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NETWORK FOR ELI'M NATI NG DC OFFSET I N A RECEI VED HDTV SI GNAL *coo@qpApR ) S
i nvention concerns a receiver systemfor processing a high defini t| on

tel evision signal, eg., of the VSB-nodul ated type proposed by the G and
Alliance i rwobmessnited States. The recovery of data fromPRBYSPRAIEE signal s
conveying digital 10 information in synbol form usuall y reqw res three
functions at a receiver: timng recovery for synbol

S
cart e " ecovery (7 aency derma i 1 0 basenar | ana-chan NN

(timebase) is synchronized to a transmitter clock. This permts a 1%66166
recei ved signal to be NEFWE@HKaFORELIMINATING DO OFFSETO reduce slicing

errors associated with decjsion-directed Qcessi n receive Wmmﬂ "um
val ues. Carrier recovery i a*FBEGE&Emeh H;N |ved RF sﬂﬂl " ,",
bei ng frequency down converted to a |lower internediate frequency pasedzand
(eg., near baseband), is frequency shifted to 20 baseband to permt

recovery Sof the ffihikulisNéntignbesebensd ai ra‘ce'rvrmtsiysmm /idamrbmsmgam neigh
equallzatlo s by, mh ch the. eff ngi ng condi tions and

di st ur bances fﬁu??l'gr @dﬁé‘?“ tsfgfr? ntgsi Yn BharmRm “gatg@)n‘éfégsﬁf’éﬁsqdor. Thi s

process typigalthy Giakt OXBiahtd tifrthe tOARled SMM¥E anplitude and phase
distortions resulting from25 frequency dependent tine variant

characteristics of the transm’ ssion channel, to provide inproved synbol

deci si on capabil i o varcco L w t h- Pﬁg ri nc | es_of. thg Er esent

i nvention, a syst f&? ?)lyog ai?'l(geﬂ%mr iy g"&PV@“% gtial vsp)
nmodul at gd 30in$énﬂmioncqnts@mvomgfohmghsmry REqUIE tlﬁE@Vﬂuﬁbﬁ’éhs' At of mation
includes a 181 APR 2ao~ WO 99123821 PCT/ US98/2179b 2 conpensation network
for processii®§eiYAroViEHBEnAcONERYy K0 |SYROAsTIChFAMAZatidNe eArEeBanpl ing rate to

remove a yiaRhy X RhbaSinchOBRARRHario T TdsShafBo oL P kel he Drani ng

Figure 1 is a ortron o n tel evision
(HDTV) recei mllzmmdl‘rmgngpmomrysmaacprbdessgby ovhioR Prreceiverl ewckf the

present Inve(q}rhgbnase)l?s synchronized to a transmitter clock. This permits a

15 received signal to be sampled at optimum points in time to reduce
slicing errors associated with decision-directed processing of received
symbol values. Carrier recovery is a process by which a received RF
signal, after being frequency down converted to a lower intermediate
frequency passband (eg., near baseband), is frequency shifted to

20 Dbaseband to permit recovery of the modulating baseband information.
Adaptive channel equalization is a process by which the effects of
changing conditions and disturbances in the signal transmission
channel are compensated for. This process typically employs filters
that remove amplitude and phase distortions resulting from

25 frequency dependent time variant characteristics of the transmission

channel, to provide improved symbol decision capability.

In accordance with' the principles of the present invention, a
system for processing a received Vestigial Sideband (VSB) modulated

30 signal containing high definition television information includes a



Figure 2 depicts a data franme format for a VSB nodul ated si gnal ﬁﬁﬁﬁrdidﬂﬂ
to the Gand Al liance HDTV systemin the United States. Figure Rs
details of a' digital denodul ator/carrier recovery 15 network in Figure 1.
Figure 4 shows details of a segnent sync detector and synbol clock recovery
network i n WOgmse11l. 20 Figure 5 depicts a signal wavef oPRFVEMRHTH in
under st andi ng the operation of the network in Figure 4. Figure 6 shows
details of a conpensation network for renoving a DC offset in the synbol
dat ast ream processed by the systemof 25 Figure 1. Figure ? shows details
of an NTSC @a@éniﬂat%ﬂermcfgo@em%i&ﬂ Rk ed Nyt Sy st em of
Figure 1. QB0 WO 99/ 23821 PCT/ US98/ 21796 3 Figure 8 shows a frequency
spect rum assiéasiteam @t tthe tversmling mieofo réteoveeweYRboINDIG @ififset 7. | n
Figure 1) aéo?{né\gﬂ(ﬂti al broadcast anal og I nput HDTV signal is 5 processed
by an input ne Frk 14 including RF tuning circuits and an internedi ate
frequency (I F) processor 16 including a double conversion tuner for

produci ng an | F passband output signal) and appropriate automatic gain
control PAGC) circuits. TheBrigkBesyariptiqngrhithe ﬁrz&mﬂmn er suppressed 8-VSB
nodul at ed signal as proposed by the 10 G and Al liance and adopted for use
inthe United States. Such a VSB signal is represented by a one-di nensi onal
data synbol constégirati an anbleckidiagrainy obreperetion efoatliphsiefiniivn zed data to

be recovered .t.he j,ver. To sinplify the Figure) not shown are signals
For ol ookt ngelaiisien GEITYY doriliv andging) prpatos Sercatding.tor fisod |t he
Gand Alli an&@nﬁp‘gy &V shepreR&ft! {dveaiibpn dated April 14, 1994, the VSB

S

transm ssi on system conveys data with a prescribed data frane fornmat as
shown in0Figure 2. A small pilot signal at the suppressed carrier frequency

is added to the transmttied 20 signal to,hel chi carrier lock at a VSB
recei ver. Rgferr}ﬁr’ﬂ%"rfo I’—‘#e&ﬁ't% azaa[gag'ﬁmﬁafoémiapfﬂ’é ac&#%ri lla(t% ngr@!lds with
each field inebiflh%o3thd SPMILANFaRE BBV EkbheUEihe UHIRHSStadtde first
segnent of each fiéeld is referred to as a field sync segnent, and the

remai ni ng 312 segnents are referred to as data segnents. The data segnents

25 typically contgi E i.bl e.dat kets. ch data _segnent
conprises a four P@g%(l\ﬁ &%ﬁgﬁ@‘%&ngfC%acﬁgg'fialgrdgpgppg&%chawe%igccgr&r%
synbol s.§ Fachetivogk dnSBieatl.i ncl udes a four synbol segnment sync character

followed by a field sync conmponent conprising a predeterm ned 511 synbol
pseudor andom nunber (PN) sequence

Figure 4 shows details of a segment sync detector and symbol

clock recovery network in Figure 1.

20 Figure 5 depicts a signal waveform helpful in understanding the

operation of the network in Figure 4.

Figure 6 shows details of a compensation network for removing
a DC offset in the symbol datastream processed by the system of
25 Figure 1.

Figure 7 shows details of an NTSC co-channel interference

detection network in the system of Figure 1.



