WD 98/ 23092 PCT/ US97/ 20800 FI ELD

| DENTI FI CAWO¥/284TEM Thi s i nvention relates in general to tRGEUSN28§00
receivers and in particular to a field identification systemused in a
digital television receiver. The Advanced Tel evi sion System (ATV) recently
adopted by the FCC for use in the UnitedsStates for both high definition
television (HDTV) and |ower resgih A (ﬁ%ﬁ i ncor porates vestigi al
si deband (VSB) transm ssion. The VSB transm ssion systemis characterized

in both the terregtyd al nwdk tablermdaes iy gesletal franBe18ai s¢6APr i ses two

data fields of 313 data segnents each with each data segment conprising 832
mul til evel sydedhersTendiistpadticsegnam a nfeabd fdentifbapticns a data

field sync segnment and each data segnent is headed by a four synbol data
segnent  synEYRRTDWREDY- BB %’aﬂlata:‘netefrﬁcﬁ‘ﬁa?bo%r?%‘?ei\ﬁ??ecti on synbols. (At

present, the dat I { S: inc f rror
correction s'ynbolarsg% %ﬁ%‘? ﬁ%%%n%@%@ gﬁ)olgé%\%é??‘?t ate recovery

of the datadgpgdthel AV tliesaraertandigs omi dehé i Dhigedi ghatssf gort bethi el ds
and segnments. Each field sync segnent al so includes information identifying
t he VSB nodéidgkhalefimsid emitmnlesisden s(FpFessaad cheveerrasddiaipan. Three

hundred and ten kil ohertz, f the | band_ed | ilot i
added 1o T NN ST S P Aol TEC VBT TrOSeMiRv Kbl i or | ock.

The daia andJoruey sk ess Or RO s | R FRe bk ey deenr ggdom zed and

interl eaved for added protection against burst errors. The synbol rate is

appr oxi mat elghalthctfeMzed héboth the terrestrial and cable modes by
a data frame that comprises two data fields of 313 data
segments each with each data segment comprising 832
multilevel symbols. The first data segment in each field
comprises a data field sync segment and each data segment
is headed by a four symbol data segment sync followed by
828 data and forward error correction symbols. (At
present, the data field sync segments do not include
forward error correction symbols.) The field and segment
sync symbols facilitate recovery of the data in the ATV
receiver and provide timing signals for the fields and
segments. Each field sync segment also includes
information identifying the VSB mode.

The transmission is via suppressed carrier
modulation. Three hundred and ten kilohertz from the
lower band edge, a small DC pilot is added to the signal
for use by the VSB receiver in achieving carrier lock.
The data anrd forward error correction {(FEC) bytes are
randomized and interleaved for added protection against
burst errors.

The symbol rate is approximately 10.76 MHz. The
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WD 98/ 23092 PCT/ US97/ 20800 2 sync
synbol s ar VEPHA3IM¥2two level . In the terrestrial node, 8 | evBET/USI7/20800
trellis-coded synbols (3 bits per synbol) are transmtted whereas in the
cabl e node, 16/8/4/2 |evel synbols (4/3/2/1 bits per synbol, respectively)
are used. As nentioned, each field is hegded by a data field sync segnent.

As is fully Qg@ergmohe, hbe QQQ&?grE@BGEE‘{}eQQ‘ C?Heﬂﬂian&e%&@é fdpon, the

data field sy segnent is charac ized by a relatively long 11 synbol)
pseudo- r andombaenber lseglieneellaklovdddbgytibode 8l btiigelpers mbd163
synbol ) pseudo-random nunber sequences with the mddl e one of the short
pseudo- r andoA¥AufBansee§teAcvBearasr ABt CRE FALRSI BPREy 18/SUddesdismel

fields. Both_th el at,i y.long _p do- om.n L .sequence and. the

t hree reIati§¥W§Oéﬁo§%/éZéééog%gﬁd§§?n%H@§E§$ggﬁégggglgggyﬁs@E%ﬁy%ﬁ1'

equal i zer traini nggSignakohBdt eeaest kiiah abreadeasgtqapp iaC i@ s ;g one of
the relatively short pseudo-random nunber sequences iS5 used as,an equali zer
trai ni ng si gaghci segmeeatbenAgniapflildat dessribechias the abcats-e
environment. In sone %pplicatlons it_is advantaggous toFbe able to identify
the first fiBPASFRANGSFr SRESNFHBIPRBREAER TGP Y h&DPetal e PG4T iS¥PS ddl e 63

pseudo- randogy gyaher ; Pl 38aUERGE kS Yo 8d EAEBERLCS BN, I(vantion for

t hat purpose. principal teature o e invention s to~provide a novel
field identi&ieBblonpspatienrafiabidhagbarsseplienckofioldsived@® o afee
identifying the initial field of a two field frame. The present invention
t heref ore proeldesvalweshodtof 63dermbPy) ngseludst randogesomped el ds in a

frame of . .
sequences with the middle one of the short pseudo-random

number sequences alternating in polarity in successive
fields. Both the relatively long pseudo-random number
sequence and the three relatively short pseudo-random
number sequences are used as an equalizer training signal
in terrestrial broadcast applications and one of the
relatively short pseudo-random number sequences is used
as an equalizer training signal in more benign
applications, such as in a cable environment.

