---------------------------------------- Digital Mdul ati on and
Denodul ati on Techni que for Reliable Wreless (Both RF And IR) And Wred
Hi gh Bandwi dth Data Transm ssion Background of the Invention Field of the
Invention 5 [0001] This invention relates to transm ssion and reception of
signals. More particularly, this invention relates to the encodi ng and
nodul ation of transm ssion signals with digital data and the denodul ati on
and decodi ng of received signals corrupted by channel induced intersynbol
interference. Description of “Related Art 10 [0002] In the transn ssion and
reception of digital data, channel induced intersynbol interference is the
arrival of nultiple copies of a transmtted signal that causes the
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occur generally becaus efl ection e transmtted signals wthin
15 the environnent. [0003]_The |evel of the reflection determ nes the |evel
of degradation of the si grﬁ@CEQEQHﬂﬁeeféh& kwenti@Babi 1ity of the

i ntersynbol interference causing errors in the reception of the signals.
Al so, the amount of tinme required for the reflections to 1 -- - --------
------- FibicPoBtHe ThveAtibAe transmtter to the refl ection point and thence to
t he receiver

5  [0001] This invention relates to transmission and reception of signals. More
particularly, this invention relates to the encoding and modulation of transmission
signals with digital data and the demodulation and decoding of received signals

corrupted by channel induced intersymbol interference.

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

15 the environment.

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

reception of the signals. Also, the amount of time required for the reflections to
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further determ nes the quantity of intersynbol interference. [0004] Refer
now to Fig. 1 for a discussion of channel induced intersynbol interference
in awreless radio frequency (RF) transmssion. In this instance the 5
transmtter 5 is connected to the antenna 10, which radiates an RF signal.
Even though the RF signal emanates fromthe antenna 10 as a conti guous
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 atnosphere and is reflected froma

| andmass 30 such as nountains 10 and hills. The refl ected wavefront 45 then
arrives at ttansirfrenibe fransmtiter totheatflectionSibintrandsthentd toothgretbieerat nospher e
and is reflected by buildings 25 of a netropolitan area. The refl ected

wavef ront S55urthekesterninesies gasrtity esintdrsymbol iaferfefgicel 5. [ 0005] The ant enna
15 is connected to the receiver 20. The receiver acquires 15 the
transmtted signal and recovers the information nodulated wthin the RF
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it is shown as three separate wavefronts 35, 40, and 50. The wavefront 35 is
travels through the atmosphere in a direct path. The wavefront 40 travels |
through the atmosphere and is reflected from a landmass 30 such as mountains
10 and hills. The reflected wavefront 45 then arrives at the antenna 15. The
wavefront 50 travels through the atmosphere and is reflected by buildings 25 of a

metropolitan area. The reflected wavefront 55, likewise, then arrives at the

antenna 15.

[0005] The antenna 15 is connected to the receiver 20. The receiver acquires
15 the transmitted signal and recovers the information modulated within the RF
signal. it is apparent that the wavefront 35 travels the most direct route from thé
transmitting antenna 10 to the receiving antenna 15. The reflected wavefronts 45
and 55, on the other hand, arrive at the antenna 15 at some time later than the
.wavefront 35. If the amplitude of the reftected wavefronts is larger than the

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




[ 0006] Refer nowto Fig. 2 for a discussion of the channel induced
intersynbol interference within a wireless RF data communi cati on system
The digital data 5 105 and its synchronizing clock 100 is the input signal
to the transmtter 5 of Fig. 1. A conmmon nethod of nodul ating 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 1 causes the RF signal to 10 have a second
frequency f, 140. [0007] The transmtter 5 transmts the RF signal 110 from
t he ant enna amd be indigtinguishebliedhow ¢the WaeefRint S5 eatet thatsthey wilhise delhyég! e
pat hs as described with each signal being delayed in tinme. The direct RF
signal A, 1lihtmme.ives at the antenna after a delay 81 145. The reflected
RF signal A2 120 arrives at the 1s antenna after a delay 82 150. The
reflected RF signal A3 125 arrives at the antenna after a delay 83 155.
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A3 125 are superinposed upon each other at the antenna and tra rred to
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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 fp 135 and the digit having a binary 1 causes the RF signal to

10 have a second frequency f; 140.

[0007] The transmitter 5 fransmits the RF signal 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 signal A4 115 arrives at the
antenna after a delay 84 145. The reflected RF signal A2 120 arrives at the

15 antenna after a delay &; 150. The reflected RF signal A; 125 arrives at the

antenna after a delay 33 155.

[0008] The direct RF signal A1 115 and the reflected RF signals A 120 and A3
125 are superimposed upon each other at the antenna and fransferred 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



digital data may remain at the binary 0 and is not definitely changed until
the time 5 175. The magnitude of the del ayed reflected signals A2 120 and
X3 125 determ nes the inpact of this intersynbol interference. Simlarly,
the data nessage 130 should change fromthe binary 1 to the binary 0 at
the time 10, however, the interference fromthe del ayed reflected signals
X2 120 and X3 125 mght cause the data nessage 130 to remain at the binary
1 until the time 185. 10 This uncertainty tine 165 nay cause a

m sinterpretation of the digi'tal data. [0009] Simlar channel induced

I ntersynbol interference can occur in wireless infrared |ight transm ssion

as il | ustratgataimmedsiage 130 shouldditangasent e binansarb te theXfibaryandt thedime
recei ver 220 are generally enclosed within a room 200. The transmitter 205
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type of 15 transm ssion is on-off-keying ( where the LED is excited

for data havj Zero.
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I nformation. 20 [0010] The llt%ht signal as transmtted fromthe LED 210 is
a cdnti guous!?a F@ﬁf"tucﬂﬁ,@f Srdelfweésrﬁﬂ%‘ftﬁéﬁ@“ﬁ“ﬁ@%@W%&W%ree separ at e
wavefronts 235, 240, 4 and 250. The wavefront 235 represents the portion

of the Ii ghtdeﬁer@niaes thesimpachoblhss inttirsywobdlyintedetdneepBitnddilpdiee 23%. The

wavefronts 240 and 250 are transmitted toward the sidewalls of the room

200 and t he meseigeotB0ssiibifd emshgebitoriltike binary 1 to the binary 0 at the time 10,
however, the interference from the delayed reflected signals A2 120 and A; 125
might cause the data message 130 to remain at the binary 1 until the time 185.

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

[0009] Similar channel induced intersymbol interference can occur in wireless
infrared light transmission as illustrated in Fig. 3. In this case the transmitter 205
and the receiver 220 are generally enclosed within a room 200. The transmifter
205 excites the light emitting diode (LED) to emit infrared light. A typical type of

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

extract the fransmitted 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




reflected to the sidewalls to the photodi ode 215. The refl ected wavefronts
246 5 and 255 travel a |onger distance through the room 200 to arrive at

t he photodi ode 215 and thus interfere with the wavefront 235 that arrive
earlier. [0011] Referring to Fig. 4 for a discussion of the nodul ati on of
the light signal as transmtted fromthe transmtter 205 of Fig. 3. The
data clock 300 has the frequency rate that the digital data nessage is
gated within the transmtter 210. 10 The nodul ati on cl ock (PPM CLK 305)
that is used to generate the“four-pulse position nodul ated signal of the
transmtted signal 310. Each time slot t1, t2, t3, t4 is divided into four
sub- i ncr enerff 430. tbe weyefrnt 2351epsmsgnistbedasinn afithe dight signal that tgavels set
to a binary one, in this representation, to represent a two digit binary
nunber. Si nodirestly o hecphniodiodgdh: Thaywavefrootsigdand 350 arg/trangmittede s| ot
tl, 15 t2, t3, t4, the coding can only represent the four possible

conbi nat i onsowfard the didewaltti gfithe boora 200 mmdithe svavEfronfs@46-gnd 285 pesi ti on
nodul at ed signal of the data nessage illustrates the nodul ati on of the

four possi blreflibiteaty thdl gdéwairi thaphefsliodsl 2151eThbAlflelidd Wakatrasl2i6
expl ained as follows: Tinme Slot Dual -Bit Code PPM Encoding tl 00 1000 t2

01 Ql00 5 -ard 255 travel = longéridt@n89 #rouditthblroBRP200 to arrive at the photodiode

215 and thus interfere with the wavefront 235 that arrive earlier.

- [0011] Referring to Fig. 4 for a discussion of the modulation of the light signal as

transmitted from the transmitter 205 of Fig. 3. The data clock 300 has the
frequency rate that the digital data messag’é is gated within the transmitter 210.

