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APPARATUS FOR PROCESSI NG DATA ELENENTS TO BE | NSERTED | NTO A FRAME

Techni cal &jgbgl 9k the Invention ~The present i nWRAiHSInEa0At €S
to an apparat us for processing data comrunicated froma transmtter to a
receiver. Backar ound of the Invention _ In an 8 VSB '
terrestrial conmunication system (i.e., a vestigial sideband terrestrial
conmruni cati on stem which transmts synbols each_havin one of 8.

possi bl e si gnaIAPPéééT’fﬁ FOR FREFESIMNG PATA ELEMENTS 10 BE IYSERTEDINTQ A FRAME
transmtting station to a receiving station over the air. In an exanple
of such a system each two bits of data to be comrunicated is encoded by

the transmttin s:gi'on‘a a synbol _havi one of eight - p055|ble S|gnal
anpl i tude Ie&5¥gﬂ%%—%iag—éigh—%yggﬁégﬂ——l§g¥%ahaV|ng eight bits is-

ted by f d
e By o L prpsens s SELRED E¥ohEMphsatased L0
each pair of ega%S%]'éﬁ%?éggEbgeﬁa}tg 2 °pp St @l dex mtae&a;asﬁﬂeedgr £oCge of

the bits in su e precoder t he ot her
of the bits | h pair of bits is supplied to the trellis encoder.

Thé precoderaﬂuf%r [is encoder each incorporates twelve bit del ay

el enents. Thus, the precoder and trellis  encoder may be envisioned as

twel ve |dent|cal pr ecoders

gckground of the Invention

In an 8 VSB terrestrial commﬁniéation system ’
(i.e., a vestigial sideband terrestrial communication
system which transmits symbols each having one of 8
possible signal levels), information is typically
transmitted by a transmitting statiop to a receiving
station over the air. In an example of such a system,
each two bits of data to be communicated is encoded by
the transmitting station as a symbol having oné of eight

. possible signal amplitude levels so that each byte of

data having eight bits is represented by four symbols.

In one such.system, disclosed-in the ATSC
digital television standard published on Sep;ember 16,
1995, each pair of bits is supplied to a precoder and
trellis encoder. One of the bits in each pair of bits is
supplied to the precoder, and the other of the bits in
each pair of bits is supplied to the trellis encoder.
The precoder and trellis encoder each incorporates twelve
bit delay elements. Thus, the precoder and trellis

encoder may be envisioned as twelve identical precoders
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and trellis encoders with (i) an input nultiplexer for sequentially
connecting i nput sets of two bits to the twel ve identical precoders and-
trellis SMOI¥AYR7and (ii) an output nultiplexer for seqURIWUSHIGOSO
connecting out put sets of three bits to a synbol mapper. The twel ve
precoders and trellis encoders interleave the bit pairs so that each bit
pair ina first byte of data is - processed by a first precoder and
trel-lis encoder, so that each bit pair in a second byte of data is _
processed by a second precoder and trellis encoder, . . and so t hat
each bit pair in a twelfth byte of data is processed by a twelfth )
precoder and trellis encoder. Each subsequent sets of twelve bytes are
simlarly pamdesselllis encoders witie (@eaammrd nuktipkererofier converts
each pair of input bits to three corresponding output bits  which are
suppl i ed t ccegeenyiddlynsopoecting dppdl setmmertwadsitachostheof three
output bits to_a symbol , having a corresponding, one of eight signal |evels
of an ei gHvel¥gcidensdcall priegedense aﬂimrﬁ Lg;\eppdens candsdpplied to

a nmultiplexer which adds synchroni zation syhals to the data synbols in
order to st?‘&c‘?‘&F@“Fh@uat&HRSx&ﬁd fﬁntﬁﬁ%ﬁ'&%{% SAFYTSE RS CrERRE.

A frame is structur so that it has 313 seqment s, The first segment of
a frame (a %% ogyﬁgree g’égﬁeﬁf’) 3 ﬁé’l“é’(?e'ls“t"’} 'segwbent “Sht€portion -
Contaim'ugprecdders and-trellis encodefg}interleave the bit pairs '
so that each bit pair.in.a first byte of data is
processed by a first precoder and trellis encoder, so.
that each bit pair in a second byte of data is processed
by a second precoder and t:ellis encoder, . . . and so
that each bit pair in a twelfth byte of data is proceésed
by a twelfth precoder and trellis encoder. Each
subsequent sets of twelve bytes are similarly processed.

The precoder and trellis encoder converts each
pair of input bits to three corresponding output biﬁs
which are supplied to the symbol mapper. The symbol
mapper maps each set of three output bits to a symbol
having a corresponding one éf eighﬁ signal levels of an
eight-level constellation. The resulting symbols are
supplied to a multiplexer which adds synchronization
symbols to the data symbols in order to structure the
data and synchronization syﬁbols in a frame.

A frame is structured so that it has'313
segments. The first segment of a frame (a frame sync -

segment) includes (i) a segment sync portion containing
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four segnent sync synbols and (ii) a field sync portion cont ai ni ng 828
pseudor and rated field sync synbol s. Each of the qﬁ$ﬁ@'§ﬁéﬂ§0
segnments inc es segnment sync portion containing fo 8

sync synbols and (||) a data portion containing 828 synbols of data.
Thereafter, the synbols in the above descri bed frame structure are
transmtted, and are received by a receiver. The receiver includes a
conb filter and a trellis decoder. The conb filter is present in order
to filter out interference which nmay be caused by NTSC channel s
broadcast by nearby stations.. The trellis decoder in the receiver is

present in order to decode t he synbols in the received franes into their
corr espondi ngfouxr oepgmeat syncpgymbolmand efiik ctirld F¥nsi RPKEiono

the trellis encoder in that the trellis decoder proces the synbol s of

the same byt EPRRIRIAI Pirfs psengdogand %‘aﬁb ﬁ"i’?%‘ieirfk‘?l‘?hmf’el lis

above Trame. “eseéﬁéﬁﬁi | BAch: ¢ FhareLher 1% Soliach, fm%ﬂeé%?cf# 2= Vs

T o P SRR S S B v

o /e = apa "SR At BAE L BRI e Ul SIF G2 ahER.

- 3- Thereafter, the symbols in the abpve described
frame structure are tfansmitfed, and ére received by a
receiver. The receiver includes a ﬁbmb filter and a -
trellis decoder. The comb filter is present in order to

filter out interference which may be caused by NTSC

. channels broadcast by nearby stations. The trellis
decoder in the receiver is present in order to decode the
symbols in the received frames into their cor?esponding
original bit pairs. The trellis decoder is similar to

- the trellis encoder in that the trellis decoder proéesses
- the symbols of the séme byte together. Thus, these
'symbols must enter the trellis decoder in the correct
sequence. |

As can be noted from the above frame

deécription, the frames.thét are used in the typical 8
VSB system contain only 17.25 groups of déta symbols per
data segment, ﬁherein each group contains twelve bytes,
and wherein eacﬁ byte contains féur symbols.

Accordingly, each data segment of each frame carries an

incomplete group of bytes such that the bytes of the
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i nconpl ete group are split between two data segnments. As a result, the
segnent sync synbols in the segnent sync portion of a data segnent separate

sonme data synbols of sone bytes fromthe other data synbols of these bytes._

Thus, if WOPBHIIH synbols are packed into a frane in the saRETASHUSAH: as
they are output fromthe synbol mapper, the synbols will not enter the
trellis decoder in the correct sequence. Accordingly, the trellis decoder
in the receiver will not process the synbols of the sane bytes together

t hereby producing errors in the decoding of the transmtted synbols. The
present invention includes an apparatus for rotating the data to be
Inserted into the franme structure in such a way that the synbols enter the
trellis decoder in the correct sequence so that the decoding errors due to
the presencdmiosetat gy ayebspiitr betweiete twd data asmeritwentAsn

al so includes -a receiver for processing such rotated data. |In the

appar at us/ r ecetesarltl] sche ssegnent\C8§N62 s§tbodecdai rihee rsegrentuasme t he
presence of sync synbols are avoi ded by nmeans of a decoder designed in such
a way as toHaoptiont¢f audata segwmaptcssparatecsang dara Rympoks iof erval s.
In the present apparatus/receiver, in qQrder to_reduce decoder conplexity
and at the £9Re hygesbrem ehedphlesr fars gyabads of ﬁ‘re*t?ssén Ssync

synmbols, a new fr structure is.:provided in i ch the lat a el enent s, .
bgf ore the i i ?ﬁ the o‘g?‘% ﬁmgéﬁr PEENPEF e d%”é““? otthte i n
such-a way that pairs of correspondi ng _data.s | s.separated by the sync
pgrt i on a?/e s&“&?éé%‘ﬁe‘?%ﬁeﬁe‘?ﬁ%&' ?%3988?8&& ; ro%%%%oejt ﬁ'@ﬁ%nt iy__Qn_ |

Therefore, igjQ S i %8§%§§§?%th t%&lgrse_%é@odély%% e a2

processi ng appar at us pr ocesses enents to be inserted 1nto a frane.

The frame hagarddall fddiandd, dajacsearRaty, ene eaeh dal aarm@Bmntidas a

sync portion and a data portion. The proceéessing WO 98/ 11727
PCT/ US97/ 16@3e receiver XPVEI 2hd€ pLEREEBCEhan sytelish @ fiates samg Ot at i ng
nmeans, and an inserting neans. The encodi ng neans encodes data .

bytes together thereby producing errors in the decoding
of the transmitted symbols.

 The present invention ihcludes an apparatus for
rotating the data to be inserted into the frame structure
in such a way that the symbpls enter the trellis decoder
in the correct sequencé so that decodiﬁg errors due to
the presence of segment éync symbols are avoided. The
present invention also includes a receiver for processiﬁg

such rotated data.

