Digital Mdul ati on and Denodul ati on Technique for Reliable Wreless (Both
RF And IR) And Wred H gh Bandw dth Data Transm ssi on Background of the

I nvention Field of the Invention 5 [0001] This invention relates to
transm ssion and reception of signals. More particularly, this invention
relates to the encodi ng and nodul ation of transm ssion signals with
digital data and the denodul ati on and decodi ng of received signals
corrupted by channel induced intersynbol interference. Description of
Refated Art to [0002] In the transm ssion and reception of digital data,
channel induced intersynbol interference is the arrival of nultiple copies
of a transmtted signal that causes the information fromone segnent of

i nf or mat iRigital Medulatien and Demedulatior Jechnique farReliablenWireless) e
copi es of t{Both REAnddR) AhdWisedddigh Baedwidth Rata:TeansmisSiont i ons
of the transmtted signals within 15 the environnment. [0003] The | evel of

the reflection determnes t I a i f the signal received
and the probability of the ?%Fi@s‘@%gé omgrﬂﬁ%ﬁggﬂcausi ng errors in the
reception of the signals. Al so, the amount of time required for the
reflections to 1 transit fromthe transmtter to the reflection point and
t hence tbieldhof thexbiveatiohurt her determ nes the quantity of intersynbol
interference. [0004] Refer nowto Fig. | for a discussion of channel
induced intersynbol interference in a wireless radio frequency (RF)
transiri s€08Al | n tTiginvestiemealatendo Fanemissian angd regeptioryehsigozled Maset he
antenna 10, which radiates an RF signal. Even though the RF signal
emanat es f r onpartieulary,dhisanvehtias relatesntoithe ensodiag ehd ombdulatidn offratsovissiars

t hree separate wavefronts 35, 40, and 50. The wavefront 35 is travels

through the adignsphathaligital datd amd thepddrhoddfatornane tieesding 6f tgcaineldsigridig ough
the atnosphere and is reflected froma | andmass 30 such as nobuntai ns

corrupted by channel induced intersymbol interference.

Description of Related Art

10  [0002] [n the transmission and reception of digital data, channel induced
intersymbol interference is the arrival of multiple copies of a transmitted signal
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 fransmitted 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



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 netropolitan area. The reflected wavefront 55, |ikew 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 information nodulated within the RF signal. It is apparent that the
wavefront 35 travels the nost direct route fromthe transmtting antenna
10 to the receiving antenna 15. The reflected wavefronts 45 and 55, on the
ot her hand, arrive_at the antenna 15 at sqonme tine |later than the wavefront
35. If the a ﬁn%'tejﬁe edrapsmilierde the reflestion paint and thencgde theaseivee 20
environnental noise, the receiver will acquire the reflected wavefronts 45
and 55 2 and Béthergetarmings Heavestifrafintersymel tterderenes, except that they
wi |l be delayed in tine. [0006] Refer now to Fig. 2 for a discussion of the
channel induced intersynbol interference within a wireless RF data

communi c{i00sh syst BeferTHoev Wi Ejg! tfordadiscissidibofathnhkbindyeshinegrsyhbg ¢l ock
100 is the input signal to the transmtter 5 of Fig. 1. A common nethod of
nodul ati ng t hmtéfersheo®l a wmatesishadidlfgéd@hcﬂma) s rhigsioh! fatHORstzelthe
keying (FSK). In frequency shift keying, the voltage |level of the digital

data gepresenrhRgnited 595 toRfddted tHR! 41REdnD16 aWEieR ridiste8ansRERRInal. OEh@ye a
first frequency fO 135 and the digit having a binary 1 causes the RF signal

the e o) oo BEEAne REHERSerhdnatéS ok DB Botdifs 16 803G lods JaAgiadl. »

the RF signal fromt nt enna escri nal

transits the i ple t hs as descri bgd w each_si ghal bein | ayed in
Lo he i r 0% ShdtwE a8 Brde s2Ba 088 G BfanttiAs, ancaidal A8 wa et piLSgis e o
145. The reflected RF sjgnal, x,2120 arrives at the 15 antenpa after a del ay
82 150. The rﬁﬁv ﬁﬁ*@’auai& amsp}-e? ippasdisectinat, Abe wavefrgpk4hiiavelst er a

delay 83 155' through the atmosphere and is reflected from a landmass 30 such as mountains
10 and hills. The reflected wavefront 45 then arrives at the antenna 15. The
wavefront 50 travels through the atmosphere and is reflected by buildings 25 of a
metropolitan area. The reflected wavefront 55, likewise, then arrives at the

antenna 15.

[0005] | The antenna 15 is connected to the receiver 20. The receiver acquires
15 the transmitted signal and recovers the information modulated within the RF
signal. It is 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 the reflected wavefronts is larger than the

20 environmental noise, the receiver will acquire the reflected wavefronts 45 and 55



[0008] The direct RF signal 11 115 and the reflected RF signals X2 120 and
J¥8 125 are superinposed upon each other at the antenna and transferred to
the receiver 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 should change fromthe binary zero
to the binary 1 at the time 170. However, the del ayed reflected signals X2
120 and X1.3 125 interfere with the direct received signal 115 and cause
an uncertainty 160 of the digital data. The digital data nay remain at the
binary 0 and is not definitel changed until the tinme 5 175. The magnitude
of the del ayeand Bpindistinglishghla Eoraine navalantas exospidhatihey Hilkbe Helayepact

of this intersynbol interference. Simlarly, the data message 130 shoul d
change from tindibénary 1 to the binary 0 at the tine 10, however, the
interference fromthe del ayed reflected signals A2 120 and A3 125 m ght
cause the data nessage 130 to remain at the binary | until the tinme 185. 10

Thi's uncfoupsl nty tRefer hol t6WIg.CRHF dsdlission &tRé ehatid) hdiicetl idtefbiyeridorl
data. [0009] Simlar channel induced intersynbol interference can occur in

wireless i nfinddRdehddithin PRTEISS REIAS dohlighitaidttsysterh Thedigitdd dhid

S
case the transmtter 205 and the receiver 220 are generally encl osed
withip a roo O 4 : I ' t:0de
(LD o e "0nand RaGvhirBRiEing dbok FPisHhEAR o) 1 Aol ot
on-of f - keyin LED 1S i for. data havin i nary one
and turneé 019 ?'( %%ﬁﬁ%%@f’%@“@#@@@%ﬁ%'%@ W'ﬁb"‘ﬁf qfil%'{ag 83%511‘% ltsedy to
a phot odi ode 215. The ot odi 215 is connected to the receiver 0,
whi ch recover _e‘ﬂll‘?é‘cyeg(f'ﬁP e f%?f)-sﬂémueaﬁ!dw@ éﬂﬁ’ﬂa{h@s"qnﬁéerj%‘@épgéﬁ
signal to extract the transmtted information. 20 [0010] The |ight signal
as transnitt edigitalgiata representinge digithaying a BiansO causes ek signgl fodrave a

~illustration it is shown as three separate wavefronts 235, 240, 4 and 250.
The wavef r ont firzBBequgnayde8s anddhe didit having a bivary 1l gauses theaRF signal tor avel s

10 have a second frequency fq 140.

[0007] The transmitter 5 transmits the RF signal 110 from the antenna 10 as
described above. The RF signal transits the multiple paths as described with
“each signal being 'de[ayed in time. The direct RF signal A4 115 arrives at the
antenna after a delay 61 145. The reflected RF signal A2 120 arrives at the
15 antenna after a delay 6; 150. The reflected RF signal A3 125 arrives at the

antenna after a delay 63 155.

[0008] The direct RF signal A1 115 and the reflected RF signals A2 120 and X3
125 are superimposed upon each other at the antenna and transferred to the
receiver 20. The receiver 20 employs superheterodyne techniques to extract the

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



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 refl ected wavefronts
246 and 255 travel a |onger distance through the room 200 to arrive at the
phot odi ode 215 and thus interfere with the wavefront 235 that arrive
earlier. [0011] Referring to Fig. 4 for a discussion of the nodul ati on of
the light signal as transmtted fromthe transmtter 205 of Fig. 3. The
data clock 300 has the frequency rate that the digital data nessage is
gated within the transmtter 210. 10 The nodul ati on cl ock (PPM CLK 305)
that is used fatayepssages]Ihshauidchangesisomgbe biriasy zenocdtaltle binasy §wdtheoimehe
transmtted signal 310. Each tinme slot t1, t2, t3, t4 is divided into four
sub-i ncr enent 478.1 Hos&ves 3he dédlayh eeftadhted signalsvnti20iand9d,1283nteri@re a4thitise set
to a binary one, in this representation, to represent a two digit binary
nunber. Si nced@@étye@éleeéyignémmd BRYsD4n ORESHUIRY 1160of A dRRyit8] dAtHE ThEOL
tl, 15 t2, t3, t4, the coding can only represent fhe four pdssible

conbi nati ons i O+ i ; : - gt |
modul ated si gﬁiglltggk?atthmayd%%m r?gtsﬂs%éa'iglq 864 s nckRerhfell chihaey BT he fihe
four possible, bLn di gi.t comhi nation f the dyal-bit data dis

expl af ned as FZ#I i’&é:maﬁqwgdglo% ?'?B?ireé%éi@ﬂﬁwﬁﬁga??@a{‘%‘efggo t 2010100
5 t3100010 t4110001 [0012] The pul se positioned nodul ated signal 310 is
transmitted byelgEmingsithe impact of fais intersymipol interfarenreat Similgrly, Segiadgd x1 320
arrives at the photodi ode 215 after a delay 81 340. The reflected |ight

si gnal X2 325mgssaged3@shewld ghabge fiooutheigaryft torthe findsy Qyatiize g 10The
reflected light signal X3 330 arrives at the photodiode 215 5 after a del ay
53 350. however, the interference from the delayed reflected signals A2 120 and A3 125

might cause the data message 130 to remain at the binary 1 untif the time 185.

10 This uncertainty time 165 may cause a misinterpretation of the digital data.

[0009] Similar channel induced intersymbol interference can occur in wireless
infrared light transmission as illustrated in Fig. 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



[0013] The direct light signal X1 320 and the reflected |ight signals X2
325 and X3 330 are superinposed 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 from
the voltage level of the binary 10 zero to the voltage |level of the binary
one after the delay 81 340. However, the delay 62 345 and 83 350 of the
reflected signals X2 325 and X3 330 causes the photodiode to detect the
binary one for a tinme longer than the |l ength of a sub- increnent sl, s2,
s3, $4 of atinme slot t1, t2, t3, or t4. The magnitude of the reflection
maybe i nsuf f i 8n@Rb0+ dheoraviedoah23y repsesents e portion ohtherlight sigpat thaktrasss 15
Further, if two synbols such as a 11 followed by a 00 are transmtted the
det ecti on of dinectlyitodheg pbotedextieedi rnichdowgeefcbrity1248 abd i256raradnansmiffeds2, s3,
s4 of a tinme slot t1, t2, t3, or t4 nowinterferes wth a subsequent
synbol . The stweird the sidbwaleotihenoen 2000aakthe waeTRytdp46 and @66arence
prevents the extension of the 6 bandw dth of conmmunication system beyond

the ability ofeflebRdt8MH2!Bidedalls o tHe prRjtbhibhy 248! ThE rafébié® GaVEefrontE 246
recei ved data nessage. [0014] U. S. Patent 6,169, 765 (Hol conbe) descri bes

an oujput si ggad 254 ltl%gfl"‘é fgnger ﬁfsfé?chgRFJgﬁgttﬁé’ Podth 288t affd mﬁggﬂ?f@aﬁh@ n

errors in a data si gnal contorm ng conmuni cations proto havi ng a

prescri bed du 2t i | ~duty.cycle of the data
si gnal , corrpa??lsnéwlt‘\lﬁ"szjbfeﬁ%mg tﬁ%@gﬁ%’f i%@?gaﬁggéér%lheﬁe vol t age
corresponding to the prescribed duty cycle, and adjusting a pulse wdth of
the data _signal to_conformto the prescribed duty cycle of the r ot ocol .
10 [00151000%_3. PaRelefTing 9o2ig44 dordisRysrhPHINRIN l{'%'i'ﬂWP{fD@ gt Signal & ng
data for serial transm ssion and the correlative technique for decoding

t he transni tt ansnaitted frqnotestrangmitier 2R% ehFigs 3sTheimta cirglidR8I1as the | ustr at es

frame format and nethod for adaptive equalization within an integrated
servi ces wi r efreguericygate thatthendigival data message is gated within the transmitter 210.

