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POLY- PHASE ANALOG TO- DI G TAL CONVERSI ON OF BASEBAND SYMBOL CODI NG ﬁe

invention relate i«.ral television receiver and, nore particularly, to
anal og-t o-di gi taﬁ”mm&”mm@ﬂmand equalization filtering that are carried
out in digital televi eivers piton to synbol decodi ng. BACKGROUND OF
THE | NVENTI ON 10 | ~"'$%66*cooo0z* A Digital Tel evision Standard published 16
Sept enber 1995 by the Advanced Tel evi siien Subconmi ttee (ATSC) specifies
vesti gi al sideband BVSH)' signals for transmtting digital television (DTv)
signals in 6- MRIGTBANGWREHEIVEREWETIO ROLNGRHAISE Shickh G- TChDSEITAL rent |y
used in over-the-air b } f. Natjonal.. | eyi.son _Subcomm ttee
(NTSC) anal og tel evi si%ﬁﬁg/%ﬁgépgp%fmt’r 4@8@1\{@@@@‘%&0 Synbol decodi ng
indigital television receivers is effected by a procedure known as "data
slicing Data sli dimgneatioheaaroidoghaditlevissimn@c@eratdd, oD hihicmRARat or
responsive to the | j tude of synbol coding as synchrodyned to baseband in
t he anal og FBﬁPgﬁm'alrg)ﬁqf FORECI810R apth At aHza e fYtesagpha dremarisdrvoin digitd i n
opt i mum phasgiifgs i.S; , ver, that in nost DTV receivers data
slicing wl ?éltlr)\gbllégﬁc?gg%%ﬁg ﬁ%t"ﬂ%\{%cgfhpﬁl realm using a digital bin
conparator responsive to the digitized anplitude of synbol codj
synchrodyned to baseband eBA{SKGROUNEROFTHE MIVENTION zat i on. 7mll[ilﬁlmmmn
concerns circuitry related to data slicing perforned in the digi

whi ch type of da | C eferabl e i igi tal teleyision re®éowers.
'This i stecauseg\fari)'lng%ﬁan%l%‘?n ? {1‘8‘1%‘9HB‘EJ!ShE‘gbgﬁgP‘F@l’aef?Q%M‘kf werwsshry in
order to providisioarfubémaierea (A TBIR SR cHTRY dbd1ioall sRBbdRANY SBY sphfs ¢ase of
over-the-air receptign to correct for nultipath problens), ‘and these types
of filteringaasmuttingdmr! fdansiand®TY signalsin §r Vidlz-bandwidth Bieyisien ehaatelnhi ch

anal og-to-djgital ' st..pg.canried qut . digital .television
recei ver i sggéhgﬁléﬂgﬁg&g{@gg% 'tov‘\'/l_cggmtaﬁrebr #ﬁ%qfﬁ@ﬁ?algﬂrﬁp@ per second
25 synbol rgtiomofitee QOTSONMMRIRCEEESIoR Signile UMhirOthe $/iRd KyRe . of

anal og-to-digital converter (ADC) referred to as a "fish converter” when
arranging for digital 2.5 1l r~~~ 2003 -2operation in an NTSC anal og

tel evi stdn si gnaPymevldegesting incdigitai jelaydsiomyresaiipns as ¢tfnctes hysumncedyra1 4. 32
mllion sanplRs, NSH.S8E60R). BAL IR I ted. L ; carrier. The
bit resolution aff o?eg by~ :'her eg?‘im:}t%ﬁ:'lncac%n‘:\r/a'gée?ieér?J iJgsB%ggfugag?gﬂf/mei ght to ten
bits. This eompmriteneepdnerveso the abipiisida ot sirelwl $bding ne eeickadygkzisbgner t owar ds
the usr of gash 5.cqnverters i :_digital teleyision receivers for use with
the ATSC st SRR, 1% B relog<siiel, *BhiE BEpus Ret B6e apiet al SYE0RY AR uses
(?r -1) cosmamﬁgm@qz@as&zé&. h¥GeVeRARRNn WMJSTDPN reddivdrdBia LiRigF Nl eve N
bits resolution. There is a considerable anount of hardware int fl ash
conver tir) wilbbd ¢armeheumethe dogivl celnghisiagpaligtal brhevmipasdiof reganisioatd or t he

use of the flash.cqnverter is it capability for providing high 1 ~
anal og-t o- df agt%ﬁ‘zeg&m}’m{ec?ﬁ 51"8?‘3 ¢ %nﬁaﬁi‘?ﬁﬁ‘/’ﬁ’&i"ﬁ @g’ﬁg’@%‘pﬁbg?fOE%e need
for oversangy ﬂfz@gdifg%fi&ﬂ”m& iA%erion k8SQREs ity RERRARS d!\t@gl?éﬁnéﬁ I'lion sanples

per second is difficult to do; this nakes oversanpling anal og-ta-digital

convert ers puormes insthg digarel realnt ovbicdytypy of datraslicingcis preferabie opdigitsle at

sanpling rates. Geater than 10 75 mellion | es..per. second. ..The vase of
i 11 pl - preCes g, Bralear e i o R B B SRRy ) o
nunber 20f Aledéasafin ore RSsoVide BinpARfude aRPHI%E BRlalieftidnyesd ke LR6BF I €] ect ed
in anal og tel evision receiver design owwng to the difficulties in matchinb
t he indi vi dRM4r-thengil gentionde gemest for arilenath probieme.apddhase srenef filtksingaDCs The
ATSC st anday. W of rll.er proposals by Zenith El ectronics

Cor porat i on"gS‘?‘Fegé%“?‘g%‘? lr?gmgglgi‘%li[f%ﬁ" hi gh-definition tel evision (HDTV)

signal from ?u which co-channel interfering NISC anal og TV signal could be
renoved by | anb Ths daerat ndrichsinaige-1@-d amipdoaversichenenbé adrriekdbatyin Zeiditah
proposed precodjng at the .DfV transmtter to c | ement postcodi ng caused
by such corfﬁ"’i’ﬂ“ﬂ"‘gf“feh‘b“P%B“Pﬁ'éhlwe?sé@@ﬁ/&‘.loT%e’ng[‘r%n%ﬁm‘g‘& F%és"s‘ﬁ? ol ceded
was subysect gehthPrale. ZricndeReRds A iR AbdBech i Lid asg?eefamo Q-dip@f conb
filtering would not affect the independence of 'the trellis coding 5 paths.
Thi s trel | i®ueothr (4060 hfemedoras ias'flash qenvérercwherenranitg@Jos digitalar d, even

t hough the standard no | onger provides for precoding at the DTV transmitter
to conmplenent conmb filtering using 12-sanple differential delay in the DTv
receiver The inv entor has the insight that the 12-independent-paths
trellis coding) which provides for the operation of twelve treilis decoders
i ndependently from each other, can be exploited to 30 avoid the
difficulties in matching the individual anal og-to-digrtal conversion
characteristics of a plurality Min nunber of ADCs of successive binary

T




2 f~iy,: 1Y 2003 -3 approxi mation type) used for inplenenting 8§ MAY 2003
mul ti pl e-phase anal og-to-digital conversion Tile DTV receivers Zenith Al
provided for field testing the ,~TS~ standard used a single

anal og-to-digital converter, presunably a flash converter, for digitizing
synbol 5 coding for application to a single-path equalization filter and a
si ngl e-pat h, basebarid phase-corrector_ (or synbol synchronizer) The
equal i zed end phasa-corrected synbol s™%®ere then supplied to a

dc-i nt er | eay@satfoarnn a8 PEISAL ifathgt bR isivel su@at Jea@vémhmﬂn@aﬂﬁgsinﬁtd@pﬁékdent
treillis codes to their respective trellis decoders. Following trellis
decodi ng, t{§8ch Helvi? MEtien BTEle s s9ceafkhagspricilit Bt sgiopyubearricn

i nterl eaves [ B s 47 r vt e-hui L diphcireuit f.orsuppl yi ng
byt o5 of - Ronifub{tamuofaftirie gl 33 Ay Shterstd i BalaE eeld e ol &l TR )
S patent Noexpahdfic 2blisites5uaed tdediioeretO9dr dedigher WWEIdE tid &L o@hhdh entitl ed
RECEI VEI 211 OR A TRELLI'S CODED DI G TAL, TELEVI SI ON_SI GNAL and_i ncor por at ed
herein By rem¥sages {181@lddeysign rersivers fauuss withme AdS8 sendasbnBrerflstioon. 1 >
Skill ed di gl ihLer, j r C e - phase
filtering Hebdlley idibeho g’%@%@%@%&?ﬁtﬁé. %81[‘%56#3@%‘ Phsle BRY PPE: gh
sanpl e cl ockith¢Dughtapateachive Of bienchgutioep eads hyothidehatteahbldters with

cl ockt hrouq%rélat es Ntinmes | ower. Replacing the single-phase equalization
filter and "arhye iy deshernysasfoaqshih sensupes eruskieragle posesndbe filtering

el m nates jLhmcarGrd: e de A7 tHRH LARURE: 0 ARLARPRH PG hign

twel ve-time-interl eaved 1 ndependent tre Xl I's codes 10 their Fespective

trel |l i d0decodpgao-didig! commerstoor ragi aceesonsinuiRy bahie withoat the atdiefor t han using a

de-interl eaves between a flash converter. and 12-phase filtering used
for Bgunl + DaEramli Oy suri T M SAipBRor [ ISR P 64 ReE 679985 hat 1 he

singl e C ashqgpaMehiR): 1R Re Jx@ﬁaﬁgﬁ&’g M&%\Aﬁw mﬁ\%eﬂ‘érs%u&%}%grxﬁ bi nary
approxi mation type arranged for stabaered 75 sahpling to provide

t wel ve- phaskltanaiwegetsamditgt & to cperarras sanplivgt ates preper thaeveYsanillfonel ve bits
resol ution wthout need f-ﬁ.r cl Oﬁk }ot es abov«? F~TV S%nbol_ rate. The match,
filtering GERA'es@erBetrter hegisphawitple phass 253 @'@'gyﬁ FPBYH#PhYS:e88es and
data sqgne 16 R i s Q A iRy Iz phase

basi s) ot AR AA R BB £OU50s SR AH0e Qﬁ“g%gmr‘?m%f@qﬁgeogﬂ el

- 4. 4] t emanvejeyted ireplaiy talgvishoa redengr degpgraseing qo tiei difficiloins fri hatehing tick

si ngl e- phase base band pha~~-corrector by degenerat 4-phase filtering
with twel vén%ﬁéﬁﬁ&%@ﬁftg'd%‘?éC@We?swiﬁfbia?%?“ftﬂ% ‘ﬁé@d&f) é?' a de-~nterl eaver
for applying the twelve-tine-interl eaved ndepr;ndent trellis codes to their

respective trel lThe APSOE@AGrd bR St bEB4rREr (b SRek NG Zefal BRicrbiian using a
de-interl eaver between a gash converter and this degenerate 24-plyase
filtering, Gaporsiiomyfos designing a disitel hish-definitipe teleiyien @D BY) sigrsddspm our ADCs
of succgssive bi nar p I i t . anpling to
or ovi de02- - Phatoe et SOREGHNENISE RGBS HAGH LI L) the
twent y- f ourfilerbessiaf 18uenpRsiiff@eitiadeidy apaitigropdsed pretydieg htahé oad by

24- phase edualization 10 filtering sinpljfies phase-cqrrector _design, as
conpar ed t Gransrgitigh teoifingplenet past eavsed o pish icomb BltaERS IntBp FPIRY mati on type
f ohawed by 12-phase. | i ' f Lk el . i ™y i :

Cl ockt hr ougr 5t a? 'e§§? gggﬁﬁé Eﬁg)@ﬁls&%ﬁg&#\r}\gbﬁf %/IQ ?(t)dup%\t/ﬁle%%d%.ﬂég? t%g?s?S or

43. 04 cni | Icodingsrthkedndelltedmg orudld ematfettahe independaree oy gieasdllisycodspd Wit h

the flash converter,. | 5 which tends to reduce r consmmptmm by the
squarel’é}c tPRE ¢ hfSéEFrl“%Wd%"WE”W’F‘ﬂ%théﬁuﬁwrﬁgfw?‘@%‘%é‘iieﬁ%%‘Pu ower
consunpt | Onh«p%mﬂia}: &Wnog)rfprgwbiu&%Y;S;cQ ing @E@Mmimg&it&’r'?&&ﬁﬁﬁl&%eﬁ' nary

approxi mation type has onl'y one to twelve conparators therein depending on
t he speci f icémbyfjeriat uAbg |Dehmgleubfetentidhidslay & the DN eeceivan Fheanvaator

conparatars used i.n a hash.converter with 8-bit resolution apd.,s far |ess
Chan t he. 2 babdeigndingt Gl 2 BOREFRdegl ptfot Rl Sudid ST P @Bt i £t o
1?2-bit resQlphiionef Mhvd fdBNGKLAMS irﬁ%d?ﬁtlﬁﬁ'@rlﬁ%ﬁﬁ d’tgerpi:ﬁﬂf%xém%@l‘d mat i on

type arranggd for staggered sanpling W usual |y take up | ess roomon a
monol i BRI ¢ avoidehe difBchludsric matchingthe fralividved analpg-tatdishialconveamen with 8-bit
resol ution, because the resistive |adde d.for voltage division in the
gash converPEACERRHES °gﬁp§"6?s‘,§r?' %@?8@% gLV b.51('?"’5"“Each phase of a
pol y- phase equalization filter will require as many multipliers as ma

si ngl e- phase equalization filter, since sanples fromall phases may have to
be conbi ned an each phase of the filter in order to effect optinal
equal i zation. Upon initial consideration this may lead a digital filter
designer cu reject the use of such equalizatidn filtering as requiring
excessi ve hardware. However) the nmultipl~cations 30 in a ?4-phase filter

a1 o o o e o . S . o "



