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An Apparatus and Method for Adaptive Digital Locking
and Soft Eval uation of Data Synbols in a Wreless

w@@bai22ZConmruni cat i on Syst em Backgr ound of t hBCT/IB2005/002786

I nvention [0001] This application clains priority to
US Provi sional Patent Application serial nunber60/61
2,008, filed on Septenber 22, 2004, which is herein

i ncorporated by reference. Rel ated Patent Applications
[0002] " A Method and Apparatus for Ensuring High
QJaIity Audi o Playback in a Wreless or Wred Digital

AuBhoA "Blgital Eogkih§and Soft
sﬁ-&%lwéion %ﬂl@&@ﬁm% Fbﬁ*f 'Ii ﬁg L mmynication

this invention. Field of th§ stemtl on [0003] Thi s
invention relates to apparat us and net hods for

communi cat i on- i oraRekag, ghtfie Py fidn,

invention relates to the synchronization of a receiver

WRAIE: T on biscibeliEatgi tiaprsoPa i o Uil Padet Application

conmuni cation signals, and extraction of digital data
rressagers;alfmmhqrﬁgl%QdJOBaflledmmﬁe@temheoRZ 2004, which is herein
signal s. Description of Related Art

incorporated by reference.

Related Patent Applications

[0002] " A Method and Apparatus for Ensuring High Quality Audio Playback
in a Wireless or Wired Digital Audio Communication System," Provisional U.
S. Patent Application Serial Number 60/612,007, Filing Date September 22,

2004, assigned to the same assignee as this invention.

Field of the Invention

[0003] This invention relates to apparatus and methods for transmission and
reception of digital data communication signals. More particularly, this
invention relates to the synchronization of a receiver to received digital data
communication signals, detection of start patterns within the digital data
communication signals, and extraction of digital data messages from the

digital communication signais.
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[0004] Wreless transmssion of digital data is often
acconpli shed by sending serially formatted franes of

wo bwodigezr al data. In systens such as that enuP&r/H2065/002786
by the Infrared Data Association's IrDA "Seri al
I nfrared Physical Layer Specification,” Version 1.4
May, 2001 , the frame as shown in section 5.4.2 has a
Preanble Field (PA), Start Flag Field (FA), a Data
Field (DD), and a Stop Flag Field (STO. The receiver

ses.the P | Leld to h [ th | ocki
lﬁ%‘f’éﬁ’ﬁ'% o%%%geiﬁi’er to tﬁgnicnrgglm'zﬁg rr:sgagg. 9
Generally, a phase lock |oop oscillator is used to

roni Zgy. : ; P j i
RYRar ne AFirkie? E%E?@%“?i& P T R AR pliiRT Bl sending
i's synchroni zed, the recgjver. . [ det
St ar {SGHRUG orTEHe TATEEE AEAPGHO ABtR. EymErOn Pyl Fathat
If the Start Flag Field is correct, the receiver then ,
begi nenureeratectby fhe InfraeediRata Assasiationsy IfPAe ggglaln%g@ddPhysmal
and will continue to interpret the data synbols until

the StayerBpegification]” Versier ¢éididdy, 20D06he frame as shown in section
specification details the encoding of the data in

sectinn Pnds & PrediBlFid @A)d8taAt FRgtFi@IYFAY teDatsFiel (DD),
a four-pulse position nodulation. In this instance a

o e AP PO REB s e i

pul se Ivided into four

time positions, of t ti d ' f Wi

cu, B o 0 it P B s
t

e Generally, a phase lock loop oscillator is used to synchronize the receiver to

the Preamble Field.

[0005] Once the Preamble Field is detected and the receiver is synchronized,
the receiver begins to detect the Start Flag Field to establish symbol
synchronization. If the Start Flag Field is correct, the receiver then begins to
interpret the data symbols of the Data Field and will continue to interpret the

data symbols until the Stop Flag Field is received.

[0006] The specification details the encoding of the data in section 5.4.1.
The digital data is transmitted using a four-pulse position modulation. In this
instance a dual-bit data structure is encoded by positioning a pulse within a
symbol. The symbol is divided into four time positions of the time duration of
the symbol with each position representing the coding of the dual-bit data

structure. The Preamble Field, the Start Flag Field, and the Stop Flag Field
2
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structure. The Preanble Field, the Start Flag Field,
and the Stop Flag Fieldare each uni que codes that have

W@ 2006070281 r eans t hat cannot be confused w t h tPE&r/1B2005/002786

four-pul se position nodul ation of the dual-bit data
structure. [0007] The synchroni zation of the receiver
enpl oyi ng a phase lock loop is subject to jitter in
pul ling the frequency of the |ocal receiver to match
the frequency of the transmtted data. Further any

O RS R P T SR ot b contes
e B b e i RE RSl

reception. Further, nultipath reception problens cause
the received timng data to fluctuate with the _
[6007]er encéfhe syncheonizdtiap ofthe heceper lemplpyiog @) phass. lock loop is
Patent 6,198, 766 (Schuppe, et al.) provides a nethod

and Ate'fttdran padingithe erefuéney ofitapilogal kycehearitdinmagch the
if a pulse produced by a receiver to be sent to the

dem%@k@g@?m& l‘f’arﬁ%‘?nil)r@g ?Jtagf np&'rtl‘é%n(yi d}gl RANAE 44 oscillator

using a operation ortened (e.g. by using a

chop operat,ion)., Th ul hapi Q@i C, LS. DF r
adapthises WS Bbak eI B 1B o e B8 Rl Ttdou
packet to determ ne the appropriate add or, chop | evel .

r equi Restpdicorelagking eithe el cagitalor i the ?\%n%o'?‘@f%ﬁa%}/’e errors with
the packet. [0009] U S. Patent 6,188,496 (Krishna, et ]

al .) thesiata heceptioni Fortbes mudtipathirecention rrgbless ¢auserihe received
a repeater that has a receiver for receiving a signal

and airfingGaty enflicuate Wit theydiffibrenceg at fherdeddy ohtbe paths.
receiver to the

[0008] U.S. Patent 6,198,766 (Schuppe, et al.) provides a method and
apparatus for adaptive pulse shaping by deciding if a pulse produced by a
receiver to be sent to the demodulator should be lengthened (for instance by
using an add operation) or shortened (e.g. by using a chop operation). The
pulse shaping logic is preferably adapted to use the preamble phase of a 4
Mbps PPM packet to determine the appropriate add or chop level required

for the remainder data carrying portion of the packet.

[0009] U.S. Patent 6,188,496 (Krishna, et al.) describes a wireless
communication system having a repeater that has a receiver for receiving a
signal and a clock generator for synchronization of the receiver to the

received signal. The clock generator is generally a phase lock loop. A
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recei ved signal. The clock generator is generally a
phase | ock | oop. Avalidation nodul e determ nes whet her

w@2®bQmeeure i s present in the received signal PCBHIB2005/002786

i nval i dati on nodul e determ nes whet her undesired
signal conponents are present in the received signal.
The received signal is transmtted if the signature is
present and if the undesired signal conponents are not
present. [0010] U. S. Patent 5,691 ,665 (Chtani)

t eache .pul s 0si,tlon l.at ed_. [ .
devi SBRRL RSB kP ee SR e stfirite REsEhTh i received
a reproduced cl ock signal froma, recei ved PPM si gnal .

The rsignalt §Mﬂvg!5#@apn%@04%dﬁﬂwme§ﬁ%met f yndesired signal
reproduced clock signal are held by a sanple result _

hol dicegnparients Senresestindhe cerieived signals Taeheeewead signal is

a received PPM signal by a synbol synchronizing signal
genertadnspiittedifithe Agpatute igptesehhand ditipe endesitddt signdle@omponents
reproduced clock signal, and synmbol synchronization, a
recepdrh Mot pds@dni eproduction unit analyzes the result

of a plurality of previous sanples to decode reception
data. Summary of the Invention [001 1] An object of

PHAE) T 0Bl b8 LR RSB RZ R BB Phgptes
to a receiver. [0012] Another object of this invention .
i s t dPfM)edemadyation dpice Ehat hasisierkegpradustign uni that provides a

encoded digital data streamtransmtted to a _

r eceireproduged cBickrigndidiom amecdiesd BBMesignak Thiiresults of sampling

invention is to detect data synbols of a
the PPM signal with a reproduced clock signal are held by a sample result
holding unit. Symbol synchronization is achieved from a received PPM
signal by a symbol synchronizing signal generation unit. According to the
sample result, the reproduced clock signal, and symbol synchronization, a

reception data reproduction unit analyzes the result of a plurality of previous

samples to decode reception data.

Summary of the Invention

[0011] An object of this invention is to detect a synchronization signal in a

serially encoded digital data stream transmitted to a receiver.

[0012] Another object of this invention is to detect a start pattern embedded

in a serially encoded digital data stream transmitted to a receiver.



serially encoded digital data streamtransmtted to a
recei ver. [0014] To acconplish at |east one of these
wokjente@2and ot her objects, a data comuni cat i PCT/EB280IR786

has a transm ssion apparatus that includes a frane

formatter, which generates a date frane of synbols of
serially encoded digital data to be transmtted. The
data frame includes a start pattern and the encoded

data. The data frame is preceded by a synchroni zation

[@ngﬁghC;"lﬁ*rﬁ'ﬁcgﬁ&ﬂé%\gé%ﬁﬁ@ WentiBHiS & §teblGata symbols of a

e encoded data. The start pattern is
uni que ttern,of .the fra denoti ng..that the .
Fol | ity apaue] oAl d48 FhePfr Gaiuba3 austae:
encoded data is four-pul se position nodul ated dual -bit
data. Each frane of synbols is transferred fromthe
0044k f or riEn aecornplish atrieasiranetaf thesehebjeetsrand ather objects, a data
generates a signal conposed of the series of synbols

for begrasicarhtion sgsterthssta smanemissish apparatushthatinthees a frame
open at nosphere. [0015] The communi cation system has a

5 ecei giRgnepRdic ?’inérﬁte%oé%t@i frthé @R sy¥nbBIistdiQerially encoded

transmssion appafatus to acquire the series of

SYTO% S o RS AR 3 i B84 Bt paterm ana the

e A R AR RS R B S il The

frequency of the fourpul se position nodul ation. The

r ecei sAnehrefizationtsignal drdieates dhesfrequency of the encoded data. The
start pattern is a unique pattern of the frame denoting that the following data

10 stream is valid digital data. The encoded data is four-pulse position

modulated dual-bit data. Each frame of symbols is transferred from the
frame formatter to a transmitter. The transmitter generates a signal

composed of the series of symbols for broadcast to a transmission medium,

such as the open atmosphere.

15 [0015] The communication system has a receiving apparatus in
communication with the transmission apparatus to acquire the series of
symbols. The receiving apparatus has a receiving amplifier to accept and
condition the signal. The receiving apparatus has a sample and hold circuit
to sample the signal at a frequency higher than the frequency of the four-

20 pulse position modulation. The receiving apparatus has a register in
communication with the receiver amplifier to receive the series of symbols

5
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conmuni cation with the receiver anplifier to receive
the series of synbol sconposed of a plurality of bits

wo e®altizery from the sanpling of the signal reckCTEBRROGH002786

the receiving apparatus and upon recei pt of the
plurality of bits, adjust location of the bits within
the register. [0016] A synbol evaluator is in

comuni cation with the register to exani ne the
plurality of bits to determ ne a synbol value for the

pl ural i of ; Wy Y : b i i
Eynoriahiod St S b Rl fRorh ¥ RBIT, of the signal

val ue. The hroni.zati on val ue indicates ¢ . .
Sy neresRsd Y dhe st dng APhatetus Ang UPRE Tessipte The plugalty of bits
signal. The start value indicates the start pattern at

t he badjustipeafiosfofithe bitamathirethedgeisterhe data val ue

i ndicates at | east one of the dual-bit data synbols of

the data nessage. The synbol value is a nost probable

joahee of ahlsymposeldigatdy inlcondhusisatidrdD@RR the registegtoadxamine
as received gy the receiver and transferred to the

regi sfgr e!ir”i%‘g 4 delerffifd S%Xﬁfbﬁygftﬁggér thEMurklifySsf bits. The

of the of the series contains

synchronj zat i on. sjgnal_, _th > | es nt.ai e
o o RS e nhh B ol R sl 3 ate
data. The synbol eval uator exam hes tEe first se{.i es
of syvaldes Thesyncigniationyaluedndicaiesithe sypclyppiation pattern
synchronous |l ock with the signal. The synbol eval uator
t hen ixiating sheatimingpoithesigned  he siarbwalye indieates thepgtart pattern
the register to determ ne the begi nning of the data
mess agetheiegring of the databrdssayal Theatat@xalveriedicates at least one
third series

of the dual-bit data symbols of the data message. The symbol value is a

most probable value of all possible symbol values.

[0017] The signal as received by the receiver and transferred to the register
is composed of series of symbols. The first of the series of the series
contains the synchronization signal, the second series contains the start
pattern, and the third series forms the encoded data. The symbol evaluator
examines the first series of symbols received by the register to establish
synchronous lock with the signal. The symbol evaluator then examines a
second series of symbols received by the register to determine the beginning
of the data message. Finally, the symbol evaluator examines a third series

of symbols received by the register to determine the data message.
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of synbols received by the register to determ ne the
data nessage.[ 001 8] The exami ning of the first series

w@boosypmiael s to establish synchronous | ock begi PGT/B2005/002786

exanmning the plurality of bits in the register to
determne that a first transition of a first synbol of
the first series has occurred. Upon determning the
first transition, the evaluator then inspects the
plurality of bits resident in the register to

[O@iﬁﬁgm n?fli%%){%ﬁi&r aq‘<5ﬂhiatf' sthidfied ﬁ?!ﬁ%ﬁb@ﬂb%@fdbﬁ@h synchronous

I Ity of bits has”a synchronization

val ue, the eval uatar. iterati f :
ubsBti RS S R PiBadRs BrAf by 8RS BERETEGRY 18 veleiine that
determ ne that each of the s nbog,s has

syncafitstitraasition of aifiisl symRal Oggt% irgt s?rl‘?é%%%%%“éw&qt Hpon
determ nes that the subsequent synbols are a

sy ncheteninirtg the first teansiticane theeealuator then ipspegds the plurality of bits
However, if the subsequent synbols are not a

Sy NClsRIdink # ihereyRtdrao defaminalftiad pluralitg has eesnabidnidation
the initial transition of the first synchroni zation

‘é;hg\g?lgégg]tgé%aluwﬁxgﬁtﬁﬂ%HEQQL nchRMiZRBANAILRS the svalliator

erm egi nni ng of the data nessage

consj, st f evaluatin ki i

cymbUTE VK aeyeRr AR i b ega st SEBUISTEEAiFRa Bl the register

each of the second serjes of synbols hag a start

val uts determing i5atean Qidhe sIMOPISYALE FUGENERioN yalip. When

val ue, the begi nning of the_nessa%e i s established.

Al t eeach of the asseasiyents daiermines it ke pelsagues] pypbalsiate a

not the start value, the first series of symbols nust

be r eprinvesizatich 9106 Ntheneusivéris lockedadtowewest ifithe susequent
symbols are not a synchronization value, the evaluator must reestablish the

initial transition of the first synchronization value.

[0019] The examining of the second series of symbols to determine the
beginning of the data message consists of evaluating each of the second
series of symbols received by the register to determine that each of the
second series of symbols has a start value. If the second series of symbols
has the start value, the beginning of the message is established. Alternately,
if any of the second series of symbols is not the start value, the first series of

symbols must be received and synchronous lock is again established.

[0020] The examining each symbol of the first, second, and third series of
symbols to determine the symbol value of each symbol begins by assigning a

7



[ 0020] The exam ni ng each synmbol of the first, second,
and third series of synbols to determ ne the synbol

wo a0068722 each synbol begi ns by assi gni ng afi rBCT/IB2005/002786
probability value for each of a plurality of
subgroupi ngs of bits that conpose the synbol. The
first probability value is indicative of a probability
that the subgrouping of bits represents a first nunber
of two binary nunbers. A second probability value is

t hen_ assi gned., f or f ' . .
su bgﬁ"ﬁﬁBT"%@Eﬂ'& V%P??&ﬁa%h C%:f gé\ Igtééﬁfﬁfeg%byﬁétﬁ@gs_r of bits that
second probability value is inpdi.catiye of. . o
pr ob@gpmpwe;,thqﬂmgq{eqjglg%ﬁ?toqjﬁsﬁ@ﬁtgfv%qe[§ '?®8?tévsee%ftas p%)bablhty
second nunber of the two binary nunbers. One .

pr obtitait tet subgrbuping of bise Eepresis AUFHR-M AR of tegrRiaanynumbers.
a digit of a synbol character of a synmbol code

enpl ay@ohd pretiatality oaluefis tien akssignadeios ageh of theep lealibgof
The probability val ues of the subgroupings are then

5 U m@@bé{%uﬁﬂg@oﬁ bR§ FhtRblrigake thabyinbel. Spdeécond probability value

represents edach synbol character of the synbol code.

The symhol ..ch 1avi LG; hriek d
{hat & fgceyVinBf & photiasi A el S SELIHG S ERSREprstats 2 secon
synbol code_is selected. The s ol i . '

the. Symber of BTG WYRES DHepsbRlSr iR B
synbol . The probability val ues are heuristi cal

det osmbaredping thebiepresss BIADILPLa BYRBPRNAreFSHP! 7 fUmbol code

subgroupi ngs of bits. A second procedure for examning.

each empiby@ld iaffotrhatidri ofsthe datxovessageis seieeted s dhpdsolability

synmbol s to deternine the synbol value each synbol

10 values of the subgroupings are then summed to form a probability that the

symbol represents each symbol character of the symbol code. The symbol
character having the maximum probability that the symbol represents the
symbol character of the symbol code is selected. The symbol is then
assigned the symbol value of the symbol character to the symbol. The

15 probability values are heuristically determined for each possible bit

combination of the subgroupings of bits.