10 The modulation clock (PPM CLK 305) that is used fo generate the four-pulse
position modulated signal of the transmitted signal 310. Each time slot t1, t2, 13,
t4 is divided into four sub-increments s;, s2, S3, S4. Ohe sub-increment s, s2, Sa,
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 sloft t1,

15 t2, t3, t4, the coding can only represent the four possible combinations of the two
digit binary numbers. The four-pulse position modulated signal of the data
message illustrates the modulation of the four possible binary digit combinations

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

Time Slot Dual-Bit Code | PPM Encoding

t1 00 1000

2 01 0100




[ 0012] The pul se positioned nodul ated signal 310 is transmtted by
activation of the LED 210. The direct light signal X, 320 arrives at the
phot odi ode 215 after a delay Si 340. The reflected light signal X2 325
arrives at the photodi ode 215 after a delay S2 345. The reflected |ight
signal X3 330 arrives at the photodiode 215 5 after a delay 83 350. [0013]
The direct light signal X, 320 and the reflected |ight signals X2 325 and
X3 330 are superinposed upon each other at the photodi ode 215 and
transferred to the receiver "220. The receiver 220 recovers the pul se

posi tioned data nessage_ 335. The pul se positioned data 335 changes from
the voltage |level off the pjnary [LO zetﬁ)to t he vol e |l eyel of the binary
one after the delay|Si 340. Howelyer, e dellay S 5 and 53 350 of the
reflected signals X2 325 gnd k3 B30 c es the Qg@ di ode to detect the
binary one for a tinfe Ionggr thap the length [of a i ngrenent sl1, s2,
s3, s4 of atine slot tl, t2, t3, or t4. The nagnitude of the reflection

maybe i icie to consi m ne ) uncer i me 355. 15
Fur ther [O0E] o ol B8 BRonEd modbiehesd Pofia l R 4asmidd By Sebvalionad ' ne
detection of the bi nar%_ one extendi ng beyond the sub-increnent sl1, s2, S3,
s4 of a tindediRR 248, The diregt light signahbwd2hawsives eéthephatodioda R4 8 alene
synbol. The severity of the channel induced intersynbol interference
prevent s thedelay én34@nThé réfleetdd kght signal A, 325 baivdwiad the photodinade 216aiftedn
system beyond the ability of the communication to reliably detect and

recover the jaerh\;%3482% e TRASAEE light signal A3 330 arrives at the photodiode 215

5 after a delay &3 350.

[0013] The direct light signal A4 320 and the reflected light signals A2 325 and As

330 are superimposed upon each other at the photodiode 215 and transferred to
the receiver 220. The receiver 220 recovers 'the pulse positioned data message
335. The pulse positioned data 335 changes from the voltage level of the binary

10 zero to the voltage level of the binary one after the delay 61 340. However, the
delay &, 345 and &; 350 of the reflected signals A2 325 and A; 330 causes the
photodiode to detect the binary one for a time longer than the length of a sub-
increment s, Sa, §3, S4 of a time slot t1, 12, t3, or t4. The magnitude of the
reflection maybe insufficient to consistently determine this uncertainty time 355.

15 Further, if two symbols such as a 11 followed by a 00 are transmitted the
detection of the binary one extending beyond the sub-increment s, s2, 3, sq4 of a
time slot t1, t2, t3, or t4 now interferes with a subsequent symbol. The severity

of the channel induced intersymbol interference prevents the extension of the



[0014] U. S. Patent 6,169, 765 (Hol conbe) describes an output signal pul se
wdth error correction circuit and nethod wherein errors in a data signal
conformng to 5 a conmunications 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
prescribed duty cycle, and adjusting a pulse width of the data signal to
conformto the prescribed duty cycle of the protocol. 1o [0015] U. S.

Pat ent 5, 394, 410 (Chen) explains a technique for encoding data for serial
transm ssion and the correl ative technique for decoding the transmtted
dat a. [ 0016] bandwddthreftcommanisstiyrraGterRbeyosd the abilitysif the esmfmmimtibotoat and
nmet hod for adaptive equalization within an integrated services wrel ess

| ocal area nefiablyldetext ah8 receieeittie fergived datal niesisageynbol interference due
multiple path radio propagation. [0017] U S. Patent 6,118,567 (Al aneh, et
al.) teaches a waveform encodi ng nethod and device provide for
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cycle reference voltage corresponding to the prescribed duty cycle, and adjusting

a pulse width of the data signal to conform to the prescribed duty cycle of the

protocol.

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 intersymbol interference due mulitiple path radio propagation.

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

20 amplitude for transmission over a low-power wireless infrared link.
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unknown sequence fromits versions distorted by errors of a certain type. 5
[ 0019] " Spread- Response Precodi ng for Comruni cati on Over Fadi ng Channel s, "
Wornel |, | EEE Transactions on Information Theory, March 1996, Vol une: 42,

| ssue: 2, pp. 488 - 501 presents "spread-response precoding’ to effectively
transforman arbitrary Rayl eigh fading channel into a nonfading, sinple
white marginally Gaussian noise channel. 10 [0020] "Linear Conplexity O A
Sequence bt ai ned From A Periodi c Sequence By Either Substituting,
Inserting, O Deleting K Synbols Wthin One Period,” Jiang et at., |EEE
Transactions on Information Theory, May 2000, Volune: 46, |ssue: 3, pp.
1174 - [DDAF] pr ovi ‘Efcient Rdconstiuctidni of Bdquenoés,t hevdmautsds, efall IREE | near
conplexity for a sequence obtained froma periodic sequence over G-(q) by

15 either supginshstiond®n InfiediatibR Thedfy, dah €20079 Violinet $ssilet A pp.aneaperi od.
[ 0021] "01 The Synchroni zability And Del ect abi | i ty O Random PPM

Sequences, " inffeQlicHy é’rﬂ)eﬁnovl E,E%o-[m%% ?&tdr8ﬂ§nﬂrbf|é’ﬁf GéRtaeL th&ﬁQﬁ éT arlan.

1989, Vol une: 35, Issue: 1, 6, I nvestigates e problem of

synchr oni zat @Bt ecflEhes A tsoverggﬂg%fgt b By Bl beo oaiaid on (PPM

sequences un t he assunp on 0 S nc Font zathon. Bounds
on the synbol error probability and the probablllty of false

synchro ion t, at i icate the exis of a severe perfor
1 oct @Q%Qtr. ved RGeS B RTERGH B0 I RIS ARe Ve Faoind SRaTS s ed
by insertin eci aI PPM s?/nbol s in the randomdata stream Sunmary of
the Inventio ell, IEEE Transactions on Information Theory, March 1896, Volume: 42,

Issue: 2, pp. 488 - 501 presents "spread-response precoding’ to effectively

transform an arbitrary Rayleigh fading channel into a nonfading, simple white

marginally Gaussian noise channel.

10 [0020] “Linear Complexity Of A Sequeﬁce Obtained From A Periodic Sequence
By Either Substituting, Inserting, Or Deleting K Symbols Within One Period,”
Jiang et al., IEEE Transactions on information Theory, May 2000, Volume: 46,
Issue: 3, pp. 1174 - 1177 provides a unified derivation of the bounds of the linear
complexity for a sequence obtained from a periodic sequence over GF(q) by

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

0021} “On The Synchronizability And Detectability Of Random PPM Sequences,”
Georghiades, IEEE Transactions on Information Theory, Jan. 1989, Volume: 35,
Issue: 1, pp. 146 — 156, investigates the problem of synchronization and
detection of random pulse-position modulation (PPM) sequences under the
20 assumption of perfect slot synchronization. Bounds on the symbol error

probability and the probability of false synchronization that indicate the existence
8



[0022] An object of this invention is to provide a conmunication system
where 5 pul se positioned nodul ated data signals is conpensated for channel
i nduced intersynbol interference. [0023] An object of this invention is to
extract pul se positioned encoded data from a received signal corrupted

wi th channel induced intersynbol interference. [0024] To acconplish at

| east one of these objects and other objects a 10 communi cation system has
a transmtter and a receiver. The transmtter transmts a signal
cont ai ni ng pul se positioned nodul ated and conpensated data synbols. The
receiver acquires the signal containing the pulse positioned nodul ated

dat a synbol sof & severeperfolraanizt o yar desvedinAl venst toadinsinatiedhd peeforni®ibeb] The
transmitter includes a nodul ati on apparatus connected to receive 15 data

and convert {fidw isletiggdstedby Fehly) '§peuigUPPNRINES irfiflearaRoMUta strBgmpul se
posi ti oned nodul ated data synbols encoded to conpensate for the channel

i nduced intersymbol interference. The nodul ation apparatus has a symbol
mappi ng circuit, which receives data synbols to be transmtted and maps the
data symbols to a transni ssSoumouary of tbenlxmendionn appar at us conpares two
S adj acent data synbol digits, if the two

adj acent data synbol d| gits have a first data level, the data synbol

di gi t s E0&21 r ansnin pbjgct offthishievdritiostis th priovilecd cdmnmudmaionssyetmh wter t s has
a first data level and a second digit of the data synbol digits has a
second dat a pveposititedimicdulaysdbddta sigrialSissoonipenzatad foe dharfiievRicedi f t he

intersymbol interference.