10 The modulation clock (PPM CLK 305) that is used to generate the four-pulse
position modulated signal of the transmitted signal 310. Each time slot t1, t2, t3,
t4is di.vided into four sub-increments s4, s, $3, 84. One sub-increment s+, s2, S3,
or s4 is set to a binary one, in this representation, to represent a two digit binary
number. Since only one sub-segment may be occupied for any one time slot t1,

15 £2, t3, t4, the coding can only represent the four possible combinations of the two
digit binary numbers. 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

t 00 1000

t2 01 0100




15 prevent fading and intersynbol interference due nultiple path radio
propagation. [0017] U S. Patent 6,118,567 (Al aneh, et al.) teaches a
wavef orm encodi ng nethod and device provide for generating/receiving a
power efficient binary intensity nodul ated optical data signal froma

bi nary source signal which mnimzes a tinme between adjacent pul se
transitions and maxi m zes a pul se peak 20 anplitude for transm ssion over a
| ow- power wireless infrared Iink. 7 [0018] "Efficient Reconstruction of
Sequences, " Levenshtein, et al., IEEE Transactions on Information Theory,
Jan. 2001, Volume: 47, lssue: 1, pp. 2 - 22 introduces and provides
solutions for problers of eaficient recpmstruciion g42n UYnknown sequence
fromits versions digstorted by eryors of a certain type. 51 0019]

" Spr ead- Response Pregodi ng¢for Cofmuni cgfion Quer Egﬁhng Channel s, "
Wornell, | EEE Transaqgtions on Information Theory. rch 1996, Vol une: 42,

| ssue: 2, pp. 488 - 501 presents "spread-response precoding' to effectively

t ransf or ar bi t yl ei i channel ,kAt.o [ . Si e
wnite nERhal 1y e BRI BRI 8% BBl e R Ry AR
Sequence Obtained From A Periodjic Sequence By Either Substjtuti rég
Inserting, O Hsetel?i2dg- Khsyditsst iohksighah 2030 paivescatthe phetegiode 2 aftarage
Transactions on Information Theory, May 2000, Volune: 46, |ssue: 3, pp.
1174 - 1177 pdelaydeS48. Thefreflectde lightagigmai Aa 326 reerivesuatdbe photodiode 2after
conplexity for a sequence obtained froma periodic sequence over G-(q) by

15 ei ther subgtdeldit 8, en5. | THerdfleBd |§ht gighat 1 EBKaFivedat heVpHdiddioggiser i od.
[ 0021] "On The Syrichronizability And Detectability Of Random PPM

Sequepces, " i a=hEEE Transactions on Infornmation Theory, Jan.
1989, °Vol ume: g@%{ggfegg(?é:%b; pp. 146 - 156, investigates the probl em of
synchroni zati on and detection of random pul se-position nodul ati on (PPM
sequences under the 20 assunption of perfect slot synchronizati on. Bounds
on the sYdI& err ofhe gireetdigiht FigpabinB2tangtregiected Jigbk sigagls d2 325 and As
synchroni zation that indicate the existence

330 are superimposed upon each other at the photodiode 215 and transferred to

the receiver 220. The receiver 220 recovers the pulse positioned data message
335. The pulse positioned data 335 changes from the voltage level of the binary
10 zero to the voltage level of the binary one after the delay 81 340. However, the
delay 82 345 and 83 350 of the reflected signals A, 325 and A3 330 causes the
photodiode to detect the binary one for a time longer than the length of a sub-
increment s1, S2, 83, S4 of a time slot t1, £2, t3, or t4. The magnitude of the
reflection maybe insufficient to consistently determine this uncertainty time 335.
15 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, s4 of a
time slot t1, t2, t3, or t4 now interferes with a subsequent symbol. The severity

of the channel induced intersymbol interference prevents the extension of the



8 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 comunication systemwhere 5 pulse positioned
nodul at ed data signals is conpensated for channel induced intersynbol
interference. [0023] An object of this invention is to extract pulse
positi oned encoded data from.. a received signal corrupted with channel

i nduced intersynbol interference. [0024] To acconplish at |east one of
these objects and other objects a 10 communication systemhas a transmtter
and a recei vebandwidih ofnesimunieation systemiheyond sheyabilityaf the rommyninatise to
posi ti oned nodul ated and conpensated data synbols. The receiver acquires
t he signal coreliablyidefeatlaadpateverplos rederesiddatamkdsaged dat a synbol s,
recovers the data synbols, and extracts the data. [0025] The transmtter

i ncl udes a nodul ati on apparatus connected to receive 15 data and convert
the dat a[gog4pul se WOsi Phtened, 1BRTE5HALOMIE) dusBiisdsSan bipuPbigasl ples Widtened
nodul at ed data synbol s encoded to conpensate for the channel induced

I ntersymbol i gk&f bR cwﬂi’i?aﬁ@%tﬁéd! Wﬂe?é?lﬁ’%ﬁ%FéJﬁn é‘ééta%ugﬁi’d?’%@hforrﬂ%ﬁb”g

circuit, which receives data synbol s be transmtted and naps the data
synbols to a T

SyooLs 10 2 SERIASERsHASEpol @ﬁﬂ%@éﬁ?ﬁﬁﬁéﬂé’éfw’%&?é@i have a
first datalevel thedta retrans | f .the,first
diaits of ¢ hotbala Sl &1 Pt B atdsloRel comipanins s, Y syble 5 ke i gi ¢
of the data s 0 ts has a second data | evel the dat s are

al so transnmit He 81”0' pge FWée%OqfidFE&toéﬁﬁ peesched cﬂ’&fyac)&ﬁ%@@ adi"g‘ﬁ ting
have a second data level, transmtting a first of the two adjacent data
synbol di gi t saPslserwidtinelithe datasigaaldaconioritie thaeresesbad ity %%Ofs‘lj'ﬁbol

digits is converted to the first data | evel and the second
protocol.

10 [0015] U. S. Patent 5,394,410 (Chen) expiains a technique for encoding data for
serial transmission and the correlative technique for decoding the transmitted

data.

[0016] U. 8. Patent 5,892,796 (Rypinski) illustrates frame format and method for
adaptive equalization within an integrated services wireless 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 transitions and maximizes a pulse peak

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



data synbol digits is then transmtted. [0026] The receiver has a

denodul ati on apparatus to recover data synbols in the 10 presence of the
channel induced intersynbol interference. The denodul ati on apparatus has a
sanpling circuit in communication with a signal receiving circuit wthin
the receiver to sanple at a regular period received data synbols acquired
by the receiving circuit. The sanples of the data sanples are retained by a
sanple retaining circuit in comrunication with the sanpling circuit. The
sanple 15 retaining circuit transfers the retained sanples to a synbol
mapping circuit. The synbol mapping circuit then recovers the data

synbol s. [q006R7] ThEfBsiemtdRecompiructiprcofrSequenersl Leeenshteint ¢iad., ikcEr ecoveri ng
the data synbols by first determning fromtwo adjacent data synbol digits
if a first statamsatticnssort informatioprTeeny, Jan. 2061, dadlamey4hdssud: di, pp. 2 72
first state transition indicates 20 that a first of the two adjacent data

symbol di gi t sintrddated &R providestdione el praBiends oS&MREBAL rRtohdtRuctivh ofighacent
data synbol digits is the second data level. If the first 10 state

transition i symiRSf$equitnbh Fom té @él%idﬁsad?%HieQ'BgtérfB?s bfalceRgindpse. | f the
first state transition 1s not present the searCh to determne the first
state transition continues until it is present. [0028] Wen the first

state_tr ikt i on i.s det i ned second state transiti LS, i»ned
Co be® pr BEAN ©n « et Ees it PeeRBang Tor hemalrifitn O rund cliEhfAe!
indicates that, a fir the two adjacent data s ol, di gl is at,.the
socond data everl. JERE Hrahtraiohs of IhRERAlon Shsadelierc o8 Masufe 2 1s i s
the second data level. \When the second state transition is present, a
second stat e SPHRCERROABEB0TiResanis STRIEAC-TRONEP RECGINE (@ RHECHEDween t he
first state transition tinme and the 10 second state transition tine is then
cal cul at ed. | fransferm anearbitraheReyieighi fedingmhannakintosa poufiadigy simpie white | east
one of any data synbol digits received subsequently to the second data
synbol digit ofargihally Gaussipmoeise chpnbell digits having the first state

transitions is set to the first data level. If the tine difference is
greater than
10 [0020] “Linear Complexity Of A Sequence Obtained From A Periodic Sequence

By Either Substituting, Inserting, Or Deleting K Symbols Within One Period,”
Jiang et al., IEEE Transactions on Information Theory, May 2000, Volume: 46,
Issue: 3, pp. 1174 - 1177 provides a unified derivation of the bounds of the linear
complexity for a sequence obtained from a periodic sequence over GF(q) by

15 either substituting, inserting, or deleting k symbols within one period.

[0021] “On The Synchronizability And Detectability Of Random PPM Sequences,”
Georghiades, IEEE Transactions on Information Theory, Jan. 1989, Volume: 35,
Issue: 1, pp. 146 — 156, 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



the boundary tine, a first data synbol digit received subsequently to the
second 15 data synbol digit of the two adjacent synbol digits having the
first state transition is set to the first data |level and a second data
synbol digit to the second data |evel, [0029] Al data synbol digits
recei ved subsequent to the second data synbol 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 synbol boundary to a second data | evel and
all 11 remaining synbol digits of one data synbol subsequent to the data
synbol boundafia ae‘éersaerfpan@'h@ flograare gigrived e&fvay fooRlisuinater{be peffABERNCS
recovering the data synbols continues by determning if a [|ast data synbol
digit of a syhtwlis suggestehby seping ‘special B symbols tretheaandomtdats stigamol
digit is at the second data level, all synbol digits of a follow ng data
symbol are determined if they are at the first data level. If all the data
synbol digits of the follo datas at the first data |evel,
the first symbol digit of t { SAEARY, %l’hv is set to the second
data level. Brief Description of the Draw ngs 10 [0031] Fig. | is a diagram
of the operation of a wireless radio transmtter and receiver illustrating
channel [M@8ted i ni@oPECcEALBISINVeMonIsite pravide a commpynigatipn system wherer ng
diagramillustrating the effects of channel induced intersynbol

i nterference pusepositiveed aiagiviated dateesigmalois evropensaten torichagoeliaguceghannel
of the prior art. 15 [0033] Fig. 3 is a diagramof the operation of a

wi r el ess i nf rmterdymbalnptarferenceand recei ver illustrating channel induced
interference of the prior art. [0034] Fig. 4 is a timng diagram
illustrating the effects of channel induced intersynbol interference on

recei vedjobizgi t al dah abjdit ¥f thid iRFEntion 626 estradtgiingd p&itioriddeeriodes datd from

.. a received signal corrupted with channel induced intersymbol interference.

[0024] To accomplish at least one of these objects and other objects a
10 | communication system has a transmitter and a receiver. The transmitter
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 exiracts the data.