RO14ts require many tines nore hardware than digital multipliers 28 MAY 2003
constructed fromlogic elenents. Miultiplications on 10-bit to i?-bit input
sibnal s can be perforned in a ?~-phase equaliztttton F>. lter by digital

mul tipliers constructed fromlogic el Enents and operated at a clock rate
reduced Z4-fold. So, the hardware costs and power 1 ~ consunption of the
?~-phase equalization filter operated-at 46 kHz clock rats can corx~pare
favorably with a.sirgl:;-phase equallzatlon filter operated a: 10.76
mllion sarrrﬂpéso‘r)@ﬁ“%%ﬁdm%q F knplamenurgamplipier pade trilothtoadigudd- phase

equal i zation filtgr after thz twenn~-four t\DCs of successive binary
approxi mation type, the output results of the AUCs can be 30 converted to
parallel-bit formand time-interleaved for application to a singl e-phase

equattzation fil tBre EVirteivergpitmtiipgnaded thhBeldnseing de VS OkHnQAH u:.é'Zh:?
equal i zed resp nse froth the s: n I e- phase ecluallzatlon filter nust be

suppl i ed t o SHErednalRssirdaw §°'F‘6’|“ 5@5"3#"&9%@ 3%56?“@?‘@%&‘1"@3'@2%@&!@9“ ve
trellis decqdemg. forldlphcaidng i Qe Vi si on
Fecel ver Tt o T e el bnd ol lsbPask 8

anal og-t o- dlpgascaqor@mw&rs-whol vheromesht The ppiatitest oxtphaSUMMWRYIOp TH) r

| NVENTI ON Thzm]lanventl @R@”Efd' d.in a di?ital television signal receiver
i ncl udi ng ci® P%rvif”f 9o H“?@é‘é?‘\f@ﬂscaﬁ‘aflf‘aFhetté’F@\‘?| sion signal to
basehand sy rppl- m‘&@ﬁ@dadsxh@é’b%hden@tralhklE&fe‘s'té g\elr ﬂe&x\}lbl[:@q?{ dddbgdL el s
decoders suppl yi ng respective trel eco I'ng result Circuitry for
assenbl i ng tFlelowegpeatliy dasoding) the BNedlm:d]vda hxgsuts&adrnswemlmeaeavea by an~t Y 203 -6
forvvard grrort gorrectlo 3” g S brw " 3r-~cvrrect|on

er P& TelbhYe 'ds,"F‘él'P VB E 8P BE ‘58‘”% 5 RGeS suppl yi ng

a dat a str eWReedSoRMid: GMS 104 RW-SHoAbE elBSEIHeRlinY Sri: 1, e!'Jefl*I' p%ké&'i‘bﬂo”ages rn
a digital relev~siot; nal receiver for receiving digita tel evi si on

signal s t raﬁsﬁﬁﬁt—@édbsi-lw a WS I@heeRWM Rittahe oAl -«atidehRESEIVER FORAt wel ve,

and the for NAPOS COPER TR rhE eSO RS IEREE A ol R R el -

dnta( tei evigi@AcsS I8RKiplioCof dch DTEMREVéNGnitARUbAVENt i on
characteristically tncludrs, instead oFa single flash converter as in

prior-an digital television receivers, h~fN analog-todi Qtui converters of
successtve hi nary’ kidlsg digital Rherdesianary pre d%rﬂﬂfthgcwsﬁbémdl)’sgimfltmg:oded
signal on a ] Jve ou .
si gnal) eacfl%n %ﬁ%%@% epa%w ?Iﬁa?blﬁé shg%acsfalt gﬁg%ﬁr samgleﬁ%é(f dur ation,

~1 being a paesdaa ofteh beﬁﬁilaca&! bj' Blaﬁltas@ﬁﬁeﬁh&rhl\lﬁdc%t}aﬁ@lﬂgrekwﬁiﬂn@i foder.
converters are identifi bI e by agllrzlsecutl ve ordi nal nunbers first throu, ~, h

Vi:v'', ' ncRgrlAgine th ea’é%ﬁ HE‘H“’ epuaizeran fhier ged singlsatbashasebandput sanpl i ng.
tin equa' i 28k d:0Rokbdib Ly [£ H%E‘ﬁﬁeﬁ mn&u; Wihesd BRAlGS- Blenbig: fp > VON

anal og-t o- di gltal converte s to supply equa Ized I nput signals to the N
trelli s2@ecopdying t# wictjcttahe-imdripai i iadepehdenatreliscedesan tetixeshectivg t he

tn~: ent|0n| preferre formcharact~,risticail tud-~s nstead of a
singl e fIasH 3 qecesy thﬁémi'ﬁ‘%glsﬁerm%lr ‘“meﬁf‘?“’h'iay}teéﬂ@vluéingﬁ 4‘&‘8’6?‘9‘&‘?"5) ~N

anal og-t o- dbéavtea{agmveornwé aQd uﬁﬂ@;ﬁ m'?ermartéscy é@a%cﬁf&i{d LPN type

sanpl i ng baseband synbol coded sign an ari SIs to rOV|de ~t
respective &blrghtoaizanolm phe insérgor dicemsaledy thaef single ﬂhsfsmmpémmgaqnbassp&ced; of ot:e

hal f symbol Th | har act || | ud
2N phace. 11 bt e S5 e Pirse RSPt Aot B cSrapcr dreated oo

anal og-19- dkaﬁk&ﬁlﬁa'a t6 BRAIel iRl BrelRERI MBI g AS-di RBIPESTVeMSr Wit hp 8 Bt heret o,
connzcted for applyln ~f output signals

twelve bits resolution without need for clock rates above DTV symbol rate. The

match filtering used to recover response to data field synchronizing codes and data

segment synchron:zing codes can also be performed on a poly-phase basis, without

need for a flash converter.



?a to the ?~" trellis decoders as their respective input signals, t%e +AY. 2003
?1~'-path filter being an adaptivL filter for providing equali zati 68 {'e th%
digital output signals of the 2N anal og-to-dip tal converters, connected
for generating de-interleaved baseband synbol codi ng wi thout enploying the
de-interleaver of prior-art digital television receivers. The receiver
f=urther charaetenstically includes first and second |v-phase nmatch filters
~0 for a prescribed pseudo-noi se sequehce and a synbol synchronizer that
responds to diffengrueselykebhoing WediRglébhak eqaapaneetitéaindatigispiag t he
phase of sanpling by the 2 8 M!I'ly 2003 ZN aralr~g-to-d~g~tal converters
of saGCessi vbatsharak yhoappeoeatardryidseeneraipA4-irass fHicFigg WithdrelyeOuinet Pe@sSponds to
the digital putput signals t he Ly redi nal Ly ed: on fed!'ie:
7o Canal og B0 BT REsikddyes 85l aten P A Y PRIRBL LR RRedeled o T
r lief; and ddg.sRe0neliseddel td their eéspébports deodshe tic igivdradr diseeput  si gnal s
of the evenly ordinrtlly nunbered ones of the 2N anal og-to-digital
convertefs Xethegthaniwiag asip-ipisdear petasen 2 Had) QO“V‘?‘T%&{‘%%“? feaeasTatepR| EF

DESCRI PTI ON THE- D1~ V. £l ~G F ~ ' t] ' -portion
of a digi tathEgﬁﬁi ! ls%nc’?ﬁ’ ‘rhéé‘é’.g%}’eé“&gﬁ?vé ﬁe':)‘és)afltaticg g%edgggg??g?ﬁ%gtf %éwvi ng
antenna to theReetisdlappoxihetodeypealiatgdddoe st emniptiagitmpmaidedn ir,
certain of its aspects. FIGUR:.E ? is a schematic diagram of apother
portion of hehaserinelg-tordigital sonysrsicie chhpel | QU ARRINE; tg%ﬁ“{efﬁ%fqtﬂfw I,
illustratin )L: i i I by b a
further as pg\c[w%{?fs%gg&%lﬁ%{rx}% %a%?}@%%: tgﬁiﬁ)irngtvga gg ﬁénpglﬁeg&‘glglgzgalrug% of

sanpl i ngo ¢l gtingsinetdies phaseicneedttrdesighats cobpasdpe efieg paly velvieeADEedf i n t he
portions of the diriital tel evisio:',afr ceiver gieFi cted in.FIGQJRES 1 and 2.
PLGUT= | 1 s SEECEBRERIDNS 2BPRSIatoBryReARIP Vot B% F Sohese saiaaien Berme Bt y

that can b~. i portions of the digital television receiver
depi ct ed inlé%gg)ﬁhﬁlgw&é’nd 2 instead of the FTG- I RE 3 sanpling cl ock

generation circuitry. 20 FTC S, ~' ~I ZE ~ is a schetnatic diagramof a
nodi fication of theckieough aiesf eath AD igionetwendy-doirth b 2t 8l A oshlith i n

I=TAQUR-S 1 d ~', which k i f i gital, i) i.fied
erbody T se MHRemPRSGET Toece el wepe Sy e e Rab R TR ©
DI ~SLRI PTi ONGF, s BReFIcERERR Mhehbilot 5iNFe Rypobi ©RhAGu & daek DT ed at

baseba. nd by known circuitfy depicted in the ~5 pornon of a d;gital
t el evi si on netheinveers hedection of pPEVRE onsuptivg: byg BELoF h@f“fe@ﬂi'gw-ng“h

antenna 1. ek sk Bve e Barosaapen ot PR B PR R quer oy
amplifier 2 erein depending on the specific type of ADC being used, this is no more than the 2
compb.rators used in a flash converter with 8-bit resolution and is far less than the 2'0
20  to2'? comparators used in flash converters of 10-bit 10 12-bit resofution. The twenty-
four ADCs of successive binary approximation type arranged for staggered sampling
will usually take up less room on a monolithic integrated circuit die than even the
flash converter with 8-bit resolution, because the resistive ladder used for voltage

division in the flash converter takes up considerable room on the die.

Fach phase of a poly-phase equalization filter will require as many multipliers

I
L

as in a single-phase equalization filter, since samples from all phases may have to be
combined 1n each phase of the filter in order to effect optimal equalization. Upon
initial consideration this may lead a digital filter designer to reject the use of such
equalizatidn filtering as requiring excessive hardware. However, the multiplications
30 in a 24-phase filter can each take place over an interval twenty-four times as long as

the muitiplications in a single-phase filter without pipeline data flow being



2 8 \Mn'f 2003 _$ Anplified DTV signal fromthe 1Z. F anplifier ?, W ~j b3s
sci;|l at frog~aencres within a ehunnel allocated for television 28 MAY 20
broadcasting, is converted by an upconverter ~ to first internediate
freauency signal ma portion of the uttrahigh-frequency (L'hlF) bard
sonmewhat above the portion of that bard allocated for televism
broadcasting. The ~F anplifier ? and the upconverter 3 have adjustable

tuni ng and together fupction as a tuner for s~lactii~g a digital television
si gnal from SAPOTSEhanfies ¥ralo! gte 15t & & mlhomwariabnesriseroad| yaewlingrticy band
al l ocated f VirSh Qe RY t.d = U = inte Lat erfrequency
anplifier 4Orr§“<§IE grlc?? I {r?afljy Vgﬁprlgﬁg fﬁz‘? * ‘E:lgo%rirmres]%J lr}lé}'{ggéaﬁédis%?lghs ‘rngg? ehﬁ‘gay si gnal
far appl i catdqomizoomndercaosier mattpHcatespondt admmeide \eegoadiizledlock
interredrrttt: frequency signal [n a portion of the very-high~fr~duency
(VHF) band <8iFEwhat2tRIshaVE B ey siock dnerytlsapd pragasse tae veficadasapipeking el evi si on
br oadcastsi N4, ¢t Faldezihd ; LfoRLd I 2 =100 0] N ectively
anpl i 1108t hasSL Bl Lo kAL e R AR S S P 1S
circuitry 7 doomrr symsetnpocky rehiling td beup ws the sqaony ef fpeed. AThéss Lgisiderdtipnbase band
and thereSy recovering cynbal coding at baseband. The | ~ synchraodyring
circuitry 7 ¥HPIBIE "‘gﬁr‘%ﬁ?‘b‘?ﬁs‘é%‘g%éwfe}ﬁ%% SEEANd Of gritplesthErsal @isr e phase
synchronous gdgt gGhPfespide feaB ARty BB ROV AL@E: r?s'zP%O‘hi h&lgmﬁﬁgﬁm odyni ng
si;nals to the synchronous detectors (none of° which €l enents are explicitly
shown in 1" coGU(WRE flomiogik) elemengs. alf theaelaratnosebysdrasbresyicbbmsomonis rabgeect or

id i i t, | f hr od . i.C.
P onponorf 1 & Fudtt R iR BPHRMA S SBls s BRRER it R R TP A AL Cont r ol
(AFPC)  si grirehilss kddfuirk RenG Giftlek Qdr@Har@Sadel thAt QB8 WRARLYERY cSHREAEL YR NY

signals to the synchronous detectors. 'fhe in-phase synchronous detector
detrets the lugetlcgieats~d it ationsmul §i0bitits- Robit inpf Hanads canhe ddbemebin® er to

provi de a real conmponent |t f nchrodyne respons i cE ~ conponent is
RN B o I T N SRt
syrchrodyni Rgerdred afh L&Yk iy redudedr2400pd. Oy, HR-Hak Bl drakostPina8IoSiedN. _
Al ternatively, synbol coding is recovered at basebandkgé ot her known radio

recepti oA cicoouittptipn of theidcihasecmmeligatipo flesgperagdhattdié kblgradldcgnagfcam di gi t al
cel evtsion receiver showy.in Fl.GJRE 1. .rathet than synpol.coding supplied
From the sy oERPEGprGY wh A Prrpediy iohes SPaG AT (o 2 RMBR o For oo
in tht priokydpfes pdriecoiniek r@ding is digitized by a plurality 8.-of anal og
30 to-digital converters, each of successive binary approxi manon type. The
i nput sanpling of the synbol coding by the various ones $A, $B, 8C 8D) 8E,
8fl,o $Cx, ngl i )g Rathet th!a?i/ méﬁvg?.lmagm?{lal}zamm?ﬂtm ,EFEENN)VEBW\#U@PCS)Q,f 8)R.
8S) 8T) 8L) ,$Y.. 8 Reat; [ Alak e PSS, es pl~~ce

i n™. successsll%“vcgbs%)rglebs“?%? ag%%zfréng{] (tj‘;cDE @ﬁ?gﬁ}allleg%%eogé%%é V\hfur(lzﬁé(Sar: p!e cl ock
i ntervahg hasnwarddtapdralteldbalfbrmasnd wnerimalaved fhappicaden synfingle@aasel i ng

cl ock generation circuitry 9 suppltc;s. clocking tar fhe ~. 8A, 8B) 80
8D, 8E) 8F) ¢gealizgypn fglter agjes ingut signal, thjrvempsor %‘Zﬁ,q“@%- @Ee%ﬁf‘}“ UFSPRRA® 8' fV/,
3.K 3Y) 8 nBATPHACS LA zahiBR GHEE RAdstitRisSpAleR 10 AL iReARvVeLTd| Y Sho~. vn
in FIGURE ' Rg'rmgq g% SS ho ?f)& 1cI ultte: %he sd?pgvm n% ancgl ,?rakev tt dtfftcult

t o under st arehardisg igpe sipaalslid the tvslivgtreldis Wycodessk Thisl dematiyé caistre¢taatatoni cs
desi gner. Al so,. ,trfe exact rlat,ures_of thdese conpegti ans ,deg)end on the

speci fic dediiglisia RInasapreseys reins theadvapiaggglredyced powey FEGRBY, sk,

