Di gital Modul ati on and Denodul ati on Techni que for
Reliable Wreless (Both RF And IR) And Wred Hi gh
Bandwi dt h Data Transm ssi on Background of the
Invention Field of the Invention 5 [0001] This
invention relates to transm ssion and reception of
signals. More particularly, this invention relates to
t he encodi ng and nodul ati on of transm ssion signals
with digital data and the denodul ati on and decodi ng of
recei ved signals corrupted by channel induced
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information to corrupt a subsequent segnent of
information. The multiple copies of the transmtted
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Description of Related Art

10 {0002} in 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 transmitted signals within

1% 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



interference in a wireless radio frequency (RF)
transmssion. In this instance the 5 transmtter 5 is
connected to the antenna 10, which radi ates an RF
signal. Even though the RF signal emanates fromthe
antenna 10 as a contiguous wavefront, it is shown. as
three separate wavefronts 35, 40, and 50. The
-wavefront 35 is travels through the atnosphere in a
direct path. The wavefront 40 travels through the
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{ et detsrad e G A Rt S e B oB Ot o by
bUI|dI ngs 25 of a netropolitan area. The reflected
wavefront 55, |ikew se, then arrives at the antenn
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20. The receiver acquires 15 the transmtted signal

anterfetsnve it attieslesH wdinireqreney dRFAtradsmissiom inHbistrstance the
signal. Itis apparent that the wavefront 35 travels

5 t imnsmiitterdi ise@phnechetido thimantehea 107 which rediates amREnsignal. Even
10 to the receiving antenna 15. The reflected
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wavefront 50 fravels 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 26. The receiQer acquires
15 the transmitted signal and recovers the information modulated within the RF
signal. It’s apparent that the wavefront 35 travels the most direct route from the
~ transmitting antenna 10 to the recéiving 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 th.e reflected waveironts is larger than the

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



5 105 and its synchroni zing clock 100 is the input
signal to the transmtter 5 of Fig. 1. A common net hod
‘of nodulating the RF signal with the digital data 105
is frequency shift keying (FSK). In frequency shift
keying, the voltage level of the digital data
representing a digit having a binary 0 causes the RF
-signal to have a first frequency fo 135 and the digit
having a binary | causes the RF signal to 10 have a

S freguency f1_.140 0007 transm tter

¢ PR inGRHHEERE goat ettt dReSKiRRR Al f1ey Wil be delayed

descgri bed above. The RF signal transits the multiple

p#l H¥€as described with each signal being del ayed in

time. The direct RF . signal X1 115 arrives at the

antenna after a delay 81 145. The refl ected RF signal
[0006). 2120 ReferinoystoafFigt Bdorls disctissiomobitieethanndbindyc@RintdBymbol

The reflected RF signal X3 125 arrives at the antenna

- ainterferende withirB3 whishess[ RID@8a ddremidinicatibn Bstehd Mahe &%ltai data
115 and the reflected RF signals A 2 120 and A 3 5

5 anesiaers @ﬁmuz«ﬁ@mo@@qbe% hermgﬁt §|§|‘faﬁ@tti‘?é‘ﬁ§%§ﬂﬁter 5 of Fig.

transferred to th recei ver 20 he Tecel ver
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sggnal 115 apd cause an _uncertainty 160 of the digital
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is not definitely changed until the tinme

10 have a second frequency f; 140.

[0007] The transmitter 5 transmits the RF signat 110 from the antenna 10 as
described above. The RF signal transits the multiple paths as described with
each signal being delayed in time. The direct RF sighal A; 115 arrives at the
antenna after a delay 84 145. The reflected RF signal A; 120 arrives at the

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

antenna after a delay 83 155.

[0008] The direct RF signal A4 115 and the reflected RF signals A 120 and Az
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
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5 175. The magni tude of the del ayed reflected signals
X2120 and X3 125 determ nes the inpact of this
intersynbol interference. Simlarly, the data nessage
130 shoul d change fromthe binary 1 to the binary 0 at
the time 10, 3 however, the interference fromthe

del ayed refl ected signals X2120 and X3 125 m ght cause
the data nessage 130 to remain at the binary | until

the tine 185. 10 This uncertainty tinme 165 nay cause

a msinterpretation of the digital data. 0009] )
Slath Insessagyarh36|shonidudemgeritam Symbiorry zarete i hiere A&t the time
occur in wireless infrared |ight transn ssion as

| i{#0IStpabest, tib délayedrefleotadhiignaia e 120 antina s intesere with the
205 and the receiver 220 are generally encl osed
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The phot odi ode 215 is connected to_the recei veIr &]
wiétetminesdhe spadief Hie Btesimbobinteriargits. A mlar y, the data
denodul ates the received signal to extract

he
t aesagyeé 180 shadldchrnge fromehe[tdndy]! toribe bingty Osatg}hgm@sw
transmtted fromthe LED 210 is a contiguous
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separat € wavefronts 235, 240, 4 and 250. The
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rave rectly to the photodi ode 215.
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[0009) Similar channel induced intersymbol ihterference 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 (QOK), where the LED Is excited for data having a
binary one and turned off for data having a binary zero. The light is transmitted
toa photodiode 215. The photodiode 215 is connected to the receiver 220,

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

extract the transmitted information.

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

4
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reflected to the sidewalls to the photodi ode 215. The
reflected wavefronts 246 5 and 255 travel a | onger

di stance 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 ation of the |ight signa
as transmtted fromthe transmtter 205 of Fig. 3.
The data clock 300 has the frequency rate that the

di_gi ta nmessa s gated within the transmtter

5500 230, e Wataion a5 reffaeeniphpRPONoTYEfe Hat sigeal that ravels
used to generate the four-pul se position nodul ated

sHigestly f@%h@ peotadinte? 15. ethe wgnafronis R40=ish230 ate tharsmitted

tl, t2, t3, t4 is divided into four sub-increnents

stoward the sideSals Ohthesnobr 200 ane tite sjavelénts 246 ary 258tare

is set to a binary one, . in this representation, to

r effleetehit the tsiimwillgitd the plastydiody e, . THa Rflecled wavdifi®nts 246
sub-segnent may be occupied for any one tinme slot t1,

1and 255trvel 4 lorigef diBesHRhFAIFHARE Y obIRRZESEtirivd 8t IHRYhotodiode

possi bl e conbi nations of thetwo digit binary
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four possible binary digit conbinations of the

b2 b ke BRRLASn B kobSRson e Bedhl sl
t3 10 0010 t4 11 0001 [0012] The pul se positioned
nisaniaitted fiarg the trangmitisr 208 RE Rig: Be d sy dataclaskt3hast the

frequency rate that the digital data message is gated within the transmitter 210.
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 ¢1, 2, {3,
t4 is divided into four sub-increments s4, s2, $3, s4. One sub-increment s4, sz, 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,
12, 13, 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

t1 00 1000

t2 01 0100
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the LED 210. The direct |ight signal Xi 320 arrives at
t he phot odi ode 215 after a delay 81340. The reflected
light signal Xz 325 arrives at the photodi ode 215
after a delay 82 345. The reflected Iight signal 13
330 arrives at the photodiode 215 5 after a delay 83

- 350. [0013] The direct |light signal 14 320 and the
reflected light signals ?.2 325 and %8 330 are

superi nposed upon each other at the photodi ode 215 and
transferred to the receiver 220. The receiver 220

recovers |the pgése posi ti onﬁg dat a} ness 335 The
pul se pogition dat ai335 changes from the voltjage
| evel of {the brpnary 19 zero,fo thejvolt | evel of
t he bi nany one4fter fhe def y 81 B40. ver,| the
delay 82 345 and S3 350 of the reflected signals X2

325 and X, 3 330 causes the hoto o derect th .
[00125; nar y TbmpuPasitanes mengalel R B4 % ﬁ@?fﬁt"‘&?] y %@Hafm" of

Ssi, s2, s3, s4 of atinme slot t1, t2, t3, or t4
n&mwu.EmmoOfThmmeut tightesigmal Jn SR ewtvematihy m’éOtodlode 215 after a
insufficient to consistently determne this

u B%%&tla?'mby THRf86Rd ;;8ﬁ53:5ﬁé|t9t1a25 arfivesat henihotadisde 15 after

lowed by a 00 are transnmitted the
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t3 or t4 now interferes with a subsequent synbol. The J

safter.adplaysh 3% channel induced i nt er symbol

interference prevents the extension of the 6 ;s.
bandw dt h of communi cati on system beyond the ability

0018 t heThemReat ReHtisighal 8, 32 bhdhy refietad ligntdignatstlee?25 and s

the received data nessage.
330 are superimposed upon each other at the photodiode 215 and transferred to

the receiver 220. The receiver 220 recovers the pulse positioned data mesrsage
335. The pulse positioned data 335 changes from the voltage level of the binary
zero o the voltage level of the binary one after the delay &, 340. However, the
“delay 8; 345 and 83 350 of the reflected signals A2 325 and A3 330 causes the

photodiode to detect the binary one for a time longer than the length of a sub-

s

increment s4, Sz, S3, 54 0f a time slot t1, {2, {3, or t4, The.magnitqde of the
reflection maybe insufficient to consistently determine this incertainty time 355.
Further, if two symbols such as a 11 followed by a 00 are transmitted the
detection of the binary one extending beyond the sub-increment s1, Sz, 83, S4 ofa
fime slot t1, t2, t3, or t4 néw interferes with a subsequent symbol. The severity

of the channel induced intersymbol interference prevents the extension of the



[0014] U. S. Patent 6,169,765 (Hol conbe) describes an
out put signal . pulse width error correction circuit
and nmet hod wherein errors in a data signal conform ng
to 5 a communi cations protocol having a prescribed
duty cycle are corrected by nonitoring a duty cycle of
the data signal, conparing the duty cycle to a duty
_cycle reference voltage corresponding to the
prescri bed duty cycle, and adjusting a pulse wdth of
the data signal to conformto the prescribed duty
cpandwigith ohsompiunieation systent beys)d e abilitpef thet communication to
5,394,410 (Chen) explains a technique for encoding
daeliabiydetestanditecovanthei reseived dath lessaxpr.r el ati ve
techni que for decoding the transmtted data. [0016]
U S. Patent 5,892,796 (Rypinski) illustrates frane