Summ of e Invention

Therefore, in accordance with one aspect of the
present invention, a processing apparatus processes data
elements to be inserted into a frame. The frame has a
plurality of data segments, and each data segment has a

sync portion and a data portion. The processing
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as data elenments. The rotating nmeans rotates the data el enments so that
data el enents corresponding to one anot her across a sync portion of a

segnent ar d to be processed together. The inserting neans
inserts a’t@“esrnrqggzt ed data el ements into the data portions {{n27/16050

frame. I n accordance with another aspect of the pr esent

I nvention, a receiver receives data synbols arranged in a frane. The
franme has a plurality of data segnments. Each data segnent has a sync
portion and a data portion. Each sync portion contains four sync

synbol s, and each data portion contains 828 data synbol s. The data
synbols are rotated so that data synbols of the sanme bytes separated by a
sync portion of a data segment are arranged to be processed together. The
recei ver cHPPATRALUS GUERTISEE ABaABCAAANT PeddEssith§F IRAHNg TrRaNS, -
recei ving neans, receives the data synbols of the frane. The processi ng
means proces@88 A% FRSRFARY PESRRE - of TREGERFO o MEATE §T-C 43kas

t oget her even tQP h Hhe data.fgnbolﬁ gt t he sane _bytes a&g}se rated by
the sync  pBfti S U Ryat A SR ghRRRELRg means x b (feeine with
éefa nggg’tsher éi@%cga /stfil“;rzhfc‘”&%@&tei@%&ﬂkkoﬂoﬁe%&?{d‘ﬁb tREUnees data

PCT/ US97/ 160380t her acxdid HWhd {g@féiaﬁ%fTQe sbERERLNaS e Uttirildd ¥ Of

data - segnents such that ea segment has a“sync portion
to be processed together. The inserting means inserts

the rotated data elements into the data portions of thg
frame. |
In accordance with another aspect of the
present invention, a receiver receives data symbols
arranged in a frame. The frame has a plurality of data -
segments. Each data segment.hasﬂa syﬁc portion and a
.data portion. Each sync portion contains four sync
symbols, and each data.por;ion.COnﬁains 828 data symbols.
- The data symbols are rotated so that data symbols of the
same bytes separated by a sync portion of a data_segment
are arranged to be pfoéessed tbgether. The receiver
comprises a receiving means aﬁd.a processing means. . The
receiving means receives the data symbolé of the frame.
The procéssiqg means processes corresponding pairs of
data symbols of the same bytes together even though the
data symbols of the same bytes are separated by the sync
portions of each data segment.
In accordance with yét another aspect of the

present invention, a receiver receives data elements
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and a data portion. Each sync portion contains S sync - elenents, and each
data portion contains N data elenments.  The data elenents are rotated so
that data el enents correspondi ng to one anot her across each sync portion
of eacWQHd72%kgnent are arranged to be processed toget hBCT/USY7/16080
receiver conprises a receiving neans and a processing means. The

recei ving neans receives the data el enments of the frame. The processing
means processes corresponding - pairs of data el enents dependi ng upon a
separation bet ween correspondi ng data el enents across the sync

portions of each data segnent. Brief Descrintion of the Draw nas

These and ot her features and advant ages of the present invention wl|l
becone nore apparent froma- detailed consideration of the invention when

taken in  gephWdEd Gh W tivdme, drewé NEfame HAsCcA: ﬁlurality of daitgure 1 is
a bl ock diagram of an apparat us I ncorporating the present invention;

Figure 2 il bugnentes sudit iy attehn datd esegmegenhast ar syhicc porey obe

i mpl emrented for the data random zer of Figure 1.in order to random ze

dat a; and a data portion. Each-$ync portiyg® 68ntaifgg S sync

PCT/ US97/ 16050 ' : Figure 3 is a convolutional byte .

i nt er| eaver elemiantis mancdeagipldatmtpert bent aentains| Nt dakal edpments.
The data elements are rotated so that data elements
corresponding to one another across each sync portion of-
each data segment are arrangea to be processed togethef.
The receiver comprises a receiving means and a processing .
means. The receiving means receives the data elements of
the frame. The processing means processes corresponding
pairs of data elements depending upon a separation

between corresponding data elements across the sync
portions of each data segment.
Brief Description of the Drawings

These and other features and‘advantages of the
presenﬁ invention will become more apparent'from a
detailed consideration of the invenﬁion when taken in
conjunction with the drawings in which:

Figure 1 is a block diagram of an apparatus
incorporating the present invention;

Figure 2 illustrates a pseudorandom number
generator which may be'implemented for the data

randomizer of Figure 1 in order to randomize data;



i nterl eaver of Figure 1; Figure 4 illustrates the grouping of
synbol s as a result of encoding by the byte-to-synbol converter and

trellis e f Figure 1; Figure 5 illustra

i nterl eave a§§§§§?é of Figure 4 to which segnent sync synbgﬁ§“§$%%ﬂwo
segnent have been added; _ ~ Figure 6 illustrates the

byt e-t o- synbol converter and trellis encoder of Figure 1 in additional
detail; s Figure 7 is a table illustrating the byte rotation

i npl enented by the byte rotator of Figure 6; Figure 8 is a
table illustrating the correspondence between the rotation inplenented in

accordance with the table of Figure 7 and the groups of rotated data; -
Figure 9 illustrates a_precoder .and trelli . enc r whic be used for
the precoder and trell F&g‘,’r&?o&é? (ﬁorpr%]zqtél%{xafdgyte .1nEegE_éB‘UF€ 10 is a
Froure 6 WhLeR%may peCifipithendd ST NEE QinbeB,0uBRR pEET O ©
| Tust 2t e pegueiceel Bahdl lota symbols are
inserted into a frane b&gﬁ%@oﬁdawyﬁé@fékéémtﬁé%ﬁﬁ@ﬁping of symbols as
a result of éncoding by the byte-to-symbol converter and
trellis encoders of Figure 1; |

Figure 5 illustrates the interleaved symbols of
Figure 4 to which segmént sync symbols_df a segment have
been added; ' -

| Figure 6 iilustrates the byte-to-symbol
converter and trellis encoder of Figure 1 in additional
detail;

Figure 7 ié a tabie illustrating the byte
rotation implepented by the byte rotator of Figure 6;

Figure 8 is a table.illuétrating the
correSpondencé between the rotation implemented in
accordance with the table of Figure 7 and the groups of
rotated data;

' Figure 9 illustrates a precoder and trellis
 enc6der which may be used for the preéoder and trellis
encoders of Figure 6;

Figure 10 is a table illustrating the rotation

implemented by the symbol rotator of Figure 6;
| Figures 11A, 11B, 11C, and 11D is a table

illustrating the sequence in which data symbols are
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I nventi on; FigUre 12 illustrates the structure of a frame

into which data is inserted according to the present I nvention; and,
Figure 13 illustrates a conb filter which  introduces the correct anount
of del ay MR 9%/Hd2Yata shown in Figures 11A, 11B, 11C, an&CTASITAS85Pder
for atrellis. decoder in a receiver to correctly.process the synbols of
the sane byte together. Detail ed Description ' ' As
illustrated in Figure 1, a first station 100 i'ncl udes an MPEG sync
renover 101 which recei ves MPEG data packets froma MPER data source
(not shown) and which is nore fully described in application Serial No.

08/ 479, 428 that was filed on June 7, 1995. The MPEG data . packets arrive
at a rate of about 12.893 Kpackets per 'second. These MPEG packets

i ncl ude 187 iyseste@ WHES a foame dmd anuoddanceWiNREGhS eyesmtati on.
Because MPEG synchroni zation i s unnecessary for the processing by the
remai nder ofimvienB8iv8B terrestrial nodem-encoder of -the  present’

i nventi on, the MPEG sync renover 101 renoves the one q¥te of EG

synchroni zati on from t BAGNPEGLBadldustratafs the SFWHYre iRf BHIPes of
MPEG data to, a data, WD 98/,11727 .
PCT/ USO7/ 160H0t0 which dagaqis FBSCEs2d,AcIPTainm iS dPeRFETRE dat a

packet suggbéggigx;thgny?EG sync renmover 101. The data

Figure 13 illustrateé a comb filter which -
introduces the correct'aﬁount df delay‘for.the data shown
in Figures 11A, 11B, ilC, and ilD in order for a trellis
decoder in a recéiver to correctly process the symbols of

the same byte together.

Detailed Description

As illustrated in Figufe'i,'a first station 100
includes an MPEG s?nd remover 101 which receives MPEG
'data packets from a MPEG2 data source (not shown) and
which is more fully described in application Serial No.
08/475,428 that was filed on June-?, 1995. The MPEG data
packets arrive at a rate of ahbﬁt 12.893 Kpackets per
second. These MPEG packets include 187 bytes of MPEG
data and one byte of MPEG synchronization. Because MPEG
synchronization is uhnecessary for the processing by the
remainder of the 8 VSB terrestrial modem encoder of the
present invention, the MPEG sync remover 101 removes the
one byte of MPEG synchronization from the MPEG packets

and passes only the 187 bytes of MPEG data to a data
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random zer 102 may inplement a bitw se EXCLUSI VE OR operation between
each data byte received fromthe MPEG sync renover 101 and a

pseudor a'eABAEZTence. - The pseudor andom sequenPETWSY7/16050
produced, for exanpl e, by the random sequence generator shown in Figure.
2. The pseudorandom sequence produced by the random sequence generator
of Figure 2 is initialized at the first data packet of a franme, and is
reinitialized every 312 data packets thereafter. The registers of this -
random sequence generator shown in Figure 2 are initialized to OxF180 at
the start of each frame (where the outputs of registers. X16, X15, X14,
X13, X9, X8 are. set to a value of one). The pseudorandom sequence -
generat or SFNAohizEFYUDe WhithAdEHIRid«y S2ch MPES Qhca phekkeput data
packet. The pseudorandom sequence - generated by this tandom sequence
gener at or isuppbiededy the M@Enu@@nBOreMEﬁe*nIﬂnnnyThe dataected to
correspondi ng i nputs of an EXCLUSIVE OR. The "ot her "~inhputs‘ef the O
EXCLUSIVE(Iandmmlzertm920mayeammmﬁmqumasblthserExcwwsvaronlthe MPEG

sync renover 101. The out put of the data randonmizer 102 is
suppl i ed t ®reFREeiogobehwaeBneadlr daga bﬂtﬁl%ﬁﬂhi&#@nﬁmom theoMPEG103
cal cul ates twenty bytes of Reed Sol onon -9-

VO 98/ 11728YRC remover 101 and a pseudorandom sqqggQqu/1605o
ek S, TR AR PR MRS 8 roalELd, PR

example, by the random sequence generator shown in Flgure
2. The pseudorandom sequence produced by_the random
sequence generator of Figure 2 is initialized at the
first data packet éf a frame, énd is reinitialized every
312 data packets thereafter. The registers oﬁ_this
random sequence generator shown in Figure 2 are'
initjalized to OxF180 at the start of each frame (where

| the outputs of registers X16, X15, X14, X13, X9, X8 are

. set to a value of one). The pseudorandom sequénce
generator shown in Figufe 2 is advanced for each byte of
the input data packet. The pseudorandom sequence
generated by this random sequence generatof is provided
.at outputs DO - D7 which may be connected to A
corresponding inputs of an EXCLUSIVE OR. ‘The other
inputs of the EXCLUSIVE OR receive the corresponding bits
in the bytes from the MPEG éync remover 101.

The output of the data randomizer 102 is

supplied to a Reed Solomon encoder 103. The Reed Solomon

encoder 103 calculates twenty bytes of Reed Solomon
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Accordingly, the Reed Sol onon encoder 103 produces data packets each of
whi ch conprises 207 bytes (i.e., 187 bytes of random zed data fromthe
data ra ] 102 and twenty bytes of Reed Sol onon parity).