8L, BNl ps &N 3By 1ob@ei@RonBioR the Bivbror fMmts8W. SX, 8Y, 8Z with regard to

t he way success%ve binary sanpling is carried out. The synehrodyni ng
circuitry 7 is Shown supplyira the imaﬁgi nar conjr“)onent yi n of synchrodyne
response co the sanpling cl atWMyMRY L EHEcIﬁ'LF‘é%’IJ QN9 for inplenmenting the

det et Tni nati on of sanple clock frequency. The inagi nary conponent | m of
synchrodyne resp In Sy Aant ] all v if b ofl : resul ting
from synchr onousq‘gg'?ne‘)gﬁtlléngsgp’f%%?ﬁg{ @%13?{?5 tél(réelrsh%t ﬁggn\%% %flgtig}gﬁ(g%ﬂ%o i's
preferred felrcsitiuds dogvérang gemeived digitalseignialonfsignal @ habitahd symbmicodedequency
can be extracted by narrowband filtering As nl| be e~tplai ne&l,in nor e det ai
| further or&nal ppiuelitydtinmumber oriyellss daarers yrRANY BRI RITNA eliscar ri ed out
by adj ustin : . Cd {inMEa pai r of
sal & o ocle R e R B e e e ol
coding. Try conversion results fromthe ADGs 8A. 8B, 8C) 8D, 8E, 8F) 8Q
8H, 8J', 8K, 8L, BNi) 8N, 8P) 8Q 8~t, 8S, 8T, 8U $'V, 84V, 8X 8Y, 82
are applied as the input signs! to a ?4-phase equalization filter 10.
Bit-serial to parallel-bir conversion of the suc~~esswe binary

approaci mati on anal og-to-digital conversion results fromthe 25 ADCs 8A,
8~) 8C, $n, 8E, 8F, SG BT:I, 8J', 8K 8L, $IM<, 8N, 8P, 8Q 8R 8S, 8T,

~t 1 - I o, . Y M A N~



?~-phase ~~lcer, the trai!ino portion 11 of which cotr.prises nvel Vf
d~g~ta! adders 11A, 11C | 1E, 11G 11J) 1IL, 11N, 11~, 11S, 11Uy, 11@\)MMY2003
connected or supplying their respectir~~e sumsyn@s to a plrtrality 12 of
trellis decoders, The adder 11.A adras | tooFther the equaii~.ed res;~onses
of the ADCs 8A and 8) 3 tn prande input signal for the trellis coder 1?A
s,~, far as the trellrs caller 12A is.goncerned, tl;e ADCs 8A and SB ~tnd
their respective phases ot~ the ?d-phase equaliz3t~on tiltc:r 10 in eiir:et
operate as dostangkror-cofdidotddeyed Diprandespectiracsiopliaseends@ndi?e ph~l sc a
fiualization filter, with that strglt ADC perform ng input sanplinb in a
respective OAY IBFVAHETPMRATFE I pheRdedor sMEPIYiES hdfiRptranprtiggs Whedearhar t he
equal i zed r - fo1eh 13 5P G ANGBP- 8, L OVL G -signal for the
ro 11 o codar NIy 30 A At ReE ALy RO PYRA LARA o 1L | TBe
8C and $17? atgtat hedivisiorespedd irammpinalsiascafrddnte vat-tphag8Camnadhidzatis on fil ter
1Qin effect oeergte as a si ngl e ADC foll owed by a respective phase of a
12- phase? eq¥FIVFZa% FON SOr CETeGHOP fothiar CrrdiEnsigne! Besd or AnAg cvifput

sanpl ang i n a4 dhe Tof %0 8RLI-Mireion @leolillgs L eLYGoRRASEEJNE addaf, 11 E adds

t oget her the equalized respanses of the ADCs 5E and $F to provide input
signal for t¢evisipebighs reder empedyinpthefimyensien tharadtessticaly woldess, I2kad i s
concerned, the A 8E and &F 2nd .t heir, respective phase,s, of the 24-phase
cqual i 2at] off FPIEEMAEFReErtEar rapErarie SCRE NG B RE NN Aretogder by
respectsve phagecqiveRerd 3f PROSSIVEBUALY ZRkb@Rafiol HRE sarw?m Yabtan@ spgbs ADC
''0 periot~rning i nPut saggl ing in a respective one of the twelve phases.
The addéf : tagsdasigis! engedRbphasadass tppibvided respepnsisgitabputp i ghdCsadG and 8H

to provide input.srgnal for the.trellis coder 12G. sq,..far as the trellis
Codor 106 1 S RBibaRRaRe bR PR ERM SR il e RiaR M a0 0 shaces of
the 24- phaseyeqyal lezabh®NTid MV anblbgh@- @it ebnRPRfal€idastifabi 1)yl e A~, 7C

foll owed by a respective phase of a I|2- g'ha@e_ equalizatran S filter, wth
that singl e capecyeefostnelmymbapirsicthraysh YN T rinduies gesegneden oer oftheine

tlvel ve phaseW he adder, d (g |1 - t he
ADCs 89 and G Tedreu BTG SRRy s R FESbTERRSar & 1T,
as the tsel hNp§ a606g:14-dikRNl doRvaQACHINPHly eiidizADGCHLBH gad8kONartlig hei r
respective phases of the 24-phase equalizstian filter 10 in effect operate
as a singl edpderol | oned by a respzctive phase ~t) of a 12-phase

equal czation filter, with that single ADC perform ng input sanpling in a
respzctive o ne qfgt, LoV e . caflde Jdnt; att t he
equal i zed res pong\e%"g% t%l%‘@ag\?é‘&gﬂ%lﬁ@%ﬁxderg%& @}tng E}}%e/’i@é’é‘ﬁﬁgﬁt&gﬁgﬁﬁﬁ{ for the
trellis codehardcfbristical@y Whtudss, RS ofia disgle flagh codvertedes. in priprdrt digitale| | er
1-?T~ is concerned, tile A}#?Cﬁ 81lv ,an% R 1~( an |;Qe1.5cée%‘9ecti ve phases of
the 24- phas&IBGISH [SFaFFon-IY AR 19 He1p SOPYEEFS Sl SPa Va8 %% Ysingle . 17C

f ol | owedq by agot, eoReGhi M2 sRIRBES; bdseland 3yRBASRdeE sighilZatanON-pliasé Bisis ro. Vi th
that sicgle =~1DC perform ng i nput sarrp?i ng in a respective one of the

t wel ve phasesovideheresphdbye digitﬁl\OuMSigndg@ch@f whith segpobing phegesripeportses of the

ADCs 8N and, 8P to pronde input.signal for the trellis. er,12.Y. so, far
as the trel fp¥ 5¥‘8P‘ﬁé}m"1 at -J&ﬁégﬁ‘ﬂeéa&fﬁ a‘f&ﬁ&g’cé?’@néﬁéés 71\éfﬁaagteh: ‘u
respective pias@spdsivk e thé didRas@pakidal szt tharN hhdlb £to-Uiditan ehietts operat e
as a single ADC foll owed by a respective phasa of a 12-phase equal i zatm
filter, w thecehvad asfaspgcs vaDEupEERaY thetety cPRSated SRAFPIYIRE I QU HERdEt i ve one
oFt he 1Q.twe| ve 25 . Q. ad t her »th [y responses
of the Abc 20 68 ERETE B bR B g o Al G A U e S P el T er
1, 2 Q so, sfixgrivasileh®r pradidg équalizaide to tikdiis oupnregmdd)f thhZNADCs 8Q and
SR and their respective phases of the ?=t-phase e~uall 2'%}; Q7 i~ tgrl 10 in
effect oper apdogdo-gisarigneerepE comerisd foraeneRpting fespalearsrbaspiad synoy

1?- phase ~quali zation f] i 4.F ' WD OmEaT: o fTeVe 0y Lt

sanpi urs; tﬁc’%m& Wﬁthf’ %tseﬁkélé{’%é Bh\r?o&g?ttepﬁ%ef éﬂ% v@[%ﬁggééal%g&gggg? 11S adds
t oget her t herhzgeis|vez adthe edporeestiofiythehadeADStsind secand Nefhasompicoiliges i nput
sijnal for the trel]is r", der 12~ sa, far a Li e trell ',st t el |§Jt 12~ is
concer néfl, tfPrc® PRRSAIDSS PEHHO-BT e S50CHK SN arsé‘%’%@ PrgepRadad ppopasia

. 24- phase equalLaal Lold higt ikl kihetld: a6l xR aLR Miscorsbghy APGef of | oved
by a. respec; nme phase oft; 12-phase equalization filter, nth that single
riDC 20 performng 11lput sanpling in a respective one of the twelve

pha. $es The add~:r 11U adds toget hEr the equalized responses of the ADCs
$>(.' and 8V to provide input signal for the tretlts teller 12~,,', so, far
as the trellis teller 1?U is concerned, the ADCs 8U and 8V and their
respective phases of the 2~-phase equaliza;ior~ til.er x4 in effect operate
as a single ADC followed by a respective phase of a 12-phase equalization



twel ve phases. The adder 11 Wadds together the equalized responsesgofiay M3
ADCs $fY and 8X to provide input signal for the trellis teller 12W so, far
as the trellis caller 12Wis coneened, the ADCs $Wand 8X and their
respective phases of the '2~-phase .:qualiZation filter 10 in effect

operate as a single ADC foll owed by a 30 respective phase of a i ?-phasa
equalization filter, with that single A DC performng input sanpling tn a
respective one of the t<velve phases. “The adder 11Y adds t oget her the

equal i zed r edprndasioghstHeoNdDES @ Yuensh 82bibary pppwi detionpude. Sigriake f or t he

trellis 2.8 Ier. b3 k2Gnder 12Y) sc~. tar as the trellis coder 12Y
is concerneg,%tctrhté“?l}f%g't’%g\?'ti%%ﬁ&“%f”%ﬁ&ﬁgf waf%g.yé’trfﬁ\‘?g”’pﬂ%%e%f t he

2=t - phase equad dt2ht PORchioknewd glis) carvbr@t hEQGuaBRIHt B AN-phadd L6, ARG
fc.llo~. ~-ed i7y a respective phase of a 12-phase eauaiizution filter, wth
chat singl e AR 2p@ thegieeond Rech filtpiesroadplol thy dighaleuties pigssis wf thsneenlly t he

twel ve pha$es;. 5. Ti Tfel ] 7 L A2C  12FE, 12G,. 12 1. 121, 1ZN)
12(i, 125, %%‘ﬁlfiw% tfq){? Al)rlr’igt% B@ggﬁuﬁgh ftézdig)taﬁ%mﬁgt gréaﬁﬁ%\'/%’zf%}?)fﬁh‘ssuch as
one of ~'~~2Nepl@esequabieshanrtiltdr. S patent No. 5,636,e 1. The trellis coders
can be of a type that uses "soft" decoding, such as described by Viterbi)
or can be of a type that es "hard" decoding asir~g dzta-slic~rs with

fi xed boundary val ues. Th@ﬁ{ErFePﬁgR%PeEQ&bpg I%EEAPR{\Z%I‘CI‘%) 11) 12C'r, 12.1,
lyL) 12(Y, 13Q 12S, 12U, 1,7?' 4V, 12Y supply their respectwe trellis

decodi ng resul t SFiQUAR PS2S8ReIticHRherdh 8f A56@IBRLER dldal RISIdSANESVdhe
trellis decoding results and builds bytes fromthe interleaved trellis
decodi ng r estlichorteqn exppids dm ba recsvang andgnng to deResd-SnprRrdecSitrandor ~
decoder |l d. - GQr .ed. dat a. gre. lied frotn tl; e Reed- Sol onon
decoderl¢~ flgr’éfﬁés lr%grlrlg\%%lhﬁrg'no%bgﬁn}rggmggﬁ?ﬁe DTV signal receiver, 1 ~ which
are rot shown in FIGJF.E 1 Plural -phase anal og-to-digital conversion using
a~plurality or : FIBIREYCS isciednldyic Qo Qﬂa@ﬁlﬁ@aﬂ%hiolﬂtheidiﬁ'&ﬁl t§€@Hsh on a
time-division-nmultiplex basis_norrnai I?/ has prc~blenb with atatehing the
conver si on BHeivecdierqiet inasnap FGERRODCE st ngahavhy miee pynchrmigagioats r egul ar
ntervals | p oLlS] HO.RY Bl falAG LIS OFELinN, of Partem raise The 70
visibility BY &G peﬁ ern noi sy P nages recovered from anat og vi deo
signals that have been digitized in this way i~ a reason that a sincle
flash converter FEIPREfasabthemasiediagoum df gintpling apchgedagionadecitsigaal s. DTV

signal s do not neap into images on a viewscreetl in such direct way that
pat t am hbi sB H‘%tg'éecftoo@n‘tsc?lrﬂ %ﬁ@&%loag0%‘:"&%%@%‘Sfﬂj‘ﬁﬁ‘ﬁlbeé%ﬁ@lf‘%fm cour se.
Howe~er, patisRESai ;@ as a source of error in recovering Z5 data is not a
siatvficartt problemeither, because of certain characteristics of the DIV

