steps of. 3
determning if a |last data synbol digit of a synbol is
at the second 4 data level; 56 9 .10 if said | ast
data synbol digit is at the second data | evel,
determning if all symppldigits of a follow ng data
synbol are at the first It level; and if all the
data synbol digits of the follow ng data synbol are at
the first data level, setting the first synbol digit
of Ageemnicaiiameystemdor eritamsmissiomand exnevanuefidata
level.. 30 1 4. A nodul ation apparatus within a

t r syrebols $hepresgace of clhharmehpeiused itésymbdl inkaferehce, said
i nduced i ntersynbol interference causing corruption of

datemmupioakioh systeri cegmprigiagicast of sai d data symbol s
fromsaid transm ssion 4 system said nodul ation

apparatus conprising: 6 a synmbol mapping circuit which

recel veg il ey firalhshitiihg a di éﬁﬁﬁfaﬁ)rﬁﬁg 381 JRASyHBLR

data synbo toatransms ion~co he steps’o

8 a) conpayl adj acent data syrrbol digits, b) if
said t\/\ogéinggg%gpdata synbol digits have a first data

10 level, transmtting said data synbol digits, 11 c)
if said data s its haveth rst data |l I
ond s 12" ae o RBOHEAS" FBpErats Fannatad ool doteaas
synbol s, and 13 .
convert said data to data symbols, said data symbols
encoded to compensate for the channel induced

intersymbol interference, said modulation apparatus

comprising:

a symbol mapping cifc,uit which receives data symbols to
.be transmitted and maps said data symbols fo a

transmission code by the steps of:
a) comparing two adjacent data symbol digits,

b) if said two adjacent data symbol digits have a
first data level, transmitting said data symbol

digits,

c) if said data symbol digits have the first data
level and a second data level, transmitting said

data symbols, and
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14 15 16 17 d) if said data synbol digits have the

second data level, transmtting a first of said two
adj acent data synbol digits, converting a second of
said two adjacent data synbol digits to the first
data | evel and transmtting said second data synbol
digits. 1 5. A denodul ati on apparatus within a
receiving systemto recover data 2 synbols is the

presence of channel '@Qg. j [ §ﬂ§§|

3 conprising: 31 4 gj ?(gggﬂa%ﬁ@?%ﬂi?a%%%gg ata

18 level, transmitting a first of said two adjacent
data symbol digits, converting a second of said
two adjacent data symbol digits to the first data

level and fransmitting said second data symbol

digits; and

a receiver for acquiring said signal containing said data symbols,
recovering said data symbols, and extracting said data, said

receiver comprising:

a demodulation apparatus within a receiving system to
recover data symbols is the presence of channel induced

intersymbol interference comprising:

a sampling circuit in communication with a receiving
circuit within said receiving system to sample at a
| regular period received data symbols acquired by said

receiving circuit,

a sample retaining circuit in communication with the
sampling circuit to store samples of the data symbols,

and

a symbol mapping circuit in communication with the
sample retaining circuit for receiving said samples of

27
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44

45
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47
48
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50

51

52

53

54
55

56

57
58
- 59
60

61

19 20 21 22 23 a sanpling circuit in comrunication
Wth a receiving circuit within said receiving system
to sanple at a regular period received data synbols
acquired by said receiving circuit; a sanple retaining
circuit in communication with the sanpling circuit to
store sanples of the data synbols; and a synbo

mapping circuit in communication with the sanple

e g' Q'y”n,g oIC'Sr cui 311% Qtd SAR q& fd ?c?ﬂ é;&e%ﬁgﬁé 85nSholi B

d d
T i ool a§%§ve§%%8rid%tar§gmd°§?eaatﬂﬁf@epf@@efsg of :

a) determining fromtwo adjacent data synbol gits if
afirst state tFﬁ?&‘ﬁ"PSﬁaf"sdﬁﬁ'éé@ﬂo'ﬁ ?grgaﬂ%nsjmeasteps of:
synbols, said first state transition indicating that

a first of the two adjacent data synbol digits is at
the first data | eved) determining ot o adjacentwatagyrabeint
data synbol digits is the second data level, b) if

the first state transidigitsnf a frghskde transitiec & piiesgntan said
first state transition time, c) if the first state
transition is not pregatdsyreipsiadidgiitg saﬁﬁ‘lﬁstaétaﬂéﬁtads:tml d

first state transition is present, 32 24
indicating that a first of the two adjacent data
symbol digits is at the first data level and a

second of the two adjacent data symbol digits

is the second data level,

b) if the first state transition is present, recording

a first state fransition time,

c¢) if the first state fransition is not present
repeating step a) until said first state transition

is present,

d) when said first state transition is determined,
determining is a second state transition is
present in said data symbol digits, said second
state transition indicating that a first of the two

adjacent data symbol digits is at the second

- 28
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26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
d) when said first state transition is determ ned,
determining is a second state transition is present
in said data synbols, said second state transition
indicating that a first of the two adjacent data
synbol digits is at the second data |evel and the
first of the two adjacent data synbol digits is the

second data |evel, ‘€) 4f, fevglnaj'?ug@'&q?rsc‘ttcﬁttﬁe Mc?gﬁjai;%alﬁ’rtgdata

IS present, recording a Seco ate"trans
f) determining atinme diff tween,t

r.ence be he first
state transition ti rresé{'ﬁ'ﬁ’o ﬂ'gﬁg’f‘c ﬁcfeg?'éq gaﬁlﬁﬁ%li tion
tine,
e) if the second state transition is present,