In some applications it is advantageous to be able
to identify the first field in a frame. The presence of
the reverse polarity middle 63 pseudo-random number (PN)
sequence is used in the present invention for that
purpose.

A principal feature of the invention is to provide a
novel field identification system including a simple, low
cost method of identifyving the initial field of a two
field frame.

The present invention therefore provides a method of

identifying first and second fields in a frame of
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repetitiveW?82382gnments where each field includes an identiRGI/UBYRGSION
sequence and slightly different short PN sequences in correspondi ng ones of
its segnents, conprising conparing the portion of each segnent that would
coincide with the long PN sequence to a reference segment to find the one
segnent in j k t S de¢ ar | ort PN
sequences i %%eg#%%ﬁ%@%g%%fgg%?%q‘gﬁgggnglagﬁnggggrat Fgﬁ@gg%i%%hzaq} ef erence
segnent to idHdfyal heohd ron sdgusesongndi el dghtFyr Hherakeatuleand
advantages of the invention will be apparent upon reading the follow ng
descri pti on B¥ sequetiess et chborispendoigt presnoénitensegmentjsuncti on with
the drawings, in whjch: FIG 1 is a sinplified_block diagramof a

Lol evi si on A RAR LTS CPPRFETIA R RePPRVERT] OF; SFFG. SoSMRRls Ehates a fi el d

segment . SyNGualialo Yt laonei LN anfohd! PR SBGLLAER £EAUCREER-cHda 3 15 a

sinplified schematic diagram o e |1 nvention; “an I's a series of
wavef or ms useidtherith texpf fndi tige t dvee opegmehoninf chbh €ieldi wieh ke B FI G
1 illustrates a television receiver 10 constructed in accordance with the

i nvention. AeIHRIIST ofeC deprRRF BE9rthe shert vEN seduenrpevén d&hg t al
signal, either terrestrial l‘é"% é/i a a ca%le converts ;at go an d nt ernedi at e
frequency si%ﬁ‘gf? AR A B ¢ a%%l%ﬁb e sPPhe GBnBauF Feae&e&ﬁéﬁc% an
anal 0g-t o- diQidrdnd ALD) 1 GOV EES ¥ nd 4r WREE eahfessbgnal rig1ganverted to a

Further features and advantages of the invention

will be apparent upon reading the following description
of a preferred embodiment of the invention in conjunction
with the drawings, in which:

FIG. 1 is a simplified block diagram of a television
recelver incorporating the invention;

FIG. 2 illustrates a field segment sync signal with
one long and three short PN sequences;

FIG. 3 is a simplified schematic diagram of the
invention; and

FIG. 4 is a series of waveforms useful in explaining
the operation of the circuit of FIG. 3.

FIG. 1 illustrates a television receiver 10
constructed in accordance with the inventicn. A tuner/IF
and demodulator 12 receives a multilevel digital signal,
either terrestrially or via a cable, converts it to an
intermediate frequency signal, demodulates it and
supplies the demodulated signal to an analog-to-digital
(A/D) converter 14 where the signal is converted to a
series of corresponding symbol levels. A/D 14 supplies

the signal to a DC removal circuit 15 where the DC in the
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series of corresponding synbol levels. A/D 14 supplies the signal to a DC
renoval ci WEA%2348 where the DC in the WD 98/ 23092 PCT/US97/20800
PCT/ US97/ 20800 4 signal is renoved. The signal fromthe DC renoval circuit
15 is supplied to a postconb and slicer 16, to an AGC circuit 17, which
supplies gain up and gain down voltages ko block 12, and to frane sync

recovery ci %%Lqﬁalzgsar@eﬁmnt BYNCy Fg vefgly ‘é:lt{lsféulgczg mThe post conb

includes a er for ' mnimzing i ht&rd erence | ron co- anner NTSC
signal s. Theindpid 0f idesysasltadtrand $ddeesmy Gahd §py@é§d150 aa an
equal i zer and phase tracker 18, where the signal is equalized,
conpensat e iNGH orixguicki gy én’hxﬂl's SYPRL V88 |gddovwp rmm@egalandows phase

tracked in a nner des in Uni ed iqtat es Patent No. 5, 406,587, for
exanmple. The ‘?%efro;ﬁipﬁﬁ 6352“13611 ratfaemg@%o’(wu ehreREEur e

Experts G oup) HANSRM, ,_Dﬁéagg_e op per f or ned
i ncl udi ng corrpea-rll;{satl ng for precodi n e Sl gna efrgé Bﬁécgéﬁ%ﬁg to

convert the idatlaiden a b ket wdnirmmmzﬂ@wﬂwrmnd@ pt6ml eavi ng of
the data, forward error correction and derandom zati on of the data, and
conver si on |Cr¥’{aémﬁ]déﬁ%ﬁloﬁlaﬂéﬁjcﬁdat%%tqm ghethritpegtermp| 8o 20 is
further pr ocss ssed | oy renner for. rod ng_t he VI eo and
acconpanyi n§ Ao Jt“':heco cel vecP c?ngletoé‘fa 1&%’5 % lﬁiﬁ‘la'f ?Fm’ ng

bl ock 24 reqg V%éfé A HERtd QhAfT OBt Sinked £GQY &FdmSdALak & S1€6£8pd 27 and
provides timng signals, by counting down fromthe synbol frequency, for
use in recoWe:raqigLrtg"ueaME i fd etedl lségrmet masfrerencandgenerphase

tracked in a manner described in United States Patent No.