[0023] An object of this invention is to extract pulse positioned encoded data from

a received signal corrupted with channel induced intersymbol interference.

[0024] To accomplish at least one of these objects and other objects a
10 communication system has a transmitter and a receiver. The transmitter
transmits a signal containing pulse positioned modulated and compensated data
symbols. The receiver acquires the signal containing the pulse positioned

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

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

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




5 first and second data synbol digits have a second data |evel

transmtting a first of the two adjacent data synbol digits is
transmtted, a second of the two adjacent data synbol digits is converted
to the first data |l 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 channel induced intersynbo

i nterference. The denodul ation apparatus has a sanpling circuit in

comuni cation with a signal rfeceiving circuit wthin the receiver to-
sanple at a regular period received data synbols acquired by the receiving

circuit. Theadjpphiatatakyinbel dgits iShEnveadicent 8o SyRthd Migts HAERI frst
retaining circuit in comunication with the sanpling circuit. The sanple 1s

retaining ci getibvéll Masd2a Symbe! digltahReFatmiRbEs Iitthe Arsty 'ofrfﬁep&%at%g
circuit. The synbol mapping circuit then recovers the data synbols. [0027]

Th nbol ' s Gil ' ; i
aynbols by { TEPOGIGH R4l b HRKERN Ricrarifs S8CurPligh B M daptynle) Rl
first stat ' | digits.. The.first
state iransi (758 ebhdBaleienl i tard BynbBis b R MR et HimelE L] o
00hF 67t T A R o R0 ol B B
--------- sta transjtion is present, a first state transition tine is
recorded. | fO{ ‘E‘@ typadiacentdata symbod digits ds fransipittegy a serend akthedwpch t o

determne the first state transition continues until it is present.
adjacent data symbol digits is converted to the first data level and the second

data symbol digits is then transmitted.

[0026] The receiver has a demodulation abparatus o recover data symbols in the
10 presence of the channel induced intersymbol interference. The demodulation
apparatus has a sampling circuit in communication with a signal receiving circuit
within the receiver to sample at a regular period received data symbols acquired
by the receiving circuit. The samples of the data samples are retained by a
sample retaining circuit in communication with the sampling circuit. The sample
15 retaining circuit transfers the retained samples to a symbol mapping circuit. The

symbol mapping circuit then recovers the data symbols.

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

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

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

10




[0028] When the first state transition is determ ned, a second state
transitionis 5 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 data synbol digits is the second data |evel. Wen the second
state transition is present, a second state transition tinme is recorded.
The time difference between the first state transition tine and the 10
second state transition tinme'is then calculated. If the time difference is
| ess than a boundary tine, at |east one of any data synbol digits received
subsequent | ystate trarsitices pnesaidt afisy stadd trangjtion timet ik eedormdedhd|f dlsefidst syatdol
digits having the first state transitions is set to the first data |evel.

If the time Wadditoreisewt psesghtthesseardintd détbenipeund first stdt@®ransitibhr st dat a
synbol digit received subsequently to the second 15 data synbol digit of
the two adj agsitihusy ih@lit digBédenthavi ng the first state transition is set to
the first data | evel and a second data synbol digit to the second data

| evel . [0029] Al data synbol digits received subsequent to the second data

synmbol féiggb i do‘; Wh@n&ﬁ@f%§%&§%ﬁén§§%§'d éu%ihéd hé"¥é&9m‘{l§t[e‘;tir%r§§eﬁo L@t e

: i
transit rior to a oundary are se iTst data

R N T TS NG
Symbol 4l Ol ot ikt Y o Aot Gata Syt Siglts ia af e sacond data 2 Y
level and the first of the two adjacent data symbol digits is the second data level.
When the second state transition is present, a second state transition time. is
recorded. The time difference between the first state transition time and the
10 second state transition time is then calculated. If the time difference is less than
a boundary time, at least one of any data symbol digits received subsequently to
the second data symbol digit of the two adjacent symbol digits having the first
state transitions is set to the first data level. If the time difference is greater than
the boundary time, a first data symbol digit received subsequently to the second
15 data symbol digit of the two adjacent symbol digits having the first state transition

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

lavel.

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

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

11




[0030] The net hod for recovering the data synbols continues by determ ning
i'f a last data synbol digit of a symbol is at the second data |evel. If
the last data s synbol digit is at the second data level, all synbol digits
of a following data synbol are determined 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 synbol digit of the foll ow ng data synbol
is set to the second data |evel. Brief Description of the Draw ngs 10
[0031] Fig. | is a diagramof the operation of a wireless radio transmtter
and receiver illustrating channel induced interference of the prior art.
[0032] Fig. @emaniagtsymboddigitagf ane datausymiadlisabseduent té et datafsyaibahnel

i nduced intersynbol interference on received digital data in wrel ess

radi o frequeboyndasharnsdt tofthd it gatadevelr t. 15 [0033] Fig. 3 is a diagram of
the operation of a wireless infrared transmtter and receiver illustrating
channel induced interference of the prior art. [0034] Fig. 4 is a timng

di agr amggsbpst r atTRGmiditoiol Rédoy gﬁ? . Wsyhf%lgg@?‘rﬁ'{"#’eg %g%@aﬂ{m; if a

interference on recelved digital are channe t he
Todul at ed syBBeradsyboPaigh o3 Spiolls nd sBEoREA e R, TnBR% ke ”?Sr
Toduf at ed synand gt ,?Slwet beprdite Eeeéb A t?%?‘@&@'qf’\&q‘%iﬁe&é' onee
Interfer encesy%bcglgre determined if they are at the first data level. If all the data symbol

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

of the following data symboal is set to the second data level.

Brief Description of the Drawings

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

receiver illustrating channel induced interference of the prior art.

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

channel of the prior art.

15 [0033] Fig. 3 is a diagram of the operation of a wireless infrared transmitter and

receiver illustrating channel induced interference of the prior art.

[0034] Fig. 4 is a timing diagram iliustrating the effects of channel induced
intersymbol interference on received digital data in wireless infrared channel of
the prior art.
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5 invention. [0037] Fig. 7 is a plot illustrating the detection of state
transitions of a received streamof pulse positioned nodul ated synbols and
fromthe state transitions of the received pul se positioned nodul at ed
synbol s recovering the transmtted pulse positioned nodul ated synbols in

t he presence of intersynbol interference 10 of this invention. [0038] Fig.
8is aplot illustrating the reconstruction of the pul se positioned
nodul at ed synbols fromthe recei ved conpensated synbol streamof this
invention. [0039] Fig. 9 is a block diagramof a transmtter of the

communi cation systemof 15 this invention. [0040] Fig. 10 is process fl ow
di agr an{@®35] he neffigod if aplat ofipetreatn ofipubée positenedomedulabrdesiymials baingd
signals of the transmtter of Fig. 9. [0041] Fig. 11 is a block diagram of

a receiver ofmapped tmoompéeasdte for istesdyenbad intetflience 0¥ €os imentidd [ 0042] Fi gs.
12a - 12c is process flow diagramof the nmethod of for recovery of pul se
posi tioned nodul ated signals of the receiver of Fig. 11. Detailed '

Descr i p[doeetof t heg| @Vﬁ@ﬁidﬁﬂfh@%gh ISP SSiFEOhobiiNafld §iehS as

descri bed above limts the frequency 5 spectrumusable for the transfer of

digital dat awarddifiitbt 38" E¢eifdd b&ﬂgnéﬁétir@gﬁte?%{rp%ﬁﬁ@?ﬁ@%cB’b‘ﬁhigr heavy

toggl i ng between zeros and ones causes rru
5 invention.

[0037] Fig. 7 is a plot illustrating the detection of state transitions of a received
stream of pulse positioned modulated symbols and from the state transitions of
the received pulse positioned modulated symbols recovering the transmitted
pulse positioned modulated symbols in the presence of intersymbol interference

10 of this invention.

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

invention.

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

15 this invention.

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

positioned modulated signals of the transmitter of Fig. 9.