[0021] A second procedure for examining each symbol of the first, second,
and third series of symbols to determine the symbol value each symbol
begins by assigning one of the two binary numbers to a first sub-symbol of

20 the symbol according to a maximum likelihood that the first sub-symbol is
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begi ns by assigning one of the two binary nunbers to a
first sub-synbol of the synbol according to a maxi num

wo pdoelovzend that the first sub-synmbol isone of PCTEB20e002786

bi nary nunbers. The assigning is iteratively perforned
until each subsequent sub-synbol is assigned one of

the two binary nunbers. [0022] The data synbols are a
four-pul se position nodul ation and the sanpling of

each digit of the four pulse position nodulation form
subgroupings of .bits of the ; iSR)NSerfSnfd until
a safff Bt@‘%rtﬁlpé)'?ﬂ%nqr%bea{?' F@ég‘% gh“\'/” ?i'tr%es ge:bgg? er !
than a pul se position dul ati.on cl ocki at e,

beaceagh puaskeohautrRupAGS 25809 opeer te B BmgRLhgmbers.
di agram of a comuni cation system of this invention.
[0024] Fig. 2 is a plot of the relative timngs for

[3022] t i mi nghetatahsyrhbels apelbSeurpmslse positing mastlatian e e

t he conmuni cation systemof this invention. [0025]

Fi g. sgﬁpbﬁn%oﬂéé’&{ digit of thiRuf pare gosftioatmodulttien trgi t al

data of "the communication systemof this invention.

[0026] Fig. .4 ' frigUs @t Bfsahipfing rate that is
saing"MogP'néssoﬁgﬁsag* g%;%%' tl-arlyill'%t e FsrJegei ver opﬂtﬁhg

conmunj catjon. system.of . this inventi.on. L Qi

i s aatleast %"éﬁ t"?‘é@ gﬁ%ﬁ%ﬁapi{’w%‘ge §8§'Jit'§ﬁénd‘£ %&EA&&S—_‘P%I%& rate.
synbol characters contained in the eval uation

sub-wi ndows of Fig. 4 .[0028] Figs. 6a and 6b are flow

the. synchr oni zaer o RPERIBIGH SN DWES 707, M
start pattern, and extraction of dual-bit data synbols

[862§]h| > rIl\i/g?n1t ilsoanblock diagram of a communication system of this invention.

[0024] Fig. 2 is a plot of the relative timings for the timing of the four-pulse

positioning modulation of the communication system of this invention.

[0025] Fig. 3 is a diagram of the frame format of the digital data of the

communication system of this invention.

[0026] Fig. 4 is a diagram of the structure of the sampling of a signal acquired

by the receiver of the communication system of this invention.

[0027] Fig. 5 is a chart of the probabilities assigned to possible symboi

characters contained in the evaluation sub-windows of Fig. 4.



[0029] Fig. 7 is flowchart for a first nethod for

eval uati ng the nost probable synbol of this invention.
W@ 0@80Y0262 g. 8 is a flow chart for a second nepdDTB20E002786

eval uati ng the nost probable synbol of this invention.

[0031] Fig. 9 is a flowchart for the eval uation of

the pattern of the start pattern of this invention.

Det ai | ed Description of the Invention [0032] The

digital data communicati on system of this invention,

h .
0235, bt B ey AR e e g e
di g| tal data nessages DO, %ual -bit

seri datteE pobihe syRe 'fqnéﬁ?é'of‘ &’Qﬁﬁ' ttB? df@rm‘%r dbe stast pattern,

four-pul se position nodul ati on signal representing the
encoded ektractian ofldual-bitdatagymbios ofdbjs inventidn 12. The
frame formatter 10 then concatenates a start pattern

to the beginning of the data nessage. [0033] Referring

08287 9- 2FiQr7 R fﬁi\/\?éh‘é'?fd?% fitbt h@ﬂwd‘oofbfrétlélgatn‘iﬁ tHe¥ost probable
data nessage. The DATA CLOCK has the frequency rate

t hat ssages DO, D1, ..., Dn 12 is

5 gat edsw}g) ?hg{r\as?igﬁ/g%@{rmnatter 10. The franme formatter
has a modul ation clock (PPM CLK) that is used to
8enerate t he four-pul se position nodul ated sig
[PA30ldat a MG higea ﬂqw&ha&i@r pseendmetiqdier ﬁﬁaluﬁ%\%the most
signal of the data nessage illustrates the nodul ati on
of  probable symbol of this invention.

[0031] Fig. 9 is a flow chart for the evaluation of the pattern of the start

pattern of this invention.

10 Detailed Description of the Invention

[0032] The digital data communication system of this invention, as shown in
Fig. 1 has a transmitter 5. The transmitter has a formatter 10 that receives
the digital data messages DO, D1, ..., Dn 12 for dual-bit serialization. The
frame formatter 10 then creates a four-pulse position modulation signal
15 representing the encoded digital data messages DO, D1, ..., Dn 12. The
frame formatter 10 then concatenates a start pattern to the beginning of the

data message.

[0033] Referring to Fig. 2 for a discussion of the formation of the data

message. The DATA CLOCK has the frequency rate that the digital data
10
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the four possible bit conbinations of the dual-bit

data and is explained as foll ows:

[ 0034] The structure

wo@Roobh®2er ane is illustrated in Fig. 3. The dap@l/1B2005/002786
synbol s of the data nessage are concatenated to the
Start Patterns to formthe Data Frame. The
Synchroni zation pattern is the encoded dual -bit code
00 or the pattern ( 1000) transmtted repetitively (

1000 1000 ..

1ogoTtessages DOt B

Start patterns to

..) until

1248
yotr
le th

a Data frane is to be

gglreﬂ.r{b 2R4 FramdPRIhEHEr 10.1PRE frame

nsmtted prior to the

al i gfPrmadter nag & mﬂ&&%ﬁ%glpcg éﬁngﬁfggﬁég'%(?ﬁog%@ %ﬁ%élnetré’te the

"1000" structure of the Synchronization pattern

cr ucfar-fulse positiere et

synbol s of the datanessage.

signahef the ek

The recei ver 30 uses the

BB agfat

ghg four-pulse

"1" pasitibe niddulated signat nEthetrlata inessaga diustratesigernedulation of
appropriate timng for the bit structure of the

subs g

B
sequence OP

i dent.
30 p&%l

Start of the data frane.

a5iplespirbsrhbinafiondef hatdualrbit sateand ieexplained as
bits that fornmed a Start pattern has to be

ied before a state machine within the receiver
ds to exanm ne the next data field and the

[ 0036] The structure of the

Synchroni z
bi ts becaus

on pattern

e tHeesPlat e |

A el

R Eparingy

[ a

exam nes tt
all the corn

fourputse
diti oft that

osition nodu
satisP¢ the

at edﬂléb&nal

ecog

on of

f or
t he

Start patt
is

i | Ch
S altu— 3l dl |

t2

of —the data

frames, Onice
0100

it

3

10

0010

[0034]

t4

11

0001

The structure of the frame is illustrated in Fig. 3. The data symbols of

the data message are concatenated to the Start Patterns to form the Data

Frame. The Synchronization pattern is the encoded dual-bit code 00 or the

pattern (1000) transmitted repetitively (1000 1000 ....) until a Data frame is to

be transmitted.

[0035]

The Synchronization pattern (1000 1000 ....) is constantly transmitted

prior to the Start patterns to enable the receiver 30 of Fig. 1 to align itself to

the proper sampling position. The “1000” structure of the Synchronization

pattern is crucial for the reception of the subsequent data symbols of the data

1"
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mat hematically certain that it has the data franme in
| ock, the state nmachi ne of the receiver receives the

walaioa/omi2zes of the data synbols of the data nmesREnEB2005/002786

until the counter runs out and the data frame is

conpl eted. The state machine then exits and begins
exanm ning the received message for the Start patterns
agai n. [0037] Theoretically, the Synchronization
pattern needs only one synchronization synbol ("1000")

to enabl e synchroni.zatipn, The .t '

recelr:\?é??% gﬁﬁlr%%%r'r\é%r ‘th?lgsqﬁsei\? j %%fh é;@%n_gté?grgﬁ E:'%tlrblﬂtq i s
synchroni zat i . ("1000" i [ '

S i e Shoeto 4009 b 18 HESEE rBAgEEHen
first synbol bits of the Start pattern are received.

The tiatassynsiyotbof thef dathenasisage. Jdetsaayenge ohbitethat forped a Start

different from"1000" to enable the state machi ne of

the Ps&&ﬂn\/@s Bbd deptifddibéferd hstdtomaghines aitbisi the seceiver 30
nodul ated signal to identify the Start pattern. For

o000 i55°0106 8IS’ 0B 885 08 eTRe ML e Tacn e

of the receiver 30 enable synchronization and identify

the Start _Patt b [ f i ' .
flonae. Thesbucisas) T i otngzaBsboeiaE Shbet hemystaken for
01_00 0100_ SYNC START [0038] The Start Pattgrns are

uni quiatabits becrussithe tale raaqing OFlR TRESier 40 FXagineg the four-

represent data. The Start Patterns of synbols in the
pr ef gulsgdposition modulated signal for all the conditions that satisfy the

recognition of the Start patterns and Start of the data frames. Onceitis
mathematically certain that it has the data frame in lock, the state machine of
the receiver receives the data bits of the data symbols of the data message
until the counter runs out and the data frame is completed. The state

machine then exits and begins examining the received message for the Start

patterns again.

[0037] Theoretically, the Synchronization pattern needs only one
synchronization symbol (“1000”) to enable synchronization. The state
machine of the receiver 30 evaluates the next 4 bit symbol after this
synchronization symbol (“10007) to identify if another synchronization symbol
(“1000”) is received or the first symbol bits of the Start pattern are received.
The first symbol of the Start pattern is chosen to be different from “1000” to
enable the state machine of the receiver 30 to evaluate the four-pulse

12
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enbodi nent of this invention is the synbol pattern
(0100) (0000) (1000) (0100) (0100) (0000) (0100)

W@ 0W60Y0225 shown in Fig. 3. The data synbol s aPET/1B2005/002786

fornmed and concatenated to the Start Patterns.
Preferably, the data frane of data synbols of the data
nmessage has a fixed nunber of synbols to enable of the
data nessage to be recovered. However, a form of

vari abl e I ength nmessage can be inplenented by adding a

nmess Jhet . . . i .
receosiButileted o Al TE s1af el o Eramle, i the
. 039, h f iS..f tt

e 2 Wt TR choSS LA abpA ookt ST 65 o8 oo,
transferred fromthe frame formatter 10 to the optical

dri vdhe state mashiss: ofdhe repaivas301enatie syrehsgnization aghidentify the
emtting diode (LED) 20 to transmt the frame data and

t he StaciPatterrz by cvaluatigydbliawing bitisgljuengetal 25. in the

preferred enbodi nent, the light signal 25 is
transmtted in the open air. The |light signal 25

| mpi nges (1000 10R0)HO0RN0SHOTBI0 D §H0%PPE0 4183 01RO he
recei ver 308YNG040] Li g8TARTgnal 25 is converted by

t he photodiode D1 35 to an electrical signal that is
conditioned by the anplifier 40. The conditi oned

el ectrical signal is then transferred to the sanple
and hold circuit 45 which periodically sanples and

BTS2 IRB RS KRB S LR e

tr anscrc;irrtegzt‘?)?I redp%ger{trd%rtra? ?Rg Start Patterns of symbols in the preferred
empodiment of this invention is the symbol pattern (0100) (0000) (1000)
(0100) (0100) (0000) (0100) (0100) as shown in Fig. 3. The data symbols
are then formed and concatenated to the Start Patterns. Preferably, the data
frame of data symbols of the data message has a fixed number of symbols to
enable of the data message to be recovered. However, a form of variable
length message can be implemented by adding a message between the

Start patterns to inform the receiver 30 of the length of the incoming data

message.

[0039] Once the data frame is formatted, the data frame and the
synchronization signal are transferred from the frame formatter 10 to the
optical driver 15. The optical driver 15 activates the light emitting diode

(LED) 20 to transmit the frame data and the synchronization signal as a light
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synchroni zation signal to allow the receiver to
extract the digital data nessage fromthe el ectrical

wa@aeare22f 0041] The sanpling clock 50 as shownPCTIB20¢5/002786

2 (SAWP CLK) is a nmultiple of the four-pulse position
nmodul ation clock (PPM CLK). In the preferred

enbodi nent the nmultiplication factor of the sanpling
clock 50 is approximtely six. The multiplication
factor maybe any conveni ent nunber, however, a

?gluﬁ 'sg% 9?5 g@ ?ageé?%%%iFgﬁogﬁns%rt]th@peltgbﬁmg@eﬂ% i trangmitted in

ractj cal duet itter in the transmtted data frane
B Sh% RGBT, skhesihs stanal &5 ATinags upan o phptosiode B 35
transm ssion paths of the Iight signal 25. The

pr ef dneargoraded oy thefresgixer 30.chosen since the four-pul se
position nodul ation clock (PPM CLK) is approxinnately
AVMHz thus nmaking the sanpling rate 24MHz, which a

[004QENi entl g sidial RSiieEonvEHRdBPHE! &@tod’lbd\i M5 to an electrical

mul tiplication Tactor of the sanpling cloc

ot oML TRjTS Yordtendanty freCa P &f'é?.""?{h‘%‘ 5@%@ slectrical
fact TR 5 sn&%%ﬁ feite Vetbeks 1 bnd GO 48 which periodicaly
exactly six. The difference in the multi Ilcatl on

fact élantF&%ﬁséBd fﬁé'r@)ﬂwlobwﬂ?ﬁawmhthltﬁidseieﬂtlca‘dlmal\f@'

to the sanpling clock 50 at sone point. The maxi num

f r amevakagioh to symseHrobige dise esosivari3g to iee &aasmitteldedata frame and
commercial crystal clocks tolerance and drift
specisyhétrohRagon Siynal RNSlIl6Vthet rRabivERRLExtiRE thPdighal data

message from the electrical signal.

[0041] The sampling clock 50 as shown in Fig. 2 (SAMP CLK) is a multiple of
the four-pulse position modulation clock (PPM CLK). In the preferred
embodiment the multiplication factor of the sampling clock 50 is
approximately six. The multiplication factor maybe any convenient number,
however, a multiplication factor as low as three time the four-pulse position
modulation clock (PPM CLK) is not practical due to jitter in the transmitted
data frame and synchronization pattern and due to mdltiple transmission
paths of the light signal 25. The preferred factor of six is chosen since the
four-pulse position modulation clock (PPM CLK) is approximately 4MHz thus
making the sampling rate 24MHz, which a convenient design point. The
practical minimum multiplication factor of the sampling clock 50 is

14



10

16

case scenario, at nost one clock cycle is added or
subtracted to the receiver systemat the end of the

walaita/omessage to ensure that the recovered datBCTERSGH®2786

is still correct. [0043] The shifting of the Start
pattern is insufficient to conpensate for the |ong
nessages frequency drift effect because the problem

mani fests itself over time. And even if it does
conpensate for the short nessages, the entire system
will not be aple to r k - D i
shi f?P&ﬁoﬂmﬁs&fa’S arﬂjjé\ﬁetpdggtg%iﬁ%sxgﬂg&e@ggteg cor r%}é’%qeo%hysmal
to the data nessage. There is very little chance for

t he pb@@ﬁtﬁéiﬁtl@%%t%éd;ompqwet% PifEEREVerift at the

| ocki ng stage. One of the nethods to ensure a w de
tolerance is to sinultaneously acquire the data

JERATRG SThedhHybicRlED Fact Ol PEBaHicARS i BTRTRERO g o be

data integrities of the coll ected datanessages. e

dat aekaciyesix-ehpe diffesenss eéﬂwﬁ%'fqa 'Pﬂggfg% Hhe symbol
conditions to ensure correct operation [0044] The .
sanpbednedréast toi shift refatipectio the samplisg slack$0 @t somee eint.t The
regi ster 55, which then evaluates sanples for a full

synbedax@huinearig eyt s getbyodeteirginag thetavailabletcommercial crystal
pattern, and a dual -bit data synbol. In the preferred

embod| JTRB oIk R ce Mt drifeshedifRiatiofs. N ThRisteMRlles iagbhddrafie worst
bit or sanples of the el'ectrical signal. An extra four

sanpl es_are retaine I ' 84 to the receiver
5o 5o 2hrd ), 3 P e BRI BBASF ey o he re
shif tsygt%(‘r:’rll gtt t%ta én% ofr]cﬁleJ rd%\ta message to ensure that the recovered data

message is still correct.

[0043] The shifting of the Start pattern is insufficient to compensate for the
long messages frequency drift effect because the problem manifests itself
over time. And even if it does compensate for the short messages, the entire
system will not be able to work because such a frequency shift will be too
much to cause severe data corruption to the data message. There is very
little chance for the receiver to predict the frequency drift at the locking stage.
One of the methods to ensure a wide tolerance is to simultaneously acquire
the data message using different lock positions to compensate for the symbol

boundaries differences and to check the data integrities of the collected data

15



correct synchronization, evaluation of the start

pattern, and extraction of the dual-bit data synbols.
wa@\Rdosofo2ehe bits of the electrical signal retaPeEtB20§5/002786

the shift register 55 are transferred to the synbol

eval uator circuit 60. For the evaluation the contents

of the shift register 55, the shift register contents

are divided into sub-wi ndows as shown in Fig. 4 . The

twenty-four (24) bits of that represent the synbol are

di vi qREsdaRfe8. fThErdath frafid IRy id&hbeen BHA A tRE BBEnddr) @onditions

remai ning four bits are the first two bits at the

| east, signifi st.er positions (0, 1) and the

| ast t?%ggg%eté&g‘%gttohg%t ét significant register

positions (26, 27). Each eval uation sub-w ndow

determ nes the synbol digit of fourpul se positioned

[gpﬁ)ﬂj at ed Hedphplel @i4tdicat signadis tﬁéﬂs)'f@@ebd)fo l‘r}]@%rﬁ@@jisﬂér 55,

e electrical synbols are exam ned by the

eval yat.on %rg%r{ SHidat Qstdﬂpgé:# @géifﬁﬂs%ﬂﬁo%ﬁﬁs @gﬁcfﬂgn{zﬁgon signal,

synchroni I onsynbol's e’ recei ver

received, el ectrical  signal. seco eries of the .