5,406,587, for example. The equalizer supplies the
signal to an MPEG-2 (Motion Picture Experts Group)
Transport Decoder 20 where numerous operations are
performed including compensating for precoding of the
signal, symbol decoding to convert the data into byte or
word form, convolutional deinterleaving of the data,
forward error correction and derandomization of the data,
and conversion into video and audio data streams. The
output of block 20 is further processed in a well known
manner for reproducing the video and accompanying audio
in the received digital television signal. A timing
bPlock 24 receives information from the sync recovery
circuits 26 and 27 and provides timing signals, by
counting down from the symbol frequency, for use in
recovering the data. A field segment reference generatcr
28, controlled by timing block 24, generates a reference
for every data segment, at the appropriate time as
determined by segment sync recovery, that corresponds to

the known field sync signal in the first segment of each
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28, controld imng block 24, generates a reference for a
segnent, akwfﬂggégéropriate time as determ ned by segnent syﬂ@ﬁﬁé%%@g%y,
that corresponds to the known field sync signal in the first segnment of

each WD 98/ 23092 PCT/ US97/ 20800
5 field. The reference for every data sed@rent, as wll be seen, is used for

det ermi ni ng £heldi r sthdakarsegnaest £oir. everihdasagmerinei@st dLsenbl ikw the
referénce) in each field and, in accordance with the invention, the nunber
one data segpeen, i hseushdf famedetheminang spac flesty dafacisagnant26

functions, as.will be described below, to, pr.odu a Fld/Fr (field/frame
ook 5 aral “Thek: bobRe! FERCREITPEh e REIION TE6 8 TREreT i A ey,

FIG 2 illustyaigsahie anrgpesiBhoel wadcth! ehd syiedala s the
correspondi ng synb%% [evel s, wggchcrawge from-7 tg'%?%"AS%%ﬁgﬁéy ol data
segnent syncons flathoredmbyitaihléaPN feqmenceThealf ramet wythd Sdadtemed by
three 63 PN sequences, with the mddle one of the three 63 PN sequences

al ternating ¢hrpelihr by fuRcsieresspveviilél BS. dereribes bediony potarity 63
PN sequence is used to_} ify.t wo fields.in.accqrdance. wi th the
resent | nveRt PERCS Ther b7 E6 nibi R4 ARHE) “1RE*o5 1 BEEY VEREC AT s and « ne
12 precode sy{bphsangedraft BondhseHIS8EibA RANMBEHEERN M A s | nventi on.
It should be noted that the output of segnent field reference generator 28
duplicates the fiBIL@.sgnél3egheatebotheveryasggment: olfl astfialed dynd-| G 2,

with suitable nodifications to conpensate for the effects of the filter 16
(i f used) on®*hR S§HBEFL| 8V8| EheArSEreFPoRARAd SHEPRAdeLYES ST tvHkich

range from -7 to +7. A four-symbol data segment sync is
followed by a 511 PN sequence that in turn is followed by
three 63 PN sequences, with the middle one of the three
63 PN sequences alternating in polarity in successive
fields. The alternating polarity 63 PN sequence is used
to identify the two fields in accordance with the present
invention. The 24 symbol VSB mode, the 92 reserved
symbols and the 12 precode symbols need not be discussed
in connection with this invention. It should be noted
that the output of segment field reference generator 28
duplicates the field sync segment for every segment
illustrated in FIG. 2, with suitable modifications to
compensate for the effects of the filter 16 (if used) on
the symbol levels. Also, it should be understood that
the reference only matches one of the polarities of the
middle 63 PN sequences.

FIG. 3 depicts a simplified schematic diagram of a
frame sync recovery circuit constructed in accordance
with the invention. Timing block 24 receives an input

from a symbol counter, which has been synchronized to the
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the reference onlg mat ches one of the polarities of the mddle 63 PN
sequences. Y923 epicts a sinplified schenatic di agram of BEFPETEEWNnc
recovery circuit constructed in accordance with the invention. Timng block
24 receives an input froma synbol counter, which has been synchroni zed to
t he WD 98/ 23092 6 PCT/ US97/ 20800 6

received sig i YelC anc | aghi-Rg ' t No.
5,416; 524, aﬂé%ﬁ%ufafgg%ga sggﬁgﬁgoggﬁﬁ%gr ggﬂaﬁggayg?gﬁgn'igﬁgﬁkﬁﬁkﬁgput.