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

this invention. -
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the digital data due to the nultipath effects that induce the intersynbol
interference described. The use of pul se positioned nodul ati on provi des a
relatively low switching rate. Once the receiving systemis synchronized to
the 10 received signal, the recovery of the data is nore reliable since
the errors that occur are not position dependent and do not propagate.
Certain synbol arrangenents however, do cause limtation of the frequency
due to the multipath effects that can create intersynbol interference. In
synbol conbi nations (11) fol'lowed by (00), and (10) followed by a (00) of
a four pul se position nodul ated 15 encoded data, the intersynbol
interfeld®d@p is stififitdeent2¢ & pocess flal diagramrafbe hethod eftfer vexbveigt of and
make the transmitted data not recoverable. The nmethod and systemof this
i nventi on enpllsy positioebohodgiatdd sihaalgwf siee miv@r@ﬂé?. medul ation to

conpensate for the synmbol conbinations (11) followed by a (00). The synbols
conbi nations (10) followed by a (00) are determned as a result of the
patterns 20 detected. 14 [0044] Refer nowto Fig. 5 for a nore detailed
di scussion of the recolletgiled b@@crmtl%l pbtheilaventiodul ation to create a
signal which then nodul ates the transmtted signal (either radio frequency
or light signals). The PPMsignal shows the digital data
( 011000[048D 1001 MHhedintersynbeldnissierancedsedescobed abovd bmiis hyerfreqeergyM 1, . . .,
SYM 8. The synbols SYM 2 and SYM 3 contain the synbols 10 and 00 that are
the §irst ofspeetuponsaiie &dr thertransfenbbdigitaltdatd.e Tha d@nstenndiothgt stingsTdfe
synbols SYM 4 and SYM5 contain the synbols 11 and 00 that
zeros and ones or heavy toggling between zeros and ones causes corruption of
the digital data due to the multipath effects that induce the intersymbol
interference described. The use of pulse positioned modulation provides a
relatively low switching rate. Once the receiving system is synchronized to the
10 received signal, the recovery of the data is more reliable since the errors that
occur are not position dependent and do not propagate. Certain symbol
arrangements however, do cause limitation of the frequency due to the multipath
effects that can create intersymbol interference. in symbol combinations (11}
followed by (00), and (10) followed by a (00) of a four pulse position modulated
15 encoded data, the intersymbol interference is sufficient to potentially corrupt the_
received data and make the transmitted data not recoverable. The method and
system of this invention employs a recoding of the pulse positioned modulation to
compensate for the symbol combinations (11) followed by a (00). The symbols

combinations (10) followed by a (00} are determined as a result of the patterns

20 detected.
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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 tinmes slots S1, S2, s3, and
54. Each time slot represents a digit of the synbol and only one of the
four different tines slots Si, S2, s3, and 54 may contain the voltage

| evel representative of the binary one. The intersynbol interference for
the synbols SYM 4 and SYM5 is conpensated by placing the synbol digit s,
froma binary one for SYM5 to a binary zero for the 1s transm ssion
signal. This is an illegal character for the digital data and can be
correct @944} t he Refeenu@rto#g.defoc airherehdutailetbdibeussiothofthalrécasiimdof thehavi ng
a data pattern as shown for synmbols SYM 4 and SYM5 are recoded or mapped

to the fornpils@botifiendd Aidalidtiof itg Badaté él\éiggzaislnﬁwmenwi&fmb!a%esyﬁbol s SYM
4 and SYM 5 are now coded as (0001), (000 20 [0046] Referring to Fig.

6, the t - : I
R e P T L A

"""""" shows {F(%rd@fé? ?Jg(%a@H 1 066 Or‘l %b??)sarﬂ: o?&ﬁt:_lip%mqo?leﬁ g lforhlS t cqui red

at the receiver. recel es w'te Sl gna and
recovers the i gn rece nal | aye s descri bed
in Figs 1 an%y'%)(%§$l?ﬂ Samr%t 1o hed %‘5‘@% dd%?%{e;% l¥tFﬁ\/\;%er t he
reflected si d X S. 3 5 .del ayed and are

super posi ti o‘%@%’@wsﬁ@gcﬂoﬁg@ tﬁ%ﬂmt)@f%ef B@t&v]'a'm'@r%m% intederenee each

synbol digit of the pul se positioned nodul at ed
candidates. The symbols SYM 4 and SYM 5 contain the symbols 11 and 00 that

are the second of the potential intersymbol interference candidates.

[0045] In the case of the four pulse positioh modulation, as described in Fig. 4,

10 each symbol is divided into four different times slots s+, S3, 53, and s4. Each time
slot represents a digit of the symbol and only one of the four different times slots
$1, S2, 83, and s; may contain the voltage level representative of the binary one.
The intersymbol interference for the symbols 8YM 4 and SYM 5 is compensated
by placing the symbol digit s4 from a binary one for SYM 5 to a binary zero for the

15 transmission signal. This is an illegal character for the digital data and can be
corrected at the receiver as describe hereinafter. Thus all symbols having a data
pattern as shown for symbols SYM 4 and SYM 5 are recoded or mapped to the
format of the transmit signal (XMIT SIGNAL), where the symbols SYM 4 and

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

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

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

15



data is extended for at |east a second synbol digit tinme slot si, s2, $3,
or $4. Thus the synbols SYM 2 and SYM 3 containing the synbols 10 and 00
are now mnerged to contain the synbol data (0011) (1100). If the reflected
signals X2 and 10 X3 of Figs. 1 and 3 are del ayed even | onger, the synbol
data could actually be (0011) (1110). The synbols SYM4 and SYM5 are
simlarly corrupted to becone (0001) (1000). Thus the recoded data of SYM
5is nowinterfered wwith fromthe previous synbol SYM 4. [0048] The
recovery of the received pul se positioned nodul ated signal is shown 15 in
Fig. 7. The rising transitions and the falling transitions of the received
si gnal ar e foebmadiedstanithe WicelessrBFdirflight sigoal is atguired hetheireteigert rEnsi ti on
and the falling transition is determned. If the tine difference r is |ess
than a preseaiecpaepampifies wireless RFt@Nigat siRaltaritEreebvéraitne reoamand sighgli t s, the
first synbol digit of the sequence of binary 1's is retained as the

vol tage | evet h@?ecbﬂ%d@@‘rﬁdl ¥s @d18yass HQ@crfb%Eﬁh ALY gﬂd %W@ﬁ'thé’trﬁhérﬁlt%ﬂe set

to the voltage | evel of the bi nary zero. The synbols SYM 4 and SYM

|11 ustr ate tg?%r?al qyldedél Wgr qhg'réﬂébfte %QQQIS ;\,S\QMPA},&%'?%%Q% Jndrgt 16

synbol digit e sy ’have  a I'nary The

| ast  synbol synbol SYM 4 is ret |ned at the voltage |evel of t he
bi naty one ﬁ@?@@({gr&qu reyRAIongdan they 'ieﬁES'SVﬂ'tfm SYM5 is set to the

voltage | evel of the binary zero. This retains the recoding descri bed
above. 5 [0049] Alternately, if the tinme difference 'c is greater the
preset [pad4@het er Theepulse vidth oheaeh symball digit gf the mulse mltlmrtw motitlatgel | evel s
of the binary one, followed by the
data is extended for at least a second symbol digit time slot s4, s2, 3, Or $4.
Thus the symbols SYM 2 and SYM 3 containing the symbols 10 and 00 are now
merged to contain the symbol data (0011) (1100). If the reflected signals A2 and
10 - A; of Figs. 1 and 3 are delayed even longer, the symbol data could actually be
(0011) (1110). The symbols SYM 4 and SYM 5 are similarly corrupted to
become (0001) (1000). Thus the recoded data of SYM 5 is now interfered with |

from the previous symbol SYM 4.

[0048] The recovery of the received pulse positioned modulated signal is shown
15 in Fig. 7. The rising transitions and the falling transitions of the received sjigna! _
are recorded and the time difference 1 from the rising transition and the falling
transition is determined. If the time difference t is less than a preset parameter,
for instance the time of three symbol digits, the first symbol digit of the sequence
of binary 1’s is retained as the voltage level of the binary one and the remaining
| 20 symbol digits are set to the voltage level of the binary zero. The symbols SYM 4

and SYM 5 illustrate this. The last symbol digit of symbol SYM 4 and the first
16
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bi nary zero, followed by the binary one (101) and the remai ni ng synbol
digits of a synbol are set to the voltage |evel of the binary zero. The
synbols SYM2 and SYM 3 illustrate this recovery. The last two synbol
digits s3 and s4 of the synbol 10 SYM 2 and the first two synbol digits sl
and s2 of the synmbol SYM5 all have the voltage |evel of the binary one.
The time fromthe rising transition between the second and third synbol
digits of the synbol SYM2 and the falling transition between the third
and fourth synbol digits of the synbol SYM 3 is greater than the preset
parameter (duration of 3 synbol digits). The third synbol digit s3 of 15
t he synbol Sywhizolaligit oiHtbefsymbol 8YNoBhade givoltage tdvel bba bindopbn&YTha laste
retained at the voltage |level of the binary one and the | ast synbol digit

s4 of the sysgmbol diibZsynsodt SIYM 4 i$ hetainelitaagee Veltrje lelelldiehdbimaryorer o. The
remai ni ng synbol digits (s3 and s4) of the synbol SYM 3 are set to the