30. and three predeterm ned- 63 synbol PN sequences, the m ddl e one of

~0~~ WD 991 23821 PCT/ US98/ 21796 4 which is inverted in successi(ﬂf' lﬁﬁl A
VSB node control signal (defining the VSB synbol constellation si ze?ﬂ
follows the | ast 63 PN sequence) which is followed by 96 reserved synbol s
and 12 syniws)99238bi ed fromthe previous field. 5 Conti nuFﬂH"Wﬁ”ﬁ gure 1)
t he passband I F output signal fromunit 16 is converted to an oversanpl ed
di gital synbol datastream by an analog to digital converter 19. The out put
oversanpl ed digital datastreamfrom ADG 19 is denodul ated to baseband by an
all digital 10 defigarel 8t showsanr treguéRGO¥pédtrunet wesdiatdd. widhi shd S done by an
all digital phase |ocked |oop in response to the small reference pil ot
carrier in tARIAUERQfcthe\RHWPEK 48t FI@4RS 7unit 22 produces an output |phase
denodul at ed synbol datastream as described in greater detail with regard to
Figure 3. 15 ADC 19 oversanples the input 10.76 Msynbol s/ sec VSB synbol

dat astream wi t h dn2Kighgs VHa sargstrizlgbmladcdst anakwg) Ipuit EDTVe stgmakiived synbol

rate) thereb rovi,di ng _an oversanpl 21.5 | es/ sec datastream w th
two sanpl®s é@ﬁeg‘?ﬂbb{ ganTHE’“ﬁs’betﬂgH%ﬁghlq 188 Y JuUB8pEFcWs 138 &hnpl e
based procesgjtBnedidthEreqtiding BFYOPEscRYsOEY 1§ Onc (LR Saambs%doer symbol )
synbol based processing, produces advant ageous operation of subsequent

si gnal procesenvegsibunwnenfer quedncing sare [Hspassbatd duvput hsiBaale cmplensat i on
unit 26 and NISC i.nterference detector r .exanpl.e, as wll be

di scussed. 2%33&{88885‘361?‘&8“\&“?hg%bcf%‘éf%négﬁggm‘atﬁ“&sor oT§cgivedssignght sync
and symbol clogKc#@ied VstipyredsddMBL ¥SB4 mddRIME ksigth] dAt Bedposedhysepar ates the
repetitive data segment sync conponents of each data frame fromthe random

data. ThkOse§ment Adlipros and adertad tfer 3veriagisebaited StyeopSuchy apK&Bed 21. 52
Mz clock Wh'sfg“ai s ux%ﬁgesgﬁ)ted 95?05 one-dimensional data symbol constellation

wherein only one axis contains quantized data to be recovered by the
receiver. To simplify the Figure, not shown are signals for clocking the
illustrated functional blocks.

15

As described in the Grand Alliance HDTV System Specification

dated April 14, 1994, the VSB transmission system conveys data with
a prescribed data frame format as shown in Figure 2. A small pilot
signal at the suppressed carrier frequency is added to the transmitted

20 signal to help achieve carrier lock at a VSB receiver. Referring to
Figure 2, each data frame comprises two fields with each field
including 313 segments of 832 multilevel symbols. The first segment
of each field is referred to as a field sync segment, and the remaining
312 segments are referred to as data segments. The data segments

25 typically contain MPEG compatible data packets. Each data segment
comprises a four symbol segment sync character followed by 828
data symbols. Each field segment includes a four symbol segment
sync character followed by a field sync component comprising a
predetermined 511 symbol pseudorandom number (PN) sequence

30 and three predetermined. 63 symbol PN sequences, the middle one of



WO 991 23821 PCTNS98121796 5 control the datastream synbol sanpli ng by
analog to digital converter 19. As will be discussed in connecig m
Figures 4 and 5, network 24 advantageously uses an abbreviated tvvo y I
correlation reference pattern and associated two synbol data correlator to
detect 5 fiw®®esment sync. A DC conpensation unit 26 useBCHWSYAHEEI ve
tracking circuit to renove fromthe denpdul ated VSB signal a DC of f set
conponent due to the pilot signal conponent, as will be discussed in
connection with 10 Figure 6. Unit .28 detects the data field sync conponent

by conpari nghrYefsyidveasi i@ dsudadaiveeBERR! AVMVISB %od@%éﬁu&' ﬁ ﬁar ef erence
signal stored in nenory in the receiver. In addition to

synchr oni za@qeﬁﬁln& e MS8 qympak cenyeldatiqur sizeddollews i riasmgﬁbll’@hal for

channel equgl i, 5. I f ence d ect. d,rejection are
per f or ned b% { %hlc* lsl\?ﬁﬁb‘{ée%:% 6 sEa%i's sryé%Rg gt éé AW?‘H Sregard to
Figures 7 amin&d fAdrhethsapréviodsh €iekd. gnal is adaptl vely equal i zed by channel

equal i zer 34 which may operate in a conbination of blind, training) and 20
deci si or* di rect ed nodes: Equal i zer 34 may be of the type described in the

G and Al liance S aty .0 a W Bretl et
al.) "VSB I\/bdem -Fbsys]fgém% ﬁgfgrEHé gﬁ%ﬁgﬂ ﬁgné}%ﬁg Ejtn%F lﬁf% evi si on
Recei vers, "uniEEE Ts anvmaeftedns om Gansampled Higithl gpin®s) d%mu&’hle%

Equal i zer 34 al so may he of the type described in a 25 copending US Patent
appl i cat i ona‘Sé’t"iaglg I‘\% ‘Bgﬁ@Ac%‘B"%Eﬁ) I %EF’II QPR oyersampledodigitdd dat ast ream

from det ect gfradfednd fHAUNEDRY QD ?sddmoaurawa &R HaRY WP lan( at}Odj

Msynbol s/ sec) datastream prior to equalizer 34. This vvnconveém on may be
accorrplﬁOshedemydldawdcaakﬂrermmamptwm Adt ithik i6 ndxtneslbgwmntzdl sinplify the
dr awi ng) . 8 VQ ag 23821 PCTI US98/ 21796 lg ual i zeyr 34 corrects
channel dis l&r“f’} (ﬂl?éfe BREKEBNILOR HbIrEPOPSH A8 ik reterenes Bilahol

constel | ati ggtriePliastet FRekiedgVee! ‘ﬂ'@fa'ﬁtr@@mrmt/% Reiueesisduahipahase and
gain noise in the output signal from equalizer 34) including phase noise

whi ch has npeasgedamoedniaiasd sy;nbgl t drsagiresge disn gesaribeideiin r greoteer getaddt wor k i n

response to ttlﬂe %6}&)3 gglael The phase corrected signal is then trellis
decoded by AT ein éaved by unit 42, Reed-Sol onon error corrected

by unitys14) and descranbl ed (de-random zed) by unit 46. Afterwards, a
decoded datastreamis subjected to audi o) video and _displ r%)gzpr ocessing by

unit 10 50. Tune‘?* 4)1 |¢veps$%w§§dhe 1‘GP“¥|1@}7(§’ Mayanhopdy/sect md@dal i zer
34, phase tg S& éc"jngg \gjﬂ? c@{’l o RAHr) Sa @@geéloﬁg) i.de- tkvnéeertljxee?%!