Ti mi ng bl ocksRd4tgenbPrakes Hofi 8|, d1poEarit gnenaphe firgmak EledReidtn, a 1
field signal FIdIS a pair of gating sigpnals Egate and EClr, a field signal
Fld, a franecPeBEersitgnardrr fRa@ggFeARaer F&r 18RYE e IiBAED gk Bt a

segnent fi el C Sj . Se f S reset signa
A compadsrardEE e it b Y IaETE boREna AR B 10 (or a
sign bit) angiéha segnmnt riuekd sepatiense gagmﬁb Ehghmn ef egaree gener at or
28. The out put of conparator 30 is supplied to one Input of an.AND gate 32,
the ot her inpdirefawfiiehdi siguppl Féd, wat irane geasehgsspyndl FRgatee.

Ref erence generator 28 is s¥onroaned bg the signal SegFl dReflLd to | oad
the referenceegePhe®AFproplrate BiABaLoSEEFREFRe i BRIBEES &49MA ng data

ST IesbEBECALEeLLRACamALEC MLAIChACkaeROmRIL o eame 1o 30

32 supplies apgralosMROUNhetodBathgbri SocleasagphyetiheishgBakwcCoit Error

counter 34 functions to count disagreenents (errors) between the

conpari sons ®igraé from slicer 16 {or a sign bit) and the segment
field reference signal from reference generator 28. The
output of comparator 30 is supplied to one input of an
AND gate 32, the other input of which is supplied with
the gating signal Egate. Reference generator 28 is
synchronized by the signal SegFldRefld to load the
.reference at the appropriate time to coincide with each
arriving data segment. The reference is compared with
each data segment in comparator 30, but only a portion of
the comparison is used as determined by Egate. Gate 32
supplies an error counter 34 that is cleared by the
signal EClr. Error counter 34 functions to count
disagreements (errors) between the comparisons of the
individual symbols of the reference and the incoming
signal. The output of error counter 34 is coupled to a
pair of circuit arrangements for finding the least number
of errors between the compared signal portions. As will
be seen, one ccmpared portion is the 511 PN sequence and
the other is the middle 63 PN sequence. The 511 PN

sequence compared portion is processed by a comparator 36

and two registers 38 and 40, in the form of D flip/flops.
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i ndi vi dual_synbol s of the reference and the incom ng signal. The output of
error coun?@r®2¥92s coupled to a pair of circuit arrangenenfSTHEPTRI80Yi ng
the | east nunber of errors between the conpared signal portions. As will be
seen, one conpared portion is the 511 PN sequence and the other is the

m ddl e 63 PN sequence. The 511 PN sequenge conpared portion is processed by

W0 98] 23002 e O3 ABIRREOELAN ik L pRiRRasBH08 (The 63

PN sequencesdadfparedgutyiniangn ors qff ecessexhdacdr sidaridid £ophipabron of a
conparator 74 and a pair of registers 72 and 76.) Those skilled in the art
wi Il apprecikggésteas (IHe adhpdri)sdhase i tledbeln ivhe eart owihd 511

sequence--the_invention.al.sq,contenpl ates compar,i t.he first qor _last PN 63
sequence Wi Fﬁptrﬁemr?itt&dl é‘as“"eé]’cﬁlgnczce(mfrgr%relasa? it Ir?\%@i%? ei”%t?g F8set by

ECIr and enahked 10y s3R@fidan - tHe iQuabitilén of1 d@ U imdfat sscoupl ed to the
enabl e i nput of register 38 and the enable input of a register. 44 that is

suppl i ed fr opmpatpomcs téfe Fegrentor dastePMIA3 Segnmricecuitiertd® is supplied
with inputs of synbol clock, a synbol enable signal Sen and a master reset
signal MR PA0Ls se@iengs iids eastyemlcouReFisrE dtht 55 tFesskghEnt s (1

(3 721D BRSSO WAl ekl s WO CRUIRY£MLEL L8O St
out put of whipChssupRiples ke thplnaeAaeh iefpur R rfi Py at /8 d8eand 50.
The other inputs of the conparators 48 anélD 50 are supplied fromthe segnent
counter 42 andbillee iQrot Mft sofragdgiteiert 44 hatesipe ctuprel yed Theowut put  of
comparat or outputs of segment counter 42. Segment counter 42 is
supplied with inputs of symbol clock, a symbol enable
signal Sen and a master reset signal MR. As its name
implies, segment counter 42 counts the segments (1 to
313) in the received signal on a field basis.

Segment counter register 44 has its Q output coupled
to the D input of another register 46, the Q output of
which supplies one input each of a pair of comparators 48
and 50. The other inputs of the comparators 48 and 50
are supplied from the segment counter 42 and the Q output
of register 44, respectively. The output of comparator
50 is coupled to a field confidence counter 52 that is
enabled by the Fld signal and cleared by a signal from an
AND gate 64 which receives inputs of an optional segment
lock signal and a channel change signal. Field
confidence counter 52 has a first output coupled to a
four input AND gate 54, a second output coupled to an
inverter 60, a third output coupled to the R input of an
RS flip/flop 66 and to an AND gate 68, and a fourth

output coupled to the S input of an R-S flip/flop 66 and
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50 is coupled to a field confidence counter 52 that is enabled by the Fld
si gnal and ¥P&82¥M2by a signal froman AND gate 64 which recBCHESITHBM s of
an optional segnment | ock signal and a channel change signal. Field
confidence counter 52 has a first output coupled to a four input AND gate
54, a second output coupled to an invert 60, a third output coupled to