vol tage | evehn@thefitst $nitsdl WigiEshe BQ%BI SYRES [L6Q'S HRdvSigeabvdl @MHel | ect's
the transmitted signal” of Figs. 5 and 6. 20 Fig. 8 illustrates the final

decodi ng t0 pRgRNRIo! i ERehY A eSS r&egénﬁ%)e?t%\)eg' nal _pul se positioned

nodul at ed data recovered data Is xam ne or the 17 -------- ------
exi stence of a synbol code having a voltage |evel of a binary one at the

fourth t s4 ang, al.l t nbol, its. sl, s4 of the
ol 1owi W8 ool AtaraRienn il impteBlios & e fretering bhess) patateTis fief s
synbol digit sl of the follow ng synbol digit is set to the vol tage | evel
of a binary bree symbelidigitiaretset hesyalisgrdewis phthgrhinaynrs, fallowed dytthey nbol
digit $4 of the synbol SYM4 is at the '
binary zero, followed by the binary one {101) and the remaining symbol digits of
a symbol are set to the voltage level of the binary zero. The symbols SYM 2 and
SYM 3 illustrate this recovery. The last twb symbol digits s3 and s4 of the symbol
10 SYM 2 and the first two symbol digits s1 and s; of the symbol SYM 5 all have the
voltage level of the binary one. The time from the rising transition between the
second and third symbol digits of the symbol SYM 2 and the falling 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 s3 of
15 the symbol SYM 2 and the first symbol digit s4 of the symbol SYM 3 are retained
at the voltage level of the binary one and the last symbol digit s4 of the symbol

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

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

[0050} The recovered signal now reflects the transmitted signal of Figs. 5 and 6.
20 Fig. 8 illustrates the final decoding to recover the received version of the original

pulse positioned modulated data. The recovered data is examined for the
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voltage | evel of a binary one and the synbol digits Si, s2, $3, and s4 of
the synbol SYM5 are at the voltage | evel of the binary zero. The first
synbol digit sl of the synbol SYM5 is set to the voltage | evel of the

bi nary one and the synbol codes for synbols SYM4 and SYM 5 are recovered
as (11) (00). 10 [0051] Refer nowto Figs. 9 and 10 for a description of
the structure and operation of the transm ssion subsystem of a

comuni cation systemof this invention. Digital data DO, ..., Dn 400 is
acquired (Box 440) by the data input register 405. In this illustration
the digital data is originally parallel data such as would be created,

t ransf or med, existénséd of @dymbobcaiznipatingg voltadeavellbica Binapy e adihieZbigh Cl ock
circuit 410 provides the data clock 412 to gate the input digital data DO,

..., Dn 400 $ynbdieigiesfand@itthe’ Santsd aigitd@R, 84, st ehdiaf &f thaf&liocshityeymbs! Fi g.
4. The data 407 retained by the data input register 405 is transferred to

t he pul se pogiki| i S ! ;%1%1 ?’E}ldél I 415 groups
the data 403&?%'11‘82? %Q?‘éggéﬁlgﬁéﬁaﬁlbiﬁ?ﬁ%%l ?’h%?ﬁ%fé ary !Igl t (?;tﬁ ol s as _
ar ouped i ni dorasndisyliol ighti beRL A2 VBRRAS eBBRS TRV BSOS, ook ' °
circuit 410 Vi pul itioped clogk,. 413 . t0 th posj ti oned
nmodul at or 41 "ﬁbodlggt%gf ﬁi%&%%@‘%@ﬁ&%@%’icﬁﬁl%ﬁéﬁf‘ﬁ?‘ﬁ(ﬁxrfgl"?%mﬁé%af éﬂ& ( Box
450) for each of tlhe formed s nbola. The pul se positioned cl?ck 413 i s
equi val ent  (¥1PAE leYl 6Ea Bitary Pas aad e syRbbLAiSte Pock: Sosngmsef fie symhole

pul se positioned nodul ati on encoded synbols are then transmtted serially
(Box 455) asSYMe pig afdhe ysltageleuel efdaebitasy zers: al herfirst symbel digit sq of the

Symbol SYM 5§ is set to the voltage level of the binary one and the symbol codes

for symbols SYM 4 and SYM 5 are recovered as (11) (00).

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

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

20 Fig. 4. For a four pulse positioned modulation, the data 407 is grouped into two
bit or binary digital symbols. The synchronizing clock circuit 410 provides a puise

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



5 pul se positioned nodul ati on mapping circuit 420. The pul se positioned
nmodul ati on mapping circuit 420 conpares adj acent synbol digits of the pul se
positioned nodul ation data 417 to map (Box 460) the pul se positioned

nodul ati on data 417 to provide a conpensation for the presence of channel

I nduced i ntersynbol interference. When two adjacent synbol digits are 10
conpared (Box 465) and are both at a voltage |l evel of the binary one, the
pul se positioned nodul ati on nmapping circuit sets (Box 470) the second
synbol digit of the pair or ‘synbol digits to the voltage | evel of the

bi nary zero. The mapping of the pul se positioned nodul ated data 417 is
equi val ent tpulsé positibhetimdbestatioh edcoding FBgx 450 oe eacia ofitiedornet oymbdik) i S
adj acent to a data synbol (00). The pulse 15 positioned nodul ation mapping

circuit 420 Twespiiee Poditibhed tlodRATBIS LQiivaiedNR the@?se pddifdhedsmbd@agéer r ed
to the transm ssion signal nodulation circuit 425. The transm ssion signal

nmodul ation cd dylat ) t e
transmtt ed%gﬁj%%sr 6@?’33&?&? p%ﬁsle% @%&é{h@?gmiﬁtﬁgg&g%gﬁed gﬁ%%%’% ﬁbet fP]ellp'l ght

signal . The ghdulial geﬁélﬂf@angagﬁgg h§ tﬁé]@%l'sg@B%h@h?@ﬁ{o&%té@%aﬂ @ g3l on

driver 20 that excl es a ransm ssi on enna 15 of
Fi 1 th LED 3. Th d d 435, .. h
br osticast  ( BBLSGEOS 00 BUGHRERR maring C T o1 Rsg gasitioRed " "

of the. st rucTERUPIRRTBBIE i JE0KuT RGO e he e’ "
communi cat| O;:r;]os?t}losrate%ngnggulgt?c;nsdétgvflr}ttlo%lap (SBon 24\5%]) t;ure] pEIse p'osﬁllonaegd tea - lzc.
~modulation data 417 to provide a compensation for the presence of channel
induced intersymbol interference. When two adjacent symbol digits are
10 compared (Box 465) and are both at a voltage level of the binary one, the pulse
positioned modulation mapping circuit-sets (Box 470) the second symbol digit of
| the pair or symbol digits to the voltage level of the binary zero. The mapping qf
the pulse positioned modulated data 417 is equivalent to the method described in
Fig. 5 where a data symbol (11) is adjacent to a data symbol (00). The pulse
15 positioned modulation mapping circuit 420 has formed the transmission signal
422, which is transferred to the transmission_ signal modulation circuit 425. The
transmission signal modulation circuit 425 modulates (Box 475) a signal 427 tﬂat
is to be transmitted, either Frequency Shift Keying an RF Signal or gating a light
signal. The modulated signal 427 is the input signal to the transmission driver
20 that excites a transducer such as the transmission antenna 15 of Fig. 1 or the

LED 210 of Fig. 3. The modulated signal 435 is then broadcast (Box 480)

through the transmission medium.
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The nodul ated signal 500 is acquired (Box 555) by a receiver 505 either
through the antenna 20 of Fig. | 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 transmtter of Fig. 9 will have
enbedded a synchroni zation signal and a start and/or stop signal within
the transmtted signal. The synchronization signal is detected by the

cl ock synchroni zation circuit 515 and the clock synchronization io circuit
515 generates (Box 565) a receiver systemclock that is aligned to the
enbeddet0SZhchr onfa Hiustatian ofitak stribieres and ppsiajical of ithal rexaivirsg shiesystsgn whi ng
of the transmtted data follows inmediately upon conpletion of the start
signal . The thetcammiugioalion sybteratof his ventomissshown wfFigbel dasd 1p@ssege and
any followng detected data signal is not part of the transmtted nessage.

