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HI GH DEFI NI TI ON TELEVI SI ON SI GNAL RECEI VER | NCLUDI NG AN ADAPTI VE EQUALI ZER
S 10 15 20 25 30 35 This invention concerns apparatus in a television
signal receiving systemfor automatically controlling the magnitude of a
received tel evision signal representative of digital image information.
Standard tel evision signal receiving systens typically include automatic
gain control (AGC) apparatus for maintaining the nagnitude of a signal
applied to a detect UTOMATICUDAINITONTROLESVISTEM FOREA HIGH de range of
recei ved signal |evel HRIFMITIATTEREVISION SIGRIATI2RECHIVER at es an AGC
signal as a function of mm@ﬁ:{qg\ﬁfxpﬁﬂ?ﬁ@ﬁﬂjii R sync conponent of a

det ect ed baseband vi deo st gnal” conponent.” The AGC SI is used to
i ncrease or decrease the gain of radio frequency (RF) and internediate
frequencg (1F) anplif Téuis inyeation nvencean$ uapparatusoin t hetebmgsionude of the

recei ved tel | VAR f this type are
wel I known asz *(lj%sg?? S rsigglil( tr aﬁfbrﬁh%@@ly At?t;\et?t(%m&%? l1@687 -, Runrei ch.
Mich at t ent | BAERALISES nadémlé &%‘Hﬂ%}‘ tse)gltqteramfm%ﬁto%fdlaug
definition timage sinformygdorns that encode and decode tel evision
information, e.g., inege, audio and synchronizing information, in digital
form A transmtted di television sigpnal differs froma standard NTSC
anal og td evision sig P“&H d; gelevisionppighal fesehdng syHeBH d¥pisaHye of

pul ses) reseimblideg aatsrandongaiai sensbhnAGCH apparang foplmiindehirgnd it may

| ack an RF cgyer mt-ﬁlagsf)f:&r@é'nﬁep% fibd 48 1 QetcfROSRIY ubakisyyt andar d

AGC techni ques effective evl sl on t he | ack
of an easi | Y& PYHUDR VIRSCT#A% rﬂ?@e‘d’ﬁapﬁﬁﬂﬁlt %‘f.ﬁ!*h audh ACearrier or
a hori zont al appanatus orgpdee bt @nmdtas ano AGGt sngnah at anflarctioh T thel evi si on

Zipgln?lcat [ onréﬁPgaﬂ'l&el o @%’2 ﬁcgﬁ/{'é ‘%é&dbfg? LJ*@?? eg&}::g; uary 6,
1992) descri Ps§ é“‘i' o‘ﬂfl@?re‘a&“ EI‘A‘PBO(' o828l {2 tUssHKIOsui t abl e for
use in a telim¢radsenor elverease tm;gansloferadloafrequeic)g (RRY hAnd®al2 2 signal

represent at |y e dlafd (Rdqdied” (Y Ahplifits 45l Rk ToHcREn of

advant ageous y use .. .
He magnitude of the received television signal. Television signal

20 AGC systems of this type are well known as described, for
example, in U.S. Patent 4,761,687 — Rumreich.

Much attention has been devoted recently to the
development of high definition television systems that encode and
25 decode television information, e.g., image, audio and synchronizing
information, in digital form. A transmitted digital television signal
differs from a standard NTSC analog television signal in that it
appears to be a random sequence of pulses, resembling a random
noise signal of varying amplitude, and it may lack an RF carrier.
30 Thus it may be difficult or impossible to use standard AGC
techniques effectively for a digital television signal, due to the
lack of an easily identifiable AGC reference component such as an
RF carrier or a horizontal sync component similar to that of a
standard NTSC television signal.
35
In recognition of these factors, a copending U.S. patent
application Serial No. 832,126 of T.M. Wagner et al., filed February
6, 1992, describes a root-mean-square (RMS) AGC detector
network suitable for use in a television receiver responsive to a
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a high definition quadrature anplitude nodul ated (QAM digital tele ishQQZGE
system havi ng spectrally shaped anplitude versus frequenry response & e
type shown in copending U S. patent application Serial No. 650,329 of Hugh
Edward White. In that system a transmitted high definition television
signal lacking an RF carrier and an easily identifiable NTISCtype

hori zontal sync conponent is divided 2nto high priority information that is
intended to be received with high reliability, and lower priority standard
information. The high priority information and the |ow priority information

are convEgiregtesiaiye gt @atahinfasmatione Mhis AR apvol may be advertegeapdly Ysed i ons of

the tel eyhigh a8fintiod R@adrhtiRMEAPNEMe ﬁi@&t_ﬂétécﬂlpAM-ﬁ%ﬁitBﬂ telavifit Sstefndhaling Or mat i on
exhibits a nalrrovver bg‘ﬁgﬂ dth and si I cant
|

ni y larger anplitude than
Che' 1 ow FREFERY SUAPEN PBPAS isus FReRry dESPaRte o ARSI B INERPEsogies, for EDTV
%st ﬁb s et @plddlionSREA No 558,300 ana@mt Hdeak! WHiteCan shateystenl, @ciahsmittes, 37(1991)
ve er

. oo L w. Yor k S,. congcerns a device in ] .C Ll ter
et 11 g Betiton WA el petgpg ST fera o 55l [PaBf Broc b
aut omat i borgantal sgmdompbneangisalivisied free high pratitbipforrhationithat isintended sobe The
obj ect i opchled Jith Hgh &M abPloRfh HBRG'sBhHRd iS85 e Ainrbt) evi si on
si gnal , ponpr[3|n8. I nput " si gnal ‘procCessing nmeans having an | nput and an
out put alffPrinatiasiapf He law Prieriy tnfasmagealarg epn4eyad 8¢sepaiats QAMFaINersignels si gnal
cont ai ni Rithif dfetedt pdr@drB \of the AelevistinQighBIt fledlench Btc@m ! Phalhigh pridrinconver ter
means coupled.to said i nput signal processi nmeans fo | gitizing the
ronal o bstietaneaBip P SrgHatn B SRBbeg e ASp e e e kg
processi pgoritefodmatiaponsi ve to said digitized signal output fromsaid
converter, sai | gitalw,Signal proressi ans i ncl udj fficient
responsi ve ad;get' ??/cgmg'?fugl%?’%%rp ?C@?"Z tdotﬁ’if’rln% gsysrs?%'?“%“%ﬁgg‘?‘?@«%% 1%ggnal ; video
si gnal pileosstonsgnifonsumef Blectpnioy;i3d( 1991 )d¥ovemiryeNa. dpNevs ¥ork A4S, vencetingaal i n
response 1 I Shg neans;
char act eg %\;z?cggmrvﬁfd@ Elg'ltr cgéal g‘ gspgfg?gztl'ﬁdgi aﬁcﬁgélﬁgg%?@g&g%tgﬁﬁa%?c gain
control AwWamaticaireRgehjealsapesprmeddythemisrapfocesser val ues of coefficients
provi ded to sahélogediph biBe fRieIoh 8ih @B%ﬁ@f&h&eﬁﬂ?@rtaémbn?ﬁyhdut i on of
sanpl e val ues derived fromthe output of said analog-to-digital converter
for devefYPR'RG9a control signal for automatically controlling the magnitude
of signal s pr iputisghabprosasinh medng hiaviey arsiaput ahd prubutputgind recpiviag @s fipatg neans.

bri ef Dess@ﬁa'xl '?r;[ e'm%ﬂwg ?ctrmE Qa(?d Hﬁ&%dﬁ% containing digital television information;

analog-to-digital converter means coupled to said input signal processing means for

digitizing the signal output by said input signal processing means;

digital signal processing means responsive to said digitized signal output from said
converter, said digital signal processing means including a coefficient responsive adaptive
equalizer for equalizing said digitized signal;

video signal processing means for providing an image represehtative signal in response
to an output signal from said digital signal processing means;

characterized in that said apparatus further comprises automatic gain control means
responsive to at least one of the values of coefficients provided to said adaptive equalizer and
to the saturated condition of sample values derived from the output of said analog-to-digital
converter for developlng a control signal for automatically controlling the magnitude of signals
provided at said output of said input signal processing means.

rief ipti rawin

FIGURE 1 is a block diagram of a portion of a high
definition television receiver including digital signal processing



FIGURE | "is & block diagramof a portion of a high definitjon television
recei ver including digital signal processing zZ s ~m~~2 -3 cCi rc@iﬁ:sluammz
automati c present invention. gain control apparatus according to the Fl GURE
2 depicts a baseband video frequency 5 spectrum of a conpati bl e sinul cast
mul tiple QAM high definition tel evisi on_?Ni_gnaI recei ved and processed by
the receiver in FIGURE 1. FIGURE 3-4 show details of portions of the system
of 1 0 FIGURE 1. FIGURE 1 illustrates a portion of a high definition

tel evision ej el od t nrogesslng an HDTV
si gnal of t%twsea_gﬂoa%@h\aftg éﬂgl‘::' ‘J.cht{}ﬂi gag?glr[la a\i/a\nl:{)?/dlgé €L05§§éescri bed
before procdB@FtiY WiNVENEOR: scussi on of the recei ver shown in FI GURE 1.