receiver construction per FIGG RE 1. Unless ghosting is severe) mast of the
energy in the i nplHUBEgriap sgfematiec diagran of sappdng clock Ranegevadeacs:try2pat 12C)

of 't he ADCsBAe $id 1 SEPghed e e Bt e ShEAN PRIRERY 51 °
f8Q, Sﬁt, 8_5ancﬁ2Tins§!ah 08mﬁ FSFUR%ﬁ 3 Ymggﬁcrgeﬁdmt@m{?un#fozt ihs arranged
or the wei.nhts in each of the individual phases of the ?4 phase
equalization filter 10 to be adjusted independently of the adjustrnznts of
wei ght 202 8 E~-FIGURES 1@3““15@%%“&&%9‘%@3%‘%‘&?&{ ofthiePOTtaRY f\F‘e&‘@it tering
pattern not S GAerar S By TR Gl Fy 8 of AR LAy bae RS
8f° . BG-, 8k mBdificBKmbelly BNVl uBRra B helo?its a@8yts$T, 8U, 8V, SW B-C,
8Y, 8Z before it is applied to the trellis d~cod~:rs 12A, |2C, 17?E, 13G

cqual i zai o 111 PETABERESGRITODPF O BREFERREDEMBDRNERH | P (e

art of equalizer design ~iow. However some observations concerning
preferabl e approgghBsl dodingas fgoveasdeat hbjsbaatby Bivvantisitneddpomed inlther can be
constructed as a finite-inpul se-response (PTR) di 9i tal, filter. with a tong
ker nel )25ut parpen of a dipital television receiver shown in FIGURE T as being ot the following
plural-conversion type A selected one of DTV signals as from 2 receiving antenna 1,

for example, is received for amplification by a radio-frequency amplifier 2



10 kernel becomes quite long if multipath arns erhibiting many SVWIM/\‘ 3
intervals of delay are to he suppressed. Consequently, equalization’fi I{eng
often are constructed as a cascade of a finite-inpul se-response (!~ IR)
digital f Iter used to suppress short-delay nultipath ternms and an
infinite-inmpul se-response (I11~) digital filter used to suppress
long-d~:lay multipath terms. Such an IJgR fil ter has a | arge nunber of zero
vveightingl~coeff ents, .arid Ls bhe te.in the cascade) if
it is used. PRI lt)i &R H°T<‘é€%%? !i%/"f‘rn‘g G ?éf*’glf EF‘HE”CWPVHE‘%pear in
each of the dhh¥@NkNodh@UfoPRRSBRHnHroddtafiiah; 8 doS@Ret by ah upishvBhed 8 24 phase
equalization filter 10 are preferably of the inverse cationic farr:7 ii;

whi ch sanpl esteawh%éﬂrgﬁ‘ﬂ@dy b@ﬂ@ir*@ alﬁé\“'@g 0déhea-5)§d hardlregerte n@aTRi tand ot her

wei ght ed sanpl es of syec o.cimation .?0

initially gnﬁg‘nﬁapﬁt abots cd \r/té:’rnm on #’ 405%':% rﬁ&f‘a’?'” PEOFIGIHAE tré‘gd t hese
serm -bi & couwahphfd 2rLIULd SpcdheeretlB tham &i}tﬁ@z{b!@luhﬁ‘@tané(ﬂdgeﬂﬁﬂr%ct 0k Qs &
digital nultiplier apparatus as a digital nultiplier signhal to multiply a
wei ght i ng cdete iferiseleetivgd dighnl telanaiog signelfrem oam of ehmntelp egdiseent 1, | GURE 2
shows detail;s ncer.nj I L don Hgh ?5 the
portion of thca% nraeé%%\e/'écsl%aﬁxm&agﬁgpaP i ‘;aﬁ)%ﬁg§ tvventy four
out put si gnahe@mhddee Edaqwemaainlpnaénmwfcnlrélglambﬂnasmesﬁmrbxhtl:md:dﬁm respective
ones 13A, 15S, 1~C, 15D, 1-~E. I~F? 1~-H, 1=J) I1SK) IS~, 15W 15N, | MP,
15Q 131t, f@s;ﬂciéfﬂ)“a’l %EPPP“fﬂ“% OPSWVHEQTU"“?L%B%PO@SFE wfthaecapﬁr al i ty 15 of
seri al / p 3| I

suppl i edﬁt oqétgha(ﬁrlm%g%g%%ﬁ ?ggrﬁ%%g t at veﬁ} gl%?mfgcqlh%t éfr(ygéﬁtegé In-1inme
PNS 11 sequeamewhthEyamw ffﬂelpbﬂronh)échanbartdhdlopabd fo’kbe!bﬁslﬁﬂbvmﬂdgimﬁgi sunmmat i on
networ k) as can be constructed from si_npl e adder s@%nd suppl j es 2 ch~

M!Y r D~3 -ViMintermed Bisciparenaictrgplificn § SeishiMehopmp s s ecerd Bermptial cl ock
generation - ng i nput
Il g by TohEngl B alichn GRG-BII TPl BRI UE hgiton LD, 11
8N) 8P, 8Q (BRY sidfsl G BpseBhid %Bl‘dthﬁbt)y BGvedivg >)8ﬂb01$up{ngsr hgsebztnat Tter r ect

synbol sgnchronl zat| on . obt ai a first filter, bed the pair 1C generates

an advaneedSPHRESYEIY WaHitH ‘Hﬁli“ % a; ppaRse, 5&68?1%0&5355‘?8‘05 2R EANS | er bed
of the pair 16 e%gﬂa{r@ﬁd%%ae&d %ﬁ@'@gozm&@&%sé}"latbfﬁ@?%cf@h@tﬁ}o&%xhy response
one hal f syﬁb ertod later In tine hese match I'ter responses pul se

hi gh when t BgnB¥sdo-the sb'nc}emwmdeiemomﬂn@wmf vithieh ¢lembnts sty:reahha:)tiy glatvimom dat a
segnent of each data ii=ld of the TV Si en_ symbol nchronl zation

i s correct) FEEBE) P2l ﬂ%‘ﬂﬁ&?‘?fﬂfi‘“d’ gﬂ@@goﬁ\ﬁﬂ%@%éﬂy ‘fii? i"GASFEY ponsi ve
to the PN51 ; & i s‘lxéioxﬁ SHeRY (9 Nked?f} H&vlb

segnent) th%ogggﬁgfﬁedgﬁwhﬁd&g%ﬁg%%&j u; i one‘yhal fI S enbol pgr |pd? When
synbol ﬂhaseutomaad\ﬁaqu@dywd)mgmfé@ﬂ (&El?\%bi!g@}'ﬁﬂﬁhb‘l‘fﬂ"ﬁ@ﬂl‘%ﬁsc”i%

advanced- phase o nat ch r I s narrow and
hi gh as dur i*HEP! E’SFF%’&C’[ o‘&‘%‘ﬁ’dl51 ﬁfﬁéﬁhgﬁf‘(‘&?u on§%5é%t°{ hﬁlrée gﬁzdgd phase or
trailing matghptddoletetd&or @aRENEe vRtikReSidetind drplinedunedhlftiingiittise dhua i ng

t~.vo consecutive half synbol parsods Wen synbol phase |s retarded from
correct syrrtgounes_t,omrmldaaz@d P@nyoﬁehbﬂﬁ af Wﬁ@ddM@%Fe g GompongRitie h

filter response sti a ct synbol
syncELOni zatq‘:bcr‘i’pt%‘ﬁ?% l?q%gbagg %‘H§°‘3% se‘?:i)#qf)ghcg{h@rﬁ tﬁ@gh@l? H er f ;17 ~ons~
pul ses 0@' y ctr@m&yd%edmlnﬁg @Mx@ltc{ﬂ%nv&gnmmmﬁamm smbmbamgymodwepm i ods.
~01i; ! 3 shows a specific, current| éﬁref erred enbodi nent of the
sanpl i ng cI @@k%ewwaﬁfh%rknewwlq F9CF§1°§WH\RH‘%’ é%iervm’?fﬂﬁﬂé@fw S 1 and
"?. '"T he imagi nary conponent I mof synchrodyne response supplies! at
baseband from thg s APV Gitl &%V&Mn teckieSdiBivhii € HIGORE 12fatkBalidnp! | cand
i nput and as mnul t| plii'fer 1T nput to a two- or four-quadrant anal og nmultiplier
17 for squarsymyol cddinganablirg foam theaychiodynéng ciregitent beieg Sigtged by 7dlash Hz

t synbol f f th | t teh |
T supl | e comret e erByPae A Recvareyseiedn e BLLT s fal APk Ot ' %o
whi ch regpongls;; C% i1 SrveRLY, ébﬁ&ﬁﬂ@&%&@b%%,:ﬂ&::ﬁﬁml 84,1 Tsinpit

substantral | y nstant anplitude to ~~ synchronous detector 20 as

ref erence caamping bixhe hmml®d9lnghgth\tanovheﬂqséﬁéﬁsﬁcoﬁD‘aﬁFdls@ $&l S’EIO anal ag
converter 21. The response of the synchronous :,() detector 2U~i s | owpass
filtered by a filter 22 to generate an autorratic frequency and phase
control tAPPC) signal far a master clock oscillator 23 oscillating at a

hi gh 2 ~ ~;;~Y 2.003 -15harm~7:~ of 10 76 ~lilHz the frequency of which
is an integral pov~er of two t~rnc~ 1J.76 ivlHz. ' ChG sixteenth harnonic,
of 1~.7& VIl~z at :72.1b iVIl-1z is suitalale. falling bet~-een the |cawer
and ‘upper. VHf teI eV| Si on broadcast bands and haV| ng a second har nzcne

a o g,



0 35 ii:rnish binary-coded count to madula twelve, used for syrnbgt,
counting. This is nost sirnpl,~ done by naking the two npst signif'c’arﬁlﬂ'ﬁ\Y 2003
bits of the count furnish a binary coded count to nodul o three and maki ng
the thirdnost and fourthnost si~niticant bUs of the count binary count to
nodul o four. The fourthnost significant bn of the counr fromthe
zero-crossing counter 23 toggles at a fiequency that is 1 ~ nomnally

synbol frequency and is applier3 to the t aht o- anal og converter ? 1 as a

di gi ;
sien bit) t8detthetl. @MIBMh 8K FRISRY §5.8Ta8 Ly EX) BV 8XoB¥Nn$ £ ok By Rlvmily &f a
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around, then dzcoding the sumto develop timng and clockmo Signal$gtkay 2003
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i ncrease t heénldyrdmya regrgeve gaee ooal Dphdshequalizatiqu filer, with Gt ihgls ABCa
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$G $)Fl,  for the ueliis coder 12G; so, far as the wellis coder 12G is concemed, the ADCs 8G

and 8H and their respective phases of the 24-phase equalization filter 10 in effect
operate as a single ADC followed by a respective phase of a 1 2-phase equalization

filter, with that single ADC performing input sampling in a respective one of the

[ ]
wh

twelve phases The adder 11J adds together the equalized responses of the ADCs 8J
and 8K to provide input signal Tor the trellis coder 12J; so, far as the trellis coder 12J
is concerned, the ADCs 8J and 8K and their respective phases of the 24-phase
equalization filter 10 in effect operate as a single ADC followed by a respective phase
30 of a 12-phase equalization filier, with that single ADC performing input sampling in a
respective one of the twelve phases. The adder 11L adds together the equalized

responses of the ADCs 8L and 8M to provide input signal for the trellis coder 12L;



8J, 8K, SJL, $M 19N, $P, $Q B8R $S, 8' 1f, BXJ, 8V, $W 8X, SY, 8~ are
supplied to respective ones 39A, 39B, 39C, 3g)!~, 39E, 39F, 39G 7-91EAY 2003
39,1, 391C, 39:G 39tvl, 39N, 39P, 39i, 39R, 39S, 39T, 39U 39V, 391V, 39X,
39Y) 39~ of a plurality 39 of Serial-mparaliel-out registers operated as
serial-bit to parallel-bit converters, thz |5 parallel-bit output signals
from:which are successively polled by a nultiple.cer 4tl functioning as a
time interleaves 40 to apply a continudls flow of parallel-bit data to a
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IS. 1. Adigit el.evi si s~gnzl r 1 . lLicsd-NG: ., G~ [ Lry for
converting oy ?Sgth_g\%\réli“&f’é?rﬁgﬁ e né:\f}rinﬁ’gﬁ“ é‘ﬁéﬁasié Egszfla%nglbtg%{jl:egéér%% coded
signal; a phpdealditye fl4—?lﬁdsc@§'ﬁﬂﬁ%ﬁd®fﬁl’te&ﬁb|irl1 sffeleopeien as sUpRIYADG respective
trellis decoding results; circuitry for assenbl | nglgsal d respective trellis
decodi ng r efolipwed hy @ respesugmiaseraf ori2cbaseccaUpizntiop daer. with thatsingle ADC

20  performing input sampling in a respective one of the tweive phases The adder 11U
adds together the equalized responses of the ADCs 8U and 8V 10 provide input signal
for the trellis coder 12T, so, far as the trellis coder 12U is concemned, the ADCs 8U
and 8V and their respective phases of the 24-phase equalization filter 10 in effect
operate as a single ADC followed by a respective phase of a 12-phase equalization

25 filter, with that single ADC performing input sampling in a respective one of the
twelve phases. The adder 11W adds together the equalized responses of the ADCs
8W and 8X to provide input signal for the trellis coder 12W; so, far as the trellis coder
12W is concemed, the ADCs 8W and 8X and their respective phases of the
24-phase equalization filter 10 in effect operate as a single ADC followed by a

30 tespective phase of a 12-phase equalization filter, with that single ADC performing
input sampling in a respective one of the twelve phases. The adder 11Y adds together

the equalized responses of the ADCs 8Y and 82 to provide input signal for the trellis
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ordinally ndwﬁ&re&ﬁoﬂiommedecoﬁeztlheomd ramainoty- dootictisgil tial DTYvent ecavas

equal i zed by said Mhi-phase M a second N-phase match filter for said
prescri bed Bhehdee H?)‘l%é"‘"@é"dﬁ !sai d second match filter responding to
the digital outpu~c signals of the evenly ordinally nunbered ont5 of the 2N

anal og-t o- di gi t ab &Q%@E&ﬁﬁﬁ)g&g RsltaabdAet skl LhiHiBhesLDegdahzatiy or |
filter; a,nd 10 a synbol synchronizer that responds to di fferences in khe

responses obpgaﬂed afd paseplingdnpss sang arerirne-tivitier Buitplexbsibstarmglly ks phase of
e T ng Pl G ARALAR ROl SAIMALI R LT ol A BEEEE LR BLP AT

appr oxi r nat P eV S o S gnal “rernver claim3)

wher ei n sai diplﬂfa%%guh@dn aselud'ﬁ)cﬂet t@&vsﬂqlieﬂmeduﬁloa o NGt rhy nssqu§he:e) as used
in the fizld synchronization codes of broadcast digital telev55|on si gnal s.
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coded S|gna
uaed for digitizing analog video signals. DTV signals do not map into images on a

viewscreen in such direct way that partemn noise is evident in images as viewed by a
human being, of course. However, patiern notse as a séurce of error in recovering

25 darta s not a significant problem either, because of certain characteristics of the DTV
receiver construction per FIGURE 1. Unless ghosting is severe, most of the energy in
the input signal of each one of the trellis decoders 124, 12C, 12E, 12G, 123, 12L,
12N, 12Q, 128, 120, 12W, 12Y originates in only two of the ADCs 8A, 8B, 8C, 8D,
8E, 8F, 8G, 8H, 8J, 8K, 8L, 8M, 8N, 8P, 8Q, 8R, 8§, 8T, 8U, 8V, §W, 8X, 8Y, 8Z.