[0025] The transmitter includes a modulation apparatus connected to receive
15 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



12 [0035] Fig. 5is a plot of a stream of pul se positioned nodul at ed
synbol s bei ng mapped to conpensate for intersynbol interference of this
invention. [0036] Fig. 6 is a plot of a stream of pul se positioned

nodul at ed synbols transmtted and received denonstrating intersynbol
interference of this 5 invention. [0037] Fig. 7 is a plot illustrating the
detection of state transitions of a received stream of pul se positioned
nodul at ed synbols and fromthe state transitions of the received pul se
positioned nmodul ated synbols recovering the transmtted pul se positioned
modul at ed synbols in the presence of intersynbol interference 10 of this
i nvention. [o8%apendata symbokdigitsiif thetweadiadent dataesymhod Aigits heve &first t he
pul se positioned nodul ated synbols fromthe received conpensated synbol
stream of t hi datailevelnthectata ppmbol digits)aredtrarsnaittbd o tfikhel fieed dipits off thee data
transmtter of the comunication systemof 15 this invention. [0040] Fig.
10 i s processsyhbol digitsyhasra difstidata lerehad & secaahigit ohtheodatafsypmblobdigits
positioned nodul ated signals of the transmtter of Fig. 9. [0041] Fig. 11

~is a block di hgs ameabnddardeisletheaiath BgmborEareifsd irdfsrhitel € Mowevehiitthe
invention. 13 [0042] Figs. 12a -12c is process flow diagram of the nethod

of fog reCOVefﬂét 8hd BEEGR @é’t%'styhmﬁlgff@%béta%c%hgfﬂ%bsle%l traRsMAGRY é(‘FiFstOf
Fig. 11. Detailed Description of thé Invention [0043] Thé i ntersynbol

interference g}st gemgrd a?ggéé%?)"l'@l %lg??trfa &lﬂgﬁgcg Srgf;&pcggﬁ?.lg%sabl e for

t he tranrs]f er |g| ta t n zeros and
k o) f h
Gigital data aigeey e SRR BafncrriERet Prlhe Tt R e i

data symbol digits is then transmitted.

[0026] The receiver has a demodulation apparatus to recover data symbols in the
10 presence of the channel induced intersymbol interference. The demodulation
apparatus has a sampling circuit in communication with a signal receiving circuit
within the receiver to sample 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 conﬁmunication 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. If the first

10



interference described. The use of pul se positioned nodul ati on provides a
relatively low switching rate. Once the receiving systemis synchronized to
the 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
synbol arrangenents however, do cause limtation of the frequency due to
the multipath effects that can create intersynbol interference. In synbo
conbi nations (11) followed by (00), and (10) followed by a (00) of a four
pul se position nDduIated 15 encoded data, the intersynbol interference IS
sufficient to tenti corrupt the receiyved data and mak

transmtted d& ge frapsi ‘?—ﬂ: Pe@tea firgistate dnapaitign dmesis Jeerrded. ﬂfﬁh% fﬁﬂ\?@jﬁ?l on
enpl oys a recodi ng of the pul se positioned nodul ation to conpensate for
the synmbol coffBnsiten srmptprasent e seasrah by deteroime. thetisstsjats diagsitiobnbi nat i ons
(10) followed by a (00) are determ ned as a result of the patterns 20
detected. 14 poudidiesRefibitiswesent. Fig. 5 for a nore detail ed di scussion of
the recoding of the pulse positioned nodulation to create a signal which
then nodul ates the transmtted signal (either radio frequency or |ight

si gnal s) [00P8® PPM wirgnahe fiedi @vdte tia@sifibgiid aétefttinad( 8 5&06KKUL 3QRDEHSIHIN i’nd
formed partitioned to formthe 5 synbols SYM1, ..., SYM 8. The synbols SYM

2 ands SYM 3 cgafepthihedts besprEBEHtSn 1k aad hdoralgitd! %tefaecahdi §iat@traﬁ£|ﬁon
potential intersymbol interference candidates.” The symbols SYM 4 and SYM 5

Co e o HERASS 87 08 il adpEeiens SARE dlid ASRR) S0P car

i ntersynbol interference candi f our pul se
o ool 5 el el e e .
gl?,gl ;ngf szhﬁa@l ?]tbg%%g?ﬁgs% RQE@ "P'e\h?g?rggéri}r gégf;lg%‘f Eé %gﬁ%@ ﬁmﬁé\? y one
The intersynbol interference for the synbols SYM4 a SYM 5 is conpensat ed
by placing t heecodash| The e differepegbatvinandhe fl@ﬁ@tqtgrtragw)pa time andtheary zero
for tn?e second state transition time is then calculated. If the time difference is less than

a boundary time, 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 is set to the first data level. If the time difference is greater than

the boundary time, a first data symbol digit received subsequently to the second

15 data symbol digit of the two adjacent symbol digits having the first state transition

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
20 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 level and all

11



15 transm ssion signal. This is an illegal character for the digital data
and can be corrected at the receiver as describe hereinafter. Thus all
synbol s having a data pattern as shown for synmbols SYM 4 and SYM5 are
recoded or mapped to the format of the transmt signal (XM T SIGNAL),
where the synbols SYM4 and SYM5 are now coded as (0001), (0000). 20
[0046] Referring to Fig. 6, the transmt signal (XM T SIGNAL) nodul ates a
wirel ess 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 light signal an ecovers
the recei ved SG4#HAINY SVWTB@étéi%QHegia&]%YmP%' Wgﬁﬁwté%t%%ﬁisﬂ@'&’o[n Figs 1
and 3 fromthe transmtted signal by a delay S. However, the reflected

si gnal s X2 anbouasagy arg et to theyficst datsi lgeelayed” and are superpositioned on the
direct signal a,1. [0047] The pulse width of each synbol digit of the pul se
positioned nodul ated data is extended for at |east a second synbol digit
tine sl of0080] s2, Eige mmthddifor raduvering ¢hes gatacdymiBivtéhtmnes SYMederavningiifra ng
the synbols 10 and 00 are now nerged to contain the synbol data (0011)

(1100). If thiast estacshid] gigirddlaSsy@banslatliBe 33cohd BhlSlevdl. antle Jadtidatalel ayed
even | onger, the synbol data could actually be (0011) (1110). The synbols

SYM 45 and SY%ﬁn%l%igiméﬁﬁé ¥e&Hd 44th $&bd) Qall W@ig{i@%@foﬂéﬁﬂg)datér hus t he
recoded data of SYM5 is nowinterfered wwth”™ fromThe previouS synbol SYM

4. [0048] They, - J [y Ne] ignal is
ShO\[Nn 1]5 in E¥r§§&‘ﬁé¥iﬁ£§rﬁi®ngﬂfe?aé’g§%t{ﬂ’éﬂnﬁr%(;iﬁ%l%;[%%éif zﬁlﬁg%a%%?élgns o:‘
th ived gi y t i,e. di ff i.,Si
transi t1on andothg! ¥ BIGER PR sHPalAE St BT Pk SVEr e LS R ol ™
difference r is less tha reset rangter, r, instance the tinme of
tlhree symbol éft&pﬁglfowlﬂ%ﬁﬁfq&mg@%g? tﬂﬂg‘??‘a?ﬂ”‘{‘ﬁ@ag@fﬁmnce of b: nary 1's
is retained as the voltage | evel of the binary one and the remaining 20
synbol digits are set to the voltage |level of the binary zero. The synbols

SYM 4 Brief Description of the Drawings

10  [0031] Fig. 1 is a diagram of the operation of a wireless radio transmitter and

receiver illustrating channel induced interference of the prior art.

[0032] Fig. 2 is a timing diagram illustrating the effects of channe! induced
intersymbol interference on received digital data in wireless radio frequency

channel of the prior art.

15 [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



and SYM5 illustrate this. The last synbol digit of synbol SYM4 and the
first 16 synbol digit of the synbol SYM5 have a voltage |evel of a binary
one. The last synbol digit of synmbol SYM4 is retained at the voltage

| evel of the binary one and the first synmbol digit of the synbol SYMS5 is
set to the voltage level of the binary zero. This retains the recoding
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 zero, followed by the

bi nary one (5101) and the remaining synbol digits of a synbol are set to
the vol t {5l evel b9 PhRamIoiglp stgas ofrpidse prpifpredsnpdylaienisymisgls peing
illustrate this recovery. The last two synbol digits s3 and s4 of the
synbol 10 SyMmzpgad te gempensatetfopintarayroboldnigiferense aftlds ¥veptionhe synbol SYM
5 all have the voltage |level of the binary one. The tine fromthe rising
transition between the second and third synbol digits of the synbol SYM 2
and the {GU36]ng trRigsbtis aplotldtaveteant bephlbée pdsidoned maodtlatey syaboldi gi t s of
the synbol SYM 3 is greater than the preset paranmeter (duration of 3
symbol di gi t sfrangiRtetitindthes¥ivBg ldefliciistratily MtersPmbbEnfefEPéicedfthid and the
first synbol digit sl of the synbol SYM 3 are retained at the voltage

| evel gof the RivRafion.one and the |ast synbol digit s4 of the synbol SYM?2
is set to the voltage | evel of the binary zero. The remaining synbol digits
(s3 and s4) of the synbol SYM 3 are set to the voltage |evel of the binary

zero. [O The rgcovered,si.gnal .now refl ects e transmtted signal of
Fre, 5 s 20rEr 4 EReHEReaPEYhe frteRilne! DRI 2 BhEDR e
recei ved version of .the origqjnal | se positioned nodul ated data. Th
Fecover ed dat aream st siseRpisne ebdua B mane AT e RGte dodshaY Phg
voltage | evel of a binary one _at the fourth synbol digit s4 and all the
synbol di gi t sthgrecsived pulseppsitionegimedidateg) syptiolyreseuering the tiansmitied a
voltage | evel of a binary zero. The first synbol digit s1 of the follow ng
synbol digit pelsegositioneteradmlatad symbols indhe arasenae pf intersymkahinteriggenase

10 of this invention.

[0038] Fig. 8 is a plot illustrating the reconstruction of the pulse positioned
modulated symbols from the received compensated symbol stream of this

invention.

[0039] Fig. 9 is a block diagram of a transmitter of the communication system of

15 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



5 synbols SYM 4 and SYM 5, the last synbol digit s4 of the synbol SYM4 is
at the voltage level of a binary one and the synbol digits sl1l, s2, s3, and
s4 of the synbol SYM5 are at the voltage | evel of the binary zero. The
first synbol digit sl of the synmbol SYM5 is set to the voltage |evel of
the binary one and the synbol codes for synbols SYM4 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 communication systemof this invention. Digital data DO, ..., Dn 400
is acquired (Box 440) by the data input register 405. In this illustration
the di gi {#424at a iE'gﬁfiéﬁ ndlrys p@cess Bowdiagiagefiihe sethed ptifos ecanvert efd,
transforned, and stored in a conputing system The 15 synchroni zing cl ock
circuit 410 ppdse gesitivhed dudalateéd signalbXofitoe gateiveriof Figoddt  digital data DO,
.., Dn 400 to the data input register 405 at the data rate showmn in Fig.
4. The data 407 retained by the data input register 405 is transferred to

t he pul se position nodul ator., 4 The pul se sitioned nodul ator 415 groups
the tata 407 to form (BUetilgd Hascapban of hedme@ntiang i eymbol s ac
shown in 20 Fig. 4. For a four pulse positioned nodul ation, the data 407 is
grouped into two bit or binary digital synmbols. The synchronizing cl ock
circui t B0#3provi dERe Wtergymbol iptastarerscoas eewsibed Bhove lipils thefreguei t i oned
nodul ator 415 to determ ne the 18 pul se positioned nodul ati on encodi ng (Box
450) $or eachsprctiuneusablenter thg ieokter of Migdabdatee Tihedianstered larigostkings1af i s
equi val ent to the pul se positioned nodulation clock 305 of Fig. 4. The

pul se positi orerds anduinesicoeany tabeiing Yetwden 2eres ahdonekrcanses coreuptiomrafal | y
(Box 455) as the pul se positioned nodul ated data 417 to the 5 pulse

posi tioned noghel @it argipé Rothel rhcltipathdetfdotsTitat Mduse tiomitdrepnpd nodul ati on
mapping circuit 420 conpares adjacent synbol digits of the pul se

posi ti oned mogidrbAte dadibgd’ The JBRLIpRRE FeioridatmBdliaorpidvideaned
nodul ati on data 417 to provide a conpensation for the presence of channel

i nduced i nt er syoRAly bRt SHERERGE. YHER thaR AR SlteMNTahcHibALS (PR

10 received signal, the recovery of the data is more reliable since the errors that
oceur are not position dependent and do not propagate. Certain symbol
arrangements however, do cause limitation of the frequency due to the multipath
effects that can create intersymbol interference. In symbol combinations (11)
followed by (00), and (10) followed by a (00) of a four pulse position modulated