FIGURE 2 illustrates the video frequency spectrumof a high definition

tel evi si on signal thatgy ' | . dwi dth of a
standard _NTSC t el evi sﬂﬁ%‘?%%?ééﬁgﬁng E,’&ac%gﬁ? ﬁ‘e’a‘ltxt%aﬁeglé uge | as a

si nmul cast sitPRAIUMIIRE fr eRMBAUPls SHNUIGGSt HRukRle URAN Bigdh debinitpruRE 2
(-1.25 Mz tteleAisioWHzignat erecefverdeanédptazetiel by tMizrekergueincy | ocati on of
the RF pictysgyGRig{er in a standard NTSC system 25 The HDTV tel evision
signal is a data conpressed signal divided into high and |low priority

I nformati on conponents. In this exanple audio) synchroni zing and | ow
frequency vi deo i nf or RIGURE c34pshewt detatiatofapertiatiseoflate tsysteen refcei ved
with 3 Qaqi glbld[?%jialbi lity are assigned a high priority. The synchroni zing
information may be in the nature of a training signal containing a unique
signature or code to facilitate signal recovery and processing at a
receiver) and illustr&IGURE heylustratesde goreibd oBmtachiphadefingidonf or mati on
(e:9.) startidyikichl EHIRFYPIReivet R 1eRPviflgSafil] gkl CBRRARERES) such as
hi gh frequency vi 8eo I'nformation, are assigngd a Imﬁer ,gr, ority. “The high
priority infdkHPTYnsigaal g thetyperahpyn HeEHeYRE % ddie stgnyl stidbhPe i nage)
al beit 4 9 esdedchibedpbeforet ptagredingandith sa cdireeysion Wof hhei griivezant |y nore

pover 2 6 4 if¥HEURE 1.

FIGURE 2 illustrates the video frequency spectrum of a
high definition television signal that is compatible with the 6 MHz
20 bandwidth of a standard NTSC television signal channel, and that
can be used as a simulcast signal. The frequencies along the
frequency scale of FIGURE 2 (-1.25 MHz to 4.5 MHz) are
referenced to the 0.0 MHz frequency location of the RF picture
carrier in a standard NTSC system.
25
The HDTV television signal is a data compressed signal
divided into high and low priority information components. In
this example audio, synchronizing. and low frequency video
information components that are intended to be received with
30 high reliability are assigned a high priority. The synchronizing
information may be in the nature of a training signal containing a
unique signature or code to facilitate signal recovery and
processing at a receiver, and illustratively may include field rate
scanning information (e.g., start of field markers). Other less
35 critical components, such as high frequency video information, are
assigned a lower priority. The high priority information is the
information needed to create a viewable image, albeit a less than
perfect image, and is conveyed with significantly more power



-4 than {ow priority information. The high priority information exh?Bid4t§- 2002
narrow bandw dth relative to the low priority information) and narrowband
quadrature anplitude nodul ates a carrier with a 0.96 MHz synbol rate. The
low priority information 5 w deband quadrature anplitude nodul ates a

carrier with a 3.84 Miz synbol rate. As shown by FIGURE 2) this results in
a 0.96 MHz bandw dt h neasured between frequencies of 6 db attenuation for
the high priority signal) and a 3.84 Mz bandwi dth for the standard
priority si gnﬁlan /l\bﬁve ‘r'i&rh?guﬁgmgﬁ'o[\e ST[Q’EEHI ghS ﬁoﬁtp fn(? fh&fo multiple

M si gnal , ) nce. g conposite twin
%M s: gnal hagx é‘r? fr ATIOHK et%i‘"idh‘?gah H&P%‘Wﬂlﬁolsq’éngﬁ?“’d pFQ"H% S|m;n Iband \tl)my

means of appr offiorsxasiofn;, e qué nagriovdraidatquadrature hentpléndei ntedulatessal ting in
conponent 15 Shtet, Wil a ti%e MHLDsTnBoR RS | PR ﬂ‘e’“*w?’?'d*ﬁ%rﬁmﬁ‘%ﬁ”nem
The -6 ab baninrtndiadtafice, sk HEARCOUIIEh eht LS, Y. >-Ehd the.
db bandwi dt h MHehymbaletraed SoNMhosTpbyeRIGURE 25 tBisgresMis Jinoa 0E%fur ti mes
the bandw dt hpgjj,t Bﬁnﬂ‘@ dvaidu d&?@g@ﬁ‘e udie 806 iggfy band edgeh d
transition regions and and wi conpqnent s, are shape
by finite inp FtEBu?té%’b ﬁéeﬂk"‘Flh fRMIQEYs SW"{aﬁ' é“gqﬁ?A\:’\A\§4 ggﬁ Qa%fi“i”é thed P
cosi ne char acfer ith¢ i tandardppridrity signat h Areessltingronggisatessignak lis avoid 2 5
unvant ed hoghféﬁﬁ%tem%Eﬁﬁﬂ@mw s eHleba SRAP MSLEhaN Bk ons. The

nar r onband con;?onent e Its an (5 ﬁersus- reguendy characteristic
with an excesdVaRhai di R FOBPRTIES itk 73ignal has ‘heep translated, ntg,e
theoretical nmitme nfunMibndwamiidrdotfelevisidm drandt bgnmeags oof deipropratey t he
expression 2 ¥ h h Yirhed [ { ] nal .
The anplitude- r%ugagygmﬁgégjfréésgﬁse ofmitQ " O&éﬁgndhgo?rggnﬁﬁicuﬁiﬁﬂt he
band edge traﬁL‘?Y"Po‘H t‘g fnot drawn to scal e) has one .quarter the

sl ope of I Be steeper narrowband 35 The narrowband and wi deband QAM
conponents each contain gE& q e:phase
269 UL_2002 .8 cqrp T@Eeﬁ’?‘p@' ¢ IFH%W‘”‘“nCﬁéqA?ft{ oHpShccid
suppr essed coSIBHIICapHY e BTCatey thaR Yﬂﬂcf%é §P§§’°é‘°§&ppressed
sine carrier. ']Zhedaﬁadbslym‘ab;bidth soff em emm\etiarw QAM ¢drapobnamtnizo@Pedd and

the Q conpone %:{J‘?h&a%e d%f c@%’%? tﬁé ?debaﬁﬁCbA{MaE{ngPﬁgx 4°”e”t

exhi bits four |sé I|tud n a or 16
possi bl e aRp! iis vh84 IW@F’SPT cﬁOUVa‘I“i!P§§ thFoPa%!ﬁit’éfO Kee MarrwRAndg

}M debi':md IQN\/I faao@mdrﬁehthem nbmm@wlba“ﬁ\do«abgé stransitiogetgdony ofpend fy t he
our levels o n t r res
four 1 0 bi ts'}o s cﬁ?nﬂﬂg&ﬁj ?ggnqAM] ﬂ?ﬁ’orf'e@ﬁp aﬂ% Qh@(gcﬂgt |f§ﬁw Thus
the bit rate df“Pc“A Seﬁlpﬂ\?ﬂz(m g’éF‘W‘MHEaﬁd‘W s‘ioﬁﬁaq AsTa{8pd3 GORMRS s
(3.84 Mz x 4 dharsdtpriatid, ttbe pboduceatsmarftht tranbitivh Iveigions6 whigh navaidwband