ReedSol onon escranbl e may enpl oy ci rcui
symbol rate, thereby providing an oversampled 21.52 Msamples/sec

datastream with two samples per symbol. The use of such two sample
20 per symbol sample based processing, rather than symbol-by-symbol
(one sample per symbol) symbol based processing, produces
advantageous operation of subsequent signal processing functions
such as are associated with DC compensation unit 26 and NTSC
interference detector 30 for example, as will be discussed.
25
Associated with ADC 19 and demodulator 22 is a segment sync
and symbol clock recovery network 24. Network 24 detects and
separates the repetitive data segment sync components of each data
frame from the random data. The segment syncs are used to

30 regenerate a properly phased 21.52 MHz clock which is used to



15. type described in the Gand Al liance HDTV System Specification of April
4) 1994) and in the Bretl, et al. article nentioned above. G rcui‘q
suitable for performng the functions of units 19 and 50 are wel rﬂ?\ﬁnmo
Denodul ation in unit 22 is perfornmed by an all digital automatic phase
control (Am®)99208% to achi eve carrier recovery. The phas&THE®BEYFoop uses
the pilot conponent as a reference for initial acquisition and a nornal
phase detector for phase acquisition. The pilot signal is enbedded in the
recei ved datastream which contains 255data exhibiting a random noise-like
pattern. Theofiresldeie dRtatresmeSHAPGI hmplid ShEodatad HYdighal ohi&tdmg action
of the denodul ator APC | oop. The 10.76 Mynbol sl sec i nput_signal to ADC 19
is a near ba8elenWildiRgdiscussed ipheonnsatier with tigurese fpdguergiyosibect rum at
5.38 MHz and, t ' g,rrqg SJ ed at 2. 1 pput 30

dat ast ream ?g ggY/%{r%!ti 5’33 sl ygf\?&bqtébtr?g%hg%gr tsugrarpsslgl%c%%%%gbﬂat .a 0 ~R
zooz WO 991 2&8eEhcPCHattésA8At] Z36ociated . 20 Myznbol nddthecatesiarhul ai eldtedat ast r eam
fromuni{ 22 the pil ot conmponent has been frequency shifted down to DC.

Fi gure 3°sh&if FE8HCPS S¥NCdi gi tal denodul ator 22. The 8-VSB 5 nodul at ed)
oversanpl ed digital synmbol datastream from ADC 19, containing the very |ow
frequency pilot conponent, is applied to inputs of a Hilbert filter 320 and
a delay unit 322A Bd remp8itiesparint2és usdsean radapti vy tiaBkgnpiradt dat ast r eam

into "I" (in phas and "¢ d e .phase).conponents. Del ay 322

exhi bi ts s deRaye dherr e SramediiRed NeSRCHEASE RETBRRR Foreernb e The | and
Q conponent §, ahe pifitadigshalt CoRpGRABNEs WATINBe CREtAkEE WicbhRddidh wih i n an APC
| oop. Once the loop is synchronized, the output of nultiplier 324 is a

conpl ex 1Pas&lbgurd 6 §indt 28 Tdeteesstthetdata digld stneapempenaniniiy icpmiparing24 i s

used as the actual d at or _out put,, .and,.i Llso used to.l1l5.extract the
pi | ot corrpor?é‘ﬁ'iy aFc%¢ ee'?(giékaeis\/%xae a{a’élsh[ raga%eazikﬂeéalroe rﬁgcses Sﬁ’w er 326. The
out put Q datsgsrkd SaMdentsTy Msl thedlre@iver24ni addisiesl oo frkd rsghéhrbhRagbase of the
received signal. In the phase control loop, the | and Q oqutput signals from

20 nul tipl i éhe Fedd ayacy ggpelc pravidss apispining signabfopsbanngl| eqadizeve and 328.
Filters 326 gnd 328 are Nyquist | ow pass filters with a cut-off frequency
of approximatély 1 MHz, and are provided to reduce the signal bandw dth
prior tq@58:1 data downsanpling by units 330 and 332. The downsanpled Q
signal is filtered[_ﬁg}/ .an utomaéic frequ nc¥ 25 control . (AFC), filter 336.
After filtering, NI dnerigrece; detsehitn (ahde rUIPHME drh\PERiF e 32Y (Wit educe

t he dynanmi c A i & i 0f ) ; det or 340
R R A e B

applied to i&sAftepussls, dnel siigned| ispadaptivels pqnalpteds byechamekiegnalizeshi ch i s
];)ih;g:r :(rjr g¥ %gtw@g? gga)}c io'p%x%rte ?3%4 c%gib’inﬁiosne%P%qin%f eariniln%\,Naggss filter. The
20 decision-directed modes. Equalizer 34 may be of the type described in
the Grand Alliance HDTV System Specification and in an article by W.
Bretl et al.,, “VSB Modem. Subsystem Design for Grand Alliance Digital
Television Receivers,” IEEE Transactions on Consumer Electronics,
- August 1995. Equalizer 34 also may be of the type described in a

25 copending US Patent application Serial No. (RCA 88,947) of Shiue et al.
The output datastream from detector 30 is downconverted to a one
sample/symbol (10.76 Msymbols/sec) datastream prior to equalizer
34. This downconversion may be accomplished by a suitable

downsampling network (not shown to simplify the drawing).

30



a~ WD 991 23821 PCT/ US981 21796 8 by unit 340 represents a frequency

di fference between the expected pilot signal frequency near DC) @Sﬂ%ﬁe@ma
received pilot signal frequency. 5 If the received pilot signal oIt n
expected frequency near DC, AFG unit 336 will produce no phase shift. The I
and” Q channwb opeiszit conponents input to phase detector 3ASTHS$2128%ni bit no
deviation froma nutually quadrature phase rel ati onship, whereby phase
detector 340 produces a zero or near zero val ue phase error output 10
signal . However, if the received pilot gignal exhibits an incorrect
frequency, AFC uny iq | uge shift. This wl.l result in an
addi ti onal phasen%‘lt‘l*a?%rgfa\r,]gée cB%E‘\%\geﬁh nﬁgprh?sgﬁﬁxoasbﬁgﬁ as%irfodfe signal s

applied to thendonflyt sotafesptires eytlode coasteB4on. DPhass afackiy Redrbikessan
out put error value in response to this phase difference. 15 The filtered

phase error $BAWS theorssdyal cphase ands gains apiseei thes oyiput nsignaloframor 346 to
account for ' 4dg,\e/nml' s 4N , NCO 348
oper ates at %?Eagg[ek/lc-}ljz The ou 5{’5’?&0 f%t grhg% &?%?{%4 gt‘i%sr%g%ﬁ%géyto a

cont rol i Aputheofpréd@digy Sprndri tdcoveryanbywdtl inegespense do theepilol atgmat.gnal for

denodul ati ng.t he recei ved datastsea N 48, i n¢l udes sine apd cosine
| ook-up t abl 42€f BRASP LU isf?é‘.a{ H%r%ﬂ gglﬁ%!ggc%(fedaggopmé&%, p‘%ﬁse in
response to ffierlpivase bgomhit 042, SRR ofonfdn eRok Scorfied3 4y apfl $46andhe
out puts of NCO 348 are controlled until the I and Q signhal outputs of