recording a second state transition time,

f) determining a time difference between the first
state transition time and the second state

transition time,

g) if the time difference is less thén a boundary
time, setting at least one of any data symbol
digits received subsequently to the second
data symbol digit of the two adjacent symbol
digits having the first state transitions to the

first data level, and

h) if the time difference is greater than the
boundary time, setting a first data symbol digit
received subsequently to the second data
symbol digit of the two adjacent symbol digits
having the first state transition to the first data
level and a second data symbol digit to the

second data level.
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10

g if the tinme difference is |less than a boundary
time, setting at |east one of any data synbol digits
recei ved subsequently to the second data synbol digit
of the two adjacent synbol digits having the first
state transitions to the first data level, and h) if
the tinme difference is greater than the boundary tine,
setting a first data synbol digit received
subsequently to the second data synbol digit of the

t wbhegpmumicatipnisystemipttlain Aavhengintthe nféthed fastracavering
transition to the first data level and a second data
sysdididath syrmbols furtrerveopnided dteastepyef.. 33 1 6. The
denodul ati on apparatus of claim5 wherein the nmethod
for recovering 2 said data synbols further conprises

the st epsti] all dath Synfbof diisebédined aftér tﬁats@céryafggda_ symbol

digits recelved after the second data synbol igits
subsequenty; TR
adj acent 2'39&;%5‘?‘85?3. tsrﬁﬂEell-\(\gllagrlegmtﬁ ﬁem ?Al ?g?g%[tdégfemtﬁg twd°
transitio ' t Ql r t
firet dat acpeyafSriiol AP i Ry B3Rl R eF
arriving subseguent, tq said dat 0 boundary to
The secontd ader raves halduani i, Ba i 3at eYRhand Ui it s
of one data synbol subsequent to said data synbol 10
boundary to the first data level. 1 7. The
denodul $&ttingha sgfasvmbe) digit arriying sibgpawentio said data syabol
for recovering
boundary to the second data level and all remaining symbol
digits of one data symbol subsequent to said data symbol

boundary to the first data level.

The communication system of claim 1 wherein the method for recovering

said data symbols further comprises the steps of.

determining if a last data symbol digit of a symbol is at the second

data level;

if said last data symbol digit is at the second data level, determining
if all symbol digits of a following data symbol are at the first data

level; and

if all the data symbol digits of the following data symbol are at the
first data level, setting the first symbol digit of the following data

symbol to the second data level..
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 2 said data synbols further conprises the steps of. 3

determning if a |last data synbol digit of a synbol is
at the second data level; 58 9 10 if said |last data
synbol digit is at the second data | evel, determ ning
if all synbol digits of a follow ng data synbol are at
the first data level; and if all the data synbol
digits of the followi ng data synbol are at the first
data | evel, setting the first synbol digit of the

f of\lnaeduigtianeppargiustygthin @ tramsmissieomsysdemdo Icerwensats for
nmet hod for communi cation of digital data in a presence
of cledranehglduced irtecsymbbbintgrfdrence cdLesirigecanagetionsaiddta

nmet hod for communi cation conprising the steps of:

pagyrnboleiurigg Hedaticab bt @id datacsyinitidds ffaindsiy fraAkMission
encodi ng said data synbols to a pul se positioned

COgigiéin, Sail PsbduIbCApFarRus TBmMYrishigh @ synbol time
determi ning a code for each 7 synbol value; 8
conpensating for the channel induced intersynbol

| nter { e} eheBol Sanhg QIR RARA'BEELURE! ikl enst eps

of: 10
transmitted and maps said data symbols to a transmission code

by the steps of:
a) comparing two adjacent data symbol digits,

b} if said two adjacent data symbol digits have a first data

level, transmitting said data symbol digits,

c) if said data symbol digits have the first data level and a

second data level, transmitting said data symbols, and

d) if said data symbol digits have the éecond data level,
transmitting a first of said two adjacent data symbol digits,
converting a second of said two adjacent data .symbol
digits to the first data level and transmitting said second

data symbol digits.

A demodulation apparatus withih a receiving system to recover data
symbols is the presence of channel induced intersymbol interference

comprising:
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18

20

21
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23

15 16 17 18 19 mapping said pul se positioned coding to
a transm ssion code by the steps of: conparing two

adj acent data synbol digits of said pul se positioned
coding, and if said adjacent data synbol digits have a
second data | evel, keeping a first of said two

adj acent data synbol digits at the second data |evel,
and converting a second of said tw adjacent data

¢ ansni 3 Sfifing Brdie b doflmbAL O o rECalTREY Bhk Dt
21 22 23 %Lalidzl%cé@rinysﬁ?erg?o §Qm8|]e at a regular period received

data symbols acquired by said receiving circuit;

a sample retaining circuit in communication with the sampling

circuit to store samples of the data symbols; and

a symbol mapping circuit in communication with the sample
" retaining circuit for receiving said samples of the data symbols
and for executing a method for recovering said data symbols,
said method for recovering said data syhbo!s comprising the

steps of:

a) determining from two adjacent data symbol digits if a first
state transition is present in said data symbols, said first
state transition indicating that a first of the two adjacent
data symbol digits is at the first data level and a second of
the two adjacent data symbol digits is the second data

level,

b) if the first state transition is present, recording a first state

transition time,

c) if the first state transition is not present repeating step a)

until said first state transition is present,
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32 33 34 35