QAM si gnaj ' S lﬁngadhv\ggﬁg é ﬁ'@,q oy déff@égksérod&ea % %IM yihfdfliohhe Dbit

rates of t e nary o onent s “wo i ncrease by a
factor of 1.5.TCBIONS. QAWF‘RD&GF&F{M CRERONeRY SRhIDHS ﬂFePE‘rPII'éH‘?%duI ation

node because cxfersﬁmffeqmnb alshpraveeristicn wmg anhaxeeser baidwizlth Tof descri bed

mul tiple (tw h|b g C rom
interference a@ggﬁwlﬁ@g%{ a st Slﬁdm?b ﬁgcﬂfe:}ggﬁhgh%mlﬁ?ﬁrﬁ

an NTSC si gna|b4ﬁm%@ﬂtéte%érﬂﬁhﬁu@hf r&giBAt dbARed BY e eRprexsivn éhgnnel as
the twin QAM signal. Cochannel |nterference fromthe twn M3|g3'al into

T AT b AT g o B e
respect i vel y, n%ﬁ@#@&%??dsyfxge?r&:ﬁ'e%%h%ﬂ%énéentt?ﬂe{here\!v?cfd ghi p._This

rel ati onship si I es recov wband and w depand QAM
i nfor mati on atcMpeReRtydn thej bapd tﬁ&%éﬁ%“%@?!‘v%‘% 4ngt JHRWEL K0 eadi |y be
used for scale) has one .quarter the slope of the steeper narrowband

component,

35
The narrowband and wideband QAM components each
contain an in-phase component “I” and a quadrature-phase



30 ‘ti mng the data recovery operation of both QAM conponents. The rzqﬂgm_emz
data clock rates for the receiver systemcan be easily derived fromthe
readily recovered hi gh power narrowband QMM signal. 3 5 In the receiver
system of FIGURE 1) a broadcast twin QAM signal received by an antenna 110
is applied to input signal processor 112_including RF and IF stages as w ||
be described in connection with FIGURE %47 Processor 112 al so receives
ref erence 2 6 J UL ?002 -6 signals REF 1 and REF 2 corresponding in
frequency t rLenGe~si gRal.s (L a a i r fo l.gpi ng t he
transm ttedggﬁgﬁezﬁg p’uég%zg\r:%}%g?r%?n&‘gggétgs%géﬂ%%%;i %c%utfg’g&gsegvi deband
QAM conponefP FAERRT» a2 A rtne Wela RBAQAPORARNSRE N0 €% dvhi ch are conveyed
via rlespect isupprRsddGih®-clirgiet.al Acafutar 1@msbdll 7isamepredénted by hbgth priority
signal proc r [ QL1 Si QCESSO The si gnal
processed b?ﬁ%gi ?%?gﬁ%ﬂh%ﬁq ?géﬁz’egé:&\oﬁ%%és'ﬁt elh?}oq%l(g‘gsgo(ﬁ ?rfetsqtjfgsne% spectrum
shown i o FI &ig#alp eagh I amdyiQ fomaperand qephipits y fonr: discrete gamplitydsm unit 116
i1;4apglzi6ed tle)vldils,deemuhgtitnr alidiaMioif céix4 targd6hpossiblehamiptitidy sevels) 122)

, an o] r j § QU ' pr: sor 119.
Nar r owband %&hﬁ%@ﬁ%’qﬁﬁfgr@ﬁ 1‘%’9%4}&%%@5‘3{&. %{)‘g%&?ﬂ g&%a{}gﬁgg’an
anpl i tude véieags HoeqQiMy rlave ditse ach Acaded to sspesifyhihenfaublevalst phi | y
conforms tocabk Bhape @fcdhpondtit] iwherebyeesdls dategignisol fé‘lgﬁ%st gohst i ¢ of
the ”Ddi‘batfqts”?c{ VI%B@@ % ?“ii'{i?e%ﬁp%i'& fgls a3"? ‘Bn@ié%{ m( € yyd deband
out put mgngggfré gram £8Z i'S zﬁl\aﬁp(%i”jet‘c)l 0 a wid 5an ) gfbAlér%v priority
signal proc ratg abttheric84sMHDKr n¥idehande QAMnsignal 45 11334 0 t hose
f ound lt n t heMbps r(gmaMH%leib@h),pﬁﬁ@rthéybiprraaee_asqhe Ol\jbderuab?(@%) ﬁw
priority pr . t a ilteg,having a
response th%i%?goaﬁéatnan&‘glof?@%ﬁf‘gr%%ﬁe@%%mpgﬁ&f Qt%;t??gé, IH ttz}dé‘tver sus 2
5 frequency @AM asxssemstthe” bit rates nefduhet earrovhand nandoaidebandnent shown in
FI GURE 25 Thismpdirnteaabar ingyédsenbyeraifidtos ofi pisal At32maM ng not ches at
frequenci es § i%ted i 'ﬁll &,pﬁ y crgat'hg f VQI% dard
def ini tion (BPAUaL &n?&p%{ﬂ‘ |ty e, t Ve eqirall 3y aﬁzﬁ) 0t ‘convent i onal
desi gn, receiocayseieofoduhencati paskd pamer elipritiagd charstersticsnpohent s from
Compensat o fo e L e S Lol g | Mg
ghost s) causcgff ”PtV‘éfﬁ‘_é'th'_si BQmpﬁﬁtr?ﬁgrggg% {bﬁsé’t’fﬁi%%n?g‘é‘? 3 rﬁ?rﬁ‘fjagaexarrpl e
adapt i v@ GequiTiSEe telepiBians signabc bl ean INESEi signnl yranpmitted dtamia zer that is
Chorefore ﬁ‘f‘?’f&t‘“ﬁ‘&&‘@é’%‘g‘iﬁ“é e SRamel ﬁ‘ér““" Sl "‘M%@ﬁ’@' o, 6

S Vv ase shi anpl,i e .c S ar

JUL 2~ needdlfnsh Jpisy ésﬂ%eéfcf%da‘&niﬁ"}'} L%‘g r?dg%ﬂa cfh 9 rF@%s f or
t he out put |alaadisQredugseshesignificeatdsl i zer 120 i ncl udes a ROM programed with
desired t)hasfe and ia_rrpl [ tl{dg v_ell_l ue; fO[ t[lel spectrum of the I and Q out put
conpone of equaliz e 5.output. L. an co nent .v are
respect 2\% y .congar edeflﬁet ﬁ”f H'épeﬁr 8&‘3&%&&“9&%@5?%&% vabainﬂpw Q val ues
are adj ust edsigoaksppl236mMbps rendorogs aMbps wespastiviedy.c adyantageousdyul ts of
the conparisomibithq a9 UntdpRR! rdlatiossAPP! I PHISOrdlutionsHip Snplifgeyal ues of
coefficients tag el glpt S%ﬁr(r)f EI Iiers ass %lpate h_10 equal i rAd! 120.
Equal i zer 12fFCO¥CHBg,Ehe MATTeBand, and Ly HfanﬁB qmbag}qno&l t® produce
t he amount ofeceinere simce dhpl $ane aderivedy aate adeck taanpreatlitye behusetk Sor ed

out put anpl i ﬁﬂﬂﬁggmé aaaas‘%egdzxgrr?gégeﬂaﬁbhcaf Bth 2QAMU LbmplonkhisS atd i 1Y)

t he operation I
an P ! req%xredqlﬁt:;. Zc%ck rates for bt?\tea?éée?wlléy slygltst':te'nnSc:':;ltnI € égsifyhe phase of
derived from the readily recovered high power narrowband QAM
signal.
35 In the receiver system of FIGURE 1, a broadcast twin

QAM signal received by an antenna 110 is applied to input signal
processor 112 including RF and IF stages as will be described in
connection with FIGURE 4. Processor 112 also receives reference



15 applied cl'ock signal) although such phase preferably should be 26 JuL 2002
substantially constant. Equalizer 120 may be a synchronous equali zer,

al though a fractionally spaced equalizer exhibits better performance with
respect to the phase characteristics of an applied clock signal.