The dat§9§§§é§?§ fromthe Reed Sol onon encoder 103 are %*%MW?b a
packet-to-byte multipl exer 104. The packet-to-byte nultiplexer 104
converts each 207 byte Reed Sol onon data packet into a continuous byte
stream ~ ° This byte streamis then processed by a convol utional byt e

i nt'erl eaver 105 which is shown conventionally by Figure 3 and which is
described nore fully in application 08/ 315, 153 that was filed on .
Sept enber 29, 1994. Each block in Figure 3 is a register that holds one
byte. The convol utional byte interleaver 105 i s synchroni zed such

that the fparityyweadfappands rchefectiwentynbytest Sopsbecrandomitzed t he
upper nost branch of the interleaver shown in -~ Figure 3, the second hyte
of the firdatRepPacketemurainced bythet dabRerandnmigzezod®2br anch of the

i nterl eaver sho in Figure i fty-second byte of -the first

y va. . the f
Reed Sol onBfic8% rﬁ?&éﬂ«ett%t%?r%gt%l‘l’%%rﬁﬂg?dﬁFaﬁgﬁ producems 43t | eaver

shown i'n Figure. 3, the fifty-fthird byte the first. Reed onon data
packet ent@ggkfﬁg eaéi o Qﬁléh comprises 887 gypefoﬁ}.e., 1 08/ 11727

PO/ Wo37! 18080s of ranfiff IS afE2"FRoR" chE°akBLoLLARYRS Z20°4D Buld 9U7

twenty bytes of Reed Solomon parity). |

| The data packets from-thé Reed Solomon encoder
103 are supplied to a ﬁacketfto-byte mu1tip1exer'104.
The packet-to-byte multiplexer 104 converts each 207 byte
Reed Soclomon data packeﬁ into a CQnﬁinuous byte stream.
This byte stream is then processed by a convoluﬁional
byte interleaver 105 which is shown conventiocnally by
Figure 3 and which is described more fully in application
08/315,153 that was filed on September 29, 1994. Each
block in Figure 3 is a register that holds one byte. The
convolutional byte interleaver 105 is synchronized such
that the first byte of the first Reed Solomon.daté packet
enters the uppermost branch of the interleaver shown in
Figure 3, the second byte.of'the first Reed Solomon data
packet enters the second branch of the interleaver shown
in Figure 3, . . . the fifty-second byte of the first
Reed Solomon data packet enters the lowermost branch of
the interleaver shown.in Figure 3, the fifty-third byte

of the first Reed Solomon data packet enters the
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The interl eaved byte streamfromthe convolutional byte interleaver. 105
is supplied to a byte- t o-synbol converter and trellis encoder. 106 which

encodes Weogipimazbits in the received bytes as data symbol sperfS97/16080

di scussed in nore detail hereinafter, the trellis encoder portion of the
byt e-to-synbol converter and trellis encoder 106 is, in effect, twelve,
trellis encoders in order to accommobdate the twel ve synbol delay of the
conb _ filter which is used in the receiver, such as a second station 109
of Figure 1. That is, the presence of the conb filter in the receiver
requires that the byte-to- synbol converter and trellis encoder 106
encode the data bits of the received data bytes as encoded data synbols

so that the q§€ o) e€ ' rated by
t he data synggﬁg s?‘ﬁ eévﬁe)n‘l’% i‘ﬁ? %‘lgk%n%o ers Jﬂ—leﬁéusfﬁ'r e are,
in effect, twakV&o &Hﬁ||l$ encoders Addltlonally, t he byte t 0- symbol
converter and trellis encoder 106 nust encode the ‘data. ~ bit pai¥s-of the

recei ved data bytes as qeicodackdipd@vedsyybel sreean Eidm ttlmx_ data bit pairs
of the same bytes are encoded by the sane ‘encoder. - Figure 4

il lustrates ebavolatdBridlebyd aintéyIealér 1ber 1exaapbaaewrﬁwla Bred -
group n - 1 may WO 98/ 11727

PCT/ US97/ 16066-symbol comseEmsantand syréblisecentbdey oSNk rarsbdgs by
encoder zero of bits 7,6 of byte zero, synmbol EO of group n may
the data bits in the received bytes as data symbols As
discussed in more detail herelnafter, the trellls encoder
portion of the byte-to-symbol converter and trellis
encoder 106 is, in effect, twelve trellis encoders in
order to accommodate the twelve symbol delay of the comb
filter which is used in the receiver, such as a second
station 109 of Figure 1. . That is, the presehce of the
comb filter in the receiver requires that the byte-to-
symbol converter and trellis encoder 106 encode the data -
| . bits of the received data bytes as encoded data symbols
so that the encoded data symbols'of each trellis encoder
are separated by the data symbols.of the eleven other
trellis encoders. Hence, there aie, in effect, twelve
_trellis encoders. Additionally, the byte-to~symbol
converter and trellis encoder 106 must encode the data
bit pairs of the received data bytes as encoded data
symbols such that the data bit pairs of the same bytes
are encoded by the same encoder. |
Figure 4 illustrates the transmitted.deta

symbols. For example, symbol EO of group n - 1 may
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represent a synbol resulting fromthe encodi ng by encoder zero of bhits
5,4 of byte zero, synbol EO of group n + 1 may represent a synbol
resultin fron1the encodi ng by encoder zero of bits 3,2 of byte zero,

and so fNQIMT27 Thys, each synbol EO is separated from t h®CTAMEIHIE058t her
synbol s EO by el even synbols. : Simlarly, synmbol El of group n

- 1 may represent a synmbol resulting fromthe encodi ng by encoder one
of bits 7,6 of byte one, synbol El of group n may represent a synbo
resulting fromthe encodi ng by encoder one of bits 5,4 of byte one,

synbol El of group n + 1 may - represent a synbol resulting fromthe
encodi ng by encoder one of bits 3,2 of byte one, and so forth. Each
synbol El is separated fromthe nearest other symbols El by  eleven
synbol s. Tmepresentica symbokinredudtiimg Fndmwlthe endodirng sy éntederncoder :
one encodes the synbols of a second byte, encoder two encodes .t he

synmbol s of zexhief bitsy¥eé aﬁdbyseozermcamb@ \EO syfrignaumre mayoded in.
groups of twelve bytes and are transnmitted in oups of tmelve byt es.

As di scuss&fRERIent e%cﬁ}’@@@%eﬁ?spﬂéllﬁﬁesfr°m 83’@ Sparding by rnepder

stream These 83 Inbols gclude four n%p SWE S nbol s and 828
data synbol&8¥© © 4 of byte zero, s ol IXRYRG 11727

PCT/ US97/ 16050 dat a ol ansqai tt.ed data

stream are™2Y plé‘?‘?ré%'?%ﬁ?l 9 ?W%Piuﬁf‘?&lﬁé &?Fé’r\‘{ Ce iﬁ?gltﬂ% R
encoder zero of bits 3,2 of byte zero, and so forth.
Thus, each symbol EO is separated from the nearest other
symbols EO by eleven symbols. |

éimilarly, symbol E1 of group n - 1 may
represent a symbol resulting from the encoding by encoder
one of bits 7,6 of byte one, symbol Bl of group n may
represent a symSol resulting from the encoding by encoder
one of bits 5;4 of byte one, symbol El of group n + 1 may
represent a symbol resulting frém the encoding by encoder
one of bits 3,2 of byte one, and so forth. Each symbol
El is separated from the nearest other symbols ﬁl by
eleven symbols. Thus, encoder zero encodeé.the symbols
of a first byte, encoder one encodes the symbols of a
second byte, encoder two encédes the symbols of a third
byte, and so on. Accordingly, symbols are encoded in
groups of twelve bytes and are transmitted in groups of
twelve bytes.
As discussed above, each segment includes

832 symbols in the data stream. These 832 symbols
include four segﬁent sync symbols and 828 data symbols.
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illustrated in Figure 5. Because the transmtted data synbol s from each
encoder nust remain properly spaced, in order to be correctly processed
by the trg} é gefoder in t he receiver, and because the C
synbol s wou gﬁl ot herwi se disrupt the proper spacing of the gat%hgéﬁgols,
the present invention rotates the data synbols in each segnent by a
predeterm ned anount in order to reinstate the data synbols to the
proper spaci ng. For exanple, this anmount of rotation nmay be
zero for the data synbols in the first data segnent = following the frane

sync segnent, may be four for the synbols in the next data segnent, ‘may
be eight for the data synbols in the next data segnent, may be zero for

he d mhol s h data d h he ‘d
Symbol | e G f'h%ﬁe&?ﬁ%wﬁte% SoThe St ] Srpthf 480
ion of the fi K i
Syl EO P LRREY nhREsTEHECaro b Smkhy, it Ay 2¢O 1
symbol's in Hﬂ&}é@eﬁhé&ggﬁnh grgr der ¥elddse Fhe Féts rl}‘lntte&fu &8, E7.

E8, E9, E10 as e group n ta synb s in
Figure 5. T S e I ment
Zego) o ShoWé & Poh SeLER éh‘é@der s e i fﬁz&:ﬁ&l@y Ségm@éam 9§fﬁ727

ECT/ Us97/ 16%%er to be tbgrieehl procedded By &Qﬂﬁﬂﬁe]ﬂ.im dém:d@cblenof
ORres the receiver, and because the segment sync symbols would |
otherwise disrupt the proper spacing of the data symbols,
the present invention rotates the data symbols in each’
segment by a predetermined amount_in order to reinstate
the data symbols to the proper spacing. |
For example, this amount of rotation may be
zero for the data symbols in:bhe-first data segment.'
following the frame sync segment, may be four for the
symbols in the next data segment, may be eight for the
. data symbols in the next data_ssgment, may -be zero for
the data symbols in the next data segment, and so on.
Thus, the data symbol immediately following the segment
syno symbols in the data portion of the first data
segment following the frame sync segment is symbol EO
corresponding to the trellis encoder zero. The next data
symbols in this data segment in order are El, E2, E3, E4,
'ES, E6, E7, E8, E9, E10, and E11 as shown by the group (n
- 1) data symbols in Figure 5. This pattern is repeated

throughout this data segment (segment zero) as shown by
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11A, 11B, 11C, and 11D. _ However, the data synbol inmediately
fol |l owi ng the segnent sync synbols (i.e., segnent sync synbaqls SO,

S1, S2, and S3 of Figure 5) in the second data segnent foll owi ng the
frame sYYRWMJEEnt is symbol E4 corresponding to trel | PETAHOFAEMO: our .
The next data synbols in this data segnent in order are E5, E6, E7, E8,
E9, E10, EII, EO, E1, E2, and E3 as shown by the group (n) synmbols in
Figure 5.. This pattern is repeated t hroughout this data segnent (segnent
one). as shown by the trellis colum for segnent 1 in the table of