36 37 38 transmitting said transm ssion

signal; receiving said transm ssion signal;
denodul ati ng said transm ssion signhal to extract a

corrupted tr

ansm ssi on code, said corrupted

transm ssion code being the transm ssion code as

degr aded by

t he channel induced intersynbol

interference; sanpling at a regular period the

corrupted tr

the corrupte ransm sSsi on

pul se positi

cgr]‘?ﬁgrﬁsc'é.i@ [ﬁré:c%ijﬁig 5@@@&@%@ 88tk ﬁ\eﬁaﬂgﬂe@in g

FEcoverin

, Cd , , |
bosi t1 bned codt A Lo FIeLe REhEHRT & iBsein Gidadld °°

f t d] t t | digits if
first state {sgfg?@\fﬁnl ald géc%gpeggtﬁﬁrqﬂéﬂggi'B‘%é%r@s@l?hﬁgfs"
digits, said first state transition indicating that a
first of the taidhabyaediacentdada symbel digityistal the sgeonte

det erm ni ng

first data |
data synbol
the first st
first state

evel and a second of the two adjacent
didgita feviesandh the firstoirthie deo adjasest datp)syntbol
ate transition is present, recording a

t rdigits isitios sécorel d36 18&1,40

e) if the second state transition is present, recording a

second state transition time,

) determining a time difference between the first state

transition time and the second state transition time,

g) if the time difference is less than a boundary time, setting
at least one of any data symbol digits received
subsequently to the second data symbol digit of the two
adjacent symbol! digits having the first state transitions to

the first data level, and

h) if the time difference is greater than the boundary time,
setting a first data symbol digit received subsequently to
the second data symbol digit of the two adjacent symbol
digits having the first state transition to the first data level

and a second data symbol digit to the second data level.
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c) if the first state transition is not present
repeating step a) until said first state transition is
present, d) when said first state transition is
determ ned, determning that a second state
transition is present in said corrupted transm ssion
coding , said second state transition indicating that
a first of the two adj acent data synbol digits is at
t héhs detmedulidiva appardtusaticlaine S ydwoeid tbé metkeod forwecovering
adj acent data synbol digits is at the first data

| evaitl datg syrhbolb durteranthrisat ¢hd stepsiofi on i s present,
recording a second state transition tine,

setting all data symbol digits received after the second data symbol
digits subsequent to the second data symbol digit of the two
adjacent symbol digits having the first state transition and prior

to a data symbol boundary to the first data level; and

s'etting a data symbol digit arriving subsequent to said data symbol
boundary to the second data level and all remaining symbol
digits of one data symbol subsequent to said data symbol

boundary to the first data level.

' The demodulation apparatus of claim 5 wherein the method for recovering

said data symbols further comprises the steps of.

determining if a last data symbol digit of a symbol is at the second

data level;

if said last data symbol digit is at the second data level, determining
if all symbol digits of a following data symbol are at the first data

level; and

if all the data symbol digits of the following data symbol are at the
first data level, setting the first symbol digit of the following data

symbol to the second data level.
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f) determining a tinme difference between the first
state transition tine and the second state transition
time, g) if the time difference is less than a
boundary tine, setting at |east one of any data
synbol digits received subsequently to the second
data synbol digit of the two adjacent synbol digits
having the first state transitions to the first data
level, and h) if the time difference is greater than
t hé& methad fercammunicatien of digital data ix a geasensy whohannei
recei ved subsequently to the second data synbol digit
of indbeed inderaginbokinterteyers, said riéthdiddot sorheunivgtiome
first state transition to the first data [ evel 60 and

a sanprsingthestepsbal digit to the second data level. 1
9. The nmethod of comrunication of claim@8 wherein said
recovering said pul se position coding further

conpri sestifideng s8RSiGial d3teink dad symbdiset ting al |

data synbol digits received after the second data
synbol digits subsequent to the second data synbol

i Pt coning $ig B Qe 1Y FaPlecictchef Pl b bsiton
ymho di 81 2 PAse Wity ool i et STae 2ete By Raen

symbol value;

compensating for the channel induced intersymbol interference,

said compensating comprising the steps of:

mapping said pulse positioned coding to a transmission

code by the steps of:

comparing two adjacent data symbol digits of

said pulse positioned coding, and

if said adjacent data symbol digits have a
second data level, keeping a first of said
two adjacent data symbol digits at the
second data level, and cbnverting a second
of said two adjacent data symbol digits to a

first data level;

modulating a transmission signal with said transmission code,
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boundary to the second data level and all remai ni ng

synbol digits of one data synbol subsequent to said
data synbol boundary to the first data level. 1 10.
The met hod of communication of claim8 wherein the
method for 2 recovering said data synbols further
conprises the steps of. 3 determning if a |ast data
synbol digit of a synbol is at the second data |evel;

data 1 VR R RAhEm R o1 ol 1o o o

follow ng data synbol are at the first data |evel;
and 38 8 9,10 if all the data synmbol digits of the

fol | owi FRFeYNBSAY Highpmission$iohMe first data |evel,
setting the first synbol digit of the follow ng data
synbol to the second data level.. 1 11. A nethod for

t r ansni gemodulafing saiditranstussion signalbioesdracka cbrrgpiednel
induced 2 intersynbol interference, said nethod for

t ransm ssitansmisgon sidey shivecdrupteprandmisdioparodietbieiy thg
said digital data into data synbols; 5 encodi ng said

dat a synbwﬂaslstrﬁssaqmwcfeea@eég?ku@aw 6@ eharhel tnduesidt i on
6 of a pulse within a synbol tinme determ ning a code

for each TniapyRiol ¥Rérestene;conpensating for the
channel inducéd intersynbol interference,