[0014]or mat Laugd Paérit@r1 6765 adaBbinge) 88sttibied ainl AUtp Yy é@r‘.aﬂ pilbe width
integrated services wireless |ocal area network 15

p re%? Bbrréélﬂirﬂﬂr&mdaddﬁl@fhwmrefnr%rg%%3!? S@%?asgi‘gjﬁa | conforming to

rru tiple path radi o propagation
vef.orm enco
s fﬁ%ﬁgﬁsgéﬁﬁ A "S"‘%Cf"l fvind SRR 8 g Egdby
: wer, effici n [ ntenS|t nodul at ed, op

R0 i 214 Y s B e L et ThA iy Sy e to a uty
mnlmz s atine betvveen adj acent pul se transitions
afmiCIRER eﬁ%(‘@svoétas@m@éf%e@m@tcam pregeribecoduty cycle, and adjusting
transm ssion over a | owpower wireless infrared |ink.
7 a[fadsesVidtiEpf thei date siwebscaniemnh énthef preecribeniodigy tycle of the
Levenshtein, et al., IEEE Transactions on |Information
Tpedogol. Jan. 2001, . Vol unme: 47, Issue: 1, pp. 2 - 22

i ntroduces and provides solutions for problens of
efficient reconstruction of an

10 {0015} U. S. Patent 5,394,410 (Chen) explains a technique for encoding data for

serial transmission and the correlative technique for decoding the transmitted

data.

[0016] U. S. 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 intersymbotl interference due multiple path radio propagation.

[0017] U. 8. Patent 6,118,567 (Alameh, et al.) teaches a waveform encoding
method and device provide for generating/receiving a power efficient binary
intensity modulated optical data signal from a binary source signal which
minimizes a time between adjacent pulse fransitions and maximizes a puise peak

20 amplitude for transmission over a low-power wireless infrared link.
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unknown sequence fromits versions distorted by errors
of a certain type. 5 [0019] " Spread- Response Precodi ng
for Conmuni cati on Over Fadi ng Channels,” Worrell

| EEE Transactions on Information Theory, March 1996,
Vol une: 42, Issue: 2, pp. 488 - 501 presents
"spread-response precoding' to effectively transform
an arbitrary Rayl ei gh fading channel into a nonfading,
sinmpl e mhite mar gi nal | y Gaussi an noi se channel . 10
[0020] "Linear Conplexity O A Sequence Obtained From

{0013]\ Per i EfficieScRecnséruciyn & SaguerSebstlelvahshigin, et al., iEEE

Inserting, O Deleting K Symbols Wthin One Perlod

Jiraigatliord on nf&Ratibnatraey, RS 2001 I_\mélgmwoms[réten p. 2 - 22
May 2000, Vol une: 46, |ssue: 3, pp. 1174 - 1177

pfn"?r‘b'dﬁ@és énét‘FSI'cf\)lt?& Qcﬁﬁﬁa@,tfbpam%ierh@ Bf emeréﬂﬁréhfongiaecuon of an

1T near complexity f a sequence obtained froma
s
R %%ﬁ?gﬁif?xsf?:‘é@d SfouiPR 1 GRES of  certaln ype.
one per i od [0021] "On The Synchroni zability And
O Ran m PPM

5 0019 EEe TR é%%eéﬁgn% ?ﬁoamga 7 GomRGGIEgton Ger fadgs Thannets.
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Vol une: 35 | ssue: 146 - 156, investi %Sées t he
pMn@wEEEsVﬁaﬁa@mnﬁm lBformation JBeRBE MATCh( SOGdRHMe: 42,
pul se-position nodul at i on (PPM sequences under the 20
atssusp2, pm 488 - preserisSsprepdanspanseapresedingdamifectyely

- the synbol error probability and the probability of

f ghasfosprpharbitiara Ragleighhiadingchannebintd e nexfadign sémple white
of a severe performance floor are derived. A way to
ehirinahp GobssiB oy @pnel. f | oor is suggested by
inserting 'special' PPMsynbols in the random data
stream Sunmary of the Invention

[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

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 modutation (PPM) sequences under the
assumption of perfect slot synchromzataon Bounds on the symbol error

probability and the probability of false synchronization that indicate the ex:stence
. 8 .



[ 0022] An object of this invention is to provide a
comruni cati on systemwhere 5 pul se positioned
nodul ated data signals is conpensated for channe
i nduced intersynbol interference. [0023] An object of
this invention is to extract pul se positioned encoded
data from a received signal corrupted with channe
i nduced i ntersynbol interference. [0024] To acconplish
at | east one of these objects and other objects a 10
cognunicat%%g sgsteﬂ1has a transmitter and a receiver.

S Pucie Rerapings dogharedesive gharvay ineliminatg the pestormance
posi t.i oned nodul ated and conpensated data synbols.
THeON I8 SHOYRYeq BY insesing ﬁée@ng M gynbealsrin fe rangoputiata stream.
positioned nodul ated data synbols, recovers the data
synbol s, and extracts the data. [0025] The transmtter
i ncl udes a nodul us conn cted to receive
15 data and convg&*'%hépﬁ ﬁh%"ﬂ%‘l’@ Ofbsi ti oned
nodul at ed data synbols, the pulse positioned
dulgked dag @ ﬁbols encoded to conpensate for the
hannel OPEEHEEHTS IRVERtQRS 4P Prowids acpawpunicatinn system where
nodul ati gn appar at us has a synbol nmapping circuit,
wPilEe Peailianed Boguiated daisosignals imeompensated fardhandehingeced
the data synbols to a transm ssion code. The
nmotRIBENPelintesieseneus conpares two g t | adjacent data
synbol - digits, if the two adj acent data synbol digits
have a first data level, the data synbol digits are

[0023} r ans mhnb bBjdct bff thtsl’iﬁvéﬂtkﬁitis% gkﬁ&tqfulééqﬁoﬁi%r%d éﬁ/dm%l data from
digits has a first data | evel and second digit of

LA fedtiied SYARPordb@d With channel induced intersymbol interference.

[0022

[0024] To accomplish at least one of these objects and other objects a
communication system has a transmitter and & 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 extracts the data.

[0025] The transmitter includes a modulation apparatus connected to receive
data and convert the data to pulse positioned modulated data symbols, the pulse
positioned modulated data symbols encoded to compensate for the channel
induced intersymbol interference. The modulation apparatus has a symbol
mapping circuit, which receives data symbols o be transmitted and maps the

data symbols to a transmission code. The modulation apparatus compares two
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has a second data | evel; the data synbols are al so
transmtted. However, if the 5 first and second data -
synbol digits have a second data level, transmtting a
first of the two adjacent data synmbol digits is
transmtted, a second of the two adjacent data synbol
digits is converted to the first data | evel and the
second 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 channe

i adjacent date eyepabdigits it thefteoastizcent Hatadumalni digiisdave a first

apparatus has a sanpling circuit in conmunication with

- adstadead!, thexkity spmbol digils are andrhittetihdf the diestwdigits of the data

sanple at a regular period received data synbol s
aggtbsledigitdhas Adirstered isvaband acecond iyt of dhp ata imibdi eigits
data sanples are retained by a sanple retaining

hé§ Y '§ecbﬂd ﬁﬁfg‘ié%lc fd @ataWyhihold8reSA8® traRSmitigdC Widwever, if the
e sample 15 retaining cifcuit transfers the retained

n@%g%ﬁgr;%f?@wﬁ%@@@doveragf'e:eﬁ%égns;a%@f g ﬂ*?
D e

two adj acent dat [ t st.ate

¢ AelAGENS qma.sgnwp@e@ﬁﬁ W sorivedtegide dhe freb Btap B icard “ﬂﬁée"o"d
first state transition indicates 20 that a first of

t Hata syonbeljdigitrs thri WaryAMEH. digits is at the first

data level and a second of the two adjacent data

syrrbol digits is the second data level. If the first

002610 ; t Theséadieertiraans demodulatiopeepardtys ® fecoser datasymbols in the

tranS|t|on time is recorded. If the first state
t hedeinkh Of thectitinep Irftiesd intbsysmal rterferedes.eThe dentddelation

first state transition
apparatus has a sampling circuit in communication with a signal receiving circuit
within the receiver to sample at a ?egular period received data symbols acquifed
by the receiving circuif. The samples of the data samples are retained by a
sample retaining circuit in conﬁmunication with the sampling circuit. The saniple

retaining circuit transfers the retained samplgs 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
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

Qe



continues until it is present. [0028] When the first
state transition is determ ned, a second state
transition is s determned to be present in the data
"synbol digits. The second state transition indicates
that a first of the two adjacent data synbol digits is
at the second data Ilevel and the first of the two

. adj acent dat:a synbol digits is the second data | evel.
When the second state transition i's present a second

. st t ransit.ion ded

T8 e Rlioncs Bkl et #afe G Eon ViR ds dtoprad. b thgyrst state
t he 19 second state transition tinme is then

c esilian dsinot prepaat e seagaiT ipdiearmne éne Biststetatansition
boundary tinme, at |east one of any data synbol digits

r ceBlinugs wilbidéoeeseny to the second data symbol digit

of the two adjacent synbol digits having the first

state transitions is set to the first data level. If

[0028]he ti Weheh friedfirenstate tsargsitkat ie detdratined, Besdvovmd dtdte transition is

time, a first data synbol digit received subsequently

5 ! oeldhimisRiRse ﬁl’ﬁ_es@ﬂi & tﬁ&%ﬁi shBbitdigits. L 1ife s8naditaeafinsition

synbol digits having the first state transition 1Is
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st state. transition and ior to a 20 dat
ﬁ\&ﬁﬁ?&&f*ﬁ*%tﬁi@é@#mpds Briisehl, aoecoRe 2tate yiansiiopdime is
data agrrb%h igit arriving subsequent to the data
hohhadme diferergedsideenthe ﬂl!"ét/%tﬁteawsahqn ting and the
_ rerral ning synbol digits of one data synbol subsequent
10 t §eeond elatentransition timeds thiur saletatedetlf the tnheedifferestcedatass than
| evel .