5 Sanpithe Sttt baera; aeq AiQEFbi gRPERERe TR 108 Bredtyre) Smpodiment
evaluator circuit 60 to establish the presence of the
st ar tthe ghiftiegisterkfl bas wentyeight (2@ biben samplgs o thegelectrical
series of sanples represent the synbols that are to be
t he sygriznl Anddxttahfeudsamplessregetairieet terationefor processingehe
synbol val ue for the sanples for each synbol is based

O | R i e Hoypo kel P oo neur
havi ng, PayidHrahiZatidH, 235NatiOn Of thb) stdRpdRern, and extraction of the
10 dual-bit data symbols. All of the bits of the electrical signal retained by the
shift register 55 are transferred to the symbol evaluator circuit 60. For the
evaluation the contents of the shift register 55, the shift register contents are
divided into sub-windows as shown in Fig. 4. The twenty-four (24) bits of that
represent the symbof are divided into four six-bit evaluation sub-windows.
15 The remaining four bits are the first two bits at the least significant register
positions (0, 1) and the last two bits at the most significant register positions

(26, 27). Each evaluation sub-window determines the symbol digit of four-

pulse positioned modulated symbol.

[0045] A first series of the samples of the electrical symbols are examined by

20 the evaluator circuit 60 to establish the presence of the synchronization
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Refer nowto Fig. 5 for an explanation of the
probability that the sanpling of the electrical signal

W@ awsm%0222 particul ar pattern to be present in BCT/IB2005/002786

sub-wi ndow of the shift register 55. The probabilities

are weightings fromzero (0) to three (3) with three

bei ng the highest probability and zero being an

i npossi bl e occurrence. The Group A of sub-w ndow

contents has a probability weighting of three that

t hey g ' : p AB

of - ScsRS iocR i fEeRlyel 386 HidiecRleR, oot SRRHE A Second
two that t represe a ol digit having.a 0. The

& o Ses0! TR AP R s pEY 6alambls s Sspiing by the evaluator
wei ght i n_gg of one that they represent a synbol digit

havi reifceit 60 tyiestablish e presenceptithe star @aiterns indicating that the
probability that they really represent a synbol digit

havi rfgllawibg tiaird sdrid O6Ksamplee répresgntBhe symibbisvwthatlang to be the
contents has a probability weighting of three that

t hey JyAoRS6MNthedlaty Alsagégit having a 1. The Goup E

of subwi ndow contents hasS a probability weighting of

two that they represent synbol digit having a 1. The

G oup F of sub-w ndow contents has a probability

[@e48jnht i ng Didte oniaatidradf theesymbep vaksierfor thessamyoles forggdch symbol is
having a 1. The G oups D, E, and F have zero

pr obajiskHton th@@iro[ﬁé‘tﬁﬁ%'ﬂ%'thé’ chbRINESEMNE s@b-WIRdW oflth@i dhift
having a binary 0. [0048] The chart, as shown in Fig.

oS08 B RER kS AR VR BRRLAPRSRERATRY QB 1 v
The Refer now to Fig. 5 for an explanation of the probability that the sampling of
the electrical signal causes a particular pattern to be present in a sub-window
of the shift register 55. The probabilities are weightings from zero (0) to three
(3) with three being the highest probability and zero being an impossible
occurrence. The Group A of sub-window contents has a probability weighting
of three that they represent a symbol digit having a 0. The Group B of sub-
window contents has a probability weighting of two that they represent a
symbol digit having a 0. The Group C of sub-window contents has a
probability weighting of one that they represent a symbol digit having a 0.

The Groups A, B, and C have zero probability that they really represent a

symbol digit having a binary 1.
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remai ni ng 28 conbi nations are not likely to occur and
therefore are assigned as a binary 0 and have a zero

w@e@bani2ki ty of being a 1. The probability weiREI/iB2ges/002786

are heuristically chosen for all the conbinations of
synbol val ues. The probability wei ghtings are derived
based on the channel characteristics. For exanple it
can be shown that the infrared channel contributes to
extending of the "tail effect” of the transmtted

i.ghal . Fpr e - ' i : i
th3boo 1ths B00H o PrTBBBHG-MEMs PaS ahbbagRRegnting of
becone at the receiver end . the. bit sequen " 2000
111 1@ B theyeprasRit @ syaIbol SisddiPvingd 1 ﬁ’l?o%r%{?loﬁ pf sub-
11000". Hence the probability weights in this exanple
ar e wisiogheahtentsthastmprobabilibi WGQQEG@ pEtwo thad they represent
1000" with a higher probability of really being a

" OOOQYmb&QﬂQiI haviagevhl The iGroup dffseibsyindbwardrdents bas a
signal to establish the synchronization of the

r ecepwabhig/ {.vgghlhggreﬁ Bhé st théwhipredanal syeigoiviigibiyaving a 1.

determnin ation of a first transition within

t he i.f1 regi r t i
sub- W RGIRLPE L Farnd Tl Ao aben it tat the) R4 rBafesent »
synchroni zat j gn synbal . C@ce t he synchroni zati on
synb8yabgk dat BauPEi¥aaY e sub- wi ndows are eval uat ed

to determ ne the start pattern. Then upon receipt of

the start pattern, each of the sub-w ndows is

(A 32 ThR SEERT BB I RS RonATE 8 o fnd B 84 by
more det Al iSds B Satn e LibWiSdows of the shift register 55. The

remaining 28 combinations are not likely to occur and therefore are assigned
as a binary 0 and have a zero probability of being a 1. The probability
weightings are heuristically chosen for all the combinations of symbol values.
The probability weightings are derived based on the channel characteristics.
For example it can be shown that the infrared channel contributes to
extending of the “tail effect” of the transmitted signal. For example, a
message with the bit sequence “00000 11111 00000 11111 00000” as
transmitted can become at the receiver end the bit sequence “00000 11111
10000 11111 10000” or “00000 11111 11000 11111 11000". Hence the

probability weights in this example are assigned such that the bit sequence

“10000” or “11000” with a higher probability of really being a “0000".
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met hod for the determnation of the synchronization
signal, the determ nation start pattern, and the

weziocaneon of the data synbols. The Eval uat or PCT/IB2003/002786

60 naintains three counter circuits (Sync Synbol Count
i , Start Synbol Count j , and Data Synbol Count k)
that are initialized (Boxes 100, 105, and 110) at the
begi nning of the nmethod. The bits are shifted (Box
115) into the register 55 a single bit at a tinme. The

OB Co”ateepHKale fﬁsﬁegﬂ@@éﬁ Sﬁﬁ%ﬁdﬁgﬁsé'%‘m"e

indicating an initial transition.

not synoheenizatianeoftthe iesaiyeyiHo ﬂﬂ%’agﬁmftted%@ t§{9§% éjgo'ﬁg by
shifted (Box 115) one bit to the left, thus shifting a

new béterminingithebiotatki of thiirshtransition \Auihueﬁhetﬁmfére(gz&ﬂer Once the
26, and 25) are exam ned (Box 120) again for the

i ni t frahsitib@Rsfolih@@ath dubatindgwlis evalagiedrto mgtermine the
transm ssi on. Upon receipt of the initial transition,

t he f id
eval g i d!)ral n%&ér@b& ﬁkﬁe i ghcﬁ@%éz%yeg ;?@gi’msle%re determined,

det erm n

r ogi e y'ﬂf@%@g%tﬁ:e&é‘ a?%%?é’ qgi%m\ﬁ%l e s stdrt baferdliFren upon
synchroni zati on si gnal yqﬁ]

syncFeeaiptaithe Atasipaam, ¢ach ofithe tsut’éfﬂpé?‘@?‘ |s5%vellléated to
shifted (Box 115) to determne the initial transition

and dptemmirecthiepdatafsysbotefithe diats mesaage-t i on,

eval uati ng (Box 125) the synbol value of the contents

of the shift register 55. If at the conparison (Box

130 f th nbol I f .
O B G B e BOAS o i or e

the synbol value of the contents
method for the determination of the synchronization signal, the determination

start pattern, and the extraction of the data symbols. The Evaluator circuit 60
maintains three counter circuits (Sync Symbol Count i, Start Symbol Count j,
and Data Symbol Count k) that are initialized (Boxes 100, 105, and 110) at
the beginning of the method. The bits are shifted (Box 115) into the register
55 a single bit at a time. The high order bits (27, 26, and 25) are examined
(Box 120) to determine if they contain a pattern (001) indicating an initial
transition. If the pattern does not indicate the transition, the shift register is
shifted (Box 115) one bit to the left, thus shifting a new bit to the bit 25. The
new high order bits (27, 26, and 25) are examined (Box 120) again for the

initial transition indicating the beginning of a transmission.
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of the shift register 55 is a synchronization synbol,
t he synchroni zati on synbol counter (i) is increnented

W@ Bwg/01R2) . The shift register 55 is shifted (BORIB24E002786

for such that a new conplete wi ndowis present in the
wi ndow. The contents of the shift register 55 are
eval uated (Box 145) for the nost probable synbol. The
synbol value of the contents of the shift register 55
is conpared (Box 150) to the synchroni zati on synbol

e | fugypﬁ rEYIRCYs @il Yark/iBn Rl iSol @bnfes of the shift

regl IS not e synchronlzatlon val ue an

error geurce

Fovetrsieter B ai cGgaR0 B2 J&“%&?ﬂﬁﬁé%%?ﬁ'igﬂmb?h's
shift register_55is that of a s chr ni zation.

the detesmings. ZEhe GﬁteﬁyWQSYMW b1 h?? i'egps 8d
(Box 155) with the nunber of synchronization val ues

(R comparesti(Bax t0)ite the synebromratica sighahdympal hi iti s not a

incomng signal . If all the synchronization synbol
val uefnaﬁz«sﬁlzaﬂén Bolderesiiit negister 55 is ghiftad ¢Box 41 5pto determine
synmbol counter i sincrenented (Box 135), the shift

g?g;glﬁ@[mtla? trﬁﬂgﬁlbﬁ dng %n%@él t 6f 4 Rewn®iiAl trandition, @dQIWatlng

ue of the contents of

th t

meﬁ%i?? ézg)o@\g}y%{brpig??r e rgt‘ﬁﬁgséj shittregider 55. 1f at the
Z‘\ér f ?@pﬁ;;fé@égr? Ellﬁéf g3$)gcgfghg ggﬁqbggﬁg o%g{eeﬂc%%tlggﬁngl Zl¥es SR register
unused bandw dth by continuously transmtting

Sy nc s5omittz el symcisartizationtsigrsn symbot, e SYRBO[Bis phihesgpntents

is tightly locked to the incom ng data synbols of the
dat a of the shift register 55 is a synchronization symbol, the synchronization

symbol counter (i) is incremented (Box 135). The shift register 55 is shifted
(Box 140) for such that a new complete window is present in the window.
The contents of the shift register 55 are evaluated (Box 145) for the most
probable symbol. The symbol value of the contents of the shift register 55 is
compared (Box 150) to the synchronization symbol value. If the symbol
value of the contents of the shift register 55 is not the synchronization value
an error has occurred and the method is restarted. However, if the symbol
value of the contents of the shift register 55 is that of a synchronization
symbol, the synchronization symbol count value (i) is compared (Box 155)
with the number of synchronization values (R) required to achieve
synchronization with the incoming signal . If all the synchronization symbol
values have not been determined, the synchronization symbol counter (i) is

20



10

15

20

message. \Wen the correct number (R) of
synchroni zati on synbols is determ ned, the shift

wo e@o®tee2i s shifted (Box 160) to the next ful PCTMBAEHW02786

of sanples. The contents of the shift register 55 are
eval uated to determ ne (Box 165) the probable synbol
val ue. The probabl e synbol value of the contents of
the shift register is conpared (Box 170) with the
start synbol pattern of the current start synmbol (j).

AS dﬁ&?érbﬁﬁ@d?(%%ei 3"5p‘gh§ SRl regvs‘i@f% shifted (BokA49) to the next ful

pattern iI's not plicated in the data nessage.

th | val f_th i i _
o5t HRBRY et ot b BN OP Lo 8 B Bt oo
co e t i oL

tr gﬁ§5ta$@?€/ayraﬁ|3¢§{/(tﬁizx 1\/!'?5t)t w&“@gﬁﬁ%{e‘: fcﬁ/r@ iig,he%(re'atﬂéaﬁl'y dhe

correct start synbol pattern, the start synbol counter
(i) iSynclnopizatidn symblekismenbiced sfr lesking| Buf fer patimat system
synbol pattern. If the conplete start synmbol pattern

has peiohfafcd, asérieVsd retbieeraent to eswpiopithes onuseast bandwidth by
i ncrenmented (Box 180), shift register shifted(Box 160)

tot I&Snfmues‘év fzgrgé)’(?’niit%ﬂglh%%ﬁn%m&iigtioh@nﬁﬁlé fo ER4Lirs tedt the

are eval uat or  the probabl'e synbol, an

, d
o PN s ePHE odalids he PSR Bl R B tikha

process continues until the start symbol counter

i ndi ¢B@¥A9€fhat nunber of start synbol val ues have been
eval uated. [0053] Upon successful detection of the
conpl ete start synbol pattern, the

[0052] When the correct number (R) of synchronization symbols is
determined, the shift register is shifted (Box 160) to the next full window of
samples. The contents of the shift register 55 are evaluated to determine
(Box 165) the probable symbol value. The probable symbol value of the
contents of the shift register is compared (Box 170) with the start symbol
pattern of the current start symbol (j). As described above the start symbol is
a unique pattern that is not replicated in the data message. If the symbol
value of the contents of the shift register 55 is not the appropriate symbol
value, the method is completely restarted with the search for the initial
transition. However, if the symbol value is the correct start symbol pattern,
the start symbol counter (j) is compared to the number of symbols in the start
symbol pattern. If the complete start symbol pattern has not been received,

the start symbol counter (j) is incremented (Box 180), shift register shifted
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next conplete window is shifted (Box 185) to the shift
regi ster 55. The synbol value of the contents of the

w@hiobn702eni ster 55 i s eval uated (Box 190) and PEEIBPACS02786

synbol of the data nessage is extracted. The data
synbol counter (k) is conpared to the nunber of
synbols (T) included in a data nessage of a data
frame. If the conplete data nessage is not extracted,
the data synbol counter (k) is increnmented (Box 200),

t he i f regi ster .55 is,shif :

o 10 8 R 6P A0 B o
of the shift register 55 are, eval uated ox 190), t .

oxt 1 Qw188 Torhd FEgaRIe SVEToGs 250 tha Vel rabg e i
synbol . Wen all the data synbol val ues are eval uated

and tdrapamiddodie carertistattisymbel pbihelseguasca ghstartgymbols. This

deterni ne the begi nning of the next synchronization

sy nbﬁﬂo%eé@ cohtifugsauritil et taftrsymibol EOORET indivates/tiatiauinber of
of the probabl e synbol as described in Figs. 6a and 6b

are g@%@a%s%e%mag%ééﬁta@qfa@& shown in Figs. 7

and wo nmethods maybe executed separately or
maybe executed simultaneously wi thone nmethod acting as
a verification of the results of the other. In Fig. 7

[00¥3] cont egpsn elicthssfahictdctiongifshecomplete stazkaymbapatie, the
the probability that the sub-w ndows have a certain

cont gt dn?pléféc\ﬁfn%WWg@hiftEBetBB&qlssz'td inel @t edgistee55. The

sub-w ndows are sunmed and the probable synbol is

o o SAFPp| 1 B S AL SUTR et oo 190

shovvgnh r’ghe': idgtsé sy7mt%] O<|)f?heacrigtaur%eeglsage is extracted. The data symbol
counter (k) is compared to the number of symbols (T) included in a data
message of a data frame. If the complete data message is not extracted, the
data symbol counter (k) is incremented (Box 200), the shifter register 55 is
shifted (Box 190) to receive the next full window of data, and the contents of
the shift register 55 are evaluated (Box 190) to extract the data symbol value
of the current data symbol. When all the data symbol values are evaluated

and the data extracted, the method begins again to determine the beginning

of the next synchronization symbols for the next data frame.

[0054] The evaluation of the probable symbol as described in Figs. 6a and 6b
are accomplished in two methods as shown in Figs. 7 and 8. The two

methods maybe executed separately or maybe executed simultaneously with
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together to determ ne a synbol value and they do not
agree, the synbol value can be nmathematically

waledoeomizeed based on nmaxi mal probability. The PEL/IBes/002786

are used to make intelligent guesses of the nost
probabl e synbol value, not to ascertain the correct
synbol val ue. Wen subjected to a noi sy channel
environment and if the nethods cannot nmake sense of
any decent symbols fromthe incomng stream then it

}Mh lel %l%)ejﬁ q?)oaé ?%’th%sésa% geﬁﬂéacﬁgh&g é@é‘b@’su@% :of ljﬁgf.t (MEig. 7, the
e TR AT

nmore detailed description of the first nethod f

det esub-windgwishhaveyarpertaingontenis lwqeﬁélnedxuwrobabllmes of the
probability that the synbol value is equal to a

cer t aiwiraidwigare Bienmet fand the grotsable symbaii i iaskigned ghe symbol
(Box 205) a sub-wi ndow counter (swc) wthin the

eval \?ﬁhglwlﬂ:llthg%éxnﬁgm grobapiig, W ndow counter (swc)

counts the nunber of synbol digits that for the synbol

of the data nessage. In the exanple of the four-pulse

posi ti onednodul ati on, the nunber of synbol digits is

[00B5] . For If bbttsmetHueidi twermethiods aistsheivndo Wig Tnaret 8iase used

set to zero and increnented to four. [0057] The

t enp ér'?@%été?ﬁﬁﬁé 8'syfribel Yalug ahBane) abhbalagmdtr(&symml
!

tenplate i ndex counter (tci) counts the
Eﬁﬁiéw?ﬁab%?%%shie%%t%hﬁ’@%fei?‘er : eﬁﬁe?éﬁ"h!“"n%*n'@%{ Spgoilty. The
S: gbtg{%trﬁc% S érlgxusgéj% m%{glé\ e gbggge%nofztﬁe most probable symbol
value, not to ascertain the correct symbol value. When subjected to a noisy
channel environment and if the methods cannot make sense of any decent
symbols from the incoming stream, then it will be unable to lock onto the data

stream. Further, the Start patterns and the embedded control data outside

the data message have checksums to ensure their data integrity.