15 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

20 detected.
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10 conpared (Box 465) and are both at a voltage |evel of the binary one,
the pul se positioned nodul ati on mapping circuit sets (Box 470) the second
synbol digit of the pair or synmbol digits to the voltage | evel of the

bi nary zero. The mapping of the pul se positioned nodul ated data 417 is
equi valent to the nethod described in Fig. 5 where a data synbol (11) is
adj acent to a data synbol (00). The pul se 15 positioned nodul ati on mappi ng
circuit 420 has forned the transm ssion signal 422, which is transferred
to the transm ssion signal nodulation circuit 425. The transm ssion signal
modul ation circuit_425 nodul ates (Box 475) a signal 427 that is to be
transmi t {Rf#4] ei t heRefar swuetecigshfara weye detaiad Aiscassjampf the rgaeding ohthe ght
signal. The nodul at ed signal 427 is the input signal to the transm ssion
driver 20 thapulsggiosiionad medidafinneto aeate aasignalevhictathem meddatesithenna 15 of
Fig. | or the LED 210 of Fig. 3. The nodul ated signal 435 is then

br oadcast ( Bolrad8&dijttedtdigral déithdreadiodresyuensy onlight digmais) .1 The (I kighal
illustration of the structure and operation of the receiving subsystem of

t he comuni cashows m@ignalaiatég@ﬁdomwommmh ahb fhddpdrtigsnedltb faffl tHea -
12c. The nodul ated signal 500 is acquired (Box 555) by a receiver 505

ei theg throughymbBe symenna g¢wes. rhe -sfnb%rs S99 2504 8 8fcohtdin e The

amplifier and conditioning 5 circuit 510 anplifies, denpdulates, and

conditions (B ) ;}fd | i . i,ved pul se
posi ti oned rmgmlgﬁgo? y a aﬁgﬁt\ézéei%% %?F{)/f th? %g)térﬁ'ra g@g@ngfpégﬁgﬁe‘?%?%ﬁ’c%g wi ||
have enbedded nchrgni zation sl I tart. nd/ o t.op_Si I
wthinthe tr SO, YhelRhiools R R and MY i diin A8 Rurbel il 8 Bipty
t he cl ock synchroni zatign_circuit, 515 and the cl ock synchroni zation 10
circuit 515 g@%&‘&t%of‘%@(ﬁ%@?teat'?'é@@ﬁ)@b%VE‘F'@‘?FPEF%EQ“@'H%‘PW s aligned to
the enbedded synchronization signal. The start signal indicates the

begi nni n? of the transmtted data follows imediately upon conpletion of
the star {0048 nal . InHee case el figienr puisginesttios medulatiomiastdesarildd Hagdht a
nmessage and any follow ng detected data signal is not part of the

trandmi tt ed nesstaggnbdhe divided ings fqur different times slots s4, 82, $3, and s4. Each time

slot represents a digit of the symbol and only one of the four different times slots
$1, S2, S3, and s4 may contain the voltage level representative of the binary one.
The intersymbol interference for the symbols SYM 4 and SYM 5 is compensated
by placing the symbol digit s4 from a binary one for SYM 5 to a binary zero for the
15 transmission signal. 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



15 recovery circuit detects the presence of the start and/or stop signals
within the received pul se positioned nodul ated signal. [00531 Upon
detection (Box 570) of the start signal, the received pul se positioned
nodul ated data is sanpled (Box 575) by the data sanpling circuit 525. The
cl ock synchronizing circuit 515 provides a sanpling clock to provide at

| east one 20 sanple during a synbol digits,, S2, S3, and S4 tine to
determ ne the voltage |level of the binary digit being sanpled. The sanpled
pul se positioned nodul ated data 527 is transferred to the sanple register
530 where is h’t géﬁu ned_( Box 580) for 20 extraction of the transnitted
pul se positio casbg T wiretasgiRh ar kgl signabis agauired @bthg reseiver. The
interference. The retained sanples are transferred to the sanple mapping
circuit 540, UateiergardifesyirelessBit ealightsigned anteecovarssihietreesived sigsal.

posi tioned nodul ated data. 5 [0054] The current sanple for a synbol digit
i s conpared (Bberasidyed signaljs delayad assimsptilzedin Figs yirdanal 3 flogi the tlahsiritéed

previ ous synbol digit is at the first voltage |l evel indicating a binary
zero and the gighaEhyfasieERd. Howeler therellBeted xpéﬁ@mﬁoﬂ EYel 1 ahd@i cati ng
a binary one, a rising edge has occur r ed (Box 590). If the rising edge has

not ogcurred, dgggeag %?é@ r@ﬁE’inbﬂé@Bﬁtﬁ%dﬁ&%&%ﬁ%;&greVl ous symbol digit

has 10 the secon age a ne and the current
synbol digit has the first voI tage level indicating a binary zero, then a
falling has o curred o>% 620). However, if the previous and the
current &?ﬁ%& di g %Palrss V@éﬂi‘aﬁ eachisypol digit qf.th%t)ulrsweﬁltlpﬂ@# pduiaied
binary zero or the second |evel indicating a binary one), then no
transiti on hadalgde gxicaded er atieasti@qeconthsymbios digititisre slgbsu, 55 %78) Sand

retai ned (Box 580) for conparison (Box 585) with the now previous sanple.
[ 0055] When aThusthegsymbps SYMIRsandBH¥%MSDOIntaining tharsyhbols h@: aad 08kdre motwhe
rising edge occurs is recorded (Box 595). The difference tine a, between

the recorded merger foodoritdia thé Symboledias (@0 )d1 POGY i 1PHS rbAbdtbd BighaRBeh  nd
determ ned (Box 600).
10 A3 of Figs. 1 and 3 are delayed even longer, the symbol data could actually be
(0011) (1110). The symbols SYM 4 and SYM 5 are similarly corrupted to
become (0001) (1000). Thus the recoded data of SYM 5 is now interfered with

from the previous symbol SYM 4.

[0048] The recovery of the received pulse positioned modulated signal is shown
15 in Fig. 7. The rising transitions and the falling fransitions of the received signal
are recorded and the time difference 1 from the rising transition and the falling
transition is determined. If the time difference 7 is less than a preset parameter,
for instance the time of three symbol digits, the first symbol digit of the sequence
of binary 1’s is retained as the voltage level of the binary one and the remaining
20 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 |



20 Upon conparison (Box 605) wth a preset time PO for instance 3 x zs ('GCs
being the tine duration of a synbol digit) if the difference tine A is
not greater than the 21 preset tine PO, the next sanple is taken (Box 575)
and retained (Box 580) for conparison (Box 585) with the now previous
sanpl e. [0056] When a falling edge occurs (Box 620), The sanple tine at
which the falling edge occurs is recorded (Box 625). The difference tine
A2 between the 5 logged tine of the rising edge and the | ogged tine of the
falling edge is calculated (Box 630). The difference tinme A2 is conpared

(Box 635) to a pre stance 3 Xis) diff ce time
A2 is |ess thﬁH%E’ﬂlsg%'F8£®P %W‘?]%P Eg)'iv' 5311"@85%/\‘&5'@99&?‘(3‘?' I tb”iaméof‘?sﬁjﬂ&q%ﬂge
havi ng t he vol tag | evel of the bhinary one is retained (Box 640) at the

bi nary one an8YRPP! dgikBbeyrabe)iR XM Airariqined atihe neltage @yﬁlmﬂth@;blrtaav PhR
falling edge are set gBox 645) to the voltage | evel of the binary zero.

Thi s provi desantéthe s $3éﬁ90|d3f19lt petheyaypiiol SYYM Bds aet tditke weltags levelaf theor SYM
4 and SYM5 of Fig. 7. [0057] If the difference tine A2 is greater than the
preset tine Pinatheersy nihid redaigs the (eBlodinglgesatibédhabovesi ng edge havi ng the
voltage | evel of the binary one is retained 15 (Box 655) at the binary one.
The adj acent synbol digit (Slot 2) is set (Box 660) to the voltage |evel

of the b;ﬂlﬁl@}’ zer opARBAatdhg inBs tinfdbiffeRdtce SYig Rt atd} ﬁh'etpr(eﬁt ar%%eté.rsihéﬁrts?i ned

(Box 665) at the voltage 1'evel of the binary one. Thi's provi

i scussed in' %‘?ef‘é%ﬂé&%%%é@ﬁ 83 4fe BFIRETENEY e Bha U (e el  cox
670 P2 5

di ference t1 ABaREE. GYBUBAPY the Bhargene Miabak B remanind piambeldgagtor

next to a synbol._l_.[ti))P ndary i s set (Box 675% to the voltage |level of the

bi nary zero. Fi§¥ r ip e ¥eltpge Igs! of the bigary zeos Jhesinmiy!isS¥dand; s

ret ai ned ( Box 680?; at the voltage level of the binary one and all
SYM 3 illustrate this recovery. The last two symbol digits s3 and s4 of the symbol

10 SYM 2 and the first two symbol digits s4 and s; of the symbol SYM 5 all have the
voltage level of the binary one. The time from the rising transition between the
second and third symbol digits of the symbol SYM 2 and the falling fransition
between the third and fourth symbol digits of the symbol SYM 3 is greater than
the preset parameter (duration of 3 symbol digits). The third symbol! digit s3 of

15 the symbol SYM 2 and the first symbol digit s1 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

(53 and s4) 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.
20 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
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remai ning slots of the synbol should be set (Box 685) to a binary zero. The
sanpling is skipped to the next synbol boundary (Box 690). The | onger
preset time P2 allows for the recovery of a set of synbol digits having a
coding of (101001) froma received corrupted pul se position nodul ated data
of 10 (11111111). The worst incidence of this occurring would permt the
reception of the received pul se position 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

modul at ed data, the next sanple is taken (Box 575) and retained (Box 580)
for 15 conpar f¥8ienceek asgmbohrede hawna gvalaae leves okahinasy one ahtheifeurtly edge
is determned (Box 590), the tinme of the rising edge is recorded (Box
595). The di $¥rabelrigit s ard all theesymleol digits i ewisauand a4 bf the fekirydnasymbhle
present rising edge is determined (Box 600). The difference tine A is
conpar ed ( Boxdigithavea vdilage peves of athimery 2evo. TEhafidt symbidigit 6f eftkace tine Al
is greater than the preset tine 3 x 20 ts, the first synmbol digit (Slot 1)

of the synbol foliblrosientiol it ibeet &) theneItage fvies of § BinalyBoXe 6ERAmiring the
voltage | evel of the binary one. The remaining synbol digits 23 are

retaiged at tSanyakioNam 4 MESYRF 51th8 1t @?ﬁ%o?&prglsﬂ'%@tﬁaern‘ﬁﬁﬁéT@\inﬂ'q i§ lat B

(Box 615) to the next synbol boundary. The sa I'ng recovery process
th ' ti tiLd i i t C i t
e On | UGkl RS0 At AR RCEAM s SR e o 0P
iti d dat a., 540 by . th | . ' ' it,535 i
PO o o BN o A PR B e "S5k OGBSy e '
circuit 545 decode pul osi tion no ted data to tract the data
slynblcj): s and a§£@%?%§l{]%e'%$§§ §) @ng%geﬂ%re?ﬁﬁt%gr "@?rﬂéﬁnleﬁ”detﬁ)éééf Obﬁ?ie.s is
[ 0061] The synbol mapping circuit 535 and the data extraction circuit 545
are in the pfoéﬁﬁmb@&% angd SYM §are secoveredashithi(A@s capabl e of

extrenely high

10 [0051] Refer now to Figs. 9 and 10 for a description of the structure and
operation of the transmission subsystem of a communication system of this
invention. Digital data DO, ..., Dn 400 is acquired (Box 440) by the data input
register 405. In this illustration the digital data is originally parallel data such as
would be created, transformed, and stored in a computing system. The

15 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 puise positioned modulator 415 groups
the data 407 to form {Box 445) multiple bit or binary digit symbols as shown in