sampling at a regular period the corrupted transmission code;
retaining the samples of the corrupted transmission code; and

recovering said pulse positioned coding , said recovering said pulse

positioned coding comprising the steps of:

a} determining from two adjacent data symbol digits if a first
state transition is present in said data symbol diéits, said
first state transition indicating that a first of the two
adjacent data symbol digits is at the first data level and a
second of the fwo adjacent data symbol digits is the

second data level,

b) if the first state transition is present, recording a first state

transition time,

36




39

40

#1
42
43
44
.' 45

46

47

48

49

50

51
52
53
54
55
- 56

57

58

9 said conpensating conprising the steps of: 10
mappi ng sai d pul se positioned coding to a transm ssion
11 code by the steps of: 12 13 14 15 16 17 conparing
two adj acent data synbol digits of said pul se

posi tioned coding, and if said data synmbol digits have
a second data Ilevel, keeping a first of said two

adj acent data synbol digits at the second data |evel,
and converti '

dat a synbol @qfl ts %toﬁgteqr-a IO“ %Wgtlé'l%g\%ﬁﬁ :%%gﬁﬁg%tep )
20nodul ati ng a_ trans 1| Mth s |d

transm ssion c %salgmgﬁtaﬁgﬁt[qr%ﬂb)ngglpaeﬁqn nsm ssi on
signal. 112. A nethod for reception of digital data in
a presence of channel jnduced 2intersynbol.

i nt er f er enced) whensadfing statgtransiionds 69@%“‘9@@%?&"@!”'@9
the 3 steps of: 6 8 10 receiving a transm ssion signa
having a corr dbab@i seeenksiatasiransition is present in said corrupted

transmission coding , said second state transition
indicating that a first of the two adjacent data symbol
di_gits is at the second data Ievel and the second of the

two adjacent data symbol digits is at the first data level,

e) if the second state transition is present, recording a

second state transition time,

f) determining a time difference between the first state

transition time and the second state transition time,

g) if the time difference is less than a boundary time, setting
at least one of any data symbol digits received
subsequently to the second data symbol digit of the two
adjacent symbol digits having the first state transitions to

the first data level, and

h) if the time difference is greater than the boundary time,
setting a first data symbol digit received subsequently to

the second data symbol digit of the two ‘adjacent symbol
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code, said corrupted transm ssion code including a
pul se positioned nodul ated transm ssion code degraded
by said channel induced intersynbol interference;
denodul ati ng said transm ssion signal to extract a
corrupted transm ssion code; sanpling at a regul ar
period the corrupted transm ssion code; 11 retaining
the sanples of the corrupted transm ssion code; and 12

recovering Sa'cgglﬁﬂl@gnﬁ pOSI gfét?%%sﬂ?ﬂmtotﬁ@lfpstdata Ieb/el

recovering sai |one codi n

h f f
data synbol digts ey St sybal G e s, %%on%ﬁ‘fiféve'
present in said data synbol digits, said 40 . 16 17

1819 20 21 22 23 24 25 26 27 28 29
9. The method of communication of claim 8 wherein said recovering said

pulse position coding further comprises the steps of;

setting all data symbol digits received after the second data symbol
digits subsequent to the second data symbol digit of the two
adjacent symbol digits having the first state transition and prior

to a data symbol boundary to the first data level; and

setting a data symbol digit arriving subsequent to said data symbol
boundary to the second data level and all remaining symbol
digits of one data symbol subsequent to said data symbol

boundary to the first data level.

10. The method of communication of claim 8 wherein the method for

recovering said data symbols further comprises the steps of.

determining if a last data symbol digit of a symbol is at the second

data level;

if said last data symbol digit is at the second data level, determining
if all symbol digits of a following data symbol are at the first data

_ level: and
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30 31 32 33 34 first state transition indi cating that

a first of the two adjacent data synbol digits is at
the first data |l evel and a second of the two adjacent
data synbol digits is at the second data level, b) if
the first state transition is present, recording a
first state transition tinme, c) if the first state
transition is not present repeating step a) until said

7 A P R 4

state transitron rs mnin

second st at ansition i esent,.in.said carrupted, ..
tranomi 56 debaeng: Seing iBkER SMbpalusT pEE PG Gate
indicatinglgnga} a first of tgetvvo adj acent data '
synbol  dEyinpel fodhgsecond datadgeldat a | evel and the
second of the two adjacent data synbol digits is set
at the first data level, e) if the second state
t r &meethpd fori teansieission of digial ditain a psesswsd of chamnel induced
transition time, f) determning a tinme difference
beintersymbolanterfesencst, atie rhethod ifdn toansmissoredmiphisingdhend
state transition tine, 41 35 36 37

steps of:

partitioning said digital data into data symbols;

encoding said data symbols to a pulse positioned coding, a position
of a pulse within a symbol time determining a code for each

symbol value;

compensating for the channel induced intersymbol interference,

said compensating comprising the steps of:

mapping said pulse positioned coding to a transmission

code by the steps of:

comparing two adjacent data symbol digits of

said pulse positioned coding, and

if said data symbol digits have a second data
level, keeping a first of said two adjacent
data symbol digits at the second data level,
and converting a second of said two
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12.