a boundary time, at least one of any data symboi 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 priorto 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 ali
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[0030] The nethod for recovering the data synbols
continues by determning if a l|ast data synbol digit
of a synbol is at the second data level. If the |ast
data 5 synbol digit is at the second data | evel, all
synbol digits of a following data synbol are
determned if they are at the first data level. If all
‘the data synbol digits of the follow ng data synbol
are at the first data level, the first symbol digit

of the follow ng data synbol IS set to the second data
| reveainingrslyatbobdigits i orie datd symeolmubaeadentte Hodatea symbol
Fig. 1 is a diagramof the operation of a wireless
rostineldry arssetitb e firstl datecleeélver il ustrating channel

i nduced interference of the prior art. [0032] Fig. 2
is atimng diagramillustrating the effects of

[ooaog_ha_nna hé Rb#c&Hfor lrélécﬁ/reﬁﬁgbl% dhtd §nhiss1e as@nrﬂfesrba,p@etmﬁmmg if a

data in wireless radi o frequency channel

tfagt 8{1 nﬁ;&: d.% of %@Q@@ Bt e dg.%cbﬁd daf ;@%ﬁmme !bEtedata

opera rare transmtter and

] eceiaﬁ\)/’ec[w Lﬁﬁ %@@fb %}gri&fél @P%E& dﬁ@ s d;SffaefoﬂB@ﬁxgoéata
|Ilustrat| the f.fects of .channel  induc

i m?@ﬁfﬁ&%%?fm"é‘? K sycaredt ﬂa%?taﬁt&’atﬁ '&Va'r 5@?“ H}%%ﬂ*? fFymbol
wirel ess infrared channel of th rior

[ q@ggpf m@follgwgrmg dpta synbet arg gttth@ gfﬁt slfateblgygle the f st symboi digit
posi ti oned nodul at ed synbol s bei ng ped to _
cofiperfolinwing alatd syrebalyjisiset to ﬁw@e::@m@da lgveli hi s

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

pul se positioned nodul ated synbol s

Brief Description of the Drawings

| [00311 Fig. 1 is a diagram of the operation of a wireless radio transmitter and

receiver ilustrating channel induced interference of the prior art.

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

channel of the prior art.

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

receiver illustrating channel induced interference of the prior art.

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

the prior art.
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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 pulse positioned nodul at ed
synbols and fromthe state transitions of the

recei ved pul se positioned nodul ated synbols recoveri ng
the transmtted pulse positioned nodul ated synbols in
t he presence of i ntersynbol interference 10 of this

0038 LYo 5 b Hord e BB B b P B ol b

synbol s . fromthe recejved conpensated synbol stream of
8Pefl 10 SAPERSAEdOs BfeTRYG OB RS gptiono
transmtter of the comunication systemof 15 this
i nvention. [0040] Fig. 10 is process flow di agram of
[0036] he meFigod is emlatmipestemnt ofipuise pubitioneg awidulatae dymbols
nodul ated signals of the transmtter of Fig. 9. [0041]
Firgnsitittedsaral rebeivkd deammatratifig misreoRibvEintéferbhes of this
comruni cation systemof this invention. 13 [0042]
Firgentidika --12c is process flow di agram of the method
of for recovery of pulse positioned nodul ated signals
of the receiver of Fig. 11. Detail ed Description of

[OOS?LQEC: |n nt7| %Q \%&ﬁlﬁ%]trtagng tt’té‘ &%ﬁ@({grﬁgtstagat §rf St enc 5t & received
o?t?%a%ﬁ é’f g{rjpterbg)ét{?%g f erduQateg s%’r}'ntb%lls ar% ﬁ'omT{Plee sttartgr%rsansmons of
the received pulse positioned modulated symbols recovering the transmitted

pulse positioned modulated symbols in the presence of intersymbol interference

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

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.
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zeros and ones or heavy toggling between zeros and
ones causes corruption of the digital data due to the
mul ti path effects that induce the intersynbo

i nterference described. The use of pul se positioned
nodul ation 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

[0042pr r andagent2a -hdReveprocass Bawstiagram ofdhe enetbed ohter recovery of

frequency due to the nmultipath effects that can

Ch§Isé pobitibred nvbialated sighbiy afithe redeivenoftidd. 11.

conmbi nations (11) followed by (00), and (10) foll owed
by a (00) of a four pulse position nodul ated 15
encoded data, the intersynbol interference is
sufficient DetadlethDescription eftheninveationed dat a
and make the transmtted data not recoverable. The

met hod and system of this invention enploys

[0043] ecodi Tige mfterspmbplintsfeeste &9 deehrmmwed%ﬂif&ihe frequency

conpensate for the synbol conbinations (11) foll owed

bypéctudP Lisablb dosthetarsferas riitabtaian STHel Bindfet dfdumglsbipgs of
a (OO) are determned as a result of the patterns 20

del@eld onkd driR4d) tcgggﬁl?g HadNes D zEI08. arftl di¥s cauges eorruption of

detai |l ed di scussi on e recoding of the pulse

ng§ (ﬁ Q%l%t%ﬁgé' I’[@iﬂ@?ﬂllih@ gf R8s ﬁnaﬁlngﬂﬁie B irBrsy ol

transmt signal (either radio

IR R A et
oSS Dl <§ebd i pBHRgd to he

?gé\;]%éé@t th%fregg\?er?((gf (te[r?et (Ijgtla sls rr‘r%o% rglne;%?e 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. Ih symbol combinations (11)
followed by (00}, and (10) followed by a (00) of a four pulse position modulated
encoded data, the intersymbof interference is sufficient to potentially corsupt the
received data and make the transmitted data not recoverable. The method and
system of this invention employs a recoding of the pulse positioned modulation to
compensate for the symbol combinations (11) followed by a (00). The symbols
combinations {(10) followed by a (00) are determined as a result of the patterns

detected.

14



candi dates. The synbols SYM 4 and SYM 5 contain the
synbols 11 and 00 that are the second of the
potential intersynbol interference candi dates. [0045]
In the case of the four pul se position nodul ation, as
~described in Fig. 4, 10 each synbol is divided into
four different tines slots sj, s2, s3, and s4. Each
time slot represents a digit of the synbol and only
one of the four different tinmes slots S1, s2, s3, and
. s4 may contain the voltage |evel representative of the.
[0044)i nar y Refry nowriecFionb dersy mswe detailed idiscussgionfafthe tesoding of the
synmbols SYM 4 and SYM 5 is conpensated by placing the
s pHisel pagitigined suodul atioratobtraateya sigaalwhics ¥drbmicdulates the
bi nary zero for the 15 transm ssion signal. This is an
| iraagmittetheigralt(eithdraadiotfeedliepicy ak ligiatsigraing). Cae PRM signal
corrected at the receiver as describe hereinafter.

TEhswalthe Sigithdfta hayi ot 13 008 :
synbvgl S eSY%I 4 an?jl{l%YM 5 are ?g%?(}gggag?ﬂnnﬁgé@mp@eé eform the

5 f SpBbisabyfane LT §¥AE! THeWRnd Sy dfg%?\)(l\g &V)%%fta%%‘ee

synbol's SYM 4 "ah e now code

( kN Fig. .6,.the trapnsm _

SR SRa & gt Rl et Qe oot rteSvins Sl Fifrtarence

as _describ in Fig. r.aljight signal as described

" Foigstes. e Sals 55ab4chd ST 5 5adhadse ReDO 1 haRd 00 that
. signal is-acquired at the receiver. The receiver

aff5t the segond b thesrotratia)intergymbal injadereand candidatass t he

received signal. The received signal is delayed as

described in Figs 1 and 3 fromthe transmtted signa

[0045hy a dbi g cBselabiteyfour pulse positioaahedulafignalssioseribad irlSig. 4,
of Figs. I and 3 5 delayed and are superpositioned on

10 .t bactl Byrabol isididdd itd four AFferbntiRedsIbBos Wsdtdy, Bhd 8ACBach time
' synbol digit of the pul se positioned nodul at ed

slot represents a digit of the symbol and only one of the four different times slots
S1, Sz, 83, and s4 may contain the voltage level representative of the binary one.
The intersymbol interference for the symbols SYM 4 and $YM 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 lllegal character for the digital data and can be
corrected at the receiver as describe hereinafter. Thus all symbols having a data
pattern as shown for symbols SYM 4 and SYM 5 are recoded or mapped to the

format of the transmit signal (XMIT SIGNAL), where the symbols SYM 4 and

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

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

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

15
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data is extended for at |east a second synbol digit
time slot sl1l, s2, s3, or s4. Thus the synbols SYM 2
and SYM 3 containing the synbols 10 and 00 are now
merged to contain the synbol data (0011) (1100). If
the reflected signals X2 and 10 2,3 of Figs. | and 3

are del ayed even | onger, the synbol data could

actually be (0011) (1110). The synbols SYM 4 and SYM

"'5 are simlarly corrupted to becone (0001) (1000).