[0056] Refer now to Fig. 7 for a more detailed description of the first method
for determining the symbol value using the maximum probability that the
symbol value is equal to a certain coding. The method begins with initializing
(Box 205) a sub-window counter (swc) within the evaluator circuit 60. The
sub-window counter (swc) counts the number of symbol digits that for the

symbol of the data message. In the example of the four-pulse positioned
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exani ned to determ ne the probability that they are
either binary 0 or 1. The tenplate index counter (tci)

W b@soreezs to track only 36 eval uations. [00SB{T/IH2605/002786
sub-w ndow i ndi cated by the sub-w ndow counter (sw )
is conpared (Box 215) to the tenplate indicated by the
tenpl ate i ndex counter (tci). If the sub-w ndow is not
equal to the tenplate the tenplate index counter (tci)
is conpared (Box 225) with the nunber of tenplates. If
al | h%%‘ﬁbﬁsth%mwofgﬁ%o%@% Refbur NEof &P bAibRdiment the

i ndex countet I's increnmented (Box 230) and the

b-w nd ' .
Thi < SV RAGTLIRIo oGt RheRedBial? P o1

of the tenplates or all tenplates have been exani ned.
[0059] If the sub-wi ndow is equal to one of the

! at es?’g%?(&ag{%?@?}giewcbhﬁ@rf(@f) i$ HRerSHRiant el B62H0). The

assi'gned r the tenplate as explained for

Fig. 5. For. exanpl e i i .
pr OE mplﬁf’e},lnge){( ¢Byftef Etlcé r&guﬁﬁﬁgyyﬂg{b‘a@ﬁ %?gergglggegbﬁor wh i/Ch the
that it is a probability 1, t robabi |.i t . th
5 sub- RroREbIlties e kgAWR: dms&ﬁg %é}ghg Pf%l%"'?ﬂ ?’RYPaCr%{‘fEeBﬁhefe are
and a O for the value 1. If the subw ndow does not
cont mlﬂy-ang/(%ﬁ tarhplatesnpittanen-zarqebabiities t Raly these need to be
probability for the window is assigned a zero for

ei t hekamatoadsleinhine Syarpmbabiligy that theysaregither binahed on1. The
O value or a 1 value. The assignnent is arbitrary to

assi Qé}nﬁlr?éf [eRfcoBnfiR @tchah&i§ neSdS LtradiConly IBBM@valadtions.

i's meanlngl ess here. I't "does not neke any difference

rhether it is a one or zero, because it is not going
0

[0058] The sub-window indicated by the sub-window counter (swi) is

10 compared (Box 215) to the template indicated by the template index counter
(tci). If the sub-window is not equal to the template the template index
counter (tci) is compared (Box 225) with the number of templates. If all
templates have not been examined the template index counter (tci) is
incremented (Box 230) and the sub-window is compared (Box 215) to the

15 next template. This is continued until the sub-window is equal to one of the

templates or all templates have been examined.

[0059] If the sub-window is equal to one of the templates, the probabilities for
the sub window are assigned (Box 220) for the template as explained for Fig.
5. For example if the sub-window has a probability 2 that it is a binary 0 and

20 a probability 0 that it is a probability 1, the probability of the sub-window is
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help in the | ocking process. In the system design
however, the number of transmtted ones is | ess than

wWao b@ewomnzber of transmtted zeroes, therefore fPCONIR2065/002786

system point of view, it is better to assign a 0 to a
synbol that failed the tenplate test. The sub-w ndow
counter (swc) is conpared (Box 235) with the nunber of
sub-wi ndows in a synbol. If all the sub-w ndows have
not been eval uated for thei r tenpl ate probabilities,

the ste rep =at I

t(h . g?j&’wﬁ{]@ ZS%HE% u%%ahé‘% nggfq‘?k?@%gélphﬂeslf fl’%rsub-
synt) is initialized (Box e synbol, co

( sywwndqwd@%ﬁ Bet QQ%a'ﬂcﬁ“é(IOf#Lﬁwz?é‘Fmaﬁe @H%%ltee” & fgbabilty for

possi bl e coding of the synbol. In the instance of the

f our tevindopais iassigned anzata fertithes yalyel anchibesyaitol digifris

possi bl e enpl oyed for data synbols. The

synchggigh@kitier $9Vaile drsa tl valudaThesassigpimelt isaditrag ds assign

to be examned for the single synbol. The start

pat t arjard §f 4 g%l@é‘@m&%@tﬁé gﬁlbﬁﬁveﬂﬁé"@, Ar@nfrRlestandie. It does
separate specific pattern.[0061] The probability that

E glec({:?g %n% teféggfgi @%yégghﬁeﬁ{ee??ﬁntﬁn eie;rPolg@%ulse it is not going to

t hat each sub w nd

Sy BFIP MHBE [k EETPEth: bKinasvPRET HerEd e neupt. é@%@umber of
niln2n3, n5)=Pr(nl)+ Pr(n2) + Pr(n3)+ Pr(n4) where

ri 2, transmittesi enas ishesssiapdhe AHgIoEs 0&38@%@6@6#*.2@6068 therefore

from the system point of view, it is better to assign a 0 to a symbol that failed

the template test.

[0060] The sub-window counter (swc) is compared (Box 235) with the
number of sub-windows in a symbol. If all the sub-windows have not been
evaluated for their template probabilities, the steps are repeated until all the
probabilities for the sub-windows are assigned. The symbol counter (symc)
is initialized (Box 245). The symbol counter (symc) indicated the total
number of symbols in the possible coding of the symbol. In the instance of
the four-pulse positioned modulated symbol there are four possible employed
for data symbols. The synchronization symbol is the data symbol 00 and
needs to be examined for the single symbol. The start pattern is unique and

needs to be examined for each separate specific pattern.
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by the tenplate, In the four-pul se positioned
nodul ati on, as descri bed above, the possible synbols

wa@e@eHm222.000, 0100, 0010, and 0001 and the PCT/IB2005/002786

probabilities for each synbol are determ ned. [0062]
The synbol counter is conpared (Box 255) to the nunber
of synbols (nsym. If all synbols have not been

cal cul ated (Box 250), then the synmbol counter is

i ncrenented (Box 260) and the probability is

[60%'1@%?} Ief ?%a%ﬁ@ ha\(\‘f'ﬁé“cé\hbnltsrtﬁ tROERifttregistery8Boiglthen

pro are ca cul ated (Box 250), the syrrbol IS

i ¢ noRRalsek S aBanp tk‘%‘@%@?é‘{flﬁ PR ek B o

f d h h
o eSSl Ut LS L0 AR S

nost |ikely synbol digit for each digit and assigning
it to the synbol digit position. There is novalidation

ot hod sol el y. - for e Bl rnd? Piffl{PRng)s Brind

the second nethod. As descri bed in Fig. 7 the

sub-w ndow counter YBRE is initialized (Box 305) and

the tenplate counter (tci) is initialized (Box 3 % .
The sub-w ndow i s conparBd NeBox MBEES theysYrRbokdigity & gpecified
value. |If the sub-window is not equal to the tenplate
value, the tenplate is coyftecdhpldex 320) to the

nunber of tenplates (nt). If all the tenpl ates have

not been exam ned, the sub-w ndow is then conpared

Box .
( In the four-pulse positioned modulation, as described above, the possible

symbols are for 1000, 0100, 0010, and 0001 and the probabilities for each

symbol are determined.

[0062] The symbol counter is compared (Box 255) to the number of symbols
(nsym). If all symbols have not been calculated (Box 250), then the symbol
counter is incremented (Box 260) and the probability is calculated (Box 250).
When all the potential symbol probabilities are calculated (Box 250), the

symbol is assigned (Box 265) the symbol value of symbol code with the

maximum probability.

[0063] The second method for determining the symbol value for the contents
of the shift register is accomplished by selecting the most likely symbol digit

for each digit and assigning it to the symbol digit position. There is no
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315) to the next tenplate. Wien the sub-w ndow is
equal to the tenplate value, the probability

was®sgmzent for the tenplate is assigned (Box BAD)B2@5/002786

the probability of the synmbol digit of the sub-w ndow.
If all tenplates are exam ned and the sub-w ndow is
not equal to any of the tenplates, then the sub-w ndow
is assigned a value of a binary zero. The probability
wi Il be assigned a zero, thus indicating an error.

[Ooﬁf}élidEHSn%ﬂﬁgf{irﬁgféﬁjﬁba%é%ﬁ‘@d BUsipis Methdsdlely. Refer

di gi 1t~ value e maxl mum probabillity for the

bi nar iglt., Jhe sub-w nd i ;

( onnévgge ?fgsb & e infiise ol O E SHRBLE Rk ) dpRETRRRH Fig. 7
t he subwi ndows have not been exam ped t b-w nd

c ounthér sybsWINAOMCQUIeelSwig) @d"kt')égﬁe‘géﬂx :gﬁﬁsat%ﬁletwﬁ gﬁr?m\évlate
probabl e synbol digit value is determ ned. \Wen all

the sguritef (tdi) i initiakizecBax 3 Ye(Thersubewindowds spmpared (Box 315)
assi gned (Box 350) as the concatenation of the sub-

sy mbgy thei tehiplata vagies ddinegs R mRlowTis erot eqliaictbitbe teshplatesvalue,
probabl e start synmbol of the start pattern 165 of Fig.

Cbe BEEMlals LB IR (biIadit8 tdnuriBer SRt tn0l Ifall the

t he tern wth'initializing (Box 4

vl ol bl (R GRSt o
and t I
The S85H o Pt iStaetnaiiendie SUS ST Y e ormpiate

pattern. The bit shift index (bsi) is a counter wWthin
t he eakieytiteoprobabilitysassignment for the template is assigned (Box 310) to

the probability of the symbol digit of the sub-window. If all templates are
examined and the sub-window is not equal to any of the templates, then the
sub-window is assigned a value of a binary zero. The probability will be

assigned a zero, thus indicating an error.

[0064] The sub-window is assigned (Box 335) a symbol digit value that is the

maximum probability for the binary digit. The sub-window counter (swc) is
compared (Box 340) to the number of sub-windows (nsw). If all the sub-
windows have not been examined the sub-window counter (swc) is
incremented (Box 345) and the next probable symbol digit value is
determined. When all the symbol digit values are determined, the symbols is

assigned (Box 350) as the concatenation of the sub- symbol digit value
coding.
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is used to control the nunmber of shifts used to
determ ne the current start pattern. [0066] The

w@ewsenes2 of the shift register 55 are eval uat BOI/(H0065/002786

405) according to the nmethods as described in Figs. 7
and/or 8 to determ ne whether the current synbol of
the start pattern is present. The probability that the
contents of the shift register 55 is the correct

synbol of the start patter is recorded and retai ned

CBRE B e B st S 1 o

conpared (Box 415) to the pumbe [

a1 | oat 60 15 Showhat Y EMoL 8. 9 ShegaRRLopDf fstart patter
start pattern. If the shift register 55 has not been

shi f beging aithtimializimg 30X 490)dhe bitishifsindex bsih The shi?t register 65
regi ster is displaced by one bit. The new contents of

the ghbide JHifich eingiSbitteartiove foval umieer ofbits ap03he govtents
the probability of that the synbol is the correct
fsgpbg\lﬂarl{f%teli H6r et ElRbBI 6fhé 86 gaterand instir@idetettion of the

er evaluation. The bit shift index (bsi) is

ﬁgﬁ%gt@iﬂ?ﬁégg iﬁgﬁtgshﬁlngg%ﬁééfggé EW?ﬁ@h%ib et?g ‘r:éplglajator 60 that

enbodi ment this nunber (n) of shifts is. three
en/sURectpramnrohinerab e ShitRcie R SRS the fgrt stor
symbol (j) is assigned the synmbol detected during each
changattedn. t he shift register 55 having the maxi num

probability of being correct. The method of detection
is thus conpleted and the detected synbol is conpared

éBox 170 of Fig. 6b)
[ 0

066] The co%tents ftth% shift register 55 are evaluated (Box 405)
according to the methods as described in Figs. 7 and/or 8 to determine
whether the current symbol of the start pattern is present. The probability
that the contents of the shift register 55 is the correct symbol of the start
patter is recorded and retained for further evaluation. The bit shift index (bsi)
is incremented (Box 410) and the bit shift index (bsi) is compared (Box 415)
to the number (n) of shifts allocated for the evaluation of the symbols of the
start pattern. If the shift register 55 has not been shifted for the number (n) of
shifts. the shift register is displaced by one bit. The new contents of the shift
register 55 are now evaluated (Box 405) and the probability of that the
symbol is the correct symbol of the start pattern is recorded and retained for

further evaluation. The bit shift index (bsi) is again indexed (Box 410). This

28



10

15

20

the current start symbol value and the start pattern
verification continues. [0068] The shifting of the

wal2a08/0%02ehol s during the | ocki ng process obt ai PGT/IB2605/002786

nmost probabl e | ocking position before the data message
acquisition. It evaluates the probability weights at
the - 1, 0 and + 1 position with respect to the
sanpling clock and chooses the position with the

hi ghest probability evaluation nunber. Such a nethod

Is to ensure nathe j g j '

resst 'nugsmé:ﬁﬁlg WBhbE Y AL if PoimblRER gk fprre
are have the hi ghest probapiljity of being correct. For
exanpmbodiment this JnerRari(a} o ?"B']F%e%tggeedata pul ses at a
data rate of 200 ns and three receivers reproduce the
data pul ses at a data rate of 200 ns, 230 ns and 170

due tQ,the spr 0f. ' :
[cﬂﬁmods BneinpoBRsh iz OPRIGEIMiE paPelt AERgmapl) i
changes in the data pul se width deviati it .
oS ags biconmbal b 6 B S BP0 ol i gt 55
effort that the data nessage streamis |ocked at the
cent having the exaxtsumi prababilitytaféeingcearrast pdbpimethop of detection is
fixed, ignoringthe probability weights, then the

r ecetyry sormpleted drel thétetscted dymbel R3nmsared (Box 470 of Fig. 6b) to
[ 0069] The nethod as described has a fixed frame

! engitibr ét?rr"reéfgts’caﬂ_ B¢hBol valde hhdthe s@rtgttene vaiificationtdoatinues.

data f1 ue to the speed differences in the

transmtter and receiver sanpling clock. Hence a

| onger data frame has the problem of second half of

[00BB]dat a Thershiftkag of thesddty sgmbolspdurthgi thetidaking process obtains the

most probable locking position before the data message acquisition. It
evaluates the probability weights at the —1, 0 and +1 position with respect to
the sampling clock and chooses the position with the highest probability
evaluation number. Such a method is to ensure mathematically that the
incoming data message is locked correctly and all acquired data bits are
have the highest probability of being correct. For example, if a transmitter
transmits data pulses at a data rate of 200 ns and three receivers reproduce
the data pulses at a data rate of 200 ns, 230 ns and 170 ns, due to the
spread of the production process. The methods as described above are able
to manage such changes in the data pulse width deviation as it is based on
probabilities and to ensure with maximal effort that the data message stream

is locked at the central pulse position. If the locking position is fixed, ignoring
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transmtter and receiver sanpling clock differs by
sone cal cul ated margi ns. Such a sanpling clock

wore@han2em wor ks best if the transnmitter and rBRCEIB2005/002786

cl ocks are al nost exact. If a variable |length frame

were to be inplenmented, sone control data bits have to
be embedded in the Start patterns, as described above
to informthe receiver of the data type and nessage ’
length. In this way, the receiver is able to adapt by

b1 1 <tharoRe R RS Cn e TS i PeoE] Fall (IR s vil

register 55 and the evaluator circuit 60 are shown as
_sepafradte and distinct circuits. They may be such as

i npl enented in an application specific integrated
circuit (ASI QO or nmet hods for synchronization,

det ect f
(Ghabe. | ol GrrEtated 28 ¢ E?%r&%ﬁ%s?%i‘g%@”aﬁf%'eﬂﬂth""‘g"“a{ hereisa
SI gnal processor The net hods cr|

it (7 the lengithef o igtA ame ﬁnSESS dithrepdinithe
rredla such as a read only nenory (RO\/D

el ectransmitter @al rdceaikerosanaplinggeieck. cHen@(aé@qug)d@@frg@e has the
by the digital signal processor.Wile this invention

has Pﬁﬁﬂerﬂafftsb@yh@hbw obihevdata fdnttedatal dasily eotripted if the
reference to the preferred enbodi nents thereof, it

Wil | aﬁsrlr'\ﬂ%nra%%gel?é!r éeﬂﬁﬁ SHbER Sﬁ’feww B@m@fdammmbd margins.

arh usg eS|n rman details may’ be nade

W t e tl fromt

i nve%“icﬁr? ”ﬁ%@O?WSﬁF?’&% nglltkrsre tﬁ‘fﬁﬁﬁa%rg ftia® and receiver

conmmuni cat i on receiver ?Oﬂ‘pl‘l ;
clocks are almost exact. It a varlablqungth frame were to be implemented,
some control data bits have to be embedded in the Start patterns, as
described above, to inform the receiver of the data type and message length.

In this way, the receiver is able to adapt by setting the data counter to collect

the number of data bits as the data message is received.