.38 39 40 41 42 43 44 g) if the tinme difference is |ess

than a boundary tine, setting at |east one of any
data synbol digits received subsequently to the
second data synbol digit of the two adjacent synbo
digits having the first state transitions to the
first data level, and h) if the tinme difference is
greater than the boundary tinme, setting a first data

synbol digit received sué) g%q%k%%%?ltd?@tsst%cao%tg%a

synbol digit of the two adjace gi'ts having
the first state transition to the first data | evel
and a second data synbol'®¥®lyit to the second data
| evel . 1 13. The nethod of reception of claim12
wherein said recovering said pulse 2 position coding
f ur t herMeduiiing adransmissieipsiopal with gaid teangmission sede;i ng
all data synmbol digits received after the second data
synbol digits subsequent to the second data synbol
di gi t ofrandmattingcsaid transmission signal.
A method for reception of digital data in a presence of channel induced
intersymbol interference, said method for communication comprising the

steps of:

receiving a transmission signal having a corrupted transmission
code, said corrupted transmission code including a pulse
positioned modulated fransmission code degraded by said

channel induced intersymbol interference;

demodulating said transmission signal to extract a corrupted

transmission code;
sampling at a regular period the corrupted transmission code;
retaining the samples of the corrupted transmission code; and

recovering said pulse positioned coding , said recovering said pulse

positioned coding comprising the steps of:

a) detefmining from two adjacent data éymbol digits if a first
state transition is present in said data symbol digits, said
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adj acent synbol
transition and prior to a data synbol boundary to the
first data level; and setting a data synbol digit
arriving subsequent to said data synbol boundary to
the second data level and all remaining synbol digits
of one data synbol subsequent to said data synbol
boundary to the first data level. 42 1 14. The net hod
of reception i wherei n.said.r Vel aid
%ﬁéﬁ?ﬁ%&@s:tﬂ% |F18fcgt|r‘°|’igh%§ f:-lglggt ogftf_wp guc?

data 2 synbol s er conprises t

deternmining if | ast, data al digit of symbol i,s
at the second %ﬁﬂ%ﬁ dragq/@(mg%r%@s 9 agh‘q ‘?"ngi?tax?‘é“g@"da
data synbol digit is_at the second data | evel

determ ning i¥ecqndl of fhgsko adigeent data symbel dgitsis althe

.synbol are at the first data level; and if all the

dat a synbol disficogdgiata lewek ol | owi ng data synbol are at
the first data level, setting the first synbol digit
of the follow ng data synbol to the second data

level .. 1 15%)iffthe firstdiakd tednsitiondp presend frecoraing 4 Arst state
wherein the pul se positioned 2 nodul ated transm ssion
code is creat athridjtiontingt eps of : 3 partitioning said
digital data into data synbols; 4 encoding said data
synbols to a pul se positioned coding, a position 5 6

c) if the first state transition is not present repeating step a)

until said first state transition is present,

d) when said first state transition is determined, determining
that a second state transition is present in said corrupted
transmiss.ion coding, said second state transition
indicating that a first of the two adjacent data symbol
digits is at the second data level and the second of the
two adjacent data symbol digits is set at the first data

level,

e) if the second state transition is present, recording a

second state transition time,

f) determining a time difference between the first state

fransition time and the second state transition time,
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13.

7 of a pulse within a synbol tinme determ ning a code

for each synbol val ue; conpensating for the channe

i nduced i ntersynbol interference, said conpensating
conprising the steps of: 43 mapping said pul se
positioned coding to a transm ssion 10 code by the
steps of: conparing two adj acent data synbol digits of
12 13 14 15 16 17 18 said pulse positioned codi ng, and

coonrng a2t Y Madim el éndaete sastﬁgﬁgga%uﬂaamrl@y%mng

keeping a f of sard acen ta’s

digits at the d data | ev nvertl
second of sai (]""Sﬁ 0581"&88%@35%%38“@@ r&f:f;'v? to t he
first data ramretention devic

cont ai ni ng pr o‘é&’éﬁﬂﬁ"ﬁgiyrt%'f'g@ﬁ pLeata Sé‘@@bg'aﬁloéﬂlﬁlt"‘ﬁ%

| east one conputing device for transmtting and for 3
recei ving a diafliacant ggnhokdigite hawag thenfirst gtatg tramsitions to
presence of channel 4 induced intersynbol

i nterference, tbafficstplatayless, iandt ructi on code 5
conprising the steps of:

h) if the time difference is greater than the boundary time,
setting a first data symbol digit received subsequently to
the second data symbol digit of the two adjacent symbol
digits having the first state transition to the first data level

and a second data symbol digit to the second data level.

The method of reception of claim 12 wherein said recovering said pulse

position coding further comprises the steps of:

setting all data symbol digits received after the second data symbol
digits subsequent to the second data symbol digit of the two
adjacent symbol digits having the first state transition and prior

to a data symbol boundary to the first data level; and

setting a data symbol digit arriving subsequent to said data symbol
boundary to the second data level and all remaining symbol
digits of one data symbol subsequent to said data symbol

boundary to the first data level.
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6 partitioning said digital data into data synbols;
encodi ng said data synbols to a pul se positioned
coding, a position of a pulse within a synbol tine
determ ning a code for each synbol value; 44 10 11 12
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
conpensating for the channel induced intersynbol
interference, said conpensating conprising the steps
of : mapping said pul se positioned coding to a

14, t r Ahe metbod of reception of claim 12 wherein said recovering said data

symbols further comprises the steps of.

determining if a last data symbol digit of a symbol is at the second

data level:

if said last data symbol digit is at the second data level, determining
if all symbol digits of a following data symbol are at the first data

level; and

if all the data symbol digits of the following data symbol are at the
first data level, setting the first symbol digit of the following data

symbol to the second data level..