20 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



speed recovery of the data synbols and extraction of the data. However, it
Is known in the art that the structure and nethod descri bed above may be
acconplished within a digital signal processor or simlar conputing system
with 15 the functions and processes being prograns stored on data storage
medi um for execution by the processes. [0062] Further, the preferred
enbodi nent illustrates a four pul se positioned nodul ated data signal. It
is in keeping with the intent of this invention that any nunber of pul se
position nodul ated synbol digits nmay be enployed to encode 20 the digital
data. The structure and method of the co ni Lons system of this

i nvention f unB?I?’Brﬁ’QS&PFﬁd E‘%OU&H@P W&QWQ&%&@%@ 1§26 %"QP@G SYRPSI ng.
24 [0063] The_conmuni catj ons systens as shown in Fiqs. 1 and 3 illustrate
wirel ess trah8fiPyisedqesiionefclaskdtidds equivatant ia the rylgmapsitioned mogglationg
with the intention of this invention that the nodul ated signal be
transmtted whlierk 308 of kig- 4, Tdietpdse pasitienedt modulatios iegaeded symbelsgpethen
cabling or a light signal within a fiber optic cable. 5 [0064] Wile this

i nvent i on hastroesmitiedrserially 8dx/453)@asrtha pdlseqexsitidned modiiatedafata 40T &0 the t he
preferred enbodi nents thereof, it will be understood by those skilled in

the ast that palsepasitiohadgesiviatichanapging ciedibd2e. ThY paRemgionetihout
departing fromthe spirit and scope of the invention. [0065] i 25 CLAIMS 1

1. A communi Ca{ddRatidd Sh&BPING Eird G420 S61APhES! fffactin sTREOVESIYs Of thd Pufse?
synbol s the presence of channel induced interSynbol interference, said

Conmun oL SP3BT QMR i 7 FARTENK WD) hpidpodisias 2 < ona
“modulation data 417 to provide a compensation for the presence of channel

induced intersymbol interference. When two adjacent symbol digits are

10 compared (Box 465) and are both at a voltage 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

15 positioned modulation mapping circuit 420 has formed the transmission 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 transmitted, either Frequency Shift Keying an RF Signal or gating a light
signal. The modulated signal 427 is the input signal to the fransmission driver

20 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.

19



78 9 10 11 12 13 14 15 16 17 18 19 20 a nodul ati on apparatus connected to
receive data and convert said data to data synbols, said data synbols
encoded to conpensate for the channel induced intersynbol interference,
sai d 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 adjacent data synbol
digits, b) if said two adjacent data synbol digits have a first data

| evel, transmitting said data synbol digits, c) if said data synbol digits

have the [665’2? t _dat Rn illlues\{r(.%‘\‘ioﬁle r(%glthae sslreu% ur}'g a\clj%toa[:)c.=:|raet\|/o(:i‘1I of tPura ?Qc':serir\j/iﬁé isﬂgsyss?énq of
the communication system of this invention is shown in Figs. 11 and 12a — 12c.
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
5 circuit 910 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
10 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 fransmitied message. The start/stop
15 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 positicned
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

20 sample during a symbol digit s, s2, $3, and s, 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



data synbols, and 26 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 |evel,
transmtting a first of said two adjacent data synbol digits, converting a
second of said two adjacent data synbol digits to the first data |evel
and transmtting said second data synbol

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 extraction 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
indicating 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 fransition 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 rising
-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 ts (s being
the time duration of a symbol digit) if the difference time A4 is not greater than the

21



digits; and a receiver for acquiring said signal containing said data
synbol s, recovering said data synbols, and extracting said data, said
receiver conprising: a denodul ati on apparatus within a receiving systemto
recover data synbols is the presence of channel induced intersynbo
interference conprising: a sanpling circuit in communication 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 comrunication with the sanpling circuit to store

W Th the sanfieet Bra oy oS berCiarede 3 Fhen Pok AgSLardielanpe ox BEOYH 55 4o
44 45 46 47 4gorﬁgaﬁgon5(180§<2585) with the now previous sample.

[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
5 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 8). If the difference time A; 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

10 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

.8YM 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
15 (Box 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 §YM 2 and SYM 3 as

discussed in Fig. 7.
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53 54 55 56 57 58 59 60 61 the data synbols and for executing a nmethod for
recovering said data synbols, said nethod for recovering said data synbols
conprising the steps of: a) determning fromtwo adjacent data synbol
digits if afirst 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 |level and a second of the two

adj acent data synbol digits is the second data level, b) if the first
state transition is present, recording a first state transition time, c) if

first st BB ansi hoRMarencs WEBAe s BEnfea e Bo1 F20) Grm LAmngs | on i s

determ ned, determning is a second state transition is present in said

dat a synbol dptgsettimedR2i(forinstaice S ate). tIf thesdifference tidiecsd is ngeathathedohgerst

of the two preset time P2, the final slot next to a symbol boundary is set (Box 675) to the
voltage level of the binary zero. The first symbol digit (Slot 1) of the following

5 symbol is retained (Box 680) at the voltage level of the binary one and all
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
10 (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

15 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 A¢ between the previous falling edge and the present rising edge
is determined (Box 600). The difference time Aq is compared (Box 605) to the
preset time 3 x ts and if the difference time A4 is greater than the preset time 3 x

20 18, 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
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adj acent data synbol digits is at the second 28 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

adj acent data synbol digits is the second data level, e) if the second
state transition is present, recording a second state transition tine, f)
determining a tinme difference between the first state transition tinme and
the second state

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 moduiated encoding.
24



transition tinme, g) if the tinme 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 tine
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 digits having the first state transition to the first data
level and a second data synbol digit to the second data level. 29 1 2. The

conmuni ¢ syst of claim.1 wherein the netho qyering .2 said
dat a syngtﬁJqﬁng urt higé commynicatiopp systerjssagpshown Uefigs n{;a%&% m&t@t%‘ﬁ)’f’fﬁ

digits received after the second data synbol 4 digits subsequent to the
second data sifABenisgian; of the be?@Cﬁﬁbﬂedwafe&h%@malsWﬁdﬁpeun@Mlth guntagtiemef
first state transition and prior 6 to a data synbol boundary to the first
data | evel ; aftis inveation tgt hejmoduletarbeitinali i traremitted mithinub sebjecsitheransai d
dat a synbol 8 boundary to the second data | evel and all remaining synbol 9
di gits of oneeksatrwatgighall in suivppen eablirgoorsalight dagral withindad fiber@ptiowad®r y to
the first data level. 1 3. The comuni cation systemof claim11 wherein the
nmet hod for recovering 2 said data synbols further conprises the steps of.

3 detgrnjoueay if awrmstthidahersisAthak bdiedl gar®lularySsHiW ahd dascrived wigeond
reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention.

[0065]
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4 data level; 5 if said |last data synbol digit is at the second data | evel,
determining 6 if all synbol digits of a follow ng data synbol are at the
first data 7 level; and s if all the data synbol digits of the follow ng
data synbol are at the 9 first data level, setting the first synbol digit
of the followng data 10 synbol te@rhfws second data level.. 30 1 4. A
nodul ati on apparatus within a transm ssion systemto conpensate for 2
channel induced intersynbol interference causing corruption of data 3

synbol s durin broadcas St 3 r}/ mhol.s fromsaid transm ssion 4
systeh said %ﬂﬁ'l"'?ﬂ"f"&ﬁ '%Bﬁrﬁ?‘ Qr&l‘fﬁb‘? sEniRgjon Bng recoyery, ghddta mappi ng
circuit which receives data synbols to be transmtted and naps said data
synboPs to a ﬁvwﬁgﬂ%tﬁgpﬁs%e@f chgnnel indiiceg dntgrsymboljnterdersase.fgid wo

adj acent data synbol digits, 9 b) if said two adjacent data synbol digits
have & first gamnmuricationslystem eoptisinghg sai d data synmbol digits, 11 c) if
said data synbol digits have the first data |level and a 12 second dat a

| evel, transmitting said data synbols, and 13 14 15 16 17

4 a transmitter for transmitting a signal containing said data symbols
5 comprising:
6 a modulation apparatus connected to receive data and
7 convert said data to data symbols, said data symbols
8 encoded to compensate for the channel induced
9 intersymbol interference, said modulation apparatus
10 comprising:
11 a symbol mapping circuit which receives data symbols to
12 be transmitted and maps said data symbols fo a
13 transmission code by the steps of:
14 a) comparing ftwo adjacent data symbol digits,
15 b) if said two adjacent data symbol digits have a
16 first data level, transmitting said data symbol
17 digits,
18 c¢) if said data symbol digits have the first data
19 level and a second data level, transmitting said
20 data symbols, and
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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 level 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

I nduced i ntersynbol interference 3 conprising: 31 456 7 8 9 10 11 12 13
14 15 16 17 18 19 20 21 22

21 d) if said data symbol digits have the second data
22 level, transmitting a first of said two adjacent
23 data symbol digits, converting a second of said
24 two adjacent data symbol digits to the first data
25 level and transmitting said second data symbol
26 _ digits; and
27 a receiver for acquiring said signal containing said data symbols,
28 recovering said data symbols, and extracting said data, said
29 receiver comprising:

© 30 a demodulation apparatus within a receiving system to
31 recover data symbols is the presence of channel induced
32 intersymbol interference comprising:
33 a sampling circuit in communication with a receiving
34 circuit within said receiving system to sample at a
35 regular period received data symbols acquired by said
36 receiving circuit,
37 - a sample retaining circuit in communication with the
38 sampling circuit to store samples of the data symbols,
39 and
40 a symbol mapping circuit in communication with the
41 ‘ sample retaining circuit for receiving said samples of

27



23 a sanpling circuit in conmunication with a receiving circuit within
said receiving systemto sanple at a regul ar period received data synbols
acquired by said receiving circuit; a sanple retaining circuit in

comuni cation with the sanpling circuit to store sanples of the data
synbol s; and a synbol mapping circuit in conmunication with the sanple
retaining circuit for receiving said sanples of the data synbols and for
executing a nethod for recovering said data synbols, said nethod for

recovering said data synbol stheaistd binbelstdi fob britutia a mthéatfer M ning from
two adj acent data synbol digits if a first state transition is present in

sai dsgata synbols, said firslecopdii®sdid @88 $yridbbls @E@ﬁ{ét@ fjpat a first of
its i iTst data |ev

the two adjacent data synmbol digits Is at the f el and a
secong of the two adjacent rmgg@g? We]l ' - . level,
b) if the first state transi%?%ﬁel pr%gg{rﬁgéﬁbeé:%Fé&ﬁaggl&?ﬁ?g&%ét%gte
transition time, c) if the first state transition is not present repeating
step4€§1) until said first stateas rda}eq5|t.l on .is present t333t24 Z%OFG 27 28 29

ermining from two adjacéen a sym
46 digits if a first state transition is present in said
47 data symbol digits, said first state transition
48 indicating that a first of the two adjacent data
49 symbol digits is at the first data level and a
50 - second of the two adjacent data symbol digits
51 ~ is the second data level,
52 b) if the first state transition is present, recording
53 a first state transition time,
54 _ c) if the first state transition is not present
55 | repeating step a) until said first state transition
56 is present,
57 d) when said first state transition is determined,
58 determining is a second state transition is
59 present in said data symbol digits, said second
60 state transition indicating that a first of the two
61 adjacent data symbol digits is at the second

28



30 31 32 33 34 35 36 37 38 39 40 41 42 43 d) when said first state
transition is determ ned, determning 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 level, e) if the second state transition is present, recording a
second state transition tinme, f) determning a tine difference between the

firstastate transition tinme and td¥a RRePESH ﬂ{eaﬁfgtéfrtﬁ@%blag{bcbhﬂ@atag) if the
time difference is less than a boundary tinme, setting at 1east one of any

dat nbol digit d b nmbol digit
ataggynbo igits receive su wl ﬁﬁsﬁ'ﬁtﬁe@ec@ﬁ&%ﬁ% Q@ép synbo i gi

of the two adjacent synbol digi first state tfansitions to

64 e) if the second state transition is present,

65 recording a second state transition time,

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

68 transition time,

69 g) if the time difference is less than a boundary
70 time, sefting at least one of any data symbol
71 digits received subsequently to the second

72 | data symbol digit of the two adjacent symbol
73 digits having the first state transitions to the

74 first data level, and

75 h) if the time difference is greater than the

76 boundary time, setting a first data symbol digit
77 received subsequently to the second data

78 | symbol digit of the two adjacent symbol digits
79 having the first state transition to the first data
80 Ieve.l and a second data symbol digit to the

81 second data level.