mul tiplier 3ZascrambledydeHangsziged)ebyonnii dhal Aferycrdsd abgeatstedct or 340 to
be substanti al o] I i ndi cating that, a properly demdul at ed
baseband | s;aﬁlr?éfréigé iﬁr té@?ﬁ&gét eot ﬁ'é&SUtvdg?O (ﬁldng’ISBfaSI pxéc}c\ég,';égfg_ % Y8t t al
denodul agor 3®. the main signal processing engine 30 essentially conprises
el ements 336, 338) 340 and 344..The 81 Y~OIIPR ?p(,~, ~ WO 991 23821
PCTNS98/ 21796 9 downsanpl ing provided by units 330 and 332 advant ageously

saves denodul at or CesSh d m si ng

11 oi enci s by af Tk o RocrpaAEs: 18 AR QBE elifoR 35T b il 288 S' Do

cl ocked at a phaseenrackingk loat &Y, itrellis desodgr @02 debidtdvidan8r a2, Ré&d-MHz 5
clock instead of a 21.52 M—ié cl ock. V%gn a gi gital signal processor (DSP)
is used to i MOIUREMtISEIG0AR 33 dRsrrpmblesnal angeresenley FiEdisi Af Sh¢ ti cul ar,
the deschisbeqydatiasBuCii o Gratt libfloess APR! SyRbhi ShRIGLADnDYe " €qUi ri ng
proporti cl)gal I fewserr l'i nes of 1 nst ruclt l?conﬁcode)% or ex%rrpwﬁéﬁ%e)s%f machi ne
cycl es are neiimiladailP9dl end dn tbe HBretl] @t sdlgarticlp mentioned pbove pCiresits When an
application specific integrated, cifpcui.t (ASlI Q). i g, USe o i npl ement network
22, the datasﬁﬁé‘f}gt fodnp;rg ipg thy i"‘é’ﬁﬂ%%l ‘ﬁa’f'ﬁﬁaig %‘Hﬂs OG\E?B"F@C]ui renment s)
as well as rgguaegd integrated circuit surface area. The denvodul at or

advant ageousl y uses the pilot conponent to achieve carrier recovery, 15 and
enpl oys feed-forward processing rather than nore conplicated and tine
consum ng,f eedbac r i n [ NG, SLI i 8]0 tg. . JThe de ul at ed

| ; chann IO dat astbgg“r%%ﬁgﬁ%ﬁlpﬁ ﬁfjhtgzs’égﬁéﬁ%fg?%@a%dqu tI-gpcalugo(ﬁg‘%)t?cecovery

unit 24 as shmeke icanttel GAPC)Nlobp gt achidfe 4afiét FecoVign THe phiyeetitive data
segnent sync pul ses are recovered fromthe random data pattern of the

recei ved dat deekeshalqon MEess EimpHet SoRPEneRteat e tPiersnge HPE VRIS oper synbol
timng by reomugiidddnd R RART! HHINE Eectdr 16r WiRsd HoffisRIIO Otnd 21 ©

sanpling cl oc or controlling the sanpl'ing ope I on anal og to 25

di gi tal convegilear sigfal( s @nitedddd ihi dier eeceivieipidatastreapprwhioln aintains ei ght

|l evel (-7 to +7) data segnment with an associ ated_segnment sync,,K for an 8-VSB
modul at ed 3t erdadd t4xhihItige oA FARIIM s iNgHRErLike, BAUEET. dBRE SERRTR (M8 is

essentially disregarded by the filtering action of the demodulator APC
loop. The 10.76 Msymbols/sec input signal to ADC 19 is a near
baseband signal with the center of the VSB frequency spectrum at
5.38 MHz and the pilot component situated at 2.69 MHz. The input

30 datastream is advantageously two-times oversampled by ADC 19 at



Grand Al liance HDTV specification. The segnent sync occurs at the beginning
of each data segnent and occupies a four synmbol interval. , 8 0SAPAPR DM
WO 99/ 23821 PCTI US98/ 21796 ' 10 The segnent sync is defined by a pattern 1
-1 -1 1 corresponding to the anplitude |evels of the segnent sync pul se,
from+5 t 0o wa9/BB® four symbol segment sync occurs everyPGBUSHRANS s but is
5 difficult to locate in a denodul ated VSB digital datastream since the
data has a random noise-like characteristic. To detect the segnent sync
under these conditions, it has -been conyentional practice to apply the

denodul at ed by shaniel. HAURS\ARAIRP Rl BRMD Ron? iR 30CaET gligf of and to

apply a reference pattern having the -1 characteri Stic to a

ref erence i npempefent Hascbganefrgguendyoshifedpdewsan B h t he denpdul at ed dat a.
The correl ator produces reinforcenent consistent with the reference pattern
every 832 synbols. Reinforced data events are accunul ated by an accunul at or

associated with tHigu@oBrloat details NéfedyAH NEncARHsR CPOThe e NfgH ced) 15
correl ations di sappear relative to the reinforced correl ated segnent sync

conponent$. meditateds pwersasplededigigl sogrholt dajgsireaguntfromnADC sl%anner are
k , f f | aF HDT ificati df th
Yottt ai COMlRlafng 4hE ey Aol MSuErcy FNE SEREnERE Gy itire TR oG zed 1 hat

Bretl) et al. & e nmen

al t hough t heimpagimenta #Hitert filtgerde0aild/ adilélby aitit 32D, FReat®0 it is
particularly difficult to detect in the presence of multipath ("ghost")
condi tions. MRAEYGEthe jincoming 1B spmpled datastigamn jntor W (iasphasgy and
characteri st kgs it dd | h t t -1 1) are
easily corr upteed&%gmtalrt%%sﬁ?dssg?lgr?ﬁ%gg I|”'tsst 3??%@3550 lggsspaam?lteﬁlrygééaﬁ) but that
the firsi0twmatdhes aht eddlsy iof sHidbert Hdltere 32@nThs inend & tcermpofpédnts 1jrear e

significantly nore difficult to corrupt. In additiaon, it s, been

det er ni ned tﬁ%f?teev@n%ﬁebf‘ﬁ% ‘%S?f}%tCOF\RE&amlPP@He%%dPa@t ebr‘li}’1 @tlioee-. (1 -1) of
the segnment gyge diatio8p MNisAyAckRnizsal ke Jubiii JfY Rutddlley 2 fURt in the sane
way, which nmakes the 3 0 first two characteristics nore easily detected by

correl ati on complex ARfebaod2sigmilodTixssntpRCTNGosItEaROdram madtiplierues. Thus
in the discl d systemthe referenc atter pplied to the correl ator-
for detecti n3§§e‘§ iy %-‘yﬁﬁ‘&e iagmﬁfégg’rogﬂp °rc8H§’t"ﬁt &cieds t?é“’t HEe% st two
pattern {gvekstrictlthel pllof @offfonthadf biheatdcefveldr dfiadtieid Ustibeow( passl -1 1).
Thus the correlator reference pattern

filter 326. The output Q datastream from multiplier 324 is used to

extract the phase of the received signal.