Fi gur es 11A, 11B, 11C, and 11D. - Simlarly, the data synbol .
imedi ately  follow ng the segnment sync synbols (i.e., segment sync
synbols SO, S1, S2,” and S3) in the third data segnent foll owi ng the
frane syncthegorellis spioin fEg segmentedhddtlithe teakble| efsFégusesr eight.*
The next data synbols in this data segnent in order are E9, E10, E11,
EO, E1, EZX1A&3 1B, BEIC,.FendaddD=7. This pattern is  repeated throughout
thi's data segnent (segnent two) as shown by the_frellis_columm for
segnent 2 in the tabBewgver, the,data Symboly immeds HﬂillfPfi°W1ng

The byte-to-synbol converter apd.trellis encoder %96, fﬁgcf i§ shown in
nor e detath?ns?gﬂﬁpg gync s ols (i.e., segment sync's ols SO0, VO

98/ 11727

converts t¥hr iTter ?Egvga Sf‘t g i?t“l‘reear%)f riélmttt}]ee &q&,&&%&gogggmem
: following the frame sync segment is symbol E4 = = |
corresponding to trellis encoder four. The hext data -
symbols in this data segment in order are E5, E6, E7, E8,
'E9, E10, E11, EO, El1, E2, and E3 as shown by the group
(n) symbols in Figure 5. This pattern is repeated
throughout this data segment (segment one) as shown by -
the treliis column for segmeht'l in the table of Figures
11A, 11B, 11C, and 11D. | |
Similarly, the data symbol immediately -
following the segment sync symbols (i.e., segment sync
symbols S0, S1, S2, and S3) in the third data segment
following the frame sync segment is symbol. E8 |
corresponding to trellis encoder eight. The next data
symbols in tﬁis data segmeﬂt in order are ES, E10, El1,
E0, E1, E2, E3, E4, ES, E6, and E7. This pattern is
repeated throughout this data ségment (segment. two) as
shown by the trellis column for segment 2 in the table of
Figures 11A, 11B, 11C, and 11D.
The-byte-to-symbol.converter and trellis
encoder 166, which is shown in more detail in Figure 6,
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convol utional byte interleaver 105 into synbol s having the correct

synbol sequence to be properly processed by the second station 109

(Fi gure 1) wolhgnppte-t o- synbol converter and trellis encodperAfi®rnsose

i ncludes a byte dernul ti pl exer 201, a byte rotator 202, byte-to-bit-pair
mul ti pl exers 203, precoders and trellis encoders 204, a synbol- rotator
205, and a_synbol nultipl exer 206. - o The interl eaved byte stream
fromthe convol utional byte interleaver 105 enters the byte
denul ti pl exer 201. The bytes are grouped by the byte derul ti pl exer 201

I nt-o groups of bytes hol ding twelve byt es per group. These twel ve bytes
appear on outputs BO - Bl1l of the byte denultiplexer 201. Each twel ve

Ll OB oy

has outputs s on output's

byte demul ti lg i Ea&gﬁ
A>s/ shown by ?L:Si&% taé] el n%%%r%%tﬁgiég?fgaao Cnglr?ztsr 1D, tdhtrah{‘]rr €
t he bytes tRet berivdic! |Baesh WdQuehteatbs vaPbrepelrdyt Mrocessed by

byt e-to-synbol converter and trelliS encoder 106 is changed due to the

synbol rotati ehewsecdnd staticenies (Figaeauss .of Thee byegver-SytoBymbol s
at the begi nning of each data segnent. A rotation of the bytes in each

group of bgbnyesnpm|anﬂfUnamliE3éuteddenm06|pheiada%Oh tbyttene WO.
98/ 11727 - - PCT/ US97/ 16050 byt e |

rotator 202 idewudripllexem 20ldera thytesrotatbyt 802, byterticodidwpeizt he

adj ustnent that is nade due to the
multiplexers 203, precoders and trellis encoders 204, a

symbol rotator 205, and a symbol multiplexer 206.
The interleaved byte streém from the |

convolutiohal byte interleaver 105 enters the byte

- demultiplexer 201. The byteé are grouped by the byte
demultiplexer 201 into gfoups of bytes holding twelve
bytes per group. These twelve bytes appear on outputs B0
- Bll of the byte demultipléﬁer 201. Each twelve byte

. group is rotated by the byte iotator 202. .The byte
rotator 202 has outputs C0 - Cll and rotates the bytes on
outputs BO - Bll of the byte demultiplexer 201 according
to the table illustrated in Figure 7. As shown by the
table in Figures 11A, 11B, 11C, and 11D, the order of the
bytes in the interleaved byte stream supplied to the
byte-to-symbol converter and trellis encoder 106 is
changed due to the symbol rotation which is implemented
because of the segment sync syhbols at the beginning of
each data segment. A rotation of the bytes in each group

of bytes supplied from the byte demultiplexer 201 to the
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segnent sync synbol s. As shown by the table of Figure 7, the
byte rotator 202 rotates the bytes on the outputs BO - Bll by ei t her
zero, four, or eight positions. This byte rotation is inplenented in
order to WOB#IR7assign the bytes to the correct trelli PCEVYIAF050Byt e
rotation follows a periodic pattern that repeats after each twel ve
segnents of the frame. The duration of each byte rotation foll ows an
18, 17, 17,. 17 repeating pattern. - That is, as shown by the table of
Figure 8, the first ei ght een groups of twelve bytes received by the byte
rotator 202 are rotated by zero, the next seventeen groups of twelve
bytes received by the byte rotator 202 are rotated by four, the next
sevent een groups ‘of twelve bytes received by the byte rotator 202 are
rotated by byetégbbratbe rept iscdestiaetblgy dupsoxdex vied veesore bytei ved

by the byte rotator 202 are rotated by zero, the next ei ghteen groups of
twel ve byt esorderi folloywinge thet adjustmentortap is anade duel 89. ther, and
so on, such that this 18, 17, 17, 17 . . . pattern is repeated every
twel ve dat a segmentssync symbols. This byte rotation is shown in Figures
11A, 11B. 11C, and 11D. Figures 11A .11B, 11C and 11D - WD

08/ 11727 ' As shown by the table obdques, 1g0spe byte -

o L A PR AL ARG, W 0T AL
data Synbo'%e§t6é§2;ero, four, or eight positioné. This bYte S o
rotation is implemented in order to properly assign the
bytes to_the correct trellis encoder. Byte rotation' |
follows a periodic pattern that repeats after each twelﬁe
segments of the frame.. The duration of each byte-
rotation folldws aﬁ is, 17, 17, 17 rebeating pattern.
That is, as shown by the table of Figure 8, the first
eighteen groups of twelve bytes received by the byte
rotator 202 are rotated by zero, the next seventeen
groups of twelye bytes_received by the byte rotator 202
are rotated by four, the next seventeen grogps of twelve
bytes received by the byte rotator,zoé-are rotated by
eight, the next seventeeﬁ groups of twelve bytes received
by the byte rotator 202 are rotated by zero, the next
eighteen groups of twelve bytes received.by the byte
rotator 202 are rotated by four, and so on, such that
this 18, 17, 17, 17 . . . pattern is repeated every
twelve data Segments.
This byte rotation is shown in Figures 11A,

11B. 11C, and 11D. Figures 114, 11B, 1iC, and 11D
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of Figure 11D) correspond to bit pairs 7,6 of bytes 204- 215. These
bytes 204-215 are conpleted by the first 36 data synbol s in.data segnent
one. The ¥BYLKTZ7 synbol s in data segment zero and the fiRGEUSY/16850;
synmbol s in data segnent one represent the first eighteen groups of

twel ve bytes of data processed by the byte rotator 202. As i ndicated
above, the-byte rotator 202 applies a rotation of zero to these first

ei ght een groups of twelve bytes. These first 216 bytes are applied in
order (with no rotation) to the corresponding trellis encoders EO-

E11. The byte rotator 202 then applies a rotation of f our
to the next seventeen groups of data bytes received by the byte rotator
202 so as tdllustratecthet first fivehalatarsegmentsyfeldowing These .bytes
conpri se bytes 216-419. This rotation of four causes these bytes to be
encoded by tframners¥ngorsongnt: of ias fxaneier SThe-I@st eightisdagat a. synbol
thirty-six in data segnent one corresponding to bits 7,6_is:in byte 216
and corr espdfigabols@f darp; segmesderexSuril Rcord@tRy §YTBoLE BREeBRAy i s

restored in data, segnent_one startin%}Mt the data sggbol thirty-six.
These sevent¥erFiFtHs1dP) ¢ feF¥espond to bit pairs 7,6 byteg7204-.

WO 98/ 11727 _ : ' PCT/,US97/ 16050 '
byt es end\M%%Ftku%P%?ﬁbBYtFﬁeﬁP?fgﬂﬁeéﬁﬁ QQﬂQ}%ﬁéﬁéﬁx téetngSt 36

data symbols in data segment one. 'The-828 data symbols
in data segment zero and the first 36 data symbols in. |
data segment one represent the first eighteen groups of
tﬁelve bytes of data processed by the byte-rotator"zoﬁ.
As indicated above, the b?te rotator 202 applies a
rotation of zero to these first eighteen groups of twelve
bytes. These first 216“bytes.ére applied in order (with
no rotation) to the correspénding treliis encoders EO-
E11. | |

The byte rotator 202 then applies a rotation of
four tonthe next seventeen groups of data bytes received
by the byte rotator 202 so as to return the bytes to
their oi‘iginal byte order. These bytes comprise bytes
216-419. This rotation of four causes these bytes to be
encoded by the corresponding trellis encoders E4-E3.
Thus, data symbol thirty-six in data segment one
corresponding to bits 7,6 is in byte 216 and corresponds
to trellis encoder four. Accordingly, byte ordering is
restored in data segment one starting with the data
symbol thirty-six. These seventeen groups of twelve
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The byte rotator 202 then applies a rotation of ei ght to the next
sevent een groups of twelve bytes received by the byte rotator 202 so as

to return ytes to their original byte order. These rise
byt es 420%2@%?5 rotation of eight causes these bytes %@wﬁ’%ded
by the corresponding trellis encoders E8- E7. Thus, data synbol- -
twenty-four in data segment two . corresponding to bits 7,6 is in byte 420
and corresponds to trellis encoder eight. Accordingly, byte ordering is
restored in data segnent two starting with data synbol twenty-four.