Fractlonally spaced and synchronous 2 0 agaptlve equal i zers are discussed

in the text "Digital Communications", Lee and Messerschmtt (Kl uwer

Academ c Publishers) Boston) MA, USA) 1988). Equallzed | and Q out put

signals fr Omﬁ?hgléﬁl:arl afd %éppi'&%csﬁgﬁ@m%s q r}:p{q t\ﬁoq'é(fc}eﬁ%g\gh'oght he

produces out pu onent's repfesentin estl
val ues of | a¥ign Scﬁﬁ%n@nttbcagat‘?’aﬁé% foe CVPéfPPlégahliﬁ e"alisfﬁ'élt\PéI ues of the

| and Q conpaignals aDutpw signalst ftﬁmeﬁrfdcawo@rlﬂ.?finbm& heendetshindst ed as
needed to co grﬁa&&nh%é[hm)stdg et tfaq‘[d] ﬁ\p% gn?r(lwﬂ)r ed in the

cour se of tr SmM SSI 0 st I mat’or orms an erpretive
function of a‘é’?i‘ijhl‘ﬁ@ sanyexed o“éar‘rﬁﬂ@é?“\ml ana Qﬂ][ao fibgléﬁlf €ONYCHESh as

noi Ze) do not1f7 tandxads! yo |anhigta:psnognszclsxg@slaprc¥mss¢m lﬂbearicﬁ-taoz Mowf our
quadrant sig a t r 0 re
applied to an%léco %Jﬂ bE&%SW?]lﬁﬁessent ?aﬁal g{aﬁgg&dn%&hénﬁngle?se of a
mappi ng operaﬂ'ﬁh“ﬁefh%rc‘rﬂ!ﬁp%?m&ﬂ“@ﬁ%@&!&“ é{cqq%cyrémqﬁweﬁ OWBokn up

tabl es are enPIGYRE 2.0 "unmap” the four quadrant signal constellation into
t he sequqrﬁlal four-bit (synbol) segnents) in binary digit form 26 JU

L 2002 which existed at the transmtter before bei ng encoded at the
transmtter An error dbtdigitd samplednpinary PMPUF)SIQ\F]ng maHait51 b4t put

si ?Eal s of etstsl appled 186 o Qfenl&fdlﬂ?l@rngl& waidh, efogéﬁﬁﬁ'e“ﬂ{l{ QdleMBhut SI gnal
W a nagni . (0] 1 n

out put | gnd F%(? H?ggﬂigﬁdrﬂ% z{nd[ 1%% ?'%I(g EgérB(evsbt%bra @ggh fﬁgé ase
error can be #igaal (Pfﬁéf—@@reH%ct §3HW8MQ:FQ6&% ?fﬁédph’é@é 1d& or vvoul d be
randO\r,Cb [ rldfnat itictudés) ahhanphadgilt@r mavidg San lbﬂldéUQ'et':ﬁlst iﬂftqfu@ﬁayency 225
narr n r n r
artouband ! efRBese ShaflerdTe SiORNSHENER Yy EPUEREY 15V Ui ShbpE

in FIGURE 3) no erng su requency
cor r espondi ngof ether @mltyﬁgnapr%e&eapen% Qhaéfﬁ@tﬁfltsilér o |ﬂ1°\/\m@¢p1ééﬁﬂe t he

phase Sr[OrtV\/ﬂaﬂrdwibﬁhctibQA!Mn&ﬂﬂpbﬁbmailesﬁowﬁnupWGmRE p3) EFMR si gnal f][0m
error etector Ud T S O ncy o
signal REF 2 H’é&‘rzéﬁ‘\d "‘m Ségr!ﬂsﬁﬁgg “tngT Cﬁp% a"’f}p?{eﬁe u\gu{e?)gﬁﬁ
frequency? Of QAMeslan@il'WtS'l giganl pEPCEssing tlwéwprlanlﬁﬁ,t Mmh Hnelwdeget ect or
124 operates aren@edts gﬂﬂ{uﬁawl tlhBQe rufdt hﬁrth@qwrbweﬁnéZQAmomgmenSI ng
phase and 2 0_f.requ offset h@ %R’Eloe orakfre uency { vi ation
attributabl e PHO xtﬂ eI 13 lfiﬁ # ) ot RIEOTAY Pé‘gffe‘ﬁf!e// vi ati on of
a |l ocal oscil inglodesigs siemedwlatgrt withhpa inpwic édtesr having gpsesponsel thay t he
ERRCR si gnal bﬁb@ﬂﬁhhﬁ? E:anbrlﬂ%' t§9the? shap® "léfr Qhéeﬁn9ﬁ@lhdd afersus VCO)

net wor k i.ncl u ss f.ilter o dlf 1N | ues of

guadr at u:éé hgrsegalcg%e @W&cgggﬁ? eqfeflber e‘HSQ gait ar'd eatﬁ%ld ZEA quadrature
dermpdul at or 1§empmenmhpwrednmaﬁd osThus ﬂa;r aeegiver sygiem £xhibity t he
demodul ation R{RGESateMidting NFottRES| dtUdRqRknélRs aésrdaia&dovﬁﬁprlﬁgﬁnt ative

out put signal fromdetector 124 indic vi.ation. of
{requency of SRGHEN 1 aématr%nwa o SRS é&‘@@twav‘é iAo aiedels od. The
| ow pass filter associated with unit 128 filters the ERROR signal so that

the val uesgof the referwa%tr%geah&uiéromﬁccbfl%%n%eﬂubhﬂr e&xlgtme operati on
of denodul ator 3.5 d& Pﬁ g’gt in rez\%ns(f ]:10 Tﬁim&rs of gqn random
nature) such eigc"tlﬁgs ewody °¢r3ﬁ%$‘ﬁ&"§:’ed N a aF@"\Pr?é‘Ff‘ ct ed by
random ef f ect dreracdeawdubitoe. 118.de Eagudligem lIZﬂquploystgnsa@mivepdwwsor
150 contains ¢RMEfte t82tomPRh&dtE fot bifpIRBEE ARd pike irregularities,

e.g., including image ghosts, caused by transmission channel

35 disturbances. In this example adaptive equalizer 120 is a so-

called fractionally spaced equalizer that is capable of sampling

over more than the minimum required intervals, and therefore

introduces whatever phase shift and amplitude changes are



26J UL 2~2 g_as units 118, 120, 122) 126) 124 and 128 of thez 6 JUL 20R
narr owband QAM processor di scussed above. Additional information concerning
the operation of a control Loop of the type including estinator 126)

det ector 124) VCO 128 and denodul ator 118 can be found in the 5 text
"Digital Communication” by Lee and Messerschmitt, noted previously. A

si gnal processor 140 conbi nes the denodul ated hi gh priority data signal
from decoder 122 and the denodul at ed 10 |l ow priority data signal from
processor 1S0. ocess 140, ma |ncI de . dat a, deconpr essi on, net wgr ks such
as Huf f man B&% r§ 2k %‘sq%é*cég\éauﬁm ude ang Rfasgof éff’lcferfbmfémﬁﬂ’r ks, and
de- mul ti pl esiecngutpwd EiagdaQQ comiponenty. nﬁqnahksr flap prebadedi agROMbar at e audi o

gnd vi deg te +@gﬂaﬁilrﬂ£u Swgﬂha|de§9€@08ﬁ§'§§ an%ih% nipiEtule 19 ﬁftvm&e%el s processed
y an audi o_Si na e ef ore bei ap 0 _a, spun

r epr oduci ng SBEH % gﬁe ?‘ﬁéﬂé e8Y %%H?“‘fg%‘ &Oggggléﬁcrbﬁ(i &lhf’ 144 to
produce an prtyd leaprcbsanampv»acm graalhcwmezrrelspeqmlyedompamd iwiglye di spl ay
devi ce 148. (D TBEraqi\ﬁEH()@ﬁl@eW%hS”hfﬂ %prl'xtr'?' 1a&4 oRBt écﬁu%ﬂn ggontrol