In the phase control loop, the I and Q output signals from
20 multiplier 324 are respectively applied to low pass filters 326 and
328. Filters 326 and 328 are Nyquist low pass filters with a cut-off
frequency of approximately 1 MHz, and are provided to reduce the
signal bandwidth prior to 8:1 data downsampling by units 330 and
332. The downsampled Q signal is filtered by an automatic frequency
25 control (AFC) filter 336. After filtering, the Q signal is amplitude
limited by unit 338 to reduce the dynamic range requirements of
phase detector 340. Phase detector 340 detects and corrects the phase
difference between the I and Q signals applied to its inputs, and
develops an output phase error signal which is filtered by an APC

30 filter 344, eg., a second order low pass filter. The phase error detected



5 preferably enconpasses only a two synbol interval. In Figure 4) the

over sanpl ed out put datastream from denodul ator 22 (Figures 1 and 1
applied to one signal input of phase detector 410 and to an 832 Synbol
correlator 420. The other 10 signal input of phase detector 410 receives an
i nput si gnavoP¥BMla data correl ati on processing path i ncPGHUIEATEr el at or
420, an associated correlation reference pattern generator 430 coupled to a
reference i nput of correlator 420, and a segnent integrator and accunul at or
424. Correl ator 420 essentially respongs to synbol coded 15 data segnent
sync. Refer iRt 149 Re tor [ h t jhe I.apl e)
abbr evi at ede?}gference paptgffah?lﬁélao-fi@gﬂg gdg§£gezlf%1 tg?t?ﬁsﬁlt h\eé llﬁ)ségééé?@a si npl er
correl at or npilatosignalTfrequinep| eearr BCerandc thepedceived pidotl sigsall i kel y t o produce
confusion in.the sync detection process, particularly in poor signal

condi ti ons, H&Sﬁﬁgé‘/mre 20 stable, reliable information is used. The

di scl osed systemis less likely to be confused if two of four correl ations
are corrupt. In addition, calculation tine by correlator 420 is
significantly redfidbe. reqeized pijnit sigpalmesbibite] an expacted | fequeneyragazd and

I d b j t ; pncl udi
Comparat or wPEh A ety il ACHE baptte FEESHRCT 488 5 ehafiestit "o uni

424 by gener piloéthgompeegiterihpsty e phias@jdteandér 3ue willreskhibit (e ddafagishr eam
correspondi ng to data segnent s[ync intervals. This occurs when the
]

accumul at i onfrgm raimyyaBEJqwadralusy cphase ( sdatienshipy Mhesghye ahasees) 30
exceeds a pr j AD\e . S C r t 1~ OIlIPR
2~ WD 99| 238§%g§§ﬁ':§§@8ﬁ541®§§% A ggu% %ﬁg‘?ea?o%&{’ hﬁﬂ‘g%é’?r‘eqﬁf e?i"ﬁﬂﬁ‘@ﬁ‘er ated by
unit 428 (i t sighéle hdwaseroff tiee reegvehipiley rigrap pehibingan nintdhreedenodul at ed
datastream fgom uni t and oduces an output phase errar, signal. This
error signal frieguqna% ﬁi%s unty §£‘{ & b?r@@%r"{’a? %Sepﬁégeer@b%t"flhl re(sgbc)n filter
434 to produgge ﬁdﬁioﬁia@!}ﬁiasél&ifféﬁln%eftSHth@rWthQ'I' hid @ Hanndl tvol tage
controlled crystal oscillator (VCXO 436) which provides the 21.52 Miz

over sanpl i ngsighals kagpdied ARCthe inputs sofs phastei defeetion 3dOexPetbetos Jloper timi ng
when the phase error si%al IS substanti allx Z%rothb%/- gPC ct on. Synbol
tining {cl ocRiOMPEEL P8, JUIPLT E470L; Yplle ' response, i thisyp a?e%ﬁéﬁ’teng?nc
generateps 10 by unit 428 is also applied to other decoder circuits

i ncl udi ng automati c %ai n control (AGC) circuits (not shown). Due to the | ow
frequency suppr esBed fidtgred @hass leonor cogpnBem ifilter n¥4r ég aipsermpledBlHi gnal |

dermaul ator 95 nihpalites 3¢ OB, “RERAE L e oo bRV bob M iR o
removed by cospemdad3nnsontiaWNEGO284g bipgtited 4t 21.52TMHR. fhet bethupbocessi ng.

Renoval of the transm tted synbol DC conponent facilitates recovery of the
symet ri cal $apeiatfaptedy applied tp7a tognirgl nput ff NG 3¢8pwhighhdecallyo Fi gure

6 shows i’%g@%ﬁ%ngiat&ettﬂ‘@rﬂi}o%gsigm By id%irr?tﬁlé?ﬂfrf;gat ¢ rdcdifed racking feedback

I
net wor k. rangenent ‘o etwork 26 1 n FIgure i'S advant ageously
cl ocked at tdametréedre. NCH0I48 iMcdudes pimedarak cosipe doek-upi tabldésoforof t he DC
conponent. This actjon hgro tes raELad convergence of the receiver and its
tgsp €

several i nt eFASHERGDS: hesPUALISAG 8hed COIPSpPRRY Y SERPOBSHIBpRE BRASFat i ng
condi tions fQp,Rs0GERRN AAnd GaRE VIRG, ademmaua. TRE Hisit af NCO Riugure 6, the
over sanpl ed denodul at ed dat astream contail ning the unwanted DC offset is
appl i ed to onee icopuolled uatiBGhe UbandidRi signalootspwisr ofs rultiphieri AYéraausy i nput
() of ngb ' e p?\]age error signal produced by detector 340 to be substantially

' zero, thereby indicating that a properly demodulated baseband I

signal is present at the output of multiplier 324.

In digital demodulator 22, the main signal processing engine

30 essentially comprises elements 336, 338, 340 and 344. The 8:1



3 0 APR 2002 WD 99123821 PCT/ US98121796 13 receives a DC conpensation

vol tage froma DC vol tage generator 616 in response to a control %N’R yony,
produced in response to the output of conbiner 610 as foll ows. The DC

of fset in the output signal fromconbiner 610 is progressively attenuated
by Teedbatky@eddagm at the 5 twi ce synbol rate oversanpl i RGTUSBL179%hi s DC
offset is detected by unit 622 and conpared to a reference by conparator
624. The out put of conparator 624 indicates the magnitude and polarity of
the residual DC offset and is used to %roduce a control signal from control

[ I t 26.  Th | .Si. [ t 616 10 t
ner emont ai 19 ireEtinen AT [ Blemia3on G R ROERR PR Sk s

conbi ned wi tdenidrulaieropidcaisialy eivast aaaMharlitiase PAME Sma@Npidedingnti | a
steady state condition is reached wherein by feedback action no further DC

val ue adj ustefiiftescigs byprbowing ARC Uper edarsentsidsy 338y 3d0eandap4priovi de bot h

positive an i C tjon | u { S .$Sq channel
di st urbance&%&%%%?é%@(p%é%?@g 1'%Cu\é§‘1gs§le?£§§{%{?a&hg6§ra mMtter to
vary sucls t hdbclodnheqiost ta 2.5anMHreglatk v Wieanpeatiginili signaaproesssar € needed at

the receiver, 20 Figure 7 shows details of NTSC co-channel interference
det ecti on netRwik 1538564, terjigplement netwosls %2 Aeg) the phase detastpraAladpaiite HDTV