These seventeen groups of twelve bytes ends ‘'with data synbol el even of
data segnent three. The byte rotator 202 then applies a

rotation of zero to the next seventeen grou of twelye bytes

recei ved by-}‘mt'ee%y?%érﬂi'-'éf‘o 3562%%%1 Vet EeR of %?F%ss?%m%%i r
original byte order. These bytes conprise = bytes 624-827. This rotation
of zero_cauéagathese byt es to be encoded by the corresponding trellis

corresponding to biis THE PYEENTRYARYS 2 thdd RHSGE T EhITIE ot
Symbol 827 CHUN o Qegpenrent Beitetn grddfs 6t MRS TR (O

98/ 11727  yeceived by the byte rotator 202 S HHI/AEOREn the © three.
Accordingly, byte ordering is'restored in data segnment three starting with

da}a_srnbm By eto their origiBeleth@ebidrdeats MHddd|lopees déMprise
™ typ exesbytes 420-623. Thié roﬁatién of eight causes these bytes
to be encoded by the corresponding trellis encoders E8-
E7. Thus, data symbol twenty-four in data segment two
corresponding to bits 7;6 is in byte 420 and corresponds
to trellis encoder eight. Accordingly, byte ordering is
restored in data segmeﬁt twd starting with data symbol
twenty-four. These séventeen groups of twelve bytes-ends
with data symbol eleven of daté'ségment three.

~ The byte rotator 202 then applies a rotation of
zexro to the next seventeen groups of twelve bytes |
received by the byte rotator 202 so as to return the
bytes to their original Byte-oider. These bytes comprise
bytes 624-827. This fotation of zero causes these bytes
to be encoded by the corresponding trellis encoders EO-
Ell. Thus; data symbol twelvé-in data segment three
corresponding to bits 7,6 is in byte 624 and corresponds

to trellis encoder zero. These seventeen groups of

twelve bytes ends with data symbol 827 of data segment
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each byte of data supplied on output lines CO - Cl1 by the byte rotator
202 to four corresponding serial pairs of bits. The bits are.supplied by
the byt e W@MBM1223airs  nultipl exer 203 on outputs DO - D11PERAISAT/E6050
processed by the precoders and trellis encoders 204. The precoders and
trellis encoders 204 converts the bit pairs on outputs DO - D11 to
correspondi ng sets of three output bits and maps the sets of three out put
bits to data synbols. Thus, each data synbol has one of eight  possible
| evel s defined by three bits. The precoders and trellis encoders 204

I'ncl udes precoders and trellis encoders EO - El11 which supply data
synbol s over correspondi ng out puts EO - EI11. _ _ Figure 9 .

i |l ustrat eshrge ec@ietordinglgl | byte erisieing Tie yeatored dnddacal | i's
encoder of Figure 9 can be replicated twelve tines so as to separately
encode. e&egnsEnt gdlireststantbngceitds gati mynhebtweDre. D11.of  the
byte-to-bit-pair nultiplexer 203. In this case, the delay elenents:of .the
precoder and treIH55EWﬁﬁmﬁﬁ‘bit‘Pﬁigum@l;iﬁlﬁxﬁﬁﬁtﬁQ3cmH£§iEl%neﬁts;
Accordingly, bit X2 of a bit pair in the bit pair stream DO is encoded by
the precBa@éh dWheehrdztriesunRdiefeon SURWILNES £0 an C11 by

- 19 - 98/ 11727 o . . . -

PCT/ US97/ 186&3%’“ rotatRy tP2pFp Four,GPURasPertNg ReMAl RAITEN the

D PoL SRR R SR e e S S S L8 pas 000
multiplexer 203 on outputs D0 - D11 and are processed by
the precoders and trellis encoders 264. The precoders
and trellis encoders 204 converts the bit pairs on
6utputS'D0 - D11 to corresponding sets of three output
bits and maps the sets of three output bits to data.
symbols. Thus, each data'symbol:has one of eight
possible levels ‘defined by three bits. . The precoders and
trellis encoders 204 iﬁcludes‘precodezs and trellis
encoders EO0 - E11 whiéh supply data symbols over
corresponding outputs BO - E11.

Figufe 9 illustrates a precoder and trellis
encoder. The precoder and trellis encoder of Figure 9
" can be repiicatéd twelve times so as to separately éncode
each bit pair stream on corresponding outputs DO - D1l of
the byte-to-bit-pair multiplexer 203. 1In this case, the
delay elements of the precoder and trellis encoder of
Figure 9 are one bit delay elements. Accordingly, bit X2
of a bit pair in the bit pair stream DO is encoded by the

precoder of the precoder and trellis encoder EO as an
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A synbol mapper (not shown) of the precoder and trellis encoder EO maps
the output bits Z2, Z1, Z0 to a correspondi ng data synbol. Simlarly,

bit X2 ofo es/biTh7 pair in the bit pair streamDl is enco%&b?&o
pr ecoder of the precoder and trellis encoder E1 as an Z2,

and bit X1 of the bit pair in the bit pair stream D1 is encoded by the
trellis encoder of the precoder and trellis encoder E1 as output bits Z1
and Z0. A synbol “mapper of the precoder and trellis encoder E1 naps

t hese output bits Z2, Z1, Z0 to a corresponding data synbol. - The
remai ni ng byte streans are S|n1larly processed by the ot her precoders
and trellis encoders E2 - E11. The data synbols on out put

|l i nes EO pr.e dt encoders 204 are,rotated by
the ” cymSERalobsF 285 BB PHEndh 68 THid e Bhihnin iths ghik DALE. This

synbol rot%bf@gpbgvigegf‘%ggeaeg%siirey rV&e.l. %C?Ii%é‘rg?ﬁesg%g of.. each

encoded sy treamw segmen

synchr oni Zsﬁtééﬁaéi‘”?ﬁhstre}ﬁ%heh%@énxg d%é‘p&.k s el 5 f .}:Qezgata

si xty-ni né groups ve dat'a s s In a data portion

segnent . ACeybhoD! Happbe Qﬁbé §nml>s Jf" e gl dode P Uhd Prof1 180 fi st

data segnent (segnent zero)

98/ 11727 encoder EO0 maps the output bits %2, B/ W% d 6950
following the frame sync segment are rotated by zero, the data synbol s

in the datmpespondihgt ataesgmbodat aSimideiB HieHEBE WPigre - rot at ed
by four, the data - .

pair in the bit pair stream D1 is encoded by the precoder ;”
of the precoder and trellis encoder El as an output bit
22, and bit X1 of the bit pair in the bit pair'stream”Dl'.
is encoded by the trellis encoder of the precoder and
trellis encoder El1 as output bits Z1 and 20. A symbol
mapper of the precoder and trellis encoder El maﬁs these
output bits 22, 21, 20 to a corresponding data symbclt-.
The remaining byte streams are similarly processed by the
‘other precoders and trellis encoders E2 - El11.

The data symbois on output lines E0 - E1l of
the p:ecoder and trellis encoders 204 are rotated by the
s&mbol rotator 205 according to the table shown in Figure
10. This symbol rotation provides the necessary twelve
symbol spacing of each encoded symbol stream within a-
segment and across the segment synchronization symbols.
Each rotation is applied to all of the-sixty-nine groups
of twelve data symbols in a data portion of a data
segment. Accordingly, the data symbols in the data

portion of the first data segment (segment zero)
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synbols in the data portion of the third data segnent (segnment two) are
rotated by eight, the data synbols in the data portion of the fourth
dat a' segwemos/(1geDENt ‘three) are rotated by zero, and soPCIUSIWISGShout
t he 312 data segnents of a frame. Thus, with-reference to
Figure 10 and to Figures 11A, 11B, 11C, and 11D, the data synbol s of
segnent zero (the first data segnent follow ng the frame sync segnent)
are_rotated by zero. Accordingly, the encoded data synbols fromthe
encoders EO, E1, E2, - E11 of Figure 6 appear on outputs FO, FI, F2,

Fl | of the synbol rotator 205 and are transmitted in the . order

EO- E11. However, the synbols in data segnent one (the second data

segment f ol $ oM SgihgerheaiRandiGync Suihen) are rotated by ferc, Ehes, the
encoded dat a synbols fromthe encoders E4, E5, E6, . . . El11, EO

E3 of Fi gurgata appRBoleniauthe ddth pdrtidn of. theFS!:condofdatIae synbol .
rotator 205 and are transmitted in the order . E4, . .. E3.

Mor eover, tsegmenht $yegmerti onddt areegretatedoby f(btlh‘e thier dagat a segnent
follomnng the frame sync segnent) are rotated by e ght. Thus, the
encoded datsywyods| §n the data portion of.the thlrdzgata segmenmo 98/ 11727

PCT/ US97/ 16050 -  fromthe encoders E8, E9, El E1l, EO . E7 of
Figure 6 apfregment otwplt 3rEOrotRted by eightq1the 8ﬁ5 ols in
the data portion of the fourth data.segment_(segment_
three) are rotated by Zero,'and 80 on throughout.;hei
312 data segments of a frame.
Thus, with reference to Figure 10 and to
Figures 11A, 11B, 11C, and 11D, the daté symbols of
segment zero (the first data segment following the frame
sync segment) are rotated by zero. Accordingly, . the
encoded data symbols from the encoders EO, El, E2,
ﬁll of Figure 6 appear on outputs F0, Fl, F2, . ... Fl1
of the symbol rotator 205 andlaré transmitted in the
- order EO0-El1l. However, the symbols in data segment one
(the second data segment following the frame sync
segment) are rotated by four. Thus, the encoded data
symbols from the encoders E4, E5, E6, . . .’Ell, EO, .
. E3 of Figure 6 appear on outputs F0, Fl, F2, .. . F11
of the symbol rotator 205 and are transmitted in the
order E4, . . . E3. |
Moreover, the data symbols in data segment two
(the third data segment following the frame sync segment)

are rotated by eight. Thus, the encoded data symbols
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synbol rotator 205 and are transmitted in the order E8, E7. The

data synbols in data segnent three (the fourth data segnent foll ow ng
the fra gnent) are rotated by zero. Accordi ngl : ded

" data syzﬁgﬁ%ﬂﬁTffron1the encoders EO, El1, E2, . . . Ell of¥EFgE§Q@@ﬁ8
appear on outputs FO, Fl1, F2, . . .Fl11 of the synbol rotator 205 -and are
transmtted in the order EO-E1ll. Wth this rotation
arrangenent, the first data synbol in data segnent one (i.e., the data
syribol corresponding to bits 5,4 of byte 208) is processed with the -
synbol which is transmtted twelve synbols earlier (i.e., the data

synbol corresponding to bits 7,6 of byte 208). Sinmilarly, the second
data synbol _in data segnent one (i.e. the data synbol rresponding to.
bits 5,4 offrompthe engpders,ESee&id Bhdn Bhb %@a synbol g&h??h'i s
transmtted jwel ve_synbols earlier (i. t.he a synbol _ carpespondi.ng
Lo b s o erigvrs 6 dapeat PRouEputs 20, FE Whe ot a-sEibopt the "