29



the first data level, and h) if the tine difference is greater than the
boundary tinme, setting a first data synbol digit received subsequently to
the second data synbol digit of the two adjacent synmbol digits having the
first state transition to the first data | evel and a second data synbol
digit to the second data | evel. 33 16. The denodul ati on apparatus of claimb5
wherein the nethod for recovering 2said data synbols further conprises the
steps of: 3setting all data synmbol digits received after the second data
syrrbol 4c§ git subs uent .to the second data synbol digit of the two

5adj acent™ sy HRICRUQN Syptemeot ciaim; 1 wha!te@ theanethoddor wecdveningr 6to a
dat a synbol boundary to the first data |level; and 7setting a data synbol
digit?arrivi n&aglﬂﬁtﬁéﬁ@ﬁp stfyrtbed @D@ﬁﬂ%ﬁ%ﬂhﬁ@&pﬁfoundary to the second data
| evel and all remaining synbol 9digits of one data synbol subsequent to
sai d data synbol 10boundary to the first data |level. 17.The denodul ati on
appar 8tus of cl ai neéltingetielata syrebordigitreceivet eftey 8id sutoAd HRitsseaba synbol s
further conprises the steps of. determning if a last data synbol digit of

a synbol is at the sefigiticsubse bmt't@\ﬂ%seéorlcfdaﬁa' mbB ol digit is
at the second data |evel, det grm ning 6 if al Sgynbcp)f’ g?’gﬁezw

fol | owi ng data Synb0|adj9dc%nﬂ§yrh581 digitshafiy ﬁleffrs SRl raritifbrPand p@;grj the data

symbol digits of the followng dat synbol are a ta |l evel,

settipg the first sygbgly gi{thfbéJﬁ%aW d RV £ ?eve% Qnaymbol to the

second data | evel. 34

7 setting a data symbol digit arriving subsequent to said data symbol
8 boundary to the second data level and all remaining symbol
9 digits of one data symbol subsequent to said data symbol
10 boundary to the first data level.
17 3. The communication system of claim 1 wherein the method for recovering
2 said data symbols further comprises the steps of.
3 determining if a last data symbol digit of a symbol is at the second
4 data level;
5 if said last data symbol digit is at the second data level, determining
6 if all symbol digits of a following data symbol are at the first data
7 level; and
8 if all the data symbol digits of the following data symbol are at the
9 first data level, setting the first symbol digit of the following data
10 symbol to the second data level..
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1 8 A nethod for communi cation of digital data in a presence of channel 2
I nduced i ntersynbol interference, said nethod for comrunication 3
conprising the steps of: 5 6 7 partitioning said digital data into data
synbol s; encoding 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 val ue; 8 conpensating for the channel induced intersynbol
interference, s said conpensating conprising the stepshof 10 naPping sgig4
ul se 03|t|o ed .Lhg to a ,trapnsm ssion 11 code by the steps o 12 1
?5 16" ?7 18 1 85‘(&'8 PPH@faf%Wﬁmpécf@ﬂsrwa§=an§yﬁtﬁm tocragmrensate 94 d pul se
positioned COdE%%Hﬁand i f said adjacent data synbol digits have a second

data Pevel, k& induced daterrymfg! intefoigngecausing carupticryefdatadi gits at the
3 symbols during broadcast of said data symbols from said transmission
4 system, said modulation apparatus comprising:
5 a symbol mapping circuit which receives data symbols to be
6 . transmitied and maps said data symbols to a transmission code
7 . by the steps of:
8 a) comparing two adjacent data symbol digits,
9 b) if said two adjacent data symbol digits have a first data
10 level, transmitting said data symbol digits,
11 c) if said data symbol digits have the first data level and a
12 second data level, transmitting said data symbols, and
13 d) if said data symbol digits have the second data level,
14 transmitting a first of said two adjacent data symbol digits,
15 converting a second of said two adjacent data symbol
16 digits to the first data level and transmitting said second
17 data symbol digits.
1 5. A demodulation apparatus within a receiving system to recover data
2 symbols is the presence of channel induced intersymbol interference
3 comprising:
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second data | evel, and converting a second of said two adjacent data
synbol digits to a first data level; nodulating a transm ssion signal with
said transm ssion code; 35 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
37 38 transmtting said transm ssion signal; receiving said transm ssion
signal; denodul ating said transm ssion signal to extract a corrupted

transm ssion code, said corrupted transm ssion code being the transm ssion
code as degraded by the channel induced

4 a sampling circuit in communication with a receiving circuit within

5 said receiving system to sample at a regular period received

6 data symbols acquired by said receiving circuit;

7 a sample retaining circuit in communication with the sampling

8 circuit to store samples of the data symbols; and

9 a symbol mapping circuit in communication with the sample
10 retaining circuit for receiving said samples of the data symbols
11 and for executing a method for recovering said data symbols,
12 said method for recovering said data symbols comprising the
13 steps of:
14 a) determining from two adjacent data syrﬁboi digits if a first
15 state transition is present in said data symbols, said first
16 state transition indicating that a first of the two adjacent
17 data symbol digits is at the first data level and a second of
18 the two adjacent data symbol digits is the second data

19 level,

20 b) if the first state transition is present, recording a first state
21 transition time,
22 c} if the first state transition is not present repeating step a)
23 until said first state transition is present,
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i ntersynbol

i nterference;

transm ssi on code;

code; and

pul se positioned coding conprising the steps of:
digits if a first state transition is present
first state transition indicating that a first of
the two adjacent data synbol digits is at the first data | evel and a

adj acent data synbol

data synbol

recovering said pul se positioned coding ,

digits,

sai d

sanpling at a regular period the corrupted
retaining the sanples of the corrupted transm ssion
sai d recovering said
a) determning fromtwo

in said

secormd of the two adj acepivhdatsaicshirgbsthtedirhdiffor] i& dR@miS&ESs AatbriiRtiag! evel . b)
If the first state transition is present, recording a first state

trangistion tine, 36 39 40jsd sdeorfiitdtd thihsftPnid pf&ehiPSaid Hahf
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symbols, said second state transition indicating that a first
of the two adjacent data symbol digits is at the second
data level and the first of the two adjacent data symbol

digits is the second 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
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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53 54 55 56 57 58 c) if the first state transition is not present repeating
step a) wuntil said first state transition is present, d) when said first
state transition is deternm 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 adjacent data synbol digits
is at the second data | evel and the second of the two adjacent data synbol
digits is at the first data level, e) if the second state transition is
present, £ecordjn cond state transition tinme, f) determining a tine

di ffepI encée' bet-wge%erﬁﬂiﬁ? '9%?9%?3?”@ qf clgiey § Whsrain He mithodier @@@Mﬁ&@t ate
transition tine g%)tﬁif t%fﬁ] ime difference is | ess than a boundary tine,
settifg at | &2 dasvpib {“r@'ﬁf gormprises thei fepssok ecei ved subsequently to

t he second data synbol digit of the two adjacent synbol digits having the
first state transitions to the first data level, and h) if the tine

di ffefence is greatsetingralirdata symbahdigity rddeived afsettid secondfddts kvidbp synbol
digit received subsequently to the second data synbol digit o¥ the two

adj acént synmbol 37 5%igitgsitsenaunto thbeectordtatlsyhbdl HRATFHOMS © the first
data | evel

5 adjacent symbol digits having the first state transition and prior
6 to a data symbol boundary to the first data level; and
7 setting a data symbol digit arriving subsequent to said data symbol
8 boundary to the second data level and all remaining symbol
9 digits of one data symbol subsequent to said data symbol
10 boundary to the first data level.
1 7. The demodulation apparatus of claim 5 wherein the method for recovering
2 said data symbols further comprises the steps of.
3 determining if a last data symbol digit of a symbol is at the second
4 data level;
5 if said last data symbol digit is at the second data level, determining
6 if alf symbol digits of a following data symbol are at the first data
7 ‘ level; and
8 if all the data symbol digits of the following data symbol are at the
9 first data level, setting the first symbol digit of the following data
10 symbol to the second data level.
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60 and a second data synbol digit to the second data level. 1 9. The nethod
of communi cation of claim8 wherein said recovering said 2 pulse position
coding further conprises the steps of: 3456 7 s 9 10 setting all data
synbol digits received after the second data synbol digits subsequent to

t he 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 |l evel; and setting a data synmbol digit arriving subsequent to said

data sy I 0, [ nd.data, Level and all remaining symnbol

di gi tg 0 'one%‘d'!:ft'{g gﬁongﬁtg?&'@ﬁﬁicgaéﬁgr?{ %{%taka?eta iy BRXESTIEE AT ChABSdary to t he
first data | evel. .10. The t hod of co ication of ¢lajm8 wherein the
met hod for 2 ﬂ%éﬂé‘ﬁ&ygﬂ?%ﬁﬁ'?%{egﬁﬁﬂ' "\QB}FQ‘ﬁé’F CORMHMICRON: he steps of. 3
determining if a last data synbol digit of a synbol is at the second 4 data
level 2 5 6 7 CPTRHSRO B stepstef synbol digit is at the second data | evel,

determining if all synbol digits of a followi ng data synbol are at the
first data

4 partitioning said digital data into data symbols;
5 encoding said data symbols to a pulse positioned coding, a position
6 of a pulse within a symbol time determining a code for each
7 | symbol value;
8 compensating for the channel induced intersymbol interference,
9 said compensating comprising the steps of:
10 mapping said pulse positioned coding to a transmission
11 code by the steps of:
12 _ comparing two adjacent data symbol digits of
13 said pulse positioned coding, and
14 if said adjacent data symbol digits have a
15 second data level, keeping a first of said
16 two adjacent data symbol digits at the
17 second data level, and converting a second
18 of said two adjacent data symbol digits to a
19 first data level,;
20 modulating a transmission signal with said transmission code;
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|l evel; and 38 a if all the data synbol digits of the foll ow ng data synbol
are at the 9 first data level, setting the first synbol digit of the
following data 10 synbol to the second data level.. 1 11. A nethod for
transm ssion of digital data in a presence of channel induced 2

i ntersynbol interference, said nethod for transm ssion conprising the 3
steps of: 4 partitioning said digital data into data synbols; 5 encoding
said data synbols to a pul se positioned coding, a position 6 of a pulse
wi thim a synbol ti anselttgsaidrngngnisgiéen bighagach 7 symbol val ue; a
conpensating for the channel induced intersynbol interference, 9 said
conpensating conprising the steps of: 10 mapping said pul se positioned
coding to a transm&si : £ he: ps of: 12 13 14 15 16 17
conparing two adjgg%%?ﬁ@%%édggﬁﬁgﬁéﬂég??ﬁggf sai d pul se positioned coding,
and if said data synbol digits have a second data |evel, keeping a first

of sgj,d two ad] acegag}o(aﬂfa%aa%\%gaotra 'sglgn%¥gntapfao S8 c%zrirtu%te!deVeI and

convertlng a secon sal
24 transmission code, said corrupted transmission code being the
25 transmission code as degraded by the channel induced
26 intersymbol interference;
27 ' sampling at a regular period the corrupted transmission code:
28 retaining the samples of the corrupted transmission code; and
29 recovering said pulse positioned coding , said recovering said pulse
30 positioned coding comprising the steps of:
31 a) determining from two adjacent data symbol digits if a first
32 state transition is present in said data symbol digits, said
33 first state transition indicating that a first of the two
34 adjacent data symbol digits is at the first data level and a
35 second of the two adjacent data symbol digits is the
36 second data level,
37 b) if the first state transition is present, recording a first state
38 transition time,
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39 18 adj acent data synmbol digits to a first data 19 level; 20 nodul ating
a transm ssion signal with said transm ssion code; 21 transmtting said
transm ssion signal. 1 12. A nmethod for reception of digital data in a
presence of channel induced 2 intersynbol interference, said nmethod for
communi cation conprising the 3 steps of: 56 7 8 10 receiving a