[0070] The shift register 55 and the evaluator circuit 60 are shown as
separate and distinct circuits. They may be such as implemented in an
application specific integrated circuit (ASIC) or methods for synchronization,
detection of a start pattern, and extraction of data maybe implemented as
program process within a digital signal processor. The methods as
described in Figs. 6a, 6b, 7, 8, and 9 would be program code retained in
media such as a read only memory (ROM), an electro-optical disk or a

magnetic disk and executed by the digital signal processor.
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a register in conmunication with telenetric device to

recei ve series of synbols conposed of a plurality of
whrdos/oresul ting froma sanpling of a signal reeer/mdoin27s6

said digital comrunication receiver and upon recei pt

of said plurality of bits, adjust |ocation of said

bits within said register; and a synbol evaluator in

comuni cation with said register to exam ne said

plurality of bits to determ ne a synbol value for said
[0%‘7‘11&' R .VV\/ﬁIIe it ShvenfibA hay maeh parfidifarynshowh 89d described with

synthroni zat1ron value indicating a timng of said

signal, a stapt va i ndi.cati i AR

reaoiiirehon i e ABtetGid b5t bk MG, Uhabrididoy

bit of said data nessage, wherein said synmbol I

bei nioss misled b Bt B SE0BUS Fhages Bdei AS eldilifRay be made

values. 2 . The receiver of claim1l wherein said

eval without depactingffomithe spisip andscopg ahthe IRYEAI r st

series of synbols received by said register to

establish synchronous | ock with said signal; exam ning

a second series of synbols received by said register

to determ ne the beginning of the data nessage; and

examning a third series of synbols received by said

register to determ ne the data nessage. 3. The receiver

of claim2 wherein examning the first series of

synbols to
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establish synchronous | ock conprises the steps of: a)
examning the plurality of bits in said register to

waledoeoni2zee a first transition of a first synboPCDIB2ed/@2786

first series; b) upaon determning the first

[0072]ansi t iThe, inedionAaiRgdsdi d plurality of bits resident

in said register to determne if said plurality has a
synchroni zation value; c¢) if said plurality of bits
1has A digitat leoamharitation ieakiver cormprisihgvel y eval uating
each of the subsequent synbols recelved by said

regi ster to determ ne that each of said synbols has a

synchroni L wherel n ] [ : .
cval uat i g oy ot HpefimutBh dut! et WEL b Feceive series
synchroni zati.on yal ue, the receiver is_locked: and

wherel 1t of fEmPRls bt Rl LS BUER LD g

any of the pluralities of bits is not a o
synchr oni zatSRewPlipgIofi@ signad regaiveyl By spid digital cemnuication
the receiver is locked. 4 . The receiver of claim?2

wher ei n exameceivgy arfteupsetieedipd of said pidratityndfdlits, adjust location
deternmi ne the begi nning of the data nessage conprises

the steps ofof eyl Bitwifian 8akiregistdrhgngecond series of
synbol s received by said register to determ ne that

each of said second series of synbols has a start

val ue; a symbol evaluator in communication with said register to examine

said plurality of bits to determine a symbol value for said
plurality of bits, said symbol value including a synchronization
value indicating a timing of said signal, a start value indicating a
beginning of a data message, and a data value indicating at
least one data bit of said data message, wherein said symbol

value being a most probable value of all possible symbol values.

2. The receiver of claim 1 wherein said evaluator executes the steps of:

examining a first series of symbols received by said register to

establish synchronous lock with said signal;

examining a second series of symbols received by said register to

determine the beginning of the data message; and

examining a third series of symbols received by said register to

determine the data message.
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wherein, if any of said second series of synbols does
not have the start value, evaluating said series of

W@ ivbor@e22 ecei ved by said register to determ nECT/MB205/002786

the first series of synbols is received to again
establish synchronous | ock.; wherein, if the second
series of synbols have the start val ue, the begi nning
of the nessage is established. The receiver of claim?2

second, and third series of synbol eterm ne

synb IS, steps of:

assi g%ﬁaﬁgé'g§¥’?‘{h§§ﬁ%%o'§§@??+‘!° &g%‘gm?eﬁégér Bgach of a
plurality of subgroupings of bits that conpose the
synbol, said first probability value indicative of a _
pr obabi | i we)smmlngq@eﬁj%@hmmiy hits id saish registerjp dleterming a first
first nunber of two binary nunbers; assigning a second
probabi | ity vatramrsition okadirst symblokofsaid fitst sgries;

subgroupi ngs of bits that conpose the synbol, said

second probability value indicative of a probability

that the pHASGPHSiRGIg el frsf PRIGAGehaRiabiRG 38R plurality of

nunber of the two binary nunbers;sel ing o
B Giait ofa sonbseRart LR OgHRE R PRlchiifle f ERUTIGRNG has

enpl oyed in formati,on of .the data nessage;
Pt oy a synchronization value; g

wher ehB rEbGvEXGEIAIS whRedIn &Mingftq% fﬁ?t Ebried of symbols to

c) if said plurality of bits has a synchronization value, iteratively
evaluating each of the subsequent symbols received by said
register to determine that each of said symbols has a

synchronization value;

wherein, if the iterative evaluating of each of the subsequent

symbols is a synchronization value, the receiver is locked; and

wherein, if the iterative receiving and evaluating of any of the
pluralities of bits is not a synchronization value, iterating steps

a) — c¢) until the receiver is locked.

The receiver of claim 2 wherein examining the second series of symbols

to determine the beginning of the data message comprises the steps of:
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summi ng the probability values of the subgroupings to
forma probability that the synbol represents each

wayeboro2ehar acter of the synmbol code; sel ecti npCT/IB2005/002786

synmbol character having the maxi num probability that

the synbol represents said synbol character of the

synbol code; and assigning the synbol value of said
synbol character to the synbol. 6. The receiver of

cl ai m 5 eheluating eheh bf thet sesendsesien @f pyobalsirereiyed by said
val ues are heuristically determned for each possible

bi t conbi najdgpsterctb deternsinb ¢ratigaichgs said dscond series theymbols
receiver of claim2 wherein the exam ning each synbo

of the first,q 58 nd third i f
_ as ué ird series of synbols to
determ ne the syfr?g’g?ava'l ue each synbol conprises the

steps of: assigning one of the two binary nunbers to a

first sub-synbol, of the. synbol accordi '

[ kel i hodthalk ey o SRCLeenH s TiBS o PUTBRE et RalR the
bi nary nunbers; anditeratively perform n% ?ai d . .
assi gni ng ustart valug; Ievalusling sais seyiesSf syBToaS regeiveg hypaid
one of the two binary nunmbers. 8. The receiver of

cl 3. :m 1 wheregjistet foedetgmbiobshalrtbe dirsteeriepof sgmpelsiis renpived
nmodul at i on.

to again establish synchronous lock;

wherein, if the second series of symbols have the start value, the

beginning of the message is established.

The receiver of claim 2 wherein the examining each symbol of the first,
second, and third series of symbols to determine the symbol value of each

symbol comprises the steps of:

assigning a first probability value for each of a plurality of
subgroupings of bits that compose the symbol, said first
probability value indicative of a probability that the subgrouping

of bits represents a first number of two binary numbers;

assigning a second probability value for each of the plurality of
subgroupings of bits that compose the symbol, said second
probability value indicative of a probability that the subgrouping

of bits represents a second number of the two binary numbers;
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9. The receiver of claim8 wherein sanmpling of each
digit of the four pulse position nodul ation form

wa ndpgoozpt ngs of bits of the synbol. 10. The reCEIB2005/002786

of claim9 wherein said sanpling is at a sanpling rate
that is at least five tines greater than a pul se
position nodul ation clocking rate. 11. A data

conmuni cati on system conprising: a transm ssion

appar at useleotingidne grotmbility relut doneachesubigsowping dat
digital data into series of synbols; a transmtter in
conmuni cat i @prediehts 4 ARyt ofangynissl whhtaotert of a sreboleotke
series of synbols and transmt a signal conposed of

the series ghoRyalf formafich 3 i ditdinissagear at us in

conmuni cat i on sald transm ssion apparatus to
acquire said series of synbols, said receiving
apparatus includin

c.a receivin nplifier to ac t
and condIs’e'mﬁngé‘?%l859%95&%@'5%8@%@%6?@'@9? @’ufi%ﬁﬂtao
sanpl e said signal; a register in conmunication V\Ath
the sanpl e probabititythat thewrymaa rerresents eaeh syebokghaypcter of
synbol s conposed of a plurality of bits resulting from
the sanpl i ngedfynibodcodgnal received by said receiver
apparatus and upon receipt of said plurality of bits,
adj ust | ocation of said bits within said register; and
selecting the symbol character having the maximum probability that
the symbol represents said symbol character of the symbol

code; and
assigning the symbol value of said symbol character to the symbol.

The receiver of claim 5 wherein the first and second probability values are
heuristically determined for each possible bit combination of the

subgroupings of bits.

The receiver of claim 2 wherein the examining each symbol of the first,
second, and third series of symbols to determine the symbol value each

symbol comprises the steps of:

assigning one of the two binary numbers to a first sub-symbol of the
symbol according to a maximum likelihood that said first sub-

symbol is one of the two binary numbers; and
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a synbol evaluator in comunication wth said register
to examne said plurality of bits to determne a

W@ vbor029ml ue for said plurality of bits, sai dPGlH2005/002786
val ue including a synchroni zation value indicating a
timng of said signal, a start value indicating a
begi nning of a data nessage, and a data val ue

indicating at | east one data bit.of

wher o n Saraivebstordina sapasg il ee B Sugr BT 8-
of all possible synbol values. 12. The data

communi cat | eyinkglds ansigned pae of the yakiBary runbers.

eval uat or executes the steps of: examning a first
series of synbols received by said register to

g.est atfd heReneheiameuswhareln thetsymimisiare ayfoalr putsegpasitiany
a second series of synbols received by said register
to (fYarh t he begi nning of the data nessage;
and§§§§N§V%§ a third series of synbols received by
said register to determ ne the data nessage. 13. The

dat a_conmuni cati on stemof claim./ ol
9.exanthf fRgetvee 3 pladn BEheTEL AR e G EpLite fopr pulse
synchronous | ock conprises the steps of: a% xam ni ng
t he positical mogulationfere subaraveings §f gtt%?f e Y8 i ne a
first transition of a first synbol of said first
seri es; .
10.  The receiver of claim 9 wherein said sampling is at a sampling rate that is

at least five times greater than a pulse position modulation clocking rate.
11. A data communication system comprising:
a transmission apparatus including:

a frame formatter to encode digital data into series of symbols;

a transmitter in communication with the frame formatter to
receive the series of symbols and transmit a signal

composed of the series of symbols; and

a receiving apparatus in communication with said transmission
apparatus to acquire said series of symbols, said receiving

apparatus including:

a receiving amplifier to accept and condition said signal

36



11

12

13

14

15

16

17

18

19

20

21

22

23

24

b) upon determining the first transition, evaluating
said plurality of bits resident in said register to

waledwenomnizee i f said plurality has a synchroni zap¢DIB2005/002786

value; c) if said plurality of bits has a

synchroni zation value, iteratively evaluating each of

ghf subseqUﬁnt synﬁols received by said register to
eterm ne that eac sai. d nmbol s, has  a.

synchr oni za# ﬁ%wpﬁ‘ﬁ?'angOMFaﬁ¥9 sample.3AId SIgNAL; e

eval uating of each of the subsequent synbols is a

synchroni zati on value, the receiver is |ocked; and

wher ei n, i fatdgistet eveammenisatibnatthriie samalg apd holgcircuit to
pluralities of bits is not a synchronization val ue,

Iterating stepscahe theCderlétdflsyiibely emmposed ofsa plurality of bits
| ocked. 14. The data conmmuni cati on system of claim 12

wher ei n exam RLOG: ' . . ,
determi ne tPe“’%%‘St:"‘rﬁ%@“q@?@?H@Q%ﬁﬁz‘%g@@%@xﬁ? Ehi
e steps of: eval uating .eac ) . ' .
Synaﬁm fs F ecei VeSS %agagugﬁngﬁfé)roﬁwpgcgugféfgnau?]Zﬁt{rﬁlity%ff bits,

each of said second serie f nbgl.s h .
val ue; wher ei @djyst lqm;amp%%ﬂ&%ag@@ sg@fr,eggs?%? Bhd
synbol s does not have the start value, evaluating said

series of synbols received by said
a symbol evaluator in communication with said register to

examine said plurality of bits to determine a symbol value for
said plurality of bits, said symbol value including a
synchronization value indicating a timing of said signal, a
start value indicating a beginning of a data message, and a
data value indicating at least one data bit of said data
message, wherein said symbol value being a most probable

value of all possible symbol values.

12.  The data communication system of claim 11 wherein said evaluator

executes the steps of:

examining a first series of symbols received by said register to

establish synchronous lock with said signal;

examining a second series of symbols received by said register to

determine the beginning of the data message; and
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register to determne that the first series of synbols
is received to again establish synchronous | ock.;

wab@sein22 i f the second series of synmbol s havePtTiEB2005/002786

start value, the beginning of the nessage is
establ i shed. 15. The data communi cati on system of
claim 12 wherein the exam ning each synbol of t he
first, second, and third series of synbols

det er ni nexaminisy atbird sariesobsyrebels resaiasl by §ﬁ‘6rrr39'é£ef to
the steps of: assigning a first probability value for
each of a pdetemhinethetatuingssags. ngs of bits that
conpose the synbol, said first probability val ue

i ndicative of a probability that the subgroupi ng of

1Pt Sl'hreeé’a{tg%%mn?uﬂ ﬁcfr?%}/ WEI% 1t2"69h@r'e"}ﬁéi(arﬁl-ﬂfﬁ§3ﬁé first

assigning a Second pr oba ty value for each of the
pl ural

0 e S BAESd BE cHRBBS e o

probability that the subgrouping of bits represents a
second nunber of the two bi nar¥ nunmbers; selectin

pr obabi | ia)exantiniag e phiealtty pEbitsincaid cegistepiuaalsr |”t9ya F first
val ues for each subgrouping that represents a digit of

a synbol char agingitionfofa frgndyohba of saidrfisbosarsi n
formation of the data nessage; summ ng the probability
val ues of the subgroupings to forma

b) upon determining the first transition, evaluating said plurality of

bits resident in said register to determine if said plurality has

a synchronization value;

c) if said plurality of bits has a synchronization value, iteratively
evaluating each of the subsequent symbols received by said
register to determine that each of said symbols has a

synchronization value;

wherein, if the iterative evaluating of each of the subsequent

symbols is a synchronization value, the receiver is locked; and

wherein, if the iterative evaluating of any of the pluralities of bits is
not a synchronization value, iterating steps a) - c) until the

receiver is locked.
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probability that the synbol represents each synbol
character of the synbol code; selecting the synbol
w@b@saoer havi ng the maxi mum probability thatPCTEB2005/002786
synbol represents said synbol character of the synbol
code; and assigning the synbol value of said synbol
character to the synbol. 16. The data conmuni cati on
system of claim15 wherein the first and second
pro [ In Elatral4! ] i
Meac ﬁﬂ%dég%r ’éﬁé:@#ﬁéaé%@%ﬁﬁ ORIt
its. 17. e a co nicatio '
whe P FEMSArATTE Beretysone beSliriy §f B Baksmessage
second, and third series of synbols to determ ne the
symsomprisesdhesieRs Sfimbol conprises the steps of:
assi gning one of the two binary nunbers to a first
sub-synbol of the synmbol according to a nmaxinmm
| i kel i hoegaluatihg ®athl of tessecontisenibelof sgpmbals reteived by weid
bi nary nunbers; and iteratively performng said

assigning %%ét%ﬁ%%téﬂﬁhﬁ@w@acﬁ WrsHidbsdcond sasies onegmbols
one of the t i nary nunmbers. 18. The data

comuni cat i rgqnﬁ §§‘°’%§‘2§"ﬁ£’ claim 1l wherein the synbols

are a four i'on nmodul ation. 19. The data
communi cati on system of claim 18 wherein sanpling of

each
wherein, if any of said second series of symbols does not have the

start value, evaluating said series of symbols received by said
register to determine that the first series of symbols is received

to again establish synchronous lock.;

wherein, if the second series of symbols have the start value, the

beginning of the message is established.

15. The data communication system of claim 12 wherein the examining each
symbol of the first, second, and third series of symbols to determine the

symbol value of each symbol comprises the steps of:

assigning a first probability value for each of a plurality of
subgroupings of bits that compose the symbol, said first
probability value indicative of a probability that the subgrouping

of bits represents a first number of two binary numbers;
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digit of the four pulse position nodulation form
subgroupi ngs of bits of the synbol. 20. The data

w@ormmi2eat i on system of claim 19 wherei n sai dPGHIBOINY2786

is at a sanpling rate that is at |east five tines
greater than a pul se position nodul ati on cl ocki ng

rate. 2 1. A synchronization apparatus within a

di gi tal conmuni cation receiver conprising: a register

i N commuumaissighingra skcdnd wbbﬁbliliyi\@hé%fﬂf@@cg &f theplugality of
series of synbols conposed of a plurality of bits

resul ting fgubgressings ohgitothatceingose theesyenbeldsaig seadd

di gital comruni cation receiver and upon receipt of

sai d plural biaBfinVdige irg‘iﬂdﬂiﬁé df@lcp?bbémlit?fthét&hé sabguping

within said register; and a synbol evaluator in

comruni catign .wth sai ] ' j .
i ural ity off B EPrSR & SHkaiS hubBel ko dly numbers
synbol value for said plurality of bits wherein said
synchroni zati on synbol val ue bein nost, probagbl

val ue of S@nqctlpgmemr@b%tyhﬁmal%q)ﬂ}g@ %ﬁ@f\ﬂr%cé?ﬂa Ry
recei pt of a series of said synbols each having the
synchr oni zavaloes fyrreach subbroupirgaihat cenrasents & digih of a symbol
recei ver has established synbol |ock. 22. The

synchroni zathfacepRibaalyHboPtodé aimpidyell intfiemeation of the data
exam ning the series

message;

ility

summing the probability values of the subgroupings to form a
probability that the symbol represents each symbol character of

the symbol code;

selecting the symbol character having the maximum probability that
the symbol represents said symbol character of the symbol

code; and
assigning the symbol value of said symbol character to the symbol.