(ACO) apparatus f,or n and I.F A nals, to RF circuits
i hput - pr BBBMatd AReL BragammEd oy alyes Do, At sESALS Al thppar at s
associ at ed wotripakisgh. priie |adyusprrmessoac<20lﬁp1]xal§bd oyl whasgmgcobmt er 162

whi ch recei VﬁﬁlcQUBPLEoeffﬁgfﬁltsg g{)%&%ﬁks‘ag f FifteQ rath!oc? hiS %@lrs 116 and 117

via a | ate Ve equaP er co eratively
associ afgd \Rﬂ’t‘ }#gve 0139 Caé’ﬁbfea ofi q?'éi"/“& Eo&“%‘gv‘érter and

AGC vol t age sgmbe»l apmodjmot ptdduce3@h€oamoaht eof bﬁése emgoradsplitadé) Q out put

signal s frogyeq dl%) ufce thddd¥ired % udl %?rgBlFt%Et #hd 162.
Controller 164 CSI@ hetﬁcoefflm(g(n ? adatlfvefllters
in equal i zeP"} ’%%Fé?‘?cz‘e the 3 JEsHl é‘n“g‘jné‘i" “borﬁ‘ﬂ"r AReEUAEALa so 3 5
provi des an eq@alizert aao & gubktandallyi lnSbM)tmmltohtlmomhasd: soft he AGC si gnal
from digita éggﬁe&n@l'ogﬂ §n),Viaft aﬁ hNgddif feRbaBIA! GuignyerLer  and
af t erwar ds res on ana o ta neans of

variabl e volS® %“Béﬂﬁrﬁ?%srta“ S“ liger, “1@’ 'I‘?‘Fe %E“G%‘l"t“&é}é from uni t

174 is appl quahmezananmglel ayfraeumallly 1sPacetd equukper exkibicoridtgur ati on,

e.g.) as de 'ifoti'ﬁﬁnbg % tgh tﬁzl ﬁ ch?%t@h?ﬁc 3ﬂe| ay network
172 5 provi a req ue E an out put
| nt er medi at é‘PP;‘Saugﬁ’Gg F'Iﬁﬂ)a §"?‘¢j‘i’|‘bﬁ CRENOPE2 as shown in

FI GURE 20 Aaddptiet osqrhlizers rare adiscassedt mnthé EextréDmgltﬂat ent for exanple)

t k 172 t he AGC del
33. work 172 rﬁﬂ{ﬂﬁé;%mh& gar)d M@@@émﬂi {%ﬁ\f&r %ygeﬁhée e ACC delay

Inf orjmt | on I'n m o
signal is ¢ OW%NSMr Jprocessor 112 for varying its
gain. The AGC apparatus maintains the input signals to input
S omueri 9 42 SO SaT biad! yhakRLR YL B Sr e
coef fi cFént Apliednto Alnsstinater |neswerk sk which Rre Qﬁsgﬁ“m“it obi &
equal i zer 1Ztﬁsmpanem& Irepesgntings aethosBelgk¢lyi Betimiatd of vies watwes lofi hput
signal. an Fs%daq'a JrSinciif9R Wahinfuul OR3P Uxahlgle] InkPhgd ot Heoh 92i n
and Q components at the output of estimator 126 have been
adjusted as needed to compensate for the distorting effect of noise
30 acquired in the course of transmission. Estimator 126 essentially
performs an interpretive function of assigning values to samples
which, due to effects such as noise, do not fit exactly into assigned
locations in the 16-point four quadrant signal constellation.
Output signals from estimator 126 are applied to a decoder 122,
35 which essentially exhibits the inverse of a mapping operation
performed by an encoder at the transmitter. Look-up tables are
employed to "unmap" the four quadrant signal constellation into
the sequential four-bit (symbol) segments, in binary digit form,



2 0 signal -to-noise response. As the input signal |evel increasesg2#t HELA02
action initially reduces the gain of an IF stage within processor 112
until, at a predeterm ned |evel for larger signals) the IF gainis held
constant while the RF gain is reduced as a function of signal |evel. The
AGC signals may be filtered as 2 5 required to assure stable AGC control

| oop operation) and del ayed as between ng ‘and | F gain control in accordance
with the requirenments of a particular system Controller 164 is programed

) f’f?éi:gﬁdé"%'ﬁ‘%’*d'&g%r%‘ K5 Bk rRatimiulel’ BrESte, BatneS eBebd ¥ WS, updat ea acc

i nformati on rdngeHétdted) are a function of the requi renents and paraneters
of a given system e.g.) the bandwi dth of the AGC | oop. Controller 164 is a

progranmed digital sign Ieﬁoﬁéféwﬁqgfs&w p?c?lﬁg}rsath@ ?'ir gfgﬁfje@%(ﬁrﬁ) whi ch

perform functions including ¢ i'ng coef es which are
conveyedt o YHBUbrsigBrls afiBstimator) 2§ foreproduging ca pasvier fhage equal i zer

for defini ngerrbe dlﬂppoml?ignﬂf ville £ouagnizede propoLsses bcy t\Nel 9ha§euch 261
UL 2002 coe i S C i glven
al gorithm arérfrblc lfeQ&/e}fﬁ ez lqEﬂ%lthggdpu ! ﬂse tedﬂd icgﬁﬁsgp tput S
are nonitor eH8BY Sc@ﬁtﬁ’sé‘m%pf 18%. t oThotPhiass rRsTem samhe ettp \mﬂ@h t he
out Put IsI conf@ﬂfemo 1ﬁXMﬁéled:a§8DiHet pfl%e/@rt&swglé B ?ﬁﬁ@&tmiem Iﬁ&@rﬁt he
contro npl.e unexpec a erturhation such as a

1 SH ox 28 % he, “frgap 0
i dband Sl TEEERRE efrorfisBatih e Bush R e RaPeio otcbenoudtd sna
ghosts wil | tﬁéemqrpeﬁsganaédREEr 2byg<emﬂjrat9d| by frequency esynshesines d|35rrm e
fil tter coef LFM}BVME Df th%eﬂ%@u)blﬁhuaﬁbu ﬁzﬂetoefﬂh@'ft&ﬁfen@yt@l]mats to 10 |
mai ntain a [ confi n S 0 rumo si gna
to be sent t‘gg}gug‘go'hdeﬁt 9%:% C% 1% 1 gocet hrlf r}?ﬂﬁso"ﬁ{ é‘dglillzer of
convent i onal C@@nth@mmwomwpvwlm }IOF sbeatﬂ'éd@m Hb Madursat eAﬂo‘P“tPHbut si gnal
Srml i tudes 1SERROR! sipnal tfoomOBEroexde&tdétbr bL4 riﬂtmﬁltélé r g y:sedittet to li mt ted
ynam c rang LS un ed to _quantize
the T nput s.§%*£fﬂej%%l ool e éé:%%ag?% (ﬁ“ S ;y"m?’éau.r Rk e
equal i zer op@esiredrvalpg, iger &rague duct gequenclie ofregpirespoadorg t he
overall ][ecesx\gﬁdl |5REF611>. a:ashdmfunfsﬁﬁ&efi PEaﬁohedaaswftm r#ted zlauaput ded
signals fro alizer conpens e na provi de
to i nputZ g f%gi}? rsa.LTg;%hEa&Cf MFE'F? Jg&:’,‘lﬁg% aewnﬁmﬂﬁ t he set
of equal2 Qer frequency i effsetsathassmay bet dnai tee a feequengysdeviationi ci ent val ue.
This ma%' beza&ﬁ%pimsh@ﬂs NtheBaes I35 ?%CPI&PERE@ gﬁftw kfn;, duenggond t
conpar at or s_the de ed | argest_coe ien
value to a rgf"é‘#a 108 © ga?[}@c@ﬁl?g?ﬁ aﬁ%d’&ﬁ%‘ﬁ##&%‘ %é'PF?sc,soén{ al ue,
for exanple. The nmaxi mum coefficient value is a known programmed val ue
above which the equal I Sﬁécnﬁ'&ﬂ él §#d BRIROR! bigtnm Setdpphie@dicoRevaltdgen. The

d t t ffi t
i ffor erfea. v sphEeHB Bat Ao LERDnBbATHE Ieb. idindind E IO FaE" s | eoe”
than or greafiter; Hom wtedifingr Uicervaluss wél quydnatusge phasesl ysing fandi f f er ence

val ue DC i s pg§irel ‘f@fer@ﬂcé\q;gﬁhﬁn UpplitdogoeqaaaAnllel MeiaRilay 0181 educi ng

the coefficient vao(ﬁ imlar) e,difference 3 5
val ue is neg cf’%‘“ﬁe PHRneg & saaétgﬁsg‘ for increasing
the coeffici dnmodulaﬂon pmdelse ontd vhe umagoituder of otheowrrart val ue 0C nmay be
i ntegratpgd beh e%efggdrﬁi\}%rtcdeﬂri 510 f%ma'aéké&of’ a 248 Mdfcdtd€ that an any e