System Speci {4:&ehiadN thd MesbBbA! RELIEGuERLPTEOAN B RNE:ES Of the VSB
transm ssion system are based on the trequency l[ocations of the principle
conponent s oéffichencESEy c rajuénime | propemiohelly nfgvweir ghiats wift instru@ot he 6 MHz

tel evisi h , dth i odi. teh f VSB, ' b band
con 111 ¢er - CoHedst c3ATPIS | PSP PaTHRe S5, BE: ARy AR SRR ORS nal 1 8) at

frequency | _Oﬁgﬁilo@%&Esihé‘&ﬂﬁp@!ﬁésf‘%kﬁha@'ﬁgﬂawﬁcﬁg&moﬁﬂg ftedlhese
conponents include the video carrier locatéed 1.25 fromthe | ower band
edge, the cheigihdASECE ibotsedi ©r implgmepR-newprdoR238e dRETRSDBLIRL796 14

| ocat ed 3. 58 hi gher than the video _carrier .frequency) d the sound
cortion 1 oootehts, 8 fidhchd b vl opSRE! sPavitTRE oA wE

i nterferencerdduce®tinedgestedy cirbiit Cdurfidet afa0VThd emdiulfor’) 5 Where the
signal -to-interference plus noise of field sync patterns is neasured at the

i nput and oug§\antageolslyonsess ithe diilofe¢aiBpRIENiN® apkigse rarkier F8ceiesY conpar ed
ith t : L&l . | i
e T

is a progranmed) store ersion o B signal
field sync patd aime cddhsuming feedback processing using slicer decision data.

The demodulated I channel datastream is applied to segment

sync and symbol clock recovery unit 24 as shown in detail in Figures

20 4 and 5. When the repetitive data segment sync pulses are recovered
from the random data pattern of the received datastream, the
segment syncs are used to achieve proper symbol timing by
regenerating a properly phased 21.52 MHz twice symbol rate
sampling clock for controlling the sampling operation of analog to

25 digital converter 19 (Figure 1). Figure 5 depicts a portion of an eight
level (-7 to +7) data segment with an associated segment sync, for an
8-VSB modulated terrestrial broadcast signal in accordance with the
Grand Alliance HDTV specification. The segment sync occurs at the

beginning of each data segment and occupies a four symbol interval.



In.Figure 7) oversanpl ed denodul ated | channel synbol data are applied to

. an input of an NTSC rejection conb filter 710, to a first input of 8

mul ti pl exes ?45, and to an input of a subtractive conbi nes 720. Conb Piﬁ%rﬂm
710 .i ncl udes a subtractor 712 which subtracts 15 sanpl es del ay

el ement 714%A¥HRhe i nput | data to produce a conbed | cggjﬁ)g%fﬁé%bol

datastream Conb filter 710 produces significant anplitude attenuation, or

"nulls,” at the high energy interfering NISC frequenci es noted previously.

The conbed | data fromfilter 710 i's appllied to a second input of

mul ti pl exes 7Bhe sEfmembydd fid defiled dy &lpaeeni 1714 adNar)tegeégpgllldfmgxtlai bits a

24-sanpl e del ay as }NI | ge di scussed subsequent]y. A programmed 21.52

Msanpl es/ sec ‘?‘FV\P‘EE 1deplsvelsaph fhe seanenceynG erlgesfiom gt terd. i s obt ai ned

fromlocal menory during 25 field sync intervals of the received

datastream The field sync reference pattern is applied to an input of NISC

rejection conb fi lEher four8syrabeol segmenti syrer beogs i eveny §32) sphbelenbatngs 720.

Comb filter 718.is simlar t mb filt 0).. | so_incl ud del

el orent i chOG0ahaolRsA Y o Armerulalsd, YL asBl yaghent alnier wer k of

Figure 7, . & Mt randond)Oheidédike’ ctlf’ﬂétkﬁ&&ﬁ%z%g:&& :tl'ﬂ: Eé%{aéxﬁu' ar_conb
I'S e

filters 710, 718 and the associated del ay networks, cl ocked at 21.52
MHz. A first smcoundgrgtkgse peandlitéens, dt hasebern sonvettiopahipramice 720 5

represents the differen n.the received field sync pattern in the
i nput dat astr %’%dg?'ﬁ'gd@ggc\gfgn@@ng?leﬁataggyﬁ%fnpéa?t {£8F PP %rc{aé? si gnal
i's squared bycdtpélatof2Zndneb iappBoraarefdrdice Upitierd 2Havifig Sgond error signal
produced at the output of conbiner 730 represents the difference between

the receilfed }ielld dynt Paracisristiss toep redRMBNCRD inpul tofr thegedsyelator tfer 710, and
the reference,f] . e C fallerd filter 718. This
second error %&dﬁ%ﬂsoﬁgleétggttrl%da%ggéé]l?{ed?%gg angh% n{déghrq?at? gdPrBQ“%“mt 734. The

out puts of unieisfor@dnentd cofdsteaprerbnthd lrefeeamsegypatbr heefyesgaact i ve error
signals. The integrated iput put, signals fromintegrators 724 and 734
represent t heSXH‘Ef%éi Redntpseqd,data sveneears geowpplated: byt antacspmulatonnconbed

and conbed 1 egab¥fted IGlil M CorRIRONCHhRrydiRR SRS Ynod heRgolcBlpIr At €d
I uts o

energy representative signals are applied to respective Inp n ener gy
det ect or (onpatelatiohs 7di®jppeiar cielatvepao ethet heinfiergad t cotecdartl tégmemt egr at ed

first and second error si nﬁs. 'E{\se out put signal from 20 (ﬂ&t ector, 740 is
applied to a POt FBF‘PPHEJ‘U?' etyprks; fArexk 0VPUBE f FEMERL SYRE ?t‘PpF@ﬁ_er. 745
to provide asmgnbt 3rOkhBwh, bAlkex Ble?ffrbﬁlstﬂeneyﬁnds%gﬂﬁic% iR exhibits

hi gher quality, 1.e., better signal-to-noise plus interference ratio. Thus
in the case ofpesifigationcand MASCtheoBréthneelali attinlé enemometihpreviodsly.i | t er ed

output signal fromfilter 710 will be 25 output from nultiplexer 745, while
the unfiltered recei ved synbol

20 It is herein recognized that although the segment sync is
generally difficult to locate, it is particularly difficult to detect in the
presence of multipath ("ghost") conditions. Moreover, it is herein
recognized that the last two characteristics (amplitude levels) of the
segment sync pattern (-1 1) are easily corrupted by transmission

25 distortions such as multipath, but that the first two characteristics of
the segment sync pattern (1 -1) are significantly more difficult to
corrupt. In addition, it has been determined that even if the first two
amplitude characteristics (1 -1) of the segment sync pattern are
corrupted, they typically corrupt in the same way, which makes the

30 first two characteristics more easily detected by correlation



datastreamw || be output in the absence of such interference. The use of
oversanpled | channel data and field sync reference pattern data h@%ﬂefm
with the use of a 24-sanple delay in conb 3 0 filters 710 and 718" 2
advant ageously produce full spectrum a o ~' R 2002 WD 991 23821