15.  The method of reception of claim 12 wherein the pulse positioned

modulated transmission code is created by the steps of:
partitioning said digital data into data symbols;

encoding said data symbols to a pulse positioned coding, a position
of a pulse within a symbol time determining a code for each

symbol value;

compensating for the channel induced intersymbol interference, said

compensating comprising the steps of:
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code by the steps of: conparing two adj acent data
synbol digits of said pulse positioned coding, and if
sai d adjacent data synbol digits have a second data
| evel , keeping a first of said two adjacent data
synbol digits at the second data |evel, and
converting a second of said two adjacent data synbol
digits to a first data | evel ; nodul ating a

transm ssion ngﬁg)%'i ﬁ%’ otsft%'ﬁémcﬁﬁi grio%ofﬁgnsmlsman

transmtting SSI n signal; ceivin
transm ssion sig g #Jé ting sai d transm ssi on
signal to extrac{b%gecb etﬁgg é%éfr ansm ssion code, said
corrupted transm ssion code being the transm ssi on

code as degraded by the channel induced |nter§%
interference; 45 29 3¢09Pagngiwo sdjapenidatasymp Q'g'ts of

said pulse positioned coding, and

if said data symbol digits have a second data
level, keeping a first of said two adjacent
data symbot digits at the second data level,
and converting a second of said two
adjacent data symbol digits to the first data

level.

A program retention device containing program instruction code
executable on at least one computing device for transmitting and for
receiving a digital data communication signal in the presence of channel
induced intersymbol interference, said program instruction code

comprising the steps of:
partitioning said digital data into data symbols;

encoding said data symbols to a pulse positioned coding, a position
of a pulse within a symbol time determining a code for each

symbol value;
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40 41 42 43 44 45 46 47 48 sanpling at a regul ar
period the corrupted transm ssion code; retaining the
sanpl es of the corrupted transni ssion code; and
recovering said pul se positioned coding , said
recovering said pul se positioned coding conprising the
steps of: a) determning fromtwo adjacent data synbol
digits if a first state transition is present in said

data sy ey [ I e

i ndi cat %b?rﬂg#hg??ﬁ tﬁgtCﬂaP ﬁ%l lﬁa E%régfr@t?@ néfeff@rence,
synbol t evel, and a second
of the t gf]ﬁogﬁ%eﬁ}sahﬂﬁggwﬁ%@gqéééhpg qfs the second
data | evel, if the first state transition is
present, record| ng.a first state transition tinme, c).
if the first sMaPping saidpulsspostionst CBFj@ﬁéﬁta tf@b?@a{ﬁ'ﬁ@
step a) until said first state transition is present,
d) when said firgwodstwitbestepssifii on i s determ ned,
determning that a second state transition is present
in said corrupted transm ssion coding , said second
state transition indi catipagngtwb adjdcensdatafsytrdi®l tigits of
adj acent data synbol digits is at the second data

| evel and the second of &dig pulse positioned coding, and
if said adjacent data symbol digits have a
second data level, keeping a first of said
Vtwo adjacent data symbol digits at the
second data level, and converting a second
of said two adjacent data symbol digits fo a

first data level;
modulating a transmission signal with said transmission code;
transmitting said transmission signal;
receiving said transmission signal;

demodulating said transmission signal to extract a corrupted
transmission code, said corrupted transmission code being the
transmission code as degraded by the channel induced

intersymbol interference;
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two adj acent data synbol digits is at the first data
level, 46 49 e) if the second state transition is
present, recording a 50 second state transition tineg,
51 f) determining a time difference between the first
state 52 transition tinme and the second state
transition tinme, 53 54 55 56 57 58 59 60 61 62 g) if
the time difference is | ess than a boundary tine,

set ti Ngga A ﬁsér%urayr?;eriﬁmfhéj%ﬁuﬁt\é alnsmi%i rgfodcﬁ;gi )

recei ved subiseque to the secon ta s
of the two adjacent synbol digits having the first

state t It to, t first data level., and h) ,f
the ti nenpdpE Salibies §s FhFell s Eiom AHs e,
setting a first data synbol digit received
subsequently to .the second data synbol digit _ of the
two adj ®ERYRMNG $Aid PulsgiRasitionsd \codor faid feceverigsaid pulse
transition to the first data level and a second data
synbol di grsiticaed peding comprigmgdhe stagis.of1 17. The
programretention device of claim16 wherein said
recovering said 2 pulse position coding further
conpri ses t he detempsiniol -from two adjacent data symbol digits if a first
state transition is present in said data symbol digits, said
first state transition indicating that a first of the two
adjacent data symbol digits is at the first data level and a
second of the two adjacent data symbol digits is the

second data level,

b) if the first state transition is present, recording a first state

transition time,

c) if the first state transition is not present repeating step a)

until said first state fransition is present,

d) when said first state transition is determined, determining
that a second state transition is present in said corrupted
transmission coding , séid second state transition
indicating that a first of the two adjacent data symbol
digits is at the second data level and the second of the

two adjacent data symbol digits is at the first data level,
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17.