16. The data communication system of claim 15 wherein the first and second
probability values are heuristically determined for each possible bit

combination of the subgroupings of bits.
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of synbols to establish synchronous | ock conprises the
steps of: a) exam ning the plurality of bits in said

WO e@o®t@ee2to determne a first transition of aP€T/IB105/002786
symbol of said first series; b) upon determnining the
first transition, evaluating said plurality of bits
resident in said register to determne if said
plurality has a synchronization value; c) if said

170! Uriel data @briphlisicatioh systomaifictaitn 22t wierevetheesxamining each
iteratively evaluating each of the subsequent synbols

rec %,'y}’rﬁ)%l Bf/ thedirSk 588brRt, ¥indt thirdejeriesiofeyinbals teafbterddine the
sai d’synbol s

sald has’'a synchroni zati on val ue; wherein, if
e It

rative eval uatin . 0 .subsequent
synty q?¥a'éfes%ﬂ?@r§ry8m°ig?'?‘g’ﬂg€é§ l?eg,teéﬁgf'recei 3er is
| ocked; and wherein, if the iterative eval uating of
any of the pluralities of bits is not a _
synchr oniasaigning erg abthe; twerkinany §usmkess to g firstgubggymtbol of the
the receiver is |ocked. 23. The synchroni zation
appar at us ofymbali aucREding & einmaximemelieihooththas gaid first sub-
synbol series of synbols to determ ne the

synchr oni zagjaBoiSy BRB!of Yisé tifo Binapatiimbgrshahdconpr i ses
the steps of® assigning a first probability value for
each of a plurality of subgroupings of bits that

conpose the S¥bOLomfihg shld fsigning until each subsequent sub-

symbol is assigned one of the two binary numbers.

18.  The data communication system of claim 11 wherein the symbols are a

four pulse position modulation.

19.  The data communication system of claim 18 wherein sampling of each
digit of the four pulse position modulation form subgroupings of bits of the

symbol.

20. The data communication system of claim 19 wherein said sampling is at a
sampling rate that is at least five times greater than a pulse position

modulation clocking rate.

21. A synchronization apparatus within a digital communication receiver

comprising:

a register in communication with telemetric device to receive series

of symbols composed of a plurality of bits resulting from a
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probability value indicative of a probability that the
subgroupi ng of bits represents a first nunber of two

whreany2einber s; assigning a second probabil i t RC/EB20€5/002786

for each of the plurality of subgroupings of bits that
conpose the synbol, said second probability value
indicative of a probability that the subgrouping of
bits represents a second nunber of the two binary .
nunmbers; sesaroplingyofensigpabiessived by spid digitakcammupicatien
and second probability values for each subgrouping
that represgevenand apbnoéceiptsyfrdand plunality of bits, @djust location
synbol code enployed in formation of the data nmessage;
summi ng theofpéeﬁ@ﬁhs Withih 308 vegistef: drite subgr oupi ngs to
forma probability that the synbol represents each
synbol character of the synbol code; selecting the

synbol character having the maxi N ;
the. synbd SHERT eyERASSncArul s R Saghreglstgrig Bramine
synbol code; and assigning the synbol v Iue_oF sai d

symbol char a%ltjé}lUfﬁthtC%@@ glerminge awg&romza ion' symbol
synchroni zation apparatus of claim23 wherein the

first and sealgadopsait ahirhiity pf bis wherein saigespnichranizatiop
determined for each possible bit conbination of the

subgr oupi nggymbolbidige being a most probable value of all possible symbol

values and wherein upon receipt of a series of said symbols
each having the synchronization symbol value, said

communication receiver has established symbol lock.

22.  The synchronization apparatus of claim 21 wherein examining the series

of symbols to establish synchronous lock comprises the steps of:

a) examining the plurality of bits in said register to determine a first

transition of a first symbol of said first series;

b) upon determining the first transition, evaluating said plurality of
bits resident in said register to determine if said plurality has

a synchronization value;

c) if said plurality of bits has a synchronization value, iteratively
evaluating each of the subsequent symbols received by said
register to determine that each of said symbols has a
synchronization value,
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25. The synchroni zati on apparatus of claim 22 wherein
t he exam ni ng each synbol of the series of

wa@gmehreoel zati on synbols to determ ne the synbpCT/ 002002786

each synbol conprises the steps of: assigning one of

the two binary nunbers to a first sub-synbol of the
synbol according to a maxi numlikelihood that said

first subsynbol is one of the two binary nunbers; and

i t erati velhergiar f thenitergtivaevaluatingef eachuefithe suheeduent
subsequent subsynbol is assigned one of the two binary
nunbers. 26gyniihéls A eprettbaiakiienvalppathatreseivér isllatked2and
1 wherein the synbols are a four pul se position

nodul ation. 27. The synchroni zati on apparatus of claim
26 wherein sanpldng. . Ly hr ol its i
position Vﬂ}?&ﬁ'lna{fiﬂgg It %}'ﬁ?% 8%'9?@"&%."%@} gfth%ﬁ{gragtfi@s{sﬁfeblts °
synbol . 28. The synchr.oni zation . ar a C

wher ei n sai aotsaaﬁ%hﬁ%m?% |oé}vaéu§,d%8&1r}%£t§§§ %5 t hég;ﬁ' nlmst%ét

| east five tines greater than a pul se position

modul ati on rgoedler iglock@®. 29. A start pattern

determi nation apparatus within digital comrunication
receiver to determne a start pattern indicating a

2egi T SghDforzaRsTe@AgRarHiUs uf tlamdpwhereirethe exainibing each

said digital communication receiver, said apparatus
Co"pgy)n%&%'eries of symbols to determine the synchronization symbol value

of each symbol comprises the steps of:

assigning a first probability value for each of a plurality of
subgroupings of bits that compose the symbol, said first
probability value indicative of a probability that the subgrouping

of bits represents a first number of two binary numbers;

assigning a second probability value for each of the plurality of
subgroupings of bits that compose the symbol, said second
probability value indicative of a probability that the subgrouping

of bits represents a second number of the two binary numbers;

selecting one probability value of the first and second probability
values for each subgrouping that represents a digit of a symbol
character of a symbol code employed in formation of the data

message;
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a register in conmunication with telenetric device to
recei ve series of synbols conposed of a plurality of

whraos/oresul ting froma sanpling of a signal rePer/1Bdo3002786

said digital comrunication receiver and upon recei pt
of said plurality of bits, adjust |ocation of said
bits within said register; and a synbol evaluator in
communi cation with said register to exam ne said

pl ur al i t gueimihgtise probebiliy walnes af thessubgrewniegs & fosaia
plurality of bits, said start value indicating a

begi nni ng  ddroBabififydhEEHRaFeboMesresents @iadh slyabiol cisdracter of
bei ng a nost probabl e value of all possible synbol

val ues. 30. ttern determ nati on apparatus
of claim 29t-ﬁ\%ﬁeﬁsgrﬁ{et?{!1k8§§m ning the second series of
synbols to determ ne the begi nning of the data nessage

conprises the steps of:., eval yatj ng each of.saj [

of synbo|$§lac@eeit%ayr6§° agaster haying B hraban gy that
each of said series of synbols has a start val ue,

wher ei n, i fthersymifol sepreserissaid %mb@l§f@fa<§?w&H§ sy@bol

not the start value, evaluating said series of synbols
recei ved bycsdd;@Gndegi ster to establish a synchronous

| ock; wherein, if the second series of synbols have

the start value, the

assigning the symbol value of said symbol character to the symbol.

24. The synchronization apparatus of claim 23 wherein the first and second

probability values are heuristically determined for each possible bit

combination of the subgroupings of bits.

25.  The synchronization apparatus of claim 22 wherein the examining each

symbol of the series of synchronization symbols to determine the symbol

value each symbol comprises the steps of:

assigning one of the two binary numbers to a first sub-symbol of the
symbol according to a maximum likelihood that said first sub-

symbol is one of the two binary numbers; and

iteratively performing said assigning until each subsequent sub-

symbol is assigned one of the two binary numbers.

26.  The synchronization apparatus of claim 21 wherein the symbols are a four

pulse position modulation.
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begi nni ng of the nessage is established. 3 1. The
start pattern determ nati on apparatus of claim 30

wob@ee7e22t he exam ni ng each synbol of the seriPGI/tB2005/002786

synbols to determ ne the synbol val ue of each synbol

conprises the steps of: assigning a first probability
value for each of a plurality of subgroupings of bits
t hat conpose the synbol, said first probability val ue

2*'{)._ndi TR byicHPbnidatisrPAskarbtusyofldiin 2 @herdhs sampling oPéach digit

its represents a first nunber of two binary nunbers;
assi g : i b ;

o ar & @ Jod AEGE O RET R, f57h <FbRIUBHER b jte o he
synbol ﬁaid secondprobability val ue indicative of a
prob @?ty that the subgrouping of bits represents a
second nunber of the two binary nunbers; selecting one
probability value of the first and second probability

28al uEke Bymchranizatiorbgpparptuspofidiaim 22phesinsaid:sampling isat a

a synbol character of a synmbol code enpl oyed in

f or nedmpingoifaté freat i beleaesiiedimes greaterththa pulsdpbsition y
val ues of the subgroupings to forma probability that
the §%Hﬁ@goﬁ%Rkﬁ each synbol character of the
synbol code; selecCting the synbol character having the
maxi mum probabi ity that

29. A start pattern determination apparatus within digital communication

receiver to determine a start pattern indicating a beginning of a message
within a signal received by said digital communication receiver, said

apparatus comprising:

a register in communication with telemetric device to receive series
of symbols composed of a plurality of bits resulting from a
sampling of a signal received by said digital communication
receiver and upon receipt of said plurality of bits, adjust location

of said bits within said register; and

a symbol evaluator in communication with said register to examine
said plurality of bits to determine a start value for said plurality of
bits, said start value indicating a beginning of a data message,
wherein said start value being a most probable value of all

possible symbol values.

45



10

11

the synbol represents said synbol character of the
synbol code; and assigning the synbol value of said

wa@ yovboro2ehar acter to the synbol. 32. The st art PEZHIB2003002786
determ nation apparatus of claim3 1 wherein the first
and second probability values are heuristically
determ ned for each possible bit conbination of the
subgroupi ngs of bits. 33. The start pattern

agiet efd Qﬁﬁ'é%g??rpﬂéfeﬁh%tieﬁ apbatdiug 8f ¥hrh 20wHdrein examining

exam ni ng synmpbol of the series of synbols to

determ ne t I ' t

ot egae sroatd Fale B ity & Y Ie bebR TRl Shedsty
first sub-synbol of the synbol according to a maxi num

| i keNESRSE GaRrisesithe SteRKO'subsynbol is one of the two

bi nary nunbers; and iteratively perform ng said

assigning until each subsequent subsynbol is assigned
one of t levaluatingieaahyof saitsaTies d4yniblols recaived fut said register
determ nati on apparatus of claim29 wherein the

synbol s ar etadéteHhinelthatedubsoftdamnsemstibfadyintiols Aas aBtart
start pattern determ nation apparatus of claim 34

wher ei n sanpélpgg of each digit of the four pulse
position nodulati on form subgroupi ngs of bits of the
synbol. 36. The start pattern determ nation apparatus

of claim 35 wherein sai .
wherein, if any ofasla(ljd second series of symbols is not the start

value, evaluating said series of symbols received by said

register to establish a synchronous lock;

wherein, if the second series of symbols have the start value, the

beginning of the message is established.

.31. The start pattern determination apparatus of claim 30 wherein the
examining each symbol of the series of symbols to determine the symbol

value of each symbol comprises the steps of:

assigning a first probability value for each of a plurality of
subgroupings of bits that compose the symbol, said first
probability value indicative of a probability that the subgrouping

of bits represents a first number of two binary numbers;

assigning a second probability value for each of the plurality of

subgroupings of bits that compose the symbol, said second
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sanpling is at a sanpling rate that is at |east five
tinmes greater than a pul se position nodul ati on

wa@b@elrog2zrate. 37. A data extraction apparat UBCTME20031002786

a data conmuni cation receiver to extract data synbols

of a data nessage encoded within a signal received by
sai d data conmuni cation receiver, said data extraction
apparatus conprising: a register in cor ication with
tel enetri c pdebakility valuedpdicative af 2 EEOQ)‘%%W&M%%E stibgouping
conposed of a plurality of bits resulting froma

sanpl i ng ofofditsirgpesentsceseaumdoyunserdfdng twe pinary numbers;
comuni cat i onrecei ver and upon recei pt of said

plurality of bits, adjust |ocation of said bits within

sai d 1 e9Lsiffing BRY pfotaLlitpaRr e Afst bRd seTBRNprstiability

Wth said register to examne said plurality of bits

Liot g?t g;,md nv(?@ét?e(fdfgr, %Bglf{ E@g#;rg\éﬁlnﬁghgpfep?@é{i\ﬁFy@i oftd sfthbol

I'cat’ ng ast one
data bit of said data nessage, wherein.said
val ue bei ngcharagst ofs éb@épgg‘%ﬂﬂ %@P[?ﬁ'eaﬂﬁ‘ ?%H@?éﬁ)fz’zkhe data
synbol values. 38. The data extraction apparatus of
cl ai m 37 whmessagd;he synbol eval uator exam nes each
synbol of the series of synbols to determ ne the data
synbol value of each synbol by the steps of: assigning
a first puakaR/thé prosdbilry Laluesat theodutigrplipings td forwfa

probability that the symbol represents each symbol character of

the symbol code;

selecting the symbol character having the maximum probability that
the symbol represents said symbol character of the symbol

code; and

assigning the symbol value of said symbol character to the symbol.

32.  The start pattern determination apparatus of claim 31 wherein the first and

second probability values are heuristically determined for each possible bit

combination of the subgroupings of bits.

33.  The start pattern determination apparatus of claim 29 wherein the

examining each symbol of the series of symbols to determine the symbol

value each symbol comprises the steps of:
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subgroupi ngs of bits that conpose the synbol, said
first probability value indicative of a probability

wWa b@b/otd2e2 subgroupi ng of bits represents a fi rBCT/IB2ER02786
of two binary nunbers; assigning a second probability
value for each of the plurality of subgroupings of
bits that conpose the synbol, said second probability
val ue indicative of a probability that the subgrouping
of bits raspigadngnene af thedwadimamnswimbss tha firstsubrsymeel of the
nunbers; selecting one probability value of the first
and second gymbaltrdcotding & aesaximuneldelineod trad spidfist sub-
that represents a digit of a synbol character of a ‘

synbol codesGARbIGY Bfieidh tHOMPbInAFR Mimbbe; daia nessage;
summ ng the probability val ues of the subgroupings to

fo:rg]ia p:]obabi ity that the synbol represents each
synmbol character of the synbol .code: sel et
symbol cHarane Py IGe SHE st pafsah s Blodqtt sub-
the synbol represents, said synbol character of the
symbol codeSyrahel 18 88sigRed gnetot the twr PInasy GMBErSsai d
synbol character to the synbol. 39. The data
extraction apparatus of claim 38 wherein the first and
34 ecoTik prapsitidrn tgterminationappahatus iof tlaral29ywhisreev thiersythbols
for each possible bit

are a four pulse position modulation.

35. The start pattern determination apparatus of claim 34 wherein sampling of
each digit of the four pulse position modulation form subgroupings of bits

of the symbol.

36. The start pattern determination apparatus of claim 35 wherein said
sampling is at a sampling rate that is at least five times greater than a

pulse position modulation clocking rate.

37. A data extraction apparatus within a data communication receiver to
extract data symbols of a data message encoded within a signal received
by said data communication receiver, said data extraction apparatus

comprising:

a register in communication with telemetric device to receive series
of symbols composed of a plurality of bits resulting from a

sampling of a signal received by said digital communication
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conmbi nation of the subgroupings of bits. 40. The data
extraction apparatus of claim37 wherein the synbol
weaboarer exanm nes each synbol of the series PET/IB2005/002786
synbols to determ ne the data synbol val ue of each
synbol by the steps of: assigning one of the two
bi nary nunbers to a first sub-synbol of the synbol
according to a maxi mum | i kel i hood that said first
subsymbol ireceiver anhd upentegeipt of seyd pluraliéy of bits @djust location
iteratively performng said assigning until each
subsequent Gfdzsy bltoWwithin seid repistdr,emel of the two binary
nunbers.4 1. The data extraction apparatus of claim 37
wherein the synbols are a four pul se position

nmodul at i t: {1 ; i legh i
1 wner 3 Syl sVRHGHIA cBHrh GRath P SR Bk (5 Rbffine

posi tion nodul ation f ukgr oupi n f i ¢ .
Symbol | 43, s nsaty Lo SR ORGPl Pl Bl f0F 5o
erein said sanpling is at a sanpling rate that is at
| east five PIUFY gﬂé&, 8Rid daia symbel WalUg ddicatyg at least one
nmodul ation clocking rate. 44. A nmethod for receiving a
di gital datdatadinefriaichtiatarmesspgsl, whenginisgichgyraibel vedusgplaeing

of : repetitively sanpling said signal;
a most probable value of all possible symbol values.
38. The data extraction apparatus of claim 37 wherein the symbol evaluator
examines each symbol of the series of symbols to determine the data

symbol value of each symbol by the steps of:

assigning a first probability value for each of a plurality of
subgroupings of bits that compose the symbol, said first
probability value indicative of a probability that the subgrouping

of bits represents a first number of two binary numbers;

assigning a second probability value for each of the plurality of
subgroupings of bits that compose the symbol, said second
probability value indicative of a probability that the subgrouping

of bits represents a second number of the two binary numbers;

selecting one probability value of the first and second probability

values for each subgrouping that represents a digit of a symbol
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retaining sanples of said signal in a register;
collecting said sanples to create a series of synbols

w@eowposee of a plurality of bits resulting froPeCT/B2005/002786

sanpling of the signal; adjusting |ocation of said

bits within said register; and eval uating the

plurality of bits to determ ne a synbol value for said
plurality of bits, said synbol value including a

synchr oni zathasacteaptie symboteedengmalayediimfpraration;of the data
signal, a start value indicating a beginning of a data
nmessage, anghedsagd;a val ue indicating atleast one data
bit of said data nmessage, wherein said synbol value
bei ng a nost probable value of all possible synbo

val ues. P&ga ' S Rbbi j

the pl ur%ﬁmr&ﬁgftﬂgp S cbgl;%rglglggg O? ﬁqe st qugﬁ%ﬁ .géltdiﬁirﬂn@
examning a first. series of synbols recejye '

regi ster top'@?f"ghfyl @ﬁ* &?&W%‘ﬁéﬁ%rels%ﬁ? %lacy‘t?q' |°é%ﬁér%0ter of
signal ; exam ning a second series of symbols received

by sai d regthet®mial c@d€er mi ne t he begi nning of the

data nessage; and examining a third series of synbols
received by said register to determ ne the data

nessage. séfiectihgehaeymbdl caratter havifig whe meiximexgprobability that
the first series of synbols to establish synchronous

I 'ock conpri gRse\ioI3EFRSeRls said symbol character of the symbol

code; and

assigning the symbol value of said symbol character to the symbol.