PCT7 US98/ 21y%gomss2i Nf or mat i on about NTSC co- channel i nt erfCIrusaga796Thi s
advant ageously results in nore accurate NTSC i nterference anal ysis and
detection and better conb filtering. Specifically, the use of 24 sanple
delays in conb filters 710 and 718 with . oversanpled i nput data and 5

correspondin ircult ¢l ocki results in a cqonb filtered frequenc
spect r 5m Wlni %ﬁﬁblsq(ﬁ%%t T@%?rlf}lpp%d dw?oaﬁiséy%% Qﬁpf?tjﬂf’&ée aﬂ"?[%?g; ef %lect s
whi ch woul d bgplgdodeiatiel dptrddaray- fk Ndetddtin g RUEmeRt Q?ﬂid §@apraferadly 10. 76

Msynbol s/ sec synbol rate, and by operating conb filters 710 and 718 at the
10. 76 MsynboFenssigeted ihdhe fifste twahpatiess UevEln(110- )r eaghesnthansprcalt um

produced at t onb fiftens d 718 i in Fiqure 8
and i ncl udesIr(?’&/oBz!é:{%)"'.r%)I l?ﬁﬁ% e@egqfuli Sﬂ[‘)’gstsﬂgacnod}eﬁ%tﬁ% Efekg secg?ltfeéaed about
but separsit edrefeablyl @néomphises Addlg nuatworsyattiol higgeraplpear at the interfering

hi gh energy NTSC frequencies as nentioned. 15 Figure 7 illustrates one form
of an NTSC cochannel interference detector including elenents 722) 724)

732, 734 and 740. r f I sed. Thus these
Ingkrﬂ@f@ J, (ﬁ%éy"ec'%/%%u e@f oflFECAh QL LERY eny

el ements may be repreSented -1 nput” detector, i.e., a so-called
"bl ack box" démeotHelawrt 22 (Huesst bramiay) be appligd aonenk tsignapdénmtteof n

accordance with the requjrenents of articyul ar st such case the
four inputs Qﬁ‘ﬁset Eteﬁf?g etag_gn’ﬁl ay ﬁdywﬂglcgf@%oﬁ?bi hﬁ‘ﬁt 8eH conbi ner
720, andjghesfonml GNMItSeMphast PRBio? 410 GeeHNdiChn [RPut \WghBl iy Ut put of
filter 710 to the |n1put of conbi ner 730 bei ng 25 E‘grtlcul arly inportant.

The arrangendata ¢prreiagigneprocpssirel qudh aingluding fooemglasor y28pedt rum as shown
in Figure 8, asso iate

caused by f+ BHPSHOSE SOETIGIN M eBPRen Bt dERPe AL GBId e Fover |
passband conpsfegdtice Virplit (dfecoediefor 420 AR 2AZmWhOiAprhed2 hnfPCTNSI8I 21796
' accumulator 424. Correlator 420 essentially responds to symbol coded
15 data segment sync. Reference pattern generator 430 provides the
relatively simple, abbreviated reference pattern 1 -1, thereby
permitting the use of a simpler correlator network. The simpler
reference pattern is less likely to produce confusion in the sync
detection process, particularly in poor signal conditions, because more
20 stable, reliable information is used. The disclosed system is less likely
to be confused if two of four correlations are corrupt. In addition,

calculation time by correlator 420 is significantly reduced.

The output from correlator 420 is integrated and accumulated

25 Dby unit 424. A segment sync generator 428, including a comparator
with a predetermined threshold, responds to the output of unit 424
by generating a segment sync at appropriate times in the datastream
corresponding to data segment sync intervals. This occurs when the
accumulation of reinforced data events (segment sync appearances)

30 exceeds a predetermined level. Phase detector 410 compares the



bandedge of the upper passband conponent. Consequently) cochannel
interference detection by elenents 720) 722, 72:1. 730, 732, 734 39@ APR %R
nore accurate than detection by a systemenploying conb filters with

12- sanpl e _del ays processing input data at the 10.76 5 Msynbol s/sec synbol
rate. In thewobsussdar case, anplitude and phase corrupti on PCIUSPYHEIY t o be
produced in the vicinity of 5.38 MHz) where the upper and | ower passband
conponent s overlap, when the passband conponents axe inperfectly matched
and do not cancel at such overlap.. Sucpyinperfect matching is likely to

occur under §i Jrl@]gq I ngli 1.1 inel udi ul tipath, f exanpl e.
Thi s abasin 8% |ftl|:hgn§ e ugesgﬁfghgéngkgg;&ftéb{)glﬁgsgggfw%éhgc@aéﬁaﬁleI
i nt er f er encaheledegatenonsyaed apseatingi feckhby démedwelatedl as@ekreatst 88 undt 0 APR
2p02 18 CLAINS 1. An apparatus for use in a ,systemfor processing a

recei ved Vestd g4l PEadYses 48 QweM) Phattursoe dighahndhiscemensianal inilgw

defini tion \dadequeald vy LERIRHEHIEAE Worfdt YA | AkbLU38" (SYRRLS d nCl uding

a DC conponent, said aving a data frane f'ormat consti by a
successi 6n cligmidt suifabkemier compoliisgng .52 MHzsyoltageooqurwled prysfaici ng a

| [it f d i i.at t t,
P onent vy cisailaten CVCKD, 438 WRtroBracs: b 5553 R austianpling
recei ved si ggdk o AP@AUGCITHs ]sgxr%llji:ﬂ?”&@b'i %?cﬁfﬁiéyﬁﬁaﬁ%role&ﬁﬁg«?stwmm chis

oversanpled at a rate which is a mltUiple of the sy rate of said
recei ved si gpiabe earatesiguar isnewhstanitiajlygzeraoby fAPC prativndiSygnte] démioged

dat astream t g, an, ouput channel ;, and compensation network 26) coupled to
said inpat LRS! ReBiery o cimeteR" 3L Ane POy d0F KoeeBisal vTt oty o

over sanploi Ntby ahe £28 iE By iapglisditd Hbef AFPONE N¢irdui®MneAidinglenodul at ed
synbol datastream 2. A nethod for use in a systemfor processing a

recei ved Vestutgmnatic siaifesandol VABC) neiaeits &ptsshgMa). cont ai ni ng hi gh
definition video data
Due to the low fréquency suppressed carrier pilot component in
the received VSB signal, there is a DC offset in the demodulated
15 output I symbol data from demodulator 22. This DC offset is
associated with every symbol and is removed by compensation
network 26 (Figure 1) before further processing. Removal of the
transmitted symbol DC component facilitates recovery of the
symmetrical symbol values, i.e., £7 £5 £3 %1, of an 8-VSB signal.
20 Figure 6 shows details of network 26, which is essentially a DC
tracking feedback network. The arrangement of network 26 in Figure
6 is advantageously clocked at twice the symbol rate to produce rapid
elimination of the DC component. This action promotes rapid
convergence of the receiver and its several interdependent
25 subsystems to rapidly produce proper operating conditions for

processing received video data for display.