Comvent ot aadiesiation @ fhis ev i zpel KEE 7 GobAdPHITEh A %on 1 o

vol t age AGC linasnbeers cafmpérsacaaht r'di‘hbahive pasist filter sassociatéd with t uriv 4.
128 filters the ERROR signal so that the values of the reference
signals from VCO 128 and thereby the operation of demodulator

35 118 are modified in response to errors of a non-random nature,
such as the described frequency deviation, and are unaffected by
random effects such as noise. Wideband QAM low priority signal
processor 150 contains elements that operate in the same fashion



5 The AGC signal devel oped by controller 164 and ultimately provid2d 44 2002
i nput processor 112 as RF and IF AGC signals, is automatically adjusted in
value so as to maintain the |argest of the coefficient values slightly

bel ow a saturated (rmaxi nun) value) e.g., at a value approximtely 90!'o of a
10 maxi mum coefficient value. If an equalizer coefficient were to exceed

t he maxi num val ue, the equalizer would N onger operate linearly and would
exhi bit distorted operation. Nonlinear operation produces interfering

i nternodul ation fre ncL es at,.res i ors at the qutput. O
estimator 126 aﬂﬁsdgtgdié&lié. ' 1@6Th@‘{A sié: a‘Pé ty RO drr@ﬁﬂ& ude of
the input sigoatssoo diseusspdalaboee) wAddhiaralsidothetiort cadceadingeqbal i zer
coeffici ent Sodedad6t! 6t UPcBhur8P1BofSof ?ﬂé"t?sé--ﬁnzhﬁnﬁgl &Eiim&or 185, ACC process

is to mainta ar ge, eq z coefficient values sO as to nmaxim ze signal
resol ution f4HeFRE Mo faﬁ tandy demodylajan Lil%zéa{‘h%e drynd ‘“ZWEF and the
equal i ze5 coekf i‘Digitat . Coenalmipation” dfy tllee AT Megsaisshmits,o nioseda f uncti on
of the outpuf esjiglgly.from counter 162) which represents the nunber of
saturated sanpl es processed by A/D converters 116 or 117, i,e.) 2 5 the
nunber of |arge anplitude sanples that equal or exceed the operating range
of converters 116 or JA7sighal processour p46 ecombinesOtheadeamaddateslsponds to
t he signals {x r a e t e
sat ur af w%@fﬁ?ﬁ?*&&?ééﬁé -ﬁ% Bort %‘%?'%%i Eféa“w e s e
sat ur atildh 19 JTLoRity data Signal; g‘??i‘l‘sprPFS?W ohv&r ¢ Erecester Y M2% and
conveys the ioRludesidmal de¢ampression aesworks csmeht as Haffmaondesdders 116 and
117 may be a pr-Tor:Welo PR Mool 060 C rcially
avai | abl e fr%‘?ﬁygﬁ‘éﬁ%g@,% ces’fﬁf ehr <8 %‘/Egsgg biks, e A, which
generates and&mpPlIexinge and signal pgembiging. netyvorks £or” providing of 3 5
t hese pul sessé¢paratec andicatand videouelesisiddZsigaad compantntsal | The eaudiby
controll 1 b b0 5 b Lt A wy b | 4 onds) for
cxcanpl e, necompchtht’ e pigkesiad 63 E‘égﬂ? e Q%‘?“ ?%Si";ulf%%%%?‘? 13 f7om
control | er 1B2ings PBP“E% QcaufRHT L6P ing deyicey 186. ¢ e Jided 1 er. An AGC
si gnal devel cpmgponant ésprosessed biea puisel 4t couptoduconar cmmger 162 reduces
the gain of | i | o S rs t } i~Signal to
converters 1igiareighe ERACATTeh, 1Harphicilud P IiRkAR, diotia) Wlic? Ded
(over| oad) cdAGition with attendant si gnal distortion and | oss of
informata@n. Saturation of an A/D converter produces nonlinear operation
with 10 associated i nt?ﬁ@?ﬂk?&sgﬁnsf&@ﬂy%m §5icludls ﬁﬁ’gnﬁitﬁnglaﬁl al so
prevent the input signals from ecom ng.so SF&?]] 3% tOéesuI In wer
i nput si gnal contral 4ABGanparatyy forc BrRMading: Rieand JE 40C sigaals tuREe count
from count er an@2IF WigRRtss i 'ngw ptofessorkl 19, gamispecificatignshawn ainl oss of

n

si gnal, wher (COPTY: 11 u r i paf. LLd st ages
precedin Nﬁ%&l@%r@er é%ﬁG ﬁ@’%hf&&"gﬁg‘?xg‘ﬁ‘ﬁ?& rgPlgglﬁ?ﬁ éggggi on
conpensad &s fldP inclpdes 3 gounteri 4RI Which recewss guimy siggals fipMn of the
RF and | F st agak) batdigital conyertesd116 and M 17i gia galogiar@R 2gdtesb3yr at i on of
i nput A/ D conyer, oy I i a b i S i gl C . t pul se
count from c%éntag?f’Egﬁ. Q%lg‘#l&%hgt :Eghqogﬁga?, ?!I‘ §P€lfaldy%?* kg%sg’g %agé!c(l) ifia due to
hi gh RF and dapgyeiequalizesnld, jandpandigitalanalos convesies %‘éﬂu‘gé'ged node is
sonewhat unpr@ifagealpeferatof WniedeT74, t he effectiveness of an A/ D converter 2
5 when a:?good signal appears) due to a tine lag associated with an A/D
converter “com ng out of saturation. In this enbodi ment controller 164 is
programmed to ignore i fontralleroh64 oesperdndotheQsoutpy signalsefiogual i zer

POST fi fi SHL S gﬁanz&i tmterax]gu tbgi mgt{bﬁ%fgﬁmﬂ[dtﬁr@uhlfr_ 462. 1C?)n&f|lluf atl e as
i ndi cated by the ou couRpt er o .er
produces an éﬁrﬁﬁﬁésmﬂ}e’cﬁape. 3@5'%% é%‘leﬁ _%‘%thilﬁ%uat agﬁé’ge@g‘%? 12 unti
both A/ D conwguatizer 42 éateqializst theareesived (sisnalng CanseHer 164 alsocer ni ng
Ccept abl 8 B i fenal | zor
coefficients Sé?%‘ﬁuﬁﬁqmeﬂﬁlfag ‘gdc&&FP%ﬁ oD Yignt tiﬁlré',“ﬁgé (?I%Etggaﬁgll Bw

converter, and afterwards develops a corresponding analog AGC

voltage by means of a variable voltage generator.