The start/ st Die doduRsey Signals00Cii deqlrb@ (B Ex 555) Wﬁs@aﬁ@rcﬁostélmeﬁtrﬁrba gnd/ or
stop signals within the ‘received pulse positioned nodul ated signal. [0053]

Upon det ect i g é_r@%ﬁ@bf Pig, 4 1op s eeb zsvogafai X hehé %frfauﬁsrdarmib&?d.tg@ﬁh@ | oned

nodul ated data is sanmpled (Box 575) by the ta sanpling circult

et s SRR SR A A
ce sgmpzsi:r‘sqpv@)' S AR08 B B SIS e
e | BB LSS0, St LoD, O a0
‘andfor stop signal within the transmitted signal. The synchronization signal is
detected by the clock synchronization circuit $15 and the clock synchronization
10 circuit 515 generates (Box 565) a receiver system clock that is aligned to the
embedded synchronization signal. Thé start signal indicates the beginning of the
transmitted data follows immediately upon completion of the start signal. The
stop signal indicates the completion of the data message and any following
detected data signal is not part of the transmitted message. The start/stop
15 recovery circuit detects the presence of the start and/or stop signals within the

received pulse positioned modulated signal.

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

20 - sample during a symbol digit s1, s2, S3, and s4 time to determine the voltage level
of the binary digit being sampled. The sampled pulse positioned modulated data

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




TG — e bt £ Ao s LA it e e s S R T T T e L e T A I T N WX

i ntersynbol interference. The retained sanples are transferred to the
sanple mapping circuit 540, which perforns 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 |evel
indicating a binary zero and the current synbol digit is a the second
voltage level indicating a binary one, a rising edge has occurred (Box
590). If the rising edge has not occurred, but the conparison indicates
that the previous synbol digit has 10 the second voltage |level indicating a
bi nary one aextradtienaf theemanayitthd putiegidsitivismotibletdd dath thvatlis ageupteddly
indicating a binary zero, then a falling edge has occurred (Box 620).

However, if interspnbyiintésfetsritel Mhecretdiead samphee! ardit@inkferasdetogny dbmplei t her
the first level Iindicating a binary zero or the second level indicating a

bi nary one), mappihgtirchit 388 hi2A rrﬁ§%éﬂ?ac§|%ﬂ Jf e BEMEmtRAHUR S taken
(Box 15 575) and retai ned (Box 80) for conparison (Box 585) with the now

previ ous d0ABad +4 rising edge occurs (Box 590), the sanple
tinme at V\:hl C en ri s?nga e gegoccurs is recorded (Box 595). The difference
time A betvveenthe recorded tine for the rising edge and aprevious

prostn ‘(87 ros off FhUIfcarii s Do i SRR B a8 wb ity o

digit) if the difference tipe A IS not greater than t he reset tine
PO, the nextS¥BRFIA & ynhol dort é%&be@fsyloa%avméphqhaw ?@B?F%wtﬁ%me‘

indicating a binary zero and the current symbot digit is a the second voltage level
indicating a binary one, a rising edge has occurred (Box 590). if the rising' edge
| has not occurred, but the comparison indicates that the previous symbol digit has
10 the second voltage level indicating a binary one and the current symbol digit has
the first voltage level indicating a binary zero, theh a falling edge has occurred
(Box 620). However, if the previous and the current symbol digits are equal
(either the first level indicating a binary zero or the second level indicating a
binary one), then no transition has occurred and the next sample is faken (Box
15 575) and retained (Box 580) for comparison (Box 585) with the now previous

sample.

[0055] When a rising edge occurs (Box 590), the sample time at which the rising
edge occurs is recorded (Box 595). The difference time A4 between the recorded
time for the rising edge and a previous falling edge is determined (Box 600).
20 Upon comparison (Box 605) with a preset time PO for instance 3 x ts (15 being
the time duration of a symbol digit) if the difference time A, is not greater than the
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conpari son (Box 585) with the now previous sanple. [0056] Wen a falling
edge occurs (Box 620), The sanple tine at which the falling edge occurs is
recorded (Box 625). The difference tine A2 between the 5 logged tine of
the rising edge and the logged tinme of the falling edge is cal cul ated (Box
630). The difference tinme A2 is conpared (Box 635) to a preset tinme Pl
(for instance 3 x tis). If the difference tinme A2 is |less than the preset
time P1l, the synmbol digit at the rising edge having the voltage | evel of
the binary one is retained (Box 640) at the binary one and all synbol
digits remaining in the io synbol up to the falling edge are set (Box 645)
to the vol t apreskttirak RE, thépeXtisaarpje isztaken (B §7Hrand wésined Boxeidl)doy of t he
synbol digits as discussed above for SYM4 and SYM5 of Fig. 7. [0057] If
t he di f f er encempansprABox5a5) @dthahe hbarpretieupsasgle ti ne P1, the synbol digit
(Slot 1) at the rising edge having the voltage | evel of the binary one is
retained 15 (Box 655) at the binary one. The adjacent synbol digit (Slot 2)

5. Set[dome) 000 whntehginglédandearctachodgherii SanHIETRO aRAichiifo NeX!

adj acent synbol digit e} alned”(Box 665) at the voltage |evel

of the binar e ' ' t 0 I gl t.s _as
di scussed ab%i\l}g'afeg rg-gg@f" g{ §\#89‘§aﬁﬁ gg?i)é Bﬁgf\s/ﬁ{%g@% repﬁ%ﬁ%&?ﬂ% beg\ﬁe%n the
----------------- . [0058] .The djfference tine A2 is then coppared (Box 670)
to ah even |'9HgES tl”{ﬁ@?@% TeiNge ?Wﬂeim egf;sj]esl%ﬁmgfe [RdS di f f er ence
time A2 is greater the |onger

calculated (Box 630). The difference time Az is compared (Box 635) to a preset

time P1 (for instance 3 x 1s). If the difference time A; is less than the preset time
P1, the symbol digit at the rising edge having the voltage level of the binary one
is retained (Box 640) at the binary one ana all symbol digits remaining in the

10 symbol up to the falling edge are set (Box 645) to the voltage level of the binary
zero. This provides the recovery of the symbol digits as discussed above for

SYM 4 and SYM 5 of Fig. 7.

(00571 If the difference time A; is greater than the preset time P1, the symbol digit
(Slot 1) at the rising edge having the voltage level of the binary one is retained
15 (Box 655} at the binary one. The adjacent symbol digit (Slot 2} is set (Box 660)
to the voltage level of the binary zero and the next adjacent symbol digit (Stot 3)
is retained (Box 665) at the voltage level of the binary one. This provides the
recovery of the symbol digits as discussed above for SYM 2 and SYM 3 as

discussed in Fig. 7.
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preset tinme P2, the final slot next to a synbol boundary is set (Box 675)
to the voltage |level of the binary zero. The first synbol digit (Slot 1)
of the following s synbol is retained (Box 680) at the voltage |evel of the
bi nary one and all remaining slots of the synbol should be set (Box 685)
to a binary zero. The sanpling is skipped to the next synbol boundary (Box
690). The longer preset time P2 allows for the recovery of a set of synbol
digits having a coding of (101001) froma received corrupted pul se
position nodul ated data of 10 (11111111). The worst incidence of this
occurring would permt the reception of the received pul se position

modul at E58ht a ( ODwe liffetance)tingd A1 &) thandotripaned (BrobZOhto@h even lomgersmi t t ed
(0001) (0100) (1000). [0059] Upon conpletion of the recovery of the

transmtted pieseeimeP ((GRstant®8U &)Ltk Hadferbhte HASIASSGRAel Bell ( Box
575) and retained (Box 580) for 15 conparison (Box 585) with the no

Vi EYLS”deSZI*‘f"s%?L‘i%'?%* d' f'f' %&E??@ﬁé’ﬁﬁf?’%@%@H@E&*ﬁ%@%o’{m&éEﬁ% he
i ' ) i Si o ' .(Box 600).

%iv'ﬂ??ie¥ on%%&%Fﬁ%\%i,o?ﬂge @.gﬁggz;egge?gggarsg'@gﬁwq%gafgﬁﬁ%ﬁggg[hfaﬁﬁ%w.gggxia and

: . time A i 3 % 20 ,

First symbol Sanges (rped (5o BoFFaTog valros ebkiBRbasy oe i ng edge i s

set (Box 610) tqQ the voltage | evel of the bi narﬁaone. The renmai ni ng synbol

digits 23 -femaining slats of the sygmbhol sheuld hegsed (Bex B8 biotabidanezem- dhet he

binary zero and the sanpling skips (Box
sampling is skipped to the next symbol boundary (Box 690). The longer preset

time P2 allows for the recovery of a set of symbol digits having a coding of
(101001) from a received corrupted pulse position modulated data of

10 {11111111). The worst incidence of this occurring would permit the reception of
the received pulse position modulated data (0001) (1111) (1110) and then

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

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

modulated data, the next sample is taken (Box 575) and retained {Box 580) for

15 comparison (Box 585) with the now previous sample. If a rising edge is
determined (Box 590), the time of the rising edge is recorded {Box 595). The
difference time A¢ between the previous falling edge and the present rising edge
is determined (Box 600). The difference time A4 is compared (Box 605) to the
preset time 3 x ts and if the difference time A is greater than the preset time 3 x