Thus the recoded data of SYM5 is nowinterfered with _
f formroddcast.e The wirelasstiiF oslightsigrid éxagtquited atdbevegajvess The
the received pul se positioned nodul ated signal is

s hspdliver bimpliieEvgreless Riher ligist signal mad secovens thenecelved sighal.
falling transitions of the received signal are

I $RETESSvEY nghﬁﬁsﬂel@/edlésf EFRAiBed fn Figen amb3 fiomh tige transmitted

tranS|t|on and the failing transition is deternmned.
f
@gﬁﬁ?ﬁ?'ﬁ%lﬁg ﬁ%s gﬁrcyl ek%l%@@&?g@&??/%? Figs. 1 and 3

gits, the first sy t of the quence of
bF’ﬁh’ﬁY?dﬁng e suapmosbaned onfbe dfeebdind s of e
bi nary one and the remai ning 20 synbol di g| ts are set
to the voltage level of the binary zero. The synbols

[00473YM 4 ThoguBNwth bf eadr symebaltdigit ofithe pusst pcssyfmnﬂd modulated

digit of synmbol SYM 4 and the first-16 4 synbol ‘digit

oldatdie SeRId o) M feaby eecontbéymipd digittiheslots hsnseyor sa.
one. The last synbol digit of synmbol SYM4 is

r SYl2 age sy glcopfaihing ths spnolen® and are now
%ﬁ??lﬁ%f?@?ﬁ%o digit of thgosyrlrboﬁ SY?/IWE is set to

thev Yo feflcRtcd &ignals A, and
+ ey 38 P Dindd Bauelt ALY (FEIS; IR SRl Snalz

: HZ otf H@t glleIrIdeé gpecgeléyeg e\% otn%{ar t’cﬁe sf?mgcs}leéatg %E)%Eleacgually 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

in Fig. 7. The rising transitions and the falling transitions of the received s_ignai
are recorded and the time difference 1 from the rising transition and the falling
transition is determined. If the time difference < 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
symbol digits are set to the voltage level of the binary zero. The éymbois SYM 4

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



three synbol digits are set the voltage |levels of the
bi nary one, followed by the binary zero, foll owed by
the binary one (101) and the remaining synbol digits
of a synbol are set to the voltage |evel of the

bi nary zero. The synbols SYM 2 and SYM3 illustrate
this recovery. The last two synbol digits s3 and s4 of
the synmbol 10 SYM 2 and the first two synbol digits sl
and s2 of the synbol SYM5 all have the voltage |evel

~of the hina one. - The tinme fromthe rising transition
D SXTBS Al of el ST Biiave wyoliase Iavgiat e kinamtane. The last

synmbol SYM 2 and the falling transition between the

t fyrriolhigit pheyrabolS A isdeiginad affthe veltsyerkukl Sivivedinay one
greater than the preset paraneter (duration of 3

sgdtite isysyrabol digitot thiersyniboliSYM Siigistt ©3Ihofvoltagd kel of the
synmbol SYM 2 and the first synmbol digit sl1 of the

shinhgl z&B¥MThigrtaine tid Reddingtdddepb¥@hbage | evel of the

bi nary one and the last synbol digit s4 of the synbol
SYM2 is set to the voltage |evel of the binary zero.

are set’'to the vo

5 [0049[Ne, " CARARLRGy, SRR melifblchoolSE j@aﬁtg?ﬂgﬁ%%@@%@?% ihe first

10

15

ge lev

[0050] The, r.ecovered . si | now reflects the

PR RS GHE i el ee-FgRioa Sl G 156 b gne.dollowed by the
illustrates the final decoding to recover the received
viiparyggeres foflpwed by dhe hinarpane 21 pbsind thasemaining ayrsbiol digits of
data. The recovered data is examned for the 17 ,
ex pymbataregiet fo hemdlage deleel Iofitheninarwzaroagbel swdloloB8YM 2 and
bi nary one at the fourth synbol digit s4 and all the
SPVMOS illdsgatesthis recsBary SThedast tvd syinbioh eiditeld; @ndng, of the symbol
synbol digit have a voltage | evel of a binary zero.

THeM 2 BRd tisy il twslsanbolSdigied si 88d sh of IhRWMyRthot S¥MI5 all have the
digit is set to the voltage |level of a bi'nary one.

| mﬁil%\% Hf' ﬁ;eZbingF%Héa? Sﬁ?%’gﬁwegw ﬁ%gggﬁ%ﬁgitﬁﬁtbetween the

- second and third symbol digits of the symbol 8YM 2 and the falling transition
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 s1 of
the symbol SYM 2 arfd the first symbol digit s4 of the symbol SYM 3 are retained
at the voltage level of the binary one and the last symbol digit s4 of the symbol

SYM 2 is set to the voltage level of the binary zero. The remaining symbol digits

(s3 and s4) of the symbol SYM 3 are set to the volitage level of the binary zero,

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

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

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

17
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vol tage | evel of a binary one and the synbol digits
s.f, S2, S3, and s4 of the synbol SYM5 are at the
vol tage | evel of the binary zero. The first synbo
digit s, of the synbol SYM5 is set to the voltage

| evel of the binary one and the synbol codes for
synbols SYM 4 and SYM5 are recovered as (11) (00). 1o

‘[0051] Refer nowto Figs. 9 and 10 for a description

of the structure and operation of the transm ssion

-subsystem of a communi cation systemof this

| Byisttinte of aldyaibicticodahavinga voltagelovel @F aiinary quieratdhe fourth
(Box 440) by the data input register 405. In this

' L-.{{Mﬁblfcﬂ 9.5‘ aha %ufdh@ b?uﬁbol‘iﬂ?ﬁs 55 9l &4 Iaﬂalsmofmr ﬁillb@lng symbol

a SUC be crea transforned, and

By Vﬁ‘a‘@%%'o?% 0. THie RSt 91t 78 the

CIrCUIt rovi des’the data 4127to gate

Itlﬂoglglfﬂv? E%I% tg§ %@E@H@Qgﬁage \% %Oozﬁ&ytotﬁgr:%}nmg the |
| 3V0bg %iﬁéﬁr@ané SV R pdepid el s«mﬁﬁ?'&% 6480 15

The pul se positioned nodul ator 415 groups

Jgotags eyeiaf(binanug)e ﬁﬁ‘l’ﬁ@p‘ﬂ@"lb?'td'f%FS ! ﬁarfys am@sf of the symbol
synbols as shown in 20 Fig. 4. For a four pul se

p &M Bare cht thedvitagedayeltdh éhédbtnarymsrop sﬂ'@f@'ﬁb"g@anhdéglt sq of the

two bit or binary digital synbols. The synchroni zi ng

" ClsomisoLSYNUS is ddifo thevoltes: lavegldfdies bipasy ohened the sykbol codes

413 to the pul se positioned nodul ator 415 to determ ne
t & shfabold BYMWHUI5- PYRI 3 arnedovarddlal (tap(0)codi ng ( Box
450) for each of the fornmed synbols. The pul se _
posi tioned clock 413 is equivalent to the pul se

0. [Oosﬁos! ti SR%Z% rfn@gﬁ g{gisoﬁ an8|1‘?f3’6r §%s€’ﬁ tdrBof tﬁe sﬁh@tuﬂé‘bﬁ&

ositi 1 'on encoded synbo s are

operation of the transmission subsystem of a communication system of this
invention. Digital data DO, ..., Dn 400 is acqﬁired (Box 440) by the data input
register 405. In this illustration the digital data is originally paraliel data such as
would be created, transformed, and stored in a computing system. The
synchronizing clock circuit 410 provides the data cloék 412 to ga{e 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 trénsferred to
the pulse position modulator 415, The pulse positioned modulator 415 grou-ps
the data 407 to form (Box 445) multiple bit or binary digit symbols as shown in
Fig. 4. For a four pulse positioned modulation, the data 407 is grouped intd two
bit or binary digital symbols. The synchronizing clock circuit 410 provides a pulse

positioned clock 413 to the pulse positioned modulator 415 to determine the
18 '
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transmtted serially (Box 455) as the pul se positioned
nodul at ed data 417 to the 5 pul se positioned

nodul ati on mapping circuit 420. The pul se positioned
nodul ati on mapping circuit 420 conpares adjacent

synbol digits of the pulse positioned nodul ation data
417 to map (Box 460) the pul se positioned nodulation

_.data 417 to provide .a conpensation for the presence of

channel induced intersynbol interference. Wen two

adj acent _synbol digits are 10 conpared (Box 465) and
aPHlsgaasitighed mesulatinn ercasing {Baxdib () iforaeachooicthe fdvened symbols.
pul se positioned nodul ati on mapping circuit sets (Box

AToR pukee pestiimidsofodiod 1 3lisgiquivalienttth eheppillse PosBWABE modulation
digits to the voltage | evel of the binary zero. The

nelopk 395aff Fig.le The paispQoktibAEE ﬁl-ndmmﬂoﬂtéﬁéoéga \%%Q%éléfre then

equi valent to the nethod described in Fig.

debAsmiEYerialy 1B 485) AR ﬁosfi't%r%oeﬁ%ﬁﬂﬂatécpé’%ta A3 tothe

The pul se 15 positioned no ati'on mappi ng Circui

¢ Pl PoRREnb dd B b 8Ra i k20 2 e Al <pesifoned
ssion signal

o B e P T e
ot TRTL i 4o Mo BosTlon S et beafaty

427 is the input signal to the transm ssion driver 20

t edulakien data 417 kupmyidesa comprnsationtor theapresesss ofchannel
antenna 15 of Fig.- | or the LED 210 of Fig. 3. The
nipduted edersybal intdteresce. hdthehrwadeimtent BanbdBdlyits are

. through the transm ssion nmedium 18 [0052] An

| tdrupancalt(Bor 465) hhe asé boli Mrevalage 0R F HRNDIAEN B, the pulse
recei ving subsystem of the communi cati on system of

 Uhbsitidrivaanbi@atios nidNy Lot bts (Hok #78) #secohdSymbol digit of

the pair or symbol digits to the volitage level of the binary zero. The mapping of
the pulse positioned modulated data 417 is equivalent to the method described in
Fig. 5 where a data symbol (11} is adjacent to a data symbol (00). The pulse
positioned modulation mapping circuit 420 has formed the transmission signal
422, whicrl is transferred to the transmission signa!l 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 signat 427 is the input signal to the transmission driver
that excites a transducer such as the transmission antenna 15 of Fig. 1 or the
LED 210 of Fig. 3. The modulated signal 435 is then broadcast (Box 480)

through the transmission medium.
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~The nodul ated signal 500 is acquired (Box 555) by a

recei ver 505 either through the antenna 20 of rig. |
or the LED 210 of Fig. 2. The anplifier and

~conditioning 5 circuit 510 anplifies, denodul ates, and

conditions (Box 560) the received signal 500 to
create the received pul se positioned nodul ated data
512. Generally, the transmitter of Fig. 9 will have
enbedded a synchroni zation signal and a start and/or
stop signal within the transmtted signal. The