By ReFSENRR, " oS BB
Ctat o Tos L proEater, 3ps kgl axe Facuridds Sy GaPLET €8T 0r by BB, 2% 0T

segment  syIMgys WehENadts bYRBidiY! A ddita NEEURELEde ik e8alne - SEOTEN

one. VWO 98/

PCT/ US97/ 168530rth data segment fol tHIE £tk SYABOkegREAEFPAREI N tO
bits 5,4 of byte 204 15 separated by Twenty-three other data

rotated by zero. Accordingly, the encoded data symbols
from the encoders EO, El, E2, . . . E11 of Figure 6
appear on outputs FO, Fi, F2, . . . F11 of the symbél
rotator 205 and are transmitted in the order EO-Ell.
With this rotation arrangemenﬁ, the first data
.symbol in data segment one (i.e., the data symbol
corresponding to bits 5,4 of byte 208) is procésseGAWith
the symbol which is transmitted twelve symbols earlier
(i.e., the data symbdi corresponding to bits 7,6 of byte
'208). similarly, the second data symbol in data segment
one (i.e., the data symbol coriesponding to bits 5;4 of
byte 209) is processed with the data symbol which is
transmitted twelve symbols earlier (i.e., the data symbol
corresponding to bits 7,6 of byte 209). Likewise, each
of the data symbols correspohding to bits 5,4 of bytes
210-215 are processed in the second station 109 with bits
7.6 of bytes 210-215 occurring prior.tg'the'fdur segment
symbols which are insé:ted at the beginning of data

‘segment one.
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synbols fromthe synbol corresponding to bits 7,6 of byte 204.
Accordingly, as wll be discussed hereinafter, the ninth, tenth,

el event h, VQ@8A¥®B7ft h data synbols in a dat a segnent fol | BGTAISITMEISO our
segnent sync synbols at t he begi nning of the data segnment occur
twenty-four synbol s after the previous data synbols fromthe
correspondi-ng trellis encoders. Therefore, this twenty- - four synbol
del ay nmust be taken into account so that t hese data synbol s
corresponding to bits 5,4 in these byt es 204-207 may be processed with
t he synbol s corresponding to bits 7,6 of the corresponding bytes 204--
207 near the end of data segnent zero. Thereafter in data segnent one,

the twel ve-synbol del agdwewvesaithdedatalusgmbey durragonifiqttonbifs. -
Accordingly, the synmbol rotator 205, together with the twelve and L

twenty-four Sydabolf dsitey J0dpdsedsdyyaratéad bycamérﬂiya-tt:hreem&,hensdaea t hat.
data synbols of the sane bytes are processed by the sane trellis encoder
and are theyebode fmam ddwedyuhel heorresponding tchdita 7, 6 rof abyte202
ensures that followng this transition across a segnent. sync portion, the

bytes are ro28fed d¢aorgdinglvheyasrwlbyabe dn5§y§@ﬁai ﬁxsnﬁwﬂ?tﬁfheﬁh@han
in m xed or der, WO 98/ 11727

PCT/ US97/ 16088nth, tenth eleventhy @#@ubwe}é‘ﬁhzée%ﬁw&%smm dat a

symbol s péow dse ent %oi)ircr:?nollngr Ottﬁéo O&QSSQS%léﬂtnts(}){n% Sst ao sOfat .

the beginning of the data segment occur twenty-four
symbols after the previous data symbols from the
corresponding trellis encoders. Therefore, ;his twenty-
four symbol delay must be taken into account so that
these data symbols corresponding to bits 5,4 in these
bytes 204-207 ﬁay be processéd with the symbols
corresponding to bits 7,6 of the cqrresponding bytes 264-
_207 near the end of data segment”zero, Thereafter in
data segment one, the twelve-symbél.delay may again be
used by.the second station 109.

| Accordingly, the symbol rotator 205, together
with the twelve and twentyffour symbol delay imposed by
the second station 109, ensures that data symbols of the
same bytes are processed by the same trellis encoder and
aré therefore, pfocessed together. Similarly, the byte
rotator 202 ensures that following this transition across
a segment sync portion, the bytes are rotated so that
they are again in ascending order rather than in mixed
ordexr.
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data synbols which is provided to a frane structure inserter 107 (Figure
1). The frane structure inserter 107 inserts the frame structure by

addi ng WwhesaiRse sync segnent and the segnent sync Sy”P@hﬁsicfhsbébe dat a
synbol s in the frame structure which was di scussed above an which is

shown in Figure 12. Accordingly, the frame i ncludes a frane sync segnent
(which is the first segnent in a frame) and 312 data segnments. The

begi nni ng of each  segnent includes four segnent sync synbols. A
transmtter 108 receives the franes fromthe frane structure inserter
107, perforns certain signal conditioning on the data contained in the -
frames, and transmts the franes of synbols in the frame structure

Sl b M,

i nformati on transm Sta n or ecode

05 TrmPohzodedfly YHd "Boratdt Bob BACKS intefa sriemmNGetati on

109 i ncl udes, "1 nter receiver a conb filter trellis

decoder Q685 tefhl Framel FtductARd | t | oni ng such
dennétfatlon %%ﬁﬁgb#%'%éq?ggognd trellis decoder 111  filters out

i nt erf er epggelrten near byrigife stpt i omeamame deeudenre d nseHbes to
recover the original bits. - 24 - : WO

98/ 11727 107 inserts the frame structure by addihgS®hel Gdathe sync

A conb filter 1300, which is the conb filter portion of the conb filter

and treIIsegdenmdamdtthelsegment sync symbols to the data symbols
in the frame structure which was discussed above and
which is shown in Figure 12.. Accordingly, the frame
includes a frame sync segment-(which is the first segment
in a frame) and 312 daﬁa segments. The beginning of each
segmeht inéludes four ségment sync symbols. .A
transmitter 108 receives the frames from the frame
structure inserter 107, performs: certain signal
conditioning on the data contained in the frames, and
transmits the-frames.of symbols in the frame structure
shown in Figure 12. _

The second stétion 109 receives the information
transmitted by the first station 100 in order to decode
the symbols to their corresponding X2/X1 bit pairs. The

. second station 109 includes, inter alia, a réceiver 110
and a comb filter and treliis decoder 111. The receiver
llo.ﬁerforms certain signal conditioning such as
demodulation. The comb filter and trellis decoder 111
filters out interference.from_nearby NTSC stations and

decodes the symbols to recover the original bits.
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shown in Figure 13. The trellis decoder portion of the conb filter and
trellis decoder 111 nmay be a conventi onal Vi terbi decoder. .

The conb fiWOSBMITRFIO includes a first filter portion 1302 RETEHINADSH
del ay el ement 1304 for inposing a twel ve synbol delay on the data
synbol s processed by the conb filter 1300. The conb filter 1300 al so

i ncludes - a second filter portion 1306 which has an additi onal del ay
el enenrt 1308 for inposing a second twelve synbol delay on'the data
synbol s processed by the conb filter 1300. The first and second filter
portions 1302 and 1306 may be separated by a conventional equalizer. A.
mul tiplexer 1310 selects the first filter portion 1302 for all data
synmbols in a data segner cxmepfileert h800, nilitch tilw cihgh cowdbffiltera
synbol s fol l owi ng the four segnent sync synbol s at ‘the begi nning of each-
dat a segneportAmepral ndie/, camb fhleesymind $rielldsiadecodemebll, isxcept .
for the ninth through twelfth data synbols foll owing the four segnent
sync symbol s shomme inedigure 13. of Thaetaeld iseglesnder Porotenrsel wheh a
twel ve: synbol del ay. The nultiflgxer 1310 otherw se sel ects the second
filter portiofo¥B0&ifldren mnd rrallihsodgrodms) Add JaYa e 3 \¢ARYEREHPIRJN ng

the four segnent s¥ﬂc synbol s at - the - 25 -
WD 98/ 11727 Viterbi deécoder. - PCT/ US97/ 16050

beginning of the data S%ﬂﬁ?ﬁ;ﬁmgcffiggggkgbotg%c&hgg% a first filte;_ 

portion 1302 which has a.delay_element 1304 for_imppsingi:
a twelve symbol delay on the data symbols processed by
the comb filter 1300. The comb fiiger 1300 also_inéludes :
a second filter portion 1306 which has an additional

delay element 1308 for.imposing a secénd twelve symbol
delay on the data symbols processed by the comb filter
1300. The first and second filter portions 1302 and 1306
may be separated by a conventional equalizer. A
multiplexer 1310 selects the first filter pbrtioh 1302

for all data symbols in a data éegment except for the

. ninth through twelfth data symbols foilowing the four
segment sync symbols at the beginniné of each data
-segment. 'Accordingly, all data symbols in a data segment
except for the ninth through twelfth data symbols
following the four segment sync symbols at the beginning
of the data segment are processed with a twelve symbol
delay. The multiplexer 1310 otherwise selects the second
filter portion 1306 for the ninth through twelfth data
symbols following the four segment sync symbols at the
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through twel fth data synbols follow ng the four segnent sync synbol s at

t he begi nning of the data segnent are - processed with a twenty-four
synbol Certain nodifications of the p ' ntion
have beg"r?l:1 W% ssed above. Other nodifi cations wll occ%ﬁﬁ%tyf'h%
practicing in the art of the present I nvention. For exanple, a single

precoder and trellis encoder may be used for the precoder and trellis
encoders” 204 (EO - E11) if the delay elenents in the precoder and

trellis encoder shown in Figure 9 are twelve bit del ay el enents. Because
the delay elenent is twelve bits in | ength, the precoder and trellis

- encoder shown in Figure 9 is the equivalent of the twelve precoder and
trellis engoders 204 (EO - E11) shown in_Figure 6 For exgnpl e, t he
_precoder BREIPRING Shidridatns FrgmeRte pmeggéégglybi {the7 naghh and 6 ( X1y

of byt sePEoudh sheih YRF Swnanle EaRioNERE ng, ou: bRt n
ater  proBBBEcBYIREL &, R RESIRBMS 27 o B85Re Sepmefito AWl ve synbol
e PorERERRRU i P Y BBl 5 ven (e DL
L@;gg?igggs, a MenDida A A incHidE £5801 ons o# the BE??S?S?FT§5§5?°n - 26 -
whi ch wrih&@sebbeen @izidtdEalsors ! s Othep! mblefiieaRiYns will

occur to those practicing in the art of the present

invention. .For example, a single precoder and trellis

encoder may be used for the precoder and trellis encoders

204 (E0 - E1l1) if the delay elements in the precoder and

trellis encoder shown in Figﬁfe 9 are twelve bit delay

elements. Because the delﬁy.éléﬁeht is twelve bits ‘in

length, the pfecoder and trellis encoder shown in Fiéure

5 is the equivalent of the twelQe precodef and trellis

encoders 204 (E0 - El11) shown'in'Figure 6. For example,

the precoder and trellis encoder of Figure 9 processes

bits 7 (X2) and 6 (X1) of byte zero, and twelve symbols

later processes bits 5 (X2) and 4 (Xl)_of byte zZero.