3 4 setting all data synbol digits received after the

second data synbol digits subsequent to the second
data synbol digit of the two adjacent synbol digits
having the first state transition and prior to a data
synbol boundary to the first data level; and 47 7 9 10
setting a data synbol digit arriving subsequent to
said data synbol boundary to the second data | evel

and all
subsequent ”?éc)r]{;@%d;%%gp& tatQ'trgh&ﬁBn‘? Sn@% geﬁapgﬁoaéﬁﬂglr st
data level. 1 18. ﬁgﬁg g:ix r.etenti on device of
clai m 16 wher 15°PHE g P'altm}eecoverl ng sai d data
synbol s further conprises the steps of. 3 determ' ni ng
if alast data synbol digit of a synbol is at th
second 4 dat édpt@g@pnmga@qulg‘e@ngg heﬁw%%ﬂ the figst Stéﬁ a
synbol digit is at the second data | evel, detern ning
if all synbol teangition time and the sedang siaheatrmsﬁmtlrae,e at
the first data level; and if all the data synbol
digits of the follow ng data synbol are at the
g) if the time difference is less than a boundary time, setting
at least one of any data symbol digits received
subsequently to the second data symbol digit of the two
adjacent symbol digits having the first state transitions to

the first data [evel, and

h) if the time difference is greater than the boundary time,
setting a first data symbol digit received subsequently to
the second data symbol digit of the two adjacent symbol
digits having the first state transition to the first data level

and a second data symbol digit to the second data level.

The program retention device of claim 16 wherein said recovering said

pulse position coding further comprises the steps of:

setting all data symbol digits received after thé second data symbol
digits subsequent to the second data symbol digit of the two
adjacent symbol digits having the first state transition and prior

to a data symbol boundary to the first data level; and
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19.

first data level, setting the first synmbol digit of
the following data synbol to the second data |evel..
1 19. A programretention device containing program
instruction code 2 executable on at |east one
conmputing device for transmtting a digital data 3
comuni cation signal in the presence of channe

i nduced intersynbol 4 interference, said program

par 1 41 Sy S35 SAREO! dpR ARy SIERRuBH toeid data syt
data sympSPEngavis tﬁ?:é,%@o&’?s.%?5%%&53%%%“‘5%%%@%“
cach " syndlfiiote el nBhelaRgaFo 1 RECLRA suDol

induced i nt er synbol |nterference sai d conpensati ng
conpri si n§oHRgayte ffe first data level.

The program retention device of claim 16 wherein the method for

-recovering said data symbols further comprises the steps of.

determining if a last data symbol digit of a symbol is at the second

data level;

if said last data symbol digit is at the second data level, determining
if all symbol digits of a following data symbol are at the first data

level; and

if all the data symbol digits of the following data symbol are at the
first data level, setting the first symbol digit of the following data

symbol to the second data level..

A program retention device containing program instruction code
executable on at least one computing device for transmitting a digital data
communication signal in the presence of channel induced intersymbol

interference, said program instruction code comprising the steps of:

partitioning said digital data into déta symbols;
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mappi ng sai d pul se positioned coding to a transm ssion
code by the steps of: conparing two adjacent data
synbol digits of said pulse positioned coding, and if
said data synbol digits have a second data |evel
keeping a first of said two adjacent data synbol
digits at the second data |evel, and converting a
second of said two adjacent data synbol digits to a

first dgﬁﬁdi,{a(;ﬁggb ﬂaf@%%% ?Qg%ugéeaﬁééﬁqﬁﬁd%dﬁ{gg %adosition

wi th sal ransm ssi o ransm ng s

transm ssi hanal.,.. 20, A.programyretention device
cont ai ni né’?gr@éﬁ%;\mﬂi‘"ﬂéﬁy&qql 6'&90%?}8'-@'”%%8?%%1:0@ e@ﬁﬁat
| east one computing device for receiving a digital
data 49 35¢ ¥AlU&t i on signal in the presence of
channel induced intersynbol 4 interference, said
programinstructi on code conprising the steps of: 5 6
7 10 11cqrapensating fer the shenneldnduces igteasymizoaliimigrfarence,
corrupted transm ssion code, said corrupted

t ransm ssiseid comogensatihg domgrisingths stepsadi t i oned
nodul at ed transm ssi on code degraded by said channe
i nduced i ntersynbol interference; denodul ating said

transm ssion shiipping $higplilsePoshiohed cBBingdo a transmission
transni ssion code;

code by the steps of:

comparing two adjacent data symbol digits of

said pulse positioned coding, and

if said data symbol digits have a second data
level, keeping a first of said two adjacent
data symbol digits at the second data level,
and converting a second of said two
adjacent data symbol digits to a first data

level;
modulating a transmission signal with said transmission code;
transmittihg said transrﬁissio'n signal.
A program retention device containing program instruction code

executable on at least one computing device for receiving a digital data
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Sanpl ing at a regular period the corrupted

transm ssion code; 12 retaining the sanples of the
corrupted transm ssion code; and 13 recovering said
pul se positioned coding , said recovering said pul se
14 positioned coding conprising the steps of: 15 16 17
18 19 20 a) determning fromtwo adjacent data synbol
digits if a first state transition is present in said

LR HioR P in i aedrdeddr b RN iNARRR hiePimbol

Y Wi S e sBAL RS e s
second data level, 21 b) if the first state transition

is present, recording a first state 22 transition
time, SEGcgyinma engmissprpsignal hagingia corrupted transmission

code, said corrupted fransmission code including a pulse
positioned modulated transmission code degraded by said

channel induced intersymbol interference;

demodulating said transmission signal to extract a corrupted

transmission code;
sampling at a regular period the corrupted transmission code;
retaining the samples of the corrupted transmission code; and

recovering said pulse positioned coding , said recovering said pulse

positioned coding comprising the steps of:

a) determining from two adjacent data symbol digits if a first
state transition is present in said data symbol digits, said
first state fransition indicating that a first of the two
adjacent data symbol digits is at the first data level and a
second of the two adjacent data symbol digits is at the

second data level,

b) if the first state transition is present, recording a first state
transition time,
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43