[0058Y NChr oy if@dtH6n Bf Hpbtrhctured@iesiGatiy of e rekaring subsystem of

synchroni zation circuit 515 and the clock

S HIE OS5 AMUARLALBNA s gteﬁi bEL inMiHEREhBIWASH FREX 1365Md 2a — 12¢.

recelver systemclock that is aligned to the enbedded

SHTBTRRIRE T B0 eratiniios® B s shs g
B SREBAH A W 2Tk 2 e ghanonno

foll ow n detected data signal is.not, par f the . .
{ CHROHB10 aHBss ipsrochiiged d setdiPEs(ER% ARA3 e received signal
circuit detects the presence of the start and/or sto

si5§R4b create theradsiveddudse pasiionesemegylatebdala 5&?«3&8@5&"% the
signal. ) [0053] Upon detection (Box 570) of the

s transmittgrat| Fig. theiliresel ansbegiiddse spuctironization sigodiand agtart
data is sanpled (Box 575) by the data sanpling circuit
52hd/dFitors bigalil wie hive traAsmited gigneill ThiéSypclenoniization signal is
sanpling clock to provide at | east one 20 sanple

g Wekdlded b Y0 lock sghéhrhizalieh cipctit STasdtHd ¢TBek gynchronization

etermne the voltage level of the binary digit being

SRS AR ARl S o N bRt B St o

sa egli ster 530 where is

R oty 4 Bl n pegiin of e

“corru

trans%iﬁgd Qgta follows immediately upon completion of the start signal. The
stop signal indicates the completion of the data message and any foliowing
de’ce‘cted data signal is not part of the transmitted message. The start/stop
recovery circuit detects the presence of the start and/or stop signals within the

received pulse positioned modulated signal.

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

modulated data is sampled-(Box 575} by the data sampling circuit 525. The
clock synchronizing circuit 515 provides a sampling clock to provide at least one
sample during a symbol digit s4, S2, 53, 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 '



i ntersynbol interference. The retai ned sanples are
transferred to the sanple mapping circuit 540, which
perfornms the extraction of the transmtted pul se
positioned nodul ated data. 5 [0054] The current sanple
for a synbol digit is conpared (Box 585) to a previous
sanple of a synbol digit. If the previous synbol digit
is at the first voltage level indicating a binary
zero and the current synbol digit is a the second
voltage level indicating a binary one, a rising edge
h&xtregtion pelhe(tBimneritied pulse posiioni rebdgatedginta et imobrrupted by
occurred, but the conparison indicates that the
pritersynsbal yntbdbreticgi Theastalibd Semplesand truablcn@d thaNg sample
i ndicating a binary one and the current synbol digit
hasapgiig ch it 540,0ktiilg Belfened tHeghterttion &f thdirdVnNittd8 Riise

then a falling edge has occurred (Box 620). However,

| fookiienBd AvdiSteaMatd.Ne current symbol digits are
equal (either the first level indicating a binary

zero or the second level indicating a binary one),
w . hen n r it ccurred. and the ne S is
5 100541700 MR AL 58l BESHTE IS o8P o 588 o abrovious
comparison (Box 585) wth the now preyious sanple.

[ 35BBle Shaavap) diky idhgeroieur SImbodiatat thedres setage lovel
time at which the rising edge occurs is recorded (Box
scatinges binpreEecnd thasurenbaymbeldigihis a theosatedd voltage level
time for the rising edge and a previous falling edge
i ndieatieors bisary Sox, H0gHg edge bpsoccumpd (BooB9¢)BAk tHE0Ming edge
with a preset time PO for instance 3 x tis (tis being

t hes nbtrecclured, ibab ttef camsaridonl indicgids)thaf thbhredblid syRBERdigit has
“time A is not greater than the 21 preset tine PO,

0 ' g ge& @?gnds\amab@ &) irRi@NingBOYinaRPOnSBAd iR &irfGR syBMS! 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 leve! indicating a binary zero or the second level indicating a
binary one), then no transition has occurred and the next sample is taken {Box

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

sample,

[0055] When a rising edge occurs {Box §90), 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 s (1s being
the time duration of a symbol digit) if the difference time A4 is not greater than the

21




conpari son (Box 585) with the now previous sanple.

[0056] When a falling edge occurs (Box 620), The

sanple time at which the falling edge occurs is

recorded (Box 625). The difference tinme A2 between the

5 logged tinme of the rising edge and the | ogged tine

of the falling edge is cal culated (Box 630). The
difference time A2. is conpared (Box 635) to a preset
time P1L (for instance 3 x tis). If the difference tine

A2 is less than the preset tinme Pl, the synbol digit
ﬁreﬁaﬁuﬁwm e AR SEMPIBTs ta'k@g lek 395) hiey eltapbdt{Bex 580) for

nary one 'is retained (Box 0) at the binary one
a ' ) WiitSthe la0fussaifle 10 symbol up to
tﬁ‘g“?é':'?ﬁ g(lg arle set B&lx 645) to the voltage
| evel of the bi nary zero. This prOV|des the recovery

 tooseR ogRUE ) RAEOAH), THONE 1Y ate

10

15

gt

P et

gr eat er than t he preset tine nbol .digjt

(falling edgenecauneis 1ePHp x 625 Eéeﬁfigf%ﬁ g@sg#zé‘{?&ween the
of the binary one is retai ned 15 (Box 655) at the

blogaes tioveof Meaisin adgmand fhelobged §ime ¢fthe falling pdoeis

(Box 660) to the voltage |evel of the binary zero and

t REICcORNdd ASthPEINY THe Wifbrefibgtitne & iBtcoB)pared (Bex 635)dd a preset
(Box 665)@3 the voltage | evel of the binary one. This

' ¥ ' ' tti
3 X Sgﬁgtsag thle IrE)rese ime
B4 £E0 B H S i eI
581 The di ence
apﬁ}eeﬂ;mlgﬁﬁs@ggs Jh@dlsmg %(sﬂﬁ]{l? vig, g}e 5@}@?6{3\7"%] o ﬂﬂbglnary one
for i nstance 5 x rs). t edlffere%e 62. th
gpseaxta_ufzea KRox gﬂgb@t the bmary one and all symbo dlgttS remalnlng in the
symbol up to the falling edge are set {Box 645) to the voltage level of the binary
zero. This provides the recovery of the symbol digits as discussed above for

.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

- {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 SYM 2 and SYM_ 3as

discussed in Fig. 7.
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15

20

[C059] Upon completion of the recovery of the transmitted pulse positioned

preset tinme P2, the final slot next to a synbol
boundary is set (Box 615) to the voltage |evel of the
bi nary zero. The first synbol digit (Slot 1) of the

followng 5 synbol is retained (Box 680) at the

vol tage level of the binary one and all remaining
slots of the synbol should be set (Box 685) to a

bi nary zero. The sanpling is skipped to the next
synbol boundary (Box 690). The | onger preset tinme P2
allows for the recovery of a set of synbol digits

[0058)avi ng Thedifttragcofime(A,08 @) cdmpaned (BoR 703 b SRBIURIRGer

pul se position nodul ated data of 10 (11111111). The
WpFSdet tiffd F'E oriritaridsl £x Qg? Ut ’iﬁé“@ifﬂ@féﬁ'c@ s I Esi @J@gt&r the longer

reception of the received pul se position nD

; ;@asse&nﬁafélﬁdz b f O I el S e Toch 95) o o

pxé‘?q 8 ot BarE st the nboiiebe Bahis1et 1 ,oh e allowing

(Box 575) and retai ned (Box 580) for 15 conparison

( BARPSBSyelfinad Hox maéﬁl@vqﬁ@geé@m lobthe binary orsi ang all
edge is determ ned (Box 590), the tine of the rising
etRfBaining detsradéae $BokobIBId it eet (6B e @ Hinarg 28ro. The
bet ween the previous falling edge and the present

r s3mplng bgskippesl dethe nekhegnb@®OuBEAYy. (BbRe9d)f Tae r preset
time A is conpared (Box 605) to the preset tine X

- timeaPl alldwd e tiskk FERVBALST 4 bdfRuf
preset ?I rr\% 3 x 20 tlsﬂpt he f| r??mgékgigﬁég?gin{g%dﬁﬁof

N1 ook oY, el\%db&ﬁw y&»?ltlﬁﬁ r{:#&lﬂgl 496 Bt

set (Box 610) to the v nary one.

TpRETR L B \%F%? %""%’ﬁ%@ tgé%&%éﬁwﬁ@ﬁ d i%ﬁ?'ftﬁ@e Feception of
@%@P}%@feém 9@;{,%9@1%@3%‘2&60 BUYMA H41808nd then

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

modulated data, the next sample is taken (Box 575) and retained (Box 580) for
comparison (Box 585) with the now previous sample. If a rising edge is
determined (Box 590), the time of the rising edge is recorded (Box 595). The
difference time A4 betweer. the previous falling edg'e and the present rising edge
is determined (Box 600). The difference time A, is compared (Box 605) to the

| preset time 3 x s and if the difference time A4 is greater than the preset time 3 x
s, the first symbol digit (Slot 1) of the symboi 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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G

5

continues until the nessage is conplete with the
reception of a stop signal or synchronization signal.
5 [0060] Returning to Fig. 11, the pul se position
nodul at ed data 540 recovered by the synbol nmapping
circuit 535 is transferred to the data extraction
circuit 545. The data extraction circuit 545 decodes
the pul se position nodul ated data to extract the data
synbol s and assenbl e the data synbols to the
originally encoded data. 10 [0061] The symbol mappi ng

: Céré‘?éﬂa‘ne’iﬁét tA8 dolthge atrofekt biretry aeraand thet sampling @qm} (Box

the preferred enbodi nent |ogical state -nachi nes

g@@t&}, thePhe %ﬁ%&b%um . TRERRfhplIBg@RI necoferyiprockmsahen

S an extractlono the data. However, it is

0%@%”%% Hﬁh%@rrﬁeégé E gk id ESm fchd! GAtH tRe %&Mhmé stop ssgnal or

Above nay orrplshed within a digital
S cessor or sim I ar conmputing systemw th 15
%&‘cﬁmﬁ%q " processes being prograns stored on
data storage medl um for execution by the processes.