30 Moreover, if it1s arranged for the weights in each of the individual phases of the 24~

phase equalization filter 10 to be adjusted independently of the adjustments of weights



frequency thereof, a master oscillator for supplying oscillations of a
fre~~uency and phase controlled by art automatic frequency and phazsi_i? A0y 9003
control sign,il) a counter for counting zero-crossings of the oscif a{\t"i"or’rgl
of said master oscillator to generate a mulnpla-bit count; a

di bital -to-anal og converter for converting one of thv bits of sail
multiple-bit count to a square wave of _a frequency nonvnaEly the sane as
said synbol frequency; 11t) a syncctr(')h%)"us detector for generatir_g said
aut omat i ¢ f mebretheypisses, chepldage eddrring lproidmidiy the2pehsieequiiizatan Altsquar e
wave and to, the synbol frequency of. said hasebartd synmbol coded signal as
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synchr oni ze8Y, §Zhbgletsyit sepplisbioabetralis dajodstsdd Ac At 12End Glad dddis
responsive i f said adjusted count for generatinb
timng S) gnﬁ&%%gﬁgﬁﬁi{ﬁﬁg@;“g plurality M~1 in nunber of

anal og-ta-dyital converters of successive binary approxi mation type. 6. The

digital televisiph cﬁés%ﬂ&if theEBepNaSE c@faligdtrinnfilber 10REK &kB aSaticty Gif ferkistasy for
detcrmturig fromsaid haseband synbol coded signal the synpol frequency
t her eof ., opseiskBked isithecut efraqualizer depigr kvyv- atlewnyss seme obfereions baseband

synbol coded signal; rr o ALt eg far, extr in g
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si gnal ; and:onstructedak afin{te2ipdse 28D nsd(FER] digNall ek edihasieng kahel, biunthe whi ch
sai d synbol frequency conponents extracted bY said narrowbhand pass filter

are i njléct dpme SECOIES AR IRFEIEBMItPREh 16TTas e IWLRS FARY SURPS TRt REt st

i _ | ialins _
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synmbol syncdwaesideer a Gaimpimpelse-reshmsdi(FIR) digital fitepoedld yupdtdsyshargdéine
responses of said first and second match filters; first and second
threshol d desldepdremsasg apipfimlepmpalsgaespops (R ) chgitaf éﬂf}b%a fSEprghed

esponses O neall o B S SAALI Bl Skl D QUL BARRT S
responsi@s Qfoeffai¢htd, aidts berter placed late in the cascade, if it is used. FIR filters with

kemels having few zero terms, which appear in each of the twenty-four phases of

preferred constructions of the 24-phase equalization filter 10 are preferably of the

mnverse canonic form in which samples are weighted before being delayed and

combined with other weighted samples. An ADC of successive binary approximation

20  type initially generates its conversion results in serial-bit format, and these serial-bit
conversion results are suitable for direct admission into a digital multiplier apparatus

as a digital multiplier signal to multiply a weighting coefficient multiplicand stored in

an icand register.

FIGURE 2 shows details concerning how symbol synchronization is done in

the portion of the DTV receiver shown generally in FIGURE 1. The twenty-four
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output signals from the equalization filter 10 are supplied to respective ones 154,
15B, 15C, 15D, 13E, 15F, 153G, 15H, 15J, 15K, 15L, 15M, 15N, 15P, 15Q, 15R,
158, 15T, 15U, 15V, 15W, 15X, 13Y, 15Z of a plurality 15 of serial-in/parallel-out
registers, the output signals from which are supplied to a pair 16 of filter beds that
30 map two interleaved-in-time PN311 sequences. Each filter bed of the pair 161s a

weighted summation network, as can be constructed from simple adders, and supplies



and second match filters is a substantial portion nore than halt of its

maxi mum possi bl e peak response; 10 a tirst latch register for tengbBaFiyy2003
storing the response of said ~~rst match filter, as ternporaily aligned
with the response of said second nmatch fiber, in response to detecting
either of t_he tenporally aligned responses of snd first and second match
filters current!v being a substantial portion mare than half of its nmaxi mum
possi bl e peak response, 1 J a Secorid-L&tCh register for tenporarily

storing the sespettse wiigiged shrsmattesminediof sunfplig clask terpmioaldyuialiggned

with the response of sald flrstwggh§h filter, in response tao detecting

ei ther of tAEMHBRT a1ass ORiF 5 bomiag gkt §“§1Pélmﬁ|bb’é‘ﬁ‘3 AR§sSec8Bd mat ch
filters curGenchysPeanG stibs! ARIARIBNPIN 61 sIDRR SO Y, byofw gxraxi mum
possi bl e peak response; tractor erent ‘I'y ' cohbl ni ng t he
responses ofRYs&¥d Sfxppemnmtrhdt ©eeony mat ginchiohizens obtaing, artpstrf;‘ardrlbyd sfored in
said first %d second | atch reg\iﬁs#e{ls to generate di fference signal as an
out put sP gn&t® RYGH SRFRIESIBARNECET-Phash gr leaging matqhaiites Zesponsg jandsetond

acer ~mul at ot tf pda Sahélosl 16 BERARE SeARRl.prk &hrmp%a&ﬁ i3 éwcé At or

out put signal scal ed for app! ~eat ~an to said adder ‘as sai d phase offset
signal . 8. Thiésgngoltpriod &tavn simen Thegpradich dabeq ma:ron@ia pcullsmtmlﬁwhwmc ein said

synbol sync zer Conpns-s. Cl.t’ itry for .tenporall a |nbt

baponses of Mah seiueFeR SR T g Wbl RS S Smelt SLorit el e
threshol d defe6TOlfraSWREH b)\i-ﬁ?éd( sYRIRMNSYE i § QrlebE HeerEROL18) hoth al | gned
responses of said first and second match filters, with output si-~nafs

| ogi cal k¢ cmbprn:edpﬂl@'r eq:l@ilgbtahrrgsmhsm withe N3 bt Sqmenqe@tcntpmna ist thy fizld gned

responses id fixst and se i.lters i.s a substan portion
ror o than haYTBron R R R OB R peictvd SR g aTEPBber oo

regi ster fop.t&IPRhaRbymiSdiQhidgs AABnERIRANESTRT syaRbdl syhdhedniFmibahéi I ter, as
tenporally allgned wi t'h the response of said second match fi Il'ter, in

response t oademnesd- phrrgeér tending oratahtfdter mp@nsalsw palsehﬁer@npmdms@sasm sai d
first and second mat nt,| I rgion azure
than half oopors SmsE s SR AN SRR i G aReR R BT o il

regi stensf OkeshONRPURES J:Mysd ﬂ:ﬂﬂ@dtH&EghEsQﬁ.@mgsﬁoQéns&altd/effﬁﬁ‘QlSidlb afodéi | ter,
as tenporally aligned with the response of said first nmstch filter, in

response t oV\ﬂm@dmbﬁbe@ﬁQ artapled dve sastepoyaIIOY Smch@ﬁé’é“?@éwsaé%cdof sai d
first and seg (53 ﬁg&% ol t‘?l'ic%tgfsg%sggth uREd &qla?ro%‘ ﬁth?%f) adur or €

t han hal f oP i pPOSSi esponse; rac

differenti alsJ/MocgC&mtﬂmgattolﬂebtrt@mmd@ha@wrdeafdurgaﬁatamﬁltszaeqmdsmt ch
filters as tenporarily stored in said first and %%cond | atch registers to
generate a ENIS‘F%?I&Y\&“'QH“'QH@FBQBS duging GV eAnsesWE el s uRPRLREFOdubt r act or . and

20 FIGURE 3 shows a specific, currently preferred embodiment of the sampling
clock generation circuitry 9 shown generally in FIGURES 1 and 2. The imaginary
component Im of synchrodyne response supplied at baseband from the synchrodyne
circuitry 7 is supplied both as multiplicand input and as multiplier input to a two- or

four-quadrant analog multiplier 17 for squaring, An analog bandpass filter 18 extracts

[
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10.76 MHz energy at symbol frequency from the resulting product that the multiplier
17 supplies. This energy is injected into an injection-lock oscillator 19 which
responds to s.pply sustained 10.76 MHz oscillations of substantially constant
amplitude to & synchronous detector 20 as a reference carrier for heterodyning with
the response of a digital-to-analog converter 21. The response of the synchronous

30 detector 20 is lowpass filtered by a filter 22 to generate an automatic frequency and

phase control (AFPC) signal for a master clock oscillator 23 oscillating ata high



an acetunul ator for said difference signal, which supplies an accumnul at or
out put signal scaled for application to said adder as said phase cyfgsye;m 2003
si gnal . 2 $t~1,~Y 20D3 -25 'rha digital television signal receiver of
claim~, further conpnsing~ cncuitry for determ ning fromsaid bas~: ba~td
synbol ceded signal the synbol frequency thereof; a masaer o~clllatpr for
supplying oseillatic~n5 of << fre:c~ucncy and phase ccnmtrolled by an
automati c frequency and phase control "§9‘~nal; z saunter far counting

zer o- cr ossi nhsmed:c bAed 36 0ilt akifenserof of aihithnaat etegdeehteab Diwd tangener ate a
mul tiple-bit count. read-only nmenory I d by _bite of said nmultiple-bn
count for gedetdyliHig T eﬁ@‘é‘?ﬂ%ﬁt“@?&‘ﬁ&??&zzgﬁﬁz 4t g7@p‘(§l%‘ﬁﬁi‘dﬁ“ﬁ‘t”€‘ﬁu%‘h&£
nomnally t S ﬁ;g;(b ) : i g tal s t.0m g
converter f%%t%%ﬁské??)i\%ghﬁe régclli{-%ﬁtévgl{ogﬁgﬁ%é%%ag%f %%%&a&%n E@rlnat?rmry to
an anal og s\tahchabengeatheapeti VHSneltviegudnsgcasobamdalndypetonethe &HA e as sai d
synbol frequency; a s nchhono det ect?r ,forH%en at i nfg ﬁ | d.autompti c
frequency arf@lcpRLEraageasshandy) The Raster cioek-os e <A ISR IELPY 35B¥8535i gnal
and to tT~e SyNRek gl @MMaNGInghidsrbdphagaRane: s yiiehsodadssitaaaincasy
determ ned by xaid circuitry for determning from said baseband synbol
coded si gzt adhatabwr. izl crossgAstrOyOr 24 aleBots; avala gaadia eIopBRECbiS ni ng sai d

count Wth a,phase offset signal supplied fromsajid s chroni zer,
Chereby to guhEracesis signgls Paun RlfRRH <Eiha st s HRheb R By s REOEME
prescribed valmes29f TS0l AQtUSIreRcaaOWR o 18¢ cARN R AT thé Gerbicrdskink Gogtanal s
Cor operating sald pluralit i n nunber of anajoo-to-digital converters

of succd$si \A foimsr hinap teaint wrmedpdetwelve ugedtor symbol gomntings ThE iThe
digital televtoiort Shand) mbSh iletRb Rt SoRiaThtbid PR dolnrRnfhec] rovery for
binary coded count to modulo three and making the thirdmost and fourthmost
significant bits of the count binary count to modulo four. The fourthmost significant
bit of the count from the zero-crossing counter 23 toggles at a frequency that is
15  nominally symbol frequency and is applied to the digital-to-analog converter 21 as a
sign bit, together with a wired ONE as the less significant bt of a two-bit input signal
to the DAC 21. This closes the AFPC feedback loop for the master clock oseillator
23, which regulates its frequency of oscillation to be a phase-locked harmonie of the

10.76 symbol frequency as recovered by elements 17 - 19.