39. The data extraction apparatus of claim 38 wherein the first and second

probability values are heuristically determined for each possible bit

combination of the subgroupings of bits.

40. The data extraction apparatus of claim 37 wherein the symbol evaluator

examines each symbol of the series of symbols to determine the data

symbol value of each symbol by the steps of:

assigning one of the two binary numbers to a first sub-symbol of the
symbol according to a maximum likelihood that said first sub-

symbol is one of the two binary numbers; and

iteratively performing said assigning until each subsequent sub-
symbol is assigned one of the two binary numbers.
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a) examning the plurality of bits in said register to
determne a first transition of a first synbol of said
w0 eosH7@e2 i es; b) upon determining the first PCT/IB2005/002786
transition, evaluating said plurality of bits resident
in said register to determne if said plurality has a

synchroni zation value; c¢) if said plurality of bits
has a synchroni zation value, iteratively eval uating

41?apg'h%fdét§ ExFHORACASHra®X B @l dmISTCRh&RGh the symbols are a four
saidregister to determne that each of said synbols

cval DI U BB P, N Slbseauent symbol < is &

synchroni zation val ue, the receiver is |ocked; and

wherein, if the iterative evaluating of an Pf tEe .-
4291 urThiei data exEACHAN BPRATASOT SR WERFEIR RBAING PhEach digit

iterating steps a) - c) until the receiver is |ocked.

47. of e fort patbeqfositicai modslatibre fasmsubgraipingg of higs of the

second series of synbols to determ ne the begi nning of

t he sg,ﬁ{b@‘rressage conprises the steps of: evaluating

each”of the second series of synmbols received by said

regi ster to determ ne that each of said second series

40 HF b 3P TR EeMER fhreih salfSarfbigs Gt a
sampling rate that is at least five times greater than a pulse position

modulation clocking rate.

44. A method for receiving a digital data communication signal comprising the

steps of:
repetitively sampling said signal;
retaining samples of said signal in a register;

collecting said samples to create a series of symbols composed of

a plurality of bits resulting from the sampling of the signal;
adjusting location of said bits within said register; and

evaluating the plurality of bits to determine a symbol value for said
plurality of bits, said symbol value including a synchronization
value indicating a timing of said signal, a start value indicating a

beginning of a data message, and a data value indicating at
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start value, evaluating said series of synbols
received by said register to determne that the first
waersem2ef synbols is received to again est abl PGINIB2005/002786
synchronous | ock.; wherein, if the second series of
synbol s have the start val ue, the begi nning of the
nmessage i s established.48. The nethod of claim45
wherei n the exanm ning each synbol of the first, .
second, andeas one datg;itofsaidgatadnessagey wherein saiq snbol
synbol val ue of each synbol conprises the steps of:
assi gni ng avdlue beingrabwist piabableavalee pball passiblersyabol values.
plurality of subgroupings of bits that conpose the
synbol, said first probability value indicative of a
45P" O hhbthbdt Faliaifd 4 SMBEEIR BRAINELIRY tHY bIBrdIBPoESIENEsmprises
WO

first nunber of t bi nary nunbers; assigning a second

pro iJdty.¢value for each of the plurality of
subgﬁgﬁlbélp%gcg' of bits that conpose the synbol, said

second probability value indicative of a probability

that the subgrouping of bits represents second .
nunber ofeXaRBNing@ iFheeresHAf syETas!s @@PB’@@&W qygéeglster to

probability value of the first and second probability
val ues for estahlishusynobogrioug lodlawith spidesigmals a digit of
a synbol character of a synbol code enployed in
formati on of the data nessage;
examining a second series of symbols received by said register to

determine the beginning of the data message; and

examining a third series of symbols received by said register to

determine the data message.

46. The method of claim 45 wherein examining the first series of symbols to

establish synchronous lock comprises the steps of:

a) examining the plurality of bits in said register to determine a first

transition of a first symbol of said first series;

b) upon determining the first transition, evaluating said plurality of
bits resident in said register to determine if said plurality has

a synchronization value;

c) if said plurality of bits has a synchronization value, iteratively

evaluating each of the subsequent symbols received by said
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summ ng the probability values of the subgroupings to
forma probability that the synbol represents each

wa@wboro2ehar act er of the synbol code; sel ecti nRCT/IB2005/002786

synmbol character having the maxi num probability that
the synbol represents said synbol character of the
synbol code; andassi gning the synbol value of said
synbol character to the synbol. 49. The nethod of

cl ai m 48 wher eggistento detegningrihakeadnef %ﬂ*%ﬁﬂnbp'ﬁﬁxﬁs a
val ues are heuristically determ ned for each possible
bit conbi nati ggneifrobibaticuitgueupi ngs of bits. 50. The
nmet hod of claim45 wherein the exam ning each synbo
of the first, second, and third series of synbols to

det er m ng Jh8inS Nm@‘ter‘éﬂ{/@?v&ﬁﬁﬁn%f@é’éh SORBSuBSEqUdi
gni ng the t

steps of ;" assi one o bi nary nunbers to a

first sub-synbol, of the s . dj . palle

[ kel i hood SHERols & a'syReTbRERiaf aRp:Irgtebaver Rioraeland
bi nary nunbers; and iteratively performng said
assigning until each subsequent subsynbol is a?_sisgnfed .
one of t hvéharein, itneiitgrativedsuakiating of any ef therHg@litigs of bits is
claim44 wherein the synbols are a four pul se position
nodul at i on. not a synchronization value, iterating steps a) — ¢) until the

receiver is locked.

47. The method of claim 45 wherein examining the second series of symbols

to determine the beginning of the data message comprises the steps of:

evaluating each of the second series of symbols received by said
register to determine that each of said second series of symbols

has a start value;

wherein, if any of said second series of symbols does not have the
start value, evaluating said series of symbols received by said
register to determine that the first series of symbols is received

to again establish synchronous lock.;

wherein, if the second series of symbols have the start value, the

beginning of the message is established.
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52. The method of claim5 1 wherein sanpling of each
digit of the four pulse position nodul ation form

wa ndpgroozpt ngs of bits of the synbol. 53. The nethmboad002786

claim 52 wherein said sanpling is at a sanpling rate
that is at least five tines greater than a pul se
position nodul ation clocking rate.54. A nmethod for
synchroni zing a digital data comunication receiver to

483 | FhEucflofloR bt 4530 e BirBfR oG e dyfibot b first,

Sl on of e d s npllng sal d signal’; retaining

d signal,in a register: ' [
s anpeeand, g b sedeegt peebelf TyRsTineC Bl g gpR8! ot each
plurality of bits resulting fromthe sanpling of the
si gspinboberoptisesithesiens o of said bits within said
regi ster; and evaluating the plurality of bits to
determi ne a synchroni zati on synbol value for said

pl ural i t ysgignitigtapfirse p'rdbabﬂigdmloe ifaragacbrofieaplueality of
indicating a timng of said signal, wherein said

synbol val j : o
Lot £ AP ol Pt ene clpgrmbnzin [

st 3 f t‘;‘&%ﬁfhéﬂ%gvta?ﬁ% RidtaRg b 2 Prpbriify 3A4Rhe S6pgidtbing
is i . _
Srgnal 55, ofits TeBreRsatoA e AorASS ohtee b BPeThg

the series of synbols to
assigning a second probability value for each of the plurality of
subgroupings of bits that compose the symbol, said second
probability value indicative of a probability that the subgrouping

of bits represents a second number of the two binary numbers;

selecting one probability value of the first and second probability
values for each subgrouping that represents a digit of a symbol

character of a symbol code employed in formation of the data

message;

summing the probability values of the subgroupings to form a
probability that the symbol represents each symbol character of

the symbol code;

selecting the symbol character having the maximum probability that
the symbol represents said symbol character of the symbol

code; and
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establish synchronous | ock conprises the steps of: a)
examning the plurality of bits in said register to
waledoeomizee a first transition of a first synmboPCDIiB28éN/@2786
first series;b) upon determning the first transition,
eval uating said plurality of bits resident in said
register to determne if said plurality has a
synchroni zation value; c¢) if said plurality of
has a syassigningAbe symbehyalee of saidsymkal gharasias é? ,tr;ggsymbol
each of the subsequent synbols received by said
regi ster to determ ne that each of said synbols has a
495yn%%9ﬁét?1%ﬁj'd¥%la\lﬁ|489vvhéfé@i gigfirsi 4nd becdrideprababitity values are
eval uating of each of the subsequent synbols is a
syn
%Euﬁgf'@%d%ébf. o st PR eI opbRele o
pIuralltles ts i's not a synchronization val ue,
i t erSHP Qﬁb‘gl - c) until the receiver is |ocked.
57. The net hod of clain155 wherein the exanining each
synbol of the series of synbols to determne th
505y nclireometimdsyfrotaim 4&wherein tr@exawma%wb@ég the,first,
steps of: assigning a first probability value for each
of aeRbHA adrid Yhief seridxgsfaypbus todeteimmetthatsymbopwvalye each
the synbol, said first

symbol comprises the steps of:

assigning one of the two binary numbers to a first sub-symbol of the
symbol according to a maximum likelihood that said first sub-

symbol is one of the two binary numbers; and

iteratively performing said assigning until each subsequent sub-

symbol is assigned one of the two binary numbers.

51 The method of claim 44 wherein the symbols are a four pulse position

modulation.

52  The method of claim 51 wherein sampling of each digit of the four pulse

position modulation form subgroupings of bits of the symbol.

53. The method of claim 52 wherein said sampling is at a sampling rate that is

at least five times greater than a pulse position modulation clocking rate.
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probability value indicative of a probability that the

subgroupi ng of bits represents a first nunber of two
whreany2einber s; assi gni ng a second probabi | i t ypeEIB2605/002786

for each of the plurality of subgroupings of bits that

conpose the synbol, said second probability val ue

i ndicative of a probability that the subgroupi ng of

bits represents a second nunber of the two binary
54nunipemethddiefoe syncrgominiage digidl data gomanhurdcation negeiver i a

and second probability values for each subgrouping

thate é?%c?éi@ﬂéls(?eﬂa‘éi jal cOmpAsiay Mo ktepsafacter of a

synbol code“enpl oyed in formation of the data nmessage;
summ ng the probability values of the subgroupings to

forma probagbility that th ol represents each
symbol clﬁ%‘?ej}(g'f’g(y %fnrf e %@ﬁgﬁ)ode; sel ecting the
synbol character having the maxi num probability that
t he synbol represents said synbol character of the
synbol coetajning dampisispfisai sinealdp €ISl ue of said
synbol character to the synbol. 58. The nethod of

cl ai m 57 wherein the first and second probability

val ues arg|b@ing sdid samplesttetareatereseries ofeyatbatoesmpbged of
bit conbi nation of the subgroupings of bits.59. The

met hod of ch 3 Paffy ofBRE ReSuiriPrrEmane Bhipiing eh tfeysigaal;

of the serieée

adjusting location of said bits within said register; and

evaluating the plurality of bits to determine a synchronization
symbol value for said plurality of bits, said synchronization value
indicating a timing of said signal, wherein said symbol value

being a most probable value of all possible symbol values.

55 The method of claim 54 wherein evaluating the plurality of bits comprises

the steps of:

examining a series of symbols received by said register to establish

synchronous lock with said signal.

56. The method of claim 55 wherein examining the series of symbols to

establish synchronous lock comprises the steps of:

a) examining the plurality of bits in said register to determine a first

transition of a first symbol of said first series;
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of synbols to determ ne the synbol val ue each synbol
conprises the steps of: assigning one of the two

whrwany2eunbers to a first sub-synbol of the spebmB2005/002786

according to a maxi mum | i kelihood that said first
subsynbol is one of the two binary nunmbers; and
iteratively performng said assigning until each
subsequent subsynbol s assigned gne of the two bjnat
nunber's. MOPOTKEterENDE ot st SARS AN REIGRING TR PR of
synbols are a four pulse position nodulation. 6 1. The
met hod of cl aibits 6esidertrinisaidsregistenty deteraios ifail plumlity has
the four pul se position nodul ati on form subgroupi ngs

of bits of the sehanizlidn vahe;met hod of claim6 1
wherein said sanpling is at a sanpling rate that is at

| east five tines greater than a pul se position

nodul ati oR . alo s - i eaby

rart patd diiGPEA B Brs Rk aRyEROREANER vilfier Reiaidely
conmuni cation Signal conprising.the st , - :
repetitively ﬂﬁ'&""i%ﬂg e?Eﬁ &f E’]eg%‘étfﬁeqygpg%ﬁés §%?%Yeedsby said
of said signal in a register;collecting_said s? | es

to create a sdpgisterse detemminesthabapel ebsyf %”ﬂoﬁngﬁ'q fy

of bits resulting fromthe sanpling of the signal;

adj usti ng | ocaynomronfzatian daliet s wi t hi n sai d register;

and

wherein, if the iterative evaluating of each of the subsequent

symbols is a synchronization value, the receiver is locked; and

wherein, if the iterative evaluating of any of the pluralities of bits is
not a synchronization value, iterating steps a) — ¢) until the

receiver is locked.

57. The method of claim 55 wherein the examining each symbol of the series

of symbols to determine the synchronous symbol value of each symbol

comprises the steps of:

assigning a first probability value for each of a plurality of
subgroupings of bits that compose the symbol, said first
probability value indicative of a probability that the subgrouping

of bits represents a first number of two binary numbers;
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evaluating the plurality of bits to determne a start
synbol value for said plurality of bits, said a start

wQ adoge7G202li cati ng a begi nning of a data nessageCT/IB2005/002786

wherei n said synbol value being a nost probabl e val ue
of all possible synbol values. 64. The nethod of claim
63 wherein evaluating the series of synbols to

deternmi ne the begi nning of the data nessa conprises
the stepsssigningweasecandryobakilityomlyetor €aeh %gﬂlﬁ %W@o?fs
received by said register to determne that each of

sai d secondkubgrogsngs oblyitaibhtcorapose teasymbell srid second
wherein, if any of said second series of synbols does

not have th&ophBilify WalidRdicNiaé hhipigbatilitd tisatrthe sub§rouping
synbol s received by said register to determ ne that

the first S&rﬂiﬁs‘reﬁfes@ﬂ O%Eégdr@nﬁ&ﬁﬁéﬁ’ﬁﬁhb%é%ﬁzﬂy numbers;

est abl i sh synchrohous ereln, it the second
series of synbols have the start val ue, the begi nning

of the nessage is established. 65. The nethod of clain

54 wher osaaCHBD SngIRTERARILY dakic B ArStaNoLREoSH Ay
synbols to determ ne the start synbol val ue of each
synbol conpvals%fdriwcbtselbgl’%mingaéﬁi gmarasends g gigif of a symbol
probability value for each of a plurality of

subgr oupi nggharhicter bé atshatbot cogmempldyedsiy idralgtiopaifdhe data
first

message,

summing the probability values of the subgroupings to form a

probability that the symbol represents each symbol character of

the symbol code;

selecting the symbol character having the maximum probability that
the symbol represents said symbol character of the symbol

code; and
assigning the symbol value of said symbol character to the symbol.

58. The method of claim 57 wherein the first and second probability values are

heuristically determined for each possible bit combination of the

subgroupings of bits.
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probability value indicative of a probability that the

subgroupi ng of bits represents a first nunber of two
wbrevanyopzimber s; assi gning a second probabi | i t pcT/a20e5/002786

for each of the plurality of subgroupings of bits that

conpose the synbol, said second probability val ue

i ndicative of a probability that the subgroupi ng of

bits represents a second nunber of the two binary

and E grgc?.}ﬁel egﬁigﬂ'ﬁ S%r\ﬁhé)rreﬁ-ﬁes ArianYn 'éé%h%fé/n{%@pf {HeSderies

I|ty va or eath sub

roupi ng

that represents a a.s har r
synﬁbﬁyreeaét@ﬁﬁredwbeg the ?Y&P?FH#E‘% e e Rl 8"1%@3%3 e
summ ng the probability values of the subgrouplngs to
f or stepsmfobabi lity that the synmbol represents each
synbol character of the synbol code; selecting the
synbol character having the maxi num probability that

the symbgksipRingasRIfthe alve binaipalimbeas kca érstslibidymbol of the
synbol code; andaSS|gn|ng t he synbol val ue of said

synbol char attcﬁoltdn'?gr SYARim &8 Ilkghlﬁ?od@ﬂﬁ@ga@fﬂrst sub-

claim65 wh

st and second probability

val ues are he I'i% Ioiqﬁlé’ ﬁ@odtg{,vroetuﬁ%&e'ﬂ"ﬁ?&g ?ﬁ@ possi bl e

bit conbi na%i

60.