20 s, the first symbol digit (Slot 1) of the symbol subsequent to the falling edge is

set (Box 610) to the voltage level of the binary one. The remaining symbol digits
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615) to the next synbol boundary. The sanpling and recovery process then
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
posi ti on nodul ated data 540 recovered by the synbol mapping 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 assenble the data synbols to the originally encoded data. 10
[ 0061] The synbol mapping circuit 535 and the data extraction circuit 545
are in the preferred enbodi nent | ogical state nmachines capabl e of

extrenel y hi gie refaieediattbeovtiage Evet dicthd diimary yebmbsd thedsawpliracskipn(Bdx t he
data. However, it is known in the art that the structure and nethod

descri bed ab615) todlye hext syadaipbusderg. Whelvammingi gpidtrabogdrg pedcgssagsassor or
simlar conputing systemwith is the functions and processes being prograns

stored on dagéhtmues a8l thethesBabBlis cEMBIRES WRA thY rédetiBh OF 8 S865 sighAQR2]
Further, the preferred enbodinent illustrates a four pul se positioned

modul at ed dagchidHiadtionldigrat, i 0 keeping with the intent of this invention
that any nunber of pul se position nodul ated synbol digits may be enpl oyed
to encode 20 the digital data. The structure and nethod of the

co ni hons sy, . J Sl ntion functi d t.h i gher ar.der
comn (BEp1S SISEMIRY 4 Fod11: HE B LR el BBl o
shown in Fi gt?n'e s%/m%%? m?éplp}nlgucsi}c{lﬂts%Svi\g Erglngf%?red to the data extraction circuit 545.

The data extraction circuit 545 decodes the pulse position modulated data to

extract the data symbols and assemble the data symbols to the originally

encoded data.

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

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

execution by the processes.

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

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

invention functions with a higher order pulse position modulated encoding.
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transm ssion of the broadcast nodul ated signal. It is keeping with the
intention of this invention that the nodul ated signal be transmtted
within a cable, either an electrical signal in a copper cabling or a |ight
signal within a fiber optic cable. 5 [0064] Wiile 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 nay be made w thout departing
fromthe spirit and scope of “the invention. [0065] 25 CLAIMS 1 1. A
comuni cation systemfor the transm ssion and recovery of data 2 synbols
the prel¥8St of ~chihseMMuninadiens systemsyasoiowmindrigerbaed 3 ilstrate wireless
comuni cation systemconprising: 4 a transmtter for transmtting a signal
cont ai ni ng starBroissianof twbroadsastanpdulgiedgigrla ltie deéping withdhp intenticn of
connected to receive data and 7 convert said data to data synbols, said

dat a synbol sthisSingentomettiat theanopa ateat sigrial ibet then sefifted edithinngl tstsid, Sittientagr sy ol
interference, said nodul ati on apparatus 10 conprising: 11 a synbol mappi ng

circuit whi checigicsl sigsal dahoppsideatiing@r alighb Sighb PRI td fiskr vptic dBRS. sai d
data synbols to a

5 [0064] While this invention has been particularly shown and described with
reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention.

[0065]
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13 transm ssion code by the steps of. 14 a) conparing two adjacent data
synbol digits, 15 b) if said two adjacent data synbol digits have a 16
first data level, transmtting said data synbol 17 digits, 18 c¢) if said
data synbol digits have the first data 19 |l evel and a second data |evel,
transmtting said 20 data synbolg d 26 - ---------- --21d) if said
data synbol digits have the secon a 22 level, transmtting a first of
said two adjacent 23 data synbol digits, converting a second of said 24
two adj acent data synbol digi'ts to the first data 25 |evel and

transm 1t i ngAsamingricatinn siwtem omtheltran2dissiqi asd renctef7ofadatacei ver for
acquiring said signal containing said data synbols, 28 recovering said
dat a2 synbol ssynabals ¢hd paesehog obehvahndhinalucedirdersihbokinedrigencn®ard si ng: 30 a
denodul ati on apparatus within a receiving systemto 31 recover data synbols

is the presegsirm@hicalienBstehébifigiisingg2 | ntersynbol interference conprising:

4 a transmitter for transmifting a signal containing said data symbols
5 comprising:
6 a modulation apparatus connected to receive data and
7 convert said data fo data symbols, said data symbols
8 encoded to compensate for the channel induced
9 intersymbol interference, said modulation apparatus
10 comprising:
11 a symbol mapping circuit which receives data symbols to
12 be transmitted and maps said data symbols to a
13 transmission code by the steps of:
14 a) comparing two adjacent data symbol digits,
15 b) if said two adjacent data symbol digits have a
16 first data level, transmitting said data symbol
17 digits,
18 c) if said data symbol digits have the first data
19 level and a second data level, fransmitting said
20 data symbols, and
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33 a sanpling circuit in communication with a receiving 34 circuit within
said receiving systemto sanple at a 35 regul ar period received data
synbol s acquired by said 36 receiving circuit, 37 a sanple retaining
circuit in comunication with the 38 sanpling circuit to store sanples of
the data synbols, 39 and 40 a synbol mapping circuit in comrunication with
the 41 sanple retaining circuit for receiving said sanples of 27 42 the
data synbol s and for executing a method for 43 recovering said data

sy | s, said nethod for 44 r eri sai t nmbhql s co i,sing the
stggg of: 45 a) deternining &f%aﬂ%\ggﬁ' y&%?'ﬁ@ﬁé@%ﬁ@f”&%gﬁt@i ts |df a
fir state transition is present in said. . 47 da synbol digits, sai

fir % state transition 48 indi cé?‘ﬁlrgr"’lrﬁéﬂ'tt@gfq f?@t gfo?g'/‘i'%"?q}é‘cﬁﬂtj acent data
49 s%rrbol digits is at the first data |level and a 50 second of the two

adj &tent data synbol digits 513 syebal«ligit canyeltingadecond opyaifif t he
first state transition is present, recording 53 a first state transition

ti e two adjacent data symbol digits to the first data
25 level and transmitting said second data symbol
26 digits; and .
27 a receiver for acquiring said signal containing said data symbols,
28 recovering said data symbols, and exfracting said data, said
29 receiver comprising:
30 a demodulation apparatus within a receiving system to
31 recover data symbols is the presence of channel induced
32 intersymbol interference comprising:
33 a sampling circuit in communication with a receiving
34 circuit within said receiving system to sample at a
35 regular period received data symbols acquired by said
36 receiving circuit,
37 a sample retaining circuit in communication with the
38 sampling circuit to store samples of the data symbols,
39 and
40 a symbol mapping circuit in communication with the
41 sample retaining circuit for receiving said samples of
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54 c) if the first state transition is not present 55 repeating step a)
until said first state transition 55 is present, 57 d) when said first

state transition is determ ned,
transition is 59 present

58 determning is a second state

in said data synbol digits, said second 60 state

transition indicating that a first of the two 61 adjacent data synbol

digits is at the second 28
----- 62 data | eve
digits is the second data lev
predent, 65 recording a sdd%
tinme dlfference between the first

AataDantls pad S5 epeuta I

67 state transition tine and the second

and the first of the two adj acent data 63 synbol

he sec nd st%%e }ransmlon is
og

Ofdet er mi ning a

staf® 68 transition tine, 68CQering saickdatapymhols, spishwethod fress than a

boundary 70 ti ne,

setting at | east one of any data synbol

71 digits

recét ved subsequently to t Hecesesingsaidrdatasymnbolmeenpisigy theostepsef:t wo
73 digits having the first state transitions to the

adj acent synbol

45
46
47
48
49
50

51

52

53

54
55

56

57
58
59
60

61

a)

b)

d)

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

is the second data level,

if the first state transition is present, recording

a first state transition time,

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

is present,

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

adjacent data symbol digits is at the second
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74 first data level, and 75 h) if the time difference is greater than the
76 boundary tinme, setting a first data synbol digit 77 received
subsequently to the second data 78 synbol digit of the two adjacent synbol
digits 79 having the first state transition to the first data 80 |evel
and a second data synbol digit to the 81 second data level. 29 - -
--------------- 1 2. The communi cation systemof claim1l wherein the

nmet hod for recovering 2 said data synbols further conprises the steps of:
3 setting all data synbol digits, received, after, t econd d synbol 4
di glg%s subsequent to the second 9314 ng%ﬁl‘eﬁﬁwfqﬁ?%‘még %‘g‘?aiﬂj acent
symbol digits having the first state transition and prior 6 to a data
synBbl boundary to the first datsé(”]tbé’!/g'lgﬁs% e"f"%@f‘&ﬁﬁ%’ Igvelat a synbol digit
arriving subsequent to said data synbol 8 boundary to the second data

| evel and all remaining synbol 9 digits of one data synbol subsequent to
sai 8 data synbol 10 boundar ye} ¢ thasetond statatransitioreis présent, The

comuni cation systemof claiml wherein the method for recovering 2 said
dat 8 synbol s further conprises tréerdingmsseadond state transition time,