2 6 J UL 2002 -14 Controller 164 may respond to the pul se count fr?g1JUL2ﬂﬂ
counter 162 in various ways for producing an AGC val ue for reduci ng signal
gain to reduce A/D converter saturation. For exanple) controller 164 may
respond to a given pulse count by 5 selecting a programed ROM val ue for
reduci ng signal gain. The ROM val ue woul d be converted to an anal og val ue
and converted to a suitable voltage by ne@dns of unit 174. Mnitoring the

set of equalizer coefficients for devel oping AGC signals, as previously

di scussed) is useful primarily under normal conditions when an 1 0 input
signal is being received. For this condition, in a receiver with a typica

RF/ IhF gain font rgl Chaﬂ%??U_RGCSh%l@z?geiﬂ'F)H{ %hitomw]‘itst 1i'ea|t0ebt a{&\/,gGggverters
SucC as uni S (0] | O resu " sat ura .
Sefhy D n@fark: 172° of hanyefifofal FonTiupriofy & e o dasgtibed

converter con Ion 1s no e

condi ti ons whel Shatettetifdd . GRTgnaRumseichst AGE tplayobpecarky &72f
mai nt ai nisng grsiides annedtpuet RidioeBreqienady | @F) AGET signantandahnSSutbit
general ly comﬂg&\iﬁt @ 1.8 (%'r_% n.th:fmthe obj ective qf preventing
D o L oo it tnonsmirnb s
represents a i rAc , y
rqgloretsent1 62 pﬁﬂcﬁﬁrﬁér?@izﬁﬁ ieyqldtg/osprrmw?bmg@s fﬂ%_@nﬁl,: %.cg.psaedf ?rrta_ngerrent 0;
gate nt e i s belie e a_sSi e .and ef.fective way o
preventin uﬁ%ﬁ%ﬁ%oga{%rﬁg‘?r&}“‘afJhtchg\et?ﬁ:ipg?laﬁ BO%ggterv%lBF E¥Bwever) ot her
nor e corle?i ceortgoh informatont in thes ferm| ofy they REbrAGSopignel iis atomareyed;i ¢

control and gManC RMANGT kb procesdoPd 12PbOXAEYIhE 1§ Bdifle additional
control. For exanple) the saturation representative pulse outputs of

converters 116 and 117 could be sensed individually for the purpose of
provi di ng i ndivi dual cbhe r&GG aippatatys mBainsainghthen inputFisigmals 39 a direct
digital frequgiryasMoghesdigeial Icchvier@esCEI% and5136 Wriza qbesik ¢sigad CLK in
respons go & mastfier ctl o%k Si rga!1 ﬁrolr{r%al ste Iocléﬁer}igé%&.or 130) which
Al S0 pr dvi deSRaHOR 9T, EORY BRI 4K RAQ 17 prd APPSR Ter 135
for devel opi the valegseofethe goefficicms of athe¢ méaptive Tikensagssociastdck si gnal

from gener at Qithl 3Rgh SpreA aNPEN 20! 28 WiR BPediséhsdedof hiigg! zers 129
and 135) and é hi blgtzpa f%,tdélu i L ¢ I B;é'gr%lhe 2

rrequency. of .10 in s exanpl e. .

Fr equonti oo Bt ysry 3mdif JnERCK atean ' BE aheiticy BAREPWEm e a1
correspond t predesser dfl2cisr keppehdi highsiggimias longd astpassiblerfonsbdstt er. Any
devi ati gno of sidialitbaHIe Tessorte. t RS thel tS sign@N RQEl iRErehs&JuU@RCI es 1S
conpensat ed f% as describ reviously. .Si pal K from.% urce 129 is the
Crork 5 st gnACEaRet ihaity Bidced Gelgar,§F dn T/t PE orior ity
processor 150rocesFOGUHRZ mntil gt arpredetermined olevehdfopr beuges signal9, of FI GURE
Wi feband o1 g Py gaindte el gofithlhildthe RO J00h S IcBUEAE a5 hond (o a
cl ock si gna??ﬂt‘k}% t .gﬁﬁﬂ?viegeqﬁéﬁ%bg.S&J‘axﬁ—i{'}ayoﬁ’@- ﬁﬁgﬁiaf ha? of signal
CLK) as dPovircgquired ta fasagaestahlediAGOecoas6l 10bp Opemtiongyansk delayekd si gnal

CLK at the rggehieleeAORFERRANES gath (ddRnlol SUGBENdahcé WwitRCHheSi gnal enpl oyed
at the 1 Stransmtter. Establi ng thewgro&er r C?I i/@;n.cl ock frequency is
ck f

facilitated BYIHEBEBIS ﬁ’g f HRATHEPIAT, sYste onye Bnhfor mati on
cont ai ned i nprogrammedr ¢t i piuvyde epsriedidaly ghpdatedr AGECr dnfoxnmtighyl conponent
as Wil be sgep i QEmilliséndsh! STHY a2 Efibdeandafe0Wpagy out put
signal fromi %Lﬁut&i):ﬁ}_‘cessor isSCn . e . i'?mg b +an :

with which updated AGC information is generated, are a function
of the requirements and parameters of a given system, e.g., the

bandwidth of the AGC loop.

Controller 164 is a programmed digital signal

35 processor, e.g., a microprocessor, which perform functions
including calculating filter coefficient values which are conveyed
to one or more adaptive FIR filters in the associated equalizer for
defining the response of the equalizer. Processes by which such



2 0 112) -as will be seen in FIGURE 4) is applied to a nonlinear s?gngm_ 2002
generator 131) e.g., a power of N generator such as a nmultiplier that

mul tiplies the |nput by itself, where Nmay be 2 or 4. Unit 131 produces a
singl e frequency conponent at t he synbol rate of the narrowband QAM
conponent. In this case the synbol rate is 2 5 0.96 Miz) one-quarter of the
bit rate. Unit 131 al so produces a hi ghliyl -att enuat ed out put conponent at
the synbol rate of the | ow power w deband QAM conponent) whi ch out put
conponent is ignored by subsequent signal processing units. 3 0 The 0.96
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coefficient value to the 90% value. Similarly, if the difference
35 wvalue is negative, an AGC signal is generated with a sense for
increasing the coefficient value .to the 90% value. Comparator
output value AC may be integrated before being converted to an

analog value via the digital-to-analog converter (DAC) in unit 174.
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up or down as required. The object of the AGC process is to

maintain large equalizer coefficient values so as to maximize

signal resolution for the number of bits used to quantize the signal

20 and the equalizer coefficients.

Development of the AGC signals also is a function of

the output signal from counter 162, which represents the number
of saturated samples processed by A/D converters 116 or 117, i.e.,

25 the number of large amplitude samples that equal or exceed the
operating range of converters 116 or 117. For this purpose logic
OR gate 163 responds to the signals from converters 116 and 117
representing the number of saturated samples processed by each.
The logic OR function combines the saturation representative

30 signals from converters 116 and 117, and conveys the OR’d signals
(e.g., pulses) to counter 162. Converters 116 and 117 may be a
type AD 9012 analog-to-digital converter commercially available
from Analog Devices of Norwood, Massachusetts, U.S.A., which
generates an output pulse if an input sample saturates. A count of

35 these pulses is accumulated by counter 162, and periodically read
by controller 164 within a prescribed interval such as a few
milliseconds, for example. The counter is reset by a RESET signal
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particularly likely to occur due to high RF and IF amplification of
in-band noise alone. This saturated mode is somewhat
unpredictable, and hinders the effectiveness of an A/D converter

25 when a good signal appears, due to a time lag associated with an
A/D converter coming out of saturation. In this embodiment
controller 164 is programmed to ignore information concerning
the status of the equalizer coefficients when either or both of A/D
converters 116 and 117 saturate as indicated by the output of

30 counter 162, at which time controller 164 produces an AGC signal
which reduces the gain of input processor 112 until both A/D
converters are out of saturation. Ignoring information concerning
the status of the equalizer coefficients for AGC purposes at this
time is acceptable because saturated A/D converters and