.32 33 34 35 36 37 38 39 40 41 42 43 c) if the first

state transition is not present repeating step a)
until said first state transition is present, d) when
said first state transition is determ ned, determ ning
that a second state transition is present in said
corrupted transm ssion coding, said second state
transition indicating that a first of the two adjacent

data synbol o?)qt ﬁliéatfﬁ?t' éat% rdrlafio fﬁ%g?gplg@%@t eﬁégiinf %P a)

t he second | acen

Crani tion i Lr%itigg%w?ftrstri%t§'ﬁmr%B'O'Qf'@t@'@%ﬁﬁfii’ n siats

transition time, f) determning a tine difference
between the first state transition tine and the second
stat e transi@)when saig firghstate tiansition ﬁ%dgﬁefmg\egng@ter@mmg
| ess than a boundary time, setting at |east one of
any data symbdhatia geeend slgts wansitionug peegantin yaid eormpted
second data synbol digit of the two

transmission coding, said second state transition

indicating that a first of the two adjacent data symbol
digits is at the second data level and the second of the
two adjacent data symbol digits is set at the first data

level,

e) if the second state transition is present, recording a

second state transition time,

f) determining a time difference between the first state

transition time and the second state transition time,

g) if the time difference is less than a boundary time, setting
at least one of any data symbol digits received
subsequently to the second data symbol digit of the two
adjacent symbol digits having the first state transitions to

the first data level, and

h} if the time difference is greater than the boundary time,
setting a first data symbol digit received subsequently to
the second data symboal digif of the two adjacent symbol
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45

21.

22.

adj acent syn‘bol digits having the first st at e

transitions to the first data level, and h) if the
time difference is greater than the boundary tine,
setting a first data synbol digit received
subsequently to the second data synbol digit of the
two adj acent synbol 51 44 digits having the first
state transition to the first data level 45 and a
second data sy, I+ ta .l

21. The progra ?ée?%ht% ?)hné @g&%é&@?ﬁ%ﬁ% @8 f@%t:draé? rﬂ?vel
sai d recoverin [ e b L oding further
conprises the %FZ%? g%;ﬁqq°§$t§ sgﬁ%%é&@ﬂ%?@eéfz?w(i‘qt? Tevel.
data synbol digits received after the second data
synbo digits subsequent tq the second data synbol .

di ¢he Pspgreferetemiondavicesiiclaipmbwhareln saidiagovaingsaid
first state transition and prior to a data synbo
boRHaPpsitiencedingi fegherdearaprisegdhe staps afetting a data
synbol digit arriving subsequent to said data synbol

- boundary to the second data |evel and all renaining

synbol setting &8 dafa ymebal aligitsagodioéd aftbsibeseabnd datasyinbol
data synbol boundary to the first data level. 1 22.
The pr ogr digitseiubebdteht 46 HecSecdnd =t BYRBoMigH BF theStiod
recovering said 2 data synbols further conprises the

steps of . adjacent symbol digits having the first state transition and prior

to a data symbol boundary to the first data level; and

setting a data symbol digit arriving subsequent to said data symbol
boundary to the second data level and all remaining symbol
digits of one data symbol subsequent to said data symbol

boundary to the first data level.

The program retention device of claim 20 wherein said recovering said

data symbols further comprises the steps of.

determining if a last data symbol digit of a symbol is at the second

data level;

if said last data symbol digit is at the second data level, determining
if all symbol digits of a following data symbol are at the first data

level; and
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3 deternini ng if a last data synbol digit of a synbol

23.

is at the second data level; 56 7 if said |ast data
synbol digit is at the second data | evel, detern ning
if all synbol digits of a follow ng data synbol are at
the first data level; and 52 8 10 if all the data
synbol digits of the follow ng data synbol are at the
first data level, setting the first synmbol digit of

the fol fomdastalmey W{% of gwé ﬁﬂo@ﬁnﬁ%ﬁ% g%%' %ealt the

1 23. The programrete n device o erern
t he pul se it J ansn, ssi, 0 ode i
creat ed by niat gk sEHB e BT b8 ST kRl e sRee
data into data ol s; 4 encoding said data synbol s
to a pul séyﬁi?gl &ﬁytggéﬁce%%pﬁ%,'e‘édpositi on 5 of a pul se
within a synbol tine determ ning a code for each

synbol val ue; conpensating for the channel induced

i nt B¢ pyeaiam retandion sleyirecf chimaiwberseHisaulsgypositioned

conprising the steps of: 9 10 11 12 13 . 14
modulated transmission code is created by the steps of:

partitioning said digital data into data symbols;

encoding said data symbols to a pulse positioned coding, a position
of a pulse within a symbol time determining a code for each

symbol value;

compensating for the channel induced intersymbol interference,

said compensating comprising the steps of:

mapping said pulse positioned coding to a transmission

code by the steps of:

comparing two adjacent data symbol digits of

said pulse positioned coding, and

if said data symbol digits have a second data
level, keeping a first of said two adjacent
data symbol digits at the second data level,

and converting a second of said two
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18

15 16 mapping said pul se positioned coding to a
transm ssion code by the steps of: conparing two

adj acent data synbol digits of said pulse positioned
coding, and if said data synbol digits have a second
data level, keeping a first of said two adjacent
data synbol digits at the second data |evel, and
converting a second of said two 53 17 adjacent data

symbol digits to the firgki,dahdatBshfbEl digitto the first data

level.
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