transm ssion signal having a corrupted transm ssion code, said corrupted
transm ssi on code including a pulse positioned nodul ated transm ssion code
degr @ded by said channe}if thedfirsestatentransitiorbisinot pteehe repeating d&d’;\iﬁm ating
said transm ssion signal to extract a corrupted transm ssion code;
sanplsaong at a regul ar per i saiRPfirePstatPt aesifidrPRFLSSiton code; 11 retaining
the sanples of the corrupted transm ssion code; and 12 recovering said
pul se positioned coding , said recovering said pulse 13 positioned coding

conprsing the steps of g %ﬂeﬁ@aﬂ)flrgﬁgtsferﬂé}{sr}ﬂan |§%@éfﬂ@1&%§]aﬁ?§ﬂﬁmﬂ ta synbol

digits if a first statetran3| ion 1s resent digits

sai d ;40 that a second state transition is present in said corrupted
43 transmission coding , said second state transition
44 indicating that a first of the two adjacent data symbol
45 digits is at the second data level and the second of the
46 - two adjacent data symbol digits is at the first data level,
47 e) if the second state transition is present, recording a
48 second state transition time,
49 f) determining a time difference between the first state
50 transition time and the second state transition time,
51 g) if the time difference is less than a boundary time, setting
52 | at [east one of any data symbol digits received
53 subsequently to the second data symbol digit of the two
54 ~adjacent symbol digits having the first state transitions to
55 the first data level, and
56 h) if the time difference is greater than the boundary time,
57 setting a first data symbol digit received subsequently to
58 the second data symbol digit of the two ‘adjacent symbol
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16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 first state
transition indicating that a first of the two adjacent data synbol digits
is at the first data |level 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 time, 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,

det ersgi ni ng digits having the first state transition to the first data level

60 and a second data symbol digit to the second data level.
1 9.  The method of communication of claim 8 wherein said recovering said
2 pulse position coding further comprises the steps of:
3 setting all data symbol digits received after the second data symbol
4 digits subsequent to the second data symbol digit of the two
5 adjacent symbol digits having the first state transition and prior
6 to a data symbol boundary to the first data level; and
7 setting a data symbol digit arriving subsequent to said data symbol
8 boundary to the second data level and all remaining symbol
9 digits of one data symbol subsequent to said data symbol

10 boundary to the first data level.

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

2 recovering said data symbols further comprises the steps of.

3 determining if a last data symbol digit of a symbol is at the second
4 data level;

5 if said last data symbol digit is at the second data level, determining
6 if all symbol digits of a following data symbol are at the first data
7 level; and
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that a second state transition is present in said corrupted transm ssion
codi ng, said second state transition indicating that a first of the two

adj acent data synbol digits is at the second data | evel and the second of
the two adjacent data synmbol 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 tinme difference between the first state transition
time and the second state transition time, 41 35 36 37 38 39 40 41 42 43 44
g) ifsthe tine difFellenedatassyntisg digierof thdflloWrigyddth BPmboParel dighe at | east
one of any data synbol digits received subsequently to the second data
symbob ‘digit of the mda@éile%@%bttmrqrm@hréils?mw &gwo'f'ﬂwetﬂ&ﬁo\mn@%aﬁta?e
transitions to the first data level, and h) if the time différence is

greaygr than the boundaiy id e sectfil UafAefell | rst data synbol digit received
subsequently to -

1 11, A method for transmission of digital data in a presence of channel induced

2 intersymbol interference, said method for transmission comprising the

3 steps of:

4 partitioning said digital data into data symbols;

5 encoding said data symbols to a pulse positioned coding, a position

6 of a pulse within a symbol time determining a code for each

7 symbol value;

8 compensating for the channel induced intersymbol interference,

9 said compensating comprising the steps of:

10 mapping said pulse positioned coding to a transmission
11 code by the steps of:

12 comparing two adjacent data symbol digits of
13 said pulse positioned coding, and
14 if said data symbol digits have a second data
15 level, keeping a first of said two adjacent
16 ' data symbol digits at the second data level,

7 k and converting a second of said two
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t he second data synbol digit of the two adjacent synbol digits having the
first state transition to the first data | evel and a second data synbo
digit to the second data level. 1 13. The nmethod of reception of claim 12
wherein said recovering said pulse 2 position coding further conprises the
steps of: 456 7 8 9 10 setting all data synmbol 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 asgdata synbol boundary to the fi pgjaceitdath 8y@bol ggﬁsﬁpéﬂgﬂga@ dat a
symbol digit arriving subsequent to said data symbol = boundary to the
second data level and all renaining; pbol digits of one data synbol
subsequent to said data synbol boun ary to the first data level. 42 1 14.
" The method of reception of claim12 mhereln sai d recovering said data 2

symbgls further coppr n| n if al s,t data synbol
digit % of a synbol &@dgfa?ﬁﬂgqgaerisﬁgg‘an 3%9(“3' Ebé?l jssioff co S
21 fransmitting said transmission signal.

1 12. A method for reception of digital data in a presence of channel induced

2 intersymbol interference, said method for communication comprising the
3 steps of:
4 - receiving a transmission signal having a corrupted transmission
5 code, said corrupted transmission code including a pulse
6 positioned modulated transmission code degraded by said
7 channel induced intersymbol interference;
8 demodulating said transmission signal to extract a corrupted
9 transmission code;
10 sampling at a regular period the corrupted transmission code;
11 _ retaining the samples of the corrupted transmission code; and
12 recovering said pulse positioned coding , said recovering said pulse
13 positioned coding comprising the steps of:
14 a) detefmining from two adjacent data symbol digits if a first
15 state transition is present in said data symbol digits, said
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s 9 10 if said last data synbol digit is at the second data | evel,
determining if all synbol digits of a followi ng data synbol are at the
first data 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 the
followi ng data synbol to the second data level.. 1 15. The net hod of
reception of claim12 wherein the pul se positioned 2 nodul ated

transm ssion code is created by the steps of: 3 partitioning said digital

databnto data symbols; 4fie0sit nansabdlirdiating G first o elibse positi oned
coding, a position 5 of a pulse within a sy time determ ning a code

for each 6 synbol val ue; steémw&&,ymsoafdagaté#geatf%ﬂ?@ﬁ&?ha ENRYGeha L of sy Dol

interference, said 8 conpensating conprisihg the ste 11 12 13
14 1516 17 18 second of the two adjacent data symbol digits is at the

19 second data level,

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

21 transition time,

22 c) if the first state transition is not present repeating step a)
23 until said first state transition is present,

24 d) when said first state transition is determined, determining

25 that a second state transition is present in said corrupted

26 transmission coding, said second state transition

27 indicating that a first of the two adjacent data symbol

28 digits is at the second data level and the second of the

29 two adjacent data symbol digits is set at the first data

30 level,

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

32 second state transition time,

33 f) determining a time difference between the first state

34 ' transition time and the second state transition time,
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mappi ng sai d 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 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 the
first data level. 1 16. A programretention device containing program

i nstruction code 2 executable on at |east one conputing device for
tranggitting and for 3 gpgeie/iifg dfdibaid RllesPihanGPRRRHYFRERNsStiggal in the
presence of channel 4 induced intersynbol interference,” said program

I nstrggcti on code 5 conpri g t t y Lt pond said digital
3 pri g j8gstidte iaﬁ—%%a% gyﬁbgﬂﬁléit/%égzl%i\)&

data into data synbols; 7 8 9 enco sal d’ dat a s to a pul se

posi tj,oned coding, a posilgl?%%gugﬁﬂgwq%%%&%%%% sa)l/n?ﬁlorf%ﬁ)glit éfitﬁf&w%’c?t er m ni ng

a code for each synbol

38 adjacent symbol digits having the first state transitions to
39 the first data level, and

40 ' ~ h) if the time difference is greater than the boundary time,
41 setting a first data symbol digit received subsequently to
42 the second data symbol digit of the two adjacent symbol
43 ‘ digits having the first state fransition to the first data level
44 and a second data symbol digit to the second data level.

1 13.  The method of reception of claim 12 wherein said recovering said pulse

2 position coding further comprises the steps of:

3 setting all data symbol digits received after the second data symbol
4 digits subsequent to the second data symbol digit of the two

5 adjacent symbol digits having the first state transition and prior
6 to a data symbol boundary to the first data level; and

7 setting a data symbol digit arriving subsequent to said data symbo!
8 boundary to the second data level and all remaining symbol

9 digits of one data symbol subsequent to said data symbol
10 boundary to the first data level,
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15 16 17 18 19 20. 21 22 23 24 25 26 27 28 conpensating for the channel

I nduced i ntersynbol interference, said conpensating conprising the steps
of : mappi ng said pul se positioned coding to a transm ssion code by the
steps of: conparing two adjacent data synmbol digits of said pul se
positioned coding, and if said adjacent data synbol digits have a second
data |l evel, keeping a first of said tw adjacent data synbol digits at the
second data | evel, and converting a second of said two adjacent data

S, S8 e A B e

2 symbols further comprises the steps of.

3 determining if a last data symbol digit of a symbol is at the second
4 data level;

5 if said iast data symbol digit is at the second data level, determining
6 if all symbol digits of a following data symbol are at the first data
7 level; and

8 if all the data symbol digits of the following data symbol are at the

9 first data level, setting the first symbol digit of the following data
10 symbol to the second data level..

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

2 modulated transmission code is created by the steps of:

3 partitioning said digital data into data symbols;

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

6 symbol value;

7 compensating for the channel induced intersymbol interference, said
8 | compensating comprising the steps of:
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receiving said transm ssion signal; denodul ating said transm ssion signal
to extract a corrupted transm ssion code, said corrupted transm ssion code
being the transm ssion code as degraded by the channel induced

i ntersynbol interference; 45 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
44 45 46 47 48 sanpling at a regular period the corrupted transm ssion

code;

10

11

12

13

14

15

16

17

18

retaining the sanples of the corrupted transm ssion code; and
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
adjacent data symbol digits to the first data

level.

16. 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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recovering said pul se positioned coding , said recovering said pul se
positioned coding conprising the steps of: a) determning fromtw 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 adj acent data synbol digits is at the first data |level and a second of
the two adj acent data synbol digits is the second data level, b) if the
first state transition is present, recording a first state transition tine,
c) ifiothe first statmpensatisigtfoothel chanatl ipdesanintdrepaBsiin@rieiazed) unti |
said first state transition is present, d) when said first state transition
i's dayerm ned, deter Had e8mpémaiting cORFIH (?smgtseeﬁg@fnm tion is present in
sai d corrupted transm ssion coding , sai econd state transition
indicating that a first of the two adjacent data synbol digits is at the

2t The firot data level JEPHEsAlPE posfor BRI LdnaiBge, 101 1S
presegnt, recording a 50 second stE &'te ttrans tion time, 51 f) determining a
time difference between the (f‘qqe y ast%p%% transition tinme and the second

state transition tinme, 53 54 55 56 57

14 comparing two adjacent data symbol digits of
15 _ said pulse positioned coding, and

16 if said adjacent data symbol digits have a

17 : second data level, keeping a first of said

18 two adjacent data symbol digits at the

19 second data level, and converting a second
20, of said two adjacent data symbol digits to a
21 first data level;

22 modulating a transmission signal with said transmission code;

23 transmitting said transmission signal;

24 receiving said transmission signal;

25 demodulating said transmission signal to extract a corrupted

26 transmission code, said corrupted transmission code being the
27 transmission code as degraded by the channel induced