o8
the R input |/ l,@p 6 n : g . f th
out puf coupl g tggL tﬁﬁgf gﬁ%p&t% “of %5% %1gqﬁf:%6éﬁ§&p§%g a%ﬁj(}laégj\% 9‘%)%3092
PCT/ US97/ 2088@h8rt A rnpiutAND @aire géte Eie ablkddlaS i gredeti siappll etbto the

other input of AND gate 45 and as a reset signal to register 38. The output
of AND gate XS539aF&Yes &r-egildicePutpusn@IRANDY Hasef 45p ed@blawitrgistent to

four input gate_54 Ls RLi fr t he out put of comparator 48. A third
input to thezéaﬁgéig Fﬁgag§¥?gﬁpn§gLer reset signal SVMR fromtimng block
24.. The fourth i npwbeihgd OBuENe QrRUPYLLOk &akld Bl ligp MU £ e B
conjunction with a f|ip/fﬁ0%b56 constitutgg aagone tiﬁb"sﬁﬁﬁég?%. A preset
fromthe fiettecontpdened compbertd2 4s.supplthddd drpitp/ifd athéb&dthe ough

inverter 60. Flip/flop 58 is enabled fromthe g out put of flip/flop 56,
whi ch devel op§ the FERSSCThIRSTTRe TESGPoPEATSILgRYR ifIogppiimiag dlock .
one-synbol - dgl ay i_p/f 7 . e | e i nput  of register, 6. The Q
out put of fl?ﬁff I fg%e75qh%@g08.6§gg tt"'% Ef §meﬁa I§ Prlllg'gf‘lto f;é"gi@“t]é?/f;]fp The Q
output of regestehith iin eoughedtionone thnRUE18h /&N opX elausioms NQRgal e 78,

t he out put of which drives a frame confidence counter 84. Frane
a "one time" circuit. A preset from the field confidence
counter 52 is supplied to flip/flop 58 through inverter
60. Flip/flop 58 is enabled from the Q output of
flip/flop 56, which develops the MR signal.

The F1ldPolEn signal is applied to a one-symbol-delay
flip/flop 70 and to the enable input of register 76. The
Q output of flip/flop 70 is coupled to the enable input
of register 72. The Q output of register 76 is coupled
to one input of an exclusive NOR gate 78, the output of
which drives a frame confidence counter 84. Frame
confidence counter 84 is enabled from the Q output of a
flip/flop 82, the D input of which received the Fld
signal. The output of frame confidence counter 84 is
coupled to gate 68 and the T input of a T type flip/flop
80, the frame signal Fr output of which is coupled to
gate 78.

In explaining the operation cf the circuit,
reference to the diagrams in FIG. 4 will be helpful. The
arrangement determines the first data segment (which
contains the field sync signal) in each field by

successively comparing each data segment with the
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confidence counter 84 is enabled fromthe Qoutput of a flip/flop 82, the D
i nput of wwW@B8/238%i ved the FId signal. The output of frane BERUSHEI08e0
counter 84 is coupled to gate 68 and the T input of a T type flip/flop 80,
the frame signal Fr output of which is coupled to gate 78. In explaining
the operation of the circuit, reference te the diagrams in FIG 4 will be

hel pful . ThergEéggﬁggr}}rﬁqgggﬁ%gﬁgt t}@s _f| A q:% a§eigsrgq_ptiéMi ch contains

the field sync si Py ‘'successively ‘conpari n%ne%ch dat a

segnent Wi t hgihBol bYWOs9EHI0BAdsis and is performed in comparator 30.
PCT/ US97/ 20800 9 reference fromgenerator 28. The conparison is on a synbol

by synbol ba%he Egeties sgemfadr red FIIE .cdnpdoaksr g30.e Tk fyatlmasigniy in FIG
4 clocks gate 32 so that only the conpari sons correspaonding to the 511 PN
sequence andthfeCRTEGTE SERSPROLEGFERTLL NGy é'f°u§i‘(?. BreiN SETWRRFRMRL

register 38 Lg_.l Wigt:h r at..l.s. larger t ' rror

count that cgﬁeo{g@grﬁq or63arl§ %g%?\ltc%gT%fjg (I:Jg%rdgspon S to%ag%%%@én&gggéd

synbol bei ngregieteer 3w tily Uheded arience padddt thatprief ardeseenbeghment is

equal to hexadecimal 1FF. As the errors in each segnent are counted, the

val ue in regkFbeema3zgsmuy EFAvFeFOHMty LiREN cans efmt fan Ny essgméemn- t he

stored val ue *)s found. Since tche preset val u iss | ar,ger .t han. the nunber of
) SBRE

possi bl e error&Si iP5 §EG) EhEATR GEPREFSyiSITRC R3PS IRy T anged on
the initial {egRERLCOERANESRR. aheHeakher p&&%f@&%mch%ﬁ@giite er 38 is

only changed when a segnment with fewer errors is encountered Int
equal to hexadecimal 1FF. As the errors in each segment
are counted, the value in register 38 is changed only
when a segment error less than the stored value is found.
Since the preset value is larger than the number of
possible errors in a segment, the value in register 38 is
always changed on the initial segment comparison.
Thereafter, the value in the register 38 is only changed
when a segment with fewer errors is encountered in the
group of 313 segments. At the end of each group of 313
segments, and in the absence of noise register 38 should
contain the smallest error count, corresponding to the
number 1 segment in the field. This is so since it
contains the field sync which is identical to the
generated reference.