20 The count from the zero-crossing counter 25 is applied as an addend 10 2
digital adder 26, receiving 2 phase offset signal used for symbol synchronization as
another addend and preserving modulo twelve wraparound in the four most significant
bits of its sum output signal. The adder supplies its sum output signal to decoders for
generating various clocking and timing signals used with digital operation, such as
those used by the ADCs 84, 8B, 8C, 8D, 8E, §F, 8G, 8H, 8J, 8K, 8L, 8M, 8N, 8P,
80Q, 8R, 88, 8T, 8U, 8V. 8W, 8X, 8Y, 8Z for clocking their respective opertations. By
way of example, FIGURE 3 shows a bank 27 of decoders each responding to the
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count from the zero-crossing counter 25 to generate a respective gating signal for
determining the time that a respective one of the ADCs 8A, 8B, 8C, 8D, 8E, 8F, 8G,
50 8H,8J, BK, 8L, 8M, 8N, 8P, 8Q, 8R, 8S, 8T, 8U, 8V, 8W, 8X, 8Y, 8Z performs its

input signal sampling.



deterrnin:ng fi~am said baseband synbol coded srgnal the s5~:tubol

Frequency ther~:of conprises: circuitry for squaring a conponent oéssqi!\ql 2003
baseband synbol coded signal; narrow bandpass tilter for extracting synbol
Frequency conponents frpnZ the resulting squared baseband synbol coded
signal; and an in~~etion~l ocked oscillator into which said synbol frequency
conponents extracted by said narrowband pass filter are tnJected, tar
supplying oscillations of substarr.tialléty consta.~t anplitude at said
synmbol frequency 1iherprafn teadip i apicdab thel Hgisd A6M QA SISk @EL Snbol - 1. The
digital television signal recetver of claim10, ~vhere~n said ,yrz~bol~
SYNCF ~T ONi Z &K NEEERMPR 082S GergER-n thetfpljo 5 masipoiram Ky Erdiganag Vs drsissons es

of said first and. s~c I fil s, first and second threshold
detectors ré‘g‘f)g%'t”ingé[tgﬂrgeeﬁt %E)\A'/B!"fé)%{tﬁremfpeo S%Srséjpglf/mgflrc?raghee ar"egap%tnse> of
said first ane&eeoRHSMRTedr béds LEFRGUREDD THAIPAInSPYES 1T @b&hlfOQt Capdinse

conbi ned far detecting when either of the tenporally aligned responses of
said fir8t anspsbebier dritcarqu28de be delayedsansgshadintyimdlo! pegrvaldm akigr that han hal f

of its rtu3~cirrtyrn si bl,e ak 1 se;, 10 a f rst latch register for
tenporarily r%‘“@ﬁ'ﬁsﬁge?"ﬁgr%ﬁéév 6%?1%‘%38#('“32?2?? PG e LsPpTse g?’ te dﬁ'é“tcgfﬁ%r ally
al i gned wi t hstphgebsnabsdenflof@t deagcondayal @ardpld bedlig a EckRSBRASE 1O
detecting either of the tenporally aligned resgonses of said first and

second mat chegistn g restingndqlgyed deadmed U Snaiak filier [SERNFDH SHBRUENAAN hal f
of its maxi pymRessdLli& RAQKich & fe.?ﬁ;?,'ic out :%r(ttme?xﬁg@o g»@ggqgaqnd | at ch
regi ster for tenporarily storindg'the Tesponse ct' said second match filter,
as tenpooal Inyaral filgrrecspahtapuldes ab@e, aaeseibed theeshdldithatss mord dvag halfttet r:r, in
respon ,e to detecvng e~_ther of the te-rrporall}( al i gg}%ﬁl‘#éesponses of sa;d f

rst and secEHEREPOGIEN PEERASTEERAPE AL DEISORRY QT GGk fteqdak 4% on nore
than hal f of Heké,sggg,hmﬁ@gsmbkms@ga@ﬁg@mg?mag%méﬁgageﬁﬁheg%ﬁg%

differenti alofy co nFNG the respons sal econd

filters as teapiéshbi derstar3dviioh fapptled logRtousma (BNE ofen bt &lly regatieirs to
venerate a difference signal as an output signal fromsaid subtractor; and
an accumnul atmsichffgfersespaneg Folses abrve aqrresabgd rgsbaldsiaps moethamhalf Bt nul at or

cuLput TSl ARTREL G0 s e AL 2l o 2
sai d synbol ogyneises being &E R nPleesthesholdidereciots 39 frar3tteapefabbly sahilgin ng t he
responses Ofconssztiriugrigni gnsdt prgsr}%bgf &})eggolg?t.&hOR gate 31 detects when one or both of the
responses of the threshold detectors 29 and 30 pulses 1o ONE, generating a logic ONE
respoase at such time and otherwise generating a logic ZERO response. Logic ONE
20  response from the OR gate 31 commands a latch register 32 to update its temporarily
stored contents with the current value ot delayed leading PN311 march filter response
supphed from the delay circuit 28. Logic ONE response from the OR gate 31 also
commands a latch register 33 to update its temporarily stored contents with the current
value of trailing PN511 match filter response. A subtractor 34 differentially combines
25 the trailing PNS1! match filter response temporarily stored in the laich register 33
with the leading PNS11 match filter response temporarily stored in the latch register
32, supplying the rasulting difference as input signal t¢ an accumulator 335 for
accumulation, which accumutation is clocked responsive to the OR gate 31 response
returning to logic ZERO condition. The integral of error signal which is accumulated
30 inthe accumulator 35 is scaled down in its connection 36 to the digital adder 26 for

applying the phase offset signal for implementing symbol synchronization. This

scaling down is preferably accornplished by wired division or right shift.



filters; first and second threshold detectors respectively responsi?eat Y 2003
the tenporally alibned responses of said first and second match filfers

with output sisals logically cunbrned far detecting when either of the
tenporally aligned responses of said first and second match filters is a
subst _axtkial portion nore than half of its maxi num possi bl e peak response:
1C a first latch register for tenporarily storing the response of said

first match filter, as tenporally aligii€d with the response of said second
match f lter, in Tespyoisesimhodeizeg progedoardshiescried abeve @apeliekd yo &t | gned

responses of said first and seco match fjlters cutzently being a

subst anti al WOFti O AWHETEHS Sﬁﬁ&ﬂ qucqysa%gﬁq?fﬁﬁ pos ?J%/‘émbgﬁgwf"é’éponse;
Z ~ 1-nY 20 2 Her d <@t EARTToEs @l A KashAbkng the
response of Q%g‘imdj’ ?gg&%&a‘?ﬁﬁ?fcﬁh sflﬁlttgrgs ,Mgesﬁ?g{r%p%rgéﬁcﬁmélﬁl%ﬁebdt%mﬁ%ﬁ bltehe

response ot 'slahtetiior sdtarded oiicht [scevantageonesponsiing occdsbedtsymyoklotd.t er of

the tenparal |y aligned resppnses of said first and second match filters
current|y betshgmss g’ﬂb%ql%ﬁyraggldglﬁ‘i’%Wl%r@ot‘ﬁ%ﬁelﬁéff\‘usb‘?xl’ﬁ‘%“cﬁﬁ‘xi mm

possi bl e Begk, 5ol pBint Whkh 36L& nol RiwelnfbarRAL) AbbYptaeibiRi ng t he
responses o%h?s“gﬁgﬂgﬁfstmang Isecond it c’ﬁ fi\rté‘rrs as tgrrpor%ri Irﬁgastored in
said first andaedendbhigthehngagiudtiey = los dengmabk a di kf erence signal as an
out put signal fromsaid subtractor; and an accunul ator for said difference

signal, which supplies_ an accupul out pug.. Si C d.for | ication

to said adder asqgéatﬁmﬁwéeseem%‘?ﬁéﬁggfg'ﬁé?&“&%{" a‘gr:ng'géc(f’?eﬁ%?ea“tbéll‘%#&g&ﬁcsi gnal
receiver of mN@ qgrals, MiBE@hdh BNST Hfnasaiféh sphnbbBdyintrofizkiod NSesuHdANL FOf

anal og-.o-digital converters of successive binary a;~proxinmation type hay a

respect iNde ghe PHE3 bignals a0 pansedifeq sypibol exnsieonizatien intiodyces gdpitionali gnal . 14.
The digital television signal receiver of. claim2l13 er ej i d

equal i zat i orf°™F 1F"L“éc}n_' c@é?gl.zgté‘?f ﬁsﬁ?@?TVB%{\}g% Pt et‘ﬁ%’e‘-"l‘h? yﬁﬁ%é@i”ﬁ{d' t he
out put si gnalss 11Qke fakshsaR@inembOctteaily pref&r BB itetsf (5 ineaRIntBatkispar y
approxi mati on type as converted to parallel-bit form a single-phase filter

connect ed f ANSUEMnalsfgr symiad gorbeorizatiohe digital output signals of said
first through IviNc' analog-to-digital converters as converted to parallel

bit formand then,}i R ved Lo ] - id..single-phase
filter being an ar%&g' () Vgséﬁ%%ﬁdp ?’ gi’ Q%’&E%%ﬁ%%&]’%@}glﬁg&g%ﬁ %glbgé‘g%dr:%ftgasé)gnal S
of said ki r i kRO RIFURE 3= [AFAGURE Dihdif@irttadose sighigichmriat of thcdunt fromrY zao~

-2910 a de-interleaver for supplying respective wput signals ro ones of
sai d pl ural Je counter 25 is converted to a square-wave analog signal 1n the single-bit
digital-to-analog converter 38 for application to the synchronous detector 20 as a
description of the local oscillator signal to be AFPC'd. [n FIGURE 4 the fourthmost
significant bit of the count from the counter 25 and less significant bits of that count
20  are used to address a read-only memory 37 that supplhes a plural-bit digital-to-analog
converter 38 description of local oscillator signal to be AFPC'd in terms of digital
samples thereof each having a plurality P in number of paraliel bits. The local
oscillator signal to be AFPC'd which is described by those digital signals can be such
that the DAC 38 recovers a sinusoidal signal or recovers a tnangular wave, by way of
25  specific examples. Generally, the cut-off frequency of the AFPC filter 22 is so low in

frequency that the local ascillator signal to be AFPC'd may as well be described as a

square wave, which simplifies the hardware,

Modifications of the sampling clock generation shown in FIGURE 3 are
possible in which the real component Re of synchrodyne response supplied at

30 baseband from the synchrodyne circuitry 7 is supplied both as multiplicand input and



N in nunmber of trellis decaders, as selected frcmsnd response o: sau
srngl e-phase filter. |15, The digital television signal receiver qf

:vherein iv( rs two) further conprising' a first match filter fa&%cﬁﬂnﬁm
prescri bed pseudo-noi se sequence, said first match filter respondi.n" tv
the digital output signals of the oddly ordinal Iy nunmbered on~a of the 2N
anal og-to-digital converters as equal Ié d by sand singl e-phase filter; a
second match filter far said rescrl bed pseudo- noi se seqlu rLce, said second
mat ch fi |t el FRLHEIAMAYYS '3 {19 ﬁ.%iﬂmﬁmme BhgRAETS TGPt 9hragenl y
ordinal Iy numhered.oy 8Sark nidk a%'%l@-ﬂﬁ%Qgre%vg'dgrb&%lnd?&o\ﬂ%ﬁ&é{c as equal i zed
by sai d singl e-phase equalization Q a synb syhchroni zer
that res pondempme(;huf flem@dacesdifnatdrs onﬂs:mnwdasn olfocb gcr&rﬂlm%oaﬁd\ second

match filters a haseo the ~| ~ anal og-to

di gi t al con\?é(F’{JBrEs i‘fJF é?é@gstsrr BRREF § %fblﬁgg 'Vrg y‘t‘\‘:“fyfﬁélm%m I’Th‘é‘ di gi t al
tel evisi on i gRAlyHEFRbLYRE 1OfEl @hasnsuhamW@rrﬁﬂareéa&oqnwn%m ﬂase the
pseudo- noi se” sequence is a PN511 sequence, "as used in the

synchr oni zatdymmicodss requredad thestultiphét al t el evi si on si gnal s. 17. The
digital television signal recei ver of claim 15, further conprising:

circuitry for de I N al basebat zd sigpral.th

synbol f?/equency%fﬁg}ﬁ‘g%g cﬁ%’]ﬁ%’é R et a%quﬁénogBE&eyoﬁbonaggpp,gétpfons of
a neyuency alélifbReRe voniiotin 8 FIOURES 10aHd0ITINi¢h lepRALARE Y4 PRskephase contr ol
si gnal ; ~ ~~ Par'1Y 2~~3 -30a counter for c~untinb zero-crossings of
fife os~il| aguadimanayffileegil withgotheraqualizatips giremitry oReapaetivetserial-bitil api e- blt
count; di t [ C ca
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serial-in/paraliel-out registers operated as serial-bit 1o paraliel-bit converters, the

15  parallel-bit output signals from which are successively polled by a multiplexer 40
functioning as a time interleaver 40 to apply a continuous flow of parailel-bit data to a
single-phase equalization filter 41 as input signal. Output samples from the phase
equalization filter 41 are delayed a half symbol period in a delay circuit 42, and the
resulting differentially delayed are summed in a digital adder 43 to supply input

20  samples to 2 2.1 decimator 44. The decimator 44 selects alternate input samples to
time de-interleaver circuitry 45, which supplies 12-phase equalization filter response
to the trellis decoders 12A, 12C, 12E, 12G, 12J, 12L, 12N, 12Q, 12§, 12U, 12W,
12Y. Output samples from the equalization filter 41 are supplied to the cascade
connection of PN511 match filters 46 and 47, which supply leading (advanced-phase)

25  and trailing (retarded-phase) match filter responses to the sampling clock generation

circuitry 9, specific forms of which sampling clock generation circuitry are depicted in

FIGURES 3 and 4.

Using the single-phase equalization filter 41, rather than a plural-phase
equalization filter, means that there is no longer the possibility of compensating for
30  individual variations among the plurality of ADCs as part of the equalization process.