35 saturated equalizer coefficients are unlikely to occur at the same
time, as noted below.
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10% & () - s* MLGHeh (2 ;%?I&QWFW ghﬁp%nﬁﬂo{@ﬂﬂad&mﬁﬁ saturation of the
10%4& () - @0 0’14rfll‘§‘ut().f5x convel(tzrs su<91 as units 116 and 117 is not likely to
result. A saturated A/D converter condition is most likely to occur
under high RF/IF gain conditions when the received signal is lost.
15
The objective of maintaining desired (non-saturated)
equalizer coefficient values is generally considered to be more
important than the objective of preventing the A/D converters
from saturating. However, the latter objective represents a
20 valuable option from a practical standpoint, and may represent a
primary objective in some systems. The disclosed arrangement of
OR gate 163 and counter 162 is believed to be a simple and
effective way of preventing unwanted saturation of the input A/D
converters. However, other more complicated arrangements
25 employing more sophisticated logic control and switching
networks could be employed to provide additional control. For
example, the saturation representative pulse outputs of
converters 116 and 117 could be sensed individually for the
purpose of providing individual control voltages.
30
As shown in Figure 3, a direct digital frequency
synthesizer 129 produces a 15.36 MHz clock signal CLK in
response to a master clock signal from a system clock generator
130, which also provides the master clock signal to a frequency
35 synthesizer 135 for developing reference signals REF 1 and REF 2.
The master clock signal from generator 130 is used to synchronize
the operation of synthesizers 129 and 135, and exhibits a
frequency of 10 MHz in this example. The frequencies of signals
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10 y5 ! 10%& deketibfd (previously. Signal CLK from source 129 is the clock
5 signal for digital signal processing circuits in low priority
processor 150 in FIGURE 1. High priority narrowband processor
119 of FIGURE 1 processes a signal with a bandwidth that is one-
fourth that of the wideband signal. Hence, the high priority
processor elements respond to a clock signal CLK/4 with a
10 frequency (3.84 MHz) one-fourth that of signal CLK, as provided
by a frequency divider 136.

The frequency of clock signal CLK at the receiver

corresponds to the frequency of a clock signal employed at the

15 transmitter. Establishing the proper receiver clock frequency is
facilitated by developing the receiver clock signal from
information contained in the more reliably received high power
narrowband QAM component as will be seen in FIGURE 4. For this
purpose a further narrowband output signal from input processor

20 112, as will be seen in FIGURE 4, is applied to a nonlinear signal
generator 131, e.g., a power of N generator such as a multiplier
that multiplies the input by itself, where N may be 2 or 4. Unit
131 produces a single frequency component at the symbol rate of
the narrowband QAM component. In this case the symbol rate is

25 0.96 MHz, one-quarter of the bit rate. Unit 131 also produces a
highly attenuated output component at the symbol rate of the low
power wideband QAM component, which output component is
ignored by subsequent signal processing units.

30 The 0.96 MHz symbol rate output component from
unit 131 is bandpass filtered by a filter '132 before being applied
to a phase control unit 137 including a phase detector. Filter 132
has a center frequency at the 0.96 MHz symbol frequency. The
bandwidth of filter 132 is not critical, but should be sufficient to

35 provide an adequate signal-to-noise ratio. Phase control unit 137,
responsive to the 0.96 MHz symbol rate output component from
filter 132, forms a phase locked loop together with a low pass
filter 138, synthesizer 129 and a divide-by-16 frequency divider
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synthesizer 129 and provides a frequency divided 0.96 MHz

5 output signal to a control input of phase detector 137. Synthesizer
129 includes a register which accumulates phase increments
determined by the signal applied to a control input of unit 129
from filter 138, at a rate determined by the frequency of the
signal from clock generator 130. The accumulated phase value

10 addresses a ROM containing sinusoidal values which synthesize
the output signal from unit 129. The function of unit 129 may be
implemented with integrated circuit type Q2334 commercially
available from Qualcomm Corporation of San Diego, California.

15 In this system the high priority component
advantageously exhibits a narrow bandwidth with small (17%)
excess bandwidth and sharp out-of-band attenuation, i.e., steep
“skirts”. The magnitude of the output signal from a nonlinear
signal generator (e.g., multiplier) such as unit 131 in response to

20 an input QAM signal is a function of the shape of the amplitude
versus frequency characteristic of the input signal, particularly at
the band edges. For a given passband amplitude characteristic, a
steep slope at the band edge produces a small amplitude single
frequency output component at the symbol rate of the input

25 signal, whereas a shallow band edge slope produces a large
amplitude output component.

The phase locked loop including elements 137, 138,
129 and 139 coact to maintain a substantially 0° phase difference
30 between the 0.96 MHz input signal applied to phase control 137
from units 131 and 132, and the 0.96 MHz input signal applied to
phase control 137 from frequency divider 139. The latter signal
is developed by synthesizer 129 in response to a phase error
representative control signal from filter 138.
35
FIGURE 4 shows details of input signal processor 112
of FIGURE 1 and frequency synthesizer 135 of FIGURE 3. Input
signals from antenna 110 are applied to a tuner section 210 which
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&10% & ()-9' | 16¥p8hde to an RF AGC signal from AGC network 172-174 in
5 FIGURE 1. The IF output signal from tuner 210 is applied to an IF
processor 212 including a SAW filter 214 having a bandwidth of
approximately 6 MHz centered at 43.5 MHz, and an AGC amplifier

216 which is gain controlled in response to an IF AGC signal from
AGC network 172-174.
10
An output signal from processor 212 is applied to an
IF frequency down converter 220. Converter 220 includes signal
multipliers (mixers) 222, 224 and 226, output low pass filters
230, 234 and 236, and a crystal controlled 49.92 MHz local’

15 oscillator 228, all arranged as shown. Multiplier 224 responds to
a reference signal from oscillator 228 and to the output signal
from processor 212, Multipliers 222 and 226 also respond to the
output signal from processor 212, and to reference signal REF 1
and REF 2. The latter signals are developed by wideband

20 synthesizer component 135A and narrowband synthesizer
component 135B of unit 135 in FIGURE 3, in response to the 10
MHz system clock signal. An output signal from filter 234 is
applied to unit 131 in FIGURE 3. Frequency down converted
wideband and narrowband output signals are provided at outputs

25 of filters 230 and 236, respectively.
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1. Apparatus for receiving a television signal, comprising input signal processing
means (110, 112) having an input and an output and receiving an input signal in
analog form, said input signal containing digital television information;

analog-to-digital converter means (116, 117) coupled to said input signal
processing means for digitizing the signal output by said input signal processing
means;

digital signal processing means (119) responsive to said digitized signal output
from said converter, said digital signal processing means including a coefficient
responsive adaptive equalizer (129) for equalizing said digitized signal;

video signal processing means (140) for providing an image representative
signal in response to an output signal from said digital signal processing means;

characterized in that

said apparatus further comprises automatic gain control (AGC) means
responsive to at least one of the values of coefficients provided (164) to said adaptive
equalizer and to the saturated condition of sample values derived from the output of
said analog-to-digital converter (116, 117) for developing (162, 164, 174) a control
signal for automatically controlling the magnitude of signals provided at said output
of said input signal processing means. )

2. Apparatus according to claim 1, including means (162, 164) coupled to said
analog-to-digital converter for determining the number of saturated samples provided
by said converter, the magnitude of the output of said input signal processing means
being controlled (174) by said AGC means in accordance with said saturated sample
count.

3. Apparatus according to claim 1, including means (164) for determining the
magnitude value of the coefficients applied to said adaptive equalizer relative to a
predetermined value, said AGC means being responsive thereto to provide a control
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4. Apparatus according to claim 1, wherein said AGC means (172) develops RF

and IF AGC signals for the application to RF (210) and IF (216) stages of said input
signal processing means, respectively.

5. Apparatus according to claim 1, wherein said signal received by said input
signal processing means represents high definition digital television image
information, exhibits a bandwidth compatible with a pre-existing standard definition
television channel, and comprises a narrowband component containing high priority
information and a wideband component containing relatively lower priority
information; and said AGC means derives said control signal from said narrowband
component (226, 236).

6. Apparatus according to claim 5, wherein said narrowband component is a
quadrature amplitude modulation (QAM) signal.

7. Apparatus according to claim 5 and further including a first input analog to
digital converter (116) responsive to said narrowband component;

a second input analog to digital converter (177) responsive to said wideband
component; and wherein said AGC means (163) responds to a signal representative
of the saturation condition of said first and second converters.

8. Apparatus according to claim 7, wherein said AGC means (162) responds to a
signal representative of the number of saturated samples processed by said first and
second converters.