The signal EClr resets the error counter 34 before
and after Egate and the error build up during the 511 PN
sequence comparison is illustrated by the error curve.
The lowest value of accumulated errors in register 38 is
paired with the corresponding segment number provided by
segment counter 42 and this segment becomes the number 1

segment when the segment counter is cleared by the MR
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group of 313 segnents. At the end of each group of 313 segnents, and in the
absence of‘ﬁ@P&%ﬂPégister 38 should contain the smallest errBET/HEHROS00
corresponding to the nunber 1 segnent in the field. This is so since it
contains the field sync which is identical to the generated reference. The
signal ECr resets the error counter 34 pgfore and after Egate and the
error build ypsduring.tihe 511 PN sequence conparison is illustrated by the
error-curve. f%e | owest val ue of accunul ated errors in register 38 is
paired with the coheespoebdi agnfedgerasé oonhesrpiovidedeh¥nsegnphknedrt er 42
and this segnent becones the nunber 1 segnent when the segnment counter is
cl eared by tiHee Megmenp ¥8rk3pne least number of errors in a

PCT/ US97/ 20800 10 t.signal, The field. conf] ter.is i ted
whenover t he SEGTRATIG FACERGF AT HERDSS B BoForert RoROSHARBedi ng 1 ol

is identifi e; 80 S i e in e ing;ki.ehd; The
i dPol Bn o1 s g g e G ancE aBa ek M thay i
conpari son ciseditoymgbastke sedf PN | spdhienpe 76ompagisders TReand 76 and

conparator 74. Wile the, conparison is always_being nade, the neasurenent
is only consTUBRREHARNCHAE Hr BreCethtef ¢ FE*Eég%ﬂP A3, sEBHIBREFBG 4,

the Fl dPol En,pul se §§ng%§zcgﬁég£ép§rr§§ultﬁhgietgﬁenég%#% 63 PN.sequence

conpari son and 1 gnores Sequence conpari son. 5}8?8résonly t he
first segneriBwifs eB6ingi @hde Arehe aiPas@Eebht £8CHNDY Nesnandethg one with

the | east nunber of errors can readily be determ ned since
when the frame counter is released. As seen in FIG. 4,
the F1ldPolEn pulse samples only the results of the middle
63 PN sequence compariscn and ignores the 511 PN seguence
comparison. Therefore only the first segments in each
field are compared with each other and the one with the
least number of errors can readily be determined since
the polarity of the middle 63 PN sequence in the
reference field segment is fixed. Thus the actual number
1 segment in the frame can be distinguished from the
number 314 segment in the frame. The determination of
the frame is used to increment the frame confidence
counter 68 which, after one identification, results in
generation of the F1d/Fr lock signal, indicating that
field and frame lock have been attained.

Tt will be appreciated by those skilled in the art
that the presence of postcombing will require a change in
the start of Egate to assure that the eifect of the
postcombing on the first group of symbols in the compared
511 PN seguences 1is discarded.

To summarize, the errors or disagreements per

segment are compared with the reference to determine the
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the polarity of the mddle 63 PN sequence in the reference field segnent is
fixed. ThusWhe82309al nunber 1 segnent in the frane can be dpstiusgnzosieed
fromthe nunber 314 segnent in the frame. The determi nation of the frane is
used to increnent the frane confidence counter 68 which, after one
identification, results in generation of e FId/Fr lock signal, indicating
that field and franme |l.oc havg been_at t ali gg It W]l be appreciated by
those skil | ed T The &re-t AaP-Fhas p’f@%eﬁ’@% FShoBEEBARBI R ®HCTSequilte” a
change in the1sd asdagPhin teret S h f e t_conbi ng
on the first group %f sgﬁgo(Ing eig)arl\@lﬁh%fggir)rpgge%bglgééﬁgéggugh%eg% Stet

di scarded. T3 &uisrekdozdedthitera anaxdmudi sagieetenisspee SBaReR! 13f R r
compared with the reference to determine the = WO 98/23092

PCT/ US97/ 208044 sehkenke t Feand okt aF e Yeey shbrsesseauentr compemedy.s. At

the begi nni 3 ts th ister 38 is |oaded with
2 s pum varie Rt vt e ot S RIER S L oFe | EBet Ehacrhrent vae

first segmenticormprec: Hereailoseamnnacit sréaryyphue | ofs Liapeje stored
value in register 38 replaces the stored val ue. The segnent nufmber

cont ai ni ng t makerstconipmming Bre cksasn nimbéredfl esrdheniat ehed fiield
segnent register next field, if the segnent nunber in which the

m ni mum er_rorl%/aﬁl'??giv% oﬁ%‘ﬁrﬂcfl STERT i TP B S edfrent nunber for the

ﬁLreﬂ\;:a?u?sfhie}?érte%f%k%eqé%gﬁf ence’ecltc)]ﬁn e%r%%%ﬁ%%éd%{?mﬁpé%higggﬁgg ' zted
the minimum error value was found agrees with the segment
number for the previous field, the field confidence
counter counts up. If the segment number is different,
the confidence counter counts down. The determined
segment number is only changed when the confidence
counter reaches zero, which also occurs via a reset
whenever a channel change occurs. When the field
confidence counter reaches a count of two, the frame
confidence counter is enabled. Field lock is attained
when the field confidence counter attains a count of
four. The field confidence counter counts up to a
maximum of 16, where the count is held, i.e., not rolled
over.