Since ADC characteristics can be reasonably well-matched, loss of this possibility



an adder for conbining said count with a phase offset |liana' supplied from
1 ~ said synbol synchroni zer, thereby to generate an adjusted taunt28ah’ht\Y 2003
decoders resportsil~e to prescrlbed val ues of said adjusted count :or
~er~erating tirriin~ stVnals for operating said plurality MNin nunber of
anal og-tc-digital converters of r;uccessive binary approximtion type. 1 S.
The digital television signal receiver oi,'' claim17, wherein said
circuitry for determning fromsaid bageband synbol coded si gnal the synbol
freauency tJ IS f nt.of said
baseband s tlsr‘fgpco eg;p[sollt gé? G&J%g]'reisg leb@#?é%g‘!%{ga ?)tngt}l&?or ‘er eF é]cu[’l ng
synbol fr eqﬂmbyhasemmemax ﬁh@mmﬂpenéﬂ&u leq(mgamwalrdﬂ beagebralsymbol coded
signal; and aft b z_(i n-| ocked osc%l | ator into which said synbol
frequency COHPBHBHES ST SLPRIEESBIE B RAMNTobEEN paRIsMFItFEase, a8 4nj ect ed,
for suppl yigg o0aiditead a&efsmbysm@%v%mokﬁl bys C&”&Q@é}thcﬁﬂ&l idupgoat said
synbol frequency f~~r application to sold synchrionous det ector ?. ~ ~
r f 2003 - IBIBGETAE fd;/li &l Nbeérebeﬂl@%prmsthBwIatmEml\mtnmsennmm1 S, wh~r m

sai d synbol r.c..h~anj zer ¢ s . circmr ot . tenpor al | ni ng the
respon)s/es &r‘ffﬁéﬁlﬁa lfﬁ?iﬁ QRHP@%OEQFhMI B ¥ "F%"F@b ‘[‘r‘f%ﬁ‘"gfle%/tﬁgcgg ~ogd
t hreshol d m@% I t @t %,ﬁl p gned
responses g@smﬂ |rst an Hé%go% f@ﬁ?@?gﬂeﬂéﬁm%ﬁ tplﬂ’ analS

| ogi cal | y GAfARRESSING NESE IO CHANNEICINTERFERENEEL enporal | y ai i gned
responses of said first and second cn<<teh filters is a substantial portion
nore than half ot  its m-uc~mum possi hl a peak response; 10 a first latch
register for tenporarily storing the response of said first match Flter, as
tenporally a(ynEd with the response of said second ~~ratch filter) cn
response to detecting either of the tenporally aligned responses of said
xirst and second match filters currently being a substzraial portion rnorz
than half of its mm;cinmmposrsible peak response; i 5 a s~:cond | atch
register for tenmporarily storing the response of said second march titter,
as tr:nporallr aligned wtth the response of said first match fetter, in
response to detecting either of the tenporally aligned responses of said
first and second mat;;h filters c~srrently being a substantial portion
nore than halt of its ma~irnt:.”.i posxibi~ peak response; 20 a suf5tractor
for differentially conbining the responses of said t:rst and second match
filters as tenporarily stored :rt said First and second |atch registers to
5en~rate a difference signal as an output signal fromsaid subtractvr; and



an accumul ator for said difference signal, which supplies an accunul at or
out put signal scaled for application co said adder as said phase QIS SfAY 2003
si gnal . 2 8 E~(A~ ? ~03 -32 ?0. The digital tel EVis~pn signal receilver
ot elaim 17, wherein said svimbc~ synchroni zer conprises: circuitry for
tenporally aligning the responsS of said first and second match tilter~;
first arid second threshold detectors respectively responsive to the
tenporally aligned responses of said Eggt and second match filters, with
out put signals logical |y conbined for detecting when either of the
tenporal | y aWgaCOIS é5AdvEEsISof said first and second match filters is a
Substantial portion nore than hnlf of its maxi num possi bl e peak response;
10 a first latch register for tenporarily storing the response of said
first mtch f Iter, as tenporally aligned with the response of said second
match filter, in response to d& CGetinb either ofthe tenporally aligned
responses ofy saidy E?g’itﬁlrcE%Uﬁio%%@%hﬁﬂre&éib&tc%&pfrikin%er s currently being a
substannat portion nore than half of its nzaxi num possi bl e peak response;

~ a second latch register for tenporarily storing the response of said
second match fi | gl dor ERyeTiag pyecsived digiiahtelgviston signal Ksbasphaed symsel d fr st
mat ch filtekbd&p§é¥§ponse to detecting either of the tenporally aligned
responses of sald f1rst and second match filters currently being a
substantial portion nore than half of its ma.~ci mum possi bl e peak response,
20 a subtractor faqiumdiifyfenermtmtdr oy reltisteqnidary supplyingsppegbs tetlissai d fust and
second match filters as tenporarily stored in said first and second | atch
regi sters t &e WS, difference signal as an output signal from said
subtractor; and an accunul ator for said difference signal, which supplies
an accunul at or oytrBuitry ShOsdm SRl sed rf:gkct@%n{'él@ﬁdéc@mné GesGRE Gudgdatans said
phase of fset signal. 2 $11,Y ~D-J3 -33 21 The dn~ital television signal
recei ver of emomcomreetion cpdgit her conprising: circuitry for determrung i'rom
sai d baseband synbol coded sior:al the synbol frequency thereof; a m-~strr
oscillator Tor supBlylfdnGSddfld Q8dredbohdi FENARYELANI| BRARECRALAO! | d
by an automatic frequency and phase control signal; a counter tor counting
zer o- cr 0ssi ngde fuf stfeyios aidnlaatrean ponions af whivh atestesoguive batedrvidian generate a
mul tiple-bit count; r~:ad-only menory addressed by bits of said
nultipIéObiﬂméﬁﬁht ror generating a read-out signal having a repetition
frequency nomnally the sane as said synbol | O frequency; a

di gi tal -t 0- anal og FRONGNIRin HOMLESTUREILE RE dlehE! dRRERYIBE SiicBddive bR sai d
read only nenory to an anal og signal having a repetition frequency

nom nal | y t hepsaimatas rppd drgyind baschasipymbelcoded signal on an MN-phase basis to

provide a respective digital output signal, each of which sampling phases 1s of one-
M™ symbol time duration, M being a positive integer at least one and MN being the
15 product of M times N, said MN analog-to-digital converters identifiable by

consecutive ordinal numbers first through MN™ assigned in order of their successive

input sampling; and

an equalization filter responsive to the digital output signals of said first
through N{N"’ analog-to-digital converters received as respective input signals thereto,
20 for supplying N output signals to said N trellis decoders as their respective input
signals, said equalization filter being an adaptive filter for equalizing said digital
output signals of said MN analog-to-digital converters to condition said N trellis

decoders for generating de-interleaved symbol decoding results.



a synchronous detector far generating said automatic frequency and phase 15
control signal responsive to said analog signal and to the synboIQBrﬂgyeﬂmg
of said baseband syr.~bol coded signal as determ ned by said circuitry for
determ ning from said baseband synbol coded signal the synbol frequency

t hereof; an adder for conbining said count with a phase offset signa
supplied froth said synbol synchroni zer, thereby to generate an adjusted
count; and 2Q decoders responsive to peescribed val ues of said adjusted
count for generatin" timng signals for operating said plurality M\ in
nunber of aral og-Tha<cdgl teadvisonuenal ersivsf obdawesst vacibispalrogualpatioxi mat i on
type. ?.mﬁ.pﬂ~.Y ? 013 -34 22. The d~gttul television signal receiver of
claim21, WHEFEFHRATY circuitry for determining from smd baseband synmbol
cod~:d sibnal the syrnbol trPquency thereof conprises: circuitry for
squaring a conpoRemMNgfhasafierthagehsndiosyerboiacodesd ssingRAf said MArheh
bandpass filter for extracting symbol frequency conponents fromthe

resul ting sd@r ag!paseniEial AR esgwad aF GaRIChvaHPUAH SPHF HetTDddocked

osci | | at gr iw&gphf\ég ﬁﬁe&amc_%ean?eplfugg,rﬁ@%g%g%ﬁomaa'awa%d ﬁ%@@a&qd y gaid

nar r owband pas ter are injec pplying oscillations o

subst anti al ltye) CRRSIENE inpupiighdlyeaidtMN Gihdsesylrdvdkinfraaqueos fiiek fappl i cation
to said 1 ij synchronous detector. 23. The digital television sisal

recei ver of capaizingzajd HadHIuP S sigarls phied M5 gRriea-tnfigip! Cokprars s
circuitry f ggnétﬁwgnglﬂ I¥elﬁ£ H%g&g fél&?ﬁ%@ﬁﬁp@éﬁeﬂ&vé@%ﬁdl E?éod%fbd second

match filters, and second thr Yetectors respectively responsive
to the tenmpessalsy aligned responses of said first and second match filters,
Wi th output signals topically conmbined for detecting when either of Lhe
tenporal ly aligned responses of said first and second match filters i$ a
substantial portion nore than half of its maxi mnum possi bl e peak response;
10 a first latch register for tenporarily staring the response of said

first match jal t erphe d$gita EROAAL] gl raRRAr ¥ dlfint DevieapMI e figdicd second
match filter, in response to detecting either of the tenporally aligned

responses ofcomatisingi rst and second match 1'~lters curzently being a
substantial portion nore than half of its maxi num possible peak response;

a first iN-phase march fi.ter for a prescribed pseudo-noise sequence, said first
match filter responding to the digital output signals of the oddly ordinally numbered

5 ones of the 2N analop-to-digital converters as equalized by said MN-phase filter;

a second N-phase match filter for said prescribed pseudo-noise sequence, said
second match filter responding to the digital output signals of the evenly ordinally
numbered ones of the 2N analog-to-digital converters as equalized by said MN-phase

equalization filter; and

10 a symbol synchronizer that responds to differences in the responses of said
first and second match filters for adjusting the phase of sampling by the 2N analog-to-

digital converters of successive binary approximation type.

4. The digital television signal recerver of clam 3, wherein said prescribed
pseudo-noise sequence is a PNSI1 sequence, as used in the field synchronization

codes of broadcast digital television signals.



Z 8 'SAY ~DD3 -35 15 a second latch re~;nter for tenporarily st,~?]i8n t"h?UUS
response ot~::ard second match filter) as tenp orally aligned wt tﬁ’é"
response of snd fast ~mat~; "1 ~ilter, mresponse to d~:t~ct:ng either of
:lie tf~nporally aliened responses a.  snd first and second thatch rlters
currently being a substantial portion rrlore tl-,av Half of its maxi num
possi bl e peak response; ?Q a subtract oL, for differentially conbining the
responses or said first u~d second matc% f Iters as tenporarily stored in
said first and second latch registers to generate a difference signal as an
out put si anal &oflhk dspiatitetritionnsEoy recanviedobdlaiges-furtharlcatprisier sai d

di fference signal, which supplies au accunul ator output signal wcal ed for
application to said .adder,as said.phase, of fset, signal. 24. The ~dyital
Ceeviatort s gnalrRYanApTADE FPR S S ph PSRl gL apd e v

j~nr, hroni zgf.coRpiheas, circuitry for tenporally aligning the responses of
sari first angl second match fi hers; first and second thresrold detectors
respeetrvely responsive to the :enparally aligned responses of said first
and second mat ch afasterosqiatorfop sppdiing asc datgnarta fregicasy ryd elaspi ned for

dwt ecting ~<hen. rrnther i raxl | i esponses of said first
and seco%d r‘i%%tﬁmgefilbty ea‘rns;"(alhjsn]'l Aélcgﬁeég{ga%ﬁtaﬁglpxap%rc;o ?@ﬁ% nr“lg than half of its

maxi mum possi bl e peak response; t 0 a first latch register for tenpora.~ily
stortrt~ t he respansseofor saindingizewstcromtngh of tHeteseillagenstcd ypidmedstey al | gned
with the respaonse of said secong match filter, in response to detecting

ei ther of tRENEALLEPEYEA PYNRE-PIEEPBHses of said first and second match
filters ct.trrently being a substantial partion nore than hal ~ of its

maxi mum possr bl e ypedla i@ eRINSEnverter £8r dbnverting @8e oBthe bits oBs&@ arhNtehié-atich
register for tenporarily storinb the response of said secai:d match filter,
as tenpor al kyurdlto gegdrawele efefreqguepamomiosiis e damhe s saidrarebel fifequency. i n
re~potise to detzcting ether of the tzrnporally aligned responses of said
first and sect~nd nmach tillers cyrrent bei ' rfjon nore
t hen halr']éj of its tHaermur rdlgtﬁglgglgﬁﬁg&ﬁgeﬁgssgu;%ffgﬁég?ﬁ@@éé sudﬁ)?lg%:et or tt-~r

di f f er enti albhyrdl QreabMNeBbNERE t6 LIPSfsASwae Sditdl e syaibonfegheaceondidrat ch
filters as tenpc.~rarily stored in said first, and second | atch registers to

gdnerate a Ghsepandcyysrbod poded|signd! arfemmingd by sgitgirepitonkos 45 e aipeifE® or , and

an accunul ator, for  sai i - L Qo ~abkn e i ppplies ;ul

uccu. ~nul at (.s)?‘dgﬂfept))l‘}%ﬁ'\é’g’étg&él“g%@g%’gl ?@‘tr”’&g% III% ;él ntg?rgg's’ai d adder as said
phase of fset signal.

Ayl AR AAD AL Aakadder féx dohbfinASaid\goulh With/s phase éffset Aigahl supplied from

r.Af A -. Au@. A Ahl . A. Af A. ASR._AU. A A . Ah. Al. . A A2
- RS sa@& syzinb@%)l synchroézcr, thereby to generate an ':EIbusted count; and

decoders responsive to prescribed values of said adjusted count for generating
timing signals for operating said plurality MN in number of analog-to-digital

converters of successive binary approximation type.

6. The digital television signal receiver of claim 5, wherein said circuitry for

determining from said baseband symbol coded signal the symbol frequency thereof

COMprises:
circuitry for squaring a component of said baseband symbol coded signal,

a narrow bandpass filter for extracting symbol frequency components from the

L

resulting squared baseband symbol coded signal; and
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match filter, as temporally aligned with the response of said first match filter, in

tesponse to detecting either of the temporally aligned responses of said first and

second match filters currently being a substantial portion more than half of its

maximum possible peak response;

20 a subtractor for differentially combining the responses of said first and second
match filters as temporarily stored in said first and second latch registers to generate a

difference signal as an output signal from said subtractor; and
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0 8. The digital television signal receiver of claim 5, wherein sa:d symbol

synchronizer compnses:

circuitry for temporally aligning the responses of said first and second match

tilters;

5 first and second threshold detectors respectively responsive to the temporally
aligned responses of said first and second match filters, with output signals logically
combined for detecting when either of the temporally aligned responses of said first
and second mateh filters is a substantial portion more than half of 1ts maximum

possible peak response;

10 a first latch register for temporanly storing the response of said first match
filter, as temporally aligned with the response of said second maich filter, in response
to detecting either of the temporally aligned responses of said first and second match

filters currently being a substantial portion morve than half of its maximum possible

peak résponse;

15 a second latch register for temporarily stonng the response of said second
match filter, as temporally aligned with the response of said first match filter, in
response to detecting either of the temporally aligned responses of said first and

second match filtars currently being a substantial portion more than half of its

maximurm possible peak response;

20 a subtractor for differentially combining the responses of said first and second
match filters as temporarily stored in said first and second latch registers to generate a

difference signal as an output signal from said subtractor; and

an accumulator for said difference signal, which supplies an accumulator

cutput signal scaled for application to said adder as said phase offset signal.