h h f d odi
oo oS L nets b Shas SeSIBR R g P G2y o

keeping with the intent of this invention that 45.
nilnetsymbsd npappirg piosit 33histemsleradtotprisista 8%*@?@*@“%&”" 5
be enpl oyed to encode 20 the digital data. The
SThe dhtir exteavtionedrooid 565 debedesimumiisapesgitien sysiulaiedfata to
this invention functions with a higher order pul se
PEsiridt M AREULMISS!s @nd edbapbleiic[dadd 8ymibhis to the originally
comTunl cations systems as shown in Figs. | and 3

b&?& dﬁ g reless transmssion of the broadcast

ated signal. It is keeping with the intention of

o . {0061} The symbol mapping circuit 535 and the data extraction circuit 545 are in

15

20

the preferred embodiment logical state machines capable of extremely high
speed recovery of the data symbols and extraction of the data. However, itis

known in the art that the structure and method described above may be

~ accomplished within a digital signal processor or similar computing system with

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

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



this invention that the nodul ated signal be
transmtted wwthin a cable, either an electrica
sighal in a copper cabling or a light signal within a
fiber optic cable. 5 [0064] While this invention has
been particularly shown and described with reference
to the preferred enbodi nents thereof, it wll be
understood by those skilled in the art that various
changes in formand details may be nade w t hout

- [006@ppar t i Tige coMmunicatoRs skt “fq3e1 | 19t v
[ [.8065] 507G A aRs sy -ew‘AglI agt ﬁ@g"ﬁafiggomﬁ?gg?%ew’re'ess

of tré‘rﬁé?ﬁfs@iolnqﬁttﬁe bfba%lc@&ﬂﬂ%@ﬁl%é&f mssigﬁglgnf%rke%pin'ﬁ%ﬁ? the intention of

i ntersynbol i1 nterference, sal

ol nveRsd el fBULBRISG0 & FBTrBite Sy sale. either an
cogBL g si88hln SRy EAIY §r% fol} S B in 4 RS0t cabe.

synbol time determ ning a code for each 7 synbol
. value; a conpensating for the channel induced
5 [006f4ﬂt er sy¥ihile thisinvendpa has beep pasticulahphavenant described with
conprising the steps of: 10 mapping said pul se
posference tb thedprelertenl embodinnits thevaof, & Wilt bd anbigrstded by those
stops of. 12 conparing two adj acent data synbol digits

of_sk_illed in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention.

- [0085]
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10

i

12

13

14

15

16

17

18

19

20

13 said pul se positioned coding, and 14 if said

adj acent data synbol digits have a 15 second data

| evel, keeping a first of said 16 two adjacent data
synbol digits at the 17 second data | evel, and
converting a second 18 of said two adjacent data
synbol digits to a 19 first data level; 20 nodul ating
a transm ssion signal Waimssaid transm ssion code; 26
21 transmtting said transm ssion signal; 22
receiving said transm ssion signal; 23 denodul ati ng

s aibdnéthan $oriceinaumicition af diyRalestd M pras&d MRhsAnG4
transm ssion code, said corrupted transm ssion code

beintigctdinteraimbl aN6MErs At RRIAABHS f&%h@ﬁ&ﬁcé%azs the
channel induced 26 intersynbol interference; 9

- sao@hpigngtheasté@gafl ar period the corrupted

transm ssion code; 26 retaining the sanples of the
corrupted transm ssion code; and 29 recovering said

pul se pesiitdnareshicagit Gata BRI Shth %grﬂﬁ&ﬁf ng said pul se
30 positioned coding conprising the steps of: 31 a)
determining fromtwo adj acent data synbol digits if a

first hostaksaidt i _ : ta..
(1150, SRoBgoadtATSiIaR $oBERERlol SR, SYdbuon
| ndi cati ng 4 piabe Rithihaynflol i€ de¥imining a code for each

symbol value;

compensating for the channel induced intersymbol interference,

said compensating comprising the steps of:

mapping said pulse positioned coding to a transmission

code by the steps of;

comparing two adjacent data symbol digits of

said puise positioned coding, and

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

first data level;

modulating a fransmission signal with said transmission code;
26




21

22

23

24

© 25

26

27

28

29

30

3

32

33

34

35

36

37

38

.34 adjacent data synbol.digits is at the first data

| evel and a 35 second of the two adj acent data synbol
digits is the 36 second data level, 37 b) if the first
state transition is present, recording a first state
38 transition time, 27 39 c¢) if the first state
transition is not present repeating step a) '.. 40
until said first state transition is present, 41 d)
when said first state transition 'is determ ned,
determining 42 that a second state transition is

pr esentignBmRfihglssia tanghizdion 4gnal ansni ssi on codi ng
sai d second state transition 44 indicating that a
first of the two adjacent data synbol 46 digits is at

the segepgvidgkaidl irvemisns sigral;second of the 46 two
adj acent data synbol digits is at the first data

level, 47 e) if the second state transition is

pr esentyaiRRMAtRYRAIPr B nameslgisd & extractagbtrupedt i me,
49 f) determning a tinme difference between the first

state 60iuhismssibh @Bdd, isAR! cdRdpladaraspondorstaiedeing the
transition tinme, 51 g) if the tine difference is |ess

than a boy ¥sibh ¥Bde 88HEdraged Bt cHa@asltinguvedof  any
dat a synbo?'%gﬁgistts recei vegd 53 E%bsequently to the

second daj QAlindigiehc®f the two 54 adjacent synbol
digits hav@?@y‘ﬁﬁe ‘fi rst state transitions to 55 the

first data | evel, and
sampling at a regular period the corrupted transmission code;

retaining the sam;ﬁles of the corrupted transmission code; and

recovering said puise positioned coding , said recovering said pulse

positioned coding comprising the steps of:

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

'second of the two adjacent data symbol digits is the

second data level,

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

transition time,
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39
40
C 41
42

43

44

46

47

48

49

50

55

56
57

56

56 h) if the tinme difference is greater than the .

‘boundary tinme, 57 setting a first data synbol digi t

recei ved subsequently to 56 the second data synbo
digit of the two adjacent synbol 28 59 digits having
the first state transition to the first data |evel so
and a second data synbol digit to the second data
level. 1 2. The method of comunication of claim!]l
wherein said recovering said 2 pul se position coding
further conpri.ses.the steps of: 3 setting all data
synbol. digit¥ P58 &) site Frasiian s nebesRENdapeatiog iy a)
.4 digits subsequent .to the second data synbol digit
of the two 5 a‘ﬂ]‘gﬁ%ﬂﬁmé?%‘lm%“@“t@plﬁ@i?hg the first
state transition and prior 5 to a data synbol
boundary to éhe first data level; and 7 setting a data
symbol di gi t9)¥hansaidfirst sfatedransitionds delieemioad adedsgrvining
a boundary to the second data | evel and all remaining
synbol s di gi t{8alGT ssed giatairansiigl is paersod ineraid carupted]
data synbol 10 boundary to the first data level. 1 3,
The net hod of 'EHRMASITERANNG osaid sasand stalledrapiition he
method for 2 recovering said data synbols further
conpri ses t he iRdiegngdhal firgteal dhartvr agjaddnt datassymbdat a
synbol digit of a synbol is at the second 4 data
level ; 5 if sdaligitsligstthaseeorsiddialovdl gid theseatnd bidhe
second data | evel, determining 5 if all synbol digits
of a foll owi ndgvaaticentrists sumieol digitshieaf the sitst datadevel,

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 digité received
subsequently to the second data symboi 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,
selling a first data symbol digit received subsequently to

the second data symbol digit of the two 'adjacent symbol

28




s

u.qs'."'__ a

..I1.level; and 29. 7 8 if all the data synbol digits of
the follow ng data synbol are at the s first data

| evel, setting the first synbol digit of the foll ow ng
data 10 synbol to the second data level.. 1 4. A

met hod for transm ssion of digital data in a presence
of channel induced 2 intersynbol interference, said
nmet hod for transm ssion conprising the a steps of: 4
partitioning said digital data into data synbols; 5
encodi ng sai d data synbols to a pul se positioned

codi ng, a podiigitsdraving the fist statertrpnraitins tthafingt data jensh|
tinme determning a code for each 7 synbol value; 8
conpensat i ng drara sérondivatmermbah digiidel thentaspa gals level.
interference, 9 said conpensating conprising the
steps of: 10 mappi ng said pul se positioned coding to a
t ripeanethet ohcorthuoisdtorbyf didim Iswhpreinogaid eEo¥difsidithg
two adj acent data synbol digits of 13 said pulse
pasiidd mysitibnaodingdurtserdoiprises theistepsaafa symbol digits
have a second data 15 level, keeping a first of said
two adj acent '

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

adjacent symboat digits having the first state transition and prior

to a data symbot boundary to the first data levél; and

setting a data symbol digit arriving subsequent to said data symbol
boundary to the second data fevel and all remaining symbol
digits of one data symbol subsequent to sald data symbo}

boundary to the first data level. .

The method of communication of claim 1T wherein the method for

recovering said data symbols further comptises the steps of.