The frame confidence counter 84 counts up when the T
flip/flop 80 is in phase with the output cf comparator
36. When the frame confidence counter reaches a count of
one, frame lock is attained and the combined field and
frame lock conditicns generate the field and frame lock
signal F1ld/Fr.

When the field confidence counter reaches a count of

two, the segment counter reset circuitry is enabled. The
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segnent nunber is only changed when the confidence counter reaches zero,
whi ch al soVWf288238%% i a a reset whenever a channel change occuRCI/USHTEAS00he
field confidence counter reaches a count of two, the frame confidence
counter is enabled. Field lock is attained when the field confidence _
counter attains a count of four. The fie{gl confidence counter counts up to

a mexi mim Ofséeﬁneﬁ(‘@eé':@uﬁaérc@ynisifeg'ﬁldwhénetl;%ﬂ‘?%%ﬁxgu:.eﬂu%%&' £pe frame

confi dence counter 84 counts up when e T fl 80 is 1n phase with
t he out put dfheoppasator £361dVenetbewithanehe osédgent enanbetrestbeadhes a
count of one, frame lock is attained and the conbined field and franme | ock
condi tions (eheFeFESERE £Fel dranehis akime ockhsi bpast FRUrPE. seBEenthe fiel d

confidence cou [ reaches.a count, of t he segnent counter _reset
circuitry iﬁ%ﬂ%%e%&fr%@ %‘%B’é%ﬁ'%n%r_s%%e‘fﬂ{f% ‘g%‘}‘ger W98/ 23692
PCT/ US97/ 208k ter SE88BAt s £OHAL OVR 4204 8s I €881 sMBEN1 ENG1 8RIABAL sRMMREL for
the present field agrees wwth the segnent nunber stored in register 46. At

this time, tdee|sast reset sepoeht puebenrtstaredsen feginsbecusfibgcones

nunber one. The, naster reset signal MR | oads reg%ster 46 wiith 001 and the
one shot reSF2HR r'&al eSpreVRnTYILI{RREE FPUMTSECHRFi Aguaharindanress t he

confidence %e&ngagagguunéegofi%@ to zero and back up to two. Finally,

conpar at or npares the tesu of the error counter 34 neasuring the
m ddl e 63 PN sequeie€l W hcomparator 74 compares the results of the

error counter 34 measuring the middle 63 PN sequence with
those obtained a field earlier. In field 1 of the two
field frame a minimum error value is obtained, whereas in
field 2 of the frame a maximum error value is obtained
because the middle 63 PN sequence is inverted from that
of the reference field segment middle 63 PN sequence.
Therefore, field 1 is distinguishable from field 2.

What has been described is a novel arrangement for
determining the first field of a two field frame. It is
recognized that numerous changes in the described
embodiment of the invention will occur to those skilled
in the art without departing from its true spirit and
scope. The invention is to be limited only as defined in

the claims.
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those obtained a field earlier. | ' two field frame a m ni num
error val u¥ Q¥R ned, V\hereasmmlmuﬂlmuﬁmnm,e frame a rRGHHEH288%00r

val ue i s obtained because the nmi ddl e®63- PNt seéquence is inverted fromthat

of the reference field segnment mddle 63 PN sequence. Therefore, field 1 is
di stinguishable fromfield 2. Wat has begn described is a novel

arrangenment for determning the first & gt@gof a two field frane. It is
recoghi zed t hat nunerous changes in the described enbodi ment of the
invention will octur Aométiosé skiildedtifivihe fAitswi thdubedepdr tdirgdg omits
true spirit and scope. The invention is to be limted only as defined in
the clainms. SussTimNE sheeareRUEE 96eYata qegrenfacvhera gachodisfld

i dentifying f] d.se el ds i fr of repetitiv ata segnents
wher e each fﬁ%#@?%%l%%egg%gt%éintlf%%Q ﬁgnsg&g%ggaugﬁges ﬁggg'ﬂiyghtly

di fferent shorsfdiNeSeoslesespN NsEQhELSOONTH NGoPPESpBhdLhS SBSRERIS jts
conprising conparing the portion of each segnent t%at'mould coincide with
the | ong PN ssmypmmce, toompr & onencemsaygheptthe pondioheofineaskgnent in each

field with the PN se&fences,lﬁ?nd conparing the short PN sequences in the
found segnemSaNERth E10i HREHE it HRT tFon bl t Haer tPRBeRVeSsayRBRE €6

data seqments KO IAE AT Rl oy s Sl erdn et ndB BRbt YOBIE Bre
perfornmed onvia:isywHe! pyssyidtedasind edtbdbitidethe short PN
sequences in the found segments with a coinciding portion
of the reference segment to identify the first and second
fields.