61.

62.

63.

iteratively performing said assigning until each subsequent sub-

symbol is assigned one of the two binary numbers.

The method of claim 54 wherein the symbols are a four pulse position

modulation.

The method of claim 60 wherein sampling of each digit of the four pulse

position modulation form subgroupings of bits of the symbol.

The method of claim 61 wherein said sampling is at a sampling rate that is

at least five times greater than a pulse position modulation clocking rate.

A method for detecting a start pattern of a message of a digital data

communication signal comprising the steps of.
repetitively sampling said signal;

retaining samples of said signal in a register;
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67. The nmethod of claim64 wherein the eval uating each
synbol of the series of synbols to determ ne the

wa@wbor2enl ue each synbol conprises the steps PET/IB2005/002786

assigning one of the two binary nunbers to a first
sub-synbol of the synbol according to a maxi mum
i kelihood that said first subsynbol is one of the two

bi nary nunbers; and iteratively performn aid

assi gni ngoliegting %’é@ﬁa%‘lﬂ[%setalfé?gte%ﬁmls%@oé%g?'aﬂgﬁec’ of
one of the two binary nunbers. 68. The nethod of claim
63 wher ei n apmra@tmi;ﬁs resilting foem thesaephiag of thensignal;
nodul ati on. 69. The nmethod of claim 68 wherein

sanpling of each digit of the four pul se position

modul at i jyji<tingSetBnfRiaRDsitdithihtsaidfegisier; apdbol .

70. The meg hod of claim 79 wherein said sanpling is at

a sanpling rate that is at |least five tines greater

than a pul s Qsi.f i ' I [ t
ot hod 1 rentRachs RraRe: Bl R o aRitestol mibctyalle for
data conmuni cation signal caqnprising the,steps of.. .
repetitivel ?a'gmf'wg%§§§d5§ggrﬂ?r;t ngﬁdﬂwf’ﬂﬁﬁ%ﬁﬁpwng of
of said signal in a register; collecting said sanples
to create aasiatd messagewitrien saidpyaeal Glue bgingramasy
of bits resulting fromthe sanpling of the signal;

probable value of all possible symbol values.

684. The method of claim 63 wherein evaluating the series of symbols to

determine the beginning of the data message comprises the steps of:

evaluating each of the series of symbols received by said register
to determine that each of said second series of symbols has a

start value;

wherein, if any of said second series of symbols does not have the
start value, evaluating said series of symbols received by said
register to determine that the first series of symbols is received

to again establish synchronous lock.;

wherein, if the second series of symbols have the start value, the

beginning of the message is established.
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adjusting location of said bits within said register;

and evaluating the plurality of bits to determne a
walaioa/omeebol val ue for said plurality of bits,PGHIER005/002786

data synbol value indicating at |east one data bit of

sai d data nessage, wherein said synbol val ue being a

nost probabl e value of all possible synbol values. 72.

The nmethod of claim7 1 wherein the eval uating each

658.\/ntr% Aéthoef TRlimeEY Whemimhiel ovdlwatihgt eion syenbdief ta series
synb val ue of each synbol conprises the steps of:

assiyg Pylﬂgogftﬁ's detdrmiih® H’?ebét'ahts\?g)@l VSIUEF BRA '%yﬁ'fboiicompnses

pl ura groupi ngs of that conpose t

said fi rst probab| lity value indicative of a
prgg%?ﬁ qt hat the subgrouping of bits represents a

first nunber of two binary nunbers; assigning a second
probability value for each of the pI urality of

subgr oupiasgignisg dfitst praabilitywplus ot ¢ﬁt9h59frﬂaﬁlu"a|§ﬁépﬁ
second probability value indicative of a probability

that the suaigigpompings of bits that cempese thessymbelc said first
nunber of the two binary nunbers; selecting one

pr obabi | i t y,Nahyfitofalld hdiddtise oRRbresasIng tRarhazubyi
val ues for eachH L}P\Par groupl rllgtt hat S)erpresggts a di (};l?%‘ ng

?of?/mn‘?iolon ?frt?%t r%hg%nﬁseéﬁa@%hnfb%‘?%f GI® b4 nlifibers;

assigning a second probability value for each of the plurality of
subgroupings of bits that compose the symbol, said second
probability value indicative of a probability that the subgrouping

of bits represents a second number of the two binary numbers;

selecting one probability value of the first and second probability
values for each subgrouping that represents a digit of a symbol
character of a symbol code employed in formation of the data

message;

summing the probability values of the subgroupings to form a
probability that the symbol represents each symbol character of

the symbol code;

selecting the symbol character having the maximum probability that
the symbol represents said symbol character of the symbol

code; and
61



22

summ ng the probability values of the subgroupings to

forma probability that the synbol represents each
wa@yboro2ehar act er of the synbol code; sel ecti nBCT/IB2005/002786

synmbol character having the maxi num probability that

the synbol represents said synbol character of the

synbol code; and assigning the synbol value of said

synbol character to the symbol. 73. The nethod of

cl ai m 72 ashignisigthetsymtiol yaluered saisksymabalchBEaster toyhe symbol.

val ues are heuristically determned for each possible

bit conbination of the subgroupings of bits.74. The

sdmt hﬂﬂls m(etrfddaéffela?mley\h%%uﬁ thdrsedad datormppobabiliayvdloés are
of the series of synbols to determ ne the data synbol

val L+befu$$ﬁ$é‘3|@ydg?§lmlﬁ8£'¥’dr ﬁd&glb?é S?%oﬁfoma‘%%ﬁ'cﬂ%é‘g

?Re o dnary nunoers sub-synbol of
es ol .acco ng to a nHX|nun1I|keI|hood that said
fi r SYPSIEMD {Wéione of the two binary nunbers; and
iteratively perform ng said assigning until each
subsequent subsynbol is assigned one of the two binary .
6hunbEresmettod ditaaimebhutieosin thenpwaluatingvbachesymbaleof the series
synbols are a four pul se position nodul ation.
of symbols to determine the symbol value each symbol comprises the

steps of:

assigning one of the two binary numbers to a first sub-symbol of the
symbol according to a maximum likelihood that said first sub-

symbol is one of the two binary numbers; and

iteratively performing said assigning until each subsequent sub-

symbol is assigned one of the two binary numbers.

68. The method of claim 63 wherein the symbols are a four pulse position

modulation.

69. The method of claim 68 wherein sampling of each digit of the four pulse

position modulation form subgroupings of bits of the symbol.

70. The method of claim 79 wherein said sampling is at a sampling rate that is

at least five times greater than a pulse position modulation clocking rate.
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76. The nethod of claim 75 wherein sanpling of each

digit of the four pulse position nodul ation form
weubgooapi ngs of bits of the synbol. 77. The nethmRoed002786

claim 76 wherein said sanpling is at a sanpling rate

that is at least five tines greater than a pul se

position nodul ati on cl ocking rate. 78. A program

retention device containing programinstruction code

Xecyt ; : r I

7T ecenuteBa ; Sludcfigs A ORPHLRoC 8GR ga @ communication

progr.am,. nstructign code conprising the steps of:

repe?'gf'?l\f@r@présﬂ?ﬁ)ﬁ]en%eg%tpg si gnal ; retai ni ng sanpl es of

said signal in a register; collecting said sanples to

create a series of synbols conposed of a plurality of

bi ts resuepetibvely samplieg saidsignal of the signal ;

adjusting location of said bits within said register;

and evaluating the plurality of bits to determ ne a

synmbol valeusinihgsab@iiss bt sHidlsidnal Af a Ridister;sai d symbol

val ue including a synchronization val'ue indicating a

timng of said signal, a start value indicating a

begi nni n f a2 nessa and a _data val ue
i cat | tapthd SuR HRPESfLoBRt §podas ol iBoiscomppsed of
wherein said ?ynbol val ue bein? a nost probabl e val ue
of all possPRlgallyaiditsyasuiig from thesamnipgeithe signal;
retention device of claim78 wherein evaluating the
plurality

adjusting location of said bits within said register; and

evaluating the plurality of bits to determine a data symbol value for

said plurality of bits, said data symbol value indicating at least

one data bit of said data message, wherein said symbol value

being a most probable value of all possible symbol values.

72.  The method of claim 71 wherein the evaluating each symbol of the series
of symbols to determine the data symbol value of each symbol comprises

the steps of:

assigning a first probability value for each of a plurality of
subgroupings of bits that compose the symbol, said first
probability value indicative of a probability that the subgrouping

of bits represents a first number of two binary numbers;
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of bits conprises the steps of: examning a first
series of synbols received by said register to

we@gdoalori2gh synchronous | ock with said signal; PREB2003/2786

a second series of synbols received by said register

to determ ne the beginning of the data nessage; and
examning a third series of synbols received by said

regi ster to determ ne the data nessage. 80. The ro%ram

r et ent i orasdigningea eécaricaprobabilitveates for@a@hiq{ith@pﬁn@ y of
first series of synbols to establish synchronous | ock
conpri ses t&ehdibeFIAgebf bty thak soinpose thidieymbolr saidtsgcond
bits in said register to determne a first transition

of a first ﬁ%%epitﬁmﬁéirﬁﬁédthétof%%rb@ébin@_)thame_subgrouping
determning the first transition, evaluating said
plurality of,bjts reside ] j i t .
det erm ne i?f l%'tﬁ rgpbeﬁ?Pgﬁ E%ﬁhﬂ%\cgﬁgﬁgéﬁg t}ﬂgﬁf}vga ?%'X numbers;
value; c) if said plurality of bits has a

synchroni zati on value, iteratively evaluating each 06‘

t he subs@@MmgwpbabldeaM%Ofﬂi;esf'ﬁt&ﬂde?ﬁ%’ﬂgrpr?%a ility
deternmi ne that each of said synbols has a

synchr oni zavalass Yarleaech subgratiping that remresents & digié of a symbol
eval uati ng of each of the subsequent synbols is a

synchr oni zathgaciktlona.syhibl £666 Mployed ihdekeationasfdhe data

message;

summing the probability values of the subgroupings to form a
probability that the symbol represents each symbol character of

the symbol code;

selecting the symbol character having the maximum probability that
the symbol represents said symbol character of the symbol

code; and

assigning the symbol value of said symbol character to the symbol.

73.  The method of claim 72 wherein the first and second probability values are

heuristically determined for each possible bit combination of the

subgroupings of bits.
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wherein, if the iterative evaluating of any of the
pluralities of bits is not a synchronization val ue,

WO e@sati2zey steps a) - c¢) until the receiver i sP¢DDBEER/002786

8 1. The programretention device of claim79 wherein
exam ni ng the second series of synbols to determ ne

t he begi nning of the data nessage conprises the steps
of . eval uati ng each of the second series of synmhol

S .
74 ecdiheadetpddictaimetii wherein theorsadyatingeeahaayrehe! of die series

sai d second series of synbols has a start val ue; '
whegispmbbfs tanjeta@misaitt datamyhizt vales esichsyntisl somgeses
not have the start val ue, evaluating said series of

synq}?é&ergccﬁ_j ved by said register to determ ne that
t he |rstp series of synbols is received to again
establ i sh synchronous | ock.; wherein, if the second

series of symbols have the start - i Hpd

of the messlGEa et Beve Rt sy RIS to b S5 S YIB! of the
retention device of claim79 wherein the am ni

each symbol synbelpecpidiag to %@@ﬂfﬂ?”‘a}ﬂ?&w‘ﬁ‘?‘fﬁ‘% §?|d5ﬁ35?‘“'b'
synbols to determ ne the synbol value of each synbol
conpri ses t$enboldpenefof theskiabinaty rumberst apd obabi ity

value for each of a plurality of subgroupings of bits
t hat conpose the synbol, said first probability

iteratively performing said assigning until each subsequent sub-

symbol is assigned one of the two binary numbers.

75.  The method of claim 71 wherein the symbols are a four pulse position

modulation.

76. The method of claim 75 wherein sampling of each digit of the four pulse

position modulation form subgroupings of bits of the symbol.

77 The method of claim 76 wherein said sampling is at a sampling rate that is

at least five times greater than a pulse position modulation clocking rate.

78. A program retention device containing program instruction code
executable on at least one computing device for receiving a digital data
communication signal, said program instruction code comprising the steps

of:

repetitively sampling said signal;
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val ue indicative of a probability that the
sub-grouping of bits represents a first nunber of two

whreany2einber s; assigning a second probabil i t RC/EB20€5/002786

for each of the plurality of subgroupings of bits that
conpose the synbol, said second probability val ue

i ndicative of a probability that the sub-groupi ng of
bits represents a second nunber of the two binary
nunber s; E&pEYNG sAMBIRS gf saihgignakil aygoste: or each
sub-grouping that represents a digit of a synbol
character of a synbol code enployed in formation of

t he dat acomsdtingesaic samples to lveegte @bsdrielsi df ymrdloisesoroposed of
the sub-groupings to forma probability that the
symbol r epr@?ﬁfﬁélﬂ}l]%ﬁﬁﬁs FRLTIRRg PR RRE 58Mpihg bhthessigiigl]
code; selecting the synbol character having the

maxi mum probability that the synbol represents said

synbol character of. the s | code; . and. assigning the
synbol v 20115458 '%%"'8”5%1?%w&%@g%@ﬁeﬁ'sﬁe aﬁ@mom .

83. The programretention device of claim82 wherein

the first and second probability values are i
heuri st i exdluatidgthe piuralily pbbitetecdetpaisp syrphel value for said
conmbi nation of the sub-groupings of bits. 84. The "
progr am r et glotalignofisits, saidodynealivaiugdnelhdingi ansyrivdaronization
exam ni ng each

value indicating a timing of said signal, a start value indicating a
beginning of a data message, and a data value indicating at

least one data bit of said data message, wherein said symbol

value being a most probable value of all possible symbol values.

79.  The program retention device of claim 78 wherein evaluating the plurality

of bits comprises the steps of:

examining a first series of symbols received by said register to

establish synchronous lock with said signal;

examining a second series of symbols received by said register to

determine the beginning of the data message; and

examining a third series of symbols received by said register to

determine the data message.
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synbol of the first, second, and third series of
synbols to determ ne the synbol val ue each synbol
weopnimees the steps of: assigning one of the PE@DIB2005/002786
bi nary nunbers to a first sub-synbol of the synbo
according to a maxi mum | i kel i hood that said first
subsynbol is one of the two binary nunbers;
anditeratively perform ng said assigning until each
subsequent subsynbol is assigned one of the two binary
8hunbEesprogBam Tatention gevice rof ckaimi 78nwhengirc exarhiningiihe fast
wherein the synbols are a four pul se position

nodWedies @ syFbols o spailigh ayhtisloaots wekdmmsesfthe sEpsiof:
85 wherein sanpling of each digit of the four pul se
posi tion nodul ati on form sub-groupings of bits of the

wbor i n Sliexelindh W BRLaRy EELER (ol hedafet (7 pEFhie g s

at "a“sanplin
| east five ti ter.th iti
modul at i \én C: g%%sﬁr@%?qjl%;f!rtst gyr}ngol%wsg% fePsned
b) upon determining the first transition, evaluating said plurality of

bits resident in said register to determine if said plurality has

a synchronization value;

¢) if said plurality of bits has a synchronization value, iteratively
evaluating each of the subsequent symbols received by said
register to determine that each of said symbols has a

synchronization value;

wherein, if the iterative evaluating of each of the subsequent

symbols is a synchronization value, the receiver is locked; and

wherein, if the iterative evaluating of any of the pluralities of bits is
not a synchronization value, iterating steps a) — c) until the

receiver is locked.

81.  The program retention device of claim 79 wherein examining the second
series of symbols to determine the beginning of the data message

comprises the steps of:
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evaluating each of the second series of symbols received by said
register to determine that each of said second series of symbols

has a start value;

wherein, if any of said second series of symbols does not have the
start value, evaluating said series of symbols received by said
register to determine that the first series of symbols is received

to again establish synchronous lock.;

wherein, if the second series of symbols have the start value, the

beginning of the message is established.

82. The program retention device of claim 79 wherein the examining each
symbol of the first, second, and third series of symbols to determine the

symbol value of each symbol comprises the steps of:

assigning a first probability value for each of a plurality of sub-
groupings of bits that compose the symbol, said first probability
value indicative of a probability that the sub-grouping of bits

represents a first number of two binary numbers;

assigning a second probability value for each of the plurality of sub-
groupings of bits that compose the symbol, said second
probability value indicative of a probability that the sub-grouping

of bits represents a second number of the two binary numbers;
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selecting one probability value for each sub-grouping that
represents a digit of a symbol character of a symbol code

employed in formation of the data message;

summing the probability values of the sub-groupings to form a
probability that the symbol represents each symbol character of

the symbol code;

selecting the symbol character having the maximum probability that
the symbol represents said symbol character of the symbol

code; and

assigning the symbol value of said symbol character to the symbol.

83. The program retention device of claim 82 wherein the first and second
probability values are heuristically determined for each possible bit

combination of the sub-groupings of bits.

84. The program retention device of claim 79 wherein the examining each
symbol of the first, second, and third series of symbols to determine the

symbol value each symbol comprises the steps of:

assigning one of the two binary numbers to a first sub-symbol of the
symbol according to a maximum likelihood that said first sub-

symbol is one of the two binary numbers; and
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iteratively performing said assigning until each subsequent sub-

symbol is assigned one of the two binary numbers.

85. The program retention device of claim 84 wherein the symbols are a four

pulse position modulation.

86. The program retention device of claim 85 wherein sampling of each digit
of the four pulse position modulation form sub-groupings of bits of the

symbol.

87. The program retention device of claim 86 wherein said sampling is at a
sampling rate that is at least five times greater than a pulse position

modulation clocking rate.
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