Likewise, the precoder and trellis encoder shown in

Figure 9 processes bits 7 kXZ) and 6 (X1) of byte one,

an& twelve symbols later processes bits 5 (X2) and 4 (X1)

of byte one. If the twelve'éymbol delay precoder and

trellis encoder shown in Figure 9 is used, the byte

demultiplexer 201 may be eliminated, the byte rotator 202

may comprise, for example, a memory and an addressor
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so that the bytes are rotated as di scussed above, the byte-to-bit-pair

mul tiplexer 203 may be elimnated, the synbol rotator 205 nmay conpri se,
for exanpl WO/HFADry and an addressor which wites synbol s RCR/USEMIE0502ads
synbol s out of the nenory so that the synbols are rotated as discussed
above, and the synbol multiplexer 206 may be elim nated.

Mor eover, al.though the present invention has been specifically disclosed
herein in terns of data synbols having correspondi ng ones of eight

possi bl e signal levels, it is possible that the transnmtted data may be
data el enents having any nunber of possible signal | evel s. Also, specific
encoders and decoders have been disclosed herein. However, other types of

encoder s andwhid@cddiredmide ised andt bealseditis ioluteif ®he memory |
Additionally, the byte rotator 202 may be elimnated. If .so, the second .

station 109 saythatathendettds areopptated abeddscussied aboyepotdsnce

bet ween data synbol s and bytes. The functions of the bl ocks descri bed
herein may byteetwabiteipair nult ipkexed RA3swmaywkeceliminated, the
Accordingly, the description of the present - invention is to be construed
as illustratsyabodl yokatdw 205 gray heomprpsece §ori exempig .t Bosemsdiy | ed in

the art the best node of carrying out the invention. The details my °
- 27 - angpyggaddressor which writes symbols into and reads

T US97/ 1608 0015 out 2% 1314 Shatity' 201 LALEY ot BgHbodePartl N the
as discussed above, and the symbol multiplexexr 206 may be;;”
eliminated. '

Moreover, although the present invention has
been specificaily disclosed hérein in terms of data
symbols having corresponding ones of eight possible
signal levels, it is possible_that the transmitted data
may be data elements having any number of possible signal
levels. Also, specific encoders aﬂd decoders have been

~disclosed herein. However, other types of encoders and
decoders maY'be used in the present invention.
Additionally, the byte rotator 202 may be eliminated. If
so, the second station 109 may be arranged to recognize
the correct correspondence between data symbols and
bytes. The functions of the blocks described herein may
alternatively be implemented in éoftware.

Accordingly, the description of the present
invention is to be construéd as illustrative only and is
for the purpose of teaching those skilled in the art the

best mode of carrying out the invention. The details may
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of the invention, and the exclusive use of all nDdifications whi ch are

mﬁthin the scope of the.appended = <clains is reserved.

11727 : P : 0
mHAT IS gf% IS 1. A processing apparatus for -processing
dat a o

be varled substantially w1thout departing from the Splrlt
of the invention, and the exc1u51ve use of all
modifications which are within the scope of-the.appended

claims is reserved.
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el ements to be inserted into a frane, wherein the frane has a plurality of
data segnents, wherein each data segnent has a sync portion and a data
portion, WOSBEIREessi ng apparatus; conprising: encod PEEUSEHHMDSY or
encodi ng data as data el enents; - rotating neans for rotating the data
el ements so that data elenents corresponding to one another across a sync
portion of- a segnent are arranged to be processed together; and,

i nserting means for inserting the rotated data el.enents into the data
portions of the frame. 2. The processing appar at us of claiml
wherein a sync portion of each segnent of a frane ﬂm“ﬂu“ “mmu l“]

el enent : i e totating neans rotates the da be
insertewgfg EP%@“E{E ht by zero, wherein the Fothtihg "redns r ot ates
the data el enents to be |nserted into a second segment by S, wherein: the

rotating meang  ropal gy %fﬁgl a‘;{gasatétag P¥d tﬁ?f@éeégﬁﬂga dgal

segnent by 2S, econd segnénts occur in

order i %%@g%ﬁ@“@b be 1ns§rteﬂ11nto a frame, wh@%eln the PEMRSHEY27

PCT/ USQ e processing apparatus of claim?2 wherein a

byte of d? Q}:ei e fCBQEQ' Bégﬂe‘i‘?&é" YIREBEL A, eHBH Bhkal E%gn@ita}ﬁs?rfents

in B byte enents ar nter| eaved, wherein DB i5$ a group; - of
data e'%mEyﬁ% pd%ﬁi&hnaﬁaea data portion, the processing apparatus

comprising:
encoding means for encoding data as data elements; =
rotating means for rotating the data elements so that
data elements corresponding to one another across a sync’
portion of a ségmeht are arranged to be processed together:'
and, |
inserting means for inseiting the rotated data

elements into the data portions of the frame.

2. The processing apparatus of claim 1 wherein a
sync portion of each segment of a f:ame_contains S sync
elements, wherein the rotating means rotates the data ele-
ments to be inserted into a first segment by zero, wherein
the rotating means rotates the data elements to be inserted
into a second segment by S, wherein the rotating means
rotates the data elements to be inserted into a third
segment by 2S, and wherein -the first, second, énd third

segments occur in order in the frame.
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inserting nmeans inserts N data elenents into the data portion of the first
segnent so that the first segnent contains N DB groups of data

el enent woogtigrein N DB produces a renminder of R data %@%"sﬁ
wherein the inserting nmeans inserts N data elenments in the segnent

such that the first DB - R data elenments inserted into the data pertioen—of
the second segnment are froma group of data elenents inserted into

first segment, wherein the rotating means rotates thelml“ﬁ“l “ ﬂlj}hﬂj‘

el ements inserted into the first segnent by zero, wher

means rotates bytes of the data el enents to be mserted i it o the second
segnent by S followng the first DB - R data elenents inserted into the
second segnedt, aftie whroeesstihgy rapphragumcans ralaims 2bywksreint ie data
ele- nents inserted into the third segnent by 2S followng the first DE - °
2R dat Pytienhtdata eétementst ebritains > ddta delemenetst,. wherein 4he The

processi ng apparatus of claim 1l wherein the rotating nmeans conprises a
byt e rdaﬁa)rehemeatsymnlB b}diesoof data elements are interleavd@d,-

WO 98/ 11727 PCT/ US97/ 160050
5. ThwhexsimsiPR adbparat lg;rmpcltafmdamﬂelamantsyncwhemmn the each
segnent, of a frame contains S sync nmbol s, wherein the synbol rotator is

ar r angédseringt cneang cPal‘ll%le's?ﬁboWs at®e elenents) |1mtpah‘herstia$agnent by
portion of the first segment so that the first segment

contains N/DB groups of data elements, wherein N/DB
produces a remainder of R data elements, Wh'erein: the
inserting means inserts N data elements in t:he. secbnd_
segment such that the first DB - R data elements ins_érteé
into the -'data portion of f.he second segment are from a
group of data elements inserted into the first segment,
wherein the rotating wmeans rotates the bytes of .data
elements inserted into the first segment by zero, wherein
the rotating means rotates bytes of the data elements to be
inserted into the second segment b_y s following the first
DB - R data elements inserted into the. second segment, and
wherein the rotat’iné means rotates bytes. of the data ele-
ments inserted into the third segment by 2S following the
first DB - 2R data elements to be inserted into the third

segment.

4. The processing apparatus of claim 1 wherein the
rotating means comprises a byte rotator and a symbol

rotator.
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zero, wherein the synbol rotator is arranged to rotate the data synbo
be inserted into a second segnent by S, wherein the synbol rotator is

arranged t WO HIE? t he data

and wherein the first, second, and third segnments occur in order int

frane.

s to

synbols to be inserted a third SRERUSAT/ISOSRS,

he

6. The processing apparatus of claim4 whererma —byte

of

data synbols contains D data synbols, wherein the data’ ' S
of data synbols are interleaved, wherein'DBis a grou_me !m I W
wherein the insert- ing nmeans inserts N data synbols if cheL por<ion
of the first segnent so that the first segnent contains N DB groups of
data synbol s, erei ﬂﬁg r f t,sWQ ,
the inserting ﬁgansqﬁﬁgépgggkggggﬁg §§#%o gﬂgﬁ fﬁg gg%gﬁdq%egneﬁ#ﬁgbc
the first z é¥E : SOl 5, i %ﬂki h a i of tgfn'
second ses(%#a?t p:§1>r|%e rxgm a'groﬁ% %%ch‘#a a s&gésgr%g{aer“t eg ul'in 8 t%e { F

segment,

synbol s t e Inserte

&18, 1 %%Vé&rEEét'Wl %ea%%bt& ra{—fa%aat ) g{%ﬁﬁ?

Into a segnent Yy zZero, erern

rotator ighe gata symbols to be inéeﬁﬂga int ﬂof¥¥§é7gzﬁggnt by

PCT/ US97/ 16050 arranged to rotate

ytes of the data sy l's to

i nserted zd#b 0 Here8Hthes SSRNS1 b ot Vs %ri'aﬁgfehr to PBrate ©hé

synbol s

inserted into the second segnment, and ereiln the byte rotato

erein
that

st
dat a
6

be

a
ris

arranged deft 4 OkJdIME €c0bd NEnddkked into a second segment by S, .

wherein the symbol rotator is arranged to rotate the data’.

symbols to be inserted a third segment by 2S, and wherein

the first, second, and third segments occur in order in the

frame. -

6.- - The processing apparatus of claim 4 wherein é
byte of data symbols contains D data symbols, wherein the
data symbols in B bytes bf_data symbols ére'interleaved,
wherein DB is a group of data symbols, wherein the insert-
ing means inserts N data symbols into the data portion of
the first segment so thag the first segment contains N/DB
groups of data symbois,Awherein N/DB produces a remainder
of R data symbols, wherein the inserting means inserts N
data symbols in the second segment such that the first
DB - R data symbols inserted into the data portion of the
second segment are from a group of data symbols inserted
into the first segment, wherein the byte rotator is
arranged to rotate bytes of the data symbols to be inserted

into a first segment by zero, wherein the byte rotator is
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synbols to be inserted into the third segnent by 2S follow ng the first DB

- 2R data synbols to be inserted into the third segnent. . The
processi ngv@pRf7a§ Us of claim6 wherein a sync portion of E%ﬂt of
a frame contains S synbols, wherein the synbol rotator is arrange

rotate the data synbols to be inserted into a first segment by zero,
wherein the synbol rotator is arranged-to rotate the datm
inserted into a second segnent by S, wherein the synbol “'

arranged to rotate the data synbols to be inserted a th mmmm ”"IMH
and wherein the first, second, and third segnents occur in brder mn

franme: -8. A receiver for receiving data synbols arranged in a

frame, waerengédecdrooeabasbyteisliod ithe dattntsymisehennd e Witsertedach
data segnent has a sync portion and a data portion, wherein each sync
portion daticai theS swownd sgebalent \ibpr @ "Eelhtbwiinga the tfinscoDBai «sRN data
synbols, wherein the data synbols are rotated so that data synbols

- 32 - data \¥9mibla72Rserted into the second segment, ancPGlHéE@ihlGOSO

of the sane bytes separated by a sync portion of a data segnent are

arrangedthe Bsyipe oredsdnby ofjet herarayetl wher eiatatichebytesi ofr thenpdasas:

recei ving neans for receiving the data synbols of the franme; and,
symbols to be inserted into the third segment by 28
following the first DB - 2R data symbols to be inserted’

into the third segment.