2. The method of claim 1, wherein the data segments
comprise multilevel symbols and wherein the comparisons
are performed on a symbol by symbol basis, and further
comprising determining the segment with the PN sequences
by finding the compared segment with the least number of
symbol errors compared with the reference segment.

3. The method of claim 1 or 2, wherein the short PN
sequences in successive fields have opposite polarities
and wherein the reference segment coinciding portion has
a fixed polarity.

4. A frame identification system including means
for receiving data in the form of two fields or
repetitive data segments with a corresponding one data
segment in each field each including a first data
sequence and a second data sequence, said first data
sequences being identical and said second data sequences
being different, a reference data sequence having a first

portion identical to said first data sequence and a
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conprising determ ning the segnen Lt uences by finding the
conpared s¥#3309% t h t he | east ﬂwmnﬂim?ﬂﬁiﬁmgrrors comPGIAUSHT 20890t he
reference segnent. 3. The netho cChal , Wherein the short PN
sequences in successive fields have opposite polarities and wherein the

reference segnent coinciding portion hasja fixed polarity. 4. A franme

identificat is%r!:o%/ét g}éﬂgﬁ Ufjéé}gt:[@ﬁ‘.stioé‘né e&gi gép@dgg&&&ndéggaf ormof two

fields or repetitive data segnments wit correspondl ng one segnent in

each fiel d eagfudmedsdi Aprec Mmesis AR senpenieg asaid dgeQndedakatsequence,
said first data sequences being identical and said second data sequences
bei ng di f f ereiith sa¥dfElegie ol or i eted Henfereace | da3tapsegiencedent i cal
to said first daciﬁa seguence.and a.._ WD 98/ 23092 .

PCT/ US97/ 20860 ré‘élc%ﬁasapjo‘?t%% Pl | 29090 ot ¥7°RaPH §2E8nd data
sequences, fdisStgdreansg fedcSUMAANY %%cﬂ*ﬁ’ﬁé‘r SYNEM § %&an‘ligty rst
portion of said reference data sequence to i'dentiTy said one first segnent
in each of sEqhdnedslsin avatideodertt nEeend frstc odgoaa | dggeants sedcond dat a

sequences in said identified first data segnents with said second portion
of said ref &t eSWARE Rl o FIHtTIILTIRCT RV dBREUENERdEC 5. The

syst em of Cli%éﬂoéjﬁ " Eglni(},@lg%%dlgﬁ a: segaent s conprise nultilevel synbols

and wher ei n 'sai Stcond conpari ng neans conpare i ndivi dual
symbol s in said f4 [ stradssocan b flat Ba SRUWENGRSraM 4 hs£04 r @8PQNdi ng synbol s

in said reference data sequence.
segments comprise multilevel symbols and wherein said
first and said second comparing means compare individual
symbols in said first and second data sequences with
corresponding symbols in said reference data sequence.

6. The system of claim 4 or 5, including an exror
counter for counting symbol errors, register means for
recording the least number of symbol errors in a data
segment and for storing the corresponding segment number
in each said field, and signal means for restricting
operation of said error counter to said first and second
portions.

7. The system of claim 6, wherein said first data
sequence is relatively long and said second data seguence
is relatively short, with said second data sequences
alternating in polarity in successive fields and said
system including means for enabling said first comparison
means during occurrence of said relatively long first
data sequence and for enabling said second comparison
means during occurrence of said relatively short second
data sequence.

8. The system of claim 6, including a field
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6. The systemof claim4 or 5, | thg_an error counter for countin
synbol err 8¥Y@30F: st er neans f;) mg&w}&m ,U!,I east nunberP%"f’U§%7|’?B§ﬂ%
errors in a data segnent and fof ng & r espondi ng segment nunber
in each said field, and signal nmeans for restricting operation of said
error counter to said first and second ppgtions. 7. The system of claimb®,
wher ei n sai | o ce, i I g id C at a
sequence i s%r%r}%ﬁ%rg?%/a%aort , Wleétl hérs%r?%aé%ﬁégin%e%g%acgggﬁgﬁéeg gl ?‘%%r?%ti ng
in polarity fidgr sitceaateneiid edalsd atish Shdehsy st et 8 udé Bgofieare ter
enabling said first conparison neans during occurrence of said relatively
long first daerewwiienckiental EdTMHea sHPls seEop@didohpartson neans

during occurrence of said rquEivel% EP sqund dat a seguence. 8. The -

system of cISTIMEET b ATy & £73% e 3ff3 ,response
PCT/ US97/ 208Q0: I8 SOM | o161 SOUN S e r i A4 BB & 0PF | €RACEILALNE L AR MEANS

for increnmenting said confidence counters responsive to successive

i denti cal detsrhmiofatsaind Dielkdsd first segnents in each of said fields and
in response to successive identical determnations of the identities of
each of said fields. SUBSTI TUTE SHEET ( RULE 26)
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