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

data level;

i said last data symbol digitis at the second data level, determining
if all symbol digits of a following data symboi are at the first data

level: and
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10

11

12

13

14

16

17

16 data synbol -digits at the second data |level, 17
and converting a second of said two 30 4 Its adjacent
data synbol 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 5. A nethod for reception-of digital data in
a presence of channel induced 2 intersynbo
interference, said nmethod for comrunication conpri sing

havi ng &5 PafSvarbel G LET sfonktit Sl are 3 e

' t 1 SSi de; i,ncl udj ng. I 6

posi 1 ondit B EE s ErE Ry aitiol Bt S Sl gate
id - h l.ind d, i nbol interf ;8-

donodul atPHEoLGi B BPEEre IR 2 gnal to extract &

corrupted 9 transm ssion code; 10 sanpling at a

| i od t.h - d t, 1 SSi de; 11
-+ E0eRlenot koo Goi Retedt Aripresas of ermebispured

c .and, 1 ecovering sai d pul se positioned coding ,
si‘?‘gfsﬁ@é’8véfqr{%ef§§i %ﬁ*%gl@é@d fopirgamissiomeempdeing e

cQ riéﬁ_i ng the steps of: 14 a) determning fromtwo
a&j@? t data synbol digits if a first

partitionin‘g said digitat data into data symbols;

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

symbol value;

compensating for the channel induced intersymbal interference,

said compensating comprising the steps of:

mapping said pulse positioned coding fo a transmission

code by the steps of:

comparing two adjacent data symbeol 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 symbot digits at the second data level,

and converting a second of said two
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14

18

20

21

10

11

12

13

14

5

- 15 state transition is present in said data synbol

digits, said 31 16 first state transition indicating
that a first of the two 17 adjacent data synbol digits
is at the first data |evel and a 18 second of the two
adj acent data synbol 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 tra_ns_,itior} i.S
present; 24 d) when sapdapentsiatasuypleldigifsde pite data
deternmi ned, determning 25 that- a second state
transition is present favekaid corrupted 26

transm ssion coding, said second state transition 27
indicating that a first of the two adjacent data
synbol moaBlatihg b trensmisatontsignas widb saiddensmissip &g t he
second of- the 29 two adjacent data synmbol digits is
set at the first data 30 level, 31 e) if the second
state traasisitingoaid sasmesson signalcording a 32 second
state transition tine, 33 f) . deternmining a tine _
di fference between the first state 34 transition tine
angdnichfasecereptivnadfaidihastatin epredemse of channel induced

intersymbo! interference, said method for communication comprising the.

steps of:

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

channel induced intersymbol interference,

demodulating said transmission signal to extract a corrupted

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

recovering said pulse positioned coding , said recovering said puise

positioned coding comprising the steps of:

a) detefmining from two adjacent data symbol digits if a first
state transition is present in said data symbol digits, said
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16
17
18

19

20

21

22

23

24

25
26
27
28
29

30

31

32

a3

34

32 35 g) if the tine difference is less than a
boundary tinme, setting 36 at |east one of any data
synbol digits received 37 subsequently to the second
data synbol digit of the two 38 adjacent synbol
digits having the first state transitions to 39 the
first data level, and 40 h) if the tine difference is
greater than the boundary time, 41 setting a first
data synbol digit received subsequently to 42 the
second data synbol digit of the tw adjacent synbol
43 digits havifli%)t gl BANFPN kncigating thaha firsteh thegweho
first data level, 44 and a second data synbol digit to
the second dat®3ogpkfata symgol dgits ipat Hiedirgfdatelsrptandre
of claim5 wherein said recovering said pulse 2

posi ti on codi RGP PHBR tveadirret ety a1 gigits s athe
setting all data s(}/rrbol digits received after the
second data sy%BYI datadev@it s 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 ‘BIiRabrsystae trarsitianis pragant réevding adingt state
setting a data synbol digit arriving subsequent to
sai d data synt¥@nsitign fandary to the second data | evel
and all remaining synbol 9 digits of one data synbol
subsequent to said data synmbol 10 boundary to the
first data I@Vdbe fiissstate transition is not present repesting step a)

until said first state trarsition is present,

d) when said first state transition is determined, determining
that a second state transition is present in said corrupted
transmissﬁon soding, said second state transition
indicating that a first of the two adjacent data symbol
digits is at the second data leve! and the second of the

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

fevel,

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 fransition tima,
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36
-V
38

39

40
M
A2
43

44

33:1 7.. The nethod -of -reception of claim5 wherein
said recovering said data '.. 2 synbols further
conprises the steps of. 3 determning if a |last data
synbol digit of a synbol is at the second 4 data
level; 5 if said |last data synbol digit is at the
second data level, determning s 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 s first data |evel,
setting the)tfithstimeydifesbnai igilassdhan aborwlarplimagseitng
I D synbol to the second data level.. 1 8. The nethod
of recepti on apfeast anawfanyiataesymibtl gigigireceivsdsi t i oned
2 nodul ated transm ssion code is created by the steps
of : 3 partitisabsetmesty th the getand datd syinhelsligitefihe two
synbols; 4 encoding-said data synbols to a pul se

posi tioned cedideent synpas tigite havibg dfe Erssibledrappitinisitoa
synbol time determ ning a code for each 6 synbol

val ue; 7 conpRasat dag@ léw, dide channel induced

i ntersynbol interference, said a conpensating
conprising the steps of: 34 37 9 mappi ng said pul se

- posi tioned QGthBdintcdiflereheanisrgreateothan the boundary time,

setting a first data symbol digit received subsequently to
the second data symbol digit of the two adjacent symbol
digits having the first state transition to the first data level

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

The method of reception of claim 5 wherein said recovering said pulse

position coding further comprises the steps of:

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

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

setting a data symboi digit arviving subsequent o said data symbol
boundary fo the second data level and all remaining symbol
digits of one data symbol subsequent to said data symbol

boundary to the first data level.
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10 code by the steps of: 11 conparing two adj acent

-data synbol digits of 12 said pul se positioned

coding, and 13 if said data synbol digits have a

second data 14 level, keeping a first of said two
adj acent 15 data synbol digits at the second data
| evel, 16 and converting a second of said two 17
adj acent data synbol digits to the first data 18

level. 1 9. A programretention device containing

program instruction code 2 executable on at |east one

. Conpiatrhatod evieeBptiod oflolAAS B wiitdrE8 s@l@ﬂ'eﬁé\rerﬁ IS8l Ath N9

a digital data comrunication SI gnal in resence of

chapmebls fﬂﬁhé}%ﬁ-@ﬁsé@ﬁ@r interfer ence sai d
program i nstruction code conprl sing the steps of 6

partitioning said digital data into data synbols; 7

encodi nget%ﬂhﬂ:r@@i@la%h/&@c |s§mbei cggePb#’ éﬁrﬁ&g ik-I,S %/tgﬁ%ge%qnﬁie

codi ng, a position

det er m ni p@iAepgde for each 9 synbol value; 35 1 10
conpensating for the channel induced intersynbol
interference, '.... 11 said conpensating conprising

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

level; and

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

symbol to the second data level.,

The method of reception of claim 5 wherein the pulse positioned

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

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

symbol value;

compensating for the channel induced intersymbol interference, said

compensating comprising the steps of:
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11

12

13

14

15

16

17

18

12 -mappi ng-sai d pul-se positioned coding to a

transm ssion 13 code by the steps of: 14 conparing two
adj acent data synbol digits of 15 said pulse
positioned coding, and 16 if said adjacent data synbo
digits have a 17 second data |evel, keeping a first

of said 16 two adjacent data synbol digits at the 19
second data | evel, and converting a second 20 of said
two adj acent data synbol digits to a 21 first data

l evel ; 22 nodul ating a transm ssion signal wth, said
transmi ssi on weping saig pulssrpasitionpd godag i 2 FERERISSONon

~signal; 24 receiving said transnmission signal; is 25

denodul ati ng sakdde bythendters o signal to extract a
corrupted 26 transm ssion code, said corrupted
transm ssion code being the 27 transm ssion cqde afs
degraded by the chaneehpaingueddEgenhdaa sympel digits o
interference; 36 ) 29 sanpling at a regular period
the corrupted transm ssaotpusspesitic®ed cediagn t he
sanpl es of the corrupted transm ssion code; and
if sald 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 symbot digits to the first data

leval.

A program retention device containing program instruction code
executéb\e 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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EN

12

13

14

15

‘6
17
18
19
20

21

22

23

24

25
26
27

28

31 recovering said pul se positioned coding , said

- recovering said pulse 32 positioned coding conprising

the steps of: 33 a) determning fromtwo adjacent data
synbol digits if a first 34 state transitionis
present in said data synbol digits, said 35 first
state transition indicating that a first of the two 36
adj acent data synbol digits is at the first data | evel
and a 37 second of the two adjacent data synbo

digits | e 38 second data l.evel, 39 b) if the first
st gt et ?(Zrﬂé%siag'ﬂg ?%fctg? glgw&"p%%‘?#'ﬁfeﬁ@y "équ ireteranog: e

40 transition tinme, 41 c) if. t first state

transiti or?afd;mme ?@&#"Qrgﬁ@gg?ﬁbepﬁc% a) 42 until

said first state transition is present, 43 d) when

said first state transi(#i. n is, determned, determ ning
44 that a secof@PEYGSE F?“Z??sﬁ’qsl’t&ﬁ‘ef?’§°B’|“§§%ﬁttfaﬂﬁm§alpd
corrupted 45 transm ssion coding , said second state
transition 46 inﬁpag}w 'Rt ofa first of the two

adj acent data synbol 47 digits is at the second data
| evel and the second of the 48 two adjacent data
synmbol digits is at tHEFFIgivaadipceat@ta symbeldigigof
f, f 49 e) if the second state transition is present,
recording a '.. said pulse positioned coding, and

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

first data level;
modutating a transmission signal with said transmission code:
transmitting said transmission signal;
recejving said transmission signal;

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

intersymbol interference;
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ey

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

.50 second state transition tine, 51 f) determning a
_ time difference between the first state 52 transition

time and the second state transition tine, '... 53 Q)
if the tine difference is |l ess than a boundary tine,
setting 54 at | east one of any data synbol digits
recei ved 55 subsequently to the second data synbol
digit of the two 56 adjacent synbol digits having the
first state transitions to 57 the first data |evel,
and 58 h) if the tine difference is greater than the
boundasgmplimeat a BYukse pesiethg corugleddenamSHIRNGICYE: gi t
recei ved subsequently to 60 the second data synbol
digit of the two adjacent synmbol 61 di gitgq}%avi g the
first sétainingthassinplesof the ehsipted EaNsEREA0T ;ang> and
a second data synbol digit to the second data | evel.