7. The processing apparatus of claim 6 wherein a
sync poi-tion of each se.gmeﬁt of a frame contains S symbols,
wherein the symbol rotator is arranged to rotate the data
symbols to be inserted into a first segment by zero,
wherein the symbol rétator is arrangéd to rotate the data
symbo]_.s to be inserted into a second segment by S, wherein
the symbol rotator is .arr'ang.er:l to rotate the data symbols
to be inserted a third segment by 2S, and wherein the
first, second, and third segments occur in o_rder' in the

frame.

8. A receiver for receiving data symbols arranged
in a frame, wherein the frame has a plurality of data
segments, wherein each data segment has a sync portion and
a data portion, wherein each sync portion contains 8 sync
symbols, wherein each data portion contains N data symbols,
wherein the data symbols are rotated so that data symbols
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processi ng neans for processing corresponding pairs of data synbols of the
sane byt Zi]le even though the data synbols of the sane bytes are '
separ at ed W sync portions of each data segnent. PCTUSITHERS0
receiver of claim8 wherein.the data synbols of the frame are rotated so
that the processing neans processes the correspondin
synbol s of the sane bytes together even though the data s nbol of
sane bytes are separated by the sync portions of each w Hm“ﬁmuuw‘
10. The processing apparatus of claim9 wherein a syn

segrment of a frame contai ns S sync synbol s, wherein the data synbol S

R o E e R A e LA T B,
FITol < JRSHRLRS dAY Arkbeh REIB A Ahal Poobhcks B WsieLf (e

- 33 - g“K]c PCT/ US97/ 16050
11. Thet%?ogees%glng appar ?jgeof claim9 wherein a byte of data el enents
contains D data eigg fh§Yehe! aak cgfd@gl

el ements are | nter \/%cfn erelrtnq‘%lg IS a %roup o dat el ements, erein

N data f;,yggagl'saiﬁe’ inserted into the data portion of the first

processing means for processing corresponding pairs of
data symbols of the same bytes together even though thg_.--
data symbols of the same bytes are separated by the sync

portions of each data segment.

9. - The receiver o_f ciaim 8 wherein the data symbols
of the frame are rotated so that the processing means
processes the corrésponding pairs_ of data symbols of the
same bytes togethér even though the data symbols of the
same bytes are separated by the sync portions of each data

segment.

10. The processing apparatius of claim 9 wherein a
sync portion of each segment of a frame contains S sync
symbols; wherein the data syntbois inserted into a first
segment are rotated by zero, wherein the data syinbols
inserted into a second segmeht are rotated by S, wherein
the data symbols inserted into a third segment are rotated
by 28, and wherein the first, second, and third segments
occur in order in the frame.
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ségrrent so that the first segnent contains N DB groups of | data synbol s,
wherein NV DB produces a renmai nder of R data synbols; wherein N data

synmbol swis gg/if3serted in the second segnent such that the'rgeél?r{ﬁ% - R data
synbols inserted into the data portion of the second seg 7 oma -

group of data synbols inserted into the first segnment, wherein the bytes—
of data synbols inserted into the first segnent are rotated by zero,

wherein the bytes of the data synbols inserted into the m re
rotated by S following the first DB - R data synbol s .nmﬂmmmm& l!ﬂ
second segnent, and wherein the bytes of the data symbols* i hsert el i*nt o
the third segnent are rotated by 2S following the first DB - 2R data
synbol s to b | nsehbeprotdssifg tdpparaCUBENdE claim 91%heddnPiEOCESSI NG
apparatus of claim 11l wherein a sync portion of each segment of a frame °

cont ai byt® VM datyN8IementzecRintd s dPt datyTegbo S £rvledrfhotaef i 1 st
segrent are rotated by zero, wherein the data synbols inserted into a

seconddaegneymibo s’ QA byyeS, of=tid) elements are interleaved,- 34 -

WO 98/ 11727 . PCT/ US97/ 1605 t he data
synbol whietresiri eDB "i® a tdrodpsesfredatar celeinahed, byh@feiandy whaaeai n the
first, second, and third .segnents occur in order in the frane. 13.

The r esymberlof arkaiinderbedeiint® —the Wwtai portion of the first
segment so that the first segment contains N/DB groups of
data symbols, wherein N/DB produces a remainder of R data .
sytnbois, wherein N data symbols are inserted in the second
segment such that the first DB - R data symbols insert:ed_
into the data portion of the second segment are from a
group of data symbols inserted into the first segment,
wherein the bytes of data symbols inserted into the first
segment are rotated by zero, wherein the bytes of the data
symbols inserted into t’hle second seginent are roﬁated By S
foilowing the first DB - R data symbols inserted into the
second segment, and wherein the bytes of the dat:a symbols
_ inéerted into the third segmént are rotated by 28 following
the first DB -~ 2R data symbols to be inserted into the

third segment.

12. The processing .apparatus of claim 11 wherein a
sync portion of each segment of a frame contains S sync
symbols, wherein the data syﬁxbols inserted into a first
segment are rotated by zero, wherein the data symbols
inserted into a second segment are rotated by S, wherein
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N = 828, wherein the corresponding data synbols in a first set of data
synbol s are separated by el even synbols, and wherein the correspondi ng

dat a - synboWO 98i1132% econd set OW separ.at ed RCIUSIMIgESODhr ee
synbol s. 14. The receiver of claiml13 wherein the data synbols of
a first data segnment are rotatgﬂg in the data synbols of a -

second data segnent are rotate ““\mﬂ“\“\ml%‘, in the data synbols of a

third-data segnent are rotatedsbyceiyht® wherein the first, second, and
third segnents occur in order in the received frane, and wherein the
processing nmeans is arranged to process ninth, tenth, eleventh and twelfth
data synbols in the data portion of the second data segnent as second set
dat a synbthe data syppolesinsertadhantata thivd sagmenie axe arpbatedn of
the second data segnent as first set data synbo]s. .- 15. The :
recei ver BY @i rﬁnlg whereinatbe: £instiat gecOnthol andofbding segmenssa -
synbol s, wherein the data_  synmbols in each twelve bytes of data synbols are
- 35 - occurygmgndey7in the frame. o . PCT/ US97/16050

interl eaved, wherein a group of data synbols contains 48 .bytes of data
synbol s, wherein the |ast twelve data synbols in the data portion of the

first data segnent and the first thirty:-siXx dgta synmbols in the data
portion of theldecorkhe dheged¥greRft AdHY Bovhereddhe® Tt veW FE€3Tof - dat a

N = 828, wherein the corresponding data symbols in a first.
set of data éymbols are sepafated by eleven symbols, and’
wherein the corresponding data symbols in a second set of.

data symbols are separated by twenty-three symbols.

14. The receiver of claim 13 wherein the data symbols "
of a first data segment éfé rotated by zero, wherein the
data symbols of a second data segﬁent are rotated by four,
wherein the data symbols of a third data segment are
rotated by eight, wherein the first, second, and third
segments occur in order in the received frame, and wherein
the processing means is arranged to process ninth, tenth,
eleventh and twelfth data symbols in the data portion of
the second data segment.as second set data symbols and to
process all other data symbols in the data portion of the

second data segment as first set data symbols.

15. The receiver of claim 13 wherein a byte of data
symbols contains four data symbols, wherein the data

symbols in each twelve bytes of data symbols are
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synbol s, wherein the first eighteen groups of twelve bytes of the data
synbol s beginning with the first data segnment are rotated by zero, wherein

t he ne een groupségid_gxggg_gi_daka~synbols are four,
mhereiﬁh% eﬁﬁgit sevent een groups of bytes of data synb%?éﬁksg‘ ated by
ei ght, wherein the next s muﬁmﬁ\\ twel ve bytes of the data
synbol s are rotated by zemmnﬁ

5 e next eighteen groups of
twel ve bytes of the data symbots ‘aré rotated by four. '16. The

receiver of claim 15 wherein the data synbols -of a first data segnent are
rotated by zero, wherein the data synbols of a second data segnent are
rotated by four, wherein the data synbols of a third data segnent are

rot at pAe8¥-1@i=8/d, WREPEAN e Gibhp SEcaata aAnbdlsdconeady se@ccur in
order in the received frane, and erein the processing.neans is arranged’

to pregees Bifatd ¥ynbols) avest8iandhenehbth tdelae dul synbdle data

portion of the second data segnent as second set data synbols and to

- 36 in the datWOri¥tlicik of the first data segment and the first
PCT/ US97/ 16050 process all other data synbols in.the data portion of

the thieng-ddho degaesimbold rixi she daita Podiwion of the sktcondhe
receiver of claim8 wherein the corresponding data synbols in a first set
of dadataynbegmeatc bejonat ecdc the same twelve bytes of data

symbols, wherein the first eighteen groups of twelve bytes

of the data symbols beginniﬁg -fvith the first data segment

are rétated by zero, wherein the nex£ seventeen groups of

bytes' of data symbols are rotated by four, wherein the next

seventeen groupé of bytes of data synibols are rotated by

eight, wherein the next seventeen groups of twelve bytes of

the data symbols are rotated by zero, and wherein the next

eighteen groups of twelve bytes of the data symbols are

rotated by four.

lé. The receiver of claim 15 wherein the data symbols
of a first data segment are rotated by zero, wherein the
data symbols éf a second data segment are rotated by four,
wherein the data symbols of a third data segment are
rotated by eight, wherein the first, second, and third
segments occur in order in the received frame, and wherein
the processing means is ai-rangéd to process ninth, tenth,
eleventh and twelfth data smols in the data portion of

the second data segment as second set data symbols and to
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by el even synbols, wherein the corresponding data synbols in a second set
of data synbols are separated by twenty- three synbols, and wherein the
processi ngWM@¥H72% arranged to process the correspondi ng daicansseshigdssp | N
the first set wth a twelve synbol delay and to process correspondi ng -
synbols in the second set with a twenty-four synbol delay-

o ‘ A

process all other data symbols in the data portion of the

' second data segment as first set data symbols;'f

'17. The receiver of ciaim:8 wherein the corresponding
data symbols in a first set'of“é;ta symbols aie separated
by eléven symbols, wherein the corresponding data symbols
in a second set of data symbois are separated'by tWenty;
three symbols, and wherein the processing means is arranged
to process the corresponding data symbols in the first set
with a twelve symbol delay and to process correspondi'ng.

symbols in the second set with a twenty-four symbol delay.
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