In Figure 6, the oversampled demodulated datastream
containing the unwanted DC offset is applied to one input of a

30 subtractive combiner 610. An inverting input (-) of combiner 610



20.represented by a constellation of synbols including a DC conponent, said
. data having a data frane format constituted by a succession of dat H@gFS
conprising a field sync conponent prefacing a plurality of data segﬂ@ 202
signal processing nmethod conprising the steps of: producing a denodul at ed
synbol dat asoswasei( 19, 22) which is 25 oversanpled at a PETESWHEHR is a
multiple of the synbol rate of said received signal; processing said
denodul at ed synbol datastream (26) at said oversanpling rate to renpove said
DC conponent to produce a conpensated gynbol datastream and 30 decoding

e

(28) said coppeRsalehe ¥BhlnlitgSiAIAN b ENDE Vol cencty s AR 2002 19

3. A nethod according to I'n said proc ng step 1'ncl udes
the steps ofinsesspongg (G622 codd) sighal peddeeedfins@spbriat @s theeantplC ofonponent ;

Component | vesEOEG B0 TAERES TRT e PLp oTAFtL o PHITHG SRRl o
‘ig”?faffi‘i Lpgg@iagi \@tg; i$ YroglessitOFPanelia by fERITAVE &l HCgOMPONENt.
5 twice symbol rate oversampling rate. This DC offset is detected by
unit 622 and compared to a reference by comparator 624. The output
of comparator 624 indicates the magnitude and polarity of the
residual DC offset and is used to produce a control signal from control
signal generator 626. The control signal in turn causes generator 616

10 to incrementally adjust the magnitude and polarity of a DC value
which is combined with the demodulated datastream. This process
continues until a steady state condition is reached wherein by
feedback action no further DC value adjustments are provided by unit
616. Generator 616 may provide both positive and negative DC

15 compensation values since transmission channel disturbances may
cause the (positive) DC offset added at the transmitter to vary such
that both positive and negative compensation values are needed at

the receiver.

20 Figure 7 shows details of NTSC co-channel interference detection
network 30 in Figure 1. As explained in the Grand Alliance HDTV
System Specification, the interference rejection properties of the VSB
transmission system are based on the frequency locations of the
principle components of the NTSC cochannel interfering signal within

25 the 6 MHz television channel, and the periodic notches of a VSB
receiver baseband comb filter. These comb filter notches exhibit high
attenuation (nulls) at frequency locations of interfering high energy
NTSC components. These components include the video carrier located

1.25 MHz from the lower band edge, the chrominance subcarrier
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S109&' ()-! ynibpuk' of ) muliiysi€x€r) ‘-745 and to an input of a subtractive combiner
720. Comb filter 710 includes a subtractor 712 which subtracts
15 samples delayed by delay element 714 from the input I data to
produce a combed I channel symbol datastream. Comb filter 710
produces significant amplitude attenuation, or “nulls,” at the high
energy interfering NTSC frequencies noted previously. The combed I
data from filter 710 is applied to a second input of multiplexer 745.
20 Comb filter delﬁy element 714 advantageously exhibits a 24-sample

delay as will be discussed subsequently.

A programmed 21.52 Msamples/sec (twice symbol rate)
reference field sync pattern is obtained from local memory during
25 field sync intervals of the received datastream. The field sync
reference pattern is applied to an input of NTSC rejection comb filter
718, and to an inverting input (-) of combiner 720. Comb filter 718 is
similar to comb filter 710, and also includes a delay element which

advantageously exhibits a 24-sample delay. The network of Figure 7,
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A first error signal produced at the output of combiner 720

5 represents the difference between the received field sync pattern in
the input datastream, and the reference field sync pattern. This error
signal is squared by unit 722 and integrated by unit 724. A second
error signal produced at the output of combiner 730 represents the
difference between the received field sync pattern after comb

10 filtering by filter 710, and the reference field sync pattern after comb
filtering by filter 718. This second error signal is squared by unit 732
and integrated by unit 734, The outputs of units 722 and 732
represent the energy of the respective error signals. The integrated
output signals from integrators 724 and 734 represent the signal-to-

15 interference plus noise content of the uncombed and combed received
field sync components, respectively. These integrated energy-
representative signals are applied to respective inputs of an energy
detector (comparator) 740, which compares the magnitudes of the
integrated first and second error signals. The output signal from

20 detector 740 is applied to a control input of multiplexer 745 for
causing multiplexer 745 to provide as a Data Output that one of its
input signals which exhibits higher quality, i.e., better signal-to-noise
plus interference ratio. Thus in the case of significant NTSC co-channel
interference the comb filtered output signal from filter 710 will be

25 output from multiplexer 745, while the unfiltered received symbol

datastream will be output in the absence of such interference.

The use of oversampled I channel data and field sync reference
pattern data together with the use of a 24-sample delay in comb

30 filters 710 and 718 advantageously produce full spectrum
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the 10.76 Msymbols/sec symbol rate, and by operating comb filters

710 and 718 at the 10.76 Msymbols/sec symbol rate. The resulting

10 frequency spectrum produced at the outputs of comb filters 710 and
718 is shown in Figure 8 and includes two comb filtered full NTSC
passband components centered about but separated from 10.76 MHz.
Attenuation notches appear at the interfering high energy NTSC
frequencies as mentioned.

15

Figure 7 illustrates one form of an NTSC cochannel interference
detector including elements 722, 724, 732, 734 and 740. However,
other types of detector may be used. Thus these elements may be
represented by a four-input detector, i.e., a so-called “black box”

20  where the detector may be programmed to operate in accordance
with the requirements of a particular system. In such case the four
inputs are the two oversampled (two sample/symbol) inputs to
combiner 720, and the two oversampled inputs to combiner 730, with
the output of filter 710 to the input of combiner 730 being

25 particularly important.

The arrangement of Figure 7 produces a clean frequency
spectrumn, as shown in Figure 8, without associated amplitude and
phase corruption (aliasing) caused by frequency overlapping of the

30 upper bandedge of the lower passband component with the lower
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corruption is likely to be produced in the vicinity of 5.38 MHz, where

the upper and lower passband components overlap, when the

passband components are imperfectly matched and do not cancel at

such overlap. Such imperfect matching is likely to occur under signal

10 channel conditions including multipath, for example. This aliasing
condition reduces the effectiveness of NTSC co-channel interference

detection and is avoided by the disclosed system.
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an associated segment sync component, apparatus comprising:

2002

an input network (18, 22) responsive to said received signal for producing
10 a demodulated symbol datastream which is oversampled at a rate which is a
multiple of the symbol rate of said received signal;
a decoder network (28, 30) for providing a decoded datastream to an
ouput channel; and
a compensation network, (26) coupled to said input network and to said
15 decoder network, operative at said oversampling rate for removing said DC

component from said demodulated symbol datastream.

2. A method for use in a system for processing a received Vestigial
Sideband (VSB) modulated signal containing high definition video data
20 represented by a constellation of symbols including a DC component, said data
having a data frame format constituted by a succession of data frames
comprising a field sync component prefacing a plurality of data segments, a
signal processing method comprising the steps of:
producing a demodulated symbol datastream (19, 22) which is
25 oversampled at a rate which is a multiple of the symbol rate of said received
signal; _
processing said demodulated symbol datastream (26) at said oversampling
rate to remove said DC component to produce a compensated symbol
datastream; and

30 decoding (28) said compensated symbol datastream.
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