10' 0 10' 08! 10% 0& ()-!X8! 10%& () - @6l 10% 0& ()- 14\56_666aB~_@!, 78 MAY 2003
t 10% o0& () - ’
10% 0& ()-, @0% o0& ()-,410% }& ()-! @ 10%ogo& ()- @0% o0& ()-67n77i 88mla?~_ @
Ol''k, "110%0& ()- ,
+10% 0& ()-!f'!110%008& ()-, @10% 0& ()-, $MLO% 0&' ()-"10% o0& ()- nD9&;
;o B<rsS40@0% & ()-, &F10% & ()- 10 10
101\ 14" 109%& () - 9! S14" 10%0z08& ()-9, " ! 1% 0& () -
f<<>===' >x>aBr S40@G10% & ()- &10% & ()-10% & ()-!°f
109%66& () -, 30% &Thy d@‘QUW&’S(O)M)@ab@QS@@Bm%O@T@O%T&Pr@mg
110% " & ()-L10% & ()-10% & () -
0% & ()-L10% & 2 A0% %.& () - )
To% & (), 3(10% &c%%uﬁ@%@ﬁ@%%%ﬁ%é%&%a it ety ()
710% & () - 96 CC%Q%&HC)M 410% & (
2@.0% & () - CCEFFKHHaBYNCO @ ! 10% 0&' ()-S10% 0& ()-3 10% 0& ()-S -
10% & ()-& S - 10% o' 0& ()- &8l 10% o0& () -
HHHI | DJK4L"’>YN(I)@W§‘£O%°H ) EopUBBIVEEOBH IRt Py NI Iiiuems 3pdiabate - MaBH| 10% 0&

10) 10 1011 100507 {7 P Tube Sert AMBULRRRS Poba ™ 100 Jw () taet

"109%&' ()-Z"10% & ()-!;Z"10%u& ()- Z"10%B& ()- !, Z"10%u& ()-
NTUh VWA oPlO:lO%rl&fr@W- QBAOBS &r¢-Frossings of the oscillations of said master

oscillator to generate a multiple-bit count;

read-ounly memory addressed by bits of said multiple-bit count for generating a
read-out signal having a repetition frequency norninally the same as said symbol

10 frequency;

a digitai-to-analog converter for converting the read-out signal from said read-

only memory to an analog signal having a repetition frequency nominally the same as

said symbol frequency;

a synchronous detector for generating said automatic frequency and phase
IS control signal responsive to said analog signal and to the symbol frequency of said
haseband symbol coded signal as determined by said circuitry for determining from

said baseband symbol coded signal the symbol frequency thereof;

an adder for combining said count with a phase offset signal supplied from

said symbol synchronizer, thereby to generate an adjusted count; and

20 decoders respoasive to prescribed values of said adjusted count for generating
timing signals for operating said plurality MN in number of anaiog-to-digital

converters of succassive binary approximation type.
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resulting squared baseband symbol coded signal; and

an injection-locked oscillator into which said symbol frequency components
extractzd by said narrowband pass filter are injected, for supplying oscillations of
substantially constant amplitude at said symbol frequency for application to said

10 synchronous detector.

11.  The digital television signal receiver of claim 10, wherein said symbol-

synchronizer comprises:

circwitry for temporally aligming the responses of said first and seacond match

filters,

S tirst and second threshold detectors respectively responsive to the temporally
alignad responses of said first and second match filters. with output signals logically
combined for detecting when either of the temporally aligned responses of said first

and second match filters is a substantial portion more than half of its maximum

possible peak response;

10 a first latch register for temporarily stoning the response of said first match
filter, as temporally aligned with the response of said second match filter, in response
to detecting either of the temporally aligned responses of said first and second march
filters currently being a substantial portion more than half of its maximum possible

peak response;
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response to detecting eithef of the (emporally aligned responses of said first and

second match filters currently being a substantial portion more than half of its

maximum possible peak respanse;

20 a subtractor for differentially combining the responses ot said first and second
match filters as temporanly stored in said first and second latch registers to generate a

difference signal as an output signal from said subtractor; and

an accumulator for said difference signal, which supplies an accurnulator

output signal scaled for application to said adder as said phase offset signal.

2. The digital television signal receiver of claim 9, wherein said symbol

synchronizer comprises:

circuitry for temporally aligning the responses of said first and second match

filters:

first and second threshold detectors respectively responsive to the temporally

wn

aligned responses of said first and second match filiers, with output signals logically
combined for detecting when either of the temporally aligned responses of said first

and second match filters is a substantial portion more than half of its maximum

possible peak response;

10 a first latch register for temporarily storing the response of said first match
filter, as temporally aligned with the response of said second match filter, in response
to detecting either of the temporally aligned responses of said first and second match

filters cuitently being a substantial portion more than half of 1ts maximum possible

peak response;
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20 a subtractor for differentially combining the responses of said first and second

match filters as temporarily stored in said first and second latch registers to generate a

ditference signal as an output signal from said subtractor; and

an accumulator for said difference signal, which supplies an accumulator

output signal scaled for application to said adder as said phase offset signal.

13.  The digital television signal receiver of claim 1, wherein each of said plurality
MN in number of analog-to-digital converters of successive binary approximation

type has a respective serial-bit to parallel-bit converter for its output signal.

14, The digital television signal receiver of claim [3, wherein said equalization

filter comprises:

an interleaver for time-interleaving the output signals of said analog-to-digirtal

converters of successive binary approximation type as converted to parallel-bit form;

5 a single-phase filter connected for supplying a response to the digital output
signals of said first through MN" analog-to-digital converters as converted to parallel-
bit form and then time interleaved by said interleaver, said single-phase filter being an
adaptive filter for equalizing said digital output signals of said first through MN™

analog-to-digital converters,
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L3, The digital television signal recaiver of claim 14, whergin M 1s two, further
comprising

a first match filter for a prescribed pseudo-noise sequence, said first match
filter responding to the digital output signals of the oddly ordinally numbered onas of

5 the 2N analog-to-digital converters as equalized by said single-phase filter,

a second match filter for said prescribed pseudo-~noise sequence, said second
match filter responding to the digital output signals of the evenly ordinally numbered
ones of the 2N analog-to-digital converters as equalized by said single-phase

equalization filter; and

10 a symbo! synchronizer that responds to differences in the responses of said
first and second match filters for adjusting the phase of sampling by the 2N analog-to-

digital converters of successive binary approximation type.

16.  The digital television signal receiver of claim 15, wherein said prescribed
pseudo-noise sequence is a PNS11 sequence, as used in the field synchronization

codes of broadcast digital television signals.

17.  The digital television signal receiver of claim 15, further comprising:

circuitry for determining from said baseband symbol coded signal the symbol

frequency thereof;

a master oscillater for supplying oscillations of @ frequency and phase

5  controlled by an automatic frequency and phase control signal,
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a digitai-to-analog converter for convertung one of the bits of said multiple-bit

count to a square wave of a frequency nommnally the same as said symbol frequency;

10 a synchronous detector for generating said automatic frequency and phase
control signal respousive to said square wave and to the symbol frequency of said
baseband symbol coded sigaal as determined by said circuitry for determiring from

said baseband symbol coded signal the symbol frequency thereof;

an adder for combining said count with a phase cffset signa! supplied from

153  said symbol synchronizer, thereby to generate an adjusted count; and

decoders responsive to prescribed values of said adjusted count for generating
uming signals for operating said plurality MN in number of analog-to-digital

converters of successive binary approximation type.

18.  The digital television signal receiver of claim 17, wherein said circuitry for
determining from said baseband symbol coded signal the symbol frequency thereof

comprises:
circuitry for squaring & component of said baseband symbol coded signal;

a narrow bandpass filter for extracting symbol frequency components from the

LV

resulting squarad baseband symbol coded signal; and

an injection-locked oscillator into which said symbol frequency components
extracted by said narrowband pass filter are injected, for supplying oscillations of
substantially constant amplitude at said symbol frequency for applicatien to said

10 synchronous detector
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circuttry for temporally aligning the responses of said first and second match

filters:

first and second threshold detectors respectively rasponsive (o the temporally

LY

aligned responses of said first and secand match filters, with output signals logically
combined for detecting when either of the temporally aligned responses of said ficst
and second match filters is a substantial portion more than half of its maximum

possible peak response;

10 a first latch register for termporarily storing the response of said first match
filter. as temporally aligned with the response of said second match filter, 1n response
to detecting either of the temporally aligned responses of said first and second match

filters currently being a substantial portion more than half of its maximum possible

peak response;

13 a second latch register for temporarily storing the response of said second
march' filter, as temporally aligned with the response of said frst match filter, in
response to detecting either of the temporally aligned responses of said first and
secoad match filters currently being a substantial portion more than half of its

maximum possible peak response;

20 a subtractor for differentially combining the responses of said first and second
match filters as temporarily stored in said first and second laich registers to generate a

difference signal as an output aignal from said subtractor; and

an accumulator for said difference signal, which supplies an accumulator

output s1gnal scaled for application to said adder as said phase offset signal.
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20.  The digital television signal receiver of claim 17, wherem said symbol

synchronizer comprises:

circuitry for temporally aligning the responses of said first and second match

filters;

s . first and second threshold detectors respectively responsive to the temporally
aligned responses of said first and second match filters, with output signals logically
combined for detecting when either of the temporally aligned responses of said first
and second match filters 1s a substantial portion more than half of its maximum

possible peak response;

10 a first latch regaster for temporarily storing the response of said first match
filter, as temporally aligned with the response of said second match filter, in response
to detecting either of the temporally aligned responses of said first and second match

filters currently being a substantial portion more than half of its maximum possible

peak response;

L5 a second latch tegister for temporarily storing the response of said seconcl
match filter, as temporally aligned with the response of said first match filter, in
response to detecting either of the temporally aligned responses of said first and
second match filters currently being a substantial portion more than half of its

maximum possible peak response,

20 a subtractor for differentially combining the responses of said first and second
match filters as temporarily stored in said first and second latch registers to generate a

difference signal as an output signal from said subtractor; and

an accurnulator for said difference signal, which supplies an accumulator

output signal scaled for application to said adder as said phase offset signal.
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21 The digital television signal receiver of claim 15, further comprising:

circuitry for determuung from said baseband symbol coded signal the symbol

frequency thereof;

a master oscillator for supplying oscillations of a trequency and phase

5  controlled by an automatic frequency and phase control signai;

a counter for counting zero-crossings of the oscillations of said master

oscillator to generate a multiple-bit count;

read-only memory addressed by bits of said multiple-bit count for generating a
read-out signal having a repetition frequency nominally the same as said symbol

10 frequency;

a digital-to-analog converter for converting the read-out signal from said read-
only memory to an analog signal having a repetition frequency nominally the same as

said symboal frequency;

a synchronous detector for generating said automatic frequency and phase
5 control signal responsive to said analog signal and 1o the symbol frequency of said
baseband symbol coded signal as determined by said circuitry for determining from

said baseband symbol coded signal the symbol frequency thereof,

an adder for combining said count with a phase offset signal supplied from

said symbol synchronizer, thereby to generate an adjusted count; and

20 decoders responsive to prescribed values of said adjusted count for generating
timing signals for operating said plurality MN in number of analog-to-digital

converters of successive binary approximation type.
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22. The digrtal television signal receiver of claim 21, wherein said circuitry for

determining from said baseband symbol coded signai the symbol frequency thereof

comprises:
circuitry for squaning a compenent of said baseband symbol coded signal;

S a narrow bandpass filter for extracting symbol frequency components from the

resulting squared baseband symbol coded signal; and

an injection-locked oscillator into which said symbol frequency coraponents
extracted by said narrowband pass filter are injected, for supplying osciilations of
substantially constant amplitude at said symbol frequency for application to said

1 synchronous detector.

23.  The digital television signal receiver of claim 22, wherein said symbol

synchronizer comprises

circuitry for temporally aligning the responses of said first and second match

filters,

first and second threshold detectors respectively résponsive to the temporally

ife

aligned responses of said first and second match filters, with output signals logically
combined for detecting when either of the temporally aligned responses of said first
and second match filters is a substantial portion move than half of its maximum

possible peak response;

10 a first latch register for temporarily storing the response of said first match
filter, as temporally aligned with the response of said second match filter, in response
to detecting either of the temporally aligned responses of said first and second match

filters currently being a substantial portion more than half of its maximum possible

peak response;
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10 15 a secend latch register for temporarily storing the response of said ssecond
maltch filter, as temporally shigned with the response of sad first match filter, in
response to detecting either of the temporally aligned responses of sid first and
second match {ilters currently being a substantial portion more than half of its

maximum possible peak response;

20 a subtractor for differentially combining the responses ot said first and second
match filters as temporarily stored in said first and second latch registers o generate a

difference signal as an output signal from said subtractor; and

an accumulator for said difference signal, which supplies an accumulator

output signal scaled for application to said adder as said phase offset signal.

24.  The digital television signal receiver of claim 21, wherein said symbol

synchronizer comprises:

circuitry for temporally aligning the responses of said first and second match

filters;

5 " first and second threshold detectors respectively responsive (o the iemporally
aligned responses of said first and second match filters, with output signals logieally
combined for detecting when either of the temporaily aligned respenses of said tirst
and second match filters is a substantial portion more than half of its maximum

possible peak response,

t0 a first latch register for temporarily storing the response of said first match
filter, as temporally aligned with the response of said second match filter, in response
to detecting either of the temporally aligned responses of seid first and second match
filters currently being a substantial portion more than half of its maximum posstble

peak response;
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15 a secend latch register for temporarily storing the response of said second
match filter, as temporally aligned with the response of said fitst match filter, in
response to detecting either of the temporally aligned responses of said first and
secend march fulters currently being a substantiai portion more than half of its

maximum possible peak response;

20 a subtractor for differentiaily combining the responses of said first and second
match filters as temporarily stored in said first and second latch registers to generate a

difference signal as an output signal from said subtractor, and

an accumulator for said difference signal, which supplies an accumulator

output signal scaled for application to said adder as saul phase offset signal.