28 intersymbol interference;
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58 59 60 61 62 g) if the tinme difference is |l ess than a boundary tine,
setting at |least 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 tine
difference is greater than the boundary tinme, 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
| evel22 and a secondamiplig syyarbedulali pariodtthe tcorrupedtrehsadssioh eved;. 1 17. The
programretention device of claim 16 wherein said recovering said 2 pul se
position coding further conprises the steps of: 3 45 6 setting all data
synbab di gits receretgifingf thersaiifles SCPBGoHAbfodATRPhissigh 8blis; sidpsequent to
t he second data synmbol digit of the two adjacent synbol digits having the
first state transition and prior to a data synbol boundary to the first

dataghevel; and 47.obo%ering said pulse positioned coding , said recovering said pulse

32 positioned coding comprising the steps of:

33 a) determining from two adjacent data symbol digits if a first
34 | state transition is present in said data symbol digits, said
35 first state transition indicating that a first of the two

36 adjacent data symbol digits is at the first data level and a
37 - second of the two adjacent data symbol digits is the

38 second data level,

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

41 c) if the first state transition is not present repeating step a)
42 until said first state transition is present,

43 d) when said first state transition is determined, determining
44 that a second state transition is present in said corrupted
45 transmission coding , said second state transition

46 indicating that a first of the two adjacent data symbol

47 digits is at the second data level and the second of the
48 : two adjacent data symbol digits is at the first data level,
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9 10 setting a data synbol digit arriving subsequent to said data synbol
boundary to the second data | evel and all remaining synbol digits of one
data synbol subsequent to said data synbol boundary to the first data
l evel . 1 18. The programretention device of claim 16 wherein the nethod
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 4 data
level; 56 7 if said |last data synbol digit is at the second data | evel,
deterffining if all synbpif thii geaondatata tfapisitioniis gredent regortiinig :are at t he
first data level; and 8 if all the data synbol digits of the follow ng
dat asgsynbol are at the Osddonsitstatettrarsttiodltimsetting the first synmbol digit
of the following data 10 synbol to the second data level.. 1 19. A program
retention device containing programinstruction code 2 executable on at
| eastsione conputing dEVf)%térﬁﬁnihégnﬁﬂé HFffg?&lC% Hﬂtﬂﬁ%ﬁ:théjﬁfsﬁstaﬁ? communi cati on
i nduce 0

signal in the presence of channe I ntersy 4 interterence, said

progrsam i nstructi on code m&éﬁf@gé@qgétsgggnoogtéte‘r’trﬁ’r%iﬁéﬁ iirﬂ@,i ng said

digital data into data sy

53 g) if the time difference is less than a boundary time, setting
54 at least one of any data symbol digits received

55 subsequently to the second data symbol digit of the two
56 adjacent symbol digits having the first state transitions to
57 the first data level, and

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

1 17.  The program retention device of claim 16 wherein said recovering said

2 pulse position coding further comprises the steps of:

3 setting all data symbol digits received after the second data symbol
4 digits subsequent to the second data symbol digit of the two

5 adjacent symbol digits having the first state transition and prior
6 to a data symbol boundary to the first data level; and
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9 10 11 12 13 14 15 16 17 1s 19 20 encoding said data synbols to a pul se
positioned coding, a position of a pulse within a synbol tinme determ ning
a code for each synbol val ue; conpensating for the channel induced

i ntersynbol interference, said conpensating conprising the steps of:
mappi ng 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 data synbol digits have a second data |evel, keeping a
first7of said two aefting@rdata gsmbokgigh alridngstlssemuenhite said dath simitol | evel |
and converting a second of said two adjacent data synbol digits to a first
data 8l evel; 2lnodul dtdundagy torthesetasd datadews andwilitrer@iiing syrabsini ssi on
code;

9 digits of one data symbol subsequent to said data symbol

10 boundary to the first data level.

1 18.  The program retention device of claim 16 wherein the method for

2 -recovering said data symbols further comprises the steps of.

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

4 data level;

5 if said last data symbol digit is at the second data level, determining

6 if all symbol digits of a following data symbol are at the first data

7 level; and

8 : if all the data symbol digits of the following data symbol are at the

9 _ first data level, setting the first symbol digit of the following data
10 symbol to the second data level..

1 19. A_program retention device containing program instruction code

2 executable on at least one computing device for transmitting a digital data
3 communication signal in the presence of channel induced intersymbol

4 interference, said program instruction code comprising the steps of:

5 partitioning said digital data into data symbols;
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22transmtting said transm ssion signal. 120. A programretention device
contai ning programinstructi on code 2executable on at |east one conputing
device for receiving a digital data 49 3 conmunication signal in the
presence of channel induced intersynbol 4 interference, said program
instruction code conprising the steps of: 56 7 8 receiving a transm ssion
signal having a corrupted transm ssion code, said corrupted transm ssion
code including a pulse positioned nodul ated transm ssion code degraded by
sai d 6channel i ndueecbding saidydaba bymholertd armissepodtiatetbehdireg, iangpsitxind
transm ssion signal to extract a corrupted 10 11 transm ssion code;

sanpl Fng at a regul arof pguilsewithie oymbglttiate Hetenamirgpa eode @stesach? ret ai ni ng
the sanples of the corrupted transm ssion code; and 13 recovering said

pul segposi tioned codisgtbol ¢alug; r ecovering sai d pul se 14 positioned coding
conprising the steps of: 15 16 17 18 19 20

9 compensating for the channel induced intersymbol interference,

10 said compensating comprising the steps of:

11 mapping said pulse positioned coding to a fransmission

12 ' code by the steps of:

13 comparing two adjacent data symbol digits of

14 said pulse positioned coding, and

15 if said data symbol digits have a second data

16 level, keeping a first of said two adjacent
17 data symbol digits at the second data level,

18 _ and converting a second of said two

19 adjacent data symbol digits to a first data

20 ' level;

21 modulating a transmission signal with said transmission code;

22 transmitting said transmission signal.

1 20. A program retention device containing program instruction code

2 executable on at least one computing device for receiving a digital data
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~a) determning fromtwo adjacent 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 symbol digits
is at the first data level and a second of the two adjacent data synbol
digits is at the second data level, 21 b) if the first state transition is
present, recording a first state 22 transition tine, 50 23 24 25 26 27 28
29 30 31 32 33 34 35 36 37 38 39 40 41

3 communication signal in the presence of channel induced intersymbol
4 interference, said program instruction code comprising the steps of;
5 receiving a transmission signal having a corrupted transmission
L code, said corrupted transmission code including a pulse
7 _ positioned modulated transmission code degraded by said
8 channel induced Entei’symbol interference;
9 demodulating said transmission signal to extract a corrupted
10 transmission code;
11 sampling at a regular period the corrupted transmission code;
12 retaining the samples of the corrupted transmission code; and
13 recovering said pulse positioned coding , said recovering said pulse
14 positioned coding comprising the steps of:
15 a) determining from two adjacent data symbol digits if a first
16 state transition is present in said data symbol digits, said
17 first state fransition indicating that a first of the two
18 adjacent data symbol digits is at the first data level and a
19 second of the two adjacent data symbol digits is at the
20 second data level,
21 b) if the first state transition is present, recording a first state
22 transition time,
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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 determined, 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 adjacent data synbol digits
is at the second data | evel and the second of the two adjacent data synbol
digits is set at the first data level, e) if the second state transition
is pr28sent, recording ackiftenfirststatectramsiticyi isinmt ptésent rdpeatiny stepiali ng a tinme
di fference between the first state transition tine and the second state
transition time, g) if thentlisakl s Stateemansiiicn lsgFesdritan a boundary time,
setting at least one of any data synbol digits received subsequently to
the second data synmbol digit of the two adjacent synbol digits having the
firstsstate transitionsgj \Qheﬁ Qﬁldfﬂrﬁmﬁéta%éhétﬁiﬁ%’de@% fed, idetdrfHin

difference is greater than t boundary t a frrst dh?a synbol
ad acint synbol SE?SEZ“S.“*“Eéfg%aes?ﬁ&%i&ﬂ?ﬁ%'ﬂﬁ*?ﬁ %%‘? *a%eﬁﬁ%ﬁjpt% Che Ti rst
21, e pr OS?a%”?e?eﬁffSﬂf?aﬂﬁﬁawﬁfco@m s sesAEs EtE SERE PR cover | ng sai d

2 puI se position coding f:%E:I%cgg:r'lg(tzl?ar{%rtlrgtegftag%mgta%%%e(n){ (;lata symbol

29 digits is at the second data level and the second of the
30 two adjacent data symbol digits is set at the first data

31 level,

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

33 _ second state transition time,

34 f) determining a time difference between the first state

35 transition time and the second state transition time,

36 g) if the time difference is less than a boundary time, setting
37 _ at least one of any data symbol digits received

38 subsequently to the second data symbol digit of the two
39 adjacent symbol digits having the first state transitions to
46 the first data level, and

41 h) if the time difference is greater than the boundary time,
42 setting a first data symbol digit received subsequently to
43 . the second data symbol digit of the two adjacent symbol
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3 setting all data synbol digits received after the second data synmbol 4
digits subsequent to the second data synbol digit of the two 5 adjacent
synbol digits having the first state transition and prior 6 to a data
synbol boundary to the first data level; and 7 8 9 10 setting a data synbol
digit arriving subsequent to said data synbol boundary to the second data
| evel and all remaining synbol digits of one data synbol subsequent to
said data synbol boundary to the first data level. 1 22. The program
ret erfdi on devi ce of cl ai ndligis Waeingitine §esit dtatetransitiomtp thai fust @atddeval synbol s
further conprises the steps of. 3 determining if a |last data synbol digit
of a4synbol is at the secamilasedanddatvaimbd diitfioithe $abshd asta Iehasia synbol
digit is at the second data level, determining if all synbol digits of a
foll owi ng data synbol are at the first data level; and 52 8 if all the
data synipal d%btﬁo?'_farﬁ RedtRin @Widott@bith Quwh@k?sﬁrssidaiecg\r@ﬁng%aﬁarst dat a

i

| evel , setting the rst synbol digit of the followmng data™ 10 synbol to

the second dabﬂlsbeﬁb%ition_ébdgr% fgﬁhgr B(F'ﬂ?ﬁ eted g device of claim 20

wherein the pul se position nodul ated transm sSion code is created by
the steps of:

3 setting all data symbol digits received after the second data symbol
4 digits subsequent to the second data symbol digit of the two

5 adjacent symbol digits having the first state transition and prior
6 to a data symbol boundary to the first data level; and

7 setting a data symbol digit arriving subsequent to said data symbol
8 boundary to the second data level and all remaining symbol

8 digits of one data symbol subsequent to said data symbol
10 boundary to the first data level.

1 22. The program retention device of claim 20 wherein said recovering said

2 data symbols further comprises the steps of.

3 determining if a last data symbol digit of a symbol is at the second
4 data level;

5 if said last data symbol digit is at the second data level, determining
6 if all symbol digits of a following data symbol are at the first data
7 level; and
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3 partitioning said digital data into data synbols; 4 encoding said data
synbols to a pul se positioned coding, a position 5 of a pulse within a
synbol time determ ning a code for each 6 synbol value; 7 conpensating for
t he channel induced intersynbol interference, s said conpensating

- conprising the steps of: 9 mapping said pul se positioned coding to a
transm ssion 10 code by the steps of: 11 12 13 14 15 16 conparing two

adj acent data synbol digits of said pul se positioned coding, and if said
dat a 8ynbol di git sif elitke dateesyoriad! digits of they tollowhkgejritagyambb| arstatdiie sai d t wo
adj acent data synbol digits at the second data |level, and converting a
second of said two 53irdttabaljevek stttihgtthe siystisgmbdl digtt ®f the foliewingrdeta dat a 18
| evel . 54

10 | symbol to the second data level..

1 23. The program retention device of claim 20 wherein the pulse positioned

2 modulated transmission code is created by the steps of:

3 partitioning said digital data into data symbols;

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

6 symbol vaiue;

7 compensating for the channel induced intersymbol interference,

8 said compensating comprising the steps of:

9 mapping said pulse positioned coding to a transmission
10 code by the steps of:

11 comparing two adjacent data symbol digits of
12 said pulse positioned coding, and

13 if said data symbol digits have a second data
14 level, keeping a first of said two adjacent
15 data symbol digits at the second data level,
16 and converting a second of said two

53



17

18

adjacent data symbol digits to the first data

level.
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