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

68 transition time,

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

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

74 first data level, and

75 h) if the time difference is greater than the

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

78 symbol digit of the two adjacent symbol digits
79 | having the first state transition to the first data
80 ‘ [everi and a second data symbol digit to the

81 second data level.
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3 determining 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 | evel,
determining 6 if all synbol digits of a follow ng data synbol are at the
first data 7 level; and 8 if all the data synbol digits of the follow ng
data synbol are at the 9 first data level, setting the first synbol digit
of the followng data 10 synbol to the second data level.. 30 1 4. A
nodul ati on apparatus within a transm ssion systemto conpensate for 2
channel induced intersynbol i'nterference causing corruption of data 3
synbol s2dur i Flge bomadoisitioofsystentobiclbion $ witeotia the ovwtlsed tbrrecovaningsi on 4
system said nodul ati on apparatus conprising: 5 a synbol mapping circuit
whi ch recei vesid datasyaiibdle fsrttier comphises @nssteps ot and maps said data synbol s
to a transmi ssion code 7 by the steps of: 8 a) conparing two adjacent data
synbol digits, s b) if said two adj acent data synbol digits have a first
dat 10 | evel, tdeMiigh Lif | ! i id data
syngsol digits havge tlhe I# ??ﬂsa% atogd@%Z?é%\ﬁ éﬂ&fgbggg%%d%)gtéﬁ%sel,

transmtting said dafgﬂs%ﬁgy&hﬁant e sktofld dafa SFhSIARdiPoAKARRL di 9its have

t he second data | evel?

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

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

9 digits of one data symbol subseduent to said data symbol
10 boundary to the first data level.

t 3. The communication system of claim 1 wherein the method for recovering
2 said data symbols further comprises the steps of.

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

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

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

9 first data level, setting the first symbol digit of the following data
10 symbol to the second data level..
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14 transmtting a first of said two adjacent data synmbol digits, 15
converting a second of said tw adjacent data synbol 16 digits to the first
data level and transmtting said second 17 data synbol digits. 1 5. A
denodul ati on apparatus within a receiving systemto recover data 2 synbols
is the presence of channel induced intersynbol interference 3 conprising:
31 4 a sanpling circuit in comunication with a receiving circuit wwthin 5
said receiving systemto sanple at a regular period received 6 data
synbol s acquired by said recéiving circuit; 7 a sanple retaining circuit in
communi dat i oA modilatidreasparptusngithii® adianerissidros gdtemeao Sarmpensatef fof he dat a
synbols; and s a synbol mapping circuit in comunication wth the sanple 10

retagning ci eiearirlel fdlucee arersymbobmtaHerandd esusitg EdeustRindoreaol s 11 and
for executing a method for recovering said data synbols, 12 said nethod

for gecoveri B8k AuriHg bRo IR Ss AP AR & iQfon 14 @)

det er m ni ng ?’rg-gm tvvcl)J agj acent data syngoslvng?)é%f@rq %ﬂ%ﬁ%}?{s@fo& state
transition i S j i ..sald first 16 state transition
i ndi bat ng t e %@?é‘{‘&o‘?&iﬂ?‘e%w“ga@é@@é’ﬁ'is‘ data synbol digits is at the
first data | evel and a second of

5 a symbol mapping circuit which receives data symbols to be
6 - transmitted and maps said data symbols to a transmission code
7 by the steps of:
8 a) comparing two adjacent data symbol digits,
9 b} if said two adjacent data symbol digits have a first data
10 level, transmitting said data symbol digits,
11 c) if said data symbol digits have the first data level and a
12 second data level, transmitting said data symbols, and
13 d} if said data symbol digits have the second data level,
14 transmitting a first of said two adjacent data symbol digits,
15 ' converting a second of said two adjacent data symbol
16 digits to the first data level and transmitting said second
17 data symbol digits.
1 5. -A demodulation apparatus within a receiving system to recover data
2 symbols is the presence of channel induced intersymbol interference
3 comprising:
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18 the two adj acent data synbol digits is the second data 19 level, 20 b)
if the first state transition is present, recording a first state 21
transition time, 22 c) if the first state transition is not present
repeating step a) 23 until said first state transition is present, 32 24
d) when said first state transition is determ ned, determning 25 is a
second state transition is present in said data 26 synbols, said second
state transition indicating that a first 27 of the two adjacent data
synbol digits is at_the secorid 28 data |level . and the first. of fhe two

adj alent data syrBSFMPBE] GGt ia oyttt wi e VBOSICUSIEN | 1 | he
second state transition is present, recording a 31 second state transition
tinme? 32 f) deterni ARIgeEEMNGSYaIan & eamelericgegH!a ReTipd Fageiadat e 33
transition tine and the second state transition tinme, 34 g) if the tine

di ff&rence is |ess dREswnblsagavied bypaidseeaiving cirggitat | east one of any
data synbol digits received 36 subsequently to the second data synbol digit
of the two 37 adjacent synbol digits having the first state transitions to
38 the first dat aakawple redaining circuit in communication with the sampling

8 circuit to store samples of the data symbols; and
9 a symbol mapping circuit in communication with the sample
10 retaining circuit for receiving said samples of the data symbols
51 and for executing a method for recovering said data symbols,
12 said method for recovering said data symbols comprising the
13 steps of:
14 a) determining from two adjacent data symbol digits if a first
15 state transition is presentin said data symbols, said first
16 state transition indicating that a first of the two adjacent
17 data symbol digits is at the first data level and a second of
18 the two adjacent data symbol digits is the second data
19 level,
20 b) if the first state transition is present, recording a first state
21 transition time,
22 c) if the first state transition is not present repeating step a)
23 ~until said first state transition is present,
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39 h) if the tine difference is greater than the boundary tine, 40 setting
a first data synbol digit received subsequently to 41 the second data
synbol digit of the two adjacent synbol 42 digits having the first state
transition to the first data level 43 and a second data synbol digit to

t he second data level. 33 ------------- e - 1 6. The

denodul ati on apparatus of claim5 wherein the rret hod for recovering 2 said
data synbol s further conprises the steps of: 3 setting all data synbol
digi}s received after the secon a mhol .4 digits subse uent to the
seca‘Ld dat a symbol g‘g) ?zﬂ‘é?f% age%f@g‘é'hfsg ﬁ%B'I"eﬂi ‘3*5 Wi ng the
first state tranS|t|on and prior 6 to a data synmbqol boundary to the first
dat% | evel ; and 7 setti rh“::)aéeﬁa@%sge‘}‘?r{f@f's'ﬂ?@stPr&??fﬁt\ﬂi‘ ﬁ@'ds‘i?ééequent to said
dat a synbol 8 boundary to the second data | evel and all remaining synbol s
di gf& s of one data synbdYMhels sgigesacond stale drapsitian éydieriing thet afitshdary to
the first data level. 1 7. The denodul ati on apparatus of claim5 wherein

t he2iret hod for recoveri mj thetveaadjacentalaty syobsl digits isat thwserdrsles t he st eps
of. 3 determning if a |last data synbol digit of a synbol is at the second
4 data level; 5 if saiddatstevdbaad Bigerfrel ofdhgitwo adjasent duta seediefl data | evel ,
det er m ni ng

29 digits is the second data level,

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

31 second state transition time,

32 f) determining a time difference between the first state

33 transition time and the second state transition time,

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

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

39 h) if the time difference is greater than the boundary time,
40 setting a first data symbol digit received subsequently to
41 the second data symbol digit of the two adjacent symbol
42 digits having the first state transition to the first data level
43 and a second data symbol digit to the second data level.
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6 if all synmbol digits of a follow ng data synbol are at the first data 7

level; and 8 if all the data synbol digits of the foll ow ng data synbol are
at the 9 first data level, setting the first synbol digit of the foll ow ng
data 10 synbol to the second data |level. 34

6. The demodulation apparatus of claim & wherein the method for recovering

1
2 said data symbols further comprises the steps of:

3 setting all data symbol digits received after the second data symbol

4 digits subsequent to the second data symbol digit of the two

5 adjacent symbol digits having the first state transition and prior

6 to a data symbol boundary to the first data levei; and

7 setting a data symbol digit arriving subsequent to said data symbol

8 boundary to the second data level and all remaining symbol

9 digits of one data symbol subseduent to said data symbol
10 boundary to the first data level.

1 7.  The demodulation apparatus of claim 5 wherein the method for recovering

2 said data symbols further comprises the steps of.

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

4 data level;

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

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

7 level; and -
-8 if all the data symbot digits of the following data symbol are at the
9 first data level, setting the first symbol digit of the following data
10 . symbol to the second data level.
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