1 10. The programretention device of claim9 wherejn
sai d r esaweringgaid giutbePogiibaed poding i erid ces@VaiNg sAld ﬁ@fﬁe
conprises the steps of: 3 setting all data synbol

di gits reswmitiomed abtieg comprisieg drastaps al:tsynbol 4 digits
subsequent to the second data synbol digit of the two
5 adj acent synbol digits having the first state,
transition apderiping fion bvaadiatcent skatrosymtisbdigifa ity frst
the first data level; and 38 7 setting a data synbol

di git arrivi ngtssabasdtivers ptasestindaitbdaia symbel| digis, said
boundary to the second data | evel and all remaining
synbol 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 syimbol digits is the

second data level,

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

transition fime,

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

untii said first state transition is present,

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

two adjacent data symbot digits is at the first data Eevel_,
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54

55

56

57

58

58

50

Gt

a2

10.

9 digits of one data synbol subsequent to said data
synbol 10 boundary to the first data level. 1 11. The
programretenti.on device of claim9 wherein the nmethod
for 2 recovering said data synbols further conprises
the steps of. 3 determining if a |last data synbol
digit of a synbol is at the second 4 data level; 5 if
said | ast data synbol digit is at the second data
| evel, determining 6 if all synbol digits of a
fol |l owi ng daSg @gnbol are at the first data 7 |evel
and a if al P/ {1 8eA0Rd ${ate Hrnsilicy is prefent wecardingewi ng
data synmbol are at the g first data level, setting
the first synbefordisite tepsitigutimel | owi ng data 10
synbol to the second data level.. 1 12. A program
retention device caontai ning programinstruction code 2
execut abl e Orfleigrmidag e hme%&‘%mﬁm betwede e first state
transmtting a digital data 3 conmunication signal in
the presence BANS§RINFRE andthecsegondhslatsyatmiiordime,
interference, said programinstruction code conpri sing
the steps of- 6 partitioning said digital data into
dat a synbol §) if thedimgdifferenge §s lens thain g middrydate, setiing
synbols to a pul se positioned coding, a position 7 of
a pul se wit hi # [gasiynbof avy detadembohdigitngcaiveade f or
each

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,
selting a first data symbol digit received subsequently to
the second data symbol digit of the two adjacent symbol
digits having the first state transition to the first data level

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

The program retention device of claim 9 wherein said recovering said

pulse position coding further comprises the steps of:

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

to a data symbol boundary to the first data level: and
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-

11.

12.

8 synbol value; s conpensating for the channel induced
intersynbol interference, 10 said conpensating
conprising the steps of: 11 mapping said pul se
positioned coding to a transm ssion 12 code by the
steps of. 13 conparing two adjacent data synbol digits
of 14 said pul se positioned coding, and 15 if said
data synbol digits have a second data !.. 16 level,
keeping a first of said two adjacent 17 data synbol
digits at the second data | evel, 18 and converting a
second seftingai thta symig digl] ardving subsague)iB SRy tsgmggl a
first data 20 level; f 3 21 nodulating a,
transni sshamdsiydo die seaondsiatallevelandmlisemaiingzanbop o
transmtting said transmssion signal. 1 13. A program
r et ent i ondigitvefomeatita aymbeigupsesiieahioi sait dafaisyBRokode 2
execut abl e on at | east one conputing device for
recei vi ngheurdiagi tb dhe tist datadéve8 3 conmuni cati on si gnal
in the presence of channel induced intersynbol

The program retention device of claim 9 wherein the method for

recovering said data symbols further comprises the steps of.

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

data level; -

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

level; and

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

symbol fo the second data level..

A program retention device containing program instruction code
executable on at least one computing device for transmitting & 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;
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4 interference, said programinstruction code -
conprising the steps of: 5 receiving a transm ssi on
signal having a corrupted transm ssion 6 code, said
corrupted transm ssion code including a pulse 7
positi oned nodul ated transm ssi on code degraded by
said 8 channel induced intersynbol interference; 9

~denodul ating said transm ssion signal to extract a

13.

corrupted 10 transmi ssion code; 11 sanpling at a
regul ar_period the corr ed transm ssion code; 12
ret ai ni %'Scotdﬁlég ¥ ?t@§y6‘gg{sﬁ% AgBiLRAeiponed sAdiRY gL Pesition
code; and COV, [I ngygsal d. pul se positioned coding ,

sai d recof?é?lpH eé"é{ Giol t’i'lﬁ ‘E’ﬁi‘-ﬁm’ﬂt@ﬁéb‘?@@d@r@ch
conpri Si ng Ee ste s of 15 a) determning fromtwo
adj acent AR digits if afirst 16 state
transition is present in said data synbol digits, said
17 first state transition indicating that a first of
the twtAPFpiReERY heghanaghipdicediinfersymbel terferancki r st
data level and a 19 second of the two adjacent data
synbol di a?'aéiowea?afmﬁéwﬁmswaémateaapﬁ |l evel, 21 b)
if the first state transition is present, recordi ng a

first state 22 transition tinme, e: ;i. 41
mapping said pulse positioned coding to a fransmission

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

level;
modulating a transmission signal with said transmission coda;
transmitting said transmission signal.

A program retention device containing program instruction code

executable on at least one computing device for receiving a digital data
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11

12

43

14

15

16

17

18

19

20

21

22

23 ¢) if-the first state transition is not present

repeating step a) 24 until said first state
transition is present, 25 d) when said first state
transition is deternined, determining 26 that a
second state transition is present in said corrupted
27 transm ssion codi ng, said second state transition
28 indicating that a first of the two adjacent data

- synbol 29 digits is at the second data | evel and the

second of the 30 two adjacent data, s nbéul dlgi bs IS
s ebmaturitdation isigatl id $heapresandecafahaniyst "léﬁi'c? ntgreyeRRlong
state transition is present, recording a 33 sefgond
stabferehen siald mogtimipstraaion)code cemRiising fieStephat

di fference between the first state 35 transition tine
and the second state transition time, 36 g) if the.
time diddediirens ransnissios signabhavingoa peramjed FaRSMISEPRi ng
37 at |east one of any data synbol digits received 38
subsequeriody, $4d toreurted tackidiasian sodbBLiudingia PYse t he
two 39 adjacent synbol digits having the first state
transiti gnsitioaed moditlatdibtransngssidacedd dagsrdedinesdd h)

if the tine difference is greater than the boundary
tine, t 4Ansetikdugdantbisyatbotimteafessnebol digit recei ved

- subsequently to ' 43 the second data synbol digit of

the two adj acent synbol
demodulating said transmission signal to extract a corrupted

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

recovering said pulse positiched coding , said recovering said pulse

positiornied coding comprising the steps of:

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

second data level,

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

transition {ime,
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24

25
26
27
28
29
30

31

32

33

34

35

36
‘37
38
39

40

41
42

43

r 42 { f 44 digits having the first state transition -

to the first data level 45 and a second data synbol

digit to the second data level. 1 14. The program
retention device of claim 13 wherein said recovering
said 2 pul se position coding further conprises the
steps of: 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 di git.s. ing.the first state transition and
oTior 6 Lot IR B Sehulidhisnid pesenhvenia siaaey
level ; and 7 settin ta sypbol digit arriving
subsequent touet isa'd%ﬁgé%g?/ﬁﬁ{ig‘gg%'sﬁﬁﬁgﬁi‘éry to the

second data level and all remaining synbol 9 digits of

one data synpol suhseque to said data synmbol 10
boundary t og?‘ﬁbe‘? F?‘é?’% ﬁ{%“’ franaiiion 1g determiried, detedpining
retenti on devj Cﬁ%of claim 13 wherein said recovering
said 2 data @9 SPeONdHtR&eneilan 1S Resent fresad epruitd 3
determining if a |ast data synbol digit of a synbol is
at the secondTFgtion pejyl. sais secordpigte hansitivat a
synbol digit is at the second data | evel, determ ning
6 if all syntBticaiing at afrshofibe teapdigeerttdata sl ar e
at the first data

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

two adjacent data symbol digits is set at the first data

level,

e) if the second state fransition 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,

@) if the time difference is less than a boundary time, setfing
at least one of any data symbol digits received
subsequently to the second data symbo 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 symbal
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g

N

44

" 45

-4 -l-evel ; -and 43 5 a-if all the data synbol digits of

14.

the follow ng data synbol are at the 9 first data

[ evel , setting the first synbol digit of the follow ng
data 10 synbol to the second data level.. 1 16. The
programretention device of claim13 wherein the pul se
positioned 2 nodul ated transm ssion code is created
by the steps of: 3 partitioning said digital data into

data synbols; 4 encoding said data synbols to a pul se

positioned coding, a position e of a pulse within a
synbol tine digisthevingie firsteate transitioadn tae Bphdrip level
val ue; 7 conpensating for the channel induced ‘

i nt er'synbol iantier deond data symbohdligit éo tsespsand dgta level.
conprising the steps of: 9 mapping said pul se
positioned coding to a transm ssion 10 code by the
stepreframlreteblion deyiee bhgainid wbipreiresaid denoyedymheri¢
digits of 12 said pul se positioned coding, and 13 if
s giufbedRishion yotinl faiinirtombeses the stpsrd: data 14 | evel ,
keeping a first of said two adjacent 15 data synbol

~digits at the second data level, fr 16 and converting

15.

a secoBekifg % ahid sywbol digits received after the second data symbol
digits subsequent to the second data symbol digit of the two
adjacent symbol digits having the first state transition and prior

to a data symbo! boundary o the first data level; and

sefting a data symbot digit arriving subsequent to said data symbol
boundary fo the second data levet and all remaining symbol
digits of one data symbol subsequent to said data symbol

bouridary to the first data level.

The program retention device of claim 13 wherein said recovering said

data symbols further comprises the steps of.

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

data level;

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

level: and
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11

12

13
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18

44 17 adj acent data synbol digits to the first data
18 level. 45

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

symbol to the second data fevel.,

16.  The program retention device of claim 13 wherein the pulse positioned

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

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

symbol value;

compensating for the channel induced intersymbol interference,

said compensating comprising the steps of:

mapping said pulse positioned coding to a transmission

code by the steps of:

comparing two adjacent data symbot digits of

said pulse positioned coding, and

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

and converting a second of said two
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18

adjacent data symbol digits to the